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Sensitivity and predictive value of
criteria for p53 germline mutation
screening

EDITOR—The history of Li-Fraumeni syndrome (LFS) is a
good illustration of the delineation of dominantly inherited
family cancer syndromes. The identification of this
syndrome is the result of the combination of two kinds of
evidence, firstly, a number of reports on particular familial
aggregations1 2 and, secondly, systematic family studies of
childhood sarcomas.3–6 Among these studies, the decisive
contribution came from Li and Fraumeni3 who were the
first to publish the results of a family study on 641 children
with rhabdomyosarcoma which led to the identification of
four families in which a sib or a cousin was aVected by
rhabdomyosarcoma or another soft tissue sarcoma (STS).
These families also had several members who were aVected
by diverse types of malignant tumours, in particular sarco-
mas and breast cancer at a very young age. This prompted
the authors to propose the existence of a new familial syn-
drome.7 A prospective study on these families over 12 years
provided evidence of a strong predisposition to cancer with
a strikingly high frequency of multiple tumours.8 The term
“Li-Fraumeni syndrome” was used for the first time in
19829 and the criteria, which subsequently became the
classical definition of the syndrome, were proposed by Li
and Fraumeni in 1988.10 These were a proband with a sar-
coma before 45 years of age, a first degree relative with
cancer before this age, and another close (first or second
degree) relative in the lineage with either cancer before this
age or a sarcoma at any age. These criteria led to the selec-
tion of 24 families which exhibited a wide variety of
tumours including bone sarcomas, STS, breast cancer,
brain tumours, leukaemia, adrenocortical carcinoma,
lymphoma, lung, stomach, pancreas, and prostate cancer,
but only the first six types were significantly in excess of the
expected proportion among subjects aVected by cancer
before 45 years in the American population. The follow up
of these families confirmed an unusually high predisposi-
tion to cancer.11 Other studies have indicated that a number
of other cancers may occur in these families, the most
notable being melanoma, germ cell tumours, gastric carci-
noma, and Wilms’ tumour.5 12–16

The definition of the syndrome shifted from clinical and
familial criteria to molecular criteria after Malkin et al17 and
Srivastava et al18 described the involvement of germline p53
mutations. The mutations initially found were all missense
mutations of exon 7, but further studies, extensively
reported by Varley et al19 showed that other regions might
also be involved. Studies on series of families with the clas-
sical LFS criteria showed that 50 to 70% of these families
displayed a p53 mutation,19–23 indicating that mutation
screening may have overlooked alterations that aVect regu-
latory regions and not p53 coding sequences or that germ-
line mutation of other gene(s) may be responsible for LFS.
Indeed, the study recently published by Bell et al24 showed
that heterozygous germline mutations in hCHK2 occur in
LFS. The proportions of p53 mutations are somewhat
lower when less stringent criteria are applied.20 21

After ascribing LFS to germline p53 mutations, diVerent
studies were conducted on series of patients with tumours

typifying LFS, but not selected on family history, to deter-
mine the proportion of gene carriers among them. The
studies on patients with bone sarcoma or STS25–29 showed
that up to a third of the group with early onset, an unusual
family history, or multiple primary tumours may be carri-
ers. Children with adrenocortical carcinoma were found to
have the highest rate (50-80%).30 31 The frequency of
mutations among patients with multiple primary tumours
was estimated to be between 7 and 20%.32–34 Far lower rates
were found for patients with brain tumours,35–39 or early
onset/familial breast cancer,40–43 although the breast cancer
risk was clearly high in p53 mutation carriers. In some of
these studies, a selection bias on family history may be sus-
pected. Indeed, a significant proportion of mutations were
found among cases with a strong positive family history, the
frequency of which appeared to be unusually high.

None of these studies allowed an estimation of cancer
risk in mutation carriers, although unaVected carrier rela-
tives are found in family studies. Indeed, LFS selection cri-
teria are so stringent that it is impossible to correct for
selection bias. Even looser criteria, such as Li-Fraumeni-
like21 44 (LFL) or Li-Fraumeni incomplete20 (LFI) do not
allow correction for ascertainment bias. This was the
reason that we undertook a study at the Institut Gustave
Roussy with very loose criteria which oVered two
advantages: (1) they did not imply the existence of highly
penetrant susceptibility genes and therefore potentially
allowed the detection of mutations associated with a low
cancer risk; (2) correction for selection bias was possible
for the estimation of cancer risks in individual subjects.
Our main conclusions are: (1) that cancer risks are very
high, (2) although unaVected carriers may be observed,
there is no evidence for the existence of mutations with
particularly low penetrance, and (3) the proportion of de
novo mutations is probably substantial.45

While the above mentioned were gradually defining with
ever greater accuracy the relationship between constitu-
tional mutations and cancer types and risks, an inter-
national multidisciplinary group was trying to establish
recommendations for predictive testing.44 46–50 For such
testing, it was essential, as a first step, to evaluate individual
and familial criteria to undertake the initial search in a
family, in terms of sensitivity and predictive value. We
report here the results obtained from our study on
childhood cancer at the Institut Gustave Roussy and on a
study of breast cancer in very young women performed at
the Institut Curie in France.

The family history of cancer in children under 18 years
treated for all types of solid malignant tumours in the
Department of Paediatric Oncology at the Institut Gustave
Roussy in Villejuif (France) was investigated between
January 1991 and May 1997. Information was collected
through a direct interview with a trained counsellor for
families of patients treated in the department during the
study period. Information was obtained via a mailed ques-
tionnaire and completed in most cases by a telephone
interview for patients treated before that period and no
longer followed up or who had died. To minimise possible
biases owing to genetic and environmental heterogeneity,
only white children were included in the study.

Family data were collected through the proband’s
parents. They included information on each of the
proband’s first and second degree relatives and first
cousins. When necessary, additional family members,
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previously informed by the proband’s parents, were
contacted for a telephone interview. Information on
relatives included general characteristics (sex, date of birth,
malformations, date and cause of death) and the
occurrence of any cancer. When cancers had occurred,
confirmation of the diagnosis and age at onset were sought
in medical and pathology records. Only invasive cancers
were considered, excluding non-melanoma skin cancer and
in situ carcinoma.

A subgroup of children in whom the frequency of cancer
susceptibility genes would be potentially increased was
selected on the basis of the occurrence of either of the fol-
lowing criteria: (1) at least one cancer case aVecting a first
or second degree relative before the age of 46 (familial
cases) or (2) multiple primary cancers in the proband
regardless of his/her family history (multiple tumour cases).
In the original protocol, the family was also included if can-
cer had occurred only in first cousins. This criterion had to
be removed since it dramatically increased the proportion of
chance aggregation in the selected sample.

p53 was genotyped in peripheral lymphocytes isolated
from fresh blood samples. Direct sequencing was used for
the first set of 100 samples. Genomic DNA was amplified
as three fragments including respectively exons 2-4, exons
5-8, and exons 9-11 which were fully sequenced. Genotyp-
ing was subsequently carried out with a functional assay in
yeast (FASAY), as described by Ishioka et al51 and modified
by Flaman et al52 when this test became available. Vent
DNA polymerase (New England Biolabs) was used to
amplify p53 reverse transcripts before transfection in yeast.
Yeast colonies carrying a p53 mutant allele were identified
either as His-auxotroph or as red colonies. p53 cDNA was
extracted from mutant colonies and sequenced. The
FASAY has been reported to show over 90% of p53 mutant
alleles52 as does direct sequencing of amplified p53 exon
scores in our hands.

Women suVering from invasive breast cancer before 36
years, which was diagnosed between January 1990 and
August 1995 and followed up at the Institut Curie, were
interviewed about their family history and were requested
to give a blood sample for the study of genes involved in
breast cancer predisposition. Among the 275 women
fulfilling these criteria, 119 were interviewed between
January 1993 and August 1995 and 116 gave their
informed consent for DNA analysis.

The pedigrees were constructed by taking into account
first to third degree relatives of the proband on both paren-
tal sides. Information concerning the family history of
tumours and age at onset of the tumours was verified when
possible in medical and pathology records.

Screening for the presence of mutations was performed
by analysis of PCR products from genomic DNA with
denaturing gradient gel electrophoresis (DGGE). Exons 4,
5, 6, 7, 8, 9, 10, and 11 and respective flanking regions were
studied53 (unpublished data). PCR products exhibiting a
variant electrophoretic pattern were directly sequenced on
both strands. In order to confirm the loss of biological
function of missense mutations detected, a functional assay
in yeast was performed according to Flaman et al.52 Any
mutation identified was confirmed on a second independ-
ent blood sample.

The objectives of defining criteria for recommending p53
mutation screening are triple: (1) to look for a mutation in
situations in which it is likely to be found; (2) to miss as few
mutations as possible; (3) not to select subjects who are not
carriers. The first objective needs a high positive predictive
value, which is the probability that a mutation will be found
for given criteria. The second objective needs a high sensi-
tivity, which is the probability that the criteria will be
fulfilled, given that the mutation is found. The third objec-

tive needs a high specificity, which is the probability that a
mutation will not be found given that the criteria are not
fulfilled. The positive predictive value can be estimated by
the proportion of subjects carrying a germline p53
mutation among those tested using given criteria. The esti-
mation of sensitivity and specificity requires reference cri-
teria that would allow the ascertainment of carriers and
non-carriers from an unselected population. These para-
meters therefore cannot really be estimated. However, it is
possible to estimate the relative sensitivity by the ratio
between the number of mutations detected when given
criteria are applied and the number of mutations detected
in the whole sample. Besides, since a negative result is of no
value at this point, specificity is not particularly interesting.
At this point, the importance of wording should be empha-
sised. The sentence “a mutation will be found” is used
instead of “a mutation exists”, because this would also
depend on the sensitivity of the method used to detect
mutations, which is not the subject of the present study.
The positive predictive value and the relative sensitivity are
estimated in relation to the whole sample when more and
more stringent criteria are applied on: (1) the number and
age of aVected relatives, (2) the tumour spectrum
(probands and relatives), and (3) the existence of multiple
primary tumours.

Of the 2691 children eligible for the family study on 1
January 1998, 239 fulfilled the selection criteria and
consented to give a blood sample. Among these 239
children, 211 had at least one first or second degree relative
aVected by cancer before 46 years of age, 16 had at least two
primary malignant tumours, and 12 fulfilled both familial
and multiple tumour criteria. Among these cases, 15 muta-
tions were detected, nine in the first group (4.3%), one in
the second (a de novo mutation in a child with rhabdomy-
osarcoma and adrenocortical carcinoma) (6.2%), and five
in the third group (4.2%). The complete descriptions of
families with mutations are published elsewhere.45

Among the 223 children (211 + 12) fulfilling the famil-
ial criteria, four levels of nested criteria were defined
according to the number and tumour type in the aVected
relative(s) and are listed in table 1: very loose criteria (223
children), at least one first or second degree relative
aVected by any cancer; loose criteria (141 children), the
tumour type in the aVected relative(s) is restricted to
sarcoma, brain tumours, breast cancer, adrenocortical car-
cinoma, haematological malignancies, stomach cancer,
melanoma, and germ cell tumours, which are the most
prevalent tumours described in LFS; stringent criteria (81
children), the tumour spectrum in relative(s) is restricted
to unquestioned tumours, that is, sarcomas, brain tumours,
breast cancer, and adrenocortical carcinoma (narrow spec-
trum); very stringent criteria (21 children), a new criterion
is added to the previous ones, at least another first or sec-

Table 1 Definition of the four levels of nested criteria according to the
number and tumour type in the aVected relative(s) in the study on
childhood cancer

Criteria on relatives Definition

Very loose At least one first or second degree relative aVected
by any cancer

Loose Tumour type in the aVected relative(s) restricted to
sarcoma, brain tumours, breast cancer,
adrenocortical carcinoma, haematological
malignancies, stomach cancer, melanoma, and
germ cell tumours

Stringent Tumour spectrum in relative(s) restricted to
unquestioned tumours, ie sarcomas, brain
tumours, breast cancer, and adrenocortical
carcinoma (narrow spectrum)

Very stringent New criterion added to the previous ones: at least
another first or second degree relative aVected by
cancer before 46 years or a sarcoma at any age
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ond degree relative aVected by cancer before 46 years or a
sarcoma at any age. Criteria were also defined by stratifica-
tion on the tumour type in the proband with two levels, a
narrow spectrum tumour (102 children) or any tumour.

The results of the combination of criteria for relatives and
probands among the 223 familial cases are given in table 2.
They show that the positive predictive values for the
criterion “any tumour” in the proband are quite low (less
than 15%) except in the category “very stringent” criteria in
relatives. It is significantly higher when the tumour type in
the proband is restricted to the narrow spectrum and attains
23% when stringent criteria are fulfilled among relatives.

The parameters estimated among the 28 (16 + 12) mul-
tiple tumour cases (excluding bilateral tumours of paired
organs) are shown in table 3. The positive predictive values
are much higher than in the group selected on a familial
basis. However, this criterion overlaps markedly with the
previous ones; in the six carriers of a germline mutation,
five fulfil the “narrow spectrum” for the first tumour of the
proband, of which four also fulfil the “stringent” criteria on
relatives. Thus, adding the criterion “multiple tumours” in
the proband to the combination of narrow spectrum in the
proband’s tumour and stringent criteria for relatives yields
24 new cases, two of which have a germline mutation. This
results in an increase in relative sensitivity from 73%
(11/15) to 87% (13/15) and a decrease in the predictive
value from 23% (11/47) to 18% (13/71). If both tumours
(or at least two tumours) are restricted to the narrow spec-
trum, then only six families are added, one of which carries
a mutation, resulting in a relative sensitivity of 80% (12/15)
and a predictive value of 23% (12/53). There are very few
multiple tumours among relatives (excluding bilateral
tumours of paired organs): six families among which three
fulfil the stringent criteria in relatives and four fulfil the
narrow spectrum in the proband. There are two p53 muta-
tions, two of which belong to the group defined by narrow
spectrum and multiple tumours in the proband and strin-
gent criteria in relatives. Consequently, the predictive value
and the relative sensitivity are not modified when multiple
tumours are added to the narrow LFS spectrum in relatives
(data not shown).

Among the 116 breast cancer cases fully analysed, a total
of three germline p53 mutations (2.5%) were detected.
Two of them are missense mutations (Leu130Phe,
Arg175Gly) and one is an in frame deletion
(GluAla346del3Asp). The deleterious eVects of both mis-
sense mutations have been confirmed with FASAY. One
mutation (Leu130Phe) was found in a woman who was
aVected at 31 years and had no family history of cancer and
in particular five unaVected sisters aged from 34 to 49
years. The second mutation (GluAla346del3Asp) con-

cerned a case of bilateral breast carcinoma at 29 and 30
years whose family history was clearly indicative of
Li-Fraumeni syndrome, including chondrosarcoma at 16
years, leukaemia at 26 years, breast cancer at 20 years, and
renal tumour at 36 years (unconfirmed) in the sibship, and
the father aVected with a soft tissue tumour of an unknown
histological nature at 64 years. The third mutation
(Arg175Gly) was detected in a woman suVering from
osteosarcoma at 18 years and bilateral breast cancer at 27
and 29 years. Her father had developed a rectal carcinoma
at 39 years, meningioma at 54 years, and pancreatic carci-
noma at 55 years, and her paternal uncle had developed a
germ cell tumour at 45 years.

Because of the small number of mutations found, we had
to consider a smaller number of criteria than in the previ-
ous section, and only two levels of nested criteria were
defined: loose criteria, at least one first or second degree
relative aVected by any cancer before 46 years of age or a
proband with multiple primary malignant tumours;
stringent criteria, the tumour spectrum in relative(s) (or in
the proband in case of multiple tumours) is restricted to
the narrow spectrum. However, since breast cancer is
common in the general population, familial aggregation of
breast cancers may be either because of chance or germline
BRCA1/2 mutations. Therefore, two situations were
considered, the narrow spectrum tumour is breast cancer
(situation A) or another tumour (situation B).

Thirty three cases fulfilled the loose criteria (two muta-
tions), 21 cases the stringent criteria A (no mutation), and
two the stringent criteria B (two mutations). The positive
predictive values are presented in table 4, but not the rela-
tive sensitivities which would be meaningless with only
three mutations.

Most of the studies on germline p53 mutations
conducted to date and quoted in the introduction did not
permit evaluation of diVerent selection criteria. Some of
them concerned families ascertained on the basis of strong
familial aggregation (corresponding roughly to our very
stringent criteria) and the relevance of looser criteria could
not be assessed. Other studies concerned series of tumours
with very limited information on family history, so that it
was impossible to evaluate criteria. The most well
documented studies are by the group of Jillian Birch, based
on the Manchester Children’s Tumour Registry.16 21 These
authors showed the relatively high predictive value
(4/18=22%) of the so called Li-Fraumeni-like criteria, that
is, a proband with any childhood cancer or sarcoma, brain
tumour, or adrenal cortical tumour diagnosed under the
age of 45 years with one first or second degree relative with
a typical LFS cancer at any age, plus a first or second
degree relative in the same lineage with any cancer under
the age of 60 years. There is some degree of overlap

Table 2 Positive predictive value and relative sensitivity of criteria on probands and relatives for predictive p53 screening in childhood cancer

Criteria on proband

Criteria on relatives

Very loose Loose Stringent Very stringent

Predictive
value

Relative
sensitivity

Predictive
value

Relative
sensitivity

Predictive
value

Relative
sensitivity

Predictive
value

Relative
sensitivity

Any tumour 6% (14/223) 93% (14/15) 9% (13/141) 87% (13/15) 15% (12/81) 80% (12/15) 43% (9/21) 60% (9/15)
Narrow spectrum 12% (12/102) 80% (12/15) 16% (11/67) 73% (11/15) 23% (11/47) 73% (11/15) 53% (8/15) 53% (8/15)

Table 3 Positive predictive value and relative sensitivity in families
ascertained on the existence of multiple tumours in the proband child

Criteria on relatives Predictive value Relative sensitivity

None 21% (6/28) 40% (6/15)
Very loose 42% (5/12) 33% (5/15)
Loose 63% (5/8) 33% (5/15)
Stringent 71% (5/7) 33% (5/15)
Very stringent 100% (3/3) 20% (3/15)

Table 4 Positive predictive value in families of women with breast cancer
before 36 years according to criteria

Criteria Positive predictive value

None 3% (3/116)
Loose 7% (2/29)
Stringent A 0% (0/21) 2 9% (2/23)B 100% (2/2) 3
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between these criteria and ours; 18 families conform to this
definition in our sample, four of which exhibit a p53 muta-
tion, which is exactly the same number and proportions as
those found by these authors. Note that all positive families
fulfil our stringent criteria in relatives and narrow spectrum
tumour in the proband.

In the present study, we have quantified various criteria
which can be a very useful basis for establishing
recommendations for conducting p53 screening.

The functional assay used in the study on childhood
cancer detects about 90% of mutations in p53.52 Mutations
in exons 2 and 3 are very rare and were not studied in the
study on breast cancer A small number of mutations may
thus have been missed and the positive predictive value of
criteria may thus be slightly higher, which should not
modify our conclusions.

At present, searching for p53 germline mutations is still
a cumbersome task and laboratories which perform such
screening in France are in favour of criteria yielding a posi-
tive predictive value of at least 20%. In our study on child-
hood cancer, this value is achieved when the following cri-
teria are used: a proband with a narrow spectrum tumour
and at least one first or second degree relative aVected
before 46 years by a narrow spectrum cancer or multiple
primary tumours or a proband aVected by multiple
primary tumours whatever the family history. It should be
noted that when very stringent criteria are used, that is, that
are very close to those used in previous studies to define
LFS, very similar results are obtained with a positive
predictive value of 53%.

For cancer occurring in adulthood, our data concern
only very early onset breast cancer, which is the most fre-
quent tumour in p53 carriers (80% of tumours occurring
among female carriers after 16 years of age45). As it is also
common in the general population, we have presented the
results separately when breast cancer is the narrow
spectrum tumour in the relative who was the determinant
factor in the inclusion of the family (criterion A) and when
it is another cancer (criterion B). Although this distinction
results in loss of precision of estimations owing to a
decrease in sample size, it should be noted that no
mutation among 21 cases was detected when criterion A
was found, whereas both cases with criterion B were p53
carriers (p=0.02, exact test). Consequently, as in childhood
cancer, it seems reasonable to use stringent criteria and to
add this restriction on tumour type, that is, exclude breast
cancer from the tumour spectrum in relatives.

Although the results obtained by ascertaining early onset
breast cancer probands cannot necessarily be extrapolated
to all tumours of the narrow spectrum, we expect that the
predictive value for the other tumours will be higher than
that obtained for breast cancer, given the high frequency of
this tumour in the population.

In addition, although we have very few data on adreno-
cortical carcinoma not selected on family history, it seems
logical to add this criterion considering the results of pub-
lished studies quoted in the introduction.

Finally, it should be noted that although leukaemia is
usually reported as belonging to the LFS, this was not
included among narrow spectrum tumours in the present
study for two reasons. (1) It is absent in our childhood
probands because the Department of Paediatrics at the
Institut Gustave Roussy treats only solid tumours. (2)
Leukaemia is frequent in the general population and the
inclusion of families with one relative aVected by this can-
cer would dramatically increase the probability of chance
aggregation.

With our knowledge of the interest of the criteria
evaluated in this study and considering the state of the art for
p53 mutation screening, the French LFS group decided to

recommend a search for p53 mutation in families fulfilling
the following criteria: (1) a proband aVected by a narrow
spectrum cancer before 36 years and at least one first or
second degree relative aVected by a narrow spectrum
tumour (other than breast cancer if the proband is aVected
by breast cancer) before 46 years or multiple primary
tumours; (2) a proband with multiple primary tumours two
of which belong to the narrow spectrum and the first of
which occurred before 36 years, whatever the family history;
(3) a proband with adrenocortical carcinoma whatever the
age of onset and family history. Using such criteria, we
expect to find a mutation in about 20% of cases and to miss
about 20% (3/15) of the mutations which would be detected
using the loosest criteria. These criteria could of course be
modified in the near future with more eYcient laboratory
detection methods and re-evaluated prospectively.
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Identification of a transcriptionally
compromised allele of c-MYC in a
North American family

EDITOR—Chromosomal translocations that target c-MYC
at 8q24 are found in all Burkitt’s lymphomas (BL), AIDS
related non-Hodgkin’s lymphoma (AIDS-NHL), mouse
plasmacytomas (PCTs), in many examples of diVuse large
cell lymphoma (DLCL), and in multiple myeloma (MM).
Indications are that c-MYC is under strict control and
when deregulated results in unchecked cellular prolifera-
tion and hyperplasia. Non-random chromosomal translo-
cations found such as t(8;14), t(8;22), or t(2;8) in these
lymphoid neoplasias places c-MYC under the control of
strong immunoglobulin enhancers, which leads to overex-
pression.1 2 In addition, c-MYC is amplified in many
tumours including breast, prostate, gastrointestinal, ovar-
ian, MM, myeloid leukaemia, and melanoma suggesting
that the overall transcriptional level is probably a key trans-

forming element associated with c-MYC.3 Besides genetic
lesions, other epigenetic factors such as activation of
growth factor receptors may also lead to constitutive
expression of c-MYC. Thus, considerable eVorts have been
made systematically to identify the c-MYC transcriptional
apparatus (promoters and enhancers) in an eVort to
control c-MYC expression. While c-MYC transcription
potentially initiates from one of three promoters, P0, P1,
and P2 which reside in the exon 1 region, the P2 promoter
normally accounts for 75-90% of cytoplasmic c-MYC
RNAs. To date, more than 20 transcription factors have
been found to reside in the proximity of exon 1 of c-MYC.1

Actually, c-MYC was one of the first genes to exhibit tran-
scriptional blockage. RNA polymerase II initiation com-
plexes were shown to pause on P2 before activation.4–6

Upon chromosomal translocation, the insertion of IG
enhancer elements renders a shift in promoter usage from
P2 towards P1 and loss of transcriptional blockage.7

In concert with the intensely regulated transcriptional
machinery, the sequences surrounding c-MYC appear to
be strictly conserved across species boundaries and little in
the way of sequence variation or allelic polymorphisms has

Letters 47

www.jmedgenet.com

http://jmg.bmj.com

