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Abstract

Aim—To evaluate male breast cancer (MBC) risk among Klinefelter Syndrome (KS) patients and

relate this to possible biologic explanations.

Methods—A literature review was conducted to identify case series and epidemiologic studies

that have evaluated MBC risk among KS patients.

Results—Case reports without expected values have often led to false impressions of risk.

Problems include that a diagnosis of cancer can prompt a karyotypic evaluation and that many

cases of KS are unrecognized, resulting in incomplete denominators. Few carefully conducted

epidemiologic studies have been undertaken given that both KS and male breast cancer are rare

events. The largest study found 19.2- and 57.8-fold increases in incidence and mortality,

respectively, with particularly high risks among 47,XXY mosaics. These risks were still

approximately 30% lower than among females, contradicting case reports that KS patients have

breast cancer rates similar to females. Altered hormone levels (especially the ratio of estrogens to

androgens), administration of exogenous androgens, gynecomastia, and genetic factors have been

offered as possible explanations for the high risks.

Conclusions—Additional well-designed epidemiologic studies are needed to clarify which KS

patients are at a high risk of developing MBC and to distinguish between possible predisposing

factors, including altered endogenous hormones.
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Introduction

In 1942, Harry F. Klinefelter described a syndrome characterized by gynecomastia, small

testes, complete spermatogenic failure, Leydig cell insufficiency, and increased excretion of

follicle-stimulating hormones (FSH). Such patients were subsequently discovered to have

the sex chromosome genotype of 47,XXY, and the condition became known as Klinefelter

syndrome (KS). In addition to hypogonadism, KS has been found to be characterized by

various physical, developmental and hormonal alterations, including decreased androgen to

estrogen levels. There have been a number of reports of male breast cancer (MBC) occurring

among KS patients, prompting an interest in further characterizing and understanding

underlying biologic mechanisms.
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Although it is now recognized that KS patients have elevated rates of MBC, the magnitude

of the relationship remains uncertain. Few epidemiologic studies have been conducted, and

most have been plagued by small numbers or surveillance and selection biases. We reviewed

the relevant literature, assessing strengths and limitations of the investigations. Findings

were related to biologic correlates to add insights into possible mechanistic pathways.

Methodologic Difficulties Involved in Assessing Cancer Risks Among KS

Patients

Clinical reports of MBCs developing among KS patients are difficult to interpret given the

absence of a comparison group and inability to derive expected values. In some studies, the

strength of the association appears enhanced because a cancer diagnosis leads to a

karyotypic evaluation and the diagnosis of KS. Further problems arise as a result of under-

recognition of KS on a population basis.

Epidemiologic studies are required to derive conclusions regarding the true extent of risk,

but these are difficult to undertake, and can have inherent methodologic limitations. For

instance, case-control studies, which compare exposures between individuals with and

without a condition (e.g., MBC), usually depend on patient reports of exposures (e.g., the

prior diagnosis of KS) and involve small numbers of pertinent events.

Another approach is to undertake a cohort investigation, which assesses cancer risk

subsequent to a diagnosis of KS. To enable the assessment of cancers that generally occur at

older ages (such as is the case for MBC), the most feasible approach is a retrospective cohort

study, whereby a cohort of patients with KS is assembled from historical records, allowing

subsequent assessment of development of cancers.

A difficulty faced by retrospective cohort studies, however, is the fact that a sizeable

proportion of KS patients are never diagnosed with the condition. A presumptive clinical

diagnosis will prompt cytogenetic studies. Therefore, subjects who are assessed for cancer

risk are usually biased towards having greater degrees of clinical abnormalities. In the

largest study conducted (1), phenotypic abnormalities were admittedly over-represented.

Further, this study did not include patients with mosaicism associated with Down syndrome

trisomies because of its recognized link with cancer, further limiting the generalizability of

the results.

The final difficulty in assessing the relationship of KS to MBC risk is in assembling

sufficient numbers of each condition for investigation. KS is grossly under-diagnosed, with

approximately 7 out of every 10 cases being unrecognized, for a prevalence at birth of only

1 in every 660 male males(2). Thus, it difficult to assemble sufficiently sized cohorts to

evaluate subsequent cancer risk, particularly for MBC, which has an estimated lifetime

occurrence of 1 in every 1,000 individuals (3). MBC is also a condition that is usually not

diagnosed until the mid sixties or seventies, requiring long-term follow-up of patients.
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Case Series

The association of MBC with KS was first suggested by Bauer and Erickson in 1955 (4).

Subsequent reports of 21 (5) and 150 (6) patients with MBC comprised of unusually high

proportions of patients with KS provided further support for an association. These studies

have been widely quoted, particularly as one of them postulated that the incidence of breast

cancer in KS patients may approximate that found among women (5).

A number of additional case reports described concomitant occurrences of MBC and KS.

Scheike and others (7) assembled results of five studies that showed 9 chromatin-positive

males among 242 patients with MBC, or a 3% prevalence rate. Evans and Crichlow (8)

comprehensively reviewed 27 reported cases of MBC among KS patients and noted an

average age of 58 years, with a high proportion of the cases (13 out of 27) diagnosed with

gynecomastia. Based on expected incidence rates in the general population, Scheike and

others (7) estimated that KS patients have a 20-fold higher risk of developing MBC than

karyotypically normal men and a risk one fifth lower than that of women in the general

population. However, even with the higher rates than the general population, KS is generally

rare, accounting for only a small proportion of all breast cancers in men. Thus, in the United

Kingdom, it has been estimated that the population attributable risk (or the amount of

disease attributable to the syndrome) is only 3.6 percent (6).

Differing accounts of the relative occurrence of MBC among KS patients may reflect that

reported cases have not been obtained by systematic screening of a defined population with

and without the syndrome. One Swedish study attempted to overcome this by systematically

karyotyping 93 unselected MBC patients. This found a 7.5% prevalence rate of KS (9), a

rate considerably higher than the 3% previously reported rate. These authors estimated that

patients with KS have a 50-fold increased risk of developing MBC.

A final complication that affects case reports (as well as epidemiologic studies) is that KS

patients may receive greater scrutiny for cancer, i.e., results may be affected by surveillance

bias. This could have particular implications for the detection of MBC, a cancer that is often

not suspected or given serious diagnostic attention..

Review of Epidemiologic Studies

Case-Control Investigations

An early case-control study found that two of 72 MBC cases tested positive for sex

chromatin versus none of 69 controls (10). Another study found two KS patients among

their 181 MBC patients (11); this lower prevalence rate of KS most likely reflected that this

study focused on men who were eligible for care within the Veterans Administration

systems of hospitals.

The largest case-control study focused on prior inpatient medical diagnoses among over 4.5

million U.S. veterans (12). Among 642 men diagnosed with primary MBC during the period

1969-1996, KS was noted as a primary diagnosis among only 5 subjects, resulting in a rate

ratio of 29.6 (95% confidence intervals 12.3-71.7). The risk was somewhat higher for black

(93.3) than white subjects (20.2), but this difference was based on very small numbers (3
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and 2 MBCs, respectively). The prevalence of KS in this investigation was considerably

lower than the figure of 7.5% previously noted (9), which was attributed to the fact that

individuals eligible for Veterans Administration benefits must be medically qualified to

enter military service. Although gynecomastia, a condition often associated with KS (3), was

also found to be a significant risk predictor in this study, no patients had both diagnoses,

obviating concerns that this was the factor responsible for the high rates of MBC observed

among the KS patients.

Cohort Investigations

Two cohort studies of KS patients have been reported from Denmark and Scotland. The

Danish study included 832 men with KS established from the Danish Cytogenetic Register

(2). Among KS patients, 3 cases of breast cancer were observed vs. 0 among 4,022 age-

matched controls from the general population. The Scottish study (13) focused on 466 X

chromatin positive male patients identified through a register of patients with chromosome

abnormalities. Follow-up for mortality identified 2 cases of MBC among patients 55 years

of age and older, a rate twice as high as that expected among females in the general

population.

The largest investigations have been conducted by Swerdlow and colleagues (1, 14, 15). In

the first investigation (14), involving 646 patients with KS diagnosed at three cytogenetic

centers in the United Kingdom between 1959-1990, 2 deaths from breast cancer were

observed. In fact, these two cases were the same as those previously observed in the Scottish

study (13). In Swerdlow's analysis, cancer mortality was compared to expected rates based

on national population figures, leading to derivation of standardized mortality ratios

(SMRs). A SMR of greater than1.0 indicates a higher than expected occurrence, and these

two cases resulted in a SMR of 61.7, with 95% confidence intervals (CIs)--a measure of

certainty of the measure--ranging from 7.5-222.7.

In a subsequent study, Swerdlow expanded his cohort to include 3,518 men diagnosed with

KS at 27 cytogenetic laboratories in the United Kingdom between 1959-2002 (1). In follow-

up of the cohort members, 5 subjects were found to have died with breast cancer (SMR 57.8,

95% CI 18.8-135.0), and 4 to have incident breast cancers. Compared to the general

population, this translated into a standardized incidence ratio (SIR) of 19.2 (95% CI

5.2-49.2). Although substantially elevated compared to the general population of men, the

standardized mortality ratio was significantly lower than expectation when general

population rates for women were employed (SMR=0.3, 95% CI 0.1-0.8).

The majority of the cohort members in this investigation had a 47,XXY (n=3,002) or

47,XXY mosaic (n=320) chromosomal constitution. Of note was that the highest risks of

either breast cancer mortality or incidence were found among the relatively small group of

men with 47,XXY mosaic karyotypes (SMR=222.8, 45.9-651.0, SIR=33.7, 0.9-187.7), the

majority of whom (n=226) had a 47,XXY/46,XY karyotype (SMR=235.4, 28.5-850.4).
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Biologic Plausibility of Association

In deciphering why KS patients experience high rates of MBC, attention has focused on

various biologic and clinical correlates of the condition, including altered hormone levels,

administration of exogenous androgens, frequent long-standing gynecomastia, and genetic

constitution.

Altered endogenous hormones have been the primary focus for explaining the observed

increases in MBC among KS patients. During puberty, KS patients begin to exhibit elevated

levels of gonadotrophins and decreased levels of testosterone, resulting in their characteristic

body proportions and gynecomastia (16). In adults, low testosterone in relation to estradiol

levels are cardinal features of KS, resulting in increased estrogen-to-testosterone ratios (17).

Several well established risk factors for female breast cancer appear to operate through

hormonal mechanisms, namely obesity and physical inactivity, and both factors presumably

affect MBC risk (18). Obesity has also been frequently associated with KS (19), although in

at least one study the increased risk of MBC associated with KS persisted after adjustment

for diagnoses of obesity (12). In women, it is generally thought that these factors reflect

increased estrogen levels, but in men the underlying mechanisms relate not only to increased

estrogens but also to decreased testosterone and sex hormone-binding globulin levels (20).

This has led to speculation that alterations in the ratio of estradiol/testosterone might be

more relevant for male than female breast cancers, consistent with the hormonal alterations

found among KS patients. An altered estrogen/androgen ratio has also been offered as an

explanation for a recently observed relationship between bone fractures and an increased

risk of MBC (18), given that both hormones appear to be involved with bone maintenance

and osteoporosis among men and that androgens tend to decrease preferentially with age.

This hypothesis would also be consistent with the fact that KS patients have a predilection

for bone loss and fractures (21).

In addition to a focus on altered endogenous hormones, there has been interest regarding

possible iatrogenic effects of exogenous hormones. Many KS patients with hypogonadism

are treated with androgens, and there are case reports of breast cancer developing after such

therapy. One study of 45 KS patients treated with testosterone noted the development of two

cases of MBC, both occurring 10 or more years after initiation of therapy (22). Among KS

patients, androgen supplementation could still be consistent with an effect of a high estrogen

to androgen ratio given that KS patients presumably experience more peripheral conversion

of testosterone to estradiol than karyotypically normal men (23).

Another explanation for the increased risk of MBC among KS patients is that many,

although far from all, KS patients have gynecomastia, a recognized risk factor for MBC.

Despite gynecomastia providing increased tissue at risk, its etiologic relevance to MBC has

been questioned. It is possible that surveillance issues or uncontrolled confounding by more

direct predictors, such as obesity and correlated hormonal alterations, may be involved.

However, it is of note that many KS patients begin to experience gynecomastia early in life

and therefore have long-standing conditions. Histologic evidence of a transition from

atypical proliferative ductal epithelium in gynecomastia to carcinoma in KS patients has
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been reported, supporting the notion of abnormal hormonal stimulation of cell proliferation

in the mammary ductal epithelium (24). Further, elevated levels of estrogen and

progesterone tissue receptors have been found among KS patients with gynecomastia as

compared to other gynecomastia patients (25).

Finally, in addition to the role of endogenous hormones and gynecomastia as predictors of

MBC among KS patients, consideration must be given to the possibility that KS patients

have a genetic predisposition to MBC. Some studies suggest that the additional X

chromosome present in KS is responsible (26, 27). Lynch and others (26) have suggested

that XXY males may inherit the same predisposition to breast cancer as XX females. This

could affect not only breast cancer, but also other cancers that have been suggested to be

elevated among KS patients, including non-Hodgkin lymphomas as well as germ cell

mediastinal, lung and intracranial tumors (1). The genetic mechanisms involved with this

predisposition are currently unknown, but it is of interest that fibroblasts from 47,XXY

patients have been shown to have an abnormally high transformation frequency by simian

virus 40 (28), raising the possibility that KS patients share phenomena observed in tumor-

susceptible individuals.

Conclusions

Based on the rather scant data available, it can be concluded that KS patients are at an

increased risk of developing breast cancer. The most convincing data seem to support that

this risk may be around 20-30-fold higher than expected. This risk, although elevated, is still

considerably lower than that of women in the general population.

The level of absolute risk of MBC among KS patient does not justify prophylactic

mastectomy, but does support the need for patient education, monthly breast self-

examinations and periodic physical examination. Although mammography has been shown

to be useful in the diagnosis of MBC (29), it is difficult at the moment to determine whether

this should be employed among KS patients. There is clearly a need for additional studies to

further understand the magnitude of risk of breast cancer among KS patients and to

determine whether there are certain factors that might most strongly predict risk. Further

studies should allow a better understanding of the biologic mechanisms involved in the

genesis of breast cancer among KS patients, enabling future targeted interventions and

improved treatment approaches.

Abbreviations

CI Confidence interval

FSH Follicle stimulating hormone

KS Klinefelter syndrome

MBC Male breast cancer

SIR Standardized incidence ratio

SMR Standardized mortality ratio
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