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Abstract
BACKGROUND
Oncocytic adrenocortical tumor (OACT) is rare, with few cases reported in the literature. No more than 20 cases in children have been reported. The clinical characteristics, diagnosis, treatment and prognosis of children with OACT are summarized based on a literature review, in order to improve the understanding of OACT in children.

CASE SUMMARY
We report a case of a 17-mo-old patient who was admitted to our hospital due to symptoms of odynuria and fever, which are clinical features consistent with a functional adrenocortical tumor. The patient was diagnosed with OACT of uncertain malignant potential. Computed tomography indicated a soft tissue giant tumor in the right adrenal region, approximately 4.3 cm × 5.5 cm in size. Multiple nodular and speckled calcifications were observed in the lesion. The patient received robot-assisted laparoscopic right adrenal tumor resection. Postoperative pathological results were consistent with OACT, and immunohistochemical results showed cytokeratin+/-, chromogranin A+, synaptophysin-, neuron-specific enolase-, S100-, Ki67 about 10%, CD34- and D2-40-. After surgery, urinary tract ultrasonography was reviewed monthly, catecholamine hormone and sex hormone levels were examined every 2 mo and computed tomography was performed every 6 mo. To date, no tumor metastasis or recurrence has been identified in this patient. The levels of sex hormones and catecholamine hormones decreased to normal 1 mo after surgery.

CONCLUSION
OACT is rare in the pediatric population, with few cases reported in the literature. Although most pediatric OACTs are benign, malignant cases have been reported. Surgical resection is the preferred option in most patients.
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Core Tip: Oncocytic adrenocortical tumor (OACT) is a very rare tumor, with few cases reported in the literature. Surgical resection is the preferred treatment option in most cases. We report the first case of robot-assisted laparoscopic resection of an OACT in a pediatric patient. The findings from this case report and the literature review show that robot-assisted laparoscopic resection of pediatric OACT with a complete tumor capsule, clear boundary between the tumor and surrounding tissues and no regional lymph node invasion is safe. Radiation and chemotherapy do not seem to be necessary in pediatric OACT without metastasis.



INTRODUCTION
Oncocytic adrenocortical tumor (OACT) is a very rare tumor[1]. At present, less than 200 cases have been reported[2]. Fewer than 20 pediatric patients have been reported worldwide[3-16]. OACT can be functional or nonfunctional, and most are nonfunctional[17]. Herein, we report a functional OACT with uncertain malignant potential in a 17-mo-old patient. 

CASE PRESENTATION
Chief complaints
A 17-mo-old male patient was admitted to our hospital due to symptoms of odynuria and fever.

History of present illness
One day previously, the child showed no obvious cause of his urination pain, which was accompanied by fever, with a maximum temperature of 38.2 ℃.

History of past illness
The patient had no previous medical history.

Personal and family history
The patient had no specific personal and family history.

Physical examination
Forehead and the outer thighs showed scattered acne, and development of the penis and scrotum was more mature than his peers. Blood pressure was normal without significant fluctuations. No central obesity or other Cushing's syndrome signs were observed.

Laboratory examinations
Serum tumor marker examination revealed alpha-fetoprotein 5.40 ng/mL (< 8.78 ng/mL), cancer antigen-125 22.50 U/mL (< 35.0 U/mL), carbohydrate antigen 19-9 16.9 52 U/mL (< 34.0 U/mL), carcinoembryonic antigen 1.59 ng/mL (< 6.2 ng/mL) and neuron-specific enolase 43.26 ng/mL (< 20 ng/mL). Sex hormone levels were as follows: Dehydroepiandrosterone sulfate > 40.71 mol/L (3.7-16.1 mol/L), estradiol 87.6 pmol/L (40.4-161.5 pmol/L) and testosterone 12.97 nmol/L (4.94-32.01 nmol/L). Catecholamine hormone levels were as follows: Methoxy noradrenaline 1.22 nmol/L (< 0.90 nmol/L), 3-methoxytyramine 2.12 pg/mL (0-18.4 pg/mL), dopamine 0.01 nmol/L (< 0.02 nmol/L), adrenaline 0.04 nmol/L (0-0.77 nmol/L) methoxy adrenaline 0.03 nmol/L (< 0.05 nmol/L) and noradrenaline 3.15 nmol/L (0.41-10.06 nmol/L). The biochemical evaluation showed normal serum electrolyte levels.

Imaging examinations
Computed tomography showed a soft tissue tumor in the right adrenal region approximately 4.3 cm × 5.5 cm in size. There were multiple nodular and speckled calcifications in the lesion, which were considered to be tumor occupying changes. Photographs showed that the patient’s bone age was ahead of schedule (Figure 1).

Pathology and immunohistochemical examination
Pathology and immunohistochemistry confirmed an adrenocortical tumor of oncocytic subtype, with a maximum diameter of about 5.5 cm. Postoperative tissue is shown in Figure 2, and a microscopic image is shown in Figure 3. Eosinophils were predominant; clear cells were < 25% with visible atypical wide cells. No definite necrosis, capsular invasion or vein invasion were found. Visible focal sinus infiltration was identified, nuclear fission image count was 1/10 hibernation-promoting factor (HPF) and reticular fiber staining was noted showing partial damage. Immunohistochemical results were as follows: Cytokeratin+/-, chromogranin A+, synaptophysin-, neuron-specific enolase-, S100-, Ki67 about 10%, CD34- and D2-40-. According to the World Health Organization 2016/4thE Lin-Weiss-Bisceglia standard, the tumor was considered an OACT with uncertain malignant potential.

FINAL DIAGNOSIS
Malignant features in oncocytic adrenocortical tumor are determined using the World Health Organization 2016/4thE Lin–Weiss–Bisceglia criteria, the patient was finally diagnosed as  an OACT with uncertain malignant potential.

TREATMENT
The maximum diameter of the tumor was 5.5 cm, and it was confirmed to be an OACT. The patient underwent robot-assisted laparoscopic right adrenal tumor resection.

OUTCOME AND FOLLOW-UP
During the follow-up, urinary tract ultrasonography was reviewed monthly, catecholamine hormone and sex hormone levels were examined every 2 mo and CT was performed every 6 mo. To date, no tumor metastasis or recurrence has been identified. The sex hormone and catecholamine hormone levels reduced to normal 1 mo after surgery.

DISCUSSION
At present, the etiology of OACT is still unclear. Kakimoto et al[18] were the first to report an OACT in 1986. Oncocytic tumors are neoplasms composed predominantly of cells with abundant granular, eosinophilic cytoplasm termed “oncocytes”. These cytoplasmic changes are attributed to the abundant mitochondria[19]. Gasparre et al[20] believed that the increase in mitochondria in this disease is a compensatory reaction to cellular dysfunction, which may be due to the excessive proliferation of mitochondrial DNA without corresponding transcription of RNA, resulting in the excessive increase of mitochondria in cells[20]. 
Limited reports on OACT epidemiology were found in the literature review. Available statistics are from an epidemiological study by Kanitra et al[21] that included 140 OACT patients, 66% were found in female patients, 64% were found in the left adrenal gland and 66% were nonfunctional. The mean age at diagnosis was 44 years (2.5-77 years), and the mean tumor size was 80 mm (16-285 mm). A total of 35% were benign, 41% were of uncertain malignant potential and 24% were malignant. Compared with female patients, male patients were more likely to develop malignancy (36% vs 18%, P = 0.035). The 5-year overall survival rate of benign OACT was 100%, was 88% in those with uncertain malignant potential and 47% in those with malignant potential[21]. However, there are limitations in the statistics, which did not include children under 2.5 years. There are no epidemiological data for large populations of children, as only a few cases have been reported.
An OACT can be functional or nonfunctional, most of which are nonfunctional and only a few are functional[17], resulting in pseudopuberty, gynecomastia, virilization, feminization and Cushing's syndrome[22,23]. Advanced bone age has also been reported in children[13]. Details of children with OACT are shown in Table 1.
Clinical manifestations, auxiliary examination and tumor size are limited in the diagnosis of OACT, and the Weiss criteria are not completely reliable for the diagnosis of OACT[24]. Bisceglia et al[17] improved the Weiss criteria according to the pathological characteristics of OACT. At present, the Lin Weiss Bisceglia (LWB) criteria are commonly used in the pathological diagnosis of OACT: OACTs that meet any of the following major criteria are classified as malignant: Mitotic rate > 5 per 50 HPF, atypical mitoses and venous invasion. OACTs that meet any of the following secondary criteria are classified as having uncertain malignant potential; larger size (> 10 cm and/or weight > 200 g), necrosis, capsular invasion or sinusoidal infiltration. In the absence of major or secondary criteria, OACTs are considered benign[21]. In the present case, the tumor was nodular, 5.5 cm × 5.0 cm × 3.0 cm in size with a complete capsule, the section was gray-yellow and soft and calcification was visible, with no obvious bleeding and necrosis. No definite capsular invasion, vascular invasion or focal sinus infiltration were observed, and the mitotic count was one per 10 HPF. Histologically, one item met the secondary criteria; thus, it was considered an OACT with uncertain malignant potential.
Pathological examination is helpful in the diagnosis of pediatric OACT. A typical OACT is dark brown. In the present case, under a light microscope, the tumor cells were the same size, with low-fat droplets of granular and oncocytic cytoplasm. The nucleus was in the center, arranged into a beam-like and hollow tubular structure, occasionally forming microcapsules surrounded by thin fibrous septa, and a small amount of lymphocytes infiltrated the mesenchyme. Under an electron microscope, there were a number of mitochondria with lamellar and tubulovesicular cristae and small electron dense inclusion bodies in the cytoplasm. OACTs rarely show mitosis and necrosis[25]. At present, the LWB criteria are commonly used in the pathological diagnosis of children with OACT. The pathological findings in this case were consistent with the diagnosis of OACT. Following immunohistochemical analysis, eosinophilic cells were markedly and diffusely positive for vimentin, steroidogenic factor 1, alpha-inhibin, Melan A, synaptophysin, neuron-specific enolase and CD56[26]. Equilibrative nucleoside transporter 1 and synaptophysin are the two most specific markers in OACT[27].
Surgical resection is the main treatment for OACT, and long-term follow-up is required. Traditional open surgery is established. However, with the development and popularization of laparoscopic technology, this technology is more commonly adopted for the resection of adrenal cortical tumors. At present, robot-assisted laparoscopic resection of adrenal cortical tumors has not been reported. In 2014, Akin et al[9] reported the first laparoscopic resection of an OACT in children[9]. However, whether laparoscopic adrenalectomy should be used for potential malignancies with tumor diameter > 6 cm is controversial. Up to now the consensus has been to restrict the endoscopic approach to adrenal tumors measuring < 5 to 6 cm in diameter[28]. We believe that robot-assisted laparoscopic resection of OACT with a complete tumor capsule, clear boundary between the tumor and surrounding tissue and no regional lymph node invasion is safe in pediatric patients. Radiotherapy and chemotherapy have been reported for metastatic OACT[29]. In children with OACT without metastasis, there may be no need for radiotherapy or chemotherapy. OACTs are mostly benign tumors, but there are also reports of malignancy. Contrary to previous literature, John et al[30] found that the majority of adrenocortical oncocytic neoplasms (65%) were either malignant or had malignant potential. Hormone function cannot distinguish benign from malignant or prognosis. However, the majority of OACTs that are synaptophysin positive (50%, P < 0.001) and vimentin negative (62%, P = 0.009) were benign[21]. It has also been reported that Ki67 can reflect the degree of malignancy and the prognosis of OACT[31,32]. To date, no tumor metastasis or recurrence has been identified in the present case.

CONCLUSION
OACTs in children are rare. There are a few reports on pediatric OACTs, and the etiology is still unclear. Most OACTs are nonfunctional benign tumors, but there are also reports of malignancy. The LWB criteria are commonly used for the diagnosis of pediatric OACTs, and the diagnosis is mainly based on histological and pathological examination. Equilibrative nucleoside transporter 1 and synaptophysin are two of the most specific markers in eosinophilic tumors. Radical resection is the key to early treatment. We believe that robot-assisted laparoscopic resection of pediatric OACT with a complete tumor capsule, clear boundary between the tumor and surrounding tissues and no regional lymph node invasion is safe. Children with OACT do not seem to require radiotherapy and chemotherapy. Ki67 can reflect the degree of malignancy and the prognosis of OACT.
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Figure Legends
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Figure 1 The ossification center indicates 3-year-old bone age changes.
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Figure 2 Complete tumor capsule, tumor size 5.5 cm × 5.0 cm × 3.0 cm, no definite capsular invasion and no definite vein invasion were found.
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Figure 3 Eosinophils were predominant; visible wide cell atypical; no definite necrosis was found; no definite capsular invasion was found; no definite vein violation; visible focal sinus infiltration; some calcification is visible. A: Typical eosinophilic changes (hematoxylin-eosin staining, image at 400 × magnification); B: This is a focal sinus infiltration of eosinophils (hematoxylin-eosin staining, image at 400 × magnification). Yellow arrow: Focal sinus infiltration; C: Calcification: Blue fine particles aggregate (hematoxylin-eosin staining, image at 400 × magnification). Blue arrow: Calcification; D: Mitotic images count 1/10 hibernation-promoting factor (hematoxylin-eosin staining, image at 400 × magnification). Green arrow: Mitotic nuclear division.

Table 1 Cases of oncocytic adrenocortical tumor in children reported in the literature
	Ref.
	Age in yr
	G
	Clinical features
	Size
	Treatment
	Follow-up
	Prognosis

	Gumy-Pause et al[3], 2008
	12
	F
	Fatigue, headache, acne vulgaris, and abdominal pain
	5.0 cm × 4.3 cm × 2.2 cm
	Open adrenalectomy
	Normal hormone levels 18 mo after diagnosis
	No recurrence

	Lim et al[4], 2010
	14
	F
	Deepening of the voice and excessive hair
	17.5 cm × 15 cm × 14 cm
	Open adrenalectomy
	Normal hormone levels 2 wk after operative resection
	No recurrence

	Tahar et al[5], 2008
	6
	F
	Precocious puberty
	3.0 cm × 2.0 cm × 1.5 cm
	Open adrenalectomy
	12 mo after operative resection, he manifestations of pseudoprecocious puberty were effectively reduced
	No recurrence

	Subbiah et al[6], 2013
	3 1/2
	F
	Premature pubarche, clitoromegaly
	2.5 cm × 2.0 cm
	Open adrenalectomy
	Normal hormone levels 1 mo after operative resection
	No recurrence

	Kawahara et al[7], 2014
	11
	F
	Fever, weight loss,
increased inflammatory markers
	4.5 cm × 4.5 cm × 2.5 cm
	Open adrenalectomy
	The inflammatory markers and IL-6 levels normalized within 2 wk after tumor resection
	No recurrence

	Yoon et al[8], 2014
	10
	F
	Precocious puberty
	6.0 cm × 4.0 cm
	Open adrenalectomy
	1 yr after surgery without new lesions
	No recurrence

	Akin et al[9], 2014
	11
	M
	Metabolic, alkalosis, polyuria, polydipsia, hypokalemia
	4.5 cm × 3.5 cm × 2.5 cm
	Laparoscopic surgery
	After the operation, the patient's polyuria and hypokalemia resolved, and his aldosterone level returned to normal
	No recurrence

	Ranganathan et al[10], 2005
	5
	M
	Precocious puberty, acne
	4.2 cm × 3.9 cm × 2.6 cm
	Laparoscopic surgery
	3 mo later, the patient had lost 3.2 kg and had grown 3.5 cm. Clinically, his symptoms resolved with no progression of pubic hair, axillary hair, or acne
	No recurrence

	Mardi et al[11], 2016
	14
	F
	Hirsuitism
	18 cm × 8.0 cm × 7.0 cm
	Open adrenalectomy
	The hirsuitism resolved gradually following surgery 
	No recurrence

	Chen et al[12], 2018
	15
	M
	Lower back pain
	9.0 cm × 6.3 cm
	Laparoscopic surgery
	Lower back pain relief
	No recurrence

	Yordanova et al[13], 2015
	9
	F
	Virilization
	2.2 cm × 2.2 cm
	Laparoscopic surgery
	11 mo after the surgery, the girl’s appearance was less masculine, with significantly reduced body hairs but still no changes in the voice
	No recurrence

	Pereira et al[14], 2014
	5.8
	F
	Weight gain, precocious puberty
	3.2 cm × 4.5 cm
	Open adrenalectomy
	The patient is in complete remission after 64 mo of follow-up
	No recurrence

	Kolev et al[15], 2013
	9
	F
	Deepening of the
voice and excessive hair
	3.0 cm × 2.8 cm × 3.5 cm
	Laparoscopic surgery
	Normal hormone levels 2 wk after operative resection
	No recurrence

	Agarwal et al[16], 2011
	2.5
	F
	Virilization
	-
	Open adrenalectomy, biopsy
	Poor prognosis
	No resection, infiltration into adjacent organs

	Current case
	17 mo
	M
	Odynuria, fever
	5.5 cm × 5.0 cm × 3.0 cm
	Robot assisted laparoscopic operation
	Normal hormone levels 1 mo after operative resection
	No recurrence



F: Female; G: Gender; IL-6: Interleukin 6; M: Male. 
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