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A B S T R A C T

Klinefelter syndrome is characterized by endocrine abnormalities, gynecomastia, female-like 
body shape, and mild intellectual disability. However, the diagnosis of Klinefelter syndrome is 
often missed due to the lack of characteristic findings. Computed tomography revealed a mass in 
the left lung of a 66-year-old man. He was diagnosed with small-cell lung carcinoma. Chemo-
therapy was administered, but the disease progressed, eventually leading to death. No significant 
changes were observed in the external genitalia or breast, but the autopsy showed testicular at-
rophy. XXY cells were seen in fluorescence in situ hybridization, and Klinefelter syndrome was 
diagnosed. Although chemotherapy causes testicular atrophy, Klinefelter syndrome should be 
considered in cases of severe testicular atrophy.

1. Introduction

Klinefelter syndrome is characterized by endocrine abnormalities, gynecomastia, female-like body shape, and mild intellectual 
disability [1–3]. Klinefelter syndrome is often overlooked in the absence of physical or mental characteristics. The present case showed 
no significant physical or mental abnormalities, and Klinefelter syndrome was not diagnosed before death. However, pathological 
autopsy confirmed testicular atrophy, and the diagnosis of Klinefelter syndrome using fluorescence in situ hybridization (FISH). 
Because chemotherapy can cause testicular atrophy, we will discuss whether testicular atrophy was caused by Klinefelter syndrome or 
chemotherapy.

2. Case presentation

A 66-year-old man complaining of fatigue presented to a general practitioner. He had a 35-pack-year smoking history. Chest X-ray 
revealed a mass shadow in the left pulmonary hilar region (Fig. 1), and the patient was referred to our hospital. A computed to-
mography (CT) revealed a 50-mm diameter mass in the upper lobe of the left lung, along with enlarged mediastinal and left clavicular 
lymph nodes and a mass in the liver (Fig. 2). Small-cell lung carcinoma was diagnosed after bronchoscopic biopsy of the mass in the 
upper lobe of the left lung (Fig. 3). We diagnosed extensive-stage small-cell lung carcinoma.
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The patient was administered with carboplatin plus etoposide. After the second course, he could not walk unaided, and the size of 
the left lung mass had increased. Consequently, we provided supportive care because chemotherapy was ineffective.

He died 5 months after he visited our hospital. The pathological autopsy revealed small-cell carcinoma of the left lung, mediastinal 
invasion, pericardial sac invasion, and liver, medullary, and lymph node metastases, which were diagnosed as the cause of death. No 
significant changes were observed in the external genitalia or breast, but the testes were bilaterally atrophic and weighed 7.7 g after 
specimen preparation. Histologically, almost all of the ductus deferens showed vitrification, and the lumen had no cellular compo-
nents. Leydig cells showed diffuse hyperplasia (Fig. 4). The presence of XXY cells was confirmed using FISH and biopsy of lung 
specimens (Fig. 5), and Klinefelter syndrome was diagnosed.

3. Discussion

Klinefelter syndrome was initially reported in 1942, and an excess of X chromosomes was found in 1959 [1,2]. It is characterized by 
endocrine abnormalities, gynecomastia, a female-like body shape, and mild intellectual disability [3]. The present case did not show 
significant physical or mental changes, and only testicular atrophy was observed physically, making the diagnosis of Klinefelter 
syndrome before death difficult.

Chemotherapy causes testicular atrophy. The degree of testicular atrophy depends on the chemotherapy drugs used, dosage, 
treatment duration, and patient age [4]. Alkylating agents, such as cyclophosphamide, cause long-lasting azoospermia, and platinum 
agents, such as cisplatin and carboplatin, may cause prolonged azoospermia [5,6]. Other chemotherapeutic agents used for lung 
cancer, such as etoposide, irinotecan, gemcitabine, amrubicin, vinorelbine, paclitaxel, docetaxel, tegafur, fluorouracil, and peme-
trexed, often result in only temporary sperm loss [5,6]. The effects of tyrosine kinase inhibitors and monoclonal antibodies on sper-
matogenesis are unclear but are thought to be limited [5,6]. The combination of agents known to cause azoospermia does not result in 
testicular atrophy immediately after a limited number of treatments in elderly patients. A previous study reported that testicular 
weight was reduced by half after six cycles of cyclophosphamide-containing chemotherapy and radiation therapy in a group of patients 
with a mean age of 23 years and a mean followup of 6 years [7].

We used carboplatin plus etoposide in this case, but it was administered only twice. Compared with the average Japanese testicular 
weight (60–69 years: left testis, 12.89 ± 4.00 g; right testis, 13.86 ± 4.03 g) [8], the testicular weight in this case was less than half. 
Therefore, we investigated for other factors regarding testicular atrophy, and were able to diagnose Klinefelter syndrome.

Klinefelter syndrome has a high rate of malignancy, and endocrine and chromosomal abnormalities were thought to be the cause 
[3]. Breast cancer, non-Hodgkin lymphoma, and leukemia have significantly higher morbidity and mortality rates [3,9]. Conversely, 
prostate cancer has low morbidity and mortality [3,9]. These findings support an endocrine etiology for breast and prostate cancer in 
men. Hematopoietic malignancies may be associated with chromosomal abnormalities. Reports have shown a trend toward increased 
morbidity and mortality rates for lung cancer, although these rates are not significantly different [3,9]. Moreover, smoking rates are 
higher in individuals with Klinefelter syndrome than in the general population [10], which may be a contributing factor to the elevated 
morbidity and mortality rates of lung cancer. However, smoking-related cancers, including those of the mouth, pharynx, esophagus, 
pancreas, larynx, and bladder, generally have lower rates of morbidity and mortality [3,9]. Other factors besides smoking may 
contribute to the link between Klinefelter syndrome and lung cancer. The patient in this case was a heavy smoker, and smoking may 
have been involved in the development of small-cell lung cancer. Quitting smoking becomes even more crucial in preventing lung 
cancer in patients with Klinefelter syndrome.

4. Conclusion

The autopsy revealed Klinefelter syndrome, which had not been diagnosed before death. Notably, the diagnosis of Klinefelter 
syndrome can be missed in the absence of significant physical or mental changes. Although chemotherapy causes testicular atrophy, 

Fig. 1. Chest X-ray showing a mass shadow in the left pulmonary hilar region.
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Fig. 2. Computed tomography (CT) showing a 50-mm diameter mass in the upper lobe of the left lung.

Fig. 3. (A) Histological results of the bronchoscopic biopsy (hematoxylin and eosin staining, magnification × 200) show small round carcinoma 
cells with enlarged nuclei infiltrate and proliferate. (B) The tumor cells are positive for CD56 (magnification × 200), indicating small-cell carcinoma.

Fig. 4. (A) The testes are bilaterally atrophic and weigh 7.7 g after specimen preparation. (B) Histologically (magnification × 400), almost all of the 
ductus deferens showed vitrification, and the lumen had no cellular components (arrows). Diffuse hyperplasia of Leydig cells is 
observed (arrowhead).

Fig. 5. Fluorescence in situ hybridization (FISH) with biopsy specimens from the lung. Red and green indicate chromosomes X and Y, respectively. 
The presence of XXY cells was confirmed.
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Klinefelter syndrome should be considered in cases of severe testicular atrophy.
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