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Unsuspected Klinefelter Syndrome Diagnosed
during Oncologic Evaluation: A Case Series
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Klinefelter syndrome is an underdiagnosed chromosomal disorder that has significant implications for
health and for medical management. This report presents 5 adult male patients diagnosed with previ-
ously unsuspected Klinefelter syndrome as a result of cytogenetic testing for suspected hematologic
malignancies. This case series highlights the importance of maintaining a comprehensive and holistic
approach to medical care. The medical, genetic, and psychosocial implications of the Klinefelter diagno-
sis are discussed. (J Am Board Fam Pract 2005;18:132-9.)

Affecting approximately 1 in 500 men, regardless of
race, Klinefelter syndrome (KS) is the most com-
mon sex chromosome disorder."”* In the majority
of cases, the karyotype is 47,XXY; however, variant
syndromes such as 48,XXXY and mosaicism
(46,XY/47,XXY) account for 20% of cases.”® The
47,XXY karyotype (see Figure 1) usually results
from an error of nondisjunction during parental
gametogenesis. " Fifty-three percent of Klinefelter
cases are caused by paternal nondisjunction,
whereas maternal meiotic I errors, maternal mei-
otic II errors, and somatic cell mitotic errors after
fertilization account for 34%, 9%, and 3% of cases,
respectively.” The phenotype associated with the
Klinefelter karyotype results in male hypogonad-
ism, androgen deficiency, and impaired spermato-
genesis." Although some men may exhibit all the
classic signs of small testes, gynecomastia, sparse
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body hair, increased stature and infertility, the phe-
notypic expression of KS is widely variable, fre-
quently leading to a delayed or missed diagnosis.'
Gonadotropin levels are elevated and testicular size
is generally reduced as a result of fibrosis of the
seminiferous tubules.®

Chromosome abnormalities may arise during
the process of benign or malignant tumorigenesis.”
These abnormalities may confirm the presence of a
clonal disorder; furthermore, they may assign diag-
nosis and prognosis. When it is uncertain whether
a chromosome abnormality is associated with a
neoplastic disorder or is constitutional, phytohe-
magglutinin (PHA)-stimulated peripheral blood
lymphocytes are studied.'® Constitutional chromo-
some abnormalities include nondisease-associated
pericentric inversions and Robertsonian transloca-
tions, as well as numerical chromosome disorders
associated with altered phenotypes, such as Down
syndrome (trisomy 21) and sex chromosome dis-
orders.®

We report 5 adult male patients diagnosed with
previously unsuspected Klinefelter syndrome as a
result of cytogenetic testing for suspected hemato-
logic malignancies. A review of the Mitelman
Database of Chromosome Aberrations in Cancer
yielded 28 cases of KS in 25 references.!’ The cases
noted in the Mitelman Database serve to highlight
possible associations of KS with various malignan-
cies; however, they are not comprehensive reviews
of the diagnostic implications and appropriate
medical management and evaluation of KS pa-
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Figure 1. Centromere-specific enumeration probes
(CEP X SpectrumOrange/CEP Y SpectrumGreen, Vysis,
Inc., Downers Grove, IL) hybridized to interphase
nucleus from PHA-stimulated peripheral blood sample
demonstrating XXY karyotype.

tients. We summarize the 5 cases of unsuspected
KS diagnosed in adulthood, highlighting 3 in par-
ticular, and we discuss the various implications of
the KS diagnosis as well as the optimal manage-
ment of these patients.

Patient 1

In October 2001, a 56-year-old man was referred
for evaluation of thrombocytopenia. The patient
reported 2 previous instances of low platelet counts
noted on routine blood work and complained of
feeling fatigued. Past medical history was signifi-
cant for non-insulin-dependent diabetes mellitus,
atrial fibrillation, emphysema, and major depres-
sion. The patient and his wife had adopted 2 chil-
dren after experiencing infertility.

Bone marrow aspirate and biopsy completed as
part of the diagnostic workup demonstrated normal
hematopoiesis; the karyotype showed a 47 XXY
genotype. The 47,XXY karyotype was also demon-
strated in PHA-stimulated peripheral blood lym-
phocytes. The patient had been unaware of his
genetic condition and, when informed, was not
interested in extensive information regarding the
diagnosis. Further consultation was completed with
the Clinical Genetics service to more fully assess
and discuss the implications of the diagnosis of KS.
Endocrine testing, including testosterone, luteiniz-
ing hormone, and follicle stimulating hormone lev-
els, and a bone scan were ordered, but the patient
did not complete these tests and has been lost to
follow-up.

Patient 2

In 1989, a 56-year-old man with a past medical
history of mild retardation, major depression, alco-
hol abuse, and deep venous thrombosis was admit-
ted with pancytopenia and fever of unknown origin.
Physical examination at admission revealed a fe-
male pattern of hair distribution, gynecomastia,
and atrophic testes. Bone marrow aspiration and
biopsy established a diagnosis of acute myeloid leu-
kemia; cytogenetic analysis revealed a 47 XXY
karyotype. This karyotype was also later demon-
strated in PHA-stimulated peripheral blood lym-
phocytes. The patient’s leukemia was refractory to
treatment. He had not been aware of his genetic
condition, and it was not discussed with him. En-
docrine testing was not completed.

Patient 3

In 1998, a 48-year-old man presented for evalua-
tion and was diagnosed with non-Hodgkin lym-
phoma. Past history was significant for a self-
detected testicular mass 2 years before that had
been diagnosed as an epididymal cyst; small testic-
ular size had been documented at that time. He had
also had chronic back pain, depression, and multi-
ple dental caries. He and his wife had had no
children, but his wife was reported to have had a
miscarriage. He was tall and had long arms, but had
a normal body build, a beard, and body hair, and
did not have gynecomastia. Bone marrow testing
demonstrated a 47,XXY karyotype in all cells,
which was confirmed in PHA-stimulated periph-
eral blood lymphocytes.

The patient was referred to the Clinical Genet-
ics Service and was counseled regarding the impli-
cations of the KS diagnosis. Given the history of
miscarriage reported by his wife, this patient was
informed that men with KS have occasionally fa-
thered children. The patient was referred to an
endocrinologist for consideration of testosterone
supplementation. Unfortunately, he died from
complications of his lymphoma later that year.

The features of these patients and of 2 additional
patients who presented to our comprehensive can-
cer center between 1985 and 2001 for evaluation
and management of known or suspected malignan-
cies and were diagnosed with KS are summarized in
Table 1. None of these men were aware of their
chromosomal disorders at the time of presentation.
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Table 1. Clinical Highlights of Patients with Previously Unrecognized KS Diagnosed during Cytogenetic Testing

Physical Findings

Marital Status,

Relevant to KS Children Other

Age at
Presentation Initial Final
Patient (years) Karyotype Diagnosis Diagnosis
1 56 47XXY Thrombo- ITP*
cytopenia
2 56 47 XXY AML AML
3 48 47, XXY NHL
large cell
4 67 47, XXY CLL CLL
5 56 47, XXY CML CML

Gynecomastia

None noted

Tall with long legs ~ Married, two Alcoholism, drug
adopted children addiction,
depression,
NIDDM
Gynecomastia, Never married, no  Major depression,

atrophic testes, children alcoholism, mild

female pattern of retardation,
hair distribution NIDDM, venous
thromboembolism

NHL, diffuse Small, atrophic testes; Widower; wife had Chronic back pain,

tall, long arms; no history of 1 infertility,
gynecomastia; miscarriage depression,
normal beard, body multiple dental
hair, & apparent caries

build (yet pt
indicated increased
central fat, even as

child)

Married, 1 stepson  Back pain, 8th grade
education,
NIDDM, dementia
Married, “3 healthy No mention of KS in
sons” patient’s records;
only in cytogenetic
report

*ITP, idiopathic thrombocytopenic purpura; NIDDM, non-insulin-dependent diabetes mellitus; AML, acute myeloid leukemia;
NHL, non-Hodgkin lymphoma; CLL, chronic lymphocytic leukemia; CML, chronic myelogenous leukemia.

Discussion
Issues of Diagnosis
As these cases illustrate, patients with KS, espe-
cially those who do not exhibit the syndrome’s
classic physical features, may elude diagnosis until
karyotyping is performed for other reasons. Three
of our 5 patients were born before Klinefelter et
al'? described the clinical syndrome in 1942 and
long before the XXY karyotype was described in
1959; furthermore, routine karyotyping of bone
marrow aspirates in oncology did not begin until
the early 1980s, after high-resolution banding tech-
niques were introduced.®*'* However, the other 2
patients eluded diagnosis despite birth after 1942
and the availability of cytogenetic analysis since the
1960s. Primary care clinicians are not only likely to
underestimate the prevalence of KS in their patient
populations but also less apt to consider genetic
conditions in their older adult patients.’
Testosterone levels in affected persons may be in
the low normal or normal ranges, making a diag-
nosis of KS even more challenging. Because the
most consistent physical feature of KS is small,
atrophic testes, it has been suggested that a testic-

ular examination be part of a complete physical in
school-age boys." This might be accomplished dur-
ing annual health assessments in childhood/adoles-
cence and as part of routine school-age physical
examinations. Likewise, adult males presenting
with a history of infertility should have testicular
examinations performed.

It is imperative that family physicians become
familiar with the more common genetic conditions
and their potential manifestations at different ages
to expedite diagnosis and treatment.” To be con-
sidered common, a disease should occur with a
frequency of one affected person per 1000 popula-
tion.® In addition to KS, other examples of com-
mon genetic conditions include Down syndrome
and Turner syndrome.’

Implications for Medical Oncology and Primary
Care

When KS is discovered during evaluation of a sus-
pected or established malignancy, there are impli-
cations for the entire medical team, including both
specialty and primary care physicians caring for the
patient. A number of conditions are associated with
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KS, including autoimmune disorders such as sys-
temic lupus erythematosus and rheumatoid arth-
ritis, diabetes mellitus, venous thromboembolic
diseases, taurodontism (an uncommon condition of
the teeth which predisposes to early decay), learn-
ing disabilities, psychiatric conditions such as anx-
iety and depression, or other more subtle mani-
festations of learning or behavior problems. In
addition, patients with Klinefelter syndrome are at
increased risk for both breast cancer and extrago-
nadal germ cell tumors." When KS is determined
to be present, the family physician is well posi-
tioned to monitor for other medical conditions.

Symptoms and signs of hypogonadism are often
present, including fatigue, weakness, gynecomastia,
osteoporosis, and infertility.! The oncologist must
differentiate cancer-related symptoms and condi-
tions from those that are secondary to KS. Given
the multitude of competing issues related to cancer
treatment, specialty and primary care physicians
should communicate regarding the best strategy for
completing endocrine evaluation and possibly ini-
tiating hormone treatment. Effective communica-
tion with the patient’s primary care physician may
expedite and facilitate this process and assure that
all facets important to medical and psychosocial
care are addressed.

Awareness of the presence of KS can aid both
the patient and his physicians in understanding
manifestations of his disease and anticipating po-
tential complications." For example, patient 3 (Ta-
ble 1), with non-Hodgkin lymphoma, had contin-
ued back pain that was attributed to his malignancy.
Although the oncology team caring for the patient
was aware of his genetic abnormality, osteoporosis
secondary to low testosterone levels was never con-
sidered as a cause of his back pain.

Ethical Implications

Any genetic testing performed as part of a malig-
nancy work-up, including cytogenetic analysis, has
the potential to reveal a constitutional genetic ab-
normality such as KS. This possibility raises the
issue of informed consent and professional liability.
Before bone marrow cytogenetic testing, oncolo-
gists should inform patients that, in rare instances,
these studies identify as yet undiagnosed constitu-
tional chromosome anomalies that may or may not
have medical significance. Patients should be as-
sured that a genetic counselor will be available to
discuss any unexpected results. Moreover, patients

should be told that awareness and understanding of
such conditions can have a positive impact on over-
all health. Patients should be informed of all re-
sults, unless during pretest counseling the patient
has expressed a desire to not know any additional
genetic diagnoses. Medical records must document
genetic findings, as well as highlights of consequent
conversations and decisions about evaluation and
management. As noted above, the primary care
clinician should also be informed of karyotype re-
sults and should be involved in management.

Psychosocial Implications
Contributing to feelings of distress associated with
the diagnosis of KS are the psychosocial implica-
tions, which have an effect not only on the patient
but also on his family and friends. Although men
with mosaic KS karyotypes may rarely be fertile,
most men with KS are absolutely infertile as a
result of testicular failure.! For those 47,XXY males
who have children, a diagnosis of KS can be dev-
astating in that the paternity of their children
comes into question. The fact that one of the 5 men
in this series was married and was reported to be
the father of 3 children and the wife of another
patient had reportedly had a miscarriage may illu-
minate the challenging personal issues resulting
from the diagnosis. Clinicians must approach these
cases sensitively and individually. Those men who
have not had children may either have been told
that they (and/or their partners) are infertile or may
not be aware of their infertility. The diagnosis of
KS has the potential to complicate personal rela-
tionships. On the other hand, some men may ulti-
mately feel relieved to know that their infertility
and other possible symptoms have a cause.
Psychological or psychiatric evaluation should
be offered to all patients with KS because they may
be at increased risk of anxiety, depression, and
psychoses.! XXY men rate themselves as being
more sensitive and insecure and less sexually inter-
ested in women compared with age-matched con-
trol subjects.'*

Genetic Implications

Individuals with KS and their families should be
counseled regarding the fact that the KS karyotype
arises spontaneously.® The siblings of a patient with
KS have the same risk (1 in 500 male births af-
fected) as the general population.! KS patients
should be informed that no clear etiologic factors
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have been identified.® It has been suggested that
advanced maternal age increases the risk of 47, XXY
births, with a maternal age of 40 years being asso-
ciated with a risk 2 to 3 times greater than that
associated with a maternal age of 30.">'¢ Although
KS patients are generally infertile, a patient with
mosaic KS may have children as a result of pre-
served testicular function. In these cases, there is an
increased likelihood of having a child with a chro-
mosomal imbalance involving the X chromo-
some.'’ "1

New developments in assisted reproductive
technologies, such as testicular sperm extraction
and intracytoplasmic sperm injection, may offer
men with nonmosaic KS and their partners the
possibility of conception.’’ However, healthy de-
liveries after these procedures are rare, and concern
regarding the possibility of transmitting chromo-
somal abnormalities exists.*

Medical Management and Surveillance

Once a diagnosis of KS has been confirmed, issues
of appropriate medical management, patient edu-
cation, and screening arise (Table 2). Although
there is limited scientific evidence to support these
recommendations, they are presented because (1)
high-quality evidence is impossible to obtain and
(2) the anticipated benefits outweigh harms. Clini-
cians should be flexible in their decision-making
regarding appropriate management; patient prefer-
ence should also be considered. Clinicians should
always act and decide in a way that they believe will
best serve the needs of their patients.

The androgen deficiency that is characteristic of
KS places these men at increased risk for osteopo-
rosis.?! In a series of 22 men with KS, 25% had
measurable osteopenia that was probably caused by
decreased bone formation and increased bone re-
sorption.”” The incidence of osteoporosis and the

actual fracture rate in these patients has not been
reported. Testosterone supplementation before age
20 can restore bone mass to normal levels, and
supplementation after age 20 may thwart additional
bone loss, thereby preventing fractures in older
patients with KS.! All adult men with KS should
undergo bone mineral density testing.” Testoster-
one supplementation may also have additional pos-
itive effects on mood and self-esteem.’

Karyotyping of men with breast cancer has
shown that men with KS have an increased risk of
developing this malignancy.”® In a retrospective
study of 93 unselected male breast cancer patients,
7.5% had KS. This prevalence is double that cited
in previous studies, possibly because of these au-
thors’ use of fluorescence in situ hybridization with
X and Y chromosome-specific DNA probes. Men
with Klinefelter syndrome have up to 50 times the
risk of breast cancer compared with men with nor-
mal karyotypes.”* Gynecomastia seems to be a pre-
disposing factor for these cases." Although routine
mammography is not recommended, it has been
suggested that KS patients with gynecomastia per-
form breast self-examinations.” However, this rec-
ommendation may be questioned in view of the
recent reports that breast self-examination may not
be effective in women.?*>**® Current evidence sup-
ports the value of annual mammography among
women for mortality reductions.?’ "

Although rare in the general population, ex-
tragonadal germ cell tumors occur with increased
frequency in patients with KS.® The relative risk of
mediastinal germ cell tumors is 67 times higher in
men with KS.*° Elevation of gonadotropin levels
may lead to germ cell transformation.! From early
adolescence to age 30, men with KS have a sub-
stantially increased incidence of mediastinal germ
cell tumors.’® If young men with KS experience

Table 2. Issues of Medical Management and Surveillance among Patients with KS

Medical Issue

Management Strategy

Hypogonadism
Osteopenia/osteoporosis
Gynecomastia/breast cancer risk
Diabetes mellitus

Learning disabilities
Psychiatric/psychological conditions
Dental caries

Discuss risks and benefits of testosterone supplementation
Bone mineral density testing

Consider breast self-examination instruction

Counseling for nutrition, exercise

Formal testing

Evaluation and treatment

Routine dental care
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otherwise unexplained respiratory symptoms, they
should undergo radiographic evaluation.*”

A cohort of 646 men with KS having a 47, XXY
constitution had significantly increased overall
mortality [risk ratio (RR) = 1.63; confidence inter-
val (CI) = 1.40 to 1.91] and increased mortality
from lung cancer (RR = 2.45; CI = 1.55 to 3.67)
and breast cancer (RR = 61.7; CI = 7.47 to
227.7). Information on smoking habits was not
obtained as part of this study, leaving open the
possibility that these men smoked more than the
general population. In addition, a total of 2 breast
cancer deaths was observed.”?

Many medical textbooks and several case reports
suggest an association between KS and leukemia
and lymphoma; however, this association has not
been proven. A cohort study of 696 men with KS
found no difference in the incidence of leukemia
and lymphoma.’® A review of 1200 consecutive
patients who underwent cytogenetic evaluation for
hematologic malignancies identified only one pa-
tient with the combination of acute leukemia and a
47,XXY genotype.’! In cytogenetic studies of bone
marrow samples from 5366 patients with hemato-
logic malignancies, 22 cases of constitutional sex
chromosome aneuploidy were identified; 6 of these
22 patients had karyotypes consistent with KS.*?
Among these 6, 3 had myelodysplastic syndrome
(MDS), 2 had non-Hodgkin lymphoma (NHL),
and one had acute myeloid leukemia (AML). Over-
all, these authors identified a total of 66 cases of
hematologic malignancies in patients with KS re-
ported in the published literature.’’ Among these
66 cases, AML (23%) and NHL (23%) were most
frequent, followed by acute lymphocytic leukemia
(18%) and MDS (17%).*> The fact that patients
with leukemia and lymphoma have a greater likeli-
hood of undergoing cytogenetic testing may lead to
the appearance of an association between KS and
hematologic malignancy.’® It has been suggested
that any apparent association between constitu-
tional karyotype abnormalities and hematologic
malignancies is probably a random phenomenon.*?

Because patients with KS are at increased risk
for autoimmune disorders, family physicians need
to investigate any symptoms that may be indicative
of these conditions. For example, the prevalence of
type 1 diabetes mellitus is increased in KS, with 8%
of patients affected. However, the onset of diabetes
mellitus in KS is more gradual and symptoms are
usually milder, as in adult onset diabetes."** Tt has

been reported that plasma testosterone concentra-
tions are inversely related to insulin resistance
(r = 0.58, P = .019).** Patients with KS should be
encouraged to maintain or increase their physical
activity to control blood sugar levels and maintain a
healthy weight.

Physical activity will also serve to improve cir-
culation, thereby reducing the occurrence of ve-
nous stasis complications, including venous throm-
boembolic events (deep vein thrombosis and
pulmonary embolus), which occur with increased
frequency in KS, and venous ulcers, which are 10 to
20 times more prevalent.'”’ Smoking cessation
should be emphasized, not only to potentially pre-
vent vascular complications arising from diabetes
but also to prevent lung cancer, which contributes
to increased overall mortality.*®

It has also been suggested that men with KS be
evaluated for specific learning disabilities.” Al-
though overall intelligence may be within normal
range, it has been noted that KS patients tend to
have deficits in verbal and motor skills.'* Finally,
routine dental care should be arranged, because
more than 40% of patients with KS experience
accelerated tooth decay, predisposing to dental
caries.!

Conclusion

Occurring in all racial groups, KS is one of the
most common chromosome disorders in humans
and is also the leading cause of hypogonadism and
infertility in men.%** Because of its varied pheno-
typic expression and the low index of suspicion that
many health care professionals have toward genetic
diagnoses in adults, the diagnosis of KS is often not
made until problems with fertility arise or karyo-
typing is performed for other reasons.

In the 5 cases discussed here, the abnormal
karyotype was discovered in bone marrow aspirates
performed during work-up for hematologic malig-
nancies. The discovery of underlying genetic ab-
normalities such as KS has important implications
for both the patient and the medical team caring for
the patient. Genetic, ethical/legal and psychosocial
issues must be addressed and documented, and sub-
sequent medical management must be tailored to
each patient. Several screening and prevention con-
siderations apply to these patients. Communication
between medical specialists, genetics professionals,
and primary care physicians becomes essential in
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optimizing patient care. Prompt diagnosis and dis-
cussion benefit the patient, who will receive care
that is suited to his special needs.
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