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Background:Li–Fraumeni syndrome is
a dominantly inherited disorder char-
acterized by early-onset breast cancer,
sarcomas, and other cancers in chil-
dren and young adults. Members of
families with this syndrome also de-
velop multiple primary cancers, but
the frequency is unknown. To ap-
proach this issue, we quantified the
incidence of second and third primary
cancers in individuals from 24 Li–
Fraumeni kindreds originally diag-
nosed with cancer during the period
from 1968 through 1986.Methods:The
relative risk (RR) of subsequent can-
cers and 95% confidence intervals
(CIs) were calculated by use of popu-
lation-based incidence data from the
Connecticut Cancer Registry. Kaplan–
Meier analysis was used to determine
the cumulative probability (± standard
error) of subsequent cancers.Results:
Among 200 Li–Fraumeni syndrome
family members diagnosed with can-
cer, 30 (15%) developed a second can-
cer. Eight individuals (4%) had a third
cancer, while four (2%) eventually de-
veloped a fourth cancer. Overall, the
RR of occurrence of a second cancer
was 5.3 (95% CI = 2.8–7.8), with a
cumulative probability of second can-
cer occurrence of 57% (±10%) at 30
years after diagnosis of a first cancer.
RRs of second cancers occurring in
families with this syndrome were 83.0
(95% CI = 36.9–187.6), 9.7 (95% CI =
4.9–19.2), and 1.5 (95% CI = 0.5–4.2)
for individuals with a first cancer at
ages 0–19 years, 20–44 years, and 45

years or more, respectively. Thirty
(71%) of 42 subsequent cancers in this
group were component cancers of Li–
Fraumeni syndrome. Conclusions:
Compared with the general population,
members of Li–Fraumeni syndrome
families have an exceptionally high risk
of developing multiple primary can-
cers. The excess risk of additional pri-
mary cancers is mainly for cancers that
are characteristic of Li–Fraumeni syn-
drome, with the highest risk observed
for survivors of childhood cancers.
Cancer survivors in these families
should be closely monitored for early
manifestations of new cancers. [J Natl
Cancer Inst 1998;90:606–11]

Li–Fraumeni syndrome (LFS), an au-
tosomal-dominant disorder, features the
occurrence of breast cancer in young
women and of soft tissue sarcomas, os-
teosarcomas, brain tumors, acute leuke-
mias, and adrenocortical tumors in chil-
dren and young adults(1–7). Germline
mutations in the p53 tumor suppressor
gene (also known as TP53) have been
identified in approximately one half of
LFS families in the literature(8–12).Our
follow-up studies of LFS families re-
vealed that new cancers, including mul-
tiple primary cancers, continued to de-
velop among at-risk relatives(13). The
current study quantifies the frequency of
multiple primary cancers in these kin-
dreds.

Subjects and Methods

Study Population

Study subjects are members of 24 LFS kindreds
who were enrolled in the Cancer Family Registry in
the Division of Cancer Epidemiology and Genetics,
National Cancer Institute, during the period from
1968 through 1986(1,2). Initial informed consent of
some families utilized standard procedures that an-
tedated institutional review boards, whereas subse-
quent studies were performed with written consent
on protocols approved by the institutional review
board of the Dana-Farber Cancer Institute. We re-
contacted family members to identify cancers,
births, and deaths that occurred after the last sys-
tematic follow-up in 1986. A total of 1004 blood

relatives in the affected lineages were enumerated
for this study.

Diagnoses of cancer were based on available
medical records, pathology reports, and death cer-
tificates. Written consent to review medical records
was obtained from living subjects or next of kin of
decedents. The diagnosis of multiple primary can-
cers was based on findings of malignant neoplasms
of different histologic types or primary anatomic
sites. Multiple primary breast cancers were diag-
nosed when these cancers differed in histology or
occurred more than 5 years apart without metastases
to other sites. Unconfirmed cancers, carcinomas of
the skin, andin situ carcinomas were excluded from
analysis. The majority of unconfirmed cancers were
diagnosed before 1985. Available specimens from
affected members of 16 of the 24 families were ana-
lyzed for germline p53 mutations. Eight (50%) of
these 16 kindreds had germline p53 mutations(8,9).
No blood specimens were available from affected
members of the remaining eight families because of
cancer mortality.

Treatment records of patients with multiple can-
cers were reviewed for information regarding types
of treatment (surgery, chemotherapy, and radiation
therapy), specific chemotherapeutic agents and
doses used, and radiation fields and doses. Treat-
ment data were unavailable for patients whose can-
cer diagnosis was based on death certificates or pa-
thology reports only.

Statistical Methods

Analyses were performed on all family members
with confirmed cancers and on subgroups on the
basis of age at diagnosis and type of first cancer.
Person-years of observation for second cancers
extended from the date of first cancer diagnosis to
the date of second cancer diagnosis, death, loss to
follow-up, or close of the study in October 1995.
Observed numbers of cancers were compared with
expected numbers estimated by multiplying appropri-
ate person-years at risk by age-, sex-, and calendar
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year-specific incidence rates for all primary cancers
in the state of Connecticut (i.e., on the basis of data
from the Connecticut Cancer Registry)(14–16).
Relative risks (RRs) of second cancers were the ra-
tios of observed versus expected numbers of can-
cers, assuming a Poisson distribution for the number
of second cancers in the LFS cohort. The Dean
Score test was used to test for Poisson overdisper-
sion of the age-specific counts stratified by 5-year
calendar periods(17). The asymptotic 95% confi-
dence intervals (CIs) were computed, adjusting for
overdispersion as measured by Pearson’sx2 statis-
tics (18). The cumulative probability of second can-
cers and the standard errors (SEs) were estimated by
Kaplan–Meier analysis and Greenwood’s formula
(19). Differences in the cumulative probability of
cancer on the basis of age at first cancer diagnosis
and cancer type were evaluated by Mantel–Haenszel
logrank tests(20). The cumulative probability of
third cancers occurring among those with double
primary cancers was determined in the same man-
ner.

The possibility of selective ascertainment of fami-
lies with individuals who had multiple cancers
prompted a subset analysis of living subjects who
did not have second cancers at initial ascertainment.
The period of observation for second cancers in
these patients started from the date of family ascer-
tainment for case subjects previously diagnosed with
cancer and the date of first cancer diagnosis for
those who had been cancer free. Criteria for with-
drawal from observation were unchanged. Of 85
case subjects excluded from the subgroup analysis,
77 died and eight had developed multiple primary
cancers before the ascertainment date.

Results

Two hundred cancer patients (96 males
and 104 females) in the 24 families were
eligible for study (Table 1). These 200
patients accumulated 1142 person-years

of follow-up before diagnosis of second
primary cancer (30 patients), death (120
patients), loss to follow-up (two patients),
or study closure (48 patients). The first
cancers in 140 individuals (70%) were
diagnosed before age 45 years, including
62 diagnosed within the first two decades
of life. There were 140 cancers (70%)
that were characteristic of LFS, i.e., breast
cancers (45 women), soft tissue sarco-
mas (34 patients), osteosarcomas (25 pa-
tients), brain tumors (20 patients), leuke-
mias (11 patients), and adrenocortical
carcinomas (five patients). In later life,
family members tended to develop can-
cers of the lung (13 patients), colon
(seven patients), and pancreas (seven
patients), as well as malignant lympho-
mas (seven patients).

The 30 individuals from the LFS fami-
lies with a second cancer occurrence de-
veloped a total of 72 primary cancers
(Table 2). The intervals between diagno-
sis of the first and second primary cancers
ranged from 1 to 27 years (median, 6
years). Eight patients had a third cancer,
and four of them eventually developed a
fourth cancer. The neoplasms featured in
LFS accounted for 54 (75%) of these 72
cancers, including 24 breast cancers and
22 sarcomas.

Kaplan–Meier analysis showed a cu-
mulative second cancer probability of
57% (±10% [±SE]) at 30 years of follow-
up (Fig. 1, A). The cumulative probability
was higher among 34 patients who ini-

tially had soft tissue sarcomas, i.e., 64%
(±16%) at 20 years and 100% at 30 years
of follow-up. On the basis of the 30 pa-
tients with a second primary cancer, the
cumulative probability of a third cancer
was 38% (±12%) at 10 years after the
diagnosis of a second cancer (Fig. 1, B).

Subgroup analysis of the 115 cancer
survivors (56 males and 59 females) who
were free of a second cancer at initial as-
certainment showed that 23 subsequently
developed second cancers. Their cumula-
tive probability of developing second can-
cers was 54% (±11%) at 25 years of fol-
low-up, which is comparable to the
estimate for the entire series.

The age-adjusted incidence rate of sec-
ond cancer in the 24 LFS families (2.6 per
100 person-years) exceeded the expected
cancer rate for the general population (RR
4 5.3; 95% CI4 2.8–7.8) (Table 3). The
rate was highest among those with cancer
initially diagnosed before 20 years of age
(3.2 per 100 person-years) and declined
with age. Consequently, RRs of second
cancer differed markedly by age at first
cancer diagnosis (Table 3). Patients with
the cancers featured in LFS did not have a
higher incidence of second cancers when
compared with the incidence among those
with other cancers (data not shown). Pa-
tients in families with a germline p53 mu-
tation did not have a higher incidence of
second cancers when compared with the
incidence among those in families with-
out a known p53 mutation (data not
shown).

Treatment records for 27 of the 30 pa-
tients who had multiple primary cancers
showed that nine had received radio-
therapy for their first cancer (five also had
chemotherapy), three had chemotherapy
only, and 15 had neither treatment. Most
irradiated patients received megavoltage
cobalt-60 × rays (range, 35–70 Gy). Six
irradiated patients (Nos. 1, 4, 5, 12, 16,
and 30) developed a total of eight solid
tumors within the radiation field at 3–22
years after treatment for the first cancer
(median, 11 years) (Table 2). In addition,
the radiation field for the third cancer in
one patient (No. 12) encompassed the site
of her fourth cancer 7 years later. One
other patient (No. 24) developed acute
leukoerythroblastic leukemia 2 years after
treatment for a brain tumor with carmus-
tine and cranial irradiation, a known leu-
kemogenic regimen(21,22).

Table 1. Tumor types and ages at diagnosis of 200 first cancers in Li–Fraumeni syndrome
family members*

First cancer

No. of patients with cancer (No. with second cancer) by
age at first cancer diagnosis

0–19 y 20–44 y ù45 y All ages

Cancers featured in Li–Fraumeni syndrome
All types 55 (9) 64 (13) 21 (2) 140 (24)
Breast cancer 0 (0) 33 (9) 12 (1) 45 (10)
Soft tissue sarcoma 18 (5) 11 (3) 5 (1) 34 (9)
Osteosarcoma 17 (3) 7 (0) 1 (0) 25 (3)
Brain tumor 9 (0) 10 (1) 1 (0) 20 (1)
Leukemia 7 (1) 2 (0) 2 (0) 11 (1)
Adrenocortical carcinoma 4 (0) 1 (0) 0 (0) 5 (0)

Other cancers† 7 (1) 14 (1) 39 (4) 60 (6)

Total cancers 62 (10) 78 (14) 60 (6) 200 (30)

*Based on 200 first cancers in 24 Li–Fraumeni syndrome kindreds identified during the period from 1968
through 1986. Study subjects were enrolled in the Cancer Family Registry, Division of Cancer Epidemiology
and Genetics, National Cancer Institute.

†Lung cancer (13), lymphoma (7), colon cancer (7), pancreatic cancer (7), cancer of the uterus/ovaries (6),
prostate cancer (5), kidney cancer (2; renal cell carcinoma and Wilms’ tumor), cancer of esophagus (2),
stomach cancer (2), bladder cancer (2), and neuroblastoma, gallbladder cancer, liver cancer, thyroid cancer,
laryngeal cancer, cancer of the thorax, and skin cancer (melanoma) (1 each).
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Discussion

Members of families with inherited
cancer syndromes such as LFS tend to
develop multiple primary cancers at early
ages (2,23–26).This prospective study
examined the frequency of multiple pri-
mary cancers in members of 24 LFS kin-
dreds identified up to three decades ago.
Thirty of 200 family members with can-
cer developed multiple primary cancers.
Kaplan–Meier analysis showed a 57% cu-
mulative probability of second cancer at
30 years after diagnosis of the first cancer.
Third cancers developed at an even higher
rate, although the number of patients with
a third cancer was small. Most neoplasms
in these families were component cancers
of LFS, suggesting that inherited suscep-
tibility was the major predisposing factor.

Cancer incidence rates are low among
children in the general population and rise
steadily with increasing age. In contrast,

rates of second cancer in our series were
highest among childhood cancer survi-
vors, who had an 83-fold excess risk
(Table 3); however, no excess risk was
found in family members with first can-
cers after age 45 years (Table 3), suggest-
ing that late-onset cancers among family
members might be due to chance or fac-
tors other than inherited predisposition.
The RRs of second cancers were similar
among patients whose first cancers are
typical of LFS versus those with other
neoplasms. This finding raises the possi-
bility that some of these other neoplasms
are rare manifestations of LFS(11).

Somatic mutations in the p53 gene are
found in a high proportion of human can-
cers, whereas germline mutations are rare
(27,28). Inherited p53 gene mutations
have been detected in approximately one
half of LFS kindreds and rarely in young
patients with multiple primary cancers
(29–34).Within the 24 families whom we

studied, the increased incidence of second
cancers was not associated with having a
germline p53 gene mutation. Families
with normal p53 alleles might have germ-
line mutations in other highly penetrant
genes that produce an autosomal-domi-
nant pattern of similar cancers. These
genes can be sought by linkage studies of
p53-negative families and molecular
analyses. Candidate germline mutations
may be in genes involved in the p53 sig-
nal transduction pathway.

Ionizing radiation is a known risk fac-
tor for virtually all cancers except chronic
lymphocytic leukemia(35,36). Its carci-
nogenic effects are dose dependent, and
high-dose radiotherapy can contribute to
development of second cancers(36–41).
Sensitivity to radiation-induced cancers
has been reported in clinical studies of
patients with germline mutations in the
p53 gene and in p53-deficient mice(42–
44). In our study, available data on treat-
ment of the first cancers suggest that ra-
diotherapy contributed to eight subse-
quent solid tumors in six patients and to
acute leukemia in a seventh patient who
also received chemotherapy. The 3- to 22-
year interval between radiation treatment
and solid tumor development is consistent
with the latent periods for radiation car-
cinogenesis(37,45). The latent period,
which is shorter for radiation leukemo-
genesis, was 2 years in our patient with
secondary leukemia after radiotherapy
and carmustine chemotherapy. These
findings parallel our observation that ra-
diotherapy further increases the risk of
second cancer among retinoblastoma pa-
tients with germline RB1gene mutations
(23).

Our study design may have selected
for LFS families known to have multiple
primary cancers. Consequently, a subset
analysis was restricted to second cancers
that developed after initial ascertainment
of the kindreds. A similar risk estimate
was found, suggesting that substantial se-
lection bias is unlikely. Overestimation
may have resulted by including 15 pa-
tients with multiple sarcomas or bilateral
breast cancers. However, five of these pa-
tients had third cancers as additional
manifestations of their susceptibility to
multiple primary cancers. Calculation of
risk of second cancer also excluded un-
confirmed cancers and applied histologic,
anatomic, and temporal criteria for diag-

Table 2. Multiple primary cancers in 30 Li–Fraumeni syndrome family members diagnosed with a
second cancer

Patient
No. Sex*

Sequence of tumor types (age at diagnosis in years)†

First Second Third Fourth

1 M SS (1) SS‡,§,\ (23)
2 F SS (2) Brain (6)
3 F SS (2) Breast (29)
4 M SS (4) OS§ (15)
5 M SS (12) SS§,\ (27)
6 F SS (24) Breast (34)
7 F SS (28) Breast (32)
8 F SS (35) SS\ (42) Breast (48)
9 M SS (50) Lymphoma (51) Melanoma (53)

10 M OS (6) SS‡ (17)
11 M OS (14) Brain (26)
12 F OS (16) SS§ (19) Breast (29) Breast‡,§,\ (36)
13 F Breast (22) Thyroid (30) Breast (34)\ Ovary (50)
14 F Breast (24) Gastric (40)
15 F Breast (25) Ovary (29) Brain (30)
16 F Breast (30) Breast\ (36) Mesothelioma§ (40) SS§ (41)
17 F Breast (32) Breast\ (47)
18 F Breast (33) Breast\ (35)
19 F Breast (33) Breast\ (42)
20 F Breast (39) Pancreas (58) Breast\ (60)
21 F Breast (42) Breast\ (46)
22 F Breast (57) Breast\ (59)
23 M Leukemia (2) Leukemia‡ (11)
24 F Brain (26) Leukemia (28)
25 M Kidney (15) SS (16)
26 M Lung (55) SS (62) Lung‡ (64) Lymphoma (65)
27 M Larynx (35) Lung‡ (39)
28 F Ovary (68) Leukemia (71)
29 F Pancreas (47) Bladder (53)
30 M Prostate (62) SS§ (66)

*M 4 male; F4 female.
†Cancer classification: SS4 soft tissue sarcoma; OS4 osteosarcoma. All others except brain tumors

were carcinomas unless otherwise specified.
‡Histologically different from the previous cancer(s).
§Tumors occurred in the previous radiation field.
\Seetext for criteria to determine multiple primary cancers.
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nosis of independent primary sarcomas or
breast cancers. Selective loss to follow-up
is not an explanation for our findings be-
cause only two of the 200 cancer patients

in the study were lost to observation. The
sharp decline in RR of second cancer with
age argues against a generalized risk
overestimation due to greater diligence in

seeking cancer in our families. Use of
the population-based comparison data
from the Connecticut Tumor Registry for
all primary cancers is a standard approach
to minimize the problem of inaccur-
acy of second cancer diagnosis and un-
stable estimates due to infrequent occur-
rence of second cancers in the general
population(39,41,46).Evidence of Pois-
son overdispersion (Dean Score test,
one-sidedP 4 .03) was taken into ac-
count by the adjustment of the 95% CIs
by use of Pearson’sx2 test statistics. This
approach broadened the 95% CIs by ap-
proximately 25% compared with the 95%
CIs obtained with the use of the exact
method.

Uncertainties exist regarding strategies
to reduce second cancer morbidity and
mortality in LFS families(47). The sec-
ond cancers in these families can arise
over several decades in diverse organs
and anatomic sites, regardless of the first
tumor type or the family’s germline p53
gene status. Although the efficacy of
screening for carriers of a mutated p53
gene is unknown, mammography and
clinical breast examinations starting in
early adulthood are consistent with cur-
rent management strategies for carriers
of the BRCA1 and BRCA2 mutations
(47–49). Prophylactic mastectomy is
problematic for women who have germ-
line p53 mutations and a predisposi-
tion for additional cancer(50). Surveil-
lance of blood cell counts to detect early
leukemia can be considered, although the
likelihood of finding occult leukemia is
small and survival benefits are uncertain.
Thus, no recommendations can be made
for implementing other costly or invasive
screening tests for the diverse solid tu-
mors featured in LFS(51). It is prudent to
suggest that all family members pursue a
healthy lifestyle and avoid environmental
carcinogens and that their physicians be
alert for early signs of cancer(47).
Emerging evidence for the efficacy of
certain chemopreventive agents may
prompt studies on genetically susceptible
populations such as LFS families(47,52).
In particular, chemoprevention data on
p53 knockout mice can help identify can-
didate agents for human studies(53).
However, the rarity of LFS families
would necessitate a major international
collaborative effort to launch a clinical
trial (50).

Table 3. Second cancers among 200 members of Li–Fraumeni syndrome families, according to age at
first cancer diagnosis*

Age at first cancer
diagnosis, y

No. of study
subjects

Second cancer rate/100 PY
(No. of cancers/PY) RR† (95% CI)

0–19 62 3.2 (10/312) 83.0 (36.9–187.6)
20–44 78 2.7 (14/522) 9.7 (4.9–19.2)
ù45 60 2.0 (6/308) 1.5 (0.5–4.2)
All ages 200 2.6 (30/1142) 5.3 (2.8–7.8)

*PY 4 person-years of observation; RR4 relative risk; CI4 confidence interval.
†RR was calculated by use of observed/expected number of cases: 10/0.12 for ages 0–19 years, 14/1.45

for ages 20–44 years, 6/4.08 for agesù45 years, and 30/5.67 for all ages combined.

Fig. 1. A) Kaplan–Meier analysis of cumulative probability (± standard error) of second primary cancers
during follow-up of 200 patients with a first cancer in families with Li–Fraumeni syndrome. The cumulative
probability of a second cancer at 30 years was 57% (±10%).B) Kaplan–Meier analysis of cumulative
probability (± standard error) of third primary cancers during follow-up of 30 patients with double primary
cancers in families with Li–Fraumeni syndrome. The cumulative probability of a third cancer at 10 years was
38% (±12%).

Journal of the National Cancer Institute, Vol. 90, No. 8, April 15, 1998 REPORTS 609

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/90/8/606/987603 by guest on 25 April 2024



References

(1) Li FP, Fraumeni JF Jr. Soft-tissue sarcomas,
breast cancer, and other neoplasms. A familial
syndrome? Ann Intern Med 1969;71:747–52.

(2) Li FP, Fraumeni JF Jr, Mulvihill JJ, Blattner
WA, Dreyfus MG, Tucker MA, et al. A cancer
family syndrome in twenty-four kindreds. Can-
cer Res 1988;48:5358–62.

(3) Lynch HT, Mulcahy GM, Harris RE, Guirgis
HA, Lynch JF. Genetic and pathologic findings
in a kindred with hereditary sarcoma, breast
cancer, brain tumors, leukemia, lung, laryn-
geal, and adrenal cortical carcinoma. Cancer
1978;41:2055–64.

(4) Tomlinson MJ, Bullimore JA. Adrenal-cell
carcinoma and rhabdomyosarcoma occurring
in father and daughter: ‘‘SBLA’’ syndrome?
Br J Radiol 1987;60:89–90.

(5) Hartley AL, Birch JM, Kelsey AM, Marsden
HB, Harris M, Teare MD. Are germ cell tu-
mors part of the Li–Fraumeni cancer family
syndrome? Cancer Genet Cytogenet 1989;42:
221–6.

(6) Henry I, Grandjouan S, Couillin P, Barichard
F, Huerre-Jeanpierre C, Glaser T, et al. Tumor-
specific loss of 11p15.5 alleles in del11p13
Wilms tumor and in familial adrenocortical
carcinoma. Proc Natl Acad Sci U S A 1989;86:
3247–51.

(7) Tsunematsu Y, Watanabe S, Oka T, Tsuka-
moto T, Kawa-Ha K, Hirata Y, et al. Familial
aggregation of cancer from proband cases with
childhood adrenal cortical carcinoma. Jpn J
Cancer Res 1991;82:893–900.

(8) Malkin D, Li FP, Strong LC, Fraumeni JF Jr,
Nelson CE, Kim DH, et al. Germ line p53 mu-
tations in a familial syndrome of breast cancer,
sarcomas, and other neoplasms. Science 1990;
250:1233–8.

(9) Frebourg T, Barbier N, Yan YX, Garber JE,
Dreyfus M, Fraumeni J Jr, et al. Germ-line p53
mutations in 15 families with Li–Fraumeni
syndrome. Am J Hum Genet 1995;56:608–15.

(10) Malkin D. p53 and the Li–Fraumeni syndrome.
Cancer Genet Cytogenet 1993;66:83–92.

(11) Strong LC, Williams WR, Tainsky MA. The
Li–Fraumeni syndrome: from clinical epidemi-
ology to molecular genetics. Am J Epidemiol
1992;135:190–9.

(12) Varley JM, MacGown G, Thorncroft M, San-
tibanez-Koref MF, Kelsey AM, Tricker KJ, et
al. Germ-line mutations of TP53 in Li–Frau-
meni families: an extended study of 39 fami-
lies. Cancer Res 1997;57:3245–52.

(13) Garber JE, Goldstein AM, Kantor AF, Dreyfus
MG, Fraumeni JF Jr, Li FP. Follow-up study of
twenty-four families with Li–Fraumeni syn-
drome. Cancer Res 1991;51:6094–7.

(14) Heston J, Kelly J, Meigs J, Flannery J. Forty-
five years of cancer incidence in Connecticut:
1935–79. Natl Cancer Inst Monogr 1986;70:
40–637.

(15) Ries L, Kosary C, Hankey B, Miller B, Harras
A, Edwards B, editors. SEER cancer statistics
review, 1973–1994. NIH Publ No. 97-2789.
Bethesda (MD): National Cancer Institute,
1997.

(16) Monson RR. Analysis of relative survival and

proportional mortality. Comput Biomed Res
1974;7:325–32.

(17) Dean CB. Testing of overdispersion in Poisson
and binomial regression models. J Am Stat As-
soc 1992;87:451–7.

(18) McCullagh P, Nelder JA. Log-linear models.
In: McCullagh P, Nelder JA, editors. General-
ized linear models. 2nd ed. London: Chapman
& Hall, 1989:200–44.

(19) Kaplan E, Meier P. Nonparametric estimation
from incomplete observations. J Am Stat As-
soc 1958;457–81.

(20) Mantel N, Ciminera JL. Use of logrank scores
in the analysis of litter-matched data on time to
tumor appearance. Cancer Res 1979;39:
4308–15.

(21) Cohen RJ, Wiernik PH, Walker MD. Acute
nonlymphocytic leukemia associated with ni-
trosourea chemotherapy: report of two cases.
Cancer Treat Rep 1976;60:1257–61.

(22) Vogl SE. Acute leukemia complicating treat-
ment of glioblastoma multiforme. Cancer
1978;41: 333–6.

(23) Eng C, Li FP, Abramson DH, Ellsworth RM,
Wong FL, Goldman MB, et al. Mortality from
second tumors among long-term survivors of
retinoblastoma. J Natl Cancer Inst 1993;85:
1121–8.

(24) Mulligan LH, Kwok JB, Healey CS, Elsdon
MJ, Eng C, Gardner E, et al. Germ-line muta-
tions of the RET proto-oncogene in multiple
endocrine neoplasia type 2A. Nature 1993;363:
458–60.

(25) Hamilton SR, Liu B, Parsons RE, Papdopoulos
N, Jen J, Powell SM, et al. The molecular basis
of Turcot’s syndrome. N Engl J Med 1995;332:
839–47.

(26) Easton DF, Ford D, Bishop DT. Breast and
ovarian cancer incidence in BRCA1-mutation
carriers. Breast Cancer Linkage Consortium.
Am J Hum Genet 1995;56:265–71.

(27) Nigro JM, Baker SJ, Preisinger AC, Jessup JM,
Hostetter R, Cleary K, et al. Mutations in the
p53 gene occur in diverse human tumour types.
Nature 1989;342:705–8.

(28) Levine AJ, Momand J, Finlay CA. The p53
tumour suppressor gene. Nature 1991;351:
453–6.

(29) Soussi T, Caron de Fromentel C, May P. Struc-
tural aspects of the p53 protein in relation to
gene evolution. Oncogene 1990;5:945–52.

(30) Toguchida J, Yamaguchi T, Dayton SH, Beau-
champ RL, Herrera GE, Ishizaki K, et
al. Prevalence and spectrum of germline
mutations of the p53 gene among patients
with sarcoma. N Engl J Med 1992;326:
1301–8.

(31) Malkin D, Jolly KW, Barbier N, Look AT,
Friend SH, Gebhardt MC, et al. Germline mu-
tations of the p53 tumor-suppressor gene in
children and young adults with second malig-
nant neoplasms. N Engl J Med 1992;326:
1309–15.

(32) Varley JM, Thorncroft M, McGown G, Tricker
K, Birch JM, Evans DG. A novel deletion
within exon 6 of TP53 in a family with Li–
Fraumeni-like syndrome, and LOH in a benign
lesion from a mutation carrier. Cancer Genet
Cytogenet 1996;90:14–6.

(33) Varley JM, Evans DG, Birch JM. Li–Fraumeni

syndrome—a molecular and clinical review. Br
J Cancer 1997;76:1–14.

(34) Cornelis RS, van Vliet M, van de Vijver MJ,
Vasen HF, Voute PA, Top B, et al. Three
germline mutations in the TP53 gene. Hum
Mutat 1997;9:157–63.

(35) Darby SC, Doll R, Gill SK, Smith PG. Long
term mortality after a single treatment course
with X-rays in patients treated for ankylosing
spondylitis. Br J Cancer 1987;55:179–90.

(36) National Research Council. Health effects of
exposure to low levels of ionizing radiation
(BEIR V). Washington (DC): National Acad-
emy Press, 1990.

(37) Taghian A, de Vathaire F, Terrier P, Le M,
Auquier A, Mouriesse H, et al. Long-term risk
of sarcoma following radiation treatment for
breast cancer. Int J Radiat Oncol Biol Phys
1991;21:361–7.

(38) Boice JD Jr, Harvey EB, Blettner M, Stovall
M, Flannery JT. Cancer in the contralateral
breast after radiotherapy for breast cancer. N
Engl J Med 1992;326:781–5.

(39) Travis LB, Curtis RE, Boice JD Jr, Platz CE,
Hankey BF, Fraumeni JF Jr. Second malignant
neoplasms among long-term survivors of ovar-
ian cancer. Cancer Res 1996;56:1564–70.

(40) van Leeuwen FE, Klokman WJ, Hagenbeek A,
Noyon R, van den Belt-Dusebout AW, van
Kerkhoff EH, et al. Second cancer risk follow-
ing Hodgkin’s disease: a 20-year follow-up
study. J Clin Oncol 1994;12:312–25.

(41) Wong FL, Boice JD Jr, Abramson DH, Tarone
RE, Kleinerman RA, Stovall M, et al. Cancer
incidence after retinoblastoma. Radiation dose
and sarcoma risk. JAMA 1997;278:1262–7.

(42) Srivastava S, Zou ZQ, Pirollo K, Blattner W,
Chang EH. Germ-line transmission of a mu-
tated p53 gene in a cancer-prone family with
Li–Fraumeni syndrome. Nature 1990;348:
747–9.

(43) Kemp CJ, Wheldon T, Balmain A. p53-defi-
cient mice are extremely susceptible to radia-
tion-induced tumorigenesis. Nat Genet 1994;8:
66–9.

(44) Lee JM, Abrahamson JL, Kandel R, Done-
hower LA, Bernstein A. Susceptibility to ra-
diation-carcinogenesis and accumulation of
chromosomal breakage in p53 deficient mice.
Oncogene 1994;9:3731–6.

(45) Hancock SL, Tucker MA, Hoppe RT. Breast
cancer after treatment of Hodgkin’s disease. J
Natl Cancer Inst 1993;85:25–31.

(46) Curtis RE, Rowlings PA, Deeg HJ, Shriner
DA, Socie G, Travis LB, et al. Solid cancers
after bone marrow transplantation. N Engl J
Med 1997;336:897–904.

(47) Li FP. Identification and management of inher-
ited cancer susceptibility. Environ Health Per-
spect 1995;103 Suppl 8:297–300.

(48) Leitch AM. Controversies in breast cancer
screening. Cancer 1995;76(10 Suppl):2064–9.

(49) Mettlin C, Murphy GP. Breast cancer screen-
ing in premenopausal women: current recom-
mendations and opportunities for research.
Ann Med 1995;27:461–5.

(50) Schrag D, Kuntz KM, Garber JE, Weeks JC.
Decision analysis—effects of prophylactic
mastectomy and oophorectomy on life expec-
tancy among women with BRCA1 or BRCA2

610 REPORTS Journal of the National Cancer Institute, Vol. 90, No. 8, April 15, 1998

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/90/8/606/987603 by guest on 25 April 2024



mutations. N Engl J Med 1997;336:1465–
71.

(51) Eng C, Schneider K, Fraumeni JF Jr, Li FP.
Third international workshop on collaborative
interdisciplinary studies of p53 and other pre-
disposing genes in Li–Fraumeni syndrome.
Cancer Epidemiol Biomarkers Prev 1997;6:
379–83.

(52) Baker SG, Freedman LS. Potential impact of
genetic testing on cancer prevention trials, us-
ing breast cancer as an example. J Natl Cancer
Inst 1995;87:1137–44.

(53) Hursting SD, Perkins SN, Haines DC, Ward
JM, Phang JM. Chemoprevention of spontane-
ous tumorigenesis in p53-knockout mice. Can-
cer Res 1995;55:3949–53.

Notes

Supported by Public Health Service grant
5RO1HG00725 from the National Center for Hu-
man Genome Research, National Institutes of
Health, Department of Health and Human Services;
by the Cornelius V. Starr Foundation; by the Liberty
Mutual Group; and by the Boston Foundation.

We are indebted to Gene Pannello for his contri-
bution in statistical analysis. We thank all families
involved in this study.

Manuscript received July 25, 1997; revised De-
cember 10, 1997; accepted February 12, 1998.

Oral Transmucosal Fentanyl
Citrate: Randomized,
Double-Blinded,
Placebo-Controlled Trial for
Treatment of Breakthrough
Pain in Cancer Patients

John T. Farrar, James Cleary,
Richard Rauck, Michael Busch,
Earl Nordbrock*

Background: Patients with cancer fre-
quently experience episodes of acute
pain, i.e., breakthrough pain, superim-
posed on their chronic pain. Break-
through pain is usually treated with
short-acting oral opioids, most of which
provide some relief after 15–20 min-
utes, with peak effects after 30–45 min-
utes. Oral transmucosal fentanyl ci-
trate (OTFC), a unique formulation of
the opioid fentanyl, has been shown to
provide meaningful pain relief within 5
minutes in patients following surgery.
We conducted a multicenter, random-
ized, double-blinded, placebo-con-
trolled trial of OTFC for cancer-
related breakthrough pain. Methods:
Patients who were 18 years of age or
older, receiving the equivalent of at
least 60 mg oral morphine or at least 50
µg transdermal fentanyl per day for
chronic cancer-related pain, and expe-
riencing at least one episode of break-
through pain per day were studied. Af-
ter titration to an effective OTFC dose,
subjects were given 10 randomly or-
dered treatment units (seven OTFC
units and three placebo units) in the
form of identical lozenges. If acceptable
pain relief was not achieved within 30
minutes, subjects were instructed to
take their previous breakthrough pain
medication (i.e., rescue medication).
Pain intensity, pain relief, and use of
rescue medication were evaluated at
15-minute intervals over a 60-minute
period. Results: Eighty-nine of 92 pa-
tients who received the randomized
treatment were assessable (i.e., treated
with at least one unit of OTFC and one
unit of placebo). OTFC produced sig-
nificantly larger changes in pain inten-
sity and better pain relief than placebo

at all time points (two-sided P<.0001).
Episodes treated with placebo required
the use of rescue medication more often
than episodes treated with OTFC (34%
versus 15%; relative risk = 2.27; 95%
confidence interval = 1.51–3.26; two-
sidedP<.0001).Conclusions:OTFC ap-
pears effective in the treatment of can-
cer-related breakthrough pain. [J Natl
Cancer Inst 1998;90:611–6]

In addition to persistent pain(1), pa-
tients with cancer frequently experience
superimposed intermittent episodes of
acute pain, which is commonly referred to
as incident or breakthrough pain(2).
These transient and often intense flares of
pain can be a particularly troublesome
feature of chronic cancer-related pain(3).
Although few studies(2,4) have been
conducted to examine this problem spe-
cifically, recent reports indicate that
breakthrough cancer pain, severe to ex-
cruciating in intensity, occurs in up to
65% of patients with cancer and is fre-
quently undertreated.

The current standard of care for treat-
ing cancer pain is to provide a sustained-
release preparation that controls the
chronic, persistent pain and a rapid, rela-
tively short-acting analgesic that relieves
the breakthrough pain without lingering
so long as to cause somnolence once the
painful episode has subsided. Although
data demonstrating efficacy have not been
published, the mainstays of breakthrough
pain therapy are short-acting oral opioids
that are generally believed to have an on-
set of 15–20 minutes and a peak effect
after 30–45 minutes.

Oral transmucosal fentanyl citrate
(OTFC) is a unique formulation in which
fentanyl, a potent and short-acting opioid
that binds primarily to the morphine (mu)
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