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Will the real Cowden syndrome please stand up:
revised diagnostic criteria

Charis Eng

Cowden syndrome (CS, MIM 158350) is an
autosomal dominant disorder with age related
penetrance characterised by multiple hamarto-
mas and a high risk of breast, thyroid, and per-
haps other cancers. These hamartomas can
arise in tissues derived from all three embry-
onic germ cell layers, in accordance with the
prominent expression of the susceptibility gene
throughout human embryonic and fetal devel-
opment.1 The cardinal features of CS include
trichilemmomas, which are hamartomas of the
infundibulum of the hair follicle, and mucocu-
taneous papillomatous papules, which occur in
the great majority (>90%) of aVected sub-
jects.2 3 Lesions in the breast or thyroid occur in
at least two thirds of CS cases. The incidence of
CS before gene identification was estimated to
be 1 in a million in a population based Dutch
clinical epidemiological study.2 4 However,
after gene identification, this figure was revised
to 1 in 200 000,5 which is almost certainly an
underestimate. This is because CS has variable
expression and often can have nothing but
subtle skin signs, and so this condition is diY-
cult to recognise and remains underdiagnosed.

Before 1996, little was known about the
molecular aetiology of the inherited hamar-
toma syndromes, including CS. For purposes
of localising the CS gene, the International
Cowden Consortium proposed a set of opera-
tional diagnostic criteria to ascertain CS fami-
lies and to assign aVected status within families
(table 1).4 6 These criteria have been adopted
by the US based National Comprehensive
Cancer Network (NCCN) Genetics/High Risk
Cancer Surveillance Panel, whose task is to
present evidence based or expert consensus
practice guidelines.7

The susceptibility gene for CS was mapped
to 10q22-23 and identified a year later as
PTEN.4 8 PTEN is an almost ubiquitously
expressed dual specificity phosphatase which
acts as a tumour suppressor9–11 by mediating
cell cycle arrest or apoptosis or both, among
other as yet unelucidated functions.12–14 When
CS families and cases are ascertained strictly
by the Consortium criteria (table 1), the PTEN
mutation frequency is approximately 80%.8 15

However, when these criteria are not used, the
mutation frequency ranges from 10-50%.16–18

Bannayan-Riley-Ruvalcaba syndrome (BRR,
MIM 153480), an autosomal dominant devel-
opmental disorder characterised by macro-
cephaly, developmental delay, lipomatosis, hae-
mangiomatosis, and speckled penis, is allelic to
CS,19 with a mutation frequency of 50-60%.20

The highest PTEN mutation frequencies
(>92%) are consistently obtained in CS-BRR
overlap families (Eng and Hampel, 2000,
unpublished observations).20 Recently, a Pro-
teus syndrome-like subject was found to have a
germline PTEN mutation and a germline
mosaic PTEN mutation.21 This Proteus-like
patient presented at birth with marked hyper-
trophy of the right lower extremity in girth and
length, pink verrucoid epidermoid naevi in
whirls and plaques on the right side of his body,
and macrocephaly. The hemihypertrophy pro-
gressed such that massive arteriovenous mal-
formations involving the muscles and bones of
the entire right lower extremity and pelvis were
noted at the age of 6 years. This patient does
not meet the diagnostic criteria for Proteus
syndrome22 nor BRR.23 A de novo germline
PTEN R335X was found in this case, and non-
germline R130X was found in three diVerent
non-contiguous aVected tissues from the
hypertrophied lower extremity.21 Whether

Table 1 International Cowden Consortium operational criteria for the diagnosis of CS,
Ver 1995

Pathognomonic criteria
Mucocutaneous lesions

Trichilemmomas, facial
Acral keratoses
Papillomatous lesions
Mucosal lesions

Major criteria
Breast carcinoma
Thyroid carcinoma, especially follicular thyroid carcinoma
Macrocephaly (eg, >95th centile)
Lhermitte-Duclos disease (LDD)
Minor criteria
Other thyroid lesions (eg, goitre)
Mental retardation (say, IQ <75)
GI hamartomas
Fibrocystic disease of the breast
Lipomas
Fibromas
GU tumours (eg, uterine fibroids) or malformation
Operational diagnosis in a person
(1) Mucocutaneous lesions alone if:

(a) there are 6 or more facial papules, of which 3 or more must be trichilemmoma, or
(b) cutaneous facial papules and oral mucosal papillomatosis, or
(c) oral mucosal papillomatosis and acral keratoses, or
(d) palmoplantar keratoses, 6 or more

(2) 2 major criteria but one must include macrocephaly or LDD
(3) 1 major and 3 minor criteria
(4) 4 minor criteria
Operational diagnosis in a family where one person is diagnostic for Cowden syndrome
(1) The pathognomonic criterion/ia
(2) Any one major criterion with or without minor criteria
(3) Two minor criteria
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other Proteus-like cases will have PTEN muta-
tions is unknown and is the subject of continu-
ing research. It has been proposed that these
syndromes that are defined by germline PTEN
mutations be collectively termed PTEN
Hamartoma Tumour Syndrome or PHTS.20

In an eVort to determine the full clinical
spectrum involved in PTEN mutation and to
confirm the robustness of the Consortium cri-
teria, a study was performed to examine germ-
line PTEN mutations in families and subjects
ascertained by the minimal presence of breast
cancer and any anatomical thyroid disorder in a
single person or in a minimum of two first
degree relatives in a family but who did not
meet the Consortium criteria for the diagnosis
of CS.24 Of 64 CS-like cases ascertained, one
was found to have a germline PTEN mutation.
This family had bilateral breast cancer, follicu-
lar thyroid carcinoma, and endometrial adeno-
carcinoma. There were only four other families
with endometrial cancer. These observations
suggest that the Consortium criteria are robust
and that the small but finite PTEN mutation
frequency is important in clinical cancer
genetic management. Further, it suggests that
the presence of endometrial cancer may
increase the likelihood of finding germline
PTEN mutation, even in CS-like families. In
another recent study, a nested cohort compris-
ing 103 eligible women with multiple primary
cancers within the 32 826 member Nurses’
Health Study were examined for the occult
presence of germline PTEN mutations.25

Among 103 cases, five (5%) were found to have
germline missense mutations, all of which have
been shown to cause some loss of function. Of
these five, two cases themselves had endome-
trial cancer. This study, therefore, suggests that
occult germline mutations of PTEN, and by

extrapolation CS, occur with a higher fre-
quency than previously believed. Further, these
data confirm the previous observations24 that
endometrial carcinoma might be an important
component cancer of CS and, indeed, its pres-
ence in a case or family that is reminiscent of
CS but does not meet Consortium criteria
might actually help increase the prior probabil-
ity of finding PTEN mutation. Taken together,
these molecular based observations, together
with previous clinical epidemiological studies,2

were felt suYcient to revise the Consortium
criteria for the diagnosis of CS to include
endometrial carcinoma (table 2). These revised
criteria will most likely be adopted for the next
revision of the NCCN document. Although
further long term and formal investigation of
whether endometrial carcinoma and other
tumours are true components of CS, for
purposes of research ascertainment and for
clinical practice, exponents of CS and the
NCCN panel felt that it would be more
conservative, and in the interest of the patient,
to acknowledge endometrial carcinoma as a
component cancer.

Anecdotal evidence suggests that renal cell
carcinoma and malignant melanoma may be
minor component neoplasias of CS, although
the latter association is diYcult to prove
because melanoma is common in the general
population as well. Nonetheless, they should be
kept in mind, especially when considering sur-
veillance in PHTS.

Surveillance recommendations are governed
by the component tumours of CS, namely,
breast carcinoma, non-medullary thyroid carci-
noma, adenocarcinoma of the endometrium,
renal cell carcinoma, and possibly melanoma.
For males and females, annual comprehensive
physical examinations paying particular atten-
tion to skin changes and the neck (thyroid)
region should be instituted at the age of 18
years or five years younger than the youngest
diagnosis of a component cancer in the family.7

For females, annual clinical breast examination
and training in breast self examination should
begin around the age of 25 years; annual mam-
mography should begin at 30 or five years
younger than the earliest age of breast cancer
diagnosis in the family.7 For the next NCCN
revised guidelines, the panel would probably
also recommend annual surveillance of the
endometrium, blind repel (suction) biopsies of
the endometrium in the premenopausal years,
perhaps beginning at the age of 35 or five years
younger than the youngest age of endometrial
cancer diagnosis in the family, as well as annual
urine analysis for the presence of blood which
may be performed together during the annual
physical examination. Further, clinicians who
look after such families should be mindful to
note any other seemingly non-component neo-
plasia which might be over-represented in a
given family.

Who should undergo CS surveillance? Any
person known to have a germline PTEN muta-
tion (that is, PHTS) should undergo surveil-
lance. Among classical CS and BRR probands,
preliminary data suggest that the presence
of a PTEN mutation is associated with the

Table 2 International Cowden Consortium operational criteria for the diagnosis of CS,
Ver 2000

Pathognomonic criteria
Mucocutaneous lesions

Trichilemmomas, facial
Acral keratoses
Papillomatous papules
Mucosal lesions

Major criteria
Breast carcinoma
Thyroid carcinoma (non-medullary), especially follicular thyroid carcinoma
Macrocephaly (megalencephaly) (say, >95th centile)
Lhermitte-Duclos disease (LDD)
Endometrial carcinoma
Minor criteria
Other thyroid lesions (eg, adenoma or multinodular goitre)
Mental retardation (say, IQ <75)
GI hamartomas
Fibrocystic disease of the breast
Lipomas
Fibromas
GU tumours (eg, renal cell carcinoma, uterine fibroids) or malformation
Operational diagnosis in a person
(1) Mucocutaneous lesions alone if:

(a) there are 6 or more facial papules, of which 3 or more must be trichilemmoma, or
(b) cutaneous facial papules and oral mucosal papillomatosis, or
(c) oral mucosal papillomatosis and acral keratoses, or
(d) palmoplantar keratoses, 6 or more

(2) 2 major criteria but one must include macrocephaly or LDD
(3) 1 major and 3 minor criteria
(4) 4 minor criteria
Operational diagnosis in a family where one person is diagnostic for Cowden syndrome
(1) The pathognomonic criterion/ia
(2) Any one major criterion with or without minor criteria
(3) Two minor criteria

Operational diagnostic criteria are reviewed and revised on a continuous basis as new clinical and
genetic information becomes available.
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development of breast cancer in any given
family.15 20 Until further data become available,
any subject who carries the clinical diagnosis
of CS should also undergo surveillance. What
is less clear is whether PTEN mutation
negative BRR should undergo cancer surveil-
lance.

I am deeply grateful to all the patients and families with CS,
BRR, and CS-like from around the world who have participated
in our studies. I would also like to thank members of my labora-
tory, numerous collaborators and colleagues, especially Mark
Greene and Monica Peacocke, and all the genetic counsellors,
especially Heather Hampel and Kathy Schneider, who have
contributed in one way or another towards the formulation of
these revised criteria. My research activities are funded by the
National Institutes of Health, Bethesda, MD, USA, the Ameri-
can Cancer Society, the US Army Breast Cancer Research Pro-
gram, the Susan G Komen Breast Cancer Research Foundation,
and the Mary Kay Ash Charitable Foundation.

1 Gimm O, Attié-Bitach T, Lees JA, Vekemens M, Eng C.
Expression of PTEN in human embryonic development.
Hum Mol Genet 2000;9:1633-9.

2 Starink TM, van der Veen JPW, Arwert F, de Waal LP, de
Lange GG, Gille JJP, Eriksson AW. The Cowden
syndrome: a clinical and genetic study in 21 patients. Clin
Genet 1986;29:222-33.

3 Longy M, Lacombe D. Cowden disease. Report of a family
and review. Ann Genet 1996;39:35-42.

4 Nelen MR, Padberg GW, Peeters EAJ, Lin AY, van den
Helm B, Frants RR, Coulon V, Goldstein AM, van Reen
MMM, Easton DF, Eeles RA, Hodgson S, Mulvihill JJ,
Murday VA, Tucker MA, Mariman ECM, Starink TM,
Ponder BAJ, Ropers HH, Kremer H, Longy M, Eng C.
Localization of the gene for Cowden disease to 10q22-23.
Nat Genet 1996;13:114-16.

5 Nelen MR, Kremer H, Konings IBM, Schoute F, van Essen
AJ, Koch R, Woods CG, Fryns JP, Hamel B, Hoefsloot LH,
Peeters EAJ, Padberg GW. Novel PTEN mutations in
patients with Cowden disease: absence of clear genotype-
phenotype correlations. Eur J Hum Genet 1999;7:267-73.

6 Eng C. Cowden syndrome. J Genet Counsel 1997;6:181-91.
7 NCCN. NCCN practice guidelines: genetics/familial high

risk cancer. Oncology 1999;13:161-86.
8 Liaw D, Marsh DJ, Li J, Dahia PLM, Wang SI, Zheng Z,

Bose S, Call KM, Tsou HC, Peacocke M, Eng C, Parsons
R. Germline mutations of the PTEN gene in Cowden dis-
ease, an inherited breast and thyroid cancer syndrome. Nat
Genet 1997;16:64-7.

9 Li J, Yen C, Liaw D, Podsypanina K, Bose S, Wang S, Puc J,
Miliaresis C, Rodgers L, McCombie R, Bigner SH,
Giovanella BC, Ittman M, Tycko B, Hibshoosh H, Wigler
MH, Parsons R. PTEN, a putative protein tyrosine
phosphatase gene mutated in human brain, breast and
prostate cancer. Science 1997;275:1943-7.

10 Li DM, Sun H. TEP1, encoded by a candidate tumor sup-
pressor locus, is a novel protein tyrosine phosphatase regu-
lated by transforming growth factor B. Cancer Res 1997;57:
2124-9.

11 Steck PA, Pershouse MA, Jasser SA, Yung WKA, Lin H,
Ligon AH, Langford LA, Baumgard ML, Hattier T, Davis
T, Frye C, Hu R, Swedlund B, Teng DHF, Tavtigian SV.
Identification of a candidate tumour suppressor gene,
MMAC1, at chromosome 10q23.3 that is mutated in mul-
tiple advanced cancers. Nat Genet 1997;15:356-62.

12 Furnari FB, SuHuang HJ, Cavanee WK. The phosphoinosi-
tol phosphatase activity of PTEN mediates a serum-
sensitive G1 growth arrest in glioma cells. Cancer Res 1998;
58:5002-8.

13 Li J, Simpson L, Takahashi M, Miliaresis C, Myers MP,
Tonks N, Parsons R. The PTEN/MMAC1 tumor suppres-
sor induces cell death that is rescued by the AKT/protein
kinase B oncogene. Cancer Res 1998; 58:5667-72.

14 Weng LP, Smith WM, Dahia PLM, Ziebold U, Gil E, Lees
JA, Eng C. PTEN suppresses breast cancer cell growth by
phosphatase function-dependent G1 arrest followed by
apoptosis. Cancer Res 1999;59:5808-14.

15 Marsh DJ, Coulon V, Lunetta KL, Rocca-Serra P, Dahia
PLM, Zheng Z, Liaw D, Caron S, Duboué B, Lin AY,
Richardson AL, Bonnetblanc JM, Bressieux JM, Cabarrot-
Moreau A, Chompret A, Demange L, Eeles RA, Yahanda
AM, Fearon ER, Fricker JP, Gorlin RJ, Hodgson SV,
Huson S, Lacombe D, LePrat F, Odent S, Toulouse C,
Olopade OI, Sobol H, Tishler S, Woods CG, Robinson
BG, Weber HC, Parsons R, Peacocke M, Longy M, Eng C.
Mutation spectrum and genotype-phenotype analyses in
Cowden disease and Bannayan-Zonana syndrome, two
hamartoma syndromes with germline PTEN mutation.
Hum Mol Genet 1998;7:507-15.

16 Tsou HC, Teng D, Ping XL, Broncolini V, Davis T, Hu R,
Xie XX, Gruener AC, Schrager CA, Christiano AM, Eng
C, Steck P, Ott J, Tavtigian SV, Peacocke M. Role of
MMAC1 mutations in early onset breast cancer: causative
in association with Cowden’s syndrome and excluded in
BRCA1-negative cases. Am J Hum Genet 1997;61:1036-43.

17 Lynch ED, Ostermeyer EA, Lee MK, Arena JF, Ji H, Dann
J, Swisshelm K, Suchard D, MacLeod PM, Kvinnsland S,
Gjertsen BT, Heimdal K, Lubs H, Moller P, King MC.
Inherited mutations in PTEN that are associated with
breast cancer, Cowden syndrome and juvenile polyposis.
Am J Hum Genet 1997;61:1254-60.

18 Nelen MR, van Staveren CG, Peeters EAJ, Ben Hassel M,
Gorlin RJ, Hamm H, Lindboe CF, Fryns JP, Sijmons RH,
Woods DG, Mariman ECM, Padberg GW, Kremer H.
Germline mutations in the PTEN/MMAC1 gene in patients
with Cowden disease. Hum Mol Genet 1997;6:1383-7.

19 Marsh DJ, Dahia PLM, Zheng Z, Liaw D, Parsons R, Gor-
lin RJ, Eng C. Germline mutations in PTEN are present in
Bannayan-Zonana syndrome. Nat Genet 1997;16:333-4.

20 Marsh DJ, Kum JB, Lunetta KL, Bennett MJ, Gorlin RJ,
Ahmed SF, Bodurtha J, Crowe C, Curtis MA, Dazouki M,
Dunn T, Feit H, Geraghty MT, Graham JM, Hodgson SV,
Hunter A, Korf BR, Manchester D, Miesfeldt S, Murday
VA, Nathanson KA, Parisi M, Pober B, Romano C, Tolmie
JL, Trembath R, Winter RM, Zackai EH, Zori RT, Weng
LP, Dahia PLM, Eng C. PTEN mutation spectrum and
genotype-phenotype correlations in Bannayan-Riley-
Ruvalcaba syndrome suggest a single entity with Cowden
syndrome. Hum Mol Genet 1999;8:1461-72.

21 Zhou XP, Marsh DJ, Hampel H, Mulliken JB, Gimm O,
Eng C. Germline and germline mosaic mutations associ-
ated with a Proteus-like syndrome of hemihypertrophy,
lower limb asymmetry, arterio-venous malformations and
lipomatosis. Hum Mol Genet 2000;9:765-8.

22 Biesecker LG, Happle R, Mulliken JB, Weksberg R, Graham
JM, Viljoen DL, Cohen MM. Proteus syndrome: diagnos-
tic criteria, diVerential diagnosis and patient evaluation.
Am J Med Genet 1999;84:389-95.

23 Gorlin RJ, Cohen MM, Condon LM, Burke BA. Bannayan-
Riley-Ruvalcaba syndrome. Am J Med Genet 1992;44:307-
14.

24 Marsh DJ, Caron S, Dahia PLM, Kum JB, Frayling IM,
Tomlinson IPM, Hughes KS, Hodgson SV, Murday VA,
Houlston R, Eng C. Germline PTEN mutations in Cowden
syndrome-like families. J Med Genet 1998;35:881-5.

25 DeVivo I, Gertig DM, Nagase S, Hankinson SE, O’Brien R,
Speizer FE, Parsons R, Hunter DJ. Novel germline
mutations in the PTEN tumour suppressor gene found in
women with multiple cancers. J Med Genet 2000;37:336-
41.

830 Eng

www.jmedgenet.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.37.11.828 on 1 N
ovem

ber 2000. D
ow

nloaded from
 

http://jmg.bmj.com/

