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Stellingen behorende bij het proefschrift van R.H.Sijmons, Groningen, 

7 juli 1999. 

1) Erfelijke kanker bestaat niet 

2) Het ondergaan van pre-symptomatisch DNA onderzoek dient geen voorwaarde 
te zijn voor het deelnemen aan periodieke controles 

3) De familieanamnese voor kanker is niet zondermeer betrouwbaar 
( dit proefschrift) 

4) Artsen dienen bij patienten met de ziekte van Hirschsprung alert te zijn op 
multipele endocriene neoplasie type 2A 
( dit proefschrift) 

5) Overgangsepitheelcarcinomen van nierbekken en ureter behoren tot het 
tumorspectrum van hereditair non-polyposis colorectaal carcinoom 
(dit proefschrift ) 

6) Het nauwkeurig voorspellen van de klinische gevolgen van de aanleg voor een 
erfelijke tumorsyndroom is onmogelijk 

7) Het is vanuit klinisch genetisch standpunt ongewenst dat de wet slechts de 
invuller van een overlijdenscertificaat later voor klinische doeleinden toegang tot 
dat document verleent 

8) De preoccupatie binnen de genealogie met de paternale overerving is genetisch 
gezien misplaatst 

9) Als een promotie een bevalling is, dan is het schrijven van de inleiding niet 
zelden de inleiding 

10) Sommige ouders kunnen er niet van dromen dat hun kinderen 's nachts 
doors la pen 
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'It's a Snark!' was the sound that first came to their ears, 

And seemed almost too good to be true. 

Then followed a torrent of laughter and cheers: 

Then the ominous words, 'It's a Boo---' 

Then, silence. Some fancied they heard in the air 

A weary and wandering sigh 

That sounded like '--jum!' but the others declare 

It was only a breeze that went by. 

(From: Lewis Carroll, The Hunting of the Snark, 1876) 

Voor Kirsten en m(jn Vader 
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Aim of this thesis 

Knowledge of clinical genetic aspects of cancer is rapidly accumulating. Still, many 
of these aspects are unclear. They range from differential diagnosis and DNA 
testing to preventive options and psychosocial issues. The studies reported in this 
thesis aim at contributing to the clarification of some aspects and focus on clinical 
recognition of human cancer syndromes, tumour risks and disease spectrum. 





Introduction 

Chapter 1 
Introduction 

1.1 Definitions: 

Clinical genetics is the medical discipline devoted to the diagnosis of hereditary 
disorders and the counselling of individuals and families confronted with these 
disorders. 

The term consultand (as opposed to consultant) has been introduced to refer to 
individuals seeking genetic counselling and testing 1-3_ Alternative terms are 
consultee and counsel/ee. 

11 

The clinical genetics of cancer is  the clinical genetics of familial and hereditary 
cancer. The terms clinical cancer genetics and clinical oncogenetics are also used 
to refer to this particular application, which should be differentiated from the clinical 
use of testing for non-inherited (i. e. somatic) genetic changes in cancer (e.g. the 
testing for the presence of a rearrangement of the bcr and abl oncogenes in 
chronic myeloid leukaemia). 

Genetic counselling is the communication process which deals with human 
problems associated with the occurrence, or risk of an occurrence, of a genetic 
disorder in a family4. 

Inherited cancer predisposition refers to inherited mutations (germline mutations) of 
a range of genes associated with an increased risk to develop particular types of 
cancer. In an unknown, but possibly quite substantial, proportion of all cancer 
cases, such a predisposition plays a role in cancer development. However, in 
probably the majority of cases this predisposition has only has a small to moderate 
effect on cancer risk. The best known examples are the wide range of hereditary 
variants of enzymes involved in (pro)carcinogen metabolism5-8. 
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The term hereditary cancer is used in two different meanings. First, it is used to 
refer to cancer, developed in the presence of a strong inherited cancer 
predisposition. The level of life-time risk to develop cancer is a measure for 
strength of this predisposition, but at what level of risk a predisposition is classified 
as 'strong' has not been defined. 

Second, hereditary cancer is used to refer to cancer which has developed in the 
setting of the human cancer syndromes (see below). The association between a 
particular cancer type and a human cancer syndrome is defined by the significantly 
more frequent occurrence of that cancer in carriers of the mutant gene than in a 
control population (i.e. increased relative risk). An increase in relative risk does not 
necessarily imply high life-time risk. Therefore, the first and second meaning of 
hereditary cancer are not identical. For example, ovarian cancer risk is significantly 
increased in female carriers of mutant mismatch repair genes (associated with 
hereditary non-polyposis colorectal cancer, HNPCC). Since the life-time risk to 
develop ovarian cancer in HNPCC is approximately 10 %9 (compared with 1.5 % in 
the general population), the vast majority of carriers will never develop that tumour. 
Therefore the predisposition for ovarian cancer in HNPCC cannot be regarded as 
'strong'. 

Although familial cancer is sometimes used as a synonym of hereditary cancer, it is 
more appropriately used to simply refer to the occurrence in a family of more than 
one case of cancer, not necessarily hereditary in nature. 

Non-hereditary cancer is defined as cancer, developed in the absence of a strong 
inherited cancer predisposition. Again, no cut-off risk levels have been defined. 
The term sporadic cancer refers to single cases of cancer in a family. Although it is 
widely used to refer to non-hereditary cancer, some of these single cases may very 
well be associated with a strong inherited cancer predisposition ( cf. chapter 2, 
section 2.2.1 ). 

Human cancer syndromes, also referred to as hereditary cancer syndromes or 
familial cancer syndromes, are those hereditary disorders for which the occurrence 
of (particular types of) cancer is considered a clinical hallmark. Again, there is no 
strict criterion to classify a feature as a hallmark. The term hereditary cancer 
predisposition syndromes is sometimes used as a synonym of human cancer 
syndromes, although the name suggests that it refers to hereditary disorders 
associated with any level of increase of cancer risk. By definition, all patients with 
hereditary cancer have a human cancer syndrome. 
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The disorders commonly included under the heading of the human cancer 
syndromes are listed in chapter 2 and more extensively in the Familial Cancer 
Database accompanying chapter 5. 

1.2 Clinical genetics of cancer. 

1.2.1 The genetic diagnosis 

13 

Central to the genetic analysis of a given family, is the question whether or not the 
family meets clinical and/or molecular criteria of one or (sometimes) more of the 
human cancer syndromes. 

The first step in this analysis is taking the family history and drawing a pedigree 
based on this history. Because the family history is not necessarily accurate, it 
needs to be verified by checking medical records in order to make a correct 
interpretation. (The accuracy of family history is further explored in chapter 3.) 
Based on the (verified) pedigree data, a preliminary and sometimes definite 
(differential) diagnosis is made. Clinical genetic differential diagnosis and software 
to help with that process, are discussed in chapters 2 and 5, respectively. 

Depending on the differential diagnosis, a physical examination of affected family 
members to check for dysmorphisms (e.g. macrocephaly in Cowden syndrome) or 
other physical characteristics (e.g. retinal hamartomas in von Hippel-Lindau 
disease) of human cancer syndromes may be appropriate. The same may be true 
for biochemical analysis (e.g. persistent HbF in Fanconi anaemia), cytogenetic 
analysis (e.g. in the chromosome breakage disorders or when a microdeletion 
syndrome is suspected) and DNA analysis. The number of hereditary disorders for 
which DNA analysis is possible, is rapidly growing. As yet, DNA analysis for a 
particular disorder may fail to detect a germline mutation, because the disorder 
may be genetically heterogenous and the mutation may therefore be present in a 
gene other than the one(s) tested, or because the test for a gene does not detect 
all possible mutations in that gene. DNA analysis for germline mutations in the 
genes associated with the human cancer syndromes is preferably performed in 
DNA extracted from normal cells (white blood cells, fibroblasts or sometimes 
paraffin blocks/frozen tissue) from affected relatives. DNA analysis of tumour tissue 
may sometimes also be informative, the classical application being the testing for 
microsatellite instability, typical for hereditary non-polyposis colorectal cancer 
(HNPCC)(an example is presented in appendix IV). 
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1.2.2 Genetic counselling 
The process of genetic counselling aims at helping the individual and/or family to 
comprehend the medical facts, to appreciate the way heredity contributes to the 
disorder, and the risk of recurrence in specified relatives, to understand the 
alternatives for dealing with the risk of (re)occurrence (including reproductive 
options), to choose among alternative courses of action, and to make the best 
possible adjustment to the diagnosis of the disorder in an affected family member 
and/or to the risk of recurrence of that disorder 1°. Most of these issues are 
discussed after the genetic diagnosis has been made (genetic counselling part 2 in 
figure 1 ). However, psychological distress related to the family history, 
expectations on the side of the consultand as well as on the side of the geneticist 
with respect to the outcome of the genetic analysis and possible implications for 
the consultand's relatives are addressed during the intake (genetic counselling part 
1 in figure 1 ). 

Medical facts about the disorder: phenotype, risks, medical management. 
The phenotype of the disorder, its treatment and preventive options need to be 
discussed. With respect to treatment and prevention, it should be discussed 
whether these procedures are experimental or not and what the proven or 
suspected advantages and disadvantages are. The risks for the different 
_phenotypical features need to be presented, preferably as cumulative risks against 
the background of normal cumulative population risk (e.g. 20 % remaining risk to 
develop breast cancer), rather than as relative risks (e.g. twofold risk to develop 
breast cancer). Since risk perception, risk recollection, and perception of the 
benefits of medical surveillance and prophylactic surgery may be inaccurate 11-20

, 

written material should be provided which summarizes all important issues 
discussed during counselling. 

Inheritance and reproductive options 
Families may have strong misconceptions of Mendelian inheritance and the basic 
statistics involved. These misconceptions, sometimes referred to as 'family 
mathematics', may seriously interfere with rational decision making with respect to 
e. g. participation in DNA testing or medical surveillance programs. Bearing this in 
mind, the general mechanism of gene transmission and the probability of carrying, 
respectively transmitting the disease gene need to be discussed including the 
options for DNA testing if these are available (see also the paragraph on 
psychological aspects). As in the counselling on other hereditary disorders, 
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information on the various reproductive options should be provided. Although 
technically the option for prenatal DNA testing is available for a number of human 
cancer syndromes, there appears to be little demand for it, presumably because of 
the late-onset and (potentially) treatable nature of the most frequent human cancer 
syndromes. 

Psychological aspects 
Members of families with human cancer syndromes may carry various 
psychological burdens, including those associated with the early death of parents 
and other close relatives, the fear of losing other relatives (including children) and 
the fear to develop cancer themselves. Psychological issues need to be addressed 
during counselling, because this may help to better individualize the counselling 
and may also signal possible reasons for referral for further psychological support. 
Also, severe psychological distress is a contra-indication for predictive DNA testing. 
Among the psychological aspects which need to be discussed is the fact that, 
contrary to most medical tests, the outcome of genetic analysis is not only relevant 
to the consultand, but may also have significant personal consequences for other 
family members (who may not even be aware that such an analysis is being 
carried out in their family). Ways to distribute information on the genetic risks and 
medical management options to relatives, as well as the risks of acting as the 
'messenger' of potentially threatening information in the family, should be 
addressed. 

Of special concern are the psychological aspects of predictive (i.e. 
presymptomatic) DNA testing, which have been the subject of most of the 
psychological research in hereditary cancer. Most of these studies have been 
performed on individuals participating in research-based DNA testing which 
followed careful pre and post testing counselling protocols. It appears that at least 
short- and middle-term psychological distress in these individuals is relatively 
small21 and that this distress depends more on pretest expectations, mood and 
social support than on the results of the test itself2

•
23

. 

Ongoing research now tries to identify risk factors for adverse psychological 
reactions in order to offer better psychological support during genetic counselling 
and after. Because of the potential risk for significant adverse personal reactions 
and family disruption21

·
24

, potential disadvantages of predictive testing should be 
discussed with the consultands as part of an informed consent procedure. 



16 STUDIES ON THE CLINICAL GENETICS OF CANCER 

Genetic discrimination 
Information on the genetic status of individuals with respect to hereditary cancer 
predisposition might be used by employers and insurance companies. As a result, 
it could be more difficult for individuals with such a predisposition to become or 
remain employed, or to obtain health, disability or death insurance coverage at 
normal rates (or at any rate at all)25-29

. The practical aspects of these issues must 
be discussed in the genetic counselling as part of the informed consent procedure 
of predictive and diagnostic DNA testing. Each country has its own rules and 
legislation with respect to genetic discrimination (those of the Netherlands are 
summarized in the section 4. 3.1  of chapter 4). 

Registration 
As one of the final steps in genetic counselling, relatives from families with human 
cancer syndromes may be offered inclusion in a hereditary cancer registry, in order 
to enhance participation in medical surveillance and facilitate research on those 
syndromes. Hereditary cancer registries are further discussed in chapter 2, section 
2.4 

Organizational aspects: 
To cope with the growing demand for genetic diagnosis and counselling of cancer 
patients and their families, a number of hospitals and universities have organized 
'cancer family clinics' which accommodate a team of clinical geneticists, genetic 
counsellors/nurses/associates, often psychologists/medical social workers, usually 
backed-up by a DNA and cytogenetics laboratory with its own staff, and either 
include medical oncological specialists (e.g. surgeons, gynaecologists, medical 
oncologists) or work in close collaboration with those specialists. These clinics may 
function as a part of normal health care (as e.g. in the Netherlands) or may operate 
in a research setting. 

Depending on the outcome of the genetic diagnosis and counselling, consultands 
and relatives may need to b� referred (back) for medical surveillance and/or 
preventive surgery. To enhance the participation in medical surveillance and to 
determine the effect of the preventive options, families may be offered inclusion in 
hereditary cancer registries 

A flow-chart of the above mentioned processes in our own Department is 
presented in figure 1. Not all of the steps summarized in this figure are available or 
appropriate in all diagnostic and counselling situations. 
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The organizational aspects and the use of hereditary cancer registries are further 
discussed in the methods sections of chapters 3, 4 and 2, respectively. 

pedigree information: 
meets criteria for referral 

____ -r 
referral for cancer risk assessment j 

family history uestionnaire 

[ pedigree �onstruction) 

intake at clinic: genetic counselling part I 
syndrome-directed physical examination -

♦- --
( verification of family history j ,,.=---_ -_J, __ _ 

( DNA testing 
cytogenetic testing 
biochemical testing 
additional physical examination 

genetic counselling part 2. � 
gen�! population J cancer risk 

l� 

-- � ( (probably) human increased empirical cancer risk I cancer syndrome: ; highrisk 
I surveillance as in - I ,general r•ti°:') 

1 No mutation carrier 

_t =-l individualized I surveillance ) 
. 

,--

--•---[ hereditary cancer registry 1 

, pre & post test counselling and pre-symptomatic DNA testin 

preventive options according to guidelines for human cancer syndrome 
Figure 1. Flowchart of genetic diagnosis and counselling for cancer and follow-up. Not all of 
the steps summarized in this figure are available or appropriate in all diagnostic and 
counselling situations. ? = registration of the outcome of screening in this group is important, 
but it is not a classical task of the hereditary cancer registries 
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1.3 Human cancer syndromes 

1.3.1 Epidemiology 
Human cancer syndromes account for an estimated 1-10 % of the total cancer 
burden. Depending on the type of tumour involved, the estimates of the hereditary 
proportion of cases range from less than 5 %, e.g. in the case of renal cancer30

•
31 

to 5-10 %, e.g. in the case of breast cancer32
'
33 and sometimes even more, e.g. 

approximately 25 % in the case of medullary thyroid carcinoma34 and 40 % in the 
case of retinoblastoma35

. These estimates do not stem from a complete molecular 
understanding of the molecular basis of the hereditary predisposition for these 
tumours, instead, they have usually been based on the observed familial clustering 
of the different types of cancer32

, and in some cases on segregation analysis trying 
to fit the observed familial and non-familial cases to genetic models36

·
37

. Given the 
fact that neither the presence nor absence of familial clustering of cancer is proof 
of the hereditary nature, these estimates should at best be considered imprecise. 
Looking at the proportion of cancer patients with linkage to particular gene loci, 
with proven germline mutations and/or clinically diagnosed with human cancer 
syndromes will allow us to estimate the minimal proportion of hereditary cases. 

·1.3.2 Oncogenesis 
Cancer results from the accumulation of genetic damage, a multi-step process of 
mutation of genes essential for normal growth control, which promotes clonal 
selection of cells with increasingly aggressive behaviour38

. This process is referred 
to as oncogenesis. The genes involved in oncogenesis have been classified in the 
past as either 'tumour suppressor genes', requiring the mutation of both copies to 
initiate tumour development or proto-oncogenes, requiring the mutation of only one 
copy for the initiation. Kinzler and Vogelstein have reclassified these genes as 
either 'gatekeepers', which directly control cellular proliferation, and 'caretakers', 
which maintain genetic stability39

. Both classifications are illustrated in figure 2 



..J 
..J 
w 
(.) 
..J < � a: 
0 z 

Introduction 

PROTO-ONCOGENES 
as gatekeepers (GK): 

RET 
MET 

TUMOUR SUPPRESSOR 
GENES as gatekeepers 
(GK): 

MEN1 P53 (?) 
VHL BACA 1 (?) 
RB BRCA2 (� 
APC 

DNA REPAIR GENES 
as caretakers (CT): 

MSH2 
MLH1 
PMS1 
PMS2 

Tumour initiation 

GATEKEEPER 
PATHWAY 

GATEKEEPER 
PATHWAY 

CARETAKER PATHWAY 

Tumour progression 

Further 
accumulation 
of mutations 

) 

19 

Figure 2. Schematic representation of the different pathways to tumour initiation, involving 
gatekeeper (GK) and caretaker (CT) genes (modified from Kinzler & Vogelstein39

) .  In the 
pathway in which a proto-oncogene acts as a gatekeeper (top), only one mutation is 
required to initiate oncogenesis. In contrast, if a tumour suppressor gene functions as 
gatekeeper (middle), mutations of both gatekeeper alleles are required. Finally, in the 
caretaker pathway (bottom) a total of four mutations, resulting in the inactivation of two 
alleles of a caretaker gene (causing genetic instability) and two alleles of a gatekeeper gene 
(leading to loss of growth control), are necessary to drive oncogenesis. From: Pearson PL 
and van der Luijt RB. The genetic analysis of cancer. J Int Med 1998;243:413-41 7  (used 
with permission). 
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Most of the mutations in oncogenesis arise spontaneously in the somatic cells 
during DNA replication or are caused by mutagenic agents (e.g. ionizing radiation 
and carcinogens) . These mutations are referred to as 'somatic mutations' and 
occur in genes which were inherited as normal ('wild-type') copies from the parents. 
A smaller proportion of mutations is inherited from the parents and these mutations 
are referred to as 'germline mutations'. Contrary to somatic mutations, they are 
present in all cells of an individual. This highly increases the probability that the 
total number of mutations needed for cancer development will be reached. For 
some of the tumour types in some human cancer syndromes this life-time risk is 
90-100 % (e. g. the risk of retinoblastoma in hereditary retinoblastoma, or medullary 
thyroid cancer in multiple endocrine neoplasia type 2), in other cases it is lower 
(e.g. 70-90 % risk of colorectal cancer and 30-50 % risk of endometrial cancer in 
hereditary non-polyposis colorectal cancer (HNPCC)). To illustrate the genetic 
pathways of cancer development as part of the human cancer syndromes, three 
examples are presented below. 

The process of retinoblastoma development comes probably closest to the most 
simple multi-step model known in oncogenesis: the '2-hit model' of Knudson40

, who 
postulated on the grounds of age-incidence curves of unilateral compared with 
bilateral retinoblastoma that 2 independent gene mutations ( i.e. 'hits') were neces
sary for that tumour to develop. Comings41 speculated that these two gene muta
tions involved the two copies of one and the same gene ( one copy on each of a 
pair of chromosomes). Subsequently, these mutations were identified as mutations 
of the gatekeeper and tumour suppressor retinoblastoma gene (RB1) on the long 
arm of chromosome 13. In hereditary retinoblastoma, one of the mutations has 
been inherited from one of the parents and because all retina cells carry this 
mutation, the chance that in one of these cells a second hit occurs and 
subsequently a retinoblastoma develops, is high (average of 90 %). 

In multiple endocrine neoplasia, type 2 (MEN2), a germline mutation is present in 
the gatekeeper proto-oncogene RET, leading to uncontrolled cell growth 
stimulating signalling. As a result of this stimulation, tumours develop. MEN2 is 
further discussed in appendices I and II. 

In HNPCC, germline mutations can be demonstrated in caretaker genes known as 
DNA mismatch repair (MMR) genes. These genes are responsible for the repair of 
a particular type of DNA damage, referred to as 'mismatches'. Contrary to the 
genes of hereditary retinoblastoma and MEN2, which are placed directly in the 
oncogenetic pathway, germline mutations in the MMR genes have an indirect 
effect. Once, in the course of life, a somatic mutation hits the normal ('wild type') 
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counterpart of the MMR gene mutated in the germline, DNA mismatch repair 
becomes deficient. As a direct result of this, mismatch type of mutations 
accumulate in a range of genes which are particular susceptible to the occurrence 
of those mutations, namely those which contain many repetitive simple DNA 
sequences. Some of these genes are important to maintain normal growth control. 
When they get mutated, cancer develops. HNPCC is further discussed in 
appendices Ill and I V.  

1 .3.3 Tumour spectrum, tumour risks and genotype-phenotype 
associations 

No human cancer syndrome presents with an increased risk for all types of 
tumours. Instead, each of these syndromes has its own specific tumour spectrum. 
In addition to the oncological manifestations, non-oncological features may occur 
as well, e.g. craniofacial dysmorphisms and skeletal anomalies. The phenotypes of 
the human cancer syndromes are reviewed in chapter 2 and are more fully 
presented in the Familial Cancer Database, which is the subject of chapter 5. 
Phenotypes of the human cancer syndromes are being established by two different 
strategies. The most widely used approach is the collection of clinical observations 
from affected families and the statistical analysis of these. This approach is 
demonstrated in appendix Il l. 

If features are only rarely observed, then the statistical approach may not be able 
to determine whether or not those features are indeed part of the phenotype. 
Recent scientific advances allow sometimes for a second approach: the study of a 
particular clinical feature for molecular characteristics that are typical for the human 
cancer syndrome involved. 

This approach is demonstrated in appendix IV  for a malignant fibrous histiocytoma 
occurring in an HNPCC patient and is discussed for Hirschsprung disease in 
MEN2A in appendix II. 
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Crucial to the medical management and genetic counselling of the human cancer 
syndromes are the specific tumour risks associated with those syndromes. Very 
different risks are usually associated with the different tumours from the tumour 
spectrum. These differences may theoretically be explained by assuming 
differences between the target tissues with respect to: 

• exposure to mutagenic agents (which may cause somatic mutations), 

• rate of stem cell proliferation (which influences the rate of accumulation of 
somatic mutations), 

• expression of the cancer syndrome gene (reflecting its physiological role in that 
tissue) 

• the contribution of the mutant cancer syndrome gene to the tissue-specific 
oncogenetic pathway 

For each tumour, the risk of developing it is established by the statistical analysis 
of observations in affected families, taking into account the occurrence of tumours 
in the general population. This method is demonstrated in appendix Ill for urinary 
tract cancer in HNPCC. 

The phenotype of a particular human cancer syndrome may depend on 
characteristics of the associated germline mutation. A classical example is MEN2, 
where depending on the type of mutation in the RET gene, patients present with 
the aggressive phenotype of MEN2B, or the milder phenotypes of MEN2A or 
familial medullary thyroid cancer. Some MEN2A mutations are also associated with 
Hirschsprung disease, discussed in appendix II. Other examples are the 
association between the number of adenomatous polyps and extra-gastrointestinal 
manifestations and the type of APC gene mutation in familial adenomatous 
polyposis (FAP)42

, and the association of phaeochromocytomas in von Hippel 
Lindau disease with particular VHL gene mutations43

. 

1 .3.4 Treatment and preventive options 
The treatment of cancer occurring as part of a human cancer syndrome may need 
to differ from treatment of non-hereditary cancer with a similar clinical stage/grade. 
This difference is caused by the fact that there is an increased risk to develop 
multiple primary tumours, warranting more extended surgery, or because tissue 
response to chemo- or radiation therapy may be abnormal. Practical examples of 
such differences are the subtotal colectomy (rather than more limited resection) for 
HNPCC associated colon cancer44

, and the dose reduction of radiotherapy for 



Introduction 23 

lymphomas in ataxia telangiectasia patients (who have an increased 
radiosensitivity)45

. For a number of human cancer syndromes, preventive options, 
ranging from periodic medical surveillance to prophylactic surgery and 
chemoprevention have been formulated. These preventive options have been 
reviewed in chapter 2. 
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2.1 Introduction 

Cancer results from an accumulation of mutations in genes which are important for 
maintaining normal cell growth and for programmed cell death. In most cases 
these mutations arise in the course of life, spontaneously or through the action of 
mutagenic agents (e.g. ionizing radiation and carcinogens). These mutations are 
referred to as 'somatic' mutations and the cancer they cause as 'non-hereditary'. In 
an unknown , but possibly significant number of cases, susceptibility to carcinogens 
is influenced by the inherited variation in the action of enzymes responsible for 
(pro)carcinogen metabolism. The hereditary variation of these enzymes generally 
moderately influences cancer risk and may contribute to an unknown proportion of 
the familial clustering of cancer. 

In contrast, some individuals carry a germline mutation of a gene which confers a 
high risk of developing cancer, often at a relatively early age 1 ·

2
. These 

malignancies are referred to as hereditary cancer and contribute an estimated 1 %-
1 0% to the total cancer burden. This proportion strongly depends on the tumour 
type. For example, an estimated 5-10 % of breast or ovarian cancer cases are 
hereditary3

·
4

, whereas less than 1-2.5 % of renal cancer is 5
·
6

. Hereditary cancer is 
the main or only feature of a group of hereditary disorders known as the hereditary 
cancer syndromes, human cancer syndromes or hereditary cancer predisposition 
syndromes. The term familial cancer is used by some as a synonym of hereditary 
cancer, but is more commonly defined as simply the familial occurrence of cancer, 
not necessarily due to genetic predisposition. In addition to the human cancer 
syndromes, there are a number of inherited disorders which are associated with a 
more moderate increase of cancer risk. 

The general public shows a growing interest in the hereditary aspects of cancer 
and increasingly confronts their physicians with questions on cancer risk related to 
their family histories. Physicians, on their part, are interested, particularly because 
recognizing inherited cancer predisposition may help them target tumour 
prevention programs. Also, treatment of hereditary cancer may differ from that in its 
non-hereditary counterparts. Examples are the preference of subtotal colectomy 
instead of more regional resection in case of colon cancer found in hereditary non
polyposis colorectal Cancer (HNPCC, Lynch syndrome) and the dose reduction in 
the radiotherapy of lymphomas in patients with ataxia telangiectasia. Notably, 
consequences in terms of family risk and psychosocial impact are different and it is 
therefore of importance to correctly identify hereditary and non-hereditary cancer. 
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In this paper we want to provide the clinician with a review of familial clustering of 
cancer and of cancer as part of inherited disorders. This review is focused on 
presenting data which are of practical use when considering the hereditary nature 
of cancer in a patient and his or her family and in answering patients' questions on 
cancer risk related to their personal or family history, possibly interacting with other 
personal risk factors. We first discuss recognition of hereditary cancer in general 
(section 2.2) and after that focus on the clinical genetic differential diagnosis of the 
fifteen most frequent types of solid cancer diagnosed in Western-Europe and 
North-America; on the family history as a risk factor for these types of cancer; and 
on the current options for the early detection and prevention of these tumours 
(section 2.3). We also review the role of hereditary cancer registries in the 
prevention of hereditary cancer (section 2.4). Although we acknowledge the 
obvious importance of the therapy of hereditary cancer and the ethical, 
psychosocial, legal and economical issues involved in hereditary cancer 
predisposition, these aspects are beyond the scope of this paper. 

2.2 Recognition of hereditary cancer 

In some individuals with a human cancer syndrome, clinical features are very 
striking if not pathognomonic, thereby facilitating the diagnosis. Examples are the 
typical facial features, palmoplantar pitting, skeletal abnormalities and multiple 
basal cell carcinomas in the basal cell carcinoma (Gorlin) syndrome7 ·8 . The 
presence of Marfanoid habitus, oral neuromas and medullary thyroid cancer leads 
to the diagnosis of multiple endocrine neoplasia type 289 and the detection of 
hundreds of adenomatous intestinal polyps to the diagnosis of familial 
adenomatous polyposis 1 0

. However, in many other human cancer syndromes one 
needs to look for additional diagnostic clues since the clinical features in one 
patient alone are often not typical enough to diagnose those syndromes. 

2.2.1 The family history of cancer. 
A family history of cancer may provide important clues to the diagnosis hereditary 
cancer. However, familial occurrence of cancer is not necessarily due to a strong 
genetic predisposition. Because cancer is a very common disease, chance alone 
may cause clustering in these families. In addition to chance, familial clustering of 
cancer might also be due to shared environmental risk factors or combinations of 
both hereditary risk factors and environmental factors 11-13 
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A large number of known human cancer syndromes have an autosomal dominant 
inheritance, in which there is a 50 % risk for children of an affected parent to inherit 
the mutant gene. Depending on the penetrance of that mutant gene, up to 100 % 
of the carriers of that mutation will develop the disease. The presence of affected 
relatives in successive generations, in particular affected children having affected 
parents, should therefore alert the physician to the possibility of hereditary cancer. 
H owever, there are several reasons why hereditary cancer need not always 
manifest itself in this striking pedigree pattern. Apart from the fact that the family 
history may be incomplete or inaccurate 1 4

, there is the possibility of non
penetrance, meaning that an individual carrying the mutant gene in question does 
not show any clinical features of the disease. Many of the genes involved have an 
age-dependent penetrance resulting in an increasing chance of having developed 
the disease with increasing age, but in many cases never reaching 100 %. In 
addition, clinical expression of a mutant gene may be sex-specific as in hereditary 
(breast -) ovarian cancer and in hereditary prostate cancer. 

Unclear pedigree patterns may also be caused by de novo mutations, meaning that 
the parents of a patient  affected with autosomal dominant cancer do not 
themselves carry the mutant genes but transmitted the mutation to their child 
because of a spontaneous mutation in their germ cells. Well known examples of 
this mechanism are familial adenomatous polyposis (25-30 % of cases de novo 1 0) 

and multiple endocrine neoplasia type 28 (50 % of cases de novo 15). 

The absence of a dominant pattern in hereditary cancer may of course be caused 
by a different type of inheritance. Hereditary cancer may also be inherited as an 
autosomal recessive trait, typically manifesting itself in a pedigree as unaffected 
parents having affected children. There is a 25 % risk for a child of both parents 
carrying the mutant gene to be affected. 

Well known examples are Fanconi anaemia, Bloom syndrome, xeroderma 
pigmentosum (XP) and ataxia telangiectasia (AT). Matters can be complex since 
e.g. in female carriers of one copy of the mutant AT gene, although AT does not 
develop, the risk of breast cancer is increased1 6

·
1 7

. 
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X-linked inheritance is characterized by a 50 % risk for a son of a mother carrying 
the mutation to be affected. The risk and disease severity for daughters depend on 
the disease being X-linked recessive or dominant. No male-to-male transmission is 
seen and all daughters of affected males inherit the mutation. X-linked inheritance 
is seen infrequently in hereditary cancer, probably because X-linked inherited 
disorders generally severely reduce the reproductive fitness of the affected males. 
X-linked lymphoproliferative syndrome is an example of an X-linked condition with 
frequent oncological complications 18

. 

With regard to the family history, we can conclude that a positive family history of 
cancer fitting one of the known inheritance patterns may suggest a hereditary 
predisposition to cancer (depending on details, more or less strongly), but in itself 
is no proof. Vice versa, the absence of a family history of cancer in a cancer patient 
does not exclude the presence of an inherited strong cancer predisposition given 
the possibilities of non-penetrance, age-dependent penetrance, de nova mutation, 
autosomal recessive inheritance (and a small number of siblings), and X-linked 
inheritance (and small number of brothers, maternal uncles etc. ). 

2.2.2 Additional characteristics 
Finding additional features of hereditary cancer in a cancer patient and or his or 
her family supports the diagnosis: 

- Early age at diagnosis of a tumour as compared to the distribution of the age at 
diagnosis in the general population is an important characteristic. For example, in 
Hereditary Non-Polyposis Colorectal Cancer (HNPCC, Lynch syndrome), most 
colorectal cancers occur before the age of 50 years 19

, while the opposite is true in 
the general population. In families with Hereditary Breast-Ovarian Cancer female 
carriers of the mutant BRCA 1-gene have a risk of 50 % of developing breast 
cancer before the age of 5020

, as compared with a risk of 2 % in the general female 
population21

. 

- Familial clustering of tumours in the absence of known important environmental 
risk factors may also be a clue to a strong genetic predisposition, e.g. familial lung 
cancer in non-smokers. 

- Multiple primary tumours at the same site, bilateral, or in different organ types 
should alert to the possibility of a hereditary cancer predisposition. Certain 
combinations of different cancer types in a patient, but also in a family as a whole, 
are specifically associated with human cancer syndromes, e.g. colorectal and 
endometrial cancer with HNPCC22

, breast, ovarian and prostate cancer with 
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hereditary breast-ovarian cancer23
, breast cancer and sarcomas with Li-Fraumeni 

syndrome24 and medullary thyroid cancer and phaeochromocytoma with multiple 
endocrine neoplasia type 225

. 

- The presence of multiple precursor lesions may be another feature, for example 
the polyps in the different polyposis syndromes (see section 2. 3.4). 

- Congenital malformations are additional characteristics of some of the human 
cancer syndromes, e.g. the macrocephaly in Cowden syndrome, the omphalocele 
in Beckwith-Wiedemann syndrome and the ambiguous genitals in Denys-Drash 
syndrome (see table 1 ). 

- the development of cancer in an unusual gender context, particularly breast 
cancer in males, which is associated with germline BRCA2, and sometimes 
BRCA1, gene mutations (see section 2. 3.2). 

- The known presence of a hereditary disorder in a relative of the cancer patient 
should prompt reevaluation of the patient in this context. Possibly his or her tumour 
could be interpreted as a complication of that hereditary disorder. 

In summary, unusual features, in terms mentioned above, in the cancer patients 
and/or their families which should alert the physician to the possibility of an 
inherited disorder with cancer predisposition. In a growing number of cases, DNA 
testing will be of help in making a definite diagnosis, which would also allow for 
presymptomatic DNA testing in relatives. In some syndromes chromosomal, 
biochemical or haematological tests can be used to confirm or reject the clinical 
suspicion of those disorders, e.g. the specific tests for spontaneous and induced 
chromosomal breakage and persistent increased presence of fetal type 
haemoglobin (HbF) in Fanconi anaemia. In other hereditary disorders, the 
diagnosis can be made if certain characteristic physical findings (e.g. specific 
congenital abnormalities) are present and/or the family history meets certain 
criteria, e.g. finding the combination of optic glioma, sphenoid dysplasia, 6 large 
cafe au lait spots and 2 Lisch noduli of the iris in a patient, would be more than 
enough to diagnose neurofibromatosis type 1. 
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2.3 Familial risks, clinical genetic differential 
diagnosis and preventive options 

The following sections of this article will discuss in alphabetical order the most 
frequent types of cancer found in North-American and Western European men and 
women 26. 

First, we review the risks to develop a specific type of cancer associated with a 
family history of that type or other types, and, if available, prognostic and 
histological features of those familial tumours. These data may be particularly 
useful in answering questions raised by patients with a moderate family history of 
cancer. Risks are presented in the literature as either cumulative (life-time) risks, or 
risks relative to that in the general or a specific control population, the relative risks 
(RR)27

. It should be kept in mind that most risk estimates provided in the literature 
restrict family history to first-degree relatives only. Therefore, these estimates may 
be (far) too low for individuals with a strong family history of cancer and may be too 
high for individuals from large families with few affected relatives. In addition, most 
studies have been performed in North-American and Western-European 
populations and the outcome of these studies might not apply to populations with a 
different ethnic/genetic background. 

Second, we review the hereditary disorders presenting with the common types of 
cancer and also less common malignant or benign tumours, occurring at the same 
anatomical sites if these are relevant from a hereditary point of view. In rare human 
cancer syndromes it may be difficult to decide which tumours should be regarded 
as a true feature of the disease and which should not, because a proportion of the 
tumours reported in the various patients and families with these disorders will 
represent coincidental findings. For this review, we have limited ourselves to the 
more prevalent features of the human cancer syndromes in order to avoid 
introducing doubtful associations. Still, this also means that some were probably 
left out which will ultimately be proven to belong to the syndromes' phenotypes. 

Falling outside the scope of this review is the wide range of hereditary variants of 
genes coding for enzymes involved in carcinogen metabolism, which are generally 
associated with moderate cancer risks, because testing for these variants is not 
(yet) part of the common genetic analysis of (familial) cancer cases. 

Third and last, we review the preventive options currently available to individuals at 
high genetic risk for developing the selected types of cancer, as well as the 
preventive value of maintaining hereditary cancer registries. 
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For a summary of the hereditary disorders mentioned in the following paragraphs, 
the reader is referred to table 1 . 

2.3.1 Bladder 

Relative risks 
Familial clustering of bladder cancer has been reported several times 28-32 and 
occurs in approximately 6 % of cases33

. Kantor et al. 33 demonstrated in a study of 
2,982 bladder cancer patients and 5,782 controls, that having an affected first
degree relative increases the risk of bladder cancer. Relative risks (RR's) vary 
dependent of the age at diagnosis of the tumour: 2. 7 below age 45, 1. 7 for ages 
45-64 and 1.3 for the age of 65 and older. Cigarette smoking in the setting of a 
family history of bladder cancer was shown by the authors to strongly increase the 
risk of developing this tumour. Relative risks of up to 28. 1 in heavy smokers (60 + 
cigarettes/day) were calculated as compared with an RR of 2.1 in heavy smokers 
with a negative family history. Although the risks appear to be highest for smokers 
and the advice to stop smoking may have an important effect on reducing cancer 
risk, non-smokers with a positive family history are still at a somewhat increased 
risk (RR of 1.5-1.8), as demonstrated by Kantor et al.33 and Kramer et al.34

. 

Bladder cancer and hereditary disorders 
As yet, bladder cancer is not considered an established part of any known human 
cancer syndrome or other hereditary disorders. 

Preventive options 
Screening for bladder cancer is discussed as part of screening for urinary tract 
cancer in general in section 2.3.6 (Kidney). In patients with a family history of 
bladder cancer it might be important to try to reduce exposure to known 
environmental risk factors for this tumour, including smoking. Experiments in mice 
have hinted at a future option of chemoprevention of bladder cancer, possibly 
through use of ketoprofen or sulindac 35

. As yet, its value for use in humans is 
unknown. 



Familial and Hereditary Cancer: a review 35 

2.3.2 Breast 

Relative risks 
Given the high risk of breast cancer in women36

, familial occurrence of breast 
cancer is not rare. A family history of breast cancer has been reported in 14% to 
30% of female breast cancer patients3

·
37

. In contrast, familial male breast cancer is 
very rare38

-4
0

. Having a relative with breast cancer is one of the strongest breast 
cancer risk factors. Pooled estimates of relative risks for women with an affected 
relative are, depending on the type of relative with breast cancer, 1.9 (any type of 
affected relative), 2.1 (first-degree relative), 2.0 (mother), 2.3 (sister), 1.8 
(daughter), 3.6 (mother and sister) and 1.5 (second degree)41 . In general, the risk 
of breast cancer in relatives does not appear to depend heavily on the gender of 
their affected family member42

-
45

. Depending on the number of affected relatives, 
the degree of kinship and the age at onset of the tumours, the empiric risk of 
developing breast cancer for a female relative may be close to 50 % (even higher if 
she already has children with breast cancer). Compared with the general 
population, breast cancer has also been observed more frequently in women with a 
first-degree relative with ovarian cancer (RR 6. 7, cumulative risk 14-42 %)46-48, 
endometrial cancer (RR 3.9, cumulative risks 34 %)46 '47, colorectal cancer (RR 1.2-
2.0)47.49 and prostate cancer (RR 4.7, cumulative risk 33 %)46·47. 

Life-time risks 
Several models have been developed to estimate breast cancer risk given a 
specific family situation50

. The model by Gail et al. 5 1
-
55

, focuses on white females 
who are being examined annually and takes into account the risk factors of first
degree affected relatives, age at menarche, age at first live birth and number of 
previous biopsies. The model of Claus et al. 48·56·5 7  is the one most widely used in 
cancer family clinics, as it offers figures for a wider range of family history types 
(first as well as second-degree affected relatives)(table 2). Users of the Gail and 
Claus models should be aware of their specific limitations50

·
58

. For example, the 
risk tables may need to be adapted for use in different countries and or ethnic 
groups to account for differences in genetic background and exogenous risk 
factors59

. Also, the models do not take into account the number and ages of 
unaffected relatives and therefore overestimate cancer risk in families with many 
healthy relatives60

. On the other hand, the models may underestimate cancer risk 
for women with family histories strongly suggestive of hereditary breast(-ovarian) 
cancer (e.g. for those with an affected mother and daughter). 



Table 2 Cumulative life-time risk (%) of developing breast cancer in women with a family history of breast cancer (modified after 
Claus et a/.57) .  

Age at d iagnosis of 
relative diagnosed at 
youngest age: 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 

Degree of kinship with affected relative and number of affected relatives 

one 1 st degree 

2 1 . 1  
1 6.5 
1 3.2 
1 1 .0 
9 .6 
8.8 

two 1st degree 

Age at d iagnosis of second 1 st degree relative 
20-29 30-39 40-49 50-59 60-69 70-79 

48.4 46.0  43.4 39.7 35.4 30.8 
43.7 39.9 35.3 30.2 25.2 

35.4 30.0 24.6 20.0 
24.5 1 9.5 1 5.8 

1 5.6 1 2.8 
1 0.9  

one 2nd degree 

1 4.2 
1 2.0 
1 0.4 
9.4 
9.4 
8.3 

To illustrate how the number and degree of affected relatives may affect breast cancer risk, this table lists cumulative risks to develop breast cancer 
depending on the number of first and second-degree affected relatives and the age at diagnosis in these relatives. For example, a woman with 1 first
degree relative, who was diagnosed with breast cancer at the age of 33 years, has a cumulative risk to develop breast cancer of 16. 5 %. If that same 
woman had another affected first-degree relative, diagnosed at the age of 43 years, her risk would be 39. 9 %. If she only had 1 second-degree relative 
aged 68 years at the time of diagnosis, her risk would be 9.4 %. The original tables published by Claus et al.57 allow calculations for a wider and more 
detailed range of family histories and allow for correction for past disease-free years of the individual for whom risks are calculated. 
(modified from: Oosterwijk JC, Sijmons RH, Menko FH, Chorus AMJ, Rookus MA. Ned Tijdschr Geneesk 1995; 139:423-428) 
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Interaction of the family history with other risk factors 
Given a positive or negative family history of breast cancer, other known risk 
factors may differ in their contribution to overall breast cancer risk. The group of 
women with a family history of breast cancer, usually defined in epidemiological 
studies as one or more affected first-degree relatives, is genetically heterogeneous 
(see discussion on hereditary breast cancer genes below), which may have 
contributed to differences in outcome between these studies. 

Colditz et al. 61 prospectively studied the impact of risk factors for breast cancer in 
89, 132 women with or without a history of breast cancer (approximately 6 % and 
64 % respectively), who had been included in the Nurses' Health Study. The 
authors observed little or no protection from later age at menarche, high parity or 
early age at first birth in women with a family history of breast cancer, whereas 
these factors where associated with decrease in breast cancer risk in women 
without a family history. 

In contrast, in the combined seven case-control studies (totalling 3152 cases and 
4404 controls) analyzed by Andrieu et al. 62 and in the case-control study (6705 
cases and 9341 controls) by Egan et al.63 no clear differences in the effects of 
reproductive factors on breast cancer risk between women with or without a family 
history were observed, with the exception of high parity, which was associated with 
a stronger decrease in breast cancer risk in women with a positive family history in 
the Egan study. Katsouyanni et al. 64 found the collective impact of adult-life risk 
factors on breast cancer risk in women with a family history of breast cancer to be 
higher (RR 2. 3) than in women without such a family history (RR 1.5). 

Past use of oral contraceptives, use of postmenopausal hormones and history of 
benign breast disease showed similar relative risks between women with and 
without a family history of breast cancer in the Golditz study61

. There is some 
evidence to suggest that use of oral contraceptives increases the risk (RR 7.8) of 
breast cancer in women carrying germline mutations in the breast cancer genes 
BRCA 1 or BRCA2 (see below) more than in other women65

. 

With respect to benign breast disease, Dupont et al.66 observed that complex 
fibroadenomas increased breast cancer risk (RR 3.7) in women with a family 
history of breast cancer compared with relatives without such a fibroadenoma. In 
addition, Skolnick et al. 67 analyzed families with a clustering of breast cancer and 
suggested that genetic susceptibility may cause both proliferative benign breast 
disease and breast cancer in those kindreds. 



38 STUDIES ON THE CLINICAL GENETICS OF CANCER 

Smoking, a possible breast cancer risk factor, was shown to be associated with a 
decrease in breast cancer risk (RR 0.46) in BRCA 1 or BRCA2 mutation carriers 
(see below)68

. Whether the carcinogenic effects of smoking are outweighed by its 
possibly (anti-oestrogenic ?) protective effects in these women, remains to be 
determined. 

Hereditary breast cancer 
Approximately 5-10 % of breast cancer patients in the general population are 
estimated to be carriers of a highly penetrant breast cancer susceptibility gene3 .4. 
Hereditary disorders featuring breast cancer are summarized in the table below. 

Table 3 Hereditary disorders associated with increased breast cancer risk 

Name: References: 

Hereditary Breast (Ovarian) Cancer 

Cowden syndrome 

Peutz-Jeghers syndrome 

Li-Fraumeni syndrome 

(see main text) 

715,716 

195, 717 

402, 403 

Androgen-receptor gene germ line mutations (male breast cancer) 718,719 

Ataxia Telangiectasia (including heterozygosity) 

Bloom syndrome 

Fanconi Anaemia 

Hereditary Non-Polyposis Colorectal Cancer (HNPCC) 1 

16,106 

201 

202 

(see below) 

1 = breast cancer has been reported in HNPCC as well as in its variant Muir-Torre 
syndrome. Whether there is a true association between HNPCC and breast cancer is 
controversial. Increased breast cancer risk was not observed in epidemiological studies on 
HNPCC22

•
248

•
332

•
334 (with one exception721

) and there is as yet no strong evidence for a 
significant increase in breast cancer risk in HNPCC families. Molecular study of a case of 
breast cancer occurring in a HNPCC family suggested it was indeed causally linked to the 
familial HNPCC gene mutation720

. 
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Of great importance has been the cloning of two genes responsible for the majority 
of hereditary breast (and ovarian) cancer: BRCA169 estimated to be mutated in 
approximately 45 % of hereditary breast cancer families70 and BRCA271

·
72 mutated 

in an similar percentage. These percentages may, however, be overestimated, as 
they were calculated in large highly penetrant families73-75

. Approximately 80 % of 
hereditary breast-ovarian cancer families can be attributed to BRCA 1 mutations 
70,76 

The chance of finding a BRCA 1 or BRCA2 mutation in any given breast cancer 
patient ranges from less than 1 % to almost 90 %, depending on various patient 
and family characteristics75

'
79

·
80

, including the age of onset of her tumour8 1-86
, family 

history of cancer (e.g. number of relatives and with (male) breast cancer and 
ovarian cancer)85

-
87

, and ethnic (e.g. Ashkenazi Jewish origin) or geographical 
background, which may be associated with specific types of mutations 78 ·88-98

. 

In families with male breast cancer far more BRCA2 than BRCA 1 mutations are 
found73•77·78

. Approximately 4-20 % of male breast cancer cases are due to BRCA2 
mutations and these cases are not necessarily associated with a family history of 
breast cancer77•99-1 01

. 

Heterozygosity for ATM gene mutations (population frequency 0.2-1 %), possibly 
contributes significantly to the total female breast cancer burden. However, as yet, 
data are inconclusive with respect to the exact risks and overall contribution 
1 6

·
1 1· 1 02- 1 1 2

. There is evidence for the existence of other breast cancer genes 1 1 3-1 1 7
. 

Cumulative risks of breast cancer in women with a BRCA 1 mutation were initially 
estimated to be 59 % at age 50 and 82 % at age 70 in the highly penetrant families 
used for linkage analysis 7°. It has become clear that BRCA 1 and 2 related breast 
cancer risk may be significantly lower in families with a lower number of affected 
women. The estimates for breast cancer risk at age 70 now range from 56 % to 
87 % (95 % confidence interval ranges from 40 to 95 %) for BRCA 120•23

•
1 1 8-1 20 and 

from 37 to 84 % (95 % confidence interval ranges from 22 % to 95 %) for 
BRCA21 20-1 22 . 
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Individual cancer risk may depend on the specific type of mutation within BRCA 1 or 
BRCA2, but it is difficult to predict the risk in individual cases78

·
97

·
1 1 8

·
123

-
126

. Breast 
cancer risk for males carrying a BRCA2 mutation is approximately 6% (95 
confidence interval 1.4%-25.6%)127

, for those carrying a BRCA1 mutation this risk 
is probably 1 % or less. 

Histology of familial and hereditary breast cancer 
If specific histological types of breast cancer would be typically associated with 
hereditary breast cancer, then they could serve as a clinical marker to identify this 
·disorder. Although several studies have addressed this issue and e.g. medullary 
type breast cancer appears to be over-represented in BRCA 1 carriers, it is as yet 
impossible to identify BRCA 1 or 2 mutation carriers by the type of breast cancer 
they have developed1 28

-
1 35

. Among women aged 30-49 years, a family history of 
breast cancer was associated with an increased frequency of ductal carcinoma-in
situ, and among those aged 50 and older it was associated with an increased 
fr�quency of both ductal carcinoma-in-situ and invasive breast cancer136

. However, 
the presence of germ line BRCA 1 and -2 mutations was not investigated in this 
group and carcinoma-in-situ of the breast is probably not a good clinical marker to 
identify gene carriers in families with a BRCA 1 or BRCA2 mutation 1 28

·
137· 1 38

. 

Survival in hereditary breast cancer 
The natural history of ductal carcinoma-in-situ and breast cancer in women with 
hereditary breast cancer is still largely unknown. Compared with sporadic breast 
cancer, increased, similar and decreased survival has been reported in familial and 
in BRCA 1 or 2-specific breast cancer139

-
149

. Most studies could not demonstrate 
large differences in survival between patients with BRCA 1 or 2 associated breast 
cancer or sporadic cases. Hereditary breast cancer is generally associated with an 
increased risk of multiple primary tumours. A family history of breast cancer might 
therefore be expected to be associated with increased rates of local recurrence in 
conservatively treated breasts compared with sporadic cases. However, similar 
recurrence rates were observed in familial and non-familial cases 1 50-152 and, more 
importantly, the same applied to BRCA 1 associated breast cancer 1 44

. Still, 
additional studies need to be performed before one can decide whether breast
conserving treatment (as opposed to radical mastectomy) is truly indicated in 
hereditary breast-ovarian cancer. 
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Surveillance in hereditary breast cancer 
The value of screening for breast cancer in hereditary breast cancer families by 
mammography and physical (self) examination is unknown. On average, 50 % of 
the women with a BRCA 1 mutation will develop this tumour before the age of 5020 

The higher frequency of dense breasts in the younger age group may hinder 
radiological interpretation and may therefore lower the sensitivity of 
mammography. Given the much higher risks of breast cancer in women from 
hereditary breast cancer families and possible differences in tumour biology as 
compared with the general population, we cannot simply extrapolate findings from 
general population screening to this high risk group. 

Another issue to consider is the radiation risk of periodic mammography1 54. 
Although benefits may by far exceed radiation risk of periodic mammography in the 
general population, the opposite might possibly be true for hereditary breast 
cancer. Especially in women with germline mutations in ATM gene periodic 
screening by X-rays may carry increased risks of tumour induction 1 6' 1 55. Alternative 
methods for imaging the breast, for example magnetic resonance imaging, may 
therefore turn out to be a better option 1 56·157. 

Few data are available on the actual outcome of periodic screening in hereditary 
breast cancer and, although some preliminary results suggest a benefit from 
screening, no firm conclusions at all can be drawn at this point 1 58-1 70. Although 
enhanced imaging techniques are likely to increase tumour detection rates in 
hereditary breast cancer, it remains to be seen whether screening will actually lead 
to reduction of mortality and morbidity in these patients 1 71 . In general, guidelines for 
follow-up care of women with BRCA 1 and BRCA2 mutations presently include 
monthly breast self-examination, annually or semi-annually breast examination by 
a clinician, starting at age 25-35, and annual mammography starting at age 25-
35 172- 1 74 (policy on screening for ovarian, colon and prostate cancer is discussed in 
sections 2. 3.9., 2.3.4. and 2.3.11. respectively) . 

Prophylactic mastectomy 
A similar lack of data exists with respect to prophylactic (contralateral) 
mastectomy 1 75-177_ Schrag et al. 1 78 used available data and estimates on hereditary 
breast cancer risk and effects of preventive options and calculated that.on average, 
30-year-old women carrying a BRCA1 or BRCA2 mutation, gain 2.9-5 .3 years of 
life expectancy from prophylactic mastectomy. However, gain in life expectancy is 
not necessarily the same as gain in quality-adjusted life years and that fact should 
be considered in the decision analysis too 179· 1 80. Hartmann et al.1 81 retrospectively 



42 STUDIES ON THE CLINICAL GENETICS OF CANCER 

studied a group of 639 women with a family history of breast cancer (including 214 
high-risk women) who underwent bilateral prophylactic mastectomy. They 
demonstrated a reduction in incidence of breast cancer of at least 90 %. Only long
term follow-up after prophylactic surgery of a large cohort of women, with a genetic 
status defined by DNA analysis, will allow us to calculate the remaining breast 
cancer risks in the various categories of patients. 

Chemoprevention 
Chemoprevention of breast cancer is experimental. Ongoing trials using the anti
oestrogen tamoxifen and the retinoid fenretinide include women with a family 
history of breast cancer. The National Surgical Adjuvant Breast and Bowel project 
P-1 Study in the USA demonstrated a reduction of breast cancer risk by the use of 
tamoxifen 182

. However, most women included in this study did not have a family 
history suggestive of hereditary breast-ovarian cancer and their status with respect 
to germ line BRCA 1 or 2 mutations has yet to be determined. Tamoxifen is unlikely 
to prevent the occurrence of oestrogen-receptor negative (ER-negative) 
tumours 182

. This might mean that its protective effect in hereditary breast cancer 
families is limited, as breast cancers in these families appear to be often ER
negative 183-186

. 

2.3.3 Cervix Uteri 

Relative risks 
Familial clustering of cervical cancer has been reported187

-
190

. An estimated 15 % 
of patients with this tumour have at least one affected first-degree relative 187

. Most 
details on familial risks were reported by Furgyik et al. 187

, who estimated that 
having a first-degree relative with cervical cancer is associated with an RR of 3 to 
develop squamous cell cancer of the cervix, an RR of 10 of developing 
adenosquamous cancer at this anatomical site and no increased risk to develop 
cervical adenocarcinoma . No other studies with such detailed estimates have 
been published so far, so this study remains as yet unconfirmed. In the Swedish 
Twin study, monozygotic twins of women with cervical cancer in situ were shown to 
have an RR of 4.8 to develop the same condition, whereas the RR for dizygotic 
twins was 2.4191

. An analysis of large Mormon families did not demonstrate 
increased risks of cervical cancer in women with an affected sister. However, an 
excess of cervical cancer was observed in first-degree relatives of patients with 
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early-onset bladder cancer (RR 2 .32) 1 92
. A family history of cancer in genera l  was 

no risk factor for cervical cancer in a Yugoslavian study 1 93
. A study of Finn ish 

patients with borderl ine ovarian tumours and their relatives demonstrated an R R  of 
7 .8  for cervical cancer in the mothers of index cases 1 94

. 

Cervical cancer in hereditary disorders 
I n  women with Peutz-Jeghers syndrome, physicians should be alert to the 
occurrence of an aggressive type of cervical cancer: adenoma mal ign um 1 95

-
1 99

. 

Cervica l cancer probably also belongs to the tumour spectrum of a smal l g roup of 
hered itary d isorders: ectodermal dysplasia , congen ital dyskeratosis, B loom 
syndrome and Fanconi  anaemia, wh ich are associated with other types of mucosa! 
cancer as we1 1200

-
203

. However, risk figures have not been reported. I t  is also 
unknown whether in any of these d isorders, HPV infection is an important risk 
factor for cervical cancer as i t  is  in the general popu lation. 

Surveillance 
No data are avai lable on the value of screening for cervical cancer in the setti ng of 
fami l ial risk factors. Regu lar cervical smears may not detect a l l  cases of adenoma 
mal ign um in Peutz-Jeghers syndrome, g iven the possible min imal atypia of these 
tumour cells 1 98 · 1 99 ·204

. Since there is a lso an i ncreased risk for ovarian tumours in 
women with Peutz-Jeghers syndrome, cervical smears every 1 to 3 years ,  yearly 
endocervical curettage as wel l  as yearly transvaginal u ltrasound ,  in  add ition to 
careful physica l  examination, have been recommended in this syndrome 1 98

·
205

. 

Some authors have recommended the use of periodic colposcopy 1 99 and CT 
scans in these patients204

. Presence of the other mentioned syndromes is at least 
an argument to participate in population screening programs and early cervical 
screening has been recommended for women with Bloom syndrome200 and 
Fanconi anaemia 202

. Possibly, an increased sensitivity to H PV infections plays a 
role in fami l ial cervical cancer2°6

-2
1 2 , and screening for HPV infection m ight 

therefore be a valuable add ition to normal cytolog ical screening in fami l ia l  cases. 
This remains to be investigated . 
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2.3.4 Colon and rectum 

Relative risks and life-time risks 
Approximately 1 5-25 % of patients with colorectal cancer have one or more 
affected relatives213

•
2 14

. There is a large body of evidence to show that the risk of 
developing colorectal cancer is influenced by the number and degree of affected 
relatives, the age at wh ich their tumours were d iagnosed as wel l  as by the tumour 
site 213-229

. I n  addition , risk of colorectal cancer appears to be increased by the 
presence of colorectal adenomas ( the colorectal cancer precursor lesions) in 
relatives and vice versa230-236

. Differences in risk between gender and type of first
degree relatives (sibs versus parents) have also been observed . Known dietary 
risk factors for sporadic colorectal cancer appear to infl uence colorectal cancer risk 
in individuals with a positive family h istory as wel l215

•
237 , and there is evidence to 

suggest that the fami ly h istory of colorectal cancer increases colorectal cancer 
mainly in individuals with a high beef and ethanol intake238

. 

Relative risks for CRC in ind ividuals having 1 first-degree relative with co lorectal 
cancer found are general ly estimated between 2 and 3. RR's associated with 
having 1 first-degree relative with colorectal cancer d iagnosed before the age of 45 
are approximately 2 to 5 .  Add itional affected relatives are associated with a further 
increase in relative risk. In terms of absolute risks , depending on the number and 
degree of affected relatives, cumulative l ife-time risks of 6 % ( one 1 st degree 
relative) ,  8 % (one 1 st +  one 2nd degree relative) ,  1 0  % (one 1 st degree relative, 
diagnosed < 45 yr) , 1 7  % (two 1 st degree relatives) have been estimated213

·
239

. 

I ncreased risk of colorectal cancer has also been observed for first-degree 
relatives of patients with leukaemia (RR 1 .  7-2 .0 ,  subtype not specified), cancer of 
the prostate (RR 1 .3-1 .48) , breast (RR 1 . 3-1 .7) ,  cervix (RR 1 . 5) ,  ovary (RR 1 .3-2 .7) 
and uterus (RR 1 .4-1 .6)49

'
240

-
242

. 

Hereditary colorectal cancer 
Colorectal tumours are a feature of a number of hered itary d isorders wh ich can be 
d ivided in those typica l ly featuring many polyps (dozens, h undreds and even 
thousands) and those that do not 243-24\table 4). Without medical intervention, the 
l ife-time risk of colorectal cancer in some of these d isorders is very h igh :  up  to 90 
% in hered itary non-polyposis colorectal cancer (HNPCC) and virtual ly 1 00 % in 
fami l ial adenomatous polyposis (FAP). 
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Hereditary non-polyposis colorectal cancer (HNPCC) 
HNPCC is the most frequent hereditary disorder underlying colorectal cancer. It 
causes approximately 5 % of colorectal cancer cases. Also, it may be one of the 
more difficult common human cancer syndromes to recognize in the clinic. 
Therefore it deserves a more detailed discussion here. HNPCC is an autosomal 
dominant disorder characterized by a 70%-90 % cumulative life-time risk of -
colorectal cancer, often with an early onset (average 40-50 years), proximal 
location (70 %), and an increased risk of extra-colonic tumours: particularly 
endometrial cancer, with a cumulative life-time risk of 30-50 %, ovarian cancer, 
stomach cancer, cancer of the small intestine and also cancer of the urinary tract 
247-254 (see also table 1 ). Multiple primary colorectal tumours are a characteristic 
feature of this disorder. 

Molecular aspects of HNPCC 

45 

At the molecular level, HNPCC is characterized by germline mutations in genes 
responsible for the repair of DNA replication errors, the mismatch repair genes. 
Several of these genes have been identified in the human and germline mutations 
in HNPCC patients have been found in 5 of them: hMLH1, hMSH2, hPMS1, 
hPMS2 and hMSH6255-260

. Germline mutations in these genes have been detected 
in approximately half of the HNPCC families261

'
262

. Deficiency of the first four of 
these genes causes replication errors (mismatches) in repetitive DNA segments, 
known as microsatellites. If the resulting microsatellite instability damages genes 
critical for cell growth control and other genes which contribute to genomic stability, 
this in turn may lead to tumour development263-266

. Loss of other functions of the 
mismatch repair genes, especially those involved in the repair of DNA damage 
caused by environmental agents, might be important for tumorigenesis as well 
264,267-269 

It has been shown that microsatellite instability is not a unique feature of tumours in 
HNPCC patients270

, but occurs in different percentages in the majority of sporadic 
solid neoplasms271

. Nevertheless, finding the presence or absence of microsatellite 
deficiency, especially in colorectal tumours, may help in deciding for clinical 
purposes whether to screen for germline mutations in certain MMR genes or not272. 
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Table 4 Hereditary disorders associated with colorectal tumours 

Disorders with polyposis 
Cowden syndrome (H/A/Hyp, sometimes G) 1 

Familial Adenomatous Polyposis (A)2 

(Familial Giant Hyperplastic Polyposis)(A/Hyp) 
(Hereditary Mixed Polyposis syndrome)(H/A/Hyp) 
Juvenile Polyposis (H, sometimes + A) 
Peutz-Jeghers syndrome (H, sometimes + A) 
(Turcot syndrome)(A)3 

Disorders without polyposis: 
Attenuated Familial Adenomatous Polyposis (A)2 

Bloom syndrome (A) 
Congenital Dyskeratosis (A) 
Familial Gastrointestinal Stromal Tumours (ST) 
Hereditary Breast(Ovarian) Cancer (BRCA 1 /BRCA2) (A)4 

Hereditary Non-Polyposis Colorectal Cancer (A)5 

·u-Fraumeni syndrome/germline TP53 mutations (A) 

(Punctate Palmoplantar Keratoderma) (A) 
X-linked Agammaglobulinaemia (A) 
X-linked Lymphoproliferative disease (NHL) 

Blue Rubber Bleb Nevus syndrome (Haem) 
Carney Complex (Schw) 
Gorlin syndrome (Basal Cell Nevus syndrome)(H) 
Multiple Endocrine Neoplasia, type 2B (G) 
Neurofibromatosis, type I (NIG) 

Tuberous Sclerosis (HIA) 

References 
663,722,723 

10,724 

674 

681,725,726 

317,498 

195,204,205 

706,707,727 

724,728 

201,657 

586 

673 

23,97 

252,253 

402,729 

701 ,702 

712 

18 

599 

659 

8,730 

693,731 

698,732 

733,734 
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Legends table 4 

Polyposis = these disorders typically present with dozens to hundreds of polyps; 

Syndrome name between ( )  = status as separate inherited disorder as yet unclear; 

Conditions in italics: risk of malignant colorectal tumours (probably) not increased; 

47 

Between ( ), after syndrome name: type of associated benign colorectal lesions: A =  
adenoma; G = ganglioneuroma; H = hamartoma; Haem = haemangioma; Hyp = hyperplastic 
polyp; N = neurofibroma; NHL = intestinal Non-Hodgkin lymphoma; Schw = schwannoma; 
ST = gastrointestinal stromal tumour. 

1 = Includes Bannayan-Riley-Ruvalcaba syndrome 651•735. 736. 

2 = familial adenomatous polyposis (FAP) includes Gardner syndrome (name used to refer 
to FAP with manifestations outside the gastrointestinal tract).  In a subgroup of FAP families 
with specific types of gerrnline mutations in the APC gene, the number of polyps is low, or at 
least appears to be low if the colonic mucosa is not dye-sprayed during endoscopy. Polyps 
and carcinomas are also located more proximal in the colon as compared with regular FAP 
and often present at a later age. This variant is termed attenuated familial adenomatous 
polyposis (AFAP). A familial hyperrnutatable tract in the APC gene has also been implicated 
in familial clustering of (pon-polyposis) colorectal cancer, but has in comparison only a minor 
effect on cancer risk737- 39. 

3 = some cases have either FAP or HNPCC. 

4 = increased colorectal cancer risk is not associated with the BRCA 1 and 2 mutations 
common among Ashkenazi Jews740

. 

5 = Includes Muir-Torre syndrome593. 741 
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HNPCC criteria 
The classical criteria of HNPCC, known as the Amsterdam criteria, were initially 
developed for research purposes and did not include these molecular data. These 
criteria demanded: (a) the presence of at least 3 relatives with histologically verified 
colorectal cancer, one of the relatives being a first-degree relative of the other two, 
(b) colorectal cancer involving at least 2 successive generations, (c) at least one 
case of colorectal cancer diagnosed before age 50 and (d) exclusion (on clinical 
grounds) of Familial Adenomatous Polyposis. 

These criteria have been criticized as being to strict for clinical purposes and justly 
so, because they did not take into account the wide range of extra-colonic tumours 
associated with HNPCC and presence or absence of tumour microsatellite 
instabilit/73

-
276

. Germline mutations in the HNPCC genes have indeed been 
demonstrated in patients with early onset colorectal cancer, featuring microsatellite 
instability in their tumours, in the absence of a strong family history of colorectal 
cancer277

. Although cancer risks associated with these mutations found outside 
classical HNPCC families may differ from those found in families fulfilling the 
Amsterdam HNPCC criteria, these risks may still be high, especially if those 
families were ascertained through young colorectal cancer patients254

. It might 
therefore be useful to look for microsatellite instability in colorectal tumours of 
patients that do not meet the Amsterdam criteria. 

Guidelines for selection of tumours to be tested, referred to as the Bethesda 
guidelines, have recently been published278 (table 5). Once microsatellite instability 
is found in colorectal tumours, then testing the patients with those tumours for 
germline HNPCC gene (mismatch repair genes, MMR) mutations is indicated. If 
microsatellite instability is absent in colorectal tumours (also in those of other 
relatives in that family) then this does not exclude HNPCC279

. It appears that 
germline HMSH6 mutations are associated with the absence of microsatellite 
instability and testing for this gene should therefore be considered in patients with 
possible HNPCC and absence of microsatellite instability in colorectal tumours. 
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Table 5 Bethesda selection guidelines for testing of tumour 
microsatellite instability (modified after Rodriguez-Bigas et al. 278) 

1 .  ind ividuals with cancer of any type at any age, in fami l ies meeting the 
Amsterdam criteria .  
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Comment: preferably, colorectal tumours should be tested , or, if not ava i lable, 
any H N PCC associated extra-colonic tumour (endometrial ,  ovarian ,  g astric, 
hepatobi l iary, smal l-bowel cancer, transitional cel l  carcinoma of renal pelvis or 
ureter) . 

2 .  ind ividuals with colorectal or endometrial cancer d iagnosed at  age <45 

Comment: any colorectal cancer type, but especial ly tumours with > 50% 
signet ring-cel l-type, or right-sided location and und ifferentiated h istolog ical 
pattern 

3. ind ivid uals with colorectal adenomas diagnosed at age <40 

4. ind ividuals with two HNPCC related cancers d iagnosed at any age: colorectal 
cancer or any of the HNPCC associated extra-colonic tumours ( l isted under 
item 1 . ) 
Comment: preferably the colorectal tumour should be tested 

5. ind ividual with co lorectal cancer at any age + a first-degree relative with 
colorecta l cancer and/or colorectal adenoma and/or H NPCC related extra
colonic cancer (see 1 .  for listing) ;  one of these cancers d iagnosed at age <45 
or adenoma at age <40 

Comment: preferably the colorectal tumour should be tested . 

Purpose of the Bethesda guidelines is to select individuals for screening for germline 
mismatch repair gene (MMR) mutations by first looking at presence or absence of tumour 
microsatel/ite instability (MSl)(methods reported by Bolland et al. 742

) .  From the mentioned 
selection criteria, the presence of right-sided mucinous colorectal cancer diagnosed before 
the age of 45 appears to be a particularly useful predictor of microsatellite instability743. 
Individuals/families with MSl-high tumours should subsequently be tested for germline 
hMSH2 and hMLH1 mutations (hPMS1 and 2 mutations are probably very rare). In the 
selected individuals/families which appear to have MSl-low tumours, testing for germline 
hMSH6 gene mutations should be considered. 
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Survival in HNPCC 
Although colorectal cancer in HNPCC at the histological level is often of a 
mucinous, highly proliferative type252

, which is generally associated with less 
favourable prognosis, survival in HNPCC appears to be better than in sporadic 
colorectal cancer cases with similar staging280

-
283

. However, studies by Percepe et. 
al. and Bertario et al. showed no difference in survival284

'
285

. These opposite 
findings might possibly be explained by heterogeneity in the inherited genetic 
background and in the somatic mutation spectrum of the tumours. 

Surveillance in familial and hereditary colorectal cancer 
A range of screening schedules in familial colorectal cancer has been developed, 
as shown in table 6. It is presently unclear if, and how, these screening protocols 
for colorectal cancer should be modified by the presence or absence of 
microsatellite instability in colorectal tumours of for example single affected 
relatives, where no HNPCC mutation can (yet) be identified286

-
289

. In patients with a 
high risk of developing colorectal cancer, the use of endoscopy rather than 
radiological examination or biochemical testing of the faeces290 has been favoured 
since it allows for direct inspection of the anatomical site at risk and simultaneously 
sampling or removal of the polyps. Colonoscopy is preferred to sigmoidoscopy 
given the frequent presence of proximal tumours in patients with an increased risk, 
which may occur in the absence of distal tumours231

•
291

-
293

. 

The possibility to detect and remove colorectal tumours in their pre-cancerous 
state makes screening for them potentially attractive. However, whether morbidity 
and mortality are significantly reduced by screening in individuals at increased 
genetic risk of colorectal cancer is as yet largely unknown. In FAP though, the case 
for screening (and prophylactic surgery) has been made294

. In HNPCC there is also 
evidence that screening, which has to be meticulous295

, indeed reduces colorectal 
cancer rates296-298

. No studies have yet demonstrated the assumed benefits of 
screening in Peutz-Jeghers syndrome and juvenile polyposis. 
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Chemoprevention 
Chemoprevention and dietary intervention in familial and hereditary colorectal 
cancer is experimental299 ·300

. Use of aspirin has been recommended in familial 
colorectal cancer301 given its effects on the occurrence of sporadic cases302 but its 
effect has not yet been established in individuals with a family history of colorectal 
cancer. The effects of vitamin C plus vitamin E with or without a high dose wheat 
bran fibre supplement on polyp development in FAP has been studied in a double
blinded, placebo controlled trial, as has been the effect of sulindac303

•
304

. Sulindac 
and wheat bran fibre were each shown to reduce polyp growth. The protective 
effects of aspirin and resistant starch in FAP and HNPCC are currently being 
studied in double-blind trials, known as the CAPP 1305 and CAPP 2 study3°6

, 

respectively. Calcium has been studied for its protective effect in both HNPCC and 
FAP. Results in both conditions were not promising307

•
308 . Sulindac has been 

shown to induce regression of colorectal adenomas in FAP304·309
. It has been used 

occasionally in Juvenile Polyposis where its role as a chemoprotective agent is as 
yet unclear310

. 

Prophylactic surgery and gene therapy 
Prophylactic colectomy is the general procedure in FAP, with most patients being 
in their twenties at the time of surgery10

•
311

•
313 Performing prophylactic colectomy in 

HNPCC is controversial314
-

316
. This is to be expected given the fact that within 

HNPCC heterogeneity of risks of colorectal cancer and extra-colonic tumour exists 
and the exact impact of screening and prophylactic surgery for colorectal cancer in 
this disorder still needs to be determined. Prophylactic colectomy has also been 
proposed for patients with juvenile polyposis3 1 7

. For the distant future, gene therapy 
of the gut may be an alternative approach to tumour prevention318

. Liposomal 
delivery of wild type APC genes to the colonic epithelium has been studied in a 
mouse and rat FAP model. Although the level of gene uptake was high, levels of 
APC expression were low and did not persist beyond three days319

. 



Table 6 Screening guidelines for colorectal tumours in asymptomatic individuals with a family history of colorectal cancer and adenomas 

family history method screening remarks references 
start (yr) end (yr) interval (yr) 

• 1 -2 x FDR and/or FOBT 40 1 Expert Panel 1 744 

1 FDR adenomatous sigmoidoscopy 40 5 

polyp < 60 BE 40 5-1 0 

colonoscopy 40 1 0  

• 1  x FDR< 4 5  or colonoscopy 25 5 St Mark's 745, 239, 633 

2 x  FDR 

•1 x FDR> 45 FOBT 25 1 

• 1  x FDR FOBT 35-40 1 WHO; 746 

DRE, sigmoidoscopy 35-40 3-5 minimal options 

or colonoscopy 

• 1 x FDR<55 and/or FOBT 35-40 1 

� 2 x FDR colonoscopy 35-40 3-5 

•HNPCC* colonoscopy 20-25 2 ICG-HNPCC 335 

colonoscopy 20-30 40 1 -2 Expert Panel 1 744,747 

40 1 

colonoscopy 20-25 1 -3 Cancer Genetics 748 

Studies Consortium 
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• FAP* (BE or) sigmoidoscopy, 1 0-1 5 30 1 -2 200 

(or colonoscopy) 30 40 
.. 

2-3 

•Attenuated FAP colonoscopy 20 1 682 

• Peutz-Jeghers* colonoscopy ( or 1 0-20 1 -2 205,682,749 

sigmoidoscopy + 3 749 

FOBT) 1 
•Juvenile Polyposis* colonoscopy ( or 1 0-20 40

·· 
3-5 498,682 

sigmoidoscopy + 3 749 

FOBT) 1 

•BRCA1 mutation carriers* follow guidelines for the general population Cancer Genetics 172 

Studies Consortium 

Unless stated otherwise, family history refers to relatives with colorectal cancer, stating degree of kinship and age at diagnosis of tumour. Once benign 
or malignant tumours are detected by screening, guidelines for follow-up after treatment usually differ from those presented in this table, depending on 
the diagnosis and type of treatment. The reader is referred to the references for further details. With respect to the human cancer syndromes, the 
screening schedules apply to proven gene carriers as well as to relatives with a 50 % risk of carrying the gene (e.g. from families where the mutation 
has not yet been found). 
BE = barium enema; DRE = digital rectal examination; FDR = first-degree relative (parents, siblings, children); FOBT = faecal occult-blood testing; 
SOR = second-degree relatives (grandparents, siblings of parents, children of siblings and grandchildren). 
* = In these hereditary disorders screening for extra-colonic tumours is also performed (see references for details). 
** = in patients/gene carriers, screening will continue. 
1 ) = the clinical practise recommendations of this panel are endorsed by a number of organisations including the American Cancer Society, American 
College of Gastroentero/ogy and American Gastroentero/ogical Association. 
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2.3.5 Endometrium 

Relative risks 
The proportion of endometrial carcinoma based on a strong genetic predisposition 
has been estimated at less than 1 % to 6 % 320

-
322

. The risk of endometrial cancer 
has been found to be positively associated with a family history of this cancer323

. 

Women with a first-degree relative with endometrial cancer were shown to have an 
RR of 1.5-2.8 of developing this tumour type241 ·

320
•
322

•
324

, although in a study of data 
from the Utah Population Database, first-degree relatives of women with 
endometrial cancer failed to show a significant excess of this tumour type49

. This 
difference may be due to differences in genetic background and exposure to risk 
factors between the Mormon population monitored in the Utah database and other 
populations. An increased risk of endometrial cancer was found in first-degree 
relatives of patients with colorectal cancer (RR 1.8)322 and ovarian cancer (RR 
1.1 )240 and excess mortality from endometrial cancer was observed in first-degree 
relatives of breast cancer patients (standardized mortality ratio 166 %)325

. 

Hereditary endometrial cancer 
Endometrial cancer is a frequent feature of HNPCC (see section 2.3.4. ) and a 
strong indicator for this syndrome in the presence of colorectal cancer262

. Although 
some authors have suggested the existence of hereditary site-specific endometrial 
cancer based on striking cases of familial clustering of this tumour326-328

, these 
cases are possibly variants of HNPCC329

·
330

. Different figures have been published 
on the cumulative life-time risk of endometrial cancer in HNPCC, ranging from 20% 
by age 70331 to 39 % by age 70 and 43% by age 80332

. A more recent study 
analyzed HNPCC families for germline mutations in hMLH1 and hMLH2, and 
calculated cancer risks only in proven mutation carriers. Life-time risks of 
endometrial cancer of 42 %-61 % were found in the carriers of hMLH1 and hMSH2 
mutations25 1

. Endometrial cancer in HNPCC may be diagnosed as early as in the 
late-twenties; the mean age at diagnosis was calculated at 48 years (range 27-72 
yr) in a study by the International Collaborative Group on HNPCC333

. Endometrial 
cancer appears not to be equally prevalent in all HNPCC families334

. Causes of this 
unequal distribution remain, however, to be identified. 
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Preventive options 

In HNPCC, screening for endometrial cancer by physical examination and 
transvaginal ultrasonography is recommended, starting at age 30-35 with 1-2 years 
interval335

. As yet, the effect of this type of screening on mortality and morbidity in 
these families is unknown. In families with a clustering of endometrial cancer not 
fitting the clinical HNPCC criteria, screening for endometrial cancer following the 
above-mentioned schedule might be considered329

. Prophylactic hysterectomy is 
considered in HNPCC patients, with completed family, already undergoing surgery 
for colorectal cancer252 . 

2.3.6 Kidney 

Relative risks 

Having one first-degree relative with kidney cancer (type unspecified) was 
observed to be associated with an RR of 1.6 of renal cell cancer in the International 
Renal-Cell Cancer Study, in which 1774 renal cell cancer patients and 2359 
controls participated336

. 

Hereditary renal cancer 

In less than 1-2.5 % of cases, renal cell cancer occurs in the setting of a hereditary 
cancer syndrome5·6. In von Hippel-Lindau disease (VHL), (non-papillary) clear cell 
carcinomas of the kidney occur in approximately 26 % of the patients, with a mean 
age at presentation of 35-40 years337

. This accounts for about 50 % of deaths in 
VHL337

. Renal clear cell carcinomas with a striking clustering in families without the 
additional features of VHL have also been reported338

•
339

. Constitutional 
chromosomal translocations between chromosome 3 and either 2, 6, 8 or 12 have 
been observed in some of these families and individual patients with renal cell 
cancer340

-
344

. The 3;8 translocation was found to have caused a fusion between the 
FHIT and TRC8 genes345

. 

It has been postulated that the clustering of cases in the families without 
translocations is caused by an autosomal dominant disorder, different from VHL, 
referred to as familial renal cell carcinoma or familial non-VH L non-papillary clear 
cell renal cancer 338

•
346

. As the name implies, renal cell carcinomas of the papillary 
type are the feature of hereditary papillary renal cell carcinoma347

-
350

, associated 
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with germline MET gene mutations. In tuberous sclerosis (TS) angiomyolipomas of 
the kidney are found in approximately 49 % of the patients351

. 

Renal cell carcinoma is found in approximately 2 % of the TS patients35 1 and these 
tumours have been reported as either oncocytomas, clear cel l  or anaplastic 
types352

·
353

. Transitional cell carcinomas of the renal pyelum and ureter may occur 
in hereditary non-polyposis colorectal cancer (HNPCC; see also sections 2.3.4 and 
2.3.5)251 ·332

·
334 ·354

. In hereditary hyperparathyroidism-jaw tumour syndrome355 and 
in Perlman syndrome renal hamartomas have been documented356

. 

Wilms tumour in hereditary disorders 
Wilms tumour (nephroblastoma) is the most common renal tumour in children. 
Approximately 0.5-2.5 % of cases is familial357

-
360

. The proportion of bilateral cases 
is higher in familial than in sporadic cases (20 % versus 3 %)358

. No clear evidence 
for cancer prone families, i.e. families with an increased risk to develop cancer in 
general, was found in the French Wilms tumour study, which looked at relatives of 
501 patients360

. However, site-specific familial Wilms tumour has been reported, 
although the genetics of this presumably autosomal dominant disorder are 
unclear361

-
368

. Wilms tumour also occurs in association with Beckwith-Wiedemann 
syndrome369

, Perlman syndrome369 and Simpson-Golabi-Behmel syndrome370
, 

which can all be classified as "overgrowth" syndromes37 1
'
372

. The tumour has also 
been found in association with WAGR syndrome (Wilms tumour, Aniridia, 
Genitourinary anomalies, Retardation) and Denys-Drash syndrome371

. 

Surveillance 
Annual screening for renal cell cancer by urine testing, ultrasound and computer 
tomography is advised in VHL, from age 16-20338

·
373

. Screening is also 
recommended in familial clustering of non-VHL renal cell cancer, following the VHL 
protocol338

. The renal tumours in carriers of the Hereditary Papillary Renal Cancer 
gene (MET) can easily be missed by ultrasound screening and enhance poorly on 
CT. Screening these gene carriers with contrast-enhanced CT or MRI is therefore 
recommended374

. In HNPCC families with a positive family history of urinary tract 
cancer, screening by ultrasound and urine analysis every 1-2 years is 
recommended, starting at age 30-35335

, although excretory urography might be a 
better option375

. 
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Screening for Wilms tumours by ultrasound and urinalysis at 3-month intervals until 
age 6-7 has been recommended in Beckwith-Wiedemann syndrome, WAGR, 
Perlman, Bloom syndrome and Simpson-Golabi-Behmel syndrome371

•
376

. However, 
little is known of the effects of screening on renal cell cancer or Wilms tumour 
morbidity and mortality in the above mentioned disorders. 

2.3.7 Lung 

Relative risks 
A positive family history of lung cancer has been documented in approximately 12-
23 % of lung cancer patients377

-
379

. A (smoking-adjusted) RR of 2.4 to develop lung 
cancer in general, and an RR of 4 to develop adenocarcinoma of the lung, has 
been estimated in first-degree relatives of lung cancer patients379

•
380

. A relative risk 
of 5. 31 for offspring of lung cancer patients has been reported38 1

. Although 
differences appear to exist between risks associated with the various histological 
types of lung cancer, the studies on this subject are contradictive378

•
382

·
383

. 

Although familial clustering of lung cancer might be explained by shared exposure 
to external risk factors, particularly tobacco smoke, there are data which suggest 
that refraining from (active and passive) smoking does not normalize lung cancer 
risk in case of a positive family history. An affected first-degree relative with lung 
cancer has been shown to be associated with an RR of 6. 1. among non-smokers in 
the 40-59 year old age group, after adjusting for environmental smoke 
exposures377

. An RR (1.5) to develop the lung cancer subtype adenocarcinoma 
was found among non-smoking first-degree female relatives of lung cancer 
patients384

. However, another study did not show a significant increase of lung 
cancer risk among non-smokers with a family history of lung cancer385

. 

Genetic (segregation) analysis of smoking-associated malignancies suggest that 
Mendelian factors may influence the risk of cancers that are known to be smoking 
associated386

. In this model, approximately 15 % of the population could be 
expected to carry an allele of some gene with an increased susceptibility to 
smoking-associated cancer. These carriers were estimated to have a mean age-of
onset of approximately 22 years earlier than non-carriers386

. In contrast, twin 
studies did not indicate the existence of a strong genetic lung cancer 
predisposition 191 '387

. 
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Segregation analysis of the Louisiana lung cancer dataset supported a high-risk 
allele frequency of 2% and carriers were estimated to have an RR of 17. 3 to 
develop lung cancer388

. A genetic epidemiologic study in the families of non
smoking lung cancer probands rejected all simple Mendelian models when trying to 
explain lung cancer aggregation in these families389

. It should not come as a 
surprise that all these findings are difficult to interpret, given the fact that many 
genetic polymorphisms have been shown to be associated with differences in lung 
cancer risk which may have complex interactions with various environmental risk 
factors390-398

. 

Not only familial lung cancer, also familial mesothelioma has been reported and is 
possibly caused by an inherited increased susceptibility, in this case to asbestos 
exposure399-401

. 

Lung tumours in hereditary disorders 
Lung cancer may occur as part of Li-Fraumeni syndrome402 .4°3 (which may even 
present with multiple synchronous lung cancers404

) , idiopathic pulmonary fibrosis 
(Hamman-Rich syndrome)405 and fibrocystic pulmonary dysplasia406

. 

Lymphangioleiomyomatosis of the lung is a feature of Tuberous Sclerosis407
•
408

. 

Carcinoid tumours of the lung (and other organs) are part of the Multiple Endocrine 
Neoplasia type 1 phenotype409

. Pulmonary hamartomas have been documented in 
Cowden syndrome410

. 

Preventive options 
It has been suggested that periodic chest radiographs may be appropriate for 
individuals at high risk of lung cancer411

, but their value remains to be proven for 
this population. Chemoprevention of lung cancer is experimental 412 . Refraining 
from smoking may be especially important in the presence of a family history of 
smoking-associated tumours, including lung cancer. However, as discussed above, 
familial risk factors independent of smoking may very well exist. 

2.3.8 Nasopharynx/oropharynx/larynx 

Relative risks 
A family history of head and neck aero-digestive tract squamous cell carcinomas 
increases the risk to develop these tumours413

. Relative risks for first-degree 
relatives of patients with these tumours have been estimated between 3. 5 (affected 
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first-degree relatives in general) and 14.6 (siblings)414-41 6
. The high risks for 

siblings, compared with first-degree relatives in general, may hint at the existence 
of alleles associated with high susceptibility if they are inherited from both parents. 
This would fit the outcome of a segregation analysis of the clustering of 
nasopharyngeal carcinoma in Taiwanese families, which suggested the existence 
of such alleles417

. Tumour risk is especially elevated in relatives of patients with 
multiple primary head and neck tumours (RR 7.9)41 5

. First-degree relatives of lung 
cancer patients are at an increased risk to develop nasal cavity/sinus, mid-ear and 
laryngeal cancer (RR 4.6)418

. An excess mortality from cancers of the larynx has 
been documented in first-degree relatives of breast cancer patients (standardized 
mortality ratio 177 %)325

. 

Head and neck cancer in hereditary disorders 
Head and neck cancer has been found in 18 % of patients with Bloom 
syndrome419

. It is also part of the phenotypes of Congenital Dyskeratosis203 

(including Keratitis lchthyosis Deafness (KID) syndrome which is associated with 
tongue cancer420

) , Fanconi anaemia202
, recessive Dystrophic Epidermolysis 

Bullosa421 and Xeroderma Pigmentosum (especially of the tongue)422
. 

Preventive options 
Especially in patients with Bloom syndrome, Congenital Dyskeratosis and 
Xeroderma Pigmentosum, where risks of head and neck cancer are relatively high, 
screening for these tumours might be warranted. Screening upper endoscopy in a 
larger group of individuals at risk has also been proposed423

. However, data on the 
clinical impact of head and neck cancer screening in the mentioned hereditary 
disorders or general population are lacking. Chemoprevention, using retinoids, is 
still experimental, and has not yet been specifically aimed at individuals with high 
genetic risks424

'
425

. 

2.3.9 Ovary 

Relative and life-time risks 
A family history of ovarian cancer has been documented in 1-7 % of patients with 
this tumour426-428

. The estimations of the proportion of hereditary cases range 
between less than 1 % and up to 20 % 4 .425 .429-43 1

, with most references favouring 
the range of 5-1 O %. First-degree relatives of ovarian cancer patients have an RR 
of developing this tumour of approximately 3-5240 .428.432-435

_ 
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The risk to mothers (RR 1. 1) is lower than those to sisters (RR 3.8) and daughters 
(RR 6.0) of affected women436. Second degree relatives have an RR of 2-3, and 
third degree relatives of affected patients have an RR of approximately 1. 5 to 
develop ovarian cancer430 .434 _ 

Among Jewish women, who have been reported to be more likely than non-Jewish 
women to carry mutations in the hereditary breast-ovarian cancer genes BRCA 1 
and 2, the relative risk for first-degree relatives of affected women is higher: 8.8437. 
A cumulative life-time risk of developing ovarian cancer of 3-6 % has been 
estimated for first-degree relatives and 4-5% for second degree relatives426.436. 
More specifically, the risk for daughters is approximately 7% and for sisters of an 
affected woman is approximately 5 % 436. Additional affected relatives increase the 
risk: having two affected first-degree relatives is associated with a risk of 
approximately 20 % 438. 

A decrease in age at diagnosis in the index case is associated with an increase in 
risk428·432. However, this trend has not been observed in all studies429.439. One 
study, which tried to correct for ascertainment bias due to self-referral, indicated a 
decrease in age at diagnosis from generation to generation (known as 
'anticipation') in families with ovarian cancer440. Having a first-degree relative with 
cancer of any of the following organs is associated with an increased ovarian 
cancer risk: endometrium (RR 1.9)430, pancreas (RR 2.9)430 or breast (1.6-1. 7)324 ·430 

colon and rectum (RR 1. 1-3)430.44 1 , prostate (RR 5.8)441 , lung (RR 3.4)441 or lip (RR 
1.9)49. Granulosa cell tumours appear to be strongly associated with a family 
history of breast (RR 17.4) or uterine cancer (RR 16.8)430. Compared with breast 
cancer, bilaterality of ovarian cancer is probably not as strong an indicator of 
genetic predisposition442. 

Histology of familial and hereditary ovarian cancer 
All histological types of ovarian tumours have been observed in familial 
clusters443-446. However in familial ovarian cancer, serous cystadenocarcinomas are 
over-represented and mucinous adenocarcinomas are under-represented 
compared with sporadic cases429'443 '447. Some studies have indicated an 
association between a family history of breast, endometrial cancer or bone cancer 
and the occurrence of, in particular, endometrioid ovarian cancer430 .448Whether a 
family history of borderline ovarian cancer is a risk factor for ovarian cancer is as 
yet u nclear42s,443 ,449,45o. 
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Hereditary ovarian cancer 

Ovarian cancer may occur in a number of hereditary disorders. The most frequent 
of these is Hereditary Breast-Ovarian Cancer. This syndrome is often clinically 
defined as the presence of at least 3 cases of breast and/or ovarian cancer in at 
least two successive generations, with one affected relative being a first-degree 
relative of the other two ( or a second degree relative in case of the apparent 
transmission of the gene through the paternal line). 

In 80 % of (breast-)ovarian cancer families meeting these criteria, germline 
mutations in the BRCA 1 gene are present69•70

•
1 20. The proportion of ovarian cancer 

due to germline BRCA 1 mutations is estimated at 4.4-5 % in general451-453 and 5. 7 
% below age 40 at diagnosis, 4.6 % between ages 40 and 49, and 2. 1 % between 
ages 50 and 70 at diagnosis87

. Women in Hereditary Breast-Ovarian Cancer 
families carrying a mutant BRCA 1 gene were initially estimated to have average 
cumulative risks of developing ovarian cancer of below 1 % by age 40 and 
approximately 63% by age 7020

. However, there is significant evidence of 
heterogeneity with regard to this risk and it may be considerably lower in women 
ascertained through families with relatively little cases of breast and ovarian 
cancer1 23A52

_ This complicates counselling. Estimates of cumulative ovarian cancer 
risk by age 70 now range from 16 % to 63 % (borders of the 95 % confidence 
intervals range from 6 % to 80 %) for BRCA120

•
23

'
1 1 8  and 27 %(95 % confidence 

interval ranges from O % to 47 %) for BRCAi 20
. In BRCA1 mutation carriers, the 

risk of ovarian cancer decreases with increasing age at last childbirth and, contrary 
to sporadic ovarian cancer, increases significantly with increasing parity454

. As 
mentioned above, mucinous ovarian cancer is under-represented in familial 
ovarian cancer in general and the same appears to be true for BRCA 1-associated 
ovarian cancer455

. Borderline ovarian cancer also appears to be relatively 
under-represented in BRCA 1 mutation carriers and is therefore a poor indicator of 
the presence of a germ line BRCA 1 or BRCA2 mutation452A55-459

_ 

In approximately 10-14 % of Hereditary Breast-Ovarian Cancer cases, BRCA2 
gene mutations are present1 20 .460

, which confer a risk of ovarian cancer of 0 .4 % by 
age 50 and 27 % by age 70120 .460

. 

It remains to be seen whether a clinically important association between 
ovarian cancer risk and the type of BRCA1 or BRCA2 mutation exists 123-1 25_ 

Recent data show that, as compared with sporadic ovarian cancer cases, ovarian 
cancer associated with BRCA 1 or 2 germ line mutations may have a more 
favourable clinical course461 .462

. 
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However, the opposite has also been reported 463
-
465

. Obviously, prospective 
studies in well defined cohorts are needed to settle this issue. 

Ovarian tumours also occur in families with hereditary non-polyposis colorectal 
cancer334

, Peutz-Jeghers syndrome (mainly sex cord tumours with annular tubules 
(SCAT), and cystadenomas)466

, basal cell nevus (Gorlin) syndrome (mainly 
fibromas and fibrosarcomas)7

, ataxia telangiectasia (gonadoblastoma, 
dysgerminoma, fibroadenoma)467

, Frasier syndrome468 and Denys Drash 
syndrome469 (in both cases gonadoblastomas). 

Surveillance in familial and hereditary ovarian cancer 
Screening for ovarian cancer in women with an increased risk of developing 
ovarian cancer, based on family history and/or the proven presence of certain 
germline mutations, has been performed, usually starting at age 30-35, often by 
yearly transvaginal ultrasonography and serum CA-125 measurement, and 
sometimes combined with colour Doppler imaging 470-475

. Although the yield of 
such screening may be higher than in the general population, it is presently unclear 
whether these women actually benefit from it476

. 

Prophylactic surgery 
Prophylactic oophorectomy should be considered in high-risk women426·477

-
479

. 

Given the low risks to develop ovarian cancer before the age of 35-40, this 
procedure is often performed after this age. Unfortunately, an increased risk of 
peritoneal carcinoma remains after surgery 480-484

. This risk has been estimated 
between 2 to 11 %, but the precise risks are unknown, in particular for the 
subgroups of patients with or without proven germline mutations in BRCA 1480 .482

. 

Schrag et al.1 78 calculated, using available estimates of ovarian cancer risk and 
effects of prophylactic surgery, that 30-year-old women who carry BRCA 1 or 
BRCA2 mutations gain 0. 17-1.7 years of life-expectancy from prophylactic 
oophorectomy, which could be delayed until age 40 with little loss of life 
expectancy. However, gain in life expectancy is not the same as gain in quality
adjusted life years and that fact should be considered in the decision analysis 
too 1 79· 1 80

. With respect to chemoprevention, the use of hormonal contraceptives 
have been reported to lower ovarian cancer risk in the general population485 as well 
as in a cohort of women with BRCA 1 or BRCA2 germ line mutations 486

. The latter 
findings need to be confirmed and the potential adverse effect of oral contraceptive 
use on breast cancer risk needs to be addressed487

. 
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2.3.10 Pancreas 

Relative risks 
There are a number of reports of fami l ial clustering of pancreatic cancer488-490 . I n  a 
series of 81  pancreatic cancer patients, 7 (9 %) had a fam ily h istory of pancreatic 
cancer491 . F irst-degree relatives of patients with pancreatic cancer were shown to 
have an RR ranging from 1 to 5.3 to develop this tumour489 ·492.493 . Pancreatic 
cancer risk was also increased for mothers of daughters with borderl ine ovarian 
cancer (RR 4 .9)  1 94 and for male first-degree relatives of breast cancer patients (RR 
1 .7)494 _ 

Pancreatic cancer in hereditary disorders 
Germ line mutations may play a sign ificant role in perhaps 5 % of the total 
pancreatic cancer burden488. Possibly site-specific hereditary pancreatic cancer 
exists and in some of these fami l ies insul in dependent d iabetes mel l itus may act as 
a marker for pancreatic cancer488.495-497_ Pancreatic adenocarcinomas may develop 
as part of a number of hereditary d isorders488'489.498'499 : hered itary non-polyposis 
colorecta l cancer, juven i le polyposis, hereditary breast-ovarian cancer (BRCA2 
type), fam il ial atypical multiple mole melanoma syndrome, von H ippel-L indau 
d isease, Li-Fraumeni syndrome, hereditary pancreatitis and cystic fibrosis499 . 
Germ line BRCA2 mutations have been detected in pancreatic cancer patients 
without a fami ly h istory suggestive of hereditary breast (ovarian) cancer (see 
section 2 . 3 .2)500 ·501 . In multiple endocrine neoplasia type 1 as wel l  as in van H ippel
Lindau d isease, endocrine pancreatic tumours occur502 ·503 . 

Preventive options 
I n  members of fam i l ies with a striking clustering of pancreatic cancer (possib ly 
hered itary pancreatic cancer) Lynch et al.488 recommend the fol lowing d iagnostic 
approach : yearly biochemical screening (alkal ine phosphatase, amylase, l ipase, 
carcinoembryonic antigen ,  CA-1 9-9) and abdominal CT scan.  At the mean age of 
pancreatic cancer development in the h igh-risk fami ly, endoscopic u ltrasonography 
and endoscopic retrograde cholang iopancreatography for cytology and biomarker 
(K-ras) analysis are recommended . Ages at which to start or to end screen ing are 
not specified in their gu idel ine. Prophylactic pancreatectomy has been performed 
in a few cases490 .497_ The value of screening and prophylactic surgery in h igh-risk 
fami l ies is as yet unknown. 
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2.3.11 Prostate 

Relative risks 
Prostate cancer is familial in approximately 15-20 % of cases504

·
505

. A family history 
of prostate cancer is an established risk factor for this tumour506-51 1

. Sons of an 
affected father have been shown to have RR's of developing this tumour ranging 
from 1.2 to 3.8, and RR's for men having an affected brother range from 1.9 to 4. 7 
1 92 •242 •505•5 1 2-520

. Additional affected relatives further increase this relative risk, which 
may be as high as 11 in the presence of 4 affected relatives512

'
521

. A relatively 
young age at diagnosis in first-degree relatives is another risk modifier: age 45-49 
is associated with an RR of 3.18-16.6242

·
520

, 50-54 with an RR 2.6-3.5242
·
520

1 0-60 
with RR 5.3517

1. 0-65 with RR 5.9192
, and 0-70 with RR 2.3-3.4242 •522

. 

Monozygotic twins of prostate cancer patients have been shown in the Swedish 
twin study to have a 6-fold risk to develop prostate cancer compared with dizygotic 
twins 191•523

. These difference in concordance were confirmed by the American 
NAS-NRC Twin Registry524 and support the notion of a hereditary prostate cancer 
predisposition. 

According to some studies, having a first-degree relative with breast cancer also 
increases the risk for prostate cancer (RR 1.2-1.3)494

'
525

1 however, this has not 
been confirmed by others47

. Possibly these differences are due to different 
frequencies of BRCA 1 or BRCA2 mutations (see below) in the families included in 
these studies. 

Hereditary prostate cancer 
Based on the study of families with a striking clustering of prostate cancer, it has 
been proposed that a subset of families exists with a strong hereditary 
predisposition to develop his tumour526

·
527

. The name hereditary prostate cancer 
(HPC) has been coined to refer to this condition526

. The HPC gene is postulated to 
be responsible for 43 % of all prostate cancer cases diagnosed before the age of 
65 and for 9 % of cases before the age of 86526

. Its predisposing alleles would 
confer a cumulative risk of developing prostate cancer of approximately 90 % at 
age 86526•528

1 although a lifetime penetrance of 63 % has been suggested by 
another segregation analysis529

. HPC gene loci have been mapped to chromosome 
1 (HPC1 locus) 530 and to the X-chromosome531

, and await further identification. 



Familial and Hereditary Cancer: a review 65 

Natural history of familial and hereditary prostate cancer 
Kupelian et al. 532

·
533 as well as Rodriguez et al. 534 reported that familial prostate 

cancer, defined as a patient plus a first-degree affected relative, generally has a 
more aggressive course than non-familial prostate cancer. In  contrast, Hanus et al. 
did not observe any such difference535

'
536

. The genetic heterogeneity in the groups 
of patients included in these studies is probably larger than in the group fulfilling 
the more stringent criteria of hereditary prostate cancer. Gronberg et al. 536 

compared sporadic, familial and hereditary prostate cancer cases and could not 
detect any differences in survival between them. 

Some clinical/pathological parameters may nevertheless be different in H PC 
families: relatively early age of onset and lower Gleason scores have been 
documented537

-
540

. In the subset of HPC families linked to the H PC1 locus on 
chromosome 1, younger age at diagnosis was confirmed, but higher-grade 
tumours and more advanced-stage disease were also observed541

. Possibly 
different genetic subsets of HPC are associated with different clinical appearance 
and behaviour. 

Prostate cancer and hereditary breast-ovarian cancer 
Increased prostate cancer risks are also found in hereditary breast (-ovarian) 
Cancer families, associated with BRCA 1 germ line mutations (RR of 3, not typically 
early-onset types}23

. Germline BRCA1 mutations may also be present in prostate 
cancer patients without a strong family history of breast and or ovarian cancer542

. 

Prostate cancer has also been reported in families with mutant BRCA2 genes 543
, 

however, whether prostate cancer risk is significantly increased in males with 
mutant BRCA2 genes is presently unknown. 

Preventive options 
Several screening protocols have been devised for men with a strong family history 
of prostate cancer. Generally, these include annual to biannual screening for 
prostate cancer, starting at the age of 40-50 with determination of serum PSA 
levels, digital rectal examination, followed by ultrasound studies and biopsies in the 
case of abnormal results 509

•
512

•
5 13

'
537

'
541

'
544

-
548

. It is presently unknown whether this 
type of screening is actually beneficial to this specific population. This also applies 
to male carriers of BRCA 1 mutations 172. Chemoprevention of prostate cancer by 
the use of finasteride (a 5a-reductase inhibitor) is presently being studied549

•
550

. 
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2.3.1 2 Skin, melanoma 

Relative risks 
Approximately 5-10 % of melanoma cases are familial and a family history of 
melanoma is an established risk factor for the development of this tumour55 1·552 . 

Some of the other known risk factors, as for example pigment traits, have a genetic 
background and this may also be true for the number of melanocytic nevi551·553·554

. 

These risk factors may contribute to melanoma clustering in families552·
555

. 

However, the study by Ford et af
56 failed to show a relationship between family 

history of melanoma and number of nevi, pigment traits and freckling. First-degree 
relatives of melanoma patients have an RR of approximately 2 to develop this 
tumour49

·
556

·
557 and this is even higher in first-degree relatives of cases diagnosed 

before the age of 50 (RR 6.5)49
. 

Hereditary melanoma 
Melanoma and multiple atypical nevi are characteristic findings in the familial 
atypical multiple mole melanoma syndrome (FAMMM, also called familial 
dysplastic nevus syndrome), an autosomal dominant disorder which is genetically 
heterogeneous557-

560
. Although dysplastic nevi and melanomas have been reported 

to cluster within the same families and patients561
, familial melanoma may occur in 

the absence of dysplastic nevi. Including dysplastic nevi as an indicator for 
hereditary melanoma has confused genetic analysis557 ·562. It has been suggested 
to drop the term 'dysplastic nevus' altogether and redefine this lesion, naming it 
'nevus with architectural disorder'563

. 

Two genes associated with FAMMM, CDKN2A and (probably only in rare cases) 
CDK4, have been isolated so far562'

564
'
565

. Other FAMMM genes, e.g. on 
chromosome 1 p36, remain to be identified. Germ line CDKN2A mutations have 
been detected in approximately one fourth of melanoma-prone kindreds (two or 
more affected first-degree relatives) from the USA, Australia and Europe566

. The 
cumulative risk to develop melanomas in FAMMM gene carriers have been 
estimated at approximately 50 % at age 80567

. At age 40 it is 20-70 %, depending 
on the birth cohort. Gene carriers born after 1940 have been attributed the highest 
risk568

, although the calculations have been questioned569
. 

An increased risk to develop melanomas also been documented in patients with 
xeroderma pigmentosum(XP)422 , hereditary retinoblastoma570

, oculocutaneous 
albinism5 71 and Werner syndrome572. 
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Preventive options 
Periodical dermatological examination in patients with FAMMM and their first
degree relatives is recommended and the same applies to XP patients 563

. 

Although a sun-protective regiment (including topical sunscreens) may help to 
reduce the risk of melanomas and is therefore advised563

, the occurrence in 
FAMMM patients of melanomas in body parts not regularly exposed to sunlight, will 
obviously not be influenced by this strategy. Oral administration of isotretinoin has 
been used experimentally as chemoprevention for skin cancer in XP patients, but it 
is unclear whether this reduces melanoma risk in these patients, while serious 
side-effects (including teratogenic ones) exist 573

·
574

. 

2.3.13 Skin, non-melanoma 

Relative risks 
The influence of a family history of skin cancer on basal cell skin cancer risk is 
controversial. Two studies could not demonstrate a familial risk factor575

·
576

. 

However, Wallberg et al. 577 found a history of skin cancer (in general) among 
siblings and/or parents to be the strongest (RR 10.9) of twelve tested potential risk 
factors. The authors could not explain this risk by correcting for hereditary 
pigmentary characteristics, as for example skin type, eye and hair colour, which 
are known to be associated with melanoma as well as non-melanoma skin cancer 
risk578

. Hogan et a/.579 also found that a family history of skin cancer was 
associated with an increased risk to develop basal cell skin cancer (RR 1.22). In 
their series of 538 patients and matched controls, they also observed a significantly 
lower age at diagnosis in patients with a family history of skin cancer compared 
with those who did not. For squamous cell skin cancer, a positive family history of 
skin cancer (in general) may also increase risk, as has been observed by Hogan et 
al. 580 and Gamble et al. 581 (RR 2.3). 

Skin cancer in hereditary disorders 
Basal cell cancer of the skin is associated with a number of hereditary disorders, 
including basal cell nevus syndrome (Gorlin syndrome/, xeroderma 
pigmentosum422

, oculocutaneous albinism571
, ectodermal dysplasia (including 

Rothmund-Thomson syndrome582) , Bazex syndrome583
, ataxia telangiectasia467

, 

Bloom syndrome201 and Rambo syndrome584
. 
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Squamous cell carcinomas of the skin have also been found in several hereditary 
conditions, including Bloom syndrome (although less frequently than basal cell 
carcinomas)201

, Huriez syndrome585
, congenital dyskeratosis586

, ectodermal 
dysplasia (including keratitis-ichthyosis-deafness (KI D) syndrome587

·
588

, multiple 
self-healing squamous epitheliomata (ESS1 )589

, epidermolysis bullosa 
(dystrophic590 as well as generalized atrophic benign type591) , porokeratosis of 
Mibelli592 and oculocutaneous albinism571

. 

Sebaceous carcinomas, adenomas, epitheliomas and keratoacanthomas are 
typical for Muir-Torre syndrome59\an HNPCC variant). Cutaneous cylindromas, 
which may show malignant transformation are found in familial (cutaneous) 
cylindromatosis594·595

. A number of genodermatoses feature benign skin tumours, 
including Cowden syndrome (trichilemmomas)596

, neurofibromatosis type 1 
(neurofibromas)597

, tuberous sclerosis (angiofibromas)598 and blue rubber bleb 
nevus syndrome (haemangioma)599

. 

Preventive options 
Screening for skin cancer by self-examination and skin inspection by the physician 
is regularly performed in a number of the above mentioned disorders, including 
xeroderma pigmentosum and basal cell nevus syndrome and seem appropriate for 
all hereditary disorders with a significant increase in skin cancer risk. However, the 
precise clinical impact of screening for skin cancer and the preventive use of sun 
blocks in individuals with a hereditary predisposition is as yet unknown. As 
mentioned in section 2.3.12, oral administration of isotretinoin has been used 
experimentally as chemoprevention for skin cancer in XP patients573·574

, but serious 
side-effects (including teratogenic effects) exist. Oral isotretinoin as well as oral 
retinol have been reported to have no protective effect on subjects who are at a 
high risk to develop additional skin cancer because of a prior history of multiple 
skin cancer600

. 
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2.3.14 Stomach 

Relative risks 
A fami ly h istory of stomach cancer is present in approximately 1 0-1 5 % of stomach 
cancer cases601-603 and is an establ ished risk factor for th is tumour604

. Depend ing 
on the number and degree of affected relatives, RR's have been estimated rang ing 
from 1 . 5 (one affected first-degree relative) to 7 .0 (unspecified fami ly h istory of 
d iffuse type stomach cancer)601 ·605-608

. An association has been suggested between 
a fam ily h istory of stomach cancer and increased risk of advanced stomach cancer 
(RR 2.6)609 as wel l as mu ltifocal stomach cancer (RR 2. 1 in  case of 1 first-degree 
affected relative, and RR 5. 1 in case of more than 1 affected first-degree 
relatives)610

. The risk of developing stomach cancer is increased in first-degree 
relatives of patients with Ewing's sarcoma (RR 2)612

, breast cancer (RR 1 .2)494
, 

ovarian cancer (RR 3 .7)240 and bra in/central nervous system cancer (RR 1 .9)49
. 

Hel icobacter pylori infection is associated with stomach cancer604
. Seropositivity for 

this microorganism has been found in association with a fami ly h istory of stomach 
ulcers and stomach cancer61 1

. Genetic factors may i nfluence susceptib i l ity to 
Hel icobacter pylori i nfection and thus indirectly stomach cancer risk.  

Hereditary gastric cancer 
Hered itary d iffuse type stomach cancer, associated with germl ine mutations i n  the 
E-cadherin gene has been observed in New Zealand's Maori fami l ies61 3 as wel l  as 
in European/Caucasian fami l ies614

'
61 5

. As much as 8 % of the total stomach cancer 
burden has been attributed to Famil ial Adenomatous Polyposis (FAP)61 6

. However, 
contrary to Japanese and Korean FAP patients, stomach cancer risk is not 
sign ificantly increased in Western-European FAP patients 1 0

, which might be due to 
d ifferences in environmental ( dietary) risk factors. Stomach cancer is part of 
hered itary non-polyposis colorectal cancer (HNPCC)247

'
334

'
61 7

, especial ly in the 
older generations. 

M icrosatel l ite instabi l ity, a common tumour feature of HNPCC (see 3.4. ) ,  has been 
detected more frequently in fami l ial stomach cancer than in sporadic cases61 8-620

, 

suggesting the possibi l ity of germl ine mutations in mismatch repair genes. 
However, not all stud ies support this association621

. 

Stomach cancer has a lso been reported in patients with ataxia telang iectasia467
, 

Peutz-Jeghers syndrome 1 95
, juveni le polyposis498

, Bloom syndrome201
, Fanconi  

anaemia202
, common variable immune deficiency622

, lgA deficiency623
. 
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Germline mutations in the hereditary breast cancer gene BRCA2 (see section 
2. 3.2.) may be associated with stomach cancer97

. A rare case of familial gastric 
lymphoma has also been reported624

. In general, gastric non-Hodgkin lymphoma is 
more likely to occur in individuals with a family history of gastric cancer (RR 18) 
which hints at shared etiological factors (e.g. H.pylori infection ?)625 

Surveillance 
Periodic gastroscopy and checking for (and treatment of) Helicobacter pylori 
infection could be considered in families with a strong history of gastric cancer, 
although its preventive effect in these families is as yet unknown. In HNPCC 
families with a history of stomach cancer, gastroscopy is recommended every 1-2 
years, starting at the age of 30-35335

. Upper gastrointestinal endoscopy is advised 
in FAP patients every three years, starting at age 2510

. 

However, in Western-European patients this is mainly performed because of the 
risk of duodenal cancer. Upper gastrointestinal endoscopy is also recommended 
every 3-5 years in patients with Juvenile Polyposis317 and every two years in 
patients with Peutz-Jeghers syndrome205

. The benefit of screening for stomach 
cancer in these disorders has yet to be proven. 



Table 1 .  Human cancer syndromes and selected other hereditary disorders with increased cancer risk 

Disorder [synonym] (inheritance)'•ferances 

Ataxia Telangiectasia [Louis-Bar syndrome] 
(AR)◄67,649,

650 

Bannayan-Riley-Ruvalcaba syndrome (AD )651 •652 

Basal Cell Nevus syndrome [Gorlin syndrome] 
(AD)6s3 

Bazex's syndrome (XL)583 

Gene(s) 

ATM 

PTEN 

PTCH 

Xq24-27 

Tumours 

HD, NHL, leukaemia (ALL, CLL), cancer of the 
breast, stomach, liver,Taiynx, ovary, parotid 
gland, skin, thyroid, astrocytoma. 

hamartous polyps in ileum and colon, lipoma, 
haemang1oma 

basal cell skin cancer, ovarian and cardiac 
f1broma, meduiiobiasfoma 

basal cell skin cancer 

Additional features & remarks 

cerebellar ataxia, oculocutane
ous telangiectasia, skin hyper 
(cafe au lait spots) / hypopigme
ntation, immunodeficiency, 
increased serum AFP, increased 
radiosensitivity, increased 
chromosomal breakage 

high birth weight, hypotonia, 
gross motor delay, mental defi
ciency, epilepsy, lipid storage 
myopathy of proximal muscles, 
macrocephaly, facial/oral 
papules, prominent corneal 
nerves, pigmented macules on 
glans and shaft of penis, vulvar 
lentigines, joint hyperextensibility, 
pectus excavatum, scoliosis, 
variant of Cowden disease. 

palmo/plantar pits, calcification of 
falx cerebri, macrocephaly, jaw 
cysts, frontoparietal bossing, 
broad nasal bridge, high arched 
palate, epidermal cysts, rib 
anomalies, vertebral anomalies, 
pectus excavatum/carinatum, 
prognathism, sloping shoulders, 
increased skin radiosensitivity 

follicular atrophoderma ('ice pick 
marks'), hypotrichosis, milia, 
facial hyperpigmentation, hair 
shaft dystrophy 
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Beckwith-Wiedemann syndrome 
(spor., AD}654

-6
56 

Bloom syndrome (AR)201.ss1 

Blue Rubber Bleb Nevus syndrome (AD)599 

Carney complex (AD)sse-sso 

Common Variable Immunodeficiency [Common 
Variable Hypogammaglobulinaemia, Late-onset 
lmmunoglobulin deficiency] 
(AR,AD?,XL ?,spor}622·661 

1 1 p1 5, 
p57kip2, 

SLM 

? 

2p1 6, 
? 

? 

Wilms tumour, hepatoblastoma, adrenal cancer, 
pancreafobiastoma 

NHL, basal cell skin cancer, ALL, AML, cancer of 
the cervix, breast, larynx, oropharynx, stomach 

gastrointestinal polypoid haemangiomas, 
haemangiomatous cutaneous nevi = 'blue rubber 
blebs', haemang1omas m : liver, lungs, spleen, 
subcutaneous tissue, joint capsules 

psammomatous melanotic schwannoma, 
myxoma of breast, skin and heart, breast ductal 
adenoma, Sertoh or Leyd1g cell tumour testis, 
thyroid cancer, uterine leiomyoma 

NHL, stomach cancer, CLL 

macroglossia, gigantism, 
omphalocele, umbilical hernia 
hemihypertrophy, ear-lobe 
grooves, circular indentations on 
posterior rim of helix, craniofacial 
dysmorphisms, flame nevus, 
transitory hypoglycaemia, 
congenital heart defects, skeletal 
anomalies 

immunodeficiency, deficient 
growth, UV hypersensitivity, skin 
hyperpigmentation [including 
cafe au lait spots], 
hypopigmentation, long small 
facies with prominent nose and 
small mandible, intelligence 
varying from normal to severely 
retarded 

spotty pigmentation (lentiginosis) 
on skin and mucosa, pigmented 
nodular adrenocortical disease 
(Cushing disease) 

hypogammaglobulinaemia, 
immunodeficiency 
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Congenital Dyskeratosis [Zinsser-Engman-Cole DKC 1 ,  squamous cell cancer of oro/nasopharynx, bone marrow failure, mucosa! 
syndrome, Dyskeratosis Congenital ? oesophagus, cervix and skin leucoplakia, reticulated skin 
(XL,AD,AR)203·662 pigmentation, nail dystrophy, ..,., 

blepharitis, developmental delay, Q) 

hyperhidrosis, hyperkeratosis, 
this entry summarises a group of � 
disorders. Q) 

:::i 

Cowden syndrome [Multiple hamartoma PTEN multiple facial trichilemmomas, cancer and oral papules, macrocephaly, Q. 

::r: syndrome, incl . Lhermitte-Duclos disease] fiamailomas of Ifie 6reasl, gaslromleslmal and palmoplantar hyperkeratosis and Cl) 
(AD)s96.663 urinary lrad fiamarlomas, lipomas, non- pits, fibrocystic breast disease aJ 

medullary lhyro1d cancer, ovarian tumor, uterine Q. 

leiomyomas, skin haemangiomas s 
� 

Cystic Fibrosis (AR)664
-666 CFTR digestive tract cancer (ileal adenocarcinoma, pancreatic fibrosis, lung 

Q) pancreatic adenocarcinoma) emphysema, vas deferens :::i 
aplasia, biliary cirrhosis, 
meconium ileus :-: 

Q) 

Denys-Drash syndrome (de novo)667 WT1 Wilms tumour, gonadoblastoma ambiguous genitals, nephropathy I aJ 
�-
� 

I 
Ectodermal dysplasia (XL,AD,AR)668 * cancer of the cervix and skin (basal, squamous anomalies of hair, teeth, nails 

and Merckel cell type) and skin (including sweat 
glands), 
this entry summarises a group of 
disorders 

Epidermolysis Bullosa, Dystrophic Recessive COL7A1 squamous cell skin cancer, oesophageal cancer, blistering of skin and mucosa 
[Hallopeau-Siemens type DEB, RDEB] (AR)590 oropharyngeal cancer (eyes, oropharynx, oesophagus, 

anus) 

Epidermolysis Bullosa, Dystrophic Dominant COL7A1 squamous cell skin cancer blistering of skin and intraoral 
[Passini type DEB, DDEB]669·670 mucosa 

Epidermolysis Bullosa, Generalised Atrophic COL1 7A1 squamous cell skin cancer skin blistering, dystrophic nails, 
Benign [GABEB)591 •671 {AR) enamel defects 

-....J w 



Familial Adenomatous Polyposis [incl. Attenuated 
FAP, Gardner syndrome and Hereditary Desmoid 
disease] (AD}10 

Familial Atypical Multiple Mole Melanoma syn
drome (Familial Dysplastic Nevus syndrome} 
(AD)s12 

Familial Cylindromatosis (AD)595 

Familial Gastrointestinal Stromal Tumours (AD)673 

Familial Giant Hyperplastic Polyposis (AD)674 

Familial Non-Medullary Thyroid Cancer [FNMTC, 
incl. Familial Thyroid Tumours with Cell Oxyphilia] 
(AD ?)s1s-s11 

Familial non-VHL non-papillary clear-cell renal 
cancer (AD)346 

Familial Wilms tumour {AD)362 

APC 

CDKN2A, 
CDK4, 
1 p36 

1 6q 1 2- 1 3  

KIT 

? 

9p1 3.2, ? 

? 

WT1 , 
1 7q 1 2-q21 , 
1 9q1 3 

gastrointestinal adenomatous polyps and cancer, 
desmo1ds, osteomas, hepatoblastoma, brain 
tumours, papillary thyroid cancer 

cutaneous malignant melanoma, pancreatic 
cancer, uveal melanoma 

skin (malignant) cylindromas, trichoepithelioma, 
eccnne sp1roadenomas 

gastrointestinal stromal tumours, 

hyperplastic polyps, adenomas and carcinoma of 
the colon and rectum 

non-medullary thyroid cancer 

non-papillary clear-cell renal cancer 

Wilms tumour 

congenital hyperplasia of the 
retinal pigment epithelium 
{CHRPE}, dental abnormalities, 
sebaceous cysts, epidermoid 
cysts 

atypical/dysplastic nevi 

perinea! skin hyperpigmentation 

status as separate hereditary 
disorder unclear 

multinodular goitre 
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Fanconi Anaemia (AR)202 FANCA, AML, hepatocellular adenomas and cancer, pancytopenia, myelodysplastic 
FANCC, oropharyngeal cancer, oesophageal cancer, syndrome, persistent fetal 
FANCG, gastric cancer, breast cancer, vulvar and cervical haemoglobin, increased .,, 3p22, cancer, astrocytoma, medulloblastoma chromosomal breakage, mental Q) 
? retardation, growth retardation, 3 

microcephaly, skeletal (radius) � malformations, renal and ocular Q) anomalies, cafe au lait spots ::::i 
Q. 

Fibrocystic Pulmonary Dysplasia (AD)406
-
678 ? lung cancer lung fibrosis, CD 

this condition is possibly identical 
to Idiopathic Pulmonary Fibrosis. Q. 

� 
Frasier syndrome (spar) WT1 ovarian gonadoblastoma ambiguous external genitals in � 

46,XY individuals 
Q) 
::::i 

Hereditary Breast-Ovarian Cancer (AD)679·680 BRCA1 , breast, ovarian, prostate, colon and pancreatic 
CD BRCA2, cancer :-, 

? Q) 

Hereditary Gastric Cancer (AD)613 diffuse type gastric cancer 

I 
ci3 ECAD �-

Hereditary Mixed Polyposis syndrome(AD)681 6q hamartomas,adenomas, hyperplastic polyps and � 
cancer of the large bowel. Status as separate 
hereditary disorder unclear 

Hereditary Non-Polyposis Colorectal Cancer hMLH 1 , colorectal, endometrial, ovarian, gastric, 
[HNPCC, Lynch syndrome) (AD)682 hMSH2, duodenal, renal pyelum/ureter and hepatobiliary 

hPMS1 , tract cancer, glioma 
hPMS2, 
hMSH6, ? 

Hereditary Pancreatitis (AD)683 TRYP1 , ? pancreatic cancer pancreatitis 

Hereditary Papillary Renal Cell Carcinoma (AD}350 MET papillary renal cell cancer 

Hereditary Prostate Cancer (AD)537 1 q24-25, prostate cancer --..J 
0, 

Xq27-28 



Hereditary Retinoblastoma (AD)684 

Huriez syndrome (AD)685 

Hyperparathyroidism-jaw tumour 
syndrome(AD )355·686 

Idiopathic Pulmonary Fibrosis [Hamann-Rich 
syndrome] (AD)405·406 

lmmunoglobulin A deficiency (AD, ?)523,6e7,688 

Juvenile Polyposis (AD)317 

Rb1 

4q28-31 

1 q21 -31 

? 

? 

SMAD4 
PTEN 

retinoblastoma, osteosarcoma, soft tissue 
sarcoma, melanoma, lipoma 

squamous cell skin cancer 

parathyroid adenoma/cancer, fibro-osseous 
max1liar/mand1bular tumours, renal hamartomas 

lung cancer 

gastric cancer 

gastrointestinal hamartous polyps, colorectal, 
gastric, small bowel and pancreahc""c'aiicer 

scleroatrophic and keratotic 
dermatosis of the limbs, 
hypoplastic nails ,  
although an increased bowel 
cancer risk has been suggested, 
this is controversial685 

hyperparathyroidism, renal cysts, 
there is an overlap with Familial 
Isolated Hyperparathyroidism 

lung fibrosis, 
possibly identical to Fibrocystic 
Pulmonary Dysplasia 

selective lgA deficiency, 
immunodeficiency 

wide range, including: pulmonary 
AV-fistula, macrocephaly, cleft 
lip/palate, urogenital 
abnormalities, congenital heart 
disease, malrotation of the gut; 
heterogenous group of disorders 
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Keratitis-lchthyosis-Deafness syndrome [KID] ? squamous cell skin cancer, oropharyngeal erythrokeratoderma, 
(AD)420 (tongue) cancer vascularising keratitis, 

palmoplantar hyperkeratosis, 

I 
..,, 

alopecia, hypohidrosis, Q) 
neurosensory deafness 

Li-Fraumeni syndrome [LFS, Sarcoma-Breast- TP53 soft-tissue and bone sarcomas, breast cancer, I Q) 
::) 

Leukemia-Adrenal cancer syndrome, SBLA] brain tumours (mainly astrocytoma), lung, Q_ 

(AD)402,403 adrenocort1cal cancer, ALL, HD CD 
� 

Muir-Torre syndrome (AD)593·689 hMSH2, sebaceous adenoma / epithelioma/ carcinoma, variant of HNPCC 

I 
'< 

hMLH1 , ?  keratoacanthoma, internal malignancies including () 
colorectal cancer Q) 

::) 

CD 

Multiple Endocrine Neoplasia, type 1 [MEN1 ,  MEN1 pituitary adenomas, parathyroid adenoma, hyperparathyroidism Q) 

Wermer's disease](AD )502·690•691 duodenal and gastric gastrinomas, pancreatic � 
endocrine tumours, adrenal adenomas, $. 
carcino1ds of thymus, bronchus and CD 

gastrointestinal tract, skin lipomas, angiofibromas � 
and collagenomas 

Multiple Endocrine Neoplasia, type 2A [MEN2A, RET medullary thyroid cancer, parathyroid adenoma, hyperparathyroidism, in some 
Sipple disease, including Familial Medullary pheochromocytoma cases: Hirschsprung disease, 
Thyroid cancer, FMTC] (AD)692 cutaneous lichen amyloidosis; 

in FMTC, risk of 
pheochromocytoma and 
parathyroid pathology is minimal. 

Multiple Endocrine Neoplasia, type 28 [Mucosa! RET medullary thyroid cancer, pheochromocytoma, Marfanoid habitus, prominent 
Neuroma syndrome, Wagemann-Froboese gastrointestinal neurinomas corneal nerves 
syndrome] (AD, de novo)693 

Multiple Self Healing Squamous Epitheliomata 9q31 squamous cell skin cancer (self healing) increased X-ray sensitivity of the 
[Ferguson-Smith syndrome, ESS1 ]  (AD)589•694 skin 

-...J 
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Neurofibromatosis, type 1 [NF 1 , von Recklin-
ghausen disease] (AD, de novo)69�99 

Neurofibromatosis, type 2 [NF2, Central 
Neurofibromatosis, Bilateral Acoustic 
Neurofibromatosis] (AD, de novo)697 

Oculocutaneous Albinism (AR)571 

Perlman syndrome (AR)356
·
369 

Peutz-Jeghers syndrome (AD) 195•700 

Porokeratosis of Mibelli (AD)592 

Punctate Palmoplantar Keratoderma [Buschke-
Fischer-Brauer disease] (AD ?)701-702 

Rambo syndrome (AD)584 

NF1 

NF2 

OCA1 , 
OCA2 

? 

STK1 1 

? 

? 

? 

cutaneous neurofibromas, plexiform 
neurofrbromas, optic giiomas, malignant 
peripheral nerve sheath tumours, juvenile chronic 
myelogenous leukaemia, gastrointestinal 
neurofibromas, phaeochromocytoma, (duodenal) 
carcinoid, rhabdomyosarcoma 

vestibular schwannomas, other cranial nerve and 
cutaneous schwannomas, meningiomas, brain 
gl ioma/astrocytoma 

basal and squamous cell skin cancer, cutaneous 
malignant melanoma 

Wilms tumour, renal hamartomas 

gastrointestinal hamartomas and cancer, ovarian 
sex cord tumours with annular tubules (SCAT), 
Sertoli-Leydig tumours testis, adenoma 
malignum cervix, breast cancer 

squamous cell skin cancer 

colorectal cancer 

basal cell skin cancer, trichoepithelioma 

cafe au lait spots skin, axillary I ---.J 
OJ 

freckling, Lisch nodules iris, 
macrocephaly, mental retard a-
tion, scoliosis, epilepsy 

congenital/juvenile cataract, cafe 
au lait spots skin 

albinism, nystagmus, visual loss 

nephroblastomatosis, renal 
dysplasia, fetal gigantism, 
polyhydramnion, fetal ascites, (/) 
cryptorchism, macrocephaly, -I 

facial dysmorphisms 0 
iii 
(/) 

pigmentation of lips, oral mu- 0 
cosa, palmar, fingers and plantar z 

-I 
areas I m 

() 
!:: 

hyperkeratotic skin patches with 
z 
0 

central atrophy (crater-like) )> r 
G) m z 

keratoderma, status as separate m 
-I 

(hereditary) disorder unclear 0 
(/) 

0 
vermiculate atrophoderma, "Tl 

() hypotrichosis, milia, peripheral )> 

vasodilatation with cyanosis z 
() m 
:;a 



Rothmund-Thomson syndrome [Congenital 
Poikiloderma] (AR)582·703 

Simpson-Golabi-Behmel syndrome (XL)655·704 

Sotos syndrome [Cerebral Gigantism] 
(spor,AD,AR ?)655 

Tuberous Sclerosis [Bourneville-Pringle disease] 
(AD, de novo)598·705 

Turcot syndrome [Brain Tumour-Colorectal 
Polyp(osis) syndrome] (AR ? AD ?)706,707 

von Hippel-Lindau disease (AD)708 

8(?) 

GPC3 

? 

TSC1 ,TSC2 

? 

VHL 

basal cell skin cancer, malignant eccrine poroma, 
osteosarcoma 

Wilms tumour, neuroblastoma 

Wilms tumour 

facial angiofibromas, ungual fibromas, cardiac 
rfia6aomyomas, grng,val f16romas, 6rarn su6e-
penaymal noaules, retinal fiamanomas, renal 
ana ltver angromyoltpomas, renal cell cancer, 
rectal adenomatous polyps, colorectal 
hamartomas, giant cell astrocytoma 

gastrointestinal polyposis and brain tumours 
(mainly astrocytoma and medulloblastoma). 

central nervous system and retinal 
haemangioblastomas, non-papillary clear cell 
renal cancer, pheochromocytoma, endocrine 
pancreatic tumours, endolymphatic sac tumours, 

poikilodermatosis, short stature, 
sparse/absent eye brows or 
lashes, juvenile cataract, 
defective dentition, dystrophic 
nails, radio-ulnar hypoplasia, 
increased X-ray sensitivity 

overgrowth, mental deficiency, 
hypotonia, vertebral anomalies, 
facial dysmorphisms 

overgrowth, advanced bone age, 
delayed mental development, 
macrodolichocephaly, frontal 
bossing, ocular hypertelorism, 
prominent mandible 

intracranial (periventricular) cal-
cifications, dental pits, renal 
cysts, bone cysts, hypomelanotic 
(ashleaf) macules, shagreen 
patches, facial fibrous plaques, 
epilepsy (West syndrome) 

cafe au lait spots 
status as separate hereditary 
disorder unclear: shows overlap 
with both HNPCC and Familial 
Adenomatous Polyposis. 

renal, hepatic, pancreatic, lung 
adnexal and epididymal 
cyst(adenoma)s 

I 

I 

Q) 
:3 
� 
Q) 
:J 
Q 

Cl) 
(ti 
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� 
(') 
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:J 

Cl) 
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WAGR (de nova)·"� 

Werner syndrome (AR)" '� 

Xeroderma Pigmentosum (AR)" " 

X-linked Agammaglobulinemia [Bruton type 
Agammaglobulinemia] (XL)688

·
7 1 2

·
7 1 3  

X-linked Lymphoproliferative syndrome [Duncan 
syndrome] (XL)714 

c.g.d.: 
WT1 + 
PAX6 + ?  

WRN 

XPA, XPB, 
XPC, XPD, 
XPG, ? 

BTK 

SH2D1A 

Wilms tumour, gonadoblastoma 

soft tissue sarcoma, meningioma, AML, 
cutaneous malignant melanoma, non-medullary 
thyroid cancer 

basal and squamous cell skin cancer, cutaneous 
malignant melanoma, keratoacanthoma 

HD, NHL, ALL, CML, thymoma, colorectal cancer 

NHL (Burkitt lymphoma) 

aniridia, mental retardation, 
genitourinary anomalies 

premature aging, short stature, 
slender limbs, stocky trunk, 
beaked nose, scleroderma-like 
skin changes, arteriosclerosis, 
juvenile cataract, diabetes 
mellitus, MDS 

extreme UV sensitivity, 
neurological degeneration and 
mental retardation 

agammaglobulinemia, 
immunodeficiency 

immunodeficiency (Epstein-Barr 
virus susceptibility) , aplastic 
anaemia 

This table lists the hereditary cancer predisposition syndromes as well as other hereditary disorders associated with increased cancer susceptibility as mentioned in 
section 2.3 of the paper. 
Inheritance: AD = autosomal dominant; AR = autosomal recessive; de novo = de novo gene mutation( i.e. parents have normal, wild type, genotypes); spor= sporadic 
cases (i.e. single cases in a family; genetic background, e.g. de novo mutations ?, as yet unknown); XL = X-linked inheritance; 
? = inconclusive evidence with regard to inheritance pattern. 
Tumours: in case a range of tumours is listed, those which most frequently occur in the mentioned hereditary disorder are underlined. AML = acute myeloid 
leukaemia, ALL = acute lymphoblastic leukaemia, CML= chronic myeloid leukaemia, HD = Hodgkin disease, NHL = Non-Hodgkin lymphoma 
Gene(s): multiple entries reflect the fact that mutations in different genes can cause this disorder; .. p or .. q = gene has been mapped to the short (p) or long (q) arm of 
this chromosome, but has not been isolated yet; c.g.d. = contiguous gene defect (several genes in a row have been deleted from a chromosomal region); ? = 

(additional) unknown (i.e. unmapped) gene(s); 
(?) = gene location uncertain; * = genes/locations are too numerous to be listed 
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2.4 Hereditary cancer registries 

Registries of families with an inherited predisposition to cancer were established in 
several parts of the world since the early 1980s, although the oldest one, that of St. 
Marks Hospital in London, dates back to the 1920s . The primary reason for the 
establishment of these hereditary cancer registries was the experience that the 
possible hereditary nature of familial clustering of cancer was largely neglected by 
the medical community and that genealogic studies of suspected families were not 
or incompletely performed. Consequently, only a small proportion of the high risk 
individuals were under surveillance626

·
627

. The main objectives of the registries 
were (1) to promote the identification of family members at increased risk for 
cancer, (2) to enhance the (continuous) participation of these relatives in early 
detection programs and (3) to promote research and education in these relatively 
rare hereditary cancer syndromes628

. 

There are different types of hereditary cancer registries: some are on a national 
basis, others operate regionally. Registries may focus on families with specific 
human cancer syndromes as familial adenomatous polyposis and/or hereditary 
non-polyposis colorectal cancer (e.g. the St Marks Polyposis Registry and the 
Danish Polyposis/HNPCC Registry)629

'
630

, Von Hippel Lindau disease373 and 
familial or hereditary ovarian cancer631 ·

632
, or may collect data on a wide spectrum 

of hereditary cancers (the Netherlands Hereditary Cancer Registry)294
. Most 

registries include genetic field workers who assist the clinical specialists with the 
pedigree studies. These centres usually have a computerized follow up system to 
ensure the continuity of surveillance. In a few centres (St Marks Hospital, London; 
Johns Hopkins University Hospital , Baltimore) also the clinical management is 
centralized. In other regions and countries these clinical services (especially 
diagnosis, counselling and tumour screening) are provided by cancer family 
clinics633-636 or by different independent departments of academic and regional 
hospitals and universities. 

Several reports have described a considerable reduction of morbidity and mortality 
in families monitored by a central registry294

'
629

·
637

·
638

. Due to the increased 
awareness of hereditary cancer by physicians and the general public, more and 
more families are being identified. These families include not only those with a 
pattern of inheritance that is definitely dominant, but also families with a pattern of 
inheritance that is less well defined. Thus, an increasing number of individuals is 
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under surveillance. This raises questions with respect to the effectiveness of the 
recommended screening protocols are cost-benefit ratios. Registries may help to 
answer these questions in the years to come. 

2.5 Summary and conclusions 

Although knowledge on the molecular aspects of hereditary cancer predisposition 
is rapidly accumulating, data on the natural history of the human cancer syndromes 
are still very incomplete. The same applies to the impact of cancer preventive 
options offered to families with these syndromes. This does not come as a 
surprise, because some of these syndromes are very rare and it has been difficult 
in the past to identify with certainty those syndromes which are characterized by 
common type cancers. The patients and relatives included in the studies on risks 
and natural history associated with a family history of cancer will often have been 
very heterogeneous with respect to the presence, absence and type of inherited 
cancer predisposition and impact of preventive options. Increasingly, molecular 
tools are being made available to help identifying this predisposition. Only now we 
are becoming able to study cohorts of patients with a proven inherited 
predisposition for common types of cancer for the natural history of these disorders 
and the clinical impact of various cancer prevention strategies639

. 

How much effort should we put in trying to diagnose hereditary cancer 
predisposition in the clinic, outside research settings ? On the one hand, the 
preventive options for almost all of the discussed hereditary cancer predisposition 
disorders are still of unproven benefit640

•
641 . In addition, diagnosing these genetic 

disorders may have adverse psychological effects642 and may lead to genetic 
discrimination643-645

. 

On the other hand, patients with possible hereditary cancer predisposition and their 
relatives may have a strong wish to know the nature of the disorder in their family 
and may want to give prevention programs the benefit of the doubt. Some will state 
that not knowing whether they are at increased risk to develop cancer in itself 
causes them psychological harm, and that they want to do whatever possible to 
decrease their risk of cancer. In addition, knowledge on the genetics of the disorder 
may be of importance in their family planning. Of course, in some disorders, e.g. 
Multiple Endocrine Neoplasia 2A and Familial Adenomatous Polyposis, benefits of 
genetic testing are clinically more obvious. 
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Clearly, genetic counselling646 and an informed consent procedure647 will have to 
precede genetic testing and participation in cancer prevention programs. In our 
opinion, the majority of testing and prevention will need to be performed in a 
research setting until cancer risk prediction will become more precise and effects of 
preventive measures and psychosocial consequences will be clarified. Given the 
growing market for commercial DNA testing, and the fact that physicians ordering 
the tests are not necessarily trained in the interpretation of test results and in 
genetic counselling648

, these issues should be closely monitored by the 
professional community. 
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3.1 Abstract 

Background: The family history is the cornerstone of clinical genetic diagnosis and 
management in cases of familial cancer. The soundness of medical decision 
making can be compromised if family reports on affected relatives are inaccurate. 
Although it is very time consuming, family histories are therefore routinely verified. 

Aim: We performed a retrospective study to assess the accuracy of the family 
history as collected in our family cancer clinic and investigated whether verification 
through medical records had an additional value with regard to clinical genetic 
management. 

Design: Files of a consecutive series of 120 families, referred because of 
familial/hereditary cancer to our clinic between 1977 and 1997, were used for 
analysis. The accuracy of the family history with respect to cancer type and age at 
diagnosis was assessed for 383 tumours. Moreover, we investigated a range of 
medical and sociodemografic parameters for their possible influence on this 
accuracy. Finally, the impact of the verification efforts on the clinical genetic 
diagnosis and management was evaluated according to tumour type and degree of 
kinship. 

Results: The accuracy according to cancer type showed marked variation, ranging 
from 93% and 89% for breast cancer and colorectal cancer, respectively, to 42% 
and 37% for extra-colorectal alimentary tract cancer and uterine cancer. The 
accuracy was related to the degree of kinship of the affected relative, but not to 
age and gender of the consultand, nor to reason for referral or a personal history of 
cancer. Age at diagnosis was reported accurately in 97% of cases, and multiple 
primary tumours were correctly reported in 94% of cases. In 6 out of 120 families 
verification data changed clinical genetic management, in 5 of these the genetic 
risk became reduced. 

Conclusion: Although verification of all reported cancer cases in a family remains 
the 'golden standard' for clinical as well as research purposes, efforts to verify the 
frequent reports on breast cancer can be limited without seriously compromising 
medical decision making. This seems currently not to be the case for other types of 
cancer. 
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3.2 Introduction 

There is a growing demand for clinical genetic analysis of families suspected of 
having hereditary cancer. The family history of cancer plays a central role in 
confirming or rejecting this suspicion. Unfortunately, details of a family history of 
cancer are not necessarily accurate and may lead to wrong clinical decisions and 
counselling, if they are left unverified. However, verification is time-consuming and 
a rapidly growing burden to the clinic. Therefore, it would be helpful if verification 
could be minimised without compromising the soundness of clinical genetic 
decision making. If we would know the accuracy of reported tumour types, ages at 
tumour diagnosis, and presence of multiple primary tumours, all important for the 
genetic interpretation of a family history of cancer, and if we also knew the overall 
impact of verifications on that interpretation, then this might help in differentiating 
the clinical need for verification. Also, it would help in estimating the accuracy of 
family reports in those cases, where routine destruction of older medical records 
makes verification impossible. 

Only a small number of studies have addressed the accuracy of the family history 
of cancer and mainly when it was collected for epidemiological purposes 1 -1 1 . 

Moreover, these studies verified the history of only the first- and second-degree 
relatives and usually did not allow the person interviewed to consult their relatives. 
In the setting of a family cancer clinic the opposite is true: there is no restriction 
with regard to degrees of kinship and extensive time is given to check family 
history with relatives. Studies on the accuracy of the family history of cancer as 
obtained by methods commonly used in family cancer clinics are rare 1 2 , 1 3 . 

In this retrospective study we investigated the accuracy of the family history of 
cancer, taken in the setting of the familial cancer clinic in Groningen. 

3.3 Material and Methods 

3.3.1 General procedure of taking and verifying the family history. 
Each consultand (the name introduced to refer to individuals seeking genetic 
testing and counselling 1 4, 1 5 , as opposed to consultant) referred to the Department 
of Medical Genetics in Groningen, The Netherlands, because of a family history of 
cancer is sent a form at least 4 weeks before the first visit to the Department. On 
that form, the consultand is asked to write down family details (number and type of 
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all first, second and most third degree relatives; names, dates of birth and death of 
first and second-degree relatives; types of cancer and ages at tumour diagnosis in 
all relatives). A leaflet accompanies the form and encourages the consultand to 
supply detailed information on the cases of cancer in the family, excluding 
metastases. The form is returned before the first visit and a pedigree is drawn 
based on the given information. 

During the first visit, details of the family history are discussed by the consultand 
and a clinical geneticist, who explains (again) to the consultand the difference 
between primary tumours and metastases. As a result, a number of tumours may 
be reclassified during that visit as (probable) metastases (predominantly in the 
liver, skeleton, lungs and brain). 

Details of the family history are subsequently verified. For that purpose, a written 
consent has to be obtained from each living relative whose information has to be 
verified. Regarding deceased relatives, in the Netherlands the physician of those 
relatives decides whether or not to supply the information. The sources for 
verification are the patient's medical records, preferably and mainly the pathology 
reports, from the hospitals and general practitioners. 

In the Netherlands, patient records are stored for a legal minimum of 10 years after 
the last clinical contact, and may be destroyed after that period. Academic 
hospitals have a general policy of keeping medical records until 115 years after the 
patient's date of birth. In our country, only the physicians who originally filled out 
the death certificates have legal access to them for clinical purposes (other rules 
apply to epidemiological studies). As it is virtually impossible to identify and contact 
these physicians years after filing the certificates, it makes death certificates 
useless for verification purposes. For practical reasons, negative histories of 
cancer in relatives are almost never verified. 

3.3.2 Retrospective family history verification study: 
A consecutive series of 139 consultands from 129 families referred to the 
Department between 1977 and 1997 because of a family history of cancer was 
included in this study. Excluded were consultands whose family histories had 
already been verified at other institutes. If a family was already included in the 
study, new consultands from this family were excluded unless they were only 
distantly related to the consultands already included and had collected details on 
their family history separately from the other consultands by contacting different 
relatives for that purpose ( 16 consultands from 6 families fell within this category). 
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Data on the following items were retrospectively collected from the Department's 
records of these consultands and their families and stored in a computer database 
(dBase IV, © Borland): (a) family identification no.; (b) the reported primary tumour 
types in the consultands and their relatives;(c) the type (e.g. parent) and degree of 
kinship with those relatives (e.g. 1st) ; (d) the reported ages at tumour diagnosis 
(categories with 5-year intervals); (e) the clinical diagnosis if the family history had 
been believed 'at face value' (and before possible additional physical 
examination/laboratory testing); (f) the outcome of verification of the reported 
tumours (type, age at diagnosis); (g) the reasons for non-verification; and (h) the 
clinical diagnosis directly after verification (and before possible additional physical 
examination/laboratory testing). In addition, the following items were included 
because they were considered potential confounders: (I) gender of the consultand; 
( II) age of the consultand; (Ill) whether or not the consultand had a personal 
history of cancer and if so what type; (IV) the reason for referral; and (V) years past 
after diagnosis for each of the reported tumours. 

The family history for a particular cancer was considered accurate if both organ 
and disease type (i.e. cancer) were correct. If the history had been reported as a 
wider category (e. g. 'leukaemia', 'lymphoma', 'abdominal cancer' or 'uterine 
cancer') rather than as a more specific diagnosis (e.g. CML, NHL, pancreatic 
cancer and cervical or endometrial cancer), then the report was considered 
accurate if the confirmed diagnosis fell within that wider category. Reported age at 
diagnosis was considered true if it differed less than 5 years from the true age. 

The chi-square (x2) test for heterogeneity was used to test for statistical 
differences in accuracy between the kinship-tumour type classes for each of the 
above mentioned parameters. 

In case sample sizes were too small for the chi-square test (breast, ovarian and 
colorectal cancer groups), the Fischer's exact test was used instead. The chi
square test for trends was used to look for trends of increasing or decreasing 
accuracy with increasing or decreasing degree of kinship. P-values below 0.05 
were considered statistically significant. All tests were performed using the 
S. P.S.S. computer program (version 6. 1, © Statistical Package for the Social 
Sciences, Inc. ). 
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3.4 Results 

A total of 886 tumours had been reported. Of these reported tumours, 383 (43%) 
from a total of 120 families had been verified. The results for these verified cases 
are shown in table 1. Although we had recorded the specific type of relative within 
each degree of kinship (e.g. siblings, parents and children within the 1st-degree 
category), the sample sizes within each of these subcategories were too small to 
be used for statistical analysis. We therefore only present the data on the degree of 
kinship. Numbers of reported tumours within the category 'other' in table 1 were 
also relatively small. Therefore, differences of accuracy between different degrees 
of kinship were not calculated for the individual tumour types in this category. 

When all degrees of kinship were pooled, significant heterogeneity (P<0.0001) was 
observed for the accuracy of the reported tumour types/subcategories: accuracy 
for breast cancer was 93%, for colorectal cancer 89%, for central nervous system 
cancer 88%, for respiratory tract cancer 78%, for urogenital tract cancer 78%, for 
ovarian cancer 71 %, for haematolymphoid malignancies 64%, for extra-colorectal 
alimentary tract cancer 42%, for uterine cancer (including uterine cancer-not further 
specified, endometrial cancer and cervical cancer) 37% and for the rest group 
63%. 

The accuracy of reported cases was not related to the gender of the consultand 
(P=0.59), age of the consultand (P=0.34) , a personal history of cancer (P=0.62), 
the time past after tumour diagnosis (P=0. 1) and early age at diagnosis of the 
tumour (P=0.50). If the reason for referral was suspicion of hereditary breast
ovarian cancer, then accuracy of reports on breast (P=0. 72) and ovarian cancer 
(P= 1.0) were not significantly different from those in families which had been 
referred for other tumour syndromes. 



Table 1 Accuracy of the fami ly history depending on degree of kinship and tumour type 

degree of 
kinship 

0 1st 2nd · 3rd 4th All degrees P value for 
heterog. \ trend 

Type of % accurate (of n reported tumours) 
cancer: 
Breast 1 00 (1 5) 94 (69) 90 (3 1 )  75 (8) 1 00 (2) 93 ( 125) 0 .25 \ n .a .  

Colorectal 1 00 (14) 91 (33) 1 00 ( 15) 57 (7) 60 (5) 89 (74) 0.006 \ n .a .  
Ovarian 1 00 (5) 67 ( 15) 60 (5) 50 (2) 1 00 ( 1 )  71  (28) 0 .52 \ n .a .  

Other 85 (26) 70 (63) 52 (42) 44 (9) 38 ( 16) 63 ( 1 56) 0 .006 \<0 .0001 
All types 95 (60) 91 (1 80) 79 (93) 68 (26) 60 (24) 78 (383) <0.0001 \<0.0001 

Degree of kinship: 0 = the consu/tands themselves. ; 1 = children, siblings and parents; 2 = grandchildren, grandparents, nephews, 
nieces, aunts and uncles, 3= sibling's grandchildren, cousins, great-grandparents and grandparent's siblings. 
For details on the category cancer type 'other', consult the results section. 
Accurate = reported disease type (malignant) and organ type both confirmed. 
Fischer's exact test was used to test for differences (heterog. = heterogeneity) in the categories breast cancer, colorectal cancer and 
ovarian cancer, because of smaller sample sizes. In these categories testing for trends was not applicable (n.a.) 
The categories 'other tumours' and 'all tumour types' were tested using the chi-square method. 
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If the reason for referral was suspicion of hereditary non-polyposis colorectal 
cancer, then accuracy of reports on colorectal (P=0.36) and uterine cancer 
(P=0.80) were not significantly different from those in families which had been 
referred for other tumour syndromes. 

In 72% of the reported tumours an age at diagnosis was given. This depended 
significantly on the degree of kinship: ages were reported more often in closer 
relatives ( P<0.001 ). Of these reported ages, 97% were correct (dependence on 
degree of kinship could not be calculated due to the small number of incorrectly 
reported ages). Of the 32 reports on multiple primary tumours, the fact that they 
were indeed multiple was accurate in 94% of cases (dependence on degree of 
kinship could not be calculated due to the small number of these reports). 

Differences were observed between the clinical diagnosis (solely based on family 
history) before and after verification in 17 out of 120 families (14%), listed in table 
2. In six of those families (c, g (3x), h and i), i.e. 5% of the total number of families, 
this difference led to a change in indications for DNA testing, counselling and 
follow-up. In 5 out of 6 cases it meant a decrease of genetic risk, in 1 case (family 
i) it resulted in an increase). 

Non-verified cases included 503 tumours or 57% of the total number of reported 
tumours. No effort to obtain written consent and to subsequently try to verify cases 
was made in 71  % of these cases because (a) it was certain that the files had been 
destroyed; (b) consultands did not have any contact with the relatives concerned, 
so that no consent could be obtained; (c) the reports concerned relatives from a 
branch of the family not of interest to the genetic investigation; or (d) the reported 
cases were late-onset common type tumours in distant relatives not likely to be of 
interest with regard to the reason for referral. Written consent was obtained, but no 
information could be retrieved in 16% of the non-verified cases. Written consent 
was asked for, but not given in 9% of the non-verified cases. In the remaining 4% 
of cases the reason for non-verification could not be recollected from our records. 



Table 2 Famil ies with differences between diagnoses before and after verification of the fami ly h istory 

Diagnosis before verification 

a) hereditary breast-ovarian cancer (HBOC) 

b) suggestive** of HBOC 

c) suggestive** of HBOC 

d)  hereditary breast cancer (HBC) 

e) HBC 

f) hereditary non-polyposis colorectal cancer (HNPCC) 

g) familial clustering of cancer 

h) famil ial clustering of acute lymphocytic leukaemia (ALL) 

i )  possibly basal cel l nevus syndrome*** 

Diagnosis after verification 

probably HBOC 

HBOC 

not suggestive of any inherited cancer predisposition 

* 
probably HBC 

** 
suggestive of HBC 

* 
probably HNPCC 

not suggestive of any inherited cancer predisposition 

non-familial ALL 

basal cell nevus syndrome 

number 

4 

2 

2 

2 

3 

Each diagnosis shown is based solely on family history (either unverified or verified), which is the basis for further medical decisions on e.g. DNA testing and follow-up. 
Diagnosis before verification reflects diagnosis if family history would have been believed to be completely accurate. 
Differences between diagnosis before and after verification were observed in 1 7  out of 120 families. These differences were clinically important with regard to medical 
decision making in only 6 families (c, g (3x), h and i) 
• probably HB(O)C/HNPCC refers to the post-verification situation where the clinical diagnosis HB(O)C or HNPCC would have been made if we assumed the family history to 
be accurate, however information could not be collected on all relevant cases in the family (required for formal diagnosis). 
.. suggestive of HBC refers to the situation that although formal criteria for HBC have not been met (at least 3 verified breast cancer cases in 2 successive generations, 1 of 
the affected relatives being a first-degree relative of the other 2 (second-degree relative counts as first-degree in case of transmission through the paternal line), several facts 
point towards the HBC diagnosis (e.g. multiple early-onset primary breast cancer). 
... possibly basal cell nevus syndrome refers to the fact that family history was suggestive, but not detailed enough to make the diagnosis. 
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3.5 Discussion 

Our data show that the accuracy of a family history of cancer, taken in the setting 
of a family cancer clinic, depends primarily on tumour type and degree of kinship. 
Although the accuracy of reports generally declined with increasing genetic 
distance between consultand and affected relative, this effect did not reach 
statistical significance for breast and ovarian cancer. Observations on accuracy by 
other authors are listed in table 3. Although study designs differ, most studies 
observe similar relations between accuracy and tumour type or degree of kinship. 
The low accuracy of reports of uterine cancer we observed, important because of 
its relevance to hereditary non-polyposis colorectal cancer diagnosis, confirms 
earlier observations of 25%-40% accuracy rates 1 1 , 1 6. One explanation for these 
low scores may be the fact that a history of hysterectomy is interpreted by patient's 
relatives as being an 'operation for cancer', while in many cases that operation was 
indicated for other reasons (e. g. uterine myomas and prolapse). A similar 
phenomenon may account for part of the false positive reports of other tumour 
types as well (e.g. operations for benign breast disease, ovarian cysts, benign 
colorectal polyps and colitis ulcerosa to mention typical examples ). 

_We had speculated that the accuracy of tumour reports could also have been 
influenced by several other factors: 

(1) gender of the consultand, because of the observation in daily practice that 
women often appear to have a better recollection of family details than men. 
Indeed, a slightly higher accuracy of family histories taken from women has been 

17  
reported 1 6 , although the opposite has also been observed ; (2) age of the 
consultand. Higher accuracy in younger subjects has been reported 1 6, 1 8 ; 

(3) whether or not the consultand had a personal history of cancer, because it 
either could have made him or her more sensitive to the fact that cancer had 
indeed occurred in relatives 1 8 , or could have biased the interpretation of family 
case histories (malignant instead of benign disease) 8 , 1 9 ; (4) years past after 
tumour diagnosis, because recollection of events from the distant past may be 
difficult; (5) age at tumour diagnosis, because early-onset cancer might have had a 
more 'dramatic' impact on families and therefore also on recollection.; (6) reason 
for referral, because possibly tumours central to the reason for the referral (e. g. 
cases of breast cancer in a family referred because of a suspicion of hereditary 
breast cancer) are more accurately reported than others. 
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None of these factors was of significant influence on the accuracy of the reports on 
cancer in our study. The reason that factors 1-4 did not significantly influence 
accuracy might be that instead of a family history recollected and subsequently 
reported by a single person (the consultand), the family history collected in the 
setting of a family cancer clinic is in fact the product of the recollection and 
reconstruction by the consultand as well as his or her relatives. 

With respect to the age at diagnosis, families often tell that the diagnosis of cancer 
at an early age was a great shock to them. A possible explanation for its apparent 
absence of influence on accuracy may be that its effect is 'levelled out' by the 
cumulative events in the family (early-onset as well as late-onset cancer cases), 
finally leading to the suspicion of hereditary cancer. Events might therefore be 
remembered equally. 

With respect to the reason for referral, one might expect that the tumour(s) central 
to the reason for referral might be subject to recall bias. We did not observe this. A 
possible explanation is that, in our experience, families often thought that the 
concept of hereditary cancer implied an inherited susceptibility to a// types of 
cancer. Therefore, all types were considered important by them with respect to 
heredity. Also, and perhaps more importantly, the fact that we motivated them to 
supply information on all types of cancer and gave them time to consult within their 
family may have helped in this respect 20. 

In addition to the accuracy of reported tumour types, we looked at the age at 
diagnosis and at occurrence of multiple primary tumours, because these are 
genetically important for the interpretation of a family history of cancer. If the age at 
diagnosis was reported (72% of the reported tumours), it turned out to be very 
reliable (97%), which is in agreement with the high score (89%) observed by others 
8. Reports of multiple primary tumours were generally also accurate (94%) .  

In  summary, family histories of colorectal and breast cancer, as well as the age at 
diagnosis and the occurrence of multiple primary tumours, taken in a clinical 
genetic setting appeared to be accurate in more than 89% of cases. Most referrals 
to our clinic are made because of a suspicion of hereditary breast cancer or 
hereditary non-polyposis colorectal cancer. Therefore, it did not come as a surprise 
that the impact of verification on medical management turned out to be small. The 
reason for this is that those tumours in a family with breast or colorectal cancer that 
may have been inaccurately reported, generally do not outweigh the number of 
accurate reports from that same family. 
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Because of its design, our study has two obvious limitations. First, there is the 
possibility that the non-verified cases in our study do not have the same accuracy 
as the verified ones and that the accuracy rates we found may therefore not apply 
to all reported tumours in a family. This might mislead physicians in the weighing of 
family reports in those cases where verification fails because of the absence of 
consent or, more importantly, because of the routine destruction of older medical 
records. We have, however, little reason to assume that accuracy in our non
verified cases is very different, because of the similarities between our findings and 
those observed in other studies which verified reports without the particular 
restriction of our study (i. e. our need to obtain written consent from relatives and 
the blocked access to death certificates). 

The second limitation of our study is that we did not assess the accuracy of 
negative tumour reports. However, others have reported an accuracy of negative 
reports of 99% in their study on cancer in first-degree relatives 21 . We therefore 
expect little underreporting of cancer in families referred for their family history of 
cancer, that we expect to be alert to the occurrence of cancer. This may be 
especially true for close relatives, who are most important for the genetic 
evaluation. 

What are the practical implications of the results from our study? Based on our 
findings and because of the need to increase efficiency, we have now significantly 
_decreased the verification of reported breast cancer cases. Since referrals because 
of familial breast cancer are very frequent, this had a major impact on our overall 
verification effort. We do try, however, to verify the reports of breast cancer in our 
consultands, because in our opinion documentation of our own patients should be 
complete before we provide counselling specifically aimed at these patients. The 
effort to do this is relatively small, �� most of this information is provided upon 
referral to our clinic. For basically the same reason, we also verify data on all 
relatives with breast cancer who participate in diagnostic DNA analysis. As a rule, 
breast cancer cases with a remarkable clinical presentation (e.g. early-age at 
diagnosis, multiple primary tumours) are verified because they strongly influence 
risk calculation 22, interpretation of diagnostic DNA test results and planning of 
medical management. Using this system, the chance that additional verification will 
lead to changes in medical management is likely to be much lower than the 5 % we 
found if no verification had been done at all (or the 11 % reported by Douglas et 
a/1 3) 
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One potential pitfall in our system would be the interpretation of a factitious breast 
cancer family history. Presumably, however, such histories are very rare 23 ,24. In 
general, in all cases where one has reason to suspect less than usual accuracy, 
e.g. when the consultand did not have direct contact with any of the cancer 
patients in the family, or because of a consultand's particular psychiatric history, 
extra attention should be given to verification. 

As a rule, we verify reported tumours other than breast cancer. We usually exclude 
cases, especially common types of late-onset cancer in distant relatives, if the 
outcome of verification is expected to contribute little to the genetic diagnosis. 
Typical examples are histories of late-onset lung cancer in heavy smokers, late
onset non-melanoma skin cancer of sun-exposed areas, or additional cases of 
colorectal cancer in a family where verified cases already allowed for the diagnosis 
HNPCC. Although family reports on colorectal tumours are generally accurate, we 
often verify these reports, especially in cases of ambiguous genetic diagnosis, 
because details usually unreported by the family, e.g. the location of the tumour 
(proximal?), history of benign precursor lesions (early onset adenomas?) and the 
specific histology (mucinous with heavy lymphocyte infiltration?) may provide 
information which helps to select tumour material as well as patients for DNA 
analysis. Some family histories are even relatively useless without collecting the 
histology reports. Early-onset intestinal polyps (adenomatous or hamartous?), 
thyroid cancer (medullary or non-medullary?), renal cancer (clear cell or non-clear 
cell type of renal cell cancer? transitional cell cancer of the pyelum?) are examples 
where, depending on the specific tumour histology, the clinical genetic differential 
diagnosis may change radically. 

Limiting verification carries a risk that information is missed, which might have a 
major impact on the clinical genetic diagnosis and medical family management. We 
think that using our system of collecting and verifying the family history, this risk is 
small. Another drawback of limiting verification is that the value of pedigree 
information for research purposes may also be limited. If there are no 
organisational needs to limit verification, then we recommend verifying the 
complete family history (unless psychological aspects in a particular family would 
make this undesirable). We expect, however, that the growing options for DNA 
analysis will ultimately considerably weaken the need for full family history 
verification in the clinical setting, as diagnosing hereditary disorders through cheap 
and fast DNA analysis in a limited number of affected relatives will substitute 
thorough verification and interpretation of extended family histories. 



Table 3 Accuracy of family histories of cancer: review of published data 

all tumours combined breast colorectal ovarian comment and references 

degree of kinship 

1 st 2nd 3rd all all all 

accuracy: percentage of correct information out of total cases (number between brackets) 

91 ( 1 80) 79 (93) 68 (26) 93 ( 1 25) 

84 (21 6) 71 ( 1 74) 71 (73) 91 ( 1 57) 

86 (n.r. ) 78 (n .r . )  59 (n.r .) 95 (n.r.) 

78 (32)** 70 (54)** 1 00 (5) 

85 (252) 67 ( 165) 98 (59) 

57 (51 ) 

n . r. (230) >88 (n.r.) 

89 (74) 71  (28) 

88 (79) 

1 00 (5) 1 00 (2) 

87 (47) 57 (7) 

52 (46) 27 (1 1 )  

>88 (n.r.) 

This study 

Families referred to family cancer 
clinic, FH taken by questionnaire, 
verified by MR1 2 . 

Families referred to family cancer 
clinic, FH taken by questionnaire, 
verified by MR/DC/CR1 3 _ 

Case(ES) study, FH taken by mailed 
questionnaire + P l ,  verified mainly by 
DC9,25 _ 

Case(GLI ) study, FH taken by P l  
(multiple relatives), verified by  MR+DC 1 1 . 

Case(COL)-control study, FH taken 
by Pl, confirmed by GOB/CR 1 0, 1 6_ 

Case(CBT)-control study, FH taken by 
Pl, verification method n .r.5 
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88 (2090)*** 93 (349) 

88 (1 00)*** 

92 (97) 

88 (98) 72 (76) 

85-86* (n.r.) 20-36* (n.r.) 

96 (1 1 7 1 )  8 7  (553) 

84 (39)**** 

correct information = reported disease type (malignant) and organ type both confirmed. 
n.r.= not reported 

Case(LW} study, FH taken by Pl  
(proband+ parent), verified by MR+DC1 

Case(Mix)-control study, FH taken by 
mailed questionnaire, verified by MR+DC3 

Case(BR)-control study, FH taken by 
Pl ,  verified by MRB 

Case(S) study, FH taken by Pl ,  
verified by MR+DC6• 

Case(TC}-control study, FH taken by 
unknown method, verified by DC2 . 

Case(OV)-control study, FH taken 
by Pl, verified by CR4 . 

Case(CHN) study, FH taken by Pl ,  
verified by MR7 . 

The studies a-c, determined accuracy of breast, colorectal and ovarian cancer for pooled first- and second- and third-degree relatives, whereas the others listed did not 
include third-degree relatives. This fact alone could result in lower rates found in studies a-c, compared with the others. In our study, accuracy for the three types of tumours 
in pooled first- and second-degree relatives only, were 93 % for breast cancer, 94 % for colorectal cancer and 65 % for ovarian cancer. We could not calculate this for the 
studies b and c, because the data needed to do this were unavailable. 
•= 1st-degree relatives limited to parents; 2nd-degree to grand-parents 
••= 1st-degree relative or spouse 
***= mixed group of 1st- and 2nd-degree relatives 
****= 1st-degree relatives limited to sibs 
Comments: FH= family history; Pl= personal interview; MR= medical records, DC= death certificates, CR= cancer registry, GDBICR= genealogic database finked to CR. 
Codes referring to the type of proband in case(-control) studies: BR= breast cancer; CBT= childhood brain tumour; CHN= childhood head & neck condition treated with 
irradiation; ES= Ewing sarcoma; GU= glioma; LW= lactating women; Mix= patients with a wide range of malignancies; OV= ovarian cancer; S= soft-tissue and bone sarcoma. 

Not listed in this table is the study of 1040 reported melanomas in first-degree relatives of melanoma patients by Aitken et al. 18, who took the family history using mailed 
questionnaires and observed only 60% accuracy. 
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Each family cancer clinic will have to decide on their own protocols for taking family 
histories and verifying them, depending on local resources, clinical and 
organisational needs, legislation and research interests. We hope that our findings 
may be of use in that respect. 
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4. 1 Abstract 

Background: Monitoring regional referrals to a clinical cancer genetics seNice 
may help to identify targets for educational programs, aiming at improved care for 
hereditary cancer patients and families. 

Methods: Details of cancer related referrals to our clinical genetics centre, which 
seNes a population of 2 million, were analyzed retrospectively for each of the 1093 
consultees seen between 1987 and 1998. Cancer incidence was monitored by the 
regional cancer registry. In order to compare the referring sources and correct for 
differences between local populations, we used early-onset cancer (i.e. diagnosed 
<50 yrs) as a surrogate for the unknown local hereditary cancer incidence. We 
divided the number of referrals for a particular type of cancer by the numbers of 
patients diagnosed with that type of early-onset cancer in each of the 17 regional 
hospitals. Referrals from general practitioners and self-referrals, were divided by 
the number of early-onset cancer in each of the 11 subregions. 

Results: High genetic risks were diagnosed in 79 % of the referred families. Breast 
and ovarian cancer referral ratios differed between regional hospitals (range 0-27 
%, p<0.0001 ), between subregional general practitioners (range 2-15 %, p<0.0001) 
and self-referral (range 2-9 %, p=0.01 ). High or low referrals for these tumours 
.from regional specialists were compensated by referrals from others in a minority of 
subregions. For gastric, colorectal and endometrial cancer, for which the number of 
referrals were much lower, only subregional differences in self-referral were 
significant (range 0-17 %, p=0.03). 

Conclusions: monitoring referral for cancer related clinical genetic services may 
help in improving the use of these services by identifying potential targets for 
educational activities. 
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4.2 Introduction 

Hereditary cancer is now thought to account for approximately 1 to 10 % of the 
total cancer burden 1 •

2
. DNA tests for hereditary cancer predisposition are 

increasingly becoming available. Because physicians, patients and advocacy 
groups, as well as the general public have become aware of these facts, interest in 
cancer prevention through identification of high-risk individuals by focusing on age 
of onset of can.cer, family history and by using DNA testing has grown3-8. This 
growing interest has caused a rise in the numbers of referrals for genetic diagnosis 
(including pedigree analysis, physical examination, DNA testing and risk calcu
lation) and counselling. In our country, clinical genetics services are offered equally 
to all regional hospitals and general practitioners. However, in view of the rapidly 
evolving indications for genetic analysis, it can be questioned whether doctors will 
always refer patients appropriately. To improve health care with respect to heredi
tary cancer, it is important to identify differences in knowledge, so that educational 
activities can be better directed. These differences may present as dissimilarities in 
the use of clinical genetics services. Therefore we have retrospectively analyzed 
the origin of all cancer-related referrals to our clinical genetics centre over the last 
11 years. 

4.3 Patients & Methods 

4.3.1 Organizational background 
The Clinical Genetics Centre in Groningen is the provider of clinical genetic servic
es to the north-eastern part of The Netherlands, with a total of 2 million inhabitants. 
This region is divided into 11 subregions, marked as socioeconomically 
homogeneous areas by the Netherlands Central Bureau of Statistics. In our centre, 
clinical genetic analysis and DNA testing is offered for a wide range of disorders 
including hereditary breast-ovarian cancer and hereditary non-polyposis colorectal 
cancer. There is a close collaboration with the seven other genetics centres in our 
country, each of them having its own set of DNA tests, which are made available 
through all of the clinical genetics centres. Genetic services in the Netherlands 
have been reviewed in more detail elsewhere9 . 



154 STUDIES ON THE CLINICAL GENETICS OF CANCER 

Since legal and financial issues involved in clinical genetics and hereditary cancer 
may differ strongly between countries and may influence referral, the most 
important ones are briefly mentioned here. DNA testing for hereditary disorders is 
restricted by national law to the (non-commercial) clinical genetics centres. The 
costs of clinical genetic services, as well as periodic screening and prophylactic 
surgery in individuals with a high genetic cancer risk, are covered by the health 
care insurance companies. Because of a self-imposed restriction, these companies 
do not ask for disclosure of DNA test results when buying life insurances or 
disability insurances, unless the amounts to be covered by these are higher than 
average. Employers are prohibited by law to ask disclosure of information on 
genetic diseases by their new employees. 

4.3.2 Referring sources 
Referrals to our centre come from the general practitioners in our region, from 
specialists working in the Groningen University Hospital, tightly linked to our centre 
and from the 17 regional hospitals (A-Q). Some of these regional hospitals share 
the same subregion: A, G and K; B and Q; F, I ,J and P; M and 0. Some consultees 
came directly to our centre ('self-referrals'). When consultees came to our centre 
because of a family letter sent by our centre or a similar centre outside of our 
region, then the referring source was coded as clinical geneticist. The referrals 
from the Netherlands Foundation for the Detection of Hereditary Tumours were 
coded separately. 

4.3.3 Methods of regional transfer of knowledge on clinical cancer genetics 
services 

In order to reach the physicians in our own region with information on cancer 
related genetic services, we make use of the Comprehensive Cancer Centre North 
Netherlands ( I KN) .  In addition to its role as a regional cancer registry, it serves to 
improve regional oncological health care. Among its activities, the IKN organizes 
meetings with regional specialists to reach consensus on minimal standards for 
diagnosis and treatment of cancer, publishes this consensus in a handbook sent to 
all specialists and also organizes monthly visits of cancer specialists to the regional 
non-university hospitals to advise on oncological issues, which includes advising 
on referral for genetic analysis. Clinical geneticists from our centre (RHS, JCO) 
have recently been appointed by the IKN as consultants on clinical cancer genetics 
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for each of regional hospitals (primarily to be consulted by phone or through mail). 
Guidelines on a number of hereditary cancer syndromes have been included in the 
handbook. We tried to reach the general practitioners, by contributing to their post
graduate training courses. 

4.3.4 Registration of source and outcome of referral 
For each of the consultees seen in our centre, we registered the date and reason 
for referral and the specialty of the referring physician in a computer database 
during the last 11 years ( 1987-1997). The numbers of (self-)referrals related to 
cancer or other disorders, for each of these years were counted, stratified for type 
of referring physician, and plotted on a time scale. We counted the type of final 
genetic diagnosis in families referred in 1997 for the two groups of cancer which 
are the subject of the majority of referrals: breast/ovarian cancer, because of 
suspected hereditary breast-ovarian cancer (HBOC) or gastrointestinal/endometrial 
cancer, because of suspected hereditary non-polyposis colorectal cancer 
(HNPCC). The final genetic diagnoses were classified as either: 

(a) high-risk families, on the basis of meeting clinical criteria and/or the detection 
of mutant genes for hereditary cancer; or 

(b) medium-risk families, not meeting the criteria for hereditary cancer, but still at 
an increased risk because of the family history, warranting medical surveillance 
(albeit sometimes less frequently than in the high-risk families); or 

(c) low-risk families, not at a significantly increased genetic risk. 

4.3.5 Regional cancer registration 
As of 1989, the Comprehensive Cancer Centre North Netherlands ( I KN)  maintains 
the cancer registry for the region, identical to the service area of our Clinical Ge
netics Centre. Details on this cancer registration have been published elsewhere 10 .  

As part of the registration, data are collected on the number, age, and type of 
cancer diagnosed in each of the regional hospitals (A-Q) . 
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4.3.6 Correcting number of referrals for population differences 
For differences in referral between regional hospitals and between subregions, we 
restricted ourselves to the most frequent types of referrals, being those for 
suspected HBOC and HNPCC. The period 1993-1997 was analyzed, because the 
number of referrals for the relevant cancer types before 1993 were very low. The 
regional hospitals differ significantly in the type and number of cancer patients 
seen and possibly also in the number of hereditary cases. Therefore differences in 
referrals from these hospitals to our centre may simply reflect the differences 
between the populations they serve. The total number of hereditary cancer cases 
in these populations is presently unknown. In order to correct for differences 
between the local populations, we used early-onset cancer (i. e. diagnosed <50 yrs) 
as a surrogate for the unknown local hereditary cancer incidence. We divided the 
number of breast or ovarian cancer, or gastric, colorectal or endometrial cancer 
related referrals made in the period 1993-1997 from each of these hospitals, by the 
number of all patients diagnosed in those hospitals at an age below 50 years with 
these tumours (as early-onset cancer is a typical characteristic of hereditary 
cancer) in the same period. This provided us with a referral ratio for each hospital. 
Referrals from general practitioners and self-referrals, were divided by the number 
of early-onset cancer in each of the 11 subregions. 

If multiple members from one family were referred to our centre by a single source, 
then only one referral was included in the calculation of the referral ratios. 

Some 30% of the cancer related referrals to our centre concern people that do not 
have cancer themselves but are 'healthy relatives with a strong family history'. For 
these we could not correct since the number of such persons living in each 
subregion or being seen in regional hospitals is unknown. However, families in our 
region show relatively little migration and therefore correcting for hospital and 
subregional differences in the number of early-onset cancer patients, can be 
assumed to indirectly correct for the differences in number of healthy individuals 
with a positive family history of early-onset cancer as well. 

4.3.7 University hospital 
Sometimes regional physicians referred to our centre through specialists from our 
university hospital instead of doing so directly. An example of the latter type of 
referral would be the referral of a woman at high genetic risk to develop breast 
cancer to a surgical oncologist of the university hospital who in turn referred her for 
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further genetic analysis. A high or low number of these indirect type of referrals 
might have compensated a high or low number of direct referrals from a particular 
subregion. In order to take this possibly compensatory effect into account, we 
calculated the referral ratios for patients out of the different subregions referred by 
specialists from our own university hospital. 

4.3.8 Statistical analysis 
Statistical analysis was performed using the chi-square test from a statistical 
software package (S. P.S. S. for Windows 6. 1.2. , © SPSS, Inc. ). Only p-values 
below 0.05 were considered significant. 

4.4 Results 

4.4.1 Total number of referrals and type of referring physiscians 
The number of cancer related referrals as well as the other referrals between 1987-
1997 are shown in figure 1. The proportion of referrals related to cancer increased 
from 3 % (11 out of 361) in 1987 to 35 % (392 out of 1120) in 1997 (trend 
p<0.0001 ). There has been a clear rise (trend p<0.0001) in the cancer related 
referrals from general practitioners, surgeons, gynaecologists, internists, and 
clinical geneticists as well as from the consultees themselves, as shown in figure 2. 
Referrals from other specialists, including neurologists, dermatologists, 
ophthalmologists and paediatricians, who mainly referred patients for the rarer 
tumour syndromes, such as tuberous sclerosis, von Hippel-Lindau disease, 
retinoblastoma and neurofibromatosis, remained stable. 

4.4.2 Outcome of referral in 1997 
The type of genetic diagnosis made in the families referred for breasUovarian 
cancer and gastrointestinal/endometrial cancer in 1997 was as follows: 79 % high
risk families, 19 % medium-risk families and 2 % low-risk families. These percent
ages did not differ between the referring sources (specialists, general practitioners 
and self-referral) (p=0. 17). 
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4.4.3 Comparing regional hospitals, subregional general practitioners and 
self-referral 

The ratio of referrals for breast/ovarian cancer and gastrointestinal/endometrial 
cancer from each of the 1 7  regional hospitals (A-Q) are shown in figure 3. The 
number of counted referrals (i.e. max. 1 per family per hospital) were 1 24 for breast 
and ovarian cancer and 45 for gastrointestinal/endometrial cancer. The referral 
ratios showed significant differences for breast and ovarian cancer, ranging from 0-
26.8 % (p<0.0001 ). Although the referral ratios for gastrointestinal/endometrial 
cancer varied markedly from O to 30 %, confidence intervals were wider due to the 
lower number of referrals and referral ratios for these tumours were not significantly 
different (p=0. 1 1  ). 

In order to investigate whether other referral sources might compensate for the 
variation in the regional hospital referrals, we checked for other referrals in the 
hospitals' subregion. This appeared to be the case for hospital B, E, H and J (with a 
low HBOC referral pattern) and for hospital O and P (with a high HBOC referral 
pattern)(figure 4a). For HNPCC(-like) referrals a similar pattern was seen for 
hospital C, G,J, K and O (low referral) and F, P and Q (high referral) but not for E, 
H, I and N (figure 4b) . 

The total number of counted referrals (i.e. max. 1 per family per physician or 
university hospital) by the general practitioners, the university hospital and for self
referral, were 292 for breast and ovarian cancer and 98 for gastrointestinal and 
endometrial cancer. 

There was a significant inter-subregional difference between the proportion of 
breast/ovarian cancer related referral for general practitioners (ratios ranging from 
2-1 5  %, p<0.0001 ), self-referral (2-9 %, p=0.01 ) or the university hospital (1 -8 %, 
p=0.002) between the different subregions. For gastrointestinal/endometrial 
cancer, the ratios differed significantly between the subregions for the self-referral 
category (ratios ranging from 0-1 7  %, p=0.03) but not for general practitioners (0-
1 2  %, p=0. 1 5) and the university hospital (0-1 1 %, p=0.07). 
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Figure 1 The number of cancer related referrals as well as the number of referrals 
for other disorders are shown for each year. After the identification of the genes for 
hereditary breast-ovarian cancer and hereditary non-polyposis colorectal cancer 
(HNPCC) in 1993 and 1994, the number of cancer related referrals started to 
increase rapidly. 
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and colorectal, gastric or endometrial cancer related genetic services, respectively. 
These hospitals differ significantly in the number and type of cancer patients seen, 
which in itself might explain differences in referral. Therefore, the number of referrals 
from each hospital were adjusted by dividing it by the number of early-onset (<50 
years) cancer patients diagnosed in that hospital between 1 993 and 1 997. A 
maximum of one referral per family per hospital was counted. The resulting ratios for 
breast and ovarian cancer related referrals showed a significant 
heterogeneity (p<0.0001). Although the referral ratios for gastrointestinal and 
endometrial cancer varied markedly from 0 to 30 %, confidence intervals were wider 
due to the lower number of counted referrals ( 45, versus 124 for breast/ovarian 
cancer) and referral ratios for these tumours were not significantly different 
(p=0. 1 1) .  
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Figure 4a This figure illustrates the referral for breast or ovarian cancer related 
genetic seNices from the regional hospitals (A-Q) and from the general practitioners 
and consultees themselves (self-referral) from each of the regional hospitals ' 
subregions. Referral ratios of the university hospital of patients from each of the re
gional hospitals ' subregions are also shown. It illustrates that low or high referral 
rates from the regional hospitals may be compensated by other referring parties in 
the same subregion. 
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4.5 Discussion 

The present study shows that our centre has seen a more than 30-fold increase in  
cancer related genetic counsel l ing over the last eleven years. Simi lar i ncreases 
have been observed nation-wide (source: annual reports from the cl in ical genetics 
centres). This fast growing demand for genetic analysis and counsel l ing does not 
necessarily reflect an  equal use of these services by the reg ional physicians and 
general publ ic. Our study demonstrated that referrals from some of our hospitals 
and subreg ions were strikingly lower than from others. As most referra ls appear to 
be warranted , these d ifferences are not explained by d ifferences in unwarranted 
referrals, but rather h int at an under-recognition of hered itary cancer in those 
hospitals and areas. The d ifferences suggest that despite all efforts, including the 
periodic visits of the team of academic special ists to the reg ional hospitals and 
contributions to the post-graduate train ing of genera l  practitioners, information on 
hereditary cancer so far may not have been adequately provided and 'consumed' .  

However, differences in  referral should be interpreted with caution , as they are not 
necessarily a good measure of qual ity of knowledge on hereditary cancer and 
genetic services. A referral is the endpoint of the occurrence of (possibly) heredi
tary cancer in a fam i ly, its recogn ition by the consu ltee and the physician (or just 
the consu ltee) and the decision to consult the cl in ica l genetics centre because of 
th is. There may be severa l  va l id reasons for not seeking genetic analysis in individ
ual cases. In add ition ,  some physicians, especial ly those working near the south 
and western borders of our reg ion may have referred to other cl in ical genetics 
centres or (for pedigree analysis) to the Netherlands Fou ndation for the Detection 
of Hereditary Tumours .  Calcu lating referral ratios correcti ng the number of referrals 
for the popu lation d iagnosed with early-onset cancer is on ly an indirect correction 
for possible reg ional d ifferences in hered itary cancer i ncidence. Also , the number 
of healthy relatives with a fami ly h istory of cancer seen by the reg ional special ists 
and general practit ioners is presently unknown . 

Our mon itoring study cou ld not directly reveal under-recogn ition of hered itary 
cancer. Rather, it a imed at col lecting data on referral to start and support a 
dialogue on c l in ical cancer genetics services with the d ifferent hospita ls and other 
groups of physicians ,  and offer 'customized' educational updates if necessary. 
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We will continue monitoring referral and it will be interesting to observe if any 
changes in referral patterns will unfold. The need to make such an audit of regional 
access to highly specialized cancer consultation services as part of a quality
assurance program has recently be stressed1 1

. In addition to the education of 
physicians on new developments in genetics, education of cancer patients and the 
general public on these issues is important to clarify the potential of genetic testing 
as well as its limitations. Educational meetings have been and will be organized in 
many of our subregions for this purpose. 

We conclude that the approach we described to assess and monitor regional 
referrals to clinical cancer genetics services is potentially useful, because it may 
reveal unequal distribution of genetic health care and facilitate the targeting of 
educational programs. We assume that further refinement of our model may be 
necessary to be useful on a larger scale. The ultimate goal of these efforts is to en
sure that cancer patients and their families benefit maximally from the new devel
opments in clinical cancer genetics. 
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5. 1 Abstract 

Cancer is associated with a wide range of hereditary disorders. Recognizing these 
disorders in cancer patients may be of great importance for the medical 
management of both patients and their relatives. Conversely, recognizing the fact 
that cancer may develop in patients already diagnosed with a hereditary disorder 
may be important for the same reason. We have developed a stand-alone interacti
ve computer program, Familial Cancer Database, to assist the clinician in making a 
genetic differential diagnosis in cancer patients as well as in becoming aware of 
the tumour spectrum associated with a particular hereditary disorder already 
diagnosed. The program tries to match tumour and non-tumour features observed 
in patients and their families with any of the more than 300 disorders presently 
contained in the database and provides a clinical synopsis for each of these 
disorders. Familial Cancer Database is offered as part of the Familial Cancer and 
Prevention project of the UICC Cancer Epidemiology and Prevention program. The 
software can be downloaded from the internet at http:/www.uicc.ch/ [download-site 
will be activated at the time of the journal publication of this paper] 

The contents of this paper and the Familial Cancer Database are solely the 
responsibility of the authors and do not necessarily reflect the official views of the 
UICC. 
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5.2 Introduction 

As a result of recent clinical and basic research on hereditary disorders, there has 
been a vast increase in knowledge on hereditary aspects of cancer 1 . Cancer has 
been reported as a feature of more than 200 hereditary disorders2

. These disorders 
include the human cancer syndromes, associated with high life-time risks to 
develop cancer, as well as with a much larger group of disorders associated with a 
smaller increase in cancer risk. The recognition of a hereditary nature of cancer in 
patients by their physicians may have major implications for both treatment and 
cancer prevention, not only for those patients, but also for their families3

. From a 
different clinical perspective, recognizing the fact that tumours may be part of the 
clinical spectrum of hereditary disorders already diagnosed, may lead to early 
detection or prevention of those tumours. 

Some hereditary tumour syndromes are well known and easily recognized by the 
majority of physicians, e.g. the classical phenotype of familial adenomatous 
polyposis. Others are less well known. The same is true for oncological aspects of 
hereditary disorders already diagnosed in non-cancer patients. In some, the fact 
that cancer may complicate the disease is well known, e. g. in Recklinghausen 
disease or Beckwith-Wiedemann syndrome. In others, it is not. Moreover, it may be 
difficult for physicians to keep an overview of cancer-associated hereditary dis
orders, because new data on these disorders are continuously being published, 
which leads to new clinical classifications and diagnostic criteria. With this in mind, 
we set out to develop an updatable computer program to assist the physician in 
recognizing hereditary disorders in cancer patients as well as in recognizing the 
possibility of cancer developing in their patients already diagnosed with a heredi
tary disorder. 

5.3 Material and Methods 

A list of proven or presumed hereditary disorders associated with tumour develop
ment was compiled from the literature by consulting the following sources: 
McKusick's on-line catalogue of hereditary phenotypes (Online Mendelian 
Inheritance in Man, OMIM, found at www.ncbi.nlm.nih.gov/Omim), a catalogue of 
human genes predisposing to neoplasia 4

, textbooks on hereditary cancer5-14
, as of 

1994, weekly searches in Current Contents on Diskette, additional searches in 
Medline, and literature references found through the previously mentioned sources. 
The same was done for congenital anomalies (not necessarily hereditary) and 
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constitutional chromosomal abnormalities (e.g. Down syndrome) associated with 
cancer, because these disorders are considered in a clinical genetic differential 
diagnosis as well. 

All disorders thus identified were stored in a relational database, written in 
Microsoft Access 1.1 (© Microsoft Corporation, Inc.). Although the emphasis of this 
database is on malignant tumours, hereditary disorders which feature (multiple) 
benign tumours with a potential risk for malignant transformation were included as 
well. 

For each of the disorders included in the database, information was stored on 9 
items: name, synonyms, mode of inheritance, associated genes, McKusick's 
number, tumour spectrum, non-tumour features, a clinical summary and refe
rences. Inclusion criteria for these items were as follows. The McKusick number, 
mode of inheritance and genes involved were taken from OMIM, updated from 
more recent literature if available. In cases of doubt with regard to modes of 
inheritance, as expressed by the catalogue and/or the literature, a question mark 
was added to these entries in the database. 

Tumours associated with the included disorders were labelled with regard to the 
strength of those associations. Tumours which, based on epidemiological data or 
molecular studies, were significantly associated with a particular disorder were 
labelled 'certain'. In many of the rare disorders where no such statistical or 
molecular data were available, we included tumour types shared by all or the 
majority of patients reported with that particular disorder. As a general rule, we also 
included tumours with a relatively early age at diagnosis. In case of doubt, tumours 
were labelled as 'possible' association. Of the non-tumour features, only those that 
are most characteristic for each disorder, according to textbooks and review 
articles, were included. The clinical summary contains a general description of the 
disorder, mentioning available diagnostic criteria and risk figures. References were 
included to support the clinical summaries, in particular with regard to oncological 
and genetic aspects. 

The graphical user-interface to access the contents of the database was written in 
Microsoft Visual Basic Pro 3.0 (© Microsoft Corporation, Inc.) in conjunction with 
TrueGrid 2.1 Pro (© Apex Software Corporation). By deliberately using 16-bit 
versions of Access, TrueGrid and Visual Basic, minimal system requirements to 
run Familial Cancer Database were kept modest: IBM compatible personal com
puter with a 80486 processor (or better), at least 4 megabytes of internal memory 
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(RAM), a mouse, SVGA screen and the Windows 3.1 (or higher) operating system 
(© Microsoft Corporation, Inc.). 

The program was tested in the clinic by a panel representing the various medical 
disciplines involved in the diagnosis and treatment of cancer patients and of 
patients with hereditary disorders (see: acknowledgements). The panel's feed-back 
was used to refine the database contents and the user-interface. 

5.4 Results 

At the time of submission of this paper, the database contained information on 307 
disorders, approximately 90 % of which were proven or presumed hereditary 
disorders, the others being congenital anomalies and constitutional chromosomal 
aberrations. The interface was programmed to present four main options to the 
user: 'Find Syndromes\ 'Browse Syndromes\ 'Browse References' and 'Browse 
Chromosomes/Genes'. The first two options are the key features of the program. 

The 'Find Syndromes' option allows the physician to draw up a search profile 
choosing from 425 different benign and malignant tumour types and 450 non
tumour features (e.g. immune deficiency) using an organ-oriented interface (figure 
1 ). Because we wanted the program to be able to deal with family histories when 
those had not yet been verified and therefore possibly would be less detailed in 
describing the specific tumour types, several broad search terms were included. 
Examples of these are gastrointestinal cancer, brain tumour and uterine tumour. 
On running the search profile, the program tries to match it with the disease pro
files stored in the database and lists the result (figure 2). The details of the listed 
disorders can subsequently be viewed (figure 3). For each of the tumour types 
listed in the search profile, the user may choose to have the program search for 
disorders certainly or possibly featuring that tumour in its tumour spectrum ('wide' 
search mode) or only certainly doing so ('narrow' search mode) . 

In the 'Browse Syndromes' option, the disorder of interest to the user can be 
selected from an alphabetical listing of all disorders included in the database and 
can subsequently be viewed for details (figure 3). 
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In the 'Browse Chromosomes/Genes' option, the user can select a specific chromo
somal area and view the genes located in that area, which are associated with 
cancer risk if mutated in the germline. Also, the disorders associated with any of 
the 171 genes included in the database can be viewed. 

Finally, the 'Browse References' option allows the user to search the more than 
1850 references in the database by name of the first six authors. An on-line help 
option is available to the user, explaining all the features of the program, its limita
tions and providing general information on hereditary disorders and hereditary can
cer. 
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in this screen, the user can compose a search profile reflecting the features observed in a patient and his 
or her relatives. Running the profile will make the program try to match the features from the profile with 
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Figure 2 This screen displays the disorders which manifest either certainly or possibly (i. e. using the 'wide' search mode) 
hepatoblastoma as well as craniofacial dysmorphisms. If the search profile had been run in the search mode 'narrow', i.e. matching 
only with disorders of which we are certain that they include both features in their phenotype, then only Beckwith-Wiedemann 
syndrome would have come up. The clinical details as presented by the program for one of the listed disorders, Aicardi syndrome, 
is shown in figure 3. 
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Name: Aicardi syndrome 

---> Mode of Inheritance: XLD 

---> Genes: AIC#, located on Xp22.3 

---> McKusick number(s): 304050 

---> Tumor Spectrum: 
angiosarcoma (possible feature) 
choroid plexus papil loma (possible feature) 
colorectal polyps (possible feature) 
gastric polyps (possible feature) 
hepatoblastoma (possible feature) 
lipoma (possible feature) 
palate, benign teratoma of (possible feature) 
parapharyngeal embryonal cell cancer (possible feature) 

---> Non-Tumor Features: 
chorioretinal lacunae 
cleft lip 
cleft palate 
corpus callosum agenesis 
facies, asymmetric 
gross motor delay 
mental deficiency 
plagiocephaly 
rib anomalies 
seizures 
vertebral anomalies 

--->Comment: 

1 75 

Clinical hallmarks are infantile spasms, corpus callosal agenesis, chorioretinal abnormalities ( lacunae) 
and severe psychomotor retardation. Other findings include plagiocephaly, facial asymmetry, cleft l ip 
and palate and costovertebral anomalies. A number of tumors have been reported in association with 
Aicardi syndrome[ l -5] : choroid plexus papilloma (the most frequent tumor), gastric hyperplastic 
polyps, rectal polyp, soft palate benign teratoma, hepatoblastoma, parapharyngeal embryonal cell 
cancer; l imb angiosarcoma and scalp lipoma. 

--->References: 
1 )  Robinow M, Johnson GF, Minella PA. Aicardi syndrome, papilloma of the choroid plexus, c left 
lip, and cleft of the posterior palate. J Pediat 1 984; 1 04(3) :404-5. 
2) Tagawa T, Mimaki T, Ono J, Tanaka J, Imai K, Yabuuchi H. Aicardi syndrome associated with an 
embryonal carcinoma. Pediat Neurol 1 989;5( 1 ) :45-7. 
3)  Tanaka T, Takakura H, Takashima S, Kodama T, Hasegawa H. A rare case of Aicardi syndrome 
with severe brain malformation and hepatoblastoma. Brain Dev 1 985;7 :507- 1 2. 
4) Trifiletti RR, Incorpora G, Polizzi A, Cocuzza MD, Bolan EA, Parano E. Aicardi syndrome with 
multiple tumors: a case report with literature review. Brain Dev 1 995; 1 7 :283-5 . 
5) Tsao CY, Sommer A, Hamoudi AB. Aicardi syndrome, metastatic angiosarcoma of the leg, and 
scalp lipoma. Am J Med Genet 1 993 ;45 :594-6. 

Figure 3 

Example of a clinical details screen. The '#' symbol after the gene's name means this gene 

has not been cloned yet. 
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5.5 Discussion 

We have developed a computer program to help clinicians to orientate themselves 
on the possible hereditary aspects of tumours in their patients, as well as on 
oncological aspects of hereditary disorders already diagnosed in their patients. 
Because knowledge of these aspects rapidly changes, the use of software offers 
an advantage over printed literature as it can be more readily updated and 
redistributed (e.g. through the Internet). For orientation purposes it also offers 
advantages over on-line computerized literature searches because it offers infor
mation in a review format. Online Mendelian Inheritance in Man (OMIM) is a 
valuable and updated source of information on hereditary disorders in a review 
format. However, it is not specifically focused on oncological aspects of these 
disorders. 

Our program has of course limitations as well. The user needs a computer and 
(basic) knowledge of computers to use the software. Therefore, depending on the 
circumstances, consulting textbooks or other printed sources may be more 
convenient. Also, the present version of our program does not contain any 
illustrations and because of its focus on the genetic differential diagnosis of 
tumours, it does not discuss clinical management of disorders and covers only the 
most characteristic non-oncological aspects . 

. A limitation for any type of review on hereditary disorders, congenital anomalies 
and constitutional chromosomal abnormalities stems from the fact that for many of 
these disorders and for a wide range of tumours, there is no solid statistical or 
molecular evidence yet that these tumours are truly part of the phenotype. We 
have explicitly labelled uncertain associations as 'possible' in the database and the 
user may choose to have the program search only for certain associations. Still, we 
are aware of the fact that deciding on the strength of association of a tumour type 
with a particular disorder in the absence of statistical or molecular proof is often 
arbitrary. 

The clinical value of searching databases as well as printed literature does not de
pend on the data contained in those sources alone. The skill of the user in select
ing good 'search handles' from the various features observed in a patient and 
family is important as well. Selecting tumours or features less suggestive of a 
hereditary cancer predisposition, e.g. a case of lung cancer diagnosed in a 70-
year-old heavy smoker from a family with early-onset ovarian cancer, may very well 
devaluate the search results. Although the on-line help-function of the program 
gives general hints on selection and discusses modes of inheritance, the user 
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should have a certain knowledge of genetics and oncology to make good use of 
the program. 
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Our program is primarily aimed at physicians and genetic counsellors working in 
familial cancer clinics and in departments of medical genetics, oncology (surgical 
and medical disciplines), pathology and paediatrics. To determine the practical 
value of the program and allow it to further mature, it needs to be tested by a large 
group of users from various medical disciplines over some longer period of time. 
We intend to perform an user survey once this group is sufficiently large. The 
Familial Cancer Database is offered free of charge as part of the Familial Cancer 
and Prevention project of the UICC Cancer Epidemiology and Prevention program. 
The software can be downloaded from the Internet at http:/www. uicc.ch/[site will be 
activated at the time of the journal publication] . The authors welcome comments on 
all aspects of the program at facd@med.rug.nl and will continue to update, refine 
and expand it as warranted from users' feed-back and scientific, clinical and 
technological developments. 
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In several families, multiple endocrine neoplasia type 
2A (MEN 2A) has been found in association with 
cutaneous lichen amyloidosis. It has been debated, 
however, whether the skin amyloidosis found in MEN 
2A families, localized exclusively in the interscapular 
area, represents the same anomaly as that found in 
autosomal dominant familial cutaneous lichen amy
loidosis, which is more generalized. We screened two 
MEN 2A families with associated skin amyloidosis for 
germline mutations in the RET gene responsible for 
the MEN 2A cancer syndrome, and found the same 
mutation characteristic of MEN 2A in both families. 

C 
utaneous lichen amyloidosis (CLA) is a rare disorder 
characterized by deposits of amyloid in the papillary 
dermis. Sporadic as well as autosomal dominant 
hereditary forms have been documented. Gagel et al 
( 1989) reviewed 63 of these hereditary cases. Here 

we refer to the hereditary form as familial cutaneous lichen 
amyloidosis (familial CLA). 

CLA-like skin lesions have also been found in patients with 
multiple endocrine neoplasia type 2A (MEN 2A) (Gagel ct al, 1 989; 
Nunziata et al, 1 989; Ferrer et al, 1 99 1 ; Kousseffct al, 1 99 1 ;  Chabre 
ct al, 1 992; Robinson rt al, 1 992; Pacini ct al, 1 993). MEN 2A is a 
neoplastic syndrome characterized by C-cell hyperplasia, medullary 
thyroid carcinoma, pheochromocytoma, and parathyroid hyperpla
sia. The disorder is caused by specific germline mutations in the 
RET proto-oncogene (Donis-Keller et al, 1 993; Mulligan et al, 

1 993). 
Because patients have been found with CLA lesions in several 

MEN 2A families, it has been suggested that patients having 
sporadic or familial CLA should be considered at risk for the MEN 
2A syndrome and therefore should be tested for MEN 2A mutations 
(Nunziata et al, 1 989; Ferrer et al, 1 99 1 ;  Chabre et al, 1992) . Based 

Manuscript received May 28, 1 995; revised April 1 2, 1 996; accepted for 
publication April 18, 1 996. 

Reprint requests to: Dr. Charles H.C.M. Buys, Department of Medical 
Genetics, University of Groningen, Ant. Deusinglaan 4, 971 3  AW, Gro
ningen, The Netherlands. 

Abbreviations: CLA, cutaneous lichen amyloidosis; FCLA, familial case 
of CLA family; MEN 2A/2B, multiple endocrine neoplasia type 2A/type 
28; MEN 2A/CLA, multiple endocrine neoplasia type 2A associated with 
CLA; SSCP, single-strand conformation polymorphism. 

STUDIES ON THE CL IN ICAL GENETICS OF CANCER 

We also screened pro bands from three pedigrees with 
familial cutaneous lichen amyloidosis for RET muta
tions. In none of the RET coding and flanking in
tronic sequences was a mutation detected. This most 
probably indicates that skin amyloidosis found in 
some MEN 2A families and familial cutaneous lichen 
amyloidosis are different conditions. Consequently, 
patients with apparent familial cutaneous lichen 
amyloidosis do not appear to be at risk for MEN 2A. 
Key words: genetic heterogeneity/clinical heterogeneity/ 
etiologic heterogeneity. J Invest Dermatol 107:215-218, 
1996 

on the association of both of these conditions, RET gene mutations 
have been thought responsible for the skin amyloidosis found in 
MEN 2A patients. We therefore screened two MEN 2A families 
with associated CLA and three families with familial CLA for RET 

germline mutations. 

MATERIALS AND METHODS 

Familial CLA The three families participating in this study had CLA in at 
least two generations (Fig 1). All affected family members were examined 
by a dermatologist. Light microscopic and electron microscopic evidence of 
amyloid was found in skin biopsy specimens from at least two individuals in 
each of the familial CLA families, FCLA-2 and FCLA-3. Although no 
electron microscopic analysis was perfom1ed on patient material from family 
FCLA- 1 ,  the diagnosis in this family was based on a characteristic clinical 
picture and on histopathologic and immunofluorescence examination of 
skin specimens. In all three families, the CLA lesions were found mainly on 
the arms and legs. 

MEN 2AJCLA Families Families MEN 2A/CLA-1 and -2 have been 
described before. Figure 2 shows the relevant parts of the pedigrees. Family 
MEN 2A/CI.A-I has been reported by Kousseff et al ( 1 9 9 1 ) ,  who gave a 
detailed description of the CLA lesions. Family MEN 2A/CLA-2 has been 
described as family 13 by Lips et al ( 1 994). Some of the patients in this family 
appeared with lesions in the interscapular region only and were clinically 
diagnosed as having CLA upon examination by a dermatologist. Light 
microscopic evaluation of biopsy specimens of the lesions failed, however, 
to detect amyloid. 

Single-Strand Conformation Polymorphism (SSCP) Analysis 
High-molecular-weight DNA from patients from families MEN 2A/ 
CLA-1 , FCLA- 1, FCLA-2, and FCLA-3 was used for SSCP analysis of all 20 
RET exons. DNA amplification was carried out on 1 50 ng of DNA in 1 X 
Super Taq reaction buffer using 0 . 1 25 U of Super Taq (HT Biotechnology 
Ltd., Cambridge, UK) in a total volume of 30 µl containing 20 µM 
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Figure 1. Pedigrees of families with familial cutaneous lichen 
amyloidosis (FCLA) included in this study. Solid syml,ols indicate 
individuals affected with CLA. 

deoxycitidine triphosphate (dCTP), 200 µM deoxyadenosine triphosphate/ 
thymidine triphosphate/guanosine triphosphate, and I µCi of[a-32P]dCTP. 
The polymerase chain reaction (PCR) consisted of 30 cycles of 92°C for 
40 s, 72'C for 60 s, and another 60 s for annealing at the appropriate 
temperature. Table I lists the primers (! 00 ng of each primer) used for each 
exon of the RET gene, the annealing temperature, and the restriction 
enzymes used when relatively long PCR products were obtained. Electro
phoresis was carried out in a 6% polyacrylamide gel under at least two 
different conditions. Glycerol concentrations used were 0%, 5%, or 1 0%, at 
4'C, 20'C, or 30"C, respectively. We also used Mutation Detection 
Enhancer gel solution (At-Biochem, Malvern, PA) as a replacement for 
acrylamide and glycerol and ran the gels at 30'C in O.SX Tris-borate buffer 
at a maximum of 1 750 V and 60 W in a temperature-regulated LKB 2010 
Macrophore electrophoresis unit (Uppsala, Sweden). 

Polymorphisms in the RETGene lntragenic RETpolymorphisms (see 
Table II) were analyzed by carrying out digestions with the restriction 
enzymes listed or, in the case of exon 18 ,  by SSCP analysis. 

Sequence Analysis For all families, sequence analysis was carried out on 
exons IO and 1 1 ,  whiLh are known to account for more than 9 5% of the 
mutations found in MEN 2A (Mulligan et al, 1 994; Schuffenecker et al, 
1 994). In addition, all SSCP variants observed were sequenced. For SSCP 
and sequence analysis, the same primer sets were used. For sequence 
analysis, however, one of the primers of each set was biotinylated. DNA 
amplification was carried out as described earlier. PCR products were 
separated in a 2% low melting point agarose gel. After ethidium bromide 
staining, bands were cut out and isolated with the Sephaglas BandPrep kit 
(Pharmacia Biotech, Uppsala, Sweden). The two single strands were 
separated using Dyna! beads (DYNAL AS, Oslo, Norway). They were 
sequenced with the T7 sequencing kit (Pharmacia Biotech) and 
[o-32P]dCTP. A 6% sequencing gel was used for electrophoresis. 

RESULTS 

RET Mutation Screening in MEN 2A/CLA Families A 
search for mutations throughout the entire RET gene by means of 
SSCP revealed in one family (MEN 2A/CLA-l )  a conformation 
variant in exon 11 in all affected family members (MEN 2A and 
MEN 2A/CLA patients). Upon sequence analysis, this appeared to 
be caused by transition Tl 900-C, resulting in the substitution of 
an arginine for a cysteine at codon 634 (Cys634-Arg) (Fig 3). 
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Figure 2. Pedigrees of families with multiple endocrine neoplasia 
type 2A (MEN 2A) and cutaneous lichen amyloidosis (CLA) in
cluded in this study. Solid symbols indicate individuals affected with MEN 
2A; shaded symbols show individuals affected with both MEN 2A and CLA. 
The numbers in pedigree 1 correspond to those of Fig 4. 

Sequence analysis of exons 10 and 11 of the RET gene showed 
the same mutation, Tl 900-C, in family MEN 2A/CLA-2 in all 
affected family members (MEN 2A and MEN 2A/CLA patients). 
Confirmation of the mutation was possible, as this mutation creates 
a Hlial site. Exon-1 1  alleles with the mutation should have an extra 
H/1al site, giving rise to a PCR product that is 60 bp shorter after 
digestion. Figure 4 shows restriction analysis of exon 1 1  for nine 
individuals from family MEN 2A/CLA-1 .  All affected persons 
indeed showed two bands, the wild-type and the 60-bp-shorter 
mutant band, whereas nonaffected persons did not have the restric
tion site and showed only the wild-type band. 

RET Mutation Screening in Familial CLA Families SSCP 
analysis of all exons of the RET gene did not show a causative RET 
mutation, nor did sequence analysis of exons 10  and 1 1 .  

Haplotyping Using Intragenic Polymorphisms All families 
were haplotyped for all of the intragenic markers listed in Table Il. 
No specific polymorphism seemed to co-segregate with the familial 
CLA or MEN 2A/CLA phenotypes (data not shown). 

DISCUSSION 

Phenotypic diversity due to mutations affecting different domains of 
a gene product is a frequent phenomenon known as allelic heter
ogeneity. The RET gene is a well-known example. Base-pair 
substitutions affecting one of five highly conserved cysteine residues 
in the extracellular part of the protein are associated with MEN 2A 
and familial medullary thyroid carcinoma (Mulligan et al, 1 994; 
Schuffenecker et al, 1 994). Furthermore, a missense mutation 
substituting threonine for methionine at codon 918  in the tyrosine 
kinase domain of the protein has been found to be uniquely 
associated with MEN 2B (Carlson et al, 1994; Eng et al, 1994; 
Hofstra et al, 1 994). Mutations throughout the gene of one of the 
two alleles, presumably leading to inactivation of the protein, have 
been found responsible for a proportion of patients suffering from 
Hirschsprung disease (Edery et al, 1994; Romeo et al, 1 994). The 
combined occurrence of both MEN 2A and CLA in some families 
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Table I. Primers Used in Single-Strand Conformation Polymorphism and Sequence Analysis of the 
RET Proto-Oncogenea 

Annealing 
Temperature Length Restriction Exon 

Number Forward Primer Reverse Primer ("C) (bp) Enzyme 

5 '-GAGTGCCCCGGAACGTGCGT-3 ' 5 'CGCGTGCCCACGGCAAACAG-3 ' 68 1 66 
5 '  -CCATA TTCTCACCATCCCTC-3 ' 5 '-AGTGTCAGCGGCTGTGAT AA-3 ' 58 387 Sa113A 
5 '-GGACCAGGGTTT ACACCAGC-3 ' 5 '-GCTTGTGTCAAGGGCTCGCA-3 ' 58 466 Smal 
5'  -CCTTCCCGAGGAAACGGCT-3' 5 '-CGAACTGTGGCCGGAGACAG-3 ' 58 423 Bstcll 
5 '-CCTAAGGTCTCTGGTTTTGG-3 ' 5 '-AAGAGCGACCACCTCA TTTC-3 ' 50 329 Aval 
5 '-CA TGAGGAAGCAGCCAGAGC-3 ' 5 '  -AGTGTCACCTGCCTCCCTGT-3 ' 57 333 Ha,III 
5 '-CTGGCT AAGGTGTTCCCCTG-3 ' 5 '  -CCAGGCTCCAGAAGCTCCCA-3 ' 60 346 BamHI 
5 '-GCTGGTGCTGTTCCCTGTCC-3 ' 5 '  -CCTCCCTTGGGCGTTTCCAG-3 ' 62 239 
5 '-AGTCTGCTGTGTGTCCTG-3 ' 5 '-CCA TGCCCTGA TT AAACC-3 'G 50 1 58 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 

5' -GAGGCTGAGTGGGCT ACGTC-3' 5 '-AGACCTCTGTGGGGCTGGGA-3' 61 1 99 
5 '-CTCTGCGGTGCCAAGCCTCA-3 ' 5 '-TCTGTCTCCCCAGCTCGCCT-3 ' 62 375 S1111 
5 '-GCCTTCTTCCTCCCTGTCAT-3 ' 5 '-GAGACTCCCCAGGGCACTGT-3 ' 60 267 Mae! 
5 '-AACTTGGGGAAGGCGTGCA-3 ' 5 '-AGAACAGGGCTGTA TGGAGC-3 ' 57 277 A,,al 
5 '-AAGACCCAAGCTGCCTGACC-3 ' 5 '-CTGGGTGCAGAGCCA TATGC-3 ' 60 294 A,,all 
5 '-TGACCGCTGCTGCCTGCCAT-3 ' 5 '-GCTTCCCAAGGACTGCCTGC-3 ' 61 251 
5 '-AGGGA T AGGGCCTGGGCTTC-3 ' 5 '  -T AACCTCCACCCCAAGAGAG-3 ' 58 192 
5 '-AGCCACTCACTGGTCCTTCA-3 ' 5 '-ATGGGGAGGGAATGCACACA-3 ' 57 240 
5 '-CTGGCCCTGCTTGGATCAT A-3 ' 5 '-CAGCTTGTGGGAA TTGGACC-3 ' 60 176 
5 '-TAGTTGTGGCACA TGGCTTG-3 ' 5 '-GAGAGGAAGGATAGTGCAGA-3 ' 59 260 Al'al 
5 '-CAAAGGGAGTTTTGCCAAGG-3 ' 5 '-GCCGGT AGACTTTCCA TTCT-3 ' 56 3 1 1  EcoRV 

,J PCR was done for amplification of each of the 20 cxons. The restriction enzymes indicated were used if PCR products were longer than 250 bp. Exons 1 and 4 needed 1 OY. 
dimcthylsulfoxide in the reaction buffer. 

and patients might be associated with specific RET mutations. We 
therefore analyzed two families. In patients of one of these, MEN 
2A/CLA-1, the presence ofamyloid could be clearly demonstrated. 
Amyloid could not be demonstrated in specimens from the lesions 
of the patients from the other family. Because this is not a consistent 
feature of presumed CLA patients in previously reported MEN 
2A/CLA families, however, and because all lesions were limited to 
the interscapular region, which is generally considered characteris
tic for the association of MEN 2A and CLA, family MEN 2A/ 
CLA-2 was also included in this study (Gagel et al, 1 989; Nunziata 
et al, 1 989; Ferrer et al, 199 1 ;  Kousseff et al, 1991 ;  Chabrc et al, 

1992; Robinson et al, 1 992; Pacini et al, 1 993 ) .  In the two families, 
we found the same RET mutation in codon 634 (Cys634->Arg). 
The mutation was present in all MEN 2A patients, some of whom 
also had CLA. A Cys634->Tyr mutation (G1 901->A) has been 
reported previously in another family with MEN 2A and CLA 
(Ceccherini et al, 1 994b). Although all the mutations affect codon 
634, different amino acid substitutions result. The mutations found, 
notably Cys634-> Arg, also occur frequently in MEN 2A families 
without CLA lesions. Although an association between MEN 
2A/CLA and mutations in codon 634 may be postulated, the 
above-mentioned arguments make it hard to suggest a correlation 
between a specific RET mutation and the MEN 2A/CLA pheno
type. 

It might be suggested that the joint occurrence of MEN 2A and 
CLA would be due to the interaction of an apparently noncausative 
polymorphism and a disease-causing mutation, as has been de
scribed for the prion gene (Goldfarb et al, 1992). In the RET gene, 
several common noncausative polymorphisms have been found 

(Table II; Ceccherini et al, 1 994a). None of the polymorphisms, 
however, seemed to co-segregate with the MEN 2A/CLA pheno
type. Thus, for an explanation of the intrafamilial phenotypic 
variability, it may be necessary to look beyond the mutational
polymorphic genotype. Differential handling of the gene product by 
the paracrine growth mechanism of a particular individual may alter 
the pathogenesis of the condition and cause pleiotropy of the 
phenotype (Kousseff et al, 1 99 1 ;  Kousseff, 1 992). 

A search for RET mutations in patients from three "CLA only" 
families did not reveal a mutation other than already known 
noncausativc polymorphisms. We also looked for possible co
segregation of these intragenic polymorphisms with the cutaneous 
phenotype in these families, but were unsuccessful. We therefore 
conclude that RET is not involved in these cases of familial CLA. 

Our findings raise the question of whether the CLA found in 
MEN 2A and familial CLA are etiologically similar conditions. 
Clinically, there is a distinction in the affected sites. In MEN 2A 
patients, skin lesions arc always found in the interscapular region, 
whereas in familial CLA patients, skin lesions are more generalized 
(Robinson et al, 1 992). Dysfunction of the RET gene, which in 
developing mice is expressed in the peripheral nervous system 
(Schuchardt et al, 1 994), might lead to pruritus and subsequently to 
scratching and degeneration ofkeratinocytes. It has been suggested 
that prolonged mechanical friction may produce a macular amy
loidosis, or "friction amyloidosis" (Wong and Lin, 1988; Robinson 
et al, 1992). Because many chronic pruritic skin conditions do not 
show skin amyloidosis, however, this etiologic model might be an 
oversimplification. 

The current results lend support to the idea that skin lesions in 

Table II. Noncausative Nucleotide Changes Detected in the Coding Sequence of RET' 

Exon 

1 1  
13 
15 
18 

11 Ceccherini t i  al, 1994. 

Nucleotide 
Change 

GCG-->GCA 
GTC-->GTA 
GCG-->GCA 
GGT--+AGT 
CTT--+CTG 
TCC--+TCG 
CGC--+TGC 

Amino Acid 
Substitution 

Ala 45 
Val 125 
Ala 432 
Gly 691--+Ser 
Leu 769 
Ser 904 
Arg982--+Cys 

" , Loss of the mentioned restriction site; +, gain of the mentioned restriction site. 

Restriction 
Site Changed• 

Eagl (+) 
Mboll (-) 
Bsml (+) 
Bani (-) 
Taql (-) 
Rsal (+) 

Controls 
Tested 

52 
49 
45  
53  
46 
48 
90 

Allele 1 
Frequency 

0.71 
0.98 
0.29 
0.79 
0.74 
0.21 
0.98 
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Figure J. Partial sequence analysis of exon 11 in an affected 
member of family MEN 2A/CLA-1. Shown is the relevant part of the 
sequence containing the Cys634-Arg mutation. 

familial CLA and MEN 2A/CLA patients are different from genetic, 
clinical, and etiologic points of view. Consequently, familial CLA 
patients do not appear to be at risk for MEN 2A. To settle this issue 
definitively, however, more data are needed. Mainly for this 
reason, it may still be reasonable for physicians of (apparent) 
familial CLA patients to have their patients screened for RET 
mutations. 

We tlra11k the families a11d patie11ts for their cooperatio11 i11 this stud)'. Our tlra11ks are 
also due to 1Hr. j.A'1.Jause11 Scltillltom-vmt Vee11 a11d Dr. H.K. Ploos Pa11 Amstel 
for collecti11gfa111il)' data. This stud)' was supported /,)' a .�ram from tire Dutclt Ca11cer 
Societ)'. 
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Figure 4 .  Hhal restriction patterns of exon 1 1  i n  the MEN 2A/ 
CLA-1 family members examined. The numbers correspond to those of 
Fig 2. Affected individuals show two bands because of an extra Hltal site. 

1 83 

REFERENCES 

Carlson KM. Dou S, Chi D, Scavarda N. Toshima K. Jackson CE, Wells SA, 
Goodfellow PJ, Doni5-Kcllcr H: Single misscnsc mutation in the tyrosine 
kinase catalytic domain of die RET proto-oncogcne is assoaatcd wid1 multi
ple endocrine ncoplasia type 2B. Pror Natl Arad Sri USA 91:1 579-1583. 1 994 

Cccchcrini I ,  Hofstra RMW, Yin I, Stulp RP, Barone V, Stclwagen T, Bocciardi 
R, Nijvccn H, Bolino A. Seri M, Ronchecco P, Pasini B, Bazzano M, Buys 
CHCM, Romeo G Conditions for SSCP analysis and common polymor
phistns of the 20 exons of the RET proto-oncogenc. Q,rcog,:,ic 9:3025-3029, 
1 994a 

Cecchcrini I ,  Rome1 C. Barone F. Pacini F, Martino E, Pinchcra A, Romeo G: 
Identification of the Cys634�T)T mutation of the RET proto-oncogene in a 
pedigree with multip)c endocrine neoplasia type 2A and localized cutaneous 
lichen amyloidosis.j £11dorri11ol l,wm 17:201-204, 1994b 

Chabrc 0. Labat F, Pinel N, Berthod F, Tare) V, Bachelot I :  Cutaneous lesion 
associated with multiple endocrine neoplasia type 2A: lichen amyloidosis or 
nostalgia paresthctica. l·fotl')' Ford Hosp Mtd J 40:245-248, 1 992 

Donis-Keller H, Dou S, Chi D, Carlson K, Toshima K, Lairmore TC, Howe JR, 
Moley JF. Goodfellow P. Wells SA: Mutations in the RET proto-oncogcnc arc 
associated with MEN 2A and FMTC. Hum /\lo/ Gt11tt 7:851-856. 1993 

Edery P, Lyonnet S, Mulligan LM. Pelee A, Dow E, Abel l, Holder S. Nihoul-Fckctc 
C, Ponder BAJ, Munnich A: Mutations of the RET proto-oncogene in 
Hirschsprung's disease. Nature 367:378-380, I 994 

Eng C. Smith DP, Mulligan LM, Nagai MA, Healey CS, Ponder MA. Gardner E. 
Scheumann FW,Jackson CE. Tunnacliffe A. Ponder BAJ: Point mutations within 
the ryrosine kinase domain of the RET proto-onco,zcnc in multiple endocrine 
neoplasia type 2B and related sporadic tumours. Hum Mo/ Gt11tt J:237-24 1 ,  I 994 

Ferrer JP. Halperin I, Conget I, Alsina M, Martinez-Osaba MJ. Palou J. Bombi JA, 
Vilardell E: Primary localized cutaneous amyloidosis and familial thyroid carci
noma. C/i11 £11dorri11ol (Oxj) 34:435-439, I 991 

Gagel RF, levy Ml, Donavan DT, Alford BR, Wheeler T, Tschcn A: Multiple 
endocrine neoplasia type 2a :15sociated with cutaneous lichen amyloidosis. Am, 
fotcm A·frd I 1 1  :802-806, I 989 

Goldfarb I. Peterson RB. Tabaton M, Brown P, LeBlanc AC, Montagna P, Cortelli P, 
JulienJ, Vital C, Pcndclbury WW, Zhaltia M, Wills PR, Hauw JJ, Mc Keever PE, 
Monari L, Schrank B. Swcrgold GD, Autilio-Gambetti I., Carleton Gajdusck D, 
Lugarcsi E. Gambctti P: Fatal familial insomnia and familial Creutzfeldt-Jacob 
disease: disease phenotype determined by a DNA polymorphism. Srit11u 258: 
806-808, I 992 

Hofstra RMW, Landsvater RM, Cecchcrini I, Stulp RP, Stclwagen T, Luo Y, Pasini B, 
Hoppcncr JWM, Ploos van Amstcl HK, Romeo G, Lips CJM, Buys CHCM: A 
mutation in the RET proto-oncogcnc associated with multiple endocrine ncoplasia 
type 2B and sporadic mcdullary thyroid carcinoma. Naturt 367:375-376, 1994 

Kousscff B:  Sipple syndrome with lichen amyloidosis as a paracrinopath) . Am J ,\,ltd 
c,,,,, 42:751-753, 1992 

Kousself B, Espinoza C. Zamorc GA: Sipple syndrome with lichen amyloidosis as a 
paracrinopathy: pleiotropy, heterogencit}, or a contiguous gene? j Am Acad 
Dm11a10/ 25:651-657, 1991 

lips CJM, Landsvatcr RM, Hoppencr JWM, Gccrdink RA, Blijman G, Janscn
Schillhom van Veen JM. van Gills APG., de Wit M, Zewald R. Berends MJH, 
Beemer FA, Brouwers-Smalbraak J. Jansen RPM, Ploos van Amstcl HK, van 
Vroonhoven TJMV, Vroom TM: Clinical screening as compared ";th DNA 
analysis in families with multiple endocrine ncoplasia type 2A. N £,,.�/ J Mtd 
331 :823-835, 1994 

Mulligan LM, Eng C, Healey CS, Clayton D, Kwok BJ, Gardner E. Ponder MA, 
Friling A. Jackson CE, Lehnert H, Neumann HPH, Thibodeau SN, Ponder BAJ: 
Specific mutations of the RET proto-oncogene arc related to disease phenotype 
in MEN 2A and FMTC. Nature G,,,,, 6:70-74, 1 994 

Mulligan LM, KwokJBJ, Healey CS, Elsdon MJ, Eng C, Gardner E, Love DR, Mole 
SE, Moore J, Papi L. Ponder MA, Tclcniu, II, Tunnaclilfe A. Ponder BAJ: 
Gennline mutations of the RET proto-oncogcne in multiple endocrine neoplasia 
type 2A. Nature 363:458-460, 1993 

Nunziata V. Giannattasio R. Di Giovanni G, D'Annicnto MR. Mancini M: Hereditary 
localized pruritus in affected members of a kindred with multiple endocrine 
ncoplasia type 2A (Sipple syndrome). C/i,, £Hdocri11ol (Oxj) 30:57-63, 1989 

Pacini F, Fugazzola L, Bevilacqua G, Viacava P, Nardini V, Martino E: Multiple 
endocrine ncoplasia type 2A and cutaneous lichen amyloidosis: description of a 
new family. j £11dorriHol lm•tsl 1 6:295-296, 1993 

Robinson MF, Furst E, Nunziata V, Brandi ML, Ferrer JP, Martins Bugalho MJG, di 
Giovani G, Smith RJH, Donovan DT, Alford BR. HcjtmancikJF, Colanruoni V, 
Quadro L, Limbert E, Halperin I ,  Vilardcll E, (,age! RF: Characterization of the 
clinical features of five families with hereditary primary cutaneous lichen 
amyloidosis and multiple endocrine ncoplasia type 2. Hmry Ford Hosp Mtd J 
40:249-255, 1992 

Romeo G, Ronchetto P. Luo Y. Barone V, Seri M, Ceccherini I, Pasini B,  Bocciardi 
R, Lerone M, Kiiiirlainen H, Martuciello G: Point mutations affecting the tyrosine 
kinase domain of the RET proto-oncogene in Hirschsprung's disease. Nat11rt 
367:377-378, 1994 

Schuchardt A, D'Agati V, Lamon-Blomberg L, Constantini F, Pachnis V: Defects in 
the kidney and enteric nervous system of mice lacking the tyrosine kinase 
receptor Rec. Nawre 367:380-383, I 994 

Schulfenecker I, Billaud M, Calender A, Cambe B, Ginet N, Calmcttes C, Modigliani 
E. Lenoir GM, the Groupe d'Etude des Tumours a Calcitonine: RET proto
oncogene mutations in French MEN 2A and FMTC families. Hum Moi Gmtt 
3 : 1 939-1943, 1994 

Wong CK. Lin CS: Friction amyloidosis. fotj Dmnaro/ 27:302-307, 1 988 



' 



RET and Hirschsprung's disease 

Append ix I I  
Oncological implications of RET 
gene mutations in Hirschsprung 's 
disease 

185 

R. H .  Sijmons 1 , R. M.W. Hofstra 1 , F.A. Wijburg2
, T. P. Links3

, R.P .  Zwierstra4
, 

A.Vermey4 , D .C. Aronson5
, G. Tan-Sindhunata 1 , G.J .  Brouwers-Smalbraak6, 

S .M .  Maas7 and C. H .C .M. Buys 1 . 

1 Dept. of Medical Genetics, University of Groningen, Groningen, 
2Emma Chi ldrens Hospital ,  Academic Medical Centre, Amsterdam, 
3Dept. of Endocrinology, University Hospital Groningen , Groningen, 
4Dept. of Surgery, University Hospital Groningen, Groningen, 
5Dept. of Pediatric Surgery, Emma Children's Hospita l ,  Academic Medica l  
Centre ,  Amsterdam , 
6Clin ical Genetics Centre Utrecht, Utrecht, 
7Dept.of Human Genetics , Academic Medical Centre, Amsterdam , 

The Netherlands . 

© 1 998 Gut, reproduced with permission 



186 

Abstract 
Background-Germline mutations of the 
RET proto-oncogene identical to those 
found in the tumour predisposition syn
drome multiple endocrine neoplasia type 
2A (MEN2A) , were detected in 2 .5-511/., of 
sporadic and familial cases of Hirschs
prung's disease. Some patients with Hir
schsprung's disease may therefore be 
exposed to a highly increased risk of 
tumours. 
Aims-To define clinical use of RET gene 
testing in Hirschsprung's disease and 
related patient management from an 
oncological point of view. 
Methods-Sixty patients with Hirschs
prung's disease were screened for RET 
mutations. In three, MEN2A type RET 
mutations were detected. Case reports for 
these three patients are presented. 
Results and conclusions-Only 22 fami
lies or sporadic patients with Hirschs
prung's disease and MEN2A type RET 
mutations have been reported. Therefore, 
it is difficult to predict tumour risk for 
patients with familial or sporadic Hir
schsprung's disease, and their relatives, 
who carry these mutations. For these 
mutation carriers, periodic screening for 
tumours as in MEN2A is advised, but pro
phylactic thyroidectomy is offered hesi
tantly. RET gene testing in familial or 
sporadic Hirschsprung's disease is not 
recommended at present outside a com
plete clinical research setting. In com
bined MEN2NHirschsprung's disease 
families RET gene testing, tumour 
screening, and prophylactic thyroidec
tomy are indicated as in MEN2A. 
(Gw I 998;43:542 547) 

Keywords: DNA analysis; Hirsch,prung', <l1,cJ,c, 
multiple endocrine neoplasia type 2A; RET 

Hirschsprung's disease (HD) , which occur-, in 
approximately I out of every 5000 newborn:-., i-, 
characterised by a congenital absence of 
enteric neurones in the distal colon and 
rectum. ' Most cases are sporadic, but familial 
HD has been reported. ' Hirschsprung's 
disease is associated with variow, chromosomal 
abnormalities and inherited disorder:-.. ' ' Two 
of these inherited di�order:-. arc the tumour 
predisposition syndromes, multiple endocrine 
neoplasia type 2A (MEN2A) and familial 
medullary thyroid cancer (FMTC) .  MEN2A is 
an autosomal dominant disorder characterised 
by medullary carcinoma of the thyroid (which 
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may present as early as in the third year), 
phaeochromocytoma in 50 '�" of cases, and par
athyroid hyperplasia or adenoma in 20 25 '¼, of 
cases." - Familial medullary thyroid cancer is 
characterised by the familial occurrence of 
medullary carcinoma of the thyroid in the 
absence of m;her MEN2 tumours. 

Germline mutations of the RET (REar
ranged during Transfection) proto-oncogene 
can be detected in virtually all families with 
MEN2A, FMTC,' ' and combined 
MEN2N HD or FMTC!HD. ' "  , ;  Germline • 
RET mutations also occur in both familial and 
sporadic cases of HD without manifestations of 
either MEN2A or FMTC.  1" '

1 RET mutations 
were detected in 1 1 -49 ° 11 of familial HD cases 
and 9-35% of sporadic HD cases. ' 21 • 1  Differ
ent types of RET mutation can be found in 
these families. The mutations identical to those 
found in MEN2A or FMTC are of oncological 
interest. For the purpose of this article we will 
refer to these mutations as MEN2A type RET 
mutations. This type of RET mutation was 
found in 2 . 5  5 11

1 1  of the patients with 
HD ' ' 1 1  

- '  ' i and these patients may have a 
high risk of developing MEN 2 tumours. 
Therefore, the question arises whether patients 
with HD and their relatives should be tested for 
MEN2A type RET mutations and, in case 
mutations arc found, be screened for possible 
MEN 2 tumour�. 

While �crccning a �erie� of 60 patients with 
HD for RET mutatiom, ' ' we found three 
patients with a MEN2A type RET mutation. 
U-,ing thc<,e three patients and their families as 
a clinical introduction to the subject, the aim of 
thi:-. study wa:-. to define the use of RET testing 
and related patient management in HD from 
an oncological point of view. 

Case reports 
l'A I 1 1 ·.NT I 
Thi:-. three year old girl was diagnosed with 
long segment HD at the age of eight days, on 
clinical and histolog1cal grounds. Preoperative 
ultrasound examination of the abdomen re
vealed right <,ided renal aplasia and during the 
operation a -,mall cyst-like structure near the 
bifurcation of the aorta was removed. Histo
logical examination showt::d renal tissue. The 
3 1  year old mother of this patient had 
presented with the combination of medullary 
thyroid carcinoma and phaeochromocytoma at 
the age of 28 and been diagnosed as having 
MEN2A. No other cases of HD or MEN2A 
were diagnosed in the family (fig l A) .  MEN2A 
might, however, have occurred in a brother 
who died suddenly at the age of 25 (no further 
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Figure 1 Pedigrees of the fam1lzes of the index patients. Ju (A) patiem 1 is indicated with 
an arrow. In (BJ pauem 2 1s mdicated with an arrow; she probably has cc111bi11ed 
1WEN2AIHD. Her relatives could not be tested for the RET m11tacio11 or screened for 
lvlEN 2 w111ours. Numbers wuhm squares represelll the additional 1111mber of asymptomatic 
111ales in that ge11eratzo11. Ju (C) pauem 3 is indicated with a,1 arrow; the mutation was not 
shown in l11s parems. HD, Hirscl1sprz111g's disease. 

details available) . The mother of the MEN2A 

patient died at the age of 55 from ovarian can
cer; biochemical screening of her father at the 
age of 59 revealed no abnormalities. Biochemi
cal screening of the little girl provided no 
evidence for C cell hyperplasia, medullary thy
roid carcinoma, parathyroid involvement, or 
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phaeochromocytoma. The RET gene was 
screened for mutations by means of denaturing 
gradient gel electrophoresis followed by direct 
sequencing of aberrant DNA fragments. 21 25 

The girl exhibited the same germline mutation 
as was later found to have been previously 
detected in her mother in another laboratory. A 
TTC-TGC to TTT-CGC change was ob
served in codons 6 1 9-620, changing the corre
sponding amino acids phenylalanine-cysteine 
in the RET protein to phenylalanine-arginine. 
Cys620Arg mutations have been reported pre
viously in MEN2A and MEN2NHD 
kindreds. 10 20 Therefore, periodic screening and 
prophylactic thyroidectomy at the age of three 
to six years were recommended for this patient. 
The five year old sister of the HD patient was 
found to be an asymptomatic carrier of the 
RET mutation. Recently, she underwent pro
phylactic thyroidectomy and central node 
dissection; the surgical specimens revealed 
normal histology. Two other family members 
underwent DNA analysis and did not show the 
mutation. 

PATIENT 2 
This 34 year old woman was diagnosed with 
short segment HD at the age of eight weeks, on 
clinical and histological grounds. At the age of 
33 she was tested for germline RET mutations 
(techniques as in patient 1) after an informed 
consent procedure including discussion of pos
sible oncological aspects. A TGC to TAC 
mutation was detected in codon 609, changing 
its code for cysteine to one for tyrosine. 
Cys609Tyr mutations have previously been 
reported in MEN2A. 2• 

27 The family history 
was negative for HD and bowel diseases in 
general, and MEN 2 tumours and cancer in 
general (fig l B) .  Relatives of the patient could 
not be approached for DNA analysis. After the 
RET mutation was found, the patient was 
screened biochemically for MEN 2 tumours. 
Her basal calcitonin level was normal: 3 .88 ng/1 
(normal range 3 .00-29.00) . However, after 
pentagastrin stimulation, the calcitonin levels 
were clearly abnormal, with a peak value of 
1 290 ng/1 (normal peak value is up to three 
times the normal unstimulated level) which is 
indicative of thyroid (C cell) pathology. Uri
nary screening for phaeochromocytomas was 
normal. The possibility of thyroid pathology 
was discussed with the patient and repeat pen
tagastrin testing .(with subsequent thyroidec
tomy if the high calcitonin levels were con
firmed) offered. However, the patient did not 
wish to undergo any further testing at that time 
because she perceived this as a direct threat to 
the success of a child adoption procedure she 
had recently started. She was offered psychoso
cial support. 

PATIENT 3 
This four year old boy was diagnosed with 
short segment HD at the age of six weeks, on 
clinical and histological grounds. Family histo
ries of HD and congenital abnormalities in 
general were negative (fig 1 C) . A germline 
RET mutation was detected in this patient 
(techniques as in patient 1 ) .  In codon 620 the 
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Table I MEN2A iype germ line 111matio11s c,J the RET ge11e fo1111d i11 pareiws families with Hirschsprz111g's disease (HD) 

Mucacion Phcnocypcf HDIRET camcrstf HD + MEN2A HDftt Rc/at!ncc 

Cys609Trp HD (familial) 3/7 NA 1 0  
Cys609Tyr HD (familial) NR NA 22 
Cys609Tyr HD/1'.1.EN2A 1 /7 1 1  33 
Cys609Tyr HD/MEN2A I 7 1 1  33 
Cys609Tyr HD (sporadic) NA NA Current report 
Cys61 8Arg HD/MEN2A 2/6 2/2 1 3  
Cys6 1 8Arg HD/MEN2A 2/5 2/2 I O  
Cys61 8Arg HD/FMTC 2**/3 0/3 1 5  
Cys61 8Arg HD/FMTC 2***/29 2 2*** 15  
Cys6 1 8Ser HD/MEN2A 3 at least 42:j: 2 3 1 2 ,  33 
Cys618Ser HD/MEN2A 4/at least 83:j: 3 4  1 2 , 33, 34 
Cys6 1 8Ser HD/MEN2A 1 /3 1 1  33 
Cys620Trp HD/MEN2A 1/6 0 I 33 
Cys620Arg HD/MEN2A 2/4 1/2 33 
Cys620Arg HD/MEN2A 5/ 1 0  4/5 I O  
Cys620Arg HD/MEN2A 2/2 I 2 1 0  
Cys620Arg HD/FMTC* NA NA I O  
Cys620Arg HD/MEN2A I **/6 1 1 ** 1 4  
Cys620Arg HD/MEN2A 1 /3 0 I Current report 
Cys620Arg HD (sporadic) NR NA ') ')  

Cys620Arg HD (sporadic) NR NA 24 
Cys620Arg§ HD (sporadic) NA NA Current report 

*In this family HD segregates independently of the familial RET mutation. **In an additional relative with HD RETwas not analysed. 
***In three additional relatives with HD RET was not analysed. 
tPhenorype refers to the classification of the family type prior to DNA analysis and (unpublished) follow up. ttHD RET earners 
refers to the number of family members diagnosed with HD out of the total number of family members w11h a proven RET muta·
tion plus untested relatives with clinical MEN2A. These ratios are given mainly to show the mcomplcte penetrance of the mutations 
with regard to the HD phenotype, not to provide a precise figure. The ratios given are probably an overesttmauon of penetrancc as 
not all unaffected relatives have been tested for RET mutations; uncertain cases were not included. tttHD + MEN2NHD refers 
to the number of patients with both HD and MEN2A out of the total number of relauves with HD. Young rdauves w11h HD mav 
of course develop MEN2A tumours at a later age; uncertain cases were not included. 
:j:Exact numbers not published. 
§De nova mutation. 
NA, not applicable; NR, not reported. 
The International RET Mutation Consortium recent!} published Jn upd,lle of their dJtaset and report on hvc MEN2NHD fami
lies and one FMTC/HD family with a Cys620Arg mutation m 5 6 ca,e, and m the remnmmg case a Cys6 l 8Arg germline mutauon 
of RET. It cannot be deduced from that report whether those IJm1he, Jre 1denucal to 1he families described m the reports hsted m 
this table. 

same TGC to CGC change as in patient I was 
observed, changing the corresponding amino 
acid in the RET protein from cysteine to 
arginine. This mutation was not detected in the 
peripheral blood lymphocytes of his parents, 
which implies that it is a de nova (spontaneous) 
mutation; however, germline mosaicism in one 
of the parents (presence of the mutation in only 
part of the germ cells), a phenomenon which 
has been reported in RET gene associated 
HD, 2 1 cannot be excluded. Periodic screening 
of the boy, but not prophylactic thyroidectomy, 
has been recommended. 

Discussion 

Given our present knowledge, we believe that 
patients with familial or sporadic HD, and their 
relatives, should only be tested for RET gene 
mutations in a complete clinical research 
setting. If MEN2A type RET mutations are 
found, then they should be screened for 
MEN 2 tumours. We considered the following. 

Firstly, the molecular background should be 
taken into account. The RET proto-oncogene 
encodes a transmembrane receptor, which has 
glial cell line derived neurotrophic factor 
(GDNF) and neurturin (NTN) as its 
ligands. 2H 3 1  This receptor is believed to trans
duce signals involved in cell growth and in dif
ferentiation of neural crest cell derived tissues, 
including thyroid C cells (involved in medul
lary thyroid carcinoma), the adrenal medulla 
(involved in phaeochromocytoma), enteric 
neurones, and also the parathyroid glands and 
kidneys which are not neural crest cell derived. 

Different types of mutation of RET can have 
a strikingly different impact on the function of 

the receptor it codes for. On the one hand, 
mutations in MEN 2 and FMTC are presum
ably or have been proved to be of the activating 
type, whereby ligand binding is no longer 
necessary for substrate activation (phos
phorylation). 1· Activating mutations are 
thought to predispose to tumour development 
as they provide the cells with a proliferative 
advantage. The RET mutations found in all 
combined MEN2A (or FMTC)/HD families 
and in 2 . 5  5%, of sporadic and familial HD 
cases analysed to date are of this type 1 11 1 1  2 1  22 

(table I ) .  
O n  the other hand, 95  97. 5%, o f  the mutati

ons found in HD are presumably or have been 
proved to be of the inactivating type, which is 
not expected to predispose to tumour 
development. " '" Instead, these mutations are 
thought to cause defective migration, prolifera
tion, differentiation, or survival of the enteric 
neuroblasts which form the enteric ganglia. 1'1 

This hypothesis of a loss of RET function lead
ing to HD is supported by the absence of 
enteric ganglia in so called knockout mice 
which lack both copies of the RET gene. in 

These mice also show renal agenesis or severe 
renal dysplasia. 10 Patient 1 is one of the few 
clinical examples of a proved (heterozygous) 
RET mutation associated with both HD and 
renal dysplasia. Similar cases have been re
ported by Attie and colleagues21  and Mc
Gaughran et al,4 1 respectively. 

The occurrence of HD, generally associated 
with lack of RET function, in the presence of 
presumed activating tumour predisposing RET 
mutations seems to be a contradiction. Another 
puzzling finding is that, although in the majority 
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of MEN2A families RET mutations affect 
cysteine codon 634, • no such mutations have 
been found in MEN2A/HD families (table 1 ) .  
Mutations of  three other cysteine codons, 
namely 609, 6 1 8, and 620, account for all cases 
reported to date. 

Recent findings by Ito and colleagues·12 may 
provide a clue to these apparent oddities. 
These authors showed that mutations of RET 
in cysteine codons 609, 6 1 8, and 620 were 
associated with a much lower expression of the 
RET protein on the cell surface than mutations 
of cysteine in codon 634. This is important 
because, in order to act properly, the receptor 
needs to be positioned within the cell mem
brane. One could therefore speculate that the 
decreased number of receptors at the cell 
surface falls below the critical threshold needed 
for successful development of the enteric 
ganglia. In the C cells, adrenal medulla, and 
parathyroid gland, however, intrinsic activation 
of the mutated receptor (though present in 
lower numbers) may lead to tumour formation. 
Ito et al speculate that the lower number of 
receptors at the cell surface will cause tumours 
which may differ in clinical behaviour from 
those seen in patients with codon 634 
mutations, 12 but this hypothesis has yet to be 
verified. 

Secondly, in addition to the molecular data, 
the predictive clinical value of finding RET 
mutations in patients with HD and their 
relatives has to be considered. Given a specific 
germline MEN2A type RET mutation, it is not 
yet possible to make an exact prediction of the 
actual risks of developing an MEN 2 tumour 
and HD. MEN2A, MEN2A/HD, and HD 
families may show explicit intrafamilial and 
interfamilial differences in the expression of 
their mutant genes. These differences relate to 
the age of onset of possible tumours, the pres
ence or absence of phaeochromocytomas, and 
possible parathyroid involvement (table 1 ) .  
Similar variation i s  seen with regard t o  HD: 
both short and long segment HD as well as the 
absence of HD may be associated with the 
same RET mutation. 10 1 2  2 1  31 ·11 This seriously 
limits the use of RET testing to support coun
selling for HD risks in offspring. 

The phenotypic expression of germline RET 
mutations can apparently be influenced by 
additional genetic factors (modifying genes) or 
environmental factors. With regard to 
MEN2A, there are enough data available to 
make general estimates of tumour risks. In 
contrast, the total number of index patients 
with HD with MEN2A type mutations, 
observed to date is very small. Including our 
own three patients, 22 cases have been 
reported so far and only five of these belong to 
the most difficult category for risk estimation: 
those with no family history of MEN 2 
tumours. 

Although family history might be an indica
tion of tumour risk, unfortunately, a negative 
family history of MEN 2 tumours for patients 
with HD and MEN2A type RET mutations 
does not mean that the tumour risk is not 
increased. Families may be small and MEN 2 
tumours may be asymptomatic. After bio-

chemical screening for tumours and pedigree 
expansion and verification, at least some 
sporadic or familial patients with HD with 
MEN2A type mutations might actually turn 
out to be MEN2A/HD patients or families. 
Our patient 2 is a likely candidate for the com
bined MEN2A/HD disorder and it could be 
that other family members are at risk for 
MEN 2 tumours and should, if circumstances 
allow, be tested. In cases of de nova RET 
mutations, as in our patient 3, there is of course 
no way to deduce tumour risk from family his
tory. In many sporadic or familial HD only 
cases it will be impossible to predict whether or 
not tumour risk is increased as substantially as 
it is in MEN2A. Only in exceptional cases, for 
example, the presence of many-especially 
older-relatives with a MEN 2 type mutation 
and a negative family history of MEN 2 
tumours, do the data suggest that that particu
lar family is not exposed to a substantially 
increased risk of these tumours. 

Predicting tumour risk for RET mutation 
carriers from MEN2A (or FMTC)/HD fami
lies, such as patient 1 ,  seems less difficult. The 
published cases indeed suggest that the risk is 
as high as for MEN2A (or FMTC) only fami
lies. This also applies to patients with HD in 
these families, as the large majority of family 
members with HD also developed MEN 2 
tumours (table 1 ) .  Furthermore, some of the 
patients with HD without MEN 2 tumours are 
still young and may develop these tumours 
later in life. 

Thirdly, the options for tumour prevention 
or early intervention should be taken into 
account. The prognosis for patients with 
MEN 2 tumours detected at the symptomatic 
stage is worse compared with that for patients 
with tumours detected by screening.44 45 There
fore, although the risk of a tumour is not yet 
known, we think that patients and relatives of 
sporadic or familial HD families known to 
carry a MEN 2 type RET mutation should 
undergo biochemical screening as in MEN2A. 
Screening, which starts at the age of three to 
five years, includes a yearly basal calcitonin 
test, a calcitonin test under pentagastrin stimu
lation to detect C cell hyperplasia/medullary 
thyroid carcinoma, measurement of serum cal
cium levels to test for parathyroid hyperplasia/ 
adenomas, and measurement of catecho
lamines in urine to detect phaeochromo
cytomas. 21 46-18 

As in MEN2A, one should be aware of the 
possibility that (moderately) raised calcitonin 
levels may simply reflect MEN 2 independent 
C cell hyperplasia, which is not a precursor of 
medullary thyroid carcinoma. This hyperplasia 
is found in approximately 5% of the general 
population.49 A false positive response to 
pentagastrin stimulation in RET mutation 
negative relatives has also been reported when 
C cell hyperplasia was not shown. 50 The test for 
calcitonin levels may also give false negative 
results. In some MEN2A/FMTC families 
medullary thyroid carcinoma has been encoun
tered in children with normal pentagastrin 
stimulated calcitonin levels who underwent 
thyroidectomy after DNA diagnosis. 48 5 1  52 For 
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this reason prophylactic thyroidectomy is 
performed as early as the age of five years in 
confirmed RET mutation carriers in MEN2A 
or FMTC families with normal (stimulated) 
plasma calcitonin levels, although some clini
cians prefer to wait until the pentagastrin test 
results are abnormal. 17 18 52 As it is difficult to 
predict the actual tumour risk for patients with 
sporadic or familial HD associated with a 
MEN2A type RET mutation, we are hesitant 
to suggest prophylactic thyroidectomy (and 
central lymph node dissection) when calcitonin 
levels are normal. 

Long term follow up of patients and families 
with HD with different types of RET muta
tions is needed to evaluate the clinical value of 
testing for the RET gene in HD. In the mean
time, we propose, based on our review, that 
such testing should be limited to a complete 
clinical research setting in which clinical 
genetic assessment, screening, and treatment 
for MEN 2 tumours are available, and long 
term follow up of the families is carefully regis
tered. In contrast, RET testing and clinical 
management in HD/MEN2A (or FMTC) 
families should follow the guidelines for 
MEN2A. In all cases, informed consent, 
including a discussion of possible consequen
ces of DNA testing, should be obtained prior to 
testing. 

We thank the treating and referring phys1c1am of the pJllents for 
sharing their clinical data with us, and J Osmga, T Stclwagen, 
and R P Stulp for skilful help m the DNA studies \X1e thank Dr 
J K Ploos van Amstel for RET gene analysis of relauves of 
patient 1 .  
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ABSTRACT 

Purpose: We investigate the risk of the different types of urinary tract cancer in hereditary 
nonpolyposis colorectal cancer families and review screening options. 

Materials and Methods: We retrospectively calculated the relative and cumulative risks of 
developing urinary tract cancer by comparing tumor occurrence in patients and their first degree 
relatives in the Dutch hereditary nonpolyposis colorectal cancer registry with those in the 
general Dutch population. A person-year analysis was used, including data on 1,321 individuals 
from 50 hereditary nonpolyposis colorectal cancer families. 

Results: The relative risk of developing transitional cell cancer of the renal pelvis or ureter was 
14.04 (95% confidence interval 6.69 to 29.45, p <0.05) and the cumulative risk was 2.6%. The 
risks of renal (excluding renal pelvis) and bladder cancers were not significantly increased. 
Urinary tract cancer was diagnosed at a relatively young age and many women were affected. 
Some familial clustering was observed. 

Conclusions: Our findings indicate that hereditary nonpolyposis colorectal cancer is associated 
with an increased risk of transitional cell cancer of the upper urinary tract. The cumulative risk 
is relatively low, although a subset of hereditary nonpolyposis colorectal cancer families may be 
exposed to a much higher risk. As yet nothing is known of the clinical impact of screening for 
urinary tract cancer in cases of hereditary nonpolyposis colorectal cancer. In a research setting 
screening by excretory urography of hereditary nonpolyposis colorectal cancer families with a 
strong history of upper urinary tract cancer should be considered. 

KEY WORDS: neoplastic syndromes, hereditary; colorectal neoplasms, hereditary, nonpolyposis; urinary tract 

Some tumors of the urinary tract develop as a manifesta
tion of a hereditary cancer predisposition syndrome,1

•
2 of 

which the most frequent is hereditary nonpolyposis colorectal 
cancer (the Lynch syndrome).3 Hereditary nonpolyposis colo
rectal can:er is an autosomal dominant disorder character
ized by a 70 to 90% lifetime risk of colorectal cancer and an 
excess of extracolonic tumors, including cancer of the endo
metrium (30 to 50% risk), ovaries, stomach and urinary 
tract.3 5 

Hereditary nonpolyposis colorectal cancer families benefit 
from periodic screening for colorectal cancer.6• 

7 Reduction of 
colorectal ca,ncer morbidity and mortality in these families 
will make prevention and early detection of the other tumors 
associated with it, including those of the urinary tract, more 
important. We questioned which types of urinary tract cancer 
belong to the hereditary nonpolyposis colorectal cancer tu
mor spectrum and whether screening for urinary tract cancer 
should be offered to affected families. We investigated the 
hereditary nonpolyposis colorectal cancer associated risk for 
urinary tract cancer and reviewed the literature on available 
tumor screening techniques. We calculated relative and cu
mulative risks of developing different types of urinary tract 
cancer by retrospectively comparing patients and their first 
degree relatives in the Dutch hereditary nonpolyposis colo
rectal cancer registry with the general Dutch population. 

MATERIAL AND METHODS 

The data of l,321 hereditary nonpolyposis colorectal cancer 
patients and first degree relatives (684 men, 631 women, 6 
unknown gender) from 50 families listed in the Dutch regis-
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try were analyzed. Colorectal cancer had been diagnosed in 
312 of these subjects. All families met the minimal criteria 
for hereditary nonpolyposis colorectal cancer, known as the 
Amsterdam criteria,3 which include at least 3 relatives (1 a 
first degree relative of the other 2) with histologically verified 
colorectal cancer, colorectal cancer involving at least 2 suc
cessive generations, at least 1 case of colorectal cancer diag
nosed before age 50 and exclusion of familial adenomatous 
polyposis. In some patients the diagnosis of cancer was based 
on data from hospital records instead of the original pathol
ogy reports when they were not available. None of the regis
tered families was ascertained through a proband with uri
nary tract cancer. Information was collected on all subjects 
through personal interviews and review of medical charts. 

The occurrence of urinary tract cancer from birth until 
death or loss to followup was counted in all subjects. Obser
vation time was until date of diagnosis of urinary tract can
cer, death, date of last contact or closing date of the study 
(January 1, 1995), whichever came first. Person-years at risk 
(total 60,237) were stratified using gender and age specific 
categories with 5-year intervals up to 85 years. The relative 
risk was defined as the ratio between the observed and ex
pected number of tumors. The 95% confidence intervals (CI) 
were calculated assuming a Poisson distribution. The ex
pected numbers of urinary tract cancer were calculated by 
multiplying the person-years in the different gender and age 
specific categories by gender and age specific incidence rates 
obtained from the population based Dutch National Cancer 
Registry of 1990.8•

9 In our calculations we combined renal 
pelvic and ureteral tumors because the Dutch National Can
cer Registry only provides combined incidence rates for these 
tumors. 
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RESULTS 

A total of 17 urinary tract cancers were observed (see 
table). Two patients had multiple primary urinary tract can
cers and some familial clustering was also observed. In 1 
family 4 (see figure) and in 2 families 2 relatives had urinary 
tract cancer. 

Renal cancer, excluding the renal pelvis, was observed in 5 
patients with a mean age at diagnosis of 62 years (range 52 
to 70). Relative risk was 2.04 (95% CI 0.85 to 4.89, p >0.05). 
In 2 of the 5 patients with renal cancer other primary ma
lignancies were present, which were typical of hereditary 
nonpolyposis colorectal cancer. Renal pelvic or ureteral can
cer was detected in 7 patients with a mean age at diagnosis 
of 58 years (range 44 to 70). Relative risk was 14.04 (95% CI 
6.69 to 29.45, p <0.05). Cumulative lifetime risk was esti
mated at 2.6%, whereas this risk was 0.25% (men) and 0. 10% 
(women) in the general Dutch population. Multiple primary 
tumors in 5 of 6 patients were typical of hereditary nonpol
yposis colorectal cancer. Bladder cancer was observed in 5 
patients with a mean age at diagnosis of 60 years (range 51 
to 76) .  Relative risk was 1 .52 (95% CI 0.63 to 3.66, p >0.05). 
In 4 patients multiple primary tumors were present, which 
were typical of hereditary nonpolyposis colorectal cancer in 2. 

DISCUSSION 

Our results indicate an increased risk of transitional cell 
cancer of the renal pelvis and ureter in cases of hereditary 
nonpolyposis colorectal cancer. Since sporadic transitional 
cell cancers of the renal pelvis, ureter and bladder are com
monly thought to share risk factors, it may seem unusual 
that bladder cancer risk does not appear to be increased in 
cases of hereditary nonpolyposis colorectal cancer, while can
cer risk at the other 2 sites does. However, these 3 sites may 
differ in susceptibility to specific risk factors10 and the onco
genetic pathways in the setting of hereditary nonpolyposis 
colorectal cancer may differ from those in sporadic cases. We 
compared our results with those of Watson and Lynch,5 and 
Aarnio1 1  and Vasen12 et al, who had previously reported on 
risks of urinary tract cancer in cases of hereditary nonpol
yposis colorectal cancer. However, their studies differed from 
ours in the categories of tumors examined, type of risk that 
was calculated (relative versus cumulative risk) and type of 
population (proved or putative gene carriers versus patients 
and their first degree relatives). 

Watson and Lynch calculated the relative risk of kidney 
cancer, including renal cell cancer and transitional cell can
cer of the renal pelvis, and transitional cell cancer of the 
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ureter and bladder in a data set of more than 1,300 members 
(patients and their first degree relatives) from 23 hereditary 
nonpolyposis colorectal cancer kindreds.5 They reported a 
relative risk of 3.2 (p <0.01) for kidney cancer with a mean 
patient age at diagnosis of 66 years and 22.0 (p <0.001) for 
ureteral cancer with a mean age at diagnosis of 56 years. 
Bladder cancer risk was not increased. As in our study the 
highest risks were associated with transitional cell cancer of 
the upper urinary tract. 

Aarnio et al calculated cumulative lifetime risks for uri
nary tract cancer, which they did not further specify, in 293 
putative hereditary nonpolyposis colorectal cancer gene car
riers included in the Finnish registry.11 The risk for urinary 
tract cancer was 0.8% at age 50 and 10.2% at age 80 years. As 
in our study these data indicate that the cumulative risk for 
developing urinary tract cancer in cases of hereditary non
polyposis colorectal cancer is low compared with the risks of 
developing colorectal or endometrial cancer. 

Since approximately 50% of the first degree relatives of our 
patients did not carry the mutated hereditary nonpolyposis 
colorectal cancer gene, our findings in them and even the 
patients (some may have had sporadic colorectal cancer and 
would then have been misclassified) are likely to underesti
mate the cancer risk in cases of hereditary nonpolyposis 
colorectal cancer. This view is supported by the study of 
Vasen et al. 12 They studied a group of 210 proved gene 
carriers from 19 hereditary nonpolyposis colorectal cancer 
families, and calculated a relative risk of 75.3 (95% Cl 3 1.3 to 
180.9, p <0.05), which is much higher than what we found, 
for developing cancer of the combined kidney and renal pel
vis/ureter in carriers of the hMSH2 mutations. Risk of devel
oping these tumors was not increased in carriers of hMLHl 
mutations. Neither hMLHl nor hMSH2 mutation carriers 
had an increased risk of bladder cancer. 

We observed a shift towards an early age of onset of the 
tumors, esp�cially for renal pelvis/ureteral cancer, and a 
relatively large number of affected women. The male-to
female ratio was 0.9 for urinary tract cancer in general and a 
ratio of 0.4 was noted for renal pelvis/ureteral cancer in 
particular, whereas in the general Dutch population men 
were affected more frequently than women. Similar observa
tions were reported by the International Collaborative Group 
on hereditary nonpolyposis colorectal cancer, which collected 
data on 58 patients with urinary tract cancer from 8 coun
tries. 13 The results indicated that transitional cell cancer is 
the most frequent tumor type, men and women are affected 
equally, urinary tract cancer develops at an earlier age than 

Urinary tract cancer in Dutch hereditary nonpolyposis colorectal cancer patients and their first degree relatives 

Family Tumor No. - Sex 
1 - M  Pelvis/ureter, bladder 
1 - F  Pelvis/ureter 

1 - F  Pelvis/ureter 
1 - F  Bladder 
5 - M  Kidney 

13 - M  Kidney 

19 - F  Kidney 

19 - M  Bladder 

23 - F  Pelvis/ureter 
34 - M  Bladder 
36 - F  Pelvis/ureter 
36 - F  Pelvis/ureter, bladder 
40 - F  Kidney 

51 - M  Kidney 

74 - M  Pelvis/ureter 

Histology 

Transitional cell Ca 
Transitional cell Ca 

Transitional cell Ca 
Transitional cell Ca 
Renal cell Ca 
Clinical diagnosis (including radiological studies), 

no histology 
Clinical diagnosis (including radiological studies), 

no histology 
Clinical diagnosis (including radiological studies), 

no histology 
Transitional cell Ca 
Transitional cell Ca 
Transitional cell Ca 
Transitional cell Ca, Transitional cell Ca 
Clinical diagnosis (including radiological studies), 

no histology 
Clinical diagnosis (including radiological studies), 

no histology 
Transitional cell Ca 

Age at 
Diagnosis 

65 
68 

55 
53 
62 
70 

61 

51 

51 
76 
44 
53, 54 
65 

52 

70 

Additional Tumors (age at diagnosis) 

Colorectal X4 (51, 66, 71), prostate (65) 
Skin(?), ethmoid bone (60), endometrium (60), 

colorectal (79) 
Colorectal X2 (62) 
Colorectal (45) 

Colorectal X5 (62, 70) 

Breast (51) 

Colorectal (51) 

Colorectal (?) 

Colorectal (55) 
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USS U56 E47 C67 Leu 60 d60 

C62(2x) P62 

Part of hereditary nonpolyposis colorectal cancer family 1. All relatives with cancer are shown, unaffected relatives in younger generations 
have been omitted for clarity. Solid black squares and circles reflect men and women with histologically verified diagnosis. Gray square 
represents man with diagnosis based on family history only. All relatives with urinary tract cancer are indicated with an arrow. C, colorectal 
cancer; Bl, bladder cancer; d, deceased; Du, duodenal cancer; E, endometrial cancer; Et, ethmoid bone tumor; J, jejunum cancer; Leu, 
leukemia; P, benign colorectal polyp; Pr, prostate cancer; Sk, nonmelanoma skin cancer; U, transitio.9-al cell cancer of renal pelvis or ureter; 
Numbers after diagnostic code refer to age at diagnosis, question mark indicates age unknown and number after d is age at death. 

sporadic urinary tract cancer and a large proportion of pa• 
tients with urinary tract cancer have a second primary tumor 
(72% in their data set compared with 60% in our study). 

In addition to evidence from epidemiological studies, one 
could look for molecular findings in support of a causal rela
tionship between hereditary nonpolyposis colorectal cancer 
and the different types of urinary tract cancer. Hereditary 
nonpolyposis colorectal cancer is characterized by germline 
mutations in a number of genes responsible for deoxyribonu
cleic acid mismatch repair, including hMLHl, hMSH2, 
hPMSl, hPMS2 and hMSH6 (or GTBP). 14, 15 When both cop
ies of a hereditary nonpolyposis colorectal cancer gene have 
been mutated, 1 in the germline and 1 during the course life 
(referred to as a somatic mutation), mismatch repair will be 
deficient, causing genomic instability, typically of the de
oxyribonucleic acid stretches with repetitive sequences 
known as the microsatellites. Genomic instability may sub
sequently lead to tumor development. 16 Therefore, these tu
mors are characterized by a somatic mutation, often a loss 
(loss of heterozygosity) of the normal (wild type) copy of the 
hereditary nonpolyposis colorectal cancer gene as well as 
microsatellite instability. 17 The presence of microsatellite in
stability alone is not evidence of a causal relationship be
tween tumor development and hereditary nonpolyposis colo
rectal cancer, because it frequently occurs in sporadic cancer 
as well, including that of the urinary tract. 1B-23 

Unfortunately, only limited molecular data on urinary 
tract cancer in patients with hereditary nonpolyposis colorec
tal cancer, or its variant the Muir-Torre syndrome,24 have 
been reported. Only 3 tumors were studied for microsatellite 
instability25, 26 and none was studied for loss of heterozygos
ity. Additional molecular studies are clearly needed to gain 
insight in the molecular events leading to the development of 
urinary tract tumors in cases of hereditary nonpolyposis 
colorectal cancer. These insights might be of help in develop
ing strategies for tumor prevention. 

Screening for kidney tumors is part of the preventive pro
grams in patients and their first degree relatives from fam
ilies with von Rippel-Lindau disease27 and hereditary papil
lary renal cancer.28, 29 Compared with these disorders, the 
risk of urinary tract cancer in hereditary nonpolyposis colo
rectal cancer is low. Therefore, it is questionable whether 
screening for these tumors in all families is justified, even if 
the techniques are sensitive and specific. However, some 
families may be exposed to much higher risks for urinary 
tract cancer than those calculated in the total group. Indeed, 
a significant difference among families has been observed in 
the frequency of upper urological tract cancer,5 possiblJ' and 
partly related to the type of hereditary nonpolyposis colorec
tal cancer genes mutated. 12 Therefore, a family history of 
urinary tract cancer might be an indicator of this higher than 

average risk and be used to select families for urinary tract 
cancer screening. Unfortunately, especially smaller heredi
tary nonpolyposis colorectal cancer families need not to have 
manifested the increased risk for these tumors. Thus, one 
could choose to include also proved carriers of the gene mu
tations in the screening program to avoid having to screen 
the large (50%) group of first degree relatives without hered
itary nonpolyposis colorectal cancer germline mutations. 
However, in approximately half of the families that meet the 
clinical (Amsterdam) criteria, germline hereditary nonpol
yposis colorectal cancer gene mutations have not yet been 
identified. 

Tumor risk is but 1 factor of deciding whether to screen. 
Tumor morbidity and mortality, sensitivity and specificity of 
screening techniques, benefits from early detection, physical 
burden of screening and economical issues should be consid
ered as well. Since prognosis of early stage urinary tract 
cancer is better than that of more advanced disease, various 
early detection methods for urinary tract cancer have been 
proposed. These methods include screening for hematuria, 
urinalysis, measurement of biochemical tumor markers in 
urine and techniques to visualize the urinary tract. 

As yet nothing is known of the clinical impact of any type 
of urinary tract cancer screening in cases of hereditary non
polyposis colorectal cancer. The present recommendations of 
the International Collaborative Group on hereditary nonpol
yposis colorectal cancer are to screen patients and first de
gree relatives by sonography and urinalysis starting at age 
30 to 35 years at 1 to 2 year intervals, and to limit screening 
to those families that have manifested urinary tract cancer.30 
This type of screening does not pose much of a physical 
burden to the patient. However, if other studies confirm our 
findings that renal cell cancer does not belong to the tumor 
spectrum of hereditary nonpolyposis colorectal cancer, and 
risks are highest for renal pelvis and ureteral cancer, then 
sonography as a screening tool in families is inappropriate, 
given its limitations in the early detection ofrenal pelvis and 
ureteral tumors.31 Routine urinalysis does not appear to be 
sensitive in detecting those tumors as well,32, 33 although 
additional urine screening techniques are being developed to 
increase detection rates.34, 35 Given the early occurrence of 
microsatellite instability in the development of hereditary 
nonpolyposis colorectal cancer tumors in general, looking 
for this phenomenon in urine specimens36 might be a use
ful screening technique. Compared with conventional urine 
screening, excretory urography (IVP) is more sensitive in 
detecting transitional cell cancer of the upper urinary tract37 
but it poses a higher burden to the patient and is more 
expensive. Computerized tomography and magnetic· reso· 
nance imaging are even more expensive and probably better 
suited for clinical evaluation of these tumors than for use as 
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screening tools in asymptomatic subjects.37 Ureteroscopy is 
also less suited for screening, given the burden to the patient 
including its possible complications.37 

If one could identify subsets of hereditary nonpolyposis 
colorectal cancer families with a strong increase in risk of 
upper urinary tract cancer, then IVP might be justified. In 
our clinical practice we discuss this type of screening with 
families with a history of multiple cases of upper urinary 
tract cancer, especially ifit is early onset. Presently, there is 
insufficient evidence to decide for or against the different 
types of screening for urinary tract cancer in cases of hered
itary nonpolyposis colorectal cancer and, therefore, it should 
be presented to the families as experimental. 

CONCLUSIONS 

Our findings indicate that hereditary nonpolyposis colorec
tal cancer is associated with an increased risk of transitional 
cell cancer of the upper urinary tract. Although the cumula
tive risk is relatively low, a subset offamilies may be exposed 
to a much higher risk. Future studies should focus on proved 
carriers of hereditary nonpolyposis colorectal cancer gene 
mutations to estimate more accurately risks of urinary tract 
cancer in this disorder. As yet, nothing is known of the 
clinical impact of screening for urinary tract cancer in cases 
of hereditary nonpolyposis colorectal cancer. Screening of 
families with a strong history of upper urinary tract cancer in 
a research setting by IVP should be considered. 
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Append ix IV 
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Mal ignant fibrous h istiocytoma in a 
patient with hereditary non
polyposis colorectal cancer. 
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Abstract 

Sarcomas, including the malignant fibrous histiocytomas (MFHs), are not part of 
the tumour spectrum of hereditary non-polyposis colorectal cancer (HNPCC) as 
epidemiologically established. Therefore, occurrence of M FH in an HNPCC family 
may very well be coincidental. HNPCC is associated with germline mutations in 
DNA mismatch repair genes, including the hMSH2 gene. We analyzed an M FH 
diagnosed in a 45-year-old male hMSH2 mutation carrier for HNPCC-associated 
molecular characteristics, in order to investigate a possible relationship between 
the tumour and the germline hMSH2 mutation. DNA analysis revealed 
microsatellite instability and loss of one hMSH2 copy, immunohistochemistry 
showed absence of nuclear hMSH2 protein staining. In contrast, in a series of 
sporadic MFHs, microsatellite instability was not observed in any of the 5 of 
tumours analyzed and hMSH2 protein staining in the nucleus was demonstrated in 
all of the 6 tumours tested. Our findings are highly suggestive of a causal 
relationship in our patient between his hMSH2 germline mutation and the 
development of his M FH. 
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Introduction 

Hereditary non-polyposis colorectal cancer (HNPCC or Lynch syndrome), is an 
autosomal dominant cancer predisposition syndrome, associated with a germline 
mutation in one of five mismatch repair (MMR) genes. Clinical hallmarks are the 
development of colorectal cancer in 70-90 % of gene mutation carriers, as well as 
the possible development of a range of extra-colonic tumours including endometrial 
cancer, ovarian cancer, stomach cancer, small bowel cancer, transitional cell 
cancer of the upper urinary tract cancer, hepatobiliary cancer and brain tumours 1 . 
This tumour spectrum has been defined by an epidemiological approach in which 
the numbers of each of the different types of tumours occurring in HNPCC families 
were counted and, for risk estimations, were compared with control populations 2-8. 

If in an HNPCC patient a tumour occurs which is not included in the recognized 
HNPCC tumour spectrum, then the question arises whether or not that particular 
tumour developed as a manifestation of HNPCC. Answering this question may lead 
to adjusting our knowledge on the HNPCC-associated tumour spectrum and to 
more insight in the various molecular events which may cause that particular type 
of tumour. 

Occurrence of sarcomas in HNPCC families, including a case of malignant fibrous 
histiocytoma (MFH)3

, has been reported. However, such findings are rare and may 
just be coincidental. We report on a male from a large HNPCC family, who was 
shown to carry a familial germline mutation in the MMR gene hMSH2 and who 
developed an MFH. To find out whether his germline hMSH2 mutation and his 
MFH were causally linked, we analyzed his tumour for microsatellite instability, loss 
of the normal copy of his hMSH2 gene and presence of hMSH2 protein. Because 
little is known about presence or absence of microsatellite instability and hMSH2 
protein expression in sporadic MFHs, we studied a small group of those tumours 
for comparison. 

Report and discussion 

The male patient was diagnosed at the age of 45 years with a high-grade MFH of 
the lower right leg, which was subsequently amputated. From the age of 5 1  years 
onward he developed a few colorectal adenomatous polyps with low-grade 
dysplasia. At the age of 57, an adenocarcinoma of the jejunum was diagnosed. 
The family of the patient featured multiple patients in successive generations with 
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colorectal cancer (age at diagnosis 37-48 years), endometrial cancer (40-42 years) 
or gastric cancer (20-45 years) and met the clinical Amsterdam criteria for HNPCC. 
The patient as well as his affected relatives, were known with a germline mutation 
G429X of hMSH29

. 

DNA was extracted from paraffin-embedded specimens of the patient's MFH as 
well as from five sporadic MFHs. A panel of five microsatellites was tested in these 
tumours: the two mononucleotide repeats BAT26 and BAT40 and the dinucleotide 
repeats D2S123, O5S346, S17S2501 0

. In the MFH from the HNPCC patient all five 
markers showed instability, whereas none did in the five sporadic MFHs. Thus, 
there is a clear indication for a role of a mismatch repair defect in the development 
of the tumour of the HNPCC patient, whereas no such indication exists for the 
sporadic MFHs. We tested for loss of heterozygosity (LOH) of the hMSH2 gene in 
the MFH from the HNPCC patient, using the markers O2S391 and O2S378, 
located 4cM and 10 CM proximal of the gene, respectively, and D2S2298, which is 
located 0-3 cM distal of the gene. LOH was observed for all three markers. 

To check whether both copies of hMSH2 had been (functionally) eliminated in the 
tumour, sections of the MFH from the HNPCC patient , and for comparisson also 
sections of his jejunum adenocarcinoma, were analyzed by immunohistochemistry, 
using antibodies directed against hMSH2 (Oncogene®, clone FE11, recognizing 
the carboxy-terminal domain of the protein) . As a control, we also used antibodies 
directed against hMLH1 (Oncogene®, clone G168-728, epitope undetermined). 
The sections of the MFH of the HNPCC patient were hMLH1 positive, 
predominantly in the cytoplasm of the tumour cells, and hMSH2 negative (figure 1 ) .  
In  the surrounding connective tissue no positive staining was observed. The 
sections of the jejunum adenocarcinoma showed hMLH1 and hMSH2 staining in 
the pre-existent epithelium. The tumour cells were hMSh1 positive and hMSH2 
negative (figure 2) . Six sporadic MFHs (the five used for MSI testing were not 
available for immunohistochemistry) were analyzed for comparison. All showed 
nuclear staining for hMLH 1 and hMSH2 (figure 3) , one of them also showed 
cytoplasmatic hMLH1 staining. 
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Figu re 3 

lmmunohistochemistry (magnification 250 x). Sections were incubated with the hMSH2 antibody, rabbit-anti-mouse peroxidase 
(RAMPO) and goat-anti-rabbit peroxidase (GARPO). Diamino-benzidine (DAB) was used as chromogen and haematoxylin as 
counterstain 
Figure 1 MFH from the HNPCC patient. No staining. 
Figure 2 Jejunum adenocarcinoma from the HNPCC patient. Bottom: pre-existent epithelium (arrow): positive staining. 

Top: adenocarcinoma (double-arrow): negative staining. 
Figure 3 Sporadic MFH. Diffuse positive nuclear staining. 
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Our findings strongly suggest that the malignant fibrous histiocytoma which 
occurred in the HNPCC patient should be regarded as a manifestation of his 
inherited disorder. Although MSI as observed in his MFH has also been demon
strated in a range of sporadic tumour types 1 1 and therefore is not proof of HNPCC, 
MSI seems not to be the rule in sporadic MFHs (ref. 12 and this study). 

This might suggest that the mutant hMSH2 allele played a role in the development 
of the MFH. In addition, we found LOH for markers directly proximal and distal of 
hMLH2, making it reasonable to assume loss of one of the gene in between. The 
question remained, however, whether the mutant allele or the wild type allele was 
lost. This was addressed by the immunohistochemical analysis. In HNPCC 
associated intestinal cancer, presence of germline hMSH2 gene mutations is 
strongly associated with negative staining for nuclear hMSH2 protein 1 3

. 

Such a negative staining was indeed observed in the jejunum carcinoma from our 
HNPCC patient. His MFH also stained negative, thus indicating loss of normal 
hMSH2 protein expression. In contrast, all sporadic MFHs did show hMSH2 
staining. However, in the tissue surrounding the MFH in the HNPCC patient we did 
not observe any positive hMSH2 staining and therefore lack an internal control. 
This was to be expected, however, given the fibrotic nature of that tissue and 
knowing that hMSH2 expression is related to proliferative activity (repair of 
mismatches in replicated DNA) . Alternatively, we cannot exclude that fixation 
conditions prevented staining. 

Our findings should alert physicians to the possibility that on rare occasions MFHs 
may occur in the setting of HNPCC and may be used to search for the MMR gene 
germline mutations in an HNPCC family where material from relatives with the 
classical HNPCC associated tumours is unavailable. Survival of patients with 
HNPCC associated colorectal cancer may differ from that of patients with sporadic 
cases 14-16

, because the molecular etiology of HNPCC-associated tumours may 
differ from that of non-hereditary cases, as has been demonstrated for colorectal 
cancer17-20

. In a similar way, different genes may be involved in MFH development 
in HNPCC and in the development of sporadic MFH. It cannot be excluded that a 
difference in survival would, therefore, also apply to patients of both groups of 
MFH. However, because MFH represents a heterogeneous group of tumours21

, it 
may very well turn out to be also genetically heterogeneous. 
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Summary and Future Perspectives 

Summary 

The revolutionary progress in molecular genetics of hereditary cancer is pushing 
the clinical genetics of cancer into an accelerated development. For a discussion of 
the issues involved, it is important to clarify the vocabulary. Therefore, in chapter 1 
of this thesis a list of definitions is given for frequently used notions in the clinical 
genetics of cancer. From the review presented in chapter 2 it is clear that many 
types of cancer may be associated with a human cancer syndrome. To asses the 
possible presence of one of these syndromes in a cancer patient and his or her 
family, the family history generally plays a central role. Unfortunately, the contribu
tion of the family history to the genetic diagnosis is limited by its inaccuracy. The 
study reported in chapter 3 has looked at factors influencing family history accu
racy. Its results may help in the interpretation of (as yet) unverified family histories 
and, if there is no opportunity to verify them all, in deciding which parts of those 
histories need to be verified. 

Recognizing from family histories the clues that point to human cancer syndromes 
is usually the basis for the cancer-related referral to a clinical genetics centre. 
However, recognizing these clues may not be easy and some physicians may be 
better aware of the characteristics of the human cancer syndromes than others. In 
order to improve the quality of care to families with hereditary cancer it is important 
to (regionally) distribute and update information on the human cancer syndromes, 
criteria for referral, options for DNA analysis and preventive measures (e.g. 
screening protocols). 

Such actions need, however, to be monitored in order to see whether this transfer 
of knowledge is successful. In chapter 4 we presented an analysis of the referral 
from the hospitals and general practitioners in our region. 



208 STUDIES ON THE CLINICAL GENETICS OF CANCER 

We observed striking differences within both of these groups and will use the 
results in a dialogue with all parties involved to identify the cause of these differen
ces and to see whether there is any need to adjust our system of knowledge trans
fer. This transfer should not be a one-way process. The clinical genetic workload 
has for an important part shifted in recent years from the traditional topics of conge
nital anomalies and mental retardation to cancer. Therefore, although non-geneti
cists may need to learn more about genetic aspects of cancer, clinical geneticists 
need to learn more about cancer in order to be equal partners in the discussion on 
hereditary cancer topics. 

One way to assist in the recognition of hereditary cancer and in making a clinical 
genetic differential diagnosis in cancer patients and families, is to present informa
tion on this subject in the format of interactive software, as has been done for clini
cal cytogenetics (the Human Cytogenetics Database by Schinzel), dysmorphology 
(the London Dysmorphology Database by Winter and Baraitser; POSSUM by 
Bankier) and some other groups of hereditary disorders. We programmed the 
Familial Cancer Database (FACD}, reported in chapter 5, for this purpose. Only 
time will tell how much help our programme offers in clinical practice. 

Two of the human cancer syndromes, multiple endocrine neoplasia type 2A 
(MEN2A) and hereditary non-polyposis colorectal cancer (HNPCC) were studied 
with respect to the disease spectrum and tumour risk. Results are reported in 
appendices I-IV. In the two MEN2A studies, patients with familial cutaneous lichen 
amyloidosis (CLA) and familial or isolated Hirschsprung disease (HSCR}, respec
tively, were examined for mutations in the RET gene (which is associated with 
MEN2). The reason for this was that both disorders have also been reported to 
occur in MEN2A patients. We therefore questioned whether CLA and HSCR 
patients without a MEN2A family history could carry MEN2A-associated RET 
mutations and thus could have an increased cancer risk. Indeed, such mutations 
were observed in HSCR patients. Although tumour risks for these HSCR patients 
are as yet difficult to estimate, our study underlines the fact that some patients with 
disorders known to be associated with human cancer syndromes, may carry 
mutant genes associated with an increased cancer risk in the absence of a family 
history fitting those syndromes. Physicians diagnosing and treating patients with 
such disorders should be aware of this phenomenon in the interest of tumour pre
vention. 

Disease spectrum and tumour risk in HNPCC were explored in the studies reported 
in appendices Ill and IV. The first study used an epidemiological approach to look 
at the association of cancer of the urinary tract with HNPCC in all HNPCC families 
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included in the National HNPCC Registry maintained by the Netherlands 
Foundation for the Detection of Hereditary Tumours and presents risk figures for 
these tumours. Studies such as this one have the advantage of generating risk 
figures, but cannot learn us much of the nature of tumours which occur only rarely 
in a human cancer syndrome. 

The second study demonstrates a totally different approach to study the disease 
spectrum. Using molecular techniques, a single case of malignant fibrous histiocy
toma (very rarely occurring in HNPCC) diagnosed in an HNPCC patient was tested 
for molecular characteristics of HNPCC. The results suggested that this tumour 
had indeed developed as part of HNPCC in this patient. Both types of study, each 
with its own particular advantages and disadvantages, are needed to further deli
neate the disease spectrum of the human cancer syndromes. 

Future Perspectives 

Many questions relevant to the clinical genetics of cancer remain to be answered. 
Some of these may be more readily answered than others. For example, it is 
unlikely that we will be able in the near future to precisely predict the clinical impli
cations of a mutant gene in individual cases. Inter- and intra-familial differences in 
phenotypical expression of one and the same mutant gene are the rule rather than 
the exception in human.cancer syndromes and can be explained by the multi-step 
nature of cancer development and the fact that a wide range of external as well as 
internal risk and protective factors may interact in complex and therefore largely 
unpredictable ways. 

The future will, however, undoubtedly see an expansion of diagnostic capabilities. 
In particular, we can expect DNA analysis to contribute increasingly to the genetic 
diagnosis in patients and families suspected of having a human cancer syndrome. 
Although increased mutation detection rates will generate a further increase in 
demand for genetic services with all the practical budgetary problems tied in with 
this increase, the possibility to detect all mutations associated with human cancer 
syndromes will also alleviate the burden of family history verification and the 'wrest
ling' with differential diagnosis. 

Questions with regard to tumour prevention in individuals and families will probably 
take many more years to solve, which implies that more people will be diagnosed 
with an inherited strong cancer predisposition at a time when the value of preven
tive options will still be very unclear for many of the human cancer syndromes as 
reviewed in chapter 2. Only large collaborative studies can address questions with 
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respect to outcome of periodic screening, tumour incidence after prophylactic 
surgery and the short- and long-range effects and side-effects of chemoprevention. 
This implies that the (preventive) treatment and follow-up of patients should be 
protocolized in order to be able to compare and pool data. This is a strong 
argument in favour of centralising these medical activities. However, in practice, 
many of these activities are not performed in central settings. 

Although genetic analysis is often centralised per region because of the very spe
cialised expertise involved (and because of legislation, as in our country), depend
ing on the choice of inclusion criteria, the load of patients for further medical 
management may be too large to cope with in a central clinic. Also, patients may 
prefer to remain in the care of specialists working outside such central clinics. If de
centralised medical management would follow the mentioned protocols and its 
local registration could be carried out in a way that would allow for the pooling of 
data on regional and preferably national levels so that a study population could be 
defined large enough for meaningful statistical analysis, then that could be an 
adequate alternative. Nevertheless, certain medical procedures (e.g. prophylactic 
thyroidectomy in small children, presymptomatic DNA testing including its psycho
logical support) should remain centralised for the present in order to guarantee 
expertise. 

Looking at the future, it can hardly be expected that diagnostic and even pre
symptomatic DNA testing and genetic counselling will forever remain the exclusive 
domain of clinical genetics centres. Simply because of the sheer number of pa
tients involved and the opening of international markets for commercial DNA 
testing, decentralisation of testing and counselling seems likely. The role of clinical 
genetics centres may shift towards one which mainly focuses on hereditary dis
orders which are particularly complex with regard to DNA testing, risk analysis and 
counselling, as well as on disorders for which, because of their rare nature, com
mercial testing is unavailable. 

With respect to the other disorders, an increasing role as a consultancy service, 
rather than as a service which performs all of the actual testing and counselling, 
may be expected. However, these changes should not be encouraged until 
comprehensive mutation analysis will be possible and the clinical and psychosocial 
implications of the results from such analyses are further clarified. 
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Samenvatting 

Klinische genetica is het medische specialisme dat zich bezighoudt met het 
onderzoek naar erfelijke en aangeboren aandoeningen, ook we/ 
erfelijkheidsonderzoek genoemd en de voorlichting van patient en familie over 
deze aandoeningen, ook we/ erfelijkheidsvoor/ichting genoemd. Dit proefschrift 
beschrijft een aantal onderzoeken op het gebied van de klinische genetica van 
kanker. Voordat deze onderzoeken hier warden samengevat volgt eerst een korte 
uit/eg over wat kanker en erfelijkheid we/ en niet met elkaar te maken hebben. 

Cellen, genen, erfelijke ziekten en kanker 

Ons liehaam is opgebouwd uit miljarden bouwstenen, die eellen warden genoemd. 
Ze zijn er in alle soorten en maten: huideellen, spiereellen, zenuweellen, 
bloedeellen en nog vele anderen. Elke eel bevat een "keuken" waar van alles en 
nog wat "gekookt" wordt aan de hand van "reeepten" die klaarliggen in die eel. 
Deze reeepten zijn stukjes van ons erfelijke materiaal, ons DNA. De kookresultaten 
zijn de eiwitten. Cellen hebben eiwitten nodig om hun taken kunnen uitvoeren. 

Elk recept wordt een gen genoemd. Genen komen in eellen in tweevoud voor, 
waarbij het ene exemplaar van de moeder en het andere van de vader afkomstig 
is. Genen kunnen beschadigd raken. Ouders kunnen via hun ei- of zaadcellen 
(waarin de genen in enkelvoud voorkomen) beschadigde genen doorgeven aan 
hun kinderen. Als een gen besehadigd is, dan wordt er aan de hand van een 
afwijkend recept "gekookt", waardoor een ziekte kan ontstaan. Een ziekte, die het 
gevolg is van een geerfde besehadiging, noemen we erfelijk en het besehadigde 
gen, de aanleg voor die erfelijke ziekte. 

Het is ook mogelijk dat in de loop van het leven in gewone lichaamseellen 
beschadigingen ontstaan in genen die onbesehadigd van de ouders waren geerfd. 
Sommigen genen bevatten informatie die belangrijk is voor eontrole van het delen 
van eellen, ze funetioneren als het ware als "gaspedalen" en "remmen" voor de 
eeldeling. Een bepaalde opeenstapeling van besehadigingen van deze genen leidt 
ertoe dat een eel de eontrole op zijn eeldeling verliest. 
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Ongecontroleerde celgroei wordt in het lichaam uiteindelijk zichtbaar als een 
gezwel. Als een gezwel doorgroeit in omgevende weefsels en zich uitzaait naar 
andere delen van het lichaam, dan noemen we dat gezwel kwaadaardig, ofwel 
kanker. Sommige genbeschadigingen werken het ontstaan van kanker sterk in de 
hand, andere geven slechts een "zwak zetje" in die richting. 

De opeenstapeling van beschadigingen van genen die tot het ontstaan van kanker 
leidt, ontstaat in normaal erfelijk materiaal, meestal in de loop van vele jaren, door 
de inwerking op deze genen van bepaalde chemische stoffen en straling. Ook 
ontstaat deze schade voor een gedeelte spontaan door foutjes tijdens 
celdelingsprocessen. Omdat al deze beschadigingen niet geerfd zijn, noemen we 
kanker in dit geval dan ook geen erfelijke ziekte. 

In ongeveer 1 tot 10 % van alle gevallen van kanker is er echter wel sprake van 
een geerfde genbeschadiging die belangrijk bij heeft gedragen aan het ontstaan 
van die kanker. In deze gevallen spreken we over erfe/ijke kanker. Het ziektebeeld 
dat hoort bij een bepaalde aanleg wordt in die gevallen erfelijk kanker syndroom 
(hereditary cancer syndrome) of humaan kanker syndroom (human cancer 
syndrome) genoemd. Er bestaan tientallen van die syndromen. De meest 
voorkomende zijn erfelijke borst-eierstokkanker en het erfelijk non-polyposis 
colorectaal carcinoom, een erfelijke vorm van darm- en baarmoederkanker. 

Samenvatting 

In hoofdstuk 1 worden definities gegeven van de begrippen die belangrijk zijn voor 
de klinische genetica van kanker en wordt in een notendop geschetst wat het 
erfelijkheidsonderzoek naar kanker en de erfelijkheidsvoorlichting inhouden. 
Daarnaast worden de algemene kenmerken van de erfelijke kankersyndromen 
be sch rev en. 

In hoofdstuk 2 wordt van elk van de meest voorkomende soorten kanker 
(uitgezonderd het non-Hodgkin lymfoom en leukemie) beschreven of het 
voorkomen van die soort bij iemand de kans voor bloedverwanten op kanker 
verhoogt en meer in het bijzonder, of die soort voor kan komen als onderdeel van 
een erfelijke kankersyndroom. In veel gevallen van kanker zal het voor een arts 
niet onmiddellijk duidelijk zijn dat het bij zijn patient wel of niet om een erfelijke 
vorm gaat. Het maken van een onderscheid tussen een erfelijke en niet erfelijke 
vorm kan van groat belang zijn voor de behandeling en preventieve controles bij 
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patient en familieleden. Er wordt daarom ingegaan op kenmerken van erfelijke 
kanker die als herkenningssignaal kunnen dienen in de medische praktijk. Het 
voorkomen van kanker bij meerdere familieleden is daar een van. Omdat kanker 
veel voorkomt zullen alleen al door toeval meerdere gevallen van kanker in een 
familie kunnen voorkomen. Het voorkomen van kanker in een familie bewijst dus 
niet dat die kanker erfelijk is. Daarom is het letten op andere kenmerken van 
erfelijke kanker ook van belang, zoals relatief jonge leeftijd bij ontstaan, alsook 
vorming van verschillende gezwellen bij een en dezelfde persoon (uitzaaiingen 
warden daarbij niet meegeteld). Sommige combinaties van kanker in een familie 
wijzen sterk op een erfelijke vorm. De combinaties borst/eierstokkanker en 
darm/baarmoeder (niet baarmoederhals) kanker zijn de meest voorkomende 
voorbeelden hiervan. Tenslotte wordt in dit hoofdstuk ingegaan op de huidige 
kennis over de preventieve maatregelen die men kan nemen om erfelijke kanker te 
voorkomen of zo vroeg mogelijk op te sporen. Geconcludeerd wordt, dat van veel 
van deze maatregelen de voor- en nadelen nog niet duidelijk vaststaan. 

Als mensen vragen om erfelijkheidsonderzoek naar kanker wordt hen gevraagd 
gegevens te verstrekken over de kanker bij zichzelf en hun familieleden. Het is 
belangrijk dat deze gegevens kloppen, omdat de klinisch geneticus er sterk op 
vaart bij het nemen van beslissingen over de mogelijkheden voor DNA onderzoek, 
het stellen van de genetische diagnose en het verwijzen voor preventieve controles 
en eventueel operaties. Als regel warden de familiegegevens daarom voor alle 
zekerheid geverifieerd en wel aan de hand van informatie die wordt opgevraagd bij 
ziekenhuizen en huisartsen. Dit is echter een tijdrovend en in sommige gevallen 
zelfs onmogelijk karwei, bijvoorbeeld als de medische gegevens inmiddels 
vernietigd zijn of omdat toestemming voor het opvragen van gegevens ontbreekt. 
In hoofdstuk 3 wordt een onderzoek beschreven naar de betrouwbaarheid van 
familiegegevens. Hieruit kwam naar voren dat verreweg de meeste door de familie 
gemelde gevallen van borstkanker accuraat waren. Voor meldingen van 
bijvoorbeeld baarmoederkanker was dat veel minder het geval. Er wordt 
geconcludeerd dat het minder verifieren van met name meldingen over 
borstkanker, niet noemenswaard ten koste gaat van de juistheid van de genetische 
diagnose, mits dit volgens een bepaalde schema verloopt. Het minder verifieren 
van familiegegevens levert een aanzienlijke tijdsbesparing op. 
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De belangstelling bij zowel het publiek als artsen voor de erfelijke aspecten van 
kanker is de afgelopen jaren sterk toegenomen en daarmee ook de vraag naar 
genetisch onderzoek. In hoofdstuk 4 werd dit ge'fnventariseerd. In Groningen 
groeide de vraag om erfelijkheidsonderzoek voor kanker van 11 vragen per jaar in 
1987 naar meer dan 300 per jaar in 1997. Op dit moment gaan 30 tot 40 % van al 
onze verzoeken om erfelijkheidsonderzoek over kanker, terwijl dat in 1987 slechts 
3 % was. Hoewel de vraag naar erfelijkheidsonderzoek voor kanker enorm is 
toegenomen, is het de vraag of iedereen die in aanmerking komt voor dat 
onderzoek en dat onderzoek ook zou willen, daadwerkelijk verwezen wordt. Het is 
best mogelijk dat sommige verwijzers nog niet goed op de hoogte zijn van de 
criteria voor verwijzing. Mogelijk moeten de verwijscriteria en de voor- en nadelen 
van erfelijkheidsonderzoek naar kanker nog beter onder de aandacht warden 
gebracht van sommige (potentiele) verwijzers. 

Om voorlichting over dit onderwerp beter te kunnen richten, werden de 
verwijspatronen van de regionale huisartsen en de specialisten van de 17 
regionale niet-academische ziekenhuizen in kaart gebracht. Omdat regio's en 
ziekenhuizen onderling verschillen in het aantal patienten dat met bepaalde 
soorten kanker gezien wordt, moesten de verwijzingen naar ans centrum voor die 
verschillen gecorrigeerd warden. 

Met name voor borst en eierstokkanker blijken er tussen ziekenhuizen duidelijke 
. verschillen in verwijzing te bestaan en dat geldt ook voor huisartsen als we die in 
subregio's indelen. Wat precies de oorzaken zijn voor de gevonden verschillen en 
of nu inderdaad een manier is gevonden om bijscholing te richten, moet nog blijken 
uit vervolgonderzoek. 

In hoofdstuk 5 wordt het computerprogramma Familial Cancer Database 
beschreven, dat werd ontwikkeld als geheugensteun voor artsen bij het herkennen 
van erfelijke vormen van kanker. De gebruiker van het programma kan de 
ziektekenmerken invoeren, in het bijzonder de soorten kanker, die bij een patient 
en familieleden werden gevonden. Het programma geeft dan vervolgens een 
overzicht van alle erfelijke aandoeningen waarbij die ziektekenmerken kunnen 
voorkomen. Op dit moment bevat Familial Cancer Database gegevens over meer 
dan 300 verschillende aandoeningen. Een groat voordeel van het gebruik van een 
computerprogramma is, dat het snel kan warden aangepast aan nieuwe kennis 
over de verschillende erfelijke aandoeningen. 
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In de aanhangsels I tot en met IV komen twee erfelijke kankersyndromen aan 
bod: multipele endocriene neoplasie type 2a (MEN2A) en hereditair non-polyposis 
colorectaal carcinoom (HNPCC). Patienten met MEN2A hebben een bepaalde 
soort schildklierkanker en vaak ook bijnier- en bijschildkliergezwellen. Soms gaat 
MEN2A gepaard met een bepaalde huidaandoening (cutane lichen amyloidosis, 
CLA) of een bepaalde aangeboren afwijking van de zenuwen van de darm (de 
ziekte van Hirschsprung). Patienten met HNPCC hebben meestal darm- en/of 
baarmoederkanker, maar ook andere soorten kanker kunnen bij hen voorkomen. 

Appendix I beschrijft DNA onderzoek in families met zowel MEN2A als CLA en in 
families waarin alleen CLA voorkomt. De conclusie is dat CLA zonder MEN2A 
hoogstwaarschijnlijk een aandoening is die niets met de aanleg voor MEN2A te 
maken heeft. De bevindingen bij mensen met de ziekte van Hirschsprung zonder 
MEN2A, zoals die beschreven warden in appendix I I, zijn echter anders. In 
familiaire of ge·isoleerd voorkomende gevallen van deze darmziekte kan wel 
degelijk een MEN2A aanleg worden gevonden. Dit betekent dat deze patienten op 
latere leeftijd alsnog verschijnselen van MEN2A kunnen gaan vertonen. 
Behandelaars dienen hierop alert te zijn. 

In appendix I l l  is voor Nederlandse families met HNPCC uitgerekend of ze naast 
een hoge kans op darm- en baarmoederkanker, oak een verhoogde kans op 
kanker van de urinewegen hebben. Dit blijkt inderdaad het geval te zijn voor 
nierbekken- en urineleiderkanker, alhoewel deze kansen duidelijk lager zijn dan de 
kans op darm- en baarmoederkanker. 

In appendix IV werd onderzocht of het gezwel dat een HNPCC patient in zijn been 
kreeg, een zogenaamd maligne fibreus histiocytoom, iets te maken had met zijn 
HNPCC aanleg of niet. Met behulp van DNA onderzoek en het gebruik van 
speciale antistoffen op weefselcoupes (immunohistochemie) kon een verband met 
deze aanleg inderdaad aannemelijk worden gemaakt. 
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