Clinical Pediatric Hematology-Oncology

Volume 26ㆍNumber 2ㆍOctober 2019

CASE REPORT

클라인펠터 소아에서 발생한 송과체의 배아암종
최효진1ㆍ김은아1ㆍ이재민1ㆍ장경미1ㆍ최준혁2
1

2

영남대학교병원 소아청소년과, 병리과

Embryonal Carcinoma of the Pineal Gland Developed in
an Adolescent Boy with Klinefelter Syndrome
Hyo Jin Choi1, Eun Ah Kim1, Jae Min Lee1, Kyung Mi Jang1 and Joon Hyuk Choi2
Departments of 1Pediatrics and 2Pathology, Yeungnam University Hospital, Daegu, Korea

Klinefelter syndrome (KS) is characterized by small testes, gynecomastia, tall stature,
and hypergonadotropic hypogonadism. This condition is associated with extra X
chromosomes. It is well known that these aneuploidies predispose individuals to the
development of several cancers. Moreover, there are many case reports that show
KS patients to have a higher relative risk for the development of malignancy. However, incracranial germ cell tumor (ICGCT) associated with KS is very uncommon.
Herein, we report delayed diagnosis of KS in a 15-year-old boy with ICGCT, embryonal carcinoma of the pineal gland, after multimodality treatment in Korea.

pISSN 2233-5250 / eISSN 2233-4580
https://doi.org/10.15264/cpho.2019.26.2.105

Clin Pediatr Hematol Oncol
2019;26:105∼109
Received on July 16, 2019
Revised on September 12, 2019
Accepted on October 5, 2019

Corresponding Author: Kyung Mi Jang
Department of Pediatrics,
Yeungnam University College of
Medicine, 170 Hyeonchung-ro,
Nam-gu, Daegu 42415, Korea
Tel: +82-53-620-3532
Fax: +82-53-629-2252
E-mail: fortune001j@gmail.com
ORCID ID: orcid.org/0000-0002-2226-9268

Corresponding Author: Jae Min Lee

Key Words: Klinefelter syndrome, Aneuploidy, Intracranial germ cell tumor

Department of Pediatrics,
Yeungnam University College of
Medicine, 170 Hyeonchung-ro,
Nam-gu, Daegu 42415, Korea
Tel: +82-53-620-3536
Fax: +82-53-629-2252
E-mail: mopic@hanmail.net
ORCID ID: orcid.org/0000-0001-6822-1051

extra X chromosome [1]. Additional X chromosomes are

Introduction

usually caused by nondisjunction during parental gametogenesis. The karyotype is 47, XXY in 80-90% of KS cas-

In 1942, Klinefelter et al. reported cases of nine men

es; however, higher-grade aneuploidies (e.g., 48, XXYY

sparse facial and body hair, gynecomastia, small testes,

or 49, XXXY) or mosaicism (e.g., 47, XXY/46, XY) ac-

and aspermatogenesis; the condition was called Klinefelter

count for 10-20% of cases [2]. These aneuploidies predis-

syndrome (KS), in which an individual had at least one

pose individuals to the development of several cancers
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[3]. Moreover, many case reports and cohort studies have

kaline phosphatase and CD30, which is consistent with

demonstrated that patients with KS have a higher relative

the finding of embryonal carcinoma, a non-germino-

risk of developing several malignancies such as germ cell

matous GCT (Fig. 2). Basic laboratory tests, including es-

tumor (GCT), breast cancer, and lymphoma [4,5]. Herein,

timation of complete blood count, electrolytes, blood

we report a case of intracranial GCT (ICGCT) developed

urea nitrogen/creatinine, and liver function tests, were

in a 15-year-old boy from Korea with a 47, XXY kar-

performed, and the results were within normal ranges.

yotype and testicular failure.

However, serum alpha-fetoprotein (AFP) and beta human
chorionic gonadotropin (-hCG) levels were 822.8 ng/mL

Case Report

(normal, 10-15 ng/mL) and 46.61 mIU/mL (normal, 5-10
mIU/mL), respectively, which were markedly elevated.

A 11-year-old boy with stuporous mentality visited the

Cerebrospinal fluid also showed elevated AFP (193 ng/

emergency room of Yeungnam University Hospital. His

mL; normal, ＜10 ng/mL) and -hCG (37.66 mIU/mL;

height was 148 cm [0.26 Korean standard deviation score

normal, ＜5 mIU/mL). Neoadjuvant chemotherapy com-

(SDS)] and weight was 33 kg (−1.14 SDS). Brain magnetic

prising four alternating courses of chemotherapy (A and

resonance imaging revealed a 4-cm-sized mass in the

B), beginning with course A and ending with course B (A →

pineal gland (Fig. 1). Immunohistochemical staining after

2
B → A → B) (Course A: carboplatin 450 mg/m , day 0-1;

endoscopy-guided biopsy was positive for placental al-

etoposide 150 mg/m2, day 0-2; and bleomycin 15 mg/m2,

Fig. 1. (A) Sagittal and (B) coronal
gadolinium-enhanced T1-weighted
brain magnetic resonance image
showing a tumor of around 4 cm
size at the pineal gland. Hydrocephalus caused by obstruction of
the 3rd ventricle from the tumor is
also noted.

Fig. 2. Histological findings of the
tumor in the third ventricle are
consistent with embryonal carcinoma. (A) The large anaplastic neoplastic cells are arranged in sheets.
(Hematoxylin and Eosin stain, ×200).
(B) The neoplastic cells show cytoplasmic positivity for CD30 (immunohistochemical stain, ×200).
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Table 1. Observed risk of cancer in 696 men with Klinefelter
syndrome
Site

Relative risk 95% confidence interval

Lung
Mediastinum
Brain
Lymphoma
Leukemia
Sarcoma
Digestive
Male genital organs
Breast
Urinary tract

1.6
66.7
1.1
1.2
0.7
3.7
0.9
0.3
19.2*
1.1

0.7-3.0
17.9-170.7
0.1-4.1
0.1-4.5
0.0-3.8
0.6-11.0
0.4-1.9
0.0-1.4
5.2-49.2a)
0.3-2.3

a)

Ref. 5, modified ref. 11.

tropic hypogonadism. The karyotype was 47, XXY, consistent with KS. Intramuscular injection of testosterone
enanthate at 250 mg every 4 weeks was initiated to ensure proper masculine sexual characteristics and adequate bone mineral density to prevent the development
of subsequent osteoporosis.

Discussion
GCTs are the commonest malignancies in men aged
15-35 years. However, malignant GCTs have a relatively
low incidence, accounting for only 3% of all childhood
malignancies. Extragonadal GCTs (EGGCTs) are defined

2

day 2; Course B: cyclophosphamide 2 g/m , day 0-1 with
2

mesna; etoposide 150 mg/m , day 0-2; and bleomycin 15 mg/
2

as germ cell neoplasms showing histological features of
gonadal origin but that develop outside the gonads.

m , day 2) was initiated. Each courses were administered

EGGCTs might be located in specific midline regions

every 21 days. After four courses of chemotherapy, the

from the pineal gland to the coccyx, and EGGCTs in the

patient was transferred to the National Cancer Center for

anterior mediastinum account for 70-75% of all EGGCTs.

proton beam therapy (3,600 cGy for craniospinal irradi-

Tumors of extragonadal origin account for only 2-5% of

ation and 1,980 cGy for primary site boost).

malignant GCTs [6]. Several studies have reported the as-

In about 3 years after completion of therapy, the

sociation between EGGCTs and KS [4,7].

15-year-old patient was referred to the pediatric endo-

KS is characterized by small testes, gynecomastia,

crinology clinic to evaluate delayed puberty. His height

broad hips, reduced facial and pubic hair, and hyper-

was 166.4 cm (−0.44 SDS) and weight was 61.7 kg (0.16

gonadotropic hypogonadism. As traditionally described,

SDS). The patient’s testicular volume was reduced to 2-3

patients with KS have tall stature through puberty.

mL. Initially, he had growth retardation along with tes-

However, our patient’s height SDS was decreased; it was

ticular failure. The cause was assumed to be hypogona-

assumed that both chemotherapy and radiotherapy af-

dotropic hypogonadism owing to hypopituitarism after

fected his height. Most patients with KS have azoo-

administering radiotherapy at the primary site. There-

spermia and oligospermia with fibrosis and hyalinization

fore, we estimated the levels of six anterior pituitary hor-

of the seminiferous tubules [2]. Furthermore, clinical

mones, including the target hormone, in the morning un-

phenotypes, such as androgen deficiency, worsen with

der fasting conditions. Laboratory test results revealed

poly-X KS [8]. In particular, language disabilities in-

elevated serum levels of luteinizing hormone (10.1 mIU/

crease with supernumerary X chromosomes. Both super-

mL; normal, 0.2-5.0 mIU/mL) and follicle-stimulating

numerary X chromosomes and hypogonadism may affect

hormone (19.3 mIU/mL; normal, 1.2-5.8 mIU/mL) and

clinical manifestations. Hasle et al. reported that the in-

low to normal levels of serum testosterone (263 ng/dL;

cidence of EGGCT in KS is 50 times higher than that in

normal, 200-620 ng/dL), indicating hypergonadotropic

the general population [9]. Moreover, at least 8% of male

hypogonadism. Testicular sonography revealed a hypo-

patients with primary mediastinal tumors have KS. Auirre

plastic or aplastic left epididymis, which was initially

et al. reported four cases of mediastinal tumor, of which

considered to be because of chemotherapy-induced go-

two had the 47, XXY karyotype [10]. Interestingly, as in

nadal failure. However, we performed karyotyping to ex-

the present case, Queipo et al. reported an association

clude KS, which is a common cause of hypergonado-

between ICGCTs and KS [7]. According to that report, a
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molecular cytogenetic study was performed on autopsy

cers such as EGGCT and NHL. These cancers can be

material and brain biopsies of 13 boys (age 6-17 years)

found in patients with KS in childhood or adolescence,

with ICGCTs. Among these 13 patients, two were con-

similarly like this case. Several case reports of primary

firmed to have KS with non-mosaic 47, XXY karyotypes.

mediastinal GCT have been published, with one case re-

Many case reports suggest associations of KS with var-

port of retroperitoneal GCT in a patient with KS from

ious other cancers, besides GCTs (Table 1). One large co-

Korea. However, there are no reports of ICGCT with KS

hort study reported that the incidences of breast cancer,

in Korea. Herein, we report a case of delayed diagnosis

lung cancer, and non-Hodgkin lymphoma (NHL) in se-

of KS in an adolescent patient with ICGCT after multi-

lected sites were statistically increased in patients with

modality treatment in Korea, as well as some literature

KS [11] . After reviewing many cases, Vincenzo et al. re-

review. Delayed puberty or gonadal failure (hypergona-

ported the epidemiological observation of increased risk

dotropic hypogonadism) might be developed owing to

of three cancers, namely EGGCT, NHL, and breast can-

late complications of chemotherapy. However, when pa-

cer, in patients with KS [4]. Aneuploidy predisposes in-

tients with EGGCT or NHL demonstrate hypogonadism,

dividuals to cancer development, and supernumerary X

karyotyping and greater attention are recommended for

chromosomes may be associated with cancers. In addi-

early diagnosis and treatment of KS. And, there have

tion, cancers develop because of the accumulation of

been some reports of cancers other than GCT with KS

multiple genetic alterations, and aneuploidy is a charac-

in Korea [15]. It seems to be necessary to conduct further

teristic feature of many cancers leading to abnormal

clinical studies on the development of cancers associated

gene dosage [3]. In an earlier report, fluorescence in situ

with KS in Korea.

hybridization analysis of 25 ICGCTs revealed that 92% of
patients had X/Y polyploidy, and the data support a
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Nearly all patients with KS have infertility and decreased testosterone levels, warranting testosterone replacement. However, the age of onset of hypogonadism
is extremely variable owing to heterogeneous serum testosterone levels [2]. Moreover, a serious problem of delay
in speech development and learning occurs in about half
of the patients with KS [13]. KS-related comorbidities,
such as osteoporosis, metabolic syndrome, cardiovascular diseases, and diabetes, develop during adulthood.
Nevertheless, the diagnosis of KS is delayed in nearly 60%
of patients until hypogonadism and infertility become
apparent because many patients with KS have subtle
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