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Abstract
BACKGROUND
Neuroblastoma (NB) is the most common type of extracranial solid tumour in children. The overall prognosis of NB is poor, but at the same time, NB shows significant clinical diversity. NB can demonstrate spontaneous regression or can differentiate into benign ganglioneuroma.

CASE SUMMARY
This study retrospectively analyzed the clinical data of a patient with spontaneous regression of stage III NB who was admitted in May 2015. Studies of the spontaneous regression of NB published from October 1946 to September 2019 were retrieved through PubMed. The clinical manifestations, diagnosis, treatment, and follow-up results were analysed.

CONCLUSION
Spontaneous regression of stage III NB is rare in the clinic. The report of this case is an important supplement to the study of the spontaneous regression of NB.
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[bookmark: OLE_LINK17]Core tip: Neuroblastoma (NB) is the most common type of extracranial solid tumour in children. The overall prognosis of NB is poor, but at the same time, NB shows significant clinical diversity. NB can demonstrate spontaneous regression or can differentiate into benign ganglioneuroma. This study retrospectively analyzed the clinical data of a patient with spontaneous regression of stage III NB who was admitted in May 2015. Studies of the spontaneous regression of NB published from October 1946 to September 2019 were retrieved through PubMed. The clinical manifestations, diagnosis, treatment, and follow-up results were analysed. Spontaneous regression of stage III NB is rare in the clinic. The report of this case is an important supplement to the study of the spontaneous regression of NB.

INTRODUCTION
Neuroblastoma (NB) is the most common type of extracranial solid tumour in children. It originates from primitive neural crest cells[1]. NB occurs mainly in the retroperitoneum (mainly, the adrenal gland), mediastinum, pelvic cavity and neck as well as in the central nervous system[2]. The overall prognosis of NB is poor, but at the same time, NB shows significant clinical diversity. NB can demonstrate spontaneous regression or can differentiate into benign ganglioneuroma[3]. The spontaneous regression of stage IV NB has been reported in the literature[4], but the occurrence of stage III NB is extremely rare, with only a few reports (Table 1)[5-7]. This paper reports the case of a patient with spontaneous regression of stage III NB admitted in May 2015. A literature review was conducted to explore the regularity and mechanism of regression and to summarize the diagnosis and treatment. This study was approved by the Ethics Committee of the Affiliated Hospital of Qingdao University. Medical records and pictures were obtained via informed consent from the patient’s parents or legal guardians, and written informed consent was obtained from the parents.

CASE PRESENTATION
Chief complaints
An 11-mo-old girl had an abdominal mass during a physical examination two days before her hospitalization.

History of present illness 
Two days ago, the patient had abdominal ultrasound examination which revealed an abdominal mass. 

History of past illness
The patient had a history of dilated cardiomyopathy.

Family history
The patient had no family history.

Physical examination
The abdomen was flat and soft, and a hard mass was palpated in the right abdomen. The boundary was not clear, and the activity was poor. There was no tenderness or rebound pain in the abdomen, and the mass could not be palpated under the ribs near the liver and spleen.

Imaging examinations 
Abdominal enhanced computed tomography (CT) examination was performed on June 2, 2015, and three-dimensional (3D) reconstruction was performed by using a computer-assisted surgical system (Hisense CAS)[8]. The CT results showed mass shadows of retroperitoneal lobulated soft tissue with a maximum cross section of 93 mm × 82 mm, and these shadows were considered to be possible NB. Hisense CAS 3D imaging showed that the tumour volume was 193.6 mL, and part of the boundary was infiltrating, with lesions surrounding the major retroperitoneal vessels such as the inferior vena cava, renal artery, renal vein, and abdominal aorta (Figures 1 and 2).

Pathological examination
Tumour biopsy specimens were diagnosed as NB. Immunohistochemical staining showed that Syn, NSE, and CD56 were positive, CgA was suspiciously positive, and CD99 was negative (Figure 3).

FINAL DIAGNOSIS
The normal bone marrow biopsy results suggested that the patient should be diagnosed with stage III NB.

TREATMENT
After discussion with the treatment group, it was suggested that the tumour could not be completely removed and that chemotherapy should be administered first. However, the parents of the children refused preoperative chemotherapy due to concerns about the side effects of chemotherapy drugs and left the hospital by themselves.

OUTCOME AND FOLLOW-UP
Abdominal B-ultrasound re-examination after 2 mo showed that the retroperitoneal tumour volume was approximately 46 mm × 52 mm × 46 mm, which was significantly smaller than before. Considering the possibility of spontaneous regression of the tumour, it was recommended that observation and treatment be continued. During the follow-up period from 2015 to 2019, the child was re-examined via abdominal CT six times (Figure 4 and Table 2). The patient was followed for 4 years without recurrence or distant metastasis. The child generally has a good condition, with growth and development similar to those of children of the same age.

DISCUSSION
NB is one of the most common types of malignant solid tumours in infants. It is not only insidious in onset but also rapidly develops. Despite some progress in treatment, the 5-year overall survival rate of the disease in high-risk groups is still very low, which has become a difficult problem in medical research[9]. Cole et al[10] first reported a special biological behaviour of spontaneous regression of tumours in 1956 and found that the incidence of spontaneous regression of malignant tumours was approximately 1/60000-100000, with the highest NB regression rate. At present, the mechanism of NB spontaneous regression is not very clear, and it is still a hot research topic. Nakagawara et al[11] found that nerve growth factor could promote the growth and differentiation of NB tumour cells, and apoptosis occurred within 1 wk after removing the factor. Zhu et al[12] found that UNC5D could indirectly regulate the effect of nerve growth factor on NB. Some scholars believe that the host immune response may be one of the reasons for the natural regression of NB. Inflammation and the tumour microenvironment may have an important impact on the prognosis of NB[13]. Decock et al[14] described the characteristics of the DNA methylation in patients with stage IVS NB for the first time, showing that such patients have unique DNA methylation patterns. This finding may be helpful for the study of new mechanisms of DNA-specific tumour biology and spontaneous regression in patients with stage IVS NB. Brodeur[15] reported that the expression of TrkA in NB is related to good clinical and biological characteristics. The prognosis of these patients is good, but the case did not undergo TrkA test due to the small amount of tumor fine needle aspiration samples.
Some scholars have also studied the law of spontaneous regression of NB. Evans et al[16] reported in 1971 that there was a stage with the highest degradation rate in NB, namely, the IVS stage. The age of onset of patients with stage IVS NB is less than 1 years old. The stage of primary tumours is usually stage I, IIA, or IIB. The distant metastasis of tumours is limited to the skin, liver, and/or bone marrow. In addition, bone marrow biopsy results require that the proportion of neuroblasts in all nucleated cells must be less than 10%. The results of bone marrow scanning by metaiodobenzylguanidine imaging should be negative[17]. Some scholars believe that spontaneous regression usually occurs within 6 mo after birth. For this age group or for the limited types of NB with diameters less than 5 cm, we can use the method of “Wait and See” without implementing any treatment measures[18]. Yoneda et al[19] studied the abovementioned observations and treatment of stages I and II NB with diameters less than 5 cm. A total of eight children were enrolled in the group. The study found that five children had spontaneous regression. Fritsch et al[20] used the same treatment, and three of five patients had spontaneous regression. These studies regularly detected tumour markers via magnetic resonance imaging, abdominal B-mode ultrasound, or chest X-ray during follow-up. If there were signs of tumour enlargement, tumour marker elevation, or metastasis, and if parents have the intention of surgery, the researchers immediately stopped observations and provided surgical treatment[19]. It was found that spontaneous regression also exists in children aged over 6 months and with tumours larger than 5 cm in diameter, but the researchers also pointed out that the “Wait and See” strategy for stage III NB and large tumours should be carried out cautiously[7].
Some scholars believe that spontaneous regression of NB is not necessarily confined to stage IVS and may occur at any stage of the disease[15]. However, the literature published from October 1946 to September 2019 was searched through PubMed for studies on stage III NB spontaneous regression, and only three studies were found to have reported cases of stage III NB spontaneous regression (Table 1). In 1995, Iwata et al[5] reported a tumour size of approximately 55 mm × 38 mm × 36 mm in the case of a 6-mo-old male child with NB. In a patient with upper respiratory tract infections awaiting surgical treatment, re-examination showed that the tumour shrank by approximately 50% when the patient was re-hospitalized for surgery, but the patient finally underwent surgical treatment and complete resection. NB was diagnosed postoperatively, and no further treatment was given. A 3-year follow-up showed that the patient survived well without recurrence or metastasis. Hero et al[6] studied a total of 340 NB patients from 1995 to 2004, including 70 patients with stage III NB. The researchers completed follow-up for up to 10 years and found that 44 of all patients (including those with stages I, II, III, IV, and IVS) had spontaneous regression, including 11 cases of stage III NB. Fawzy et al[7] reported a total of 32 NB children aged less than 1.5 years from 2007 to 2016, among whom four were stage III patients, three were treated with chemotherapy intervention, and only one had spontaneous regression, with good follow-up survival. However, the authors did not specify the specific follow-up time of this patient.
Generally, spontaneous regression of stage III NB is extremely rare. At present, the mainstream view of treatment is still based on the combination of chemotherapy and surgery. Treatment requires that primary tumours be removed and metastatic lymph nodes be cleared on the premise of patient safety. If the tumours cannot be completely removed because they surround important vessels or organs, partial excision of the tumours is feasible during the operation. Postoperative radiotherapy or chemotherapy can be used to further treat residual tumours[21].

CONCLUSION
This paper reports that the tumour gradually shrank during the follow-up period. As of the date of publication, the patient has been followed for 4 years. No tumour recurrence or metastasis has been found, and the child has good survival. We realize that although NB spontaneous regression is more common in stage IVS, it may still occur in other stages of the disease. If there are obvious signs of regression in the course of diagnosis and treatment, the tumour can also be temporarily observed and treated, but regular follow-up is required. If there are signs of tumour enlargement or other metastasis, observation and waiting for treatment should be stopped in time. In conclusion, stage III spontaneous regression of NB is rare in the clinic. The report of this case is an important supplement to the study of the spontaneous regression of NB.
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Figure Legends
[image: 图片1]Figure 1 Plain and enhanced abdominal computed tomography scans on admission showed a lobulated soft tissue mass with a maximum cross-sectional area of 93 mm × 82 mm. A: Cross section; B: Sagittal plane; C: Coronal plane.

[image: 图片2]Figure 2 The volume of the tumour (red part) was 193.6 mL according to the three-dimensional reconstruction of the abdominal enhanced computed tomography images with a computer-assisted surgery system (Hisense CAS) upon admission. The boundary of the tumour was infiltrative. The tumour was surrounded by important retroperitoneal vessels such as the inferior vena cava, renal artery, renal vein, and abdominal aorta, as seen by rotating the three-dimensional images at any angle. A: Positive image; B: Right-side image; C: Posterior and anterior images.

[image: 图片3]
Figure 3 Histological and pathological images of the tumour biopsy specimens. A: HE staining, ×200; B: HE staining, ×400; C: CgA (suspiciously positive); D: CD56 (positive); E: NSE (positive); F: Syn (positive).

[image: 图片4]
Figure 4 Abdominal computed tomography examination and follow-up images of the patient from June 2015 to July 2019; the arrow indicates the tumour. During the follow-up period, the tumour gradually shrank, showing typical spontaneous regression. A: June 2015; B: October 2015; C: December 2015; D: August 2016; E: August 2017; F: October 2018; G: July 2019.

Table 1 Statistics from the reports of stage III NB spontaneous regression
	Ref.
	Country
	Publication time
	Number of study cases
	Number of stage III cases
	[bookmark: OLE_LINK2]Number of stage III regression cases

	Iwata et al[5]
	Japan
	1995
	1
	1
	1

	Hero et al[6]
	Germany
	2008
	340
	70
	11

	Fawzy et al[7]
	Egypt
	2019
	32
	4
	1


NB: Neuroblastoma.

Table 2 Data of patient visits and follow-up examinations
	Age (mo)
	Abdominal CT
examination time
	Maximum transverse value of abdominal CT (mm)
	Image number1

	11
	June 2015
	93 × 82
	4A

	16
	October 2015
	35 × 21
	4B

	18
	December 2015
	31 × 19
	4C

	26
	August 2016
	28 × 17
	4D

	38
	August 2017
	26 × 15
	4E

	50
	October 2018
	23 × 14
	4F

	61
	July 2019
	11 × 8
	4G


1The image number in the table corresponds to the number of computed tomography images in Figure 4. CT: Computed tomography.
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