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Abstract
BACKGROUND
Undifferentiated embryonal sarcoma of the liver (UESL) is a rare and aggressive mesenchymal tumor in children. Herein, we describe our experience in neoadjuvant therapy (NAT) and subsequent surgery for the treatment of UESL in children.

AIM
To evaluate the efficacy of NAT and explore a new choice for successful operation of UESL in children.

METHODS
We retrospectively analyzed six patients newly diagnosed with unresectable UESL who received NAT and then surgery at our center between January 2004 and December 2019. The tumor was considered unresectable if it involved a large part of both lobes of the liver or had invaded the main hepatic vessels or inferior vena cava. The NAT included preoperative transcatheter arterial chemoembolization (TACE) and systemic chemotherapy. The patients were 4 boys and 2 girls with a mean age of 7 years. The longest tumor at presentation ranged from 8.6 to 14.8 cm (mean, 12 cm). Extrahepatic metastases were present in 2 cases. Preoperative systemic chemotherapy was administered 3 wk after TACE. Tumor resection was performed 3 wk after one or two cycles of NAT. The patients received systemic chemotherapy after surgery.

RESULTS
All patients successfully underwent NAT and complete resection. The tumor volumes decreased by 18.2%–68.7%, with a mean decrease of 36% after 1 cycle of NAT (t = 3.524, P = 0.017). According to the Response Evaluation Criteria In Solid Tumors criteria, 4 patients had a partial response and underwent surgery, while 2 had stable disease and received another cycle of NAT before surgery. Massive tumor necrosis was seen on pathological examination of the surgical specimen: > 90% necrosis in two, > 50% necrosis in three, and 25% necrosis in 1, with an average of 71.8%. Post-NAT complications included fever, nausea and vomiting, and mild bone marrow suppression. Elevated alanine transaminase levels occurred in all patients, which returned to normal within 7–10 d after treatment. No cardiac or renal toxicity, severe hepatic dysfunction, bleeding and non-target embolization were observed in the patients. The median follow-up period was 8 years with an overall survival of 100%.

CONCLUSION
NAT effectively reduced tumor volume, cleared the tumor margin, and caused massive tumor necrosis. This may be a promising choice for successful surgery of UESL in children.
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Core Tip: Undifferentiated embryonal sarcoma of the liver (UESL) is a rare and aggressive mesenchymal tumor in children. The prognosis of UESL has previously been considered poor. Modern multimodal treatment and supportive therapy have improved survival. Complete tumor excision plays the central role in the treatment of UESL. In this study, we analyzed our single-center data of children with UESL who received neoadjuvant therapy (NAT) between January 2004 and December 2019, and found that NAT effectively reduced tumor volume, cleared tumor margin, and caused massive tumor necrosis. It may provide a promising choice for successful operation of UESL in children.

INTRODUCTION
Undifferentiated embryonal sarcoma of the liver (UESL) is a rare and aggressive mesenchymal tumor that occurs mainly between the ages of 6 and 10 years, without gender predominance[1]. The prognosis of UESL has previously been considered poor[2]. Modern multimodal treatment and supportive therapy have improved survival[3]. Complete tumor excision plays the central role in the treatment of UESL[4]. Transcatheter arterial chemoembolization (TACE) is an effective therapeutic method and has been widely used in the treatment of patients with hepatic malignancy[5,6]. In an attempt to increase resection rate and improve the outcome of UESL, we performed preoperative TACE combined with systematic chemotherapy for the treatment of unresectable UESL in children and evaluated its feasibility and effectiveness.

MATERIALS AND METHODS
Patient characteristics
All the procedures in this study conformed to the ethical requirements of the Ethics Committee of the Children’s Hospital, Zhejiang University School of Medicine and have been approved. The children’s families provided signed informed consent. Six patients with UESL received neoadjuvant therapy (NAT) at our hospital between January 2004 and December 2019. The patients were 4 boys and 2 girls with a mean age of 7 years (range, 3–11 years). The symptoms at admission included abdominal pain, abdominal mass and jaundice. The longest tumor ranged from 8.6 to 14.8 cm (mean, 12 cm). One patient presented with pulmonary metastasis and another with retroperitoneal lymph node metastases. The details of the six patients are summarized in Table 1.

NAT
Pathological diagnosis was obtained by percutaneous needle biopsy before treatment in all patients. NAT included preoperative TACE and systemic chemotherapy. TACE was performed under general and sacral block anesthesia. With continuous monitoring, including electrocardiography, blood pressure and oxygen saturation measurements, the femoral artery was catheterized using the Seldinger technique. A 5-F Pigtail catheter was introduced into the abdominal aorta to perform aortography and define the main feeding artery of the tumor, and then a 4-F or 5-F Cobra catheter was advanced toward the tumor-feeding arteries for chemoembolization. The chemoembolic emulsion consisted of pirarubicin 40 mg/m2, vindesine 3 mg/m2, cisplatin 90 mg/m2 and iodized oil 0.5 mL per maximum tumor diameter (cm), which has been proved to have good efficacy and safety in the treatment of UESL and other tumors in our center[5,7]. The drugs were mixed and diluted in 120-180 mL of normal saline, and infused into the feeding artery at a rate of 120 mL/h. After perfusion, the outline of the entire tumor was revealed (Figure 1).
Intravenous chemotherapy was administered 3 wk after TACE if the blood parameters were at normal levels. The chemotherapy regimen consisted of vindesine 3 mg/m2 on day 1, carboplatin 150 mg/m2 and pirarubicin 20 mg/m2 on days 2 and 3. Vindesine was injected every 7 d.
Tumor response was evaluated by enhanced computed tomography (CT) scan or magnetic resonance imaging after every cycle of NAT according to the revised Response Evaluation Criteria In Solid Tumors (RECIST) version 1.1[8]. Surgical resection was carried out after one or two cycles depending on the patient’s response. Postoperative intravenous chemotherapy was given every 3 wk, and the drugs administered were those listed above.

Toxicity evaluation
Toxicity was evaluated after each session of NAT. Cardiac function was monitored by echocardiography and ECG; renal function by serum electrolytes, urea, creatinine, and creatinine clearance; and liver function by aspartate aminotransferase and alanine aminotransferase (ALT). Complete blood cell count was repeated weekly to assess bone marrow suppression.

Follow-up
All patients were followed every 2 mo during the first year after comprehensive treatment, every 3 mo during the second and third years, every 6 mo during the fourth and fifth years and annually after 5 years. Follow-up examinations included physical check-up, imaging (abdominal ultrasound and CT, chest X-ray or CT), and laboratory testing (blood and urine analysis, and liver and renal function tests).

RESULTS
TACE was successfully performed in all patients. The tumor volumes decreased by 18.2%–68.7%, with a mean decrease of 36% after 1 cycle of NAT (t = 3.524, P = 0.017). According to the RECIST criteria, 4 patients had a partial response (PR) and underwent surgery, while 2 had stable disease (SD) and received another cycle of NAT before surgery. Retroperitoneal lymph node metastasis and pulmonary metastasis observed in one patient, respectively, were slightly reduced after TACE, and no regrow or other lesions appeared before surgery. Total tumor resection was performed in all patients without positive surgical margins and major postoperative complications. Retroperitoneal lymph node dissection was performed in the patient with lymph node metastasis. The patient with lung metastasis was not treated surgically as the lesions were no longer obvious after chemotherapy. Massive tumor necrosis was seen on pathological examination of the surgical specimen: > 90% necrosis in 2, > 50% necrosis in 3, and 25% necrosis in 1, with an average of 71.8%. Six to 10 courses of regular venous chemotherapy were administered after surgery in patients without metastasis, and 12 courses in the 2 patients with metastases.
The toxic side effects included fever (37.8–39.9 °C) in 5 cases, nausea and vomiting in 3, and mild bone marrow suppression in 3, all these symptoms recovered within 1-2 wk following symptomatic treatment. All patients showed varying degrees of ALT elevation, which returned to normal within 7–10 d after treatment with hepatoprotective drugs. No cardiac or renal toxicity, bleeding or nontarget embolization occurred.
The follow-up duration ranged from 2 to 15 years (median 8 years), and the follow-up rate was 100%. At the last follow-up on February 1, 2021, all patients were alive and disease-free.

DISCUSSION
Early detection of UESL is difficult, and it is usually found when the tumor becomes larger or metastasizes. It metastasizes in up to 15% of children, usually to the lungs, pleura and peritoneum[9]. Preoperative chemotherapy is currently recommended if a huge unresectable tumor or metastases are present. Although intravenous chemotherapy, as the mainstay of adjuvant treatment for UESL, has improved survival rates, the toxicity induced by systemic chemotherapy may result in early death or potential long-term and late effects[10,11]. In addition, the therapeutic effects in UESL with incomplete resection or distant metastases are still unsatisfactory[12].
TACE was first introduced in the treatment of adult liver tumor in the late 1970s and yielded good results[13]. Since then, reports of TACE in pediatric cases of hepatoblastoma have gradually increased[6,14,15]. In previous studies at our center, preoperative TACE was effective in the treatment of UESL in two cases[5]. Also, neoadjuvant TACE and systemic chemotherapy have been administered in patients with Wilms tumor and clear cell sarcoma of the kidney and achieved satisfactory results[7,16]. 
Complete tumor excision plays a central role in the treatment of UESL[4]. TACE can increase the total resection rate in several ways. TACE can deliver a higher concentration of anticancer drugs into the tumor via direct perfusion through the tumor-feeding artery, which reduces the dose of drugs and systemic toxicity[5,6,16]. Lipiodol embolization can reduce the blood supply of tumor and accelerate necrosis. High concentrations of chemotherapeutic drugs and internal ischemia cause the tumor to gradually shrink. After TACE, a pseudo-capsule can be seen around the tumor and a boundary exists between the tumor and normal liver tissue during the operation (Figure 2). These are conducive to complete resection, reducing the rate of positive surgical margins, and diminishing intraoperative bleeding (Figure 3). In this study, all the patients achieved total resection without positive surgical margins and severe bleeding.
TACE plays an important role in the primary lesion but has little effect on distal metastasis[15,17]. In this series, two patients had pulmonary and retroperitoneal lymph node metastasis on admission, respectively. Fortunately, after TACE and before systemic chemotherapy, we found that the metastasis was slightly reduced and no other lesions appeared. Following infusion into the hepatic artery, chemotherapy drugs will still flow through the hepatic vein to the heart and the entire body; thus, the extrahepatic lesions can also be suppressed. However, intravenous chemotherapy is still essential, as the dose of chemotherapy drugs flowing into the body following TACE is limited, and do not achieve an effective concentration. Preoperative intravenous chemotherapy can effectively inhibit primary hepatic and extrahepatic lesions, while postoperative intravenous chemotherapy can reduce the risk of recurrence and improve the survival rate[18,19]. Therefore, systemic chemotherapy can complement TACE. In our series, prolonged postoperative chemotherapy was performed in the two patients who are presently recurrence-free. However, the prognosis is poor, even if the patient receives intravenous chemotherapy, when complete excision of the tumor cannot be achieved[4]. The patient with lung metastases who is currently event-free still requires long-term follow-up.
In recent years drug-eluting beads (DEBs) have been introduced as novel drug-delivery agents for TACE, which can deliver higher concentrations of drugs to the tumor and lower systemic concentrations[20]. Studies have shown a lower incidence of systemic toxicity and improved tolerance with DEB-TACE, but overall survival did not differ from conventional lipiodol-TACE[21,22]. DEB-TACE has been widely used for the treatment of hepatocellular carcinoma in adults, but has not been reported in pediatric liver malignancies, and its clinical safety needs to be confirmed by further clinical trials in children. In addition, DEB-TACE reduces systemic complications by lowering extrahepatic drug concentrations, but it also decreases the inhibition of extrahepatic lesions. Therefore, DEB-TACE was not used in this study. In the near future, DEB-TACE is expected to be applied in the treatment of unresectable intrahepatic malignancy in pediatric patients.
No technical complications including bleeding, vascular injury, or nontarget embolization were noted in this study. Nontarget embolization must be viewed as a critical situation during the TACE procedure, as its appearance may lead to serious consequences[23]. The incidence of nontargeted organ embolization, such as pulmonary embolism, splenic infarction, and gallbladder infarction, was found to be approximately 5%[23,24]. The main risk factors for the development of these complications include: (1) Non-selective placement of the catheter; (2) High doses of cytostatics and iodized oil used in TACE; and (3) Use of small-diameter embolic agents[24]. A case of paraplegia after TACE in a patient with clear cell sarcoma of the kidney was reported in our center, which was caused by injection of chemotherapeutic drugs and lipiodol into the spinal cord through the lumbar artery. Hence, angiography must be performed repeatedly to confirm the location of the catheter during the TACE procedure especially before injection of the embolic agent.
Postembolization syndrome and drug toxicity mainly include fever, abdominal pain, gastrointestinal reaction (nausea and vomiting), myelosuppression and organ damage (cardiotoxicity, renal insufficiency, and hepatic dysfunction)[25]. In our cases, fever was the most common symptom after TACE, possibly due to massive necrosis of the large tumor, which lasted a long time and did not respond to antibiotics. Under such circumstances, short-term small doses of hormones can be used to suppress inflammation and lower prolonged fever. Elevated ALT levels occurred in all of our patients, which returned to normal within 7–10 d after treatment without affecting follow-up treatment. Renal failure, cardiac damage, and severe myelosuppression did not occur. Hence, NAT may be considered a safe preoperative treatment for UESL.
It is noteworthy that two of our patients underwent 2 cycles of NAT before surgery. They achieved SD (tumor shrinkage was approximately 20%) after one cycle of NAT, and still had large tumors with PRETEXT stage III on radiography[26]. After another cycle of NAT, PRs (tumor shrinkage of approximately 35%) were achieved. Therefore, it is suggested that patients who are insensitive to the initial response should be considered for a second round of NAT, which can yield better results. However, unlimited chemotherapy is not desirable. Generally, surgery should be performed after two cycles of NAT, and liver transplantation should be considered if a limited response occurs in a patient with an unresectable tumor.
There were some limitations in this study. Firstly, the data were from a single institution and based on a retrospective analysis. In addition, there was no control group due to the small number of cases, and the assessment of disease response cannot definitely be attributed to TACE or systemic chemotherapy. Further prospective and controlled studies with a larger cohort are needed to compare the efficacy of TACE, systemic chemotherapy and NAT for UESL, respectively.

CONCLUSION
The present study indicated that the use of NAT effectively reduced tumor volume, cleared tumor margins, and caused massive tumor necrosis. This chemotherapy regimen may be a promising choice for successful surgery of UESL in children.

ARTICLE HIGHLIGHTS
Research background
Undifferentiated embryonal sarcoma of the liver (UESL) is a rare and aggressive mesenchymal tumor in children.Modern multimodal treatment and supportive therapy have improved survival. Complete tumor excision plays the central role in the treatment of UESL. 

Research motivation
The prognosis is poor when complete excision of tumor with UESL cannot be achieved. It is imperative to explore new choices for successful operation of UESL in children.

Research objectives
This report aimed to evaluate the efficacy of neoadjuvant therapy (NAT) for UESL and explore a new choice for successful operation of UESL in children.

Research methods
Six patients who were newly diagnosed and unresectable with UESL received NAT and surgery at our center between January 2004 and December 2019 were retrospectively analyzed. The NAT included preoperative transcatheter arterial chemoembolization (TACE) and systemic chemotherapy. Surgical and survival data would be recorded and analyzed.

Research results
The tumor volumes decreased by 18.2%–68.7%, with a mean value of 36% after 1 cycle of NAT (t = 3.524, P = 0.017). Massive tumor necrosis was seen in the pathological examination of the specimen: > 90% necrosis in two, > 50% necrosis in three, and 25% necrosis in 1, with an average percentage of 71.8%. Complete tumor resection was successfully performed in all patients. Preoperative NAT may help complete removal of unresectable UESLs. However, there was no control group due to the small number of cases.

Research conclusions
The present study indicated that the use of NAT effectively reduced tumor volume, cleared tumor margin, and caused massive tumor necrosis. It may provide a promising choice for successful operation of UESL in children.

Research perspectives
Further investigations with a larger cohort and prospective study are needed to compare the efficacy of TACE, systemic chemotherapy and NAT for UESL.
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Figure Legends
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Figure 1 Transcatheter arterial chemoembolization procedure of case 6. A: The catheter was introduced into the tumor-feeding artery and performed angiography, showing the stereoscopic configuration of "holding ball"; B: After injection of anticarcinogen and lipiodol, the outline of the entire tumor was revealed.

[image: WJCC-10-6437-g002]
Figure 2 The imaging manifestation of case 6. A and B: Computed tomography scans showed a giant mass of the right liver (diameter 14.8 cm); C and D: One month after neoadjuvant therapy: The tumor volumes shrunk by 48.8%, lipiodol deposits in the tumor with a clear boundary; E and F: One month after tumor resection.
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Figure 3 These are conducive to complete resection, reducing the rate of positive surgical margins, and diminishing intraoperative bleeding. A: The gross of tumor appears as border clear with about 10 cm in diameter; B: The cut surface is red, brown or yellow and has soft qualitative with focal necrosis.

Table 1 Clinicpathological data, treatment, follow-up and outcome of 6 patients with undifferentiated embryonal sarcoma of the liver
	No.
	Age
	Sex
	Tumor size on admission (mm)
	Symptoms
	Metastasis
	Treatment
	Tumor shrunk after NAT
	Response after one cycle of NAT
	Outcome (follow-up years)

	1
	10 years old
	F
	120
	Abdominal mass
	None
	Neoadjuvant therapy/surgery/chemotherapy
	33%
	SD
	Alive and event-free at 15

	2
	3 years and 7 months old
	M
	86
	Abdominal pain
	Lung metastases
	Neoadjuvant therapy/surgery/chemotherapy
	68.70%
	PR
	Alive and event-free at 11

	3
	7 years old
	F
	96
	Abdominal pain
	None
	Neoadjuvant therapy/surgery/chemotherapy
	31%
	PR
	Alive and event-free at 10

	4
	11 years and 8 months old
	M
	137
	Abdominal pain
	None
	Two cycles of neoadjuvant therapy/surgery/chemotherapy
	18.2% after one cycle; 43.2% after two cycles
	SD
	Alive and event-free at 7

	5
	6 years and 8 months old
	M
	136
	[bookmark: RANGE!E9]Abdominal mass
	Retroperitoneal lymph node metastasis
	Two cycles of neoadjuvant therapy/surgery/chemotherapy
	17.6% after one cycle; 47.3% after two cycles
	SD
	Alive and event-free at 3

	6
	5 years and 3 months old
	M
	148
	Jaundice
	None
	Neoadjuvant therapy/surgery/chemotherapy
	48.80%
	PR
	Alive and event-free at 2


PR: Partial response; SD: Stable disease; NAT: Neoadjuvant therapy.
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