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Abstract
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]AIM: To evaluate the downstaging rates in hepatitis C virus-patients with hepatocellular carcinoma (HCC), treated with degradable starch microspheres transcatheter arterial chemo-embolization (DSM-TACE), to reach new-Milan-criteria (nMC) for transplantation. 

METHODS: This study was approved by the Ethics Committee of our institution. From September 2013 to March 2014 eight patients (5 men and 3 women) with liver cirrhosis and multinodular HCC, that did not meet new Milan Criteria at baseline, were enrolled in this study. Patients who received any other type of treatment such as termal ablation or percutaneous ethanol injection were excluded. DSM-TACE was performed in all patients using EmbocepetS and doxorubicin. Baseline and follow-up computed tomography or magnetic resonance imaging was assessed measuring the longest enhancing axial dimension of each tumor according to the modified Response Evaluation Criteria In Solid Tumors measurements, and medical records were reviewed.

[bookmark: result_box]RESULTS: DSM-TACE was successfully performed in all patients without major complication. We treated 35 lesions (mean 4, 3 per patient). 6 of 8 patients (75%) had their HCC downstaged to meet new Milan criteria. Every patient whose disease was downstaged eventually underwent transplantation. The six patients who received transplant were still living at the time of this writing, without recurrence of HCC. Baseline age (P = 0.25), Model for End-stage Liver Disease score (P = 0. 77), and α-fetoprotein level (P = 1.00) were similar between patients with and without downstaged HCC. 

CONCLUSION: DSM-TACE represents a safely and effective treatment option with similar safety and efficacy of conventional chemoembolization and could be successfully performed also for downstaging disease in patients without nMC, allowing them to reach liver transplantation.
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Core tip: Liver transplantation is the standard of care for select patients with hepatocellular carcinoma (HCC) and cirrhosis and recently more transplant centers use the new Milan criteria to assess the candidacy of HCC patients for liver transplantation. This manuscript reports a preliminary experience on the HCC treatment in liver transplant candidates without new Milan criteria, using a new technique of transcatheter arterial chemoembolization with degradable starch microspheres (DSM-TACE). Providing a temporary embolization DSM-TACE allows to treat more patients with an impaired liver function reducing toxicity due to standard arterial embolization. Moreover good down-staging rates after repeated DSM-TACE were successfully achieved.
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INTRODUCTION
Currently, trans-arterial chemoembolization (TACE) represents the most accepted and widely used treatment for large or multinodular hepatocellular carcinoma (HCC), notably in patients with a relatively preserved liver function without vascular invasion and/or extra-hepatic spread[1].
HCC ranks as the third most common cause of cancer-related death and is the sixth most common form of cancer worldwide[2].
The purpose of TACE is to reach high and lasting concentrations of chemotherapeutic drugs in the tumor site in order to increase their uptake by neoplastic cells, reducing at the meantime systemic side effects.
Nevertheless, liver transplantation (LT) remains the ideal treatment for small HCC resulting from chronic liver disease. Given the difference between donor organ availability and need, rigorous inclusion criteria, named the Milan criteria, have been originally adopted to warrant tumor free survival after LT. They was defined as having a single tumor 5 cm or less in diameter in patients with single HCC, or up to 3 separate lesions  < 3 cm and without microscopic vascular invasion or extra-hepatic spread[3].
[bookmark: result_box1][bookmark: result_box2][bookmark: result_box3][bookmark: result_box4]The excessive intransigence of those criteria has been a matter of debate, with some groups questioning their restrictive settings[4,5]. Afterwards, the tendency of the Milan group was to make the previous criteria less stringent, so were developed new ones called the up-to-seven criteria [new Milan criteria (nMC)]: hepatocellular carcinomas with seven as the sum of the size of the largest tumor (in cm) and the number of tumors[6]. Several studies have then evaluated their reliability and usefulness in assessing the possible candidates for liver transplantation among patients with HCC[7,8]. Nevertheless, albeit have been analyzed all over the world, Up-to-seven criteria have not been as widely accepted as the Milan criteria.
In prospective studies on selected patients with HCC, loco-regional treatments has been shown both to downstage the disease and to confer acceptable disease free survival after liver trasplantation. Several locoregional treatment for downstaging may be used[9,10]. Green et al[10] using doxorubicin-eluting bead transarterial chemoembolization showed that a treatment with drug eluting beads (DEB) has a high likelihood (77%) of downstaging the disease so that it can meet Milan criteria. 
Nevertheless, by interrupting blood flow to the tumor, TACE induces necrosis at the site of disease but it may create conditions that permit or even encourage angiogenesis[11]. 
A recent study performed by Pieper et al[12] in a swine model demonstrated that using degradable starch microspheres (DSMs) a short term embolization can be achieved (30 minutes), without significant hystological differences in damage between treated or untreated liver. Thus, using DSMs it is possible to avoid the paradoxical angiogenetic effect due to ischemia[13], emphasizing the effects of arterial chemotherapy.
As reported by Furuse et al[14] in their work, DSM TACE should not be employed as a single session therapy but needs to be performed at least three times until there was evidence of disease progression or unacceptable toxicity.
Anyhow this procedure is well tolerated by the patients and it could be safe also in those with a severe hepatic disease, even with a Child Pugh score C.
The aim of our work is to assess downstaging rates in patients with HCC using DSM TACE and doxorubicin, in order to meet new Milan criteria and to create conditions allowing liver transplantation.

MATERIALS AND METHODS 
The herein described study was approved by the Ethics Committee of our institution. The Child-Pugh score, the Model for End Stage Liver Disease (MELD score), radiological and pathological tumor classification according to nMC, demographics (age, sex), etiology of cirrhosis, laboratory tests, imaging studies and pathology reports were recorded for each patient.
Exclusion criteria were an active peptic ulcer, unmanageable ascites or pleural effusion, hepatic encephalopathy, or any other preexisting medical condition of sufficient severity to prevent full compliance with the study. Moreover, patients who received any other type of treatment such as thermoablative treatment, or percutaneous ethanol injection were excluded.
All patients in our study were selected during the follow-up for liver cirrhosis and the opportunity of locoregional ablative treatment was carefully evaluated by a multidisciplinary team of hepatologists, surgeons, radiologists and interventional radiologists[15].
We have selected patients with a multinodular HCC that did not meet, at baseline, Milan Criteria. The diagnosis of HCC was set according to the guidelines of the European Association for the Study of the Liver (EASL, European Association for the Study of Liver)[16].
All patients underwent, within two weeks before treatment, a dynamic multislice CT (Light Speed 64 CT, GE Medical Systems, Milwaukee, United States) (Figure 1).
A dynamic CT evaluation following the DSM TACE treatment was performed to assess whether HCC patients were downstaged to meet the New Milan criteria.

Embolization technique
Under local anesthesia the right common femoral artery was punctured using the Seldinger approach and a 4-French sheath introducer was placed to secure the access site. Selective hepatic angiography was then performed with a 4-French (4-Fr) catheter. The tip of the catheter was placed in the proper hepatic artery or right and/or left hepatic artery to inject embolic agents (Figure 2).
A combination of DSM, at a concentration of 225 mg per 6 ml of contrast medium, and doxorubicin at a dose of 50 mg/m2, was injected until embolization of peripheral hepatic arteries was confirmed; the aforementioned procedure was repeated for three times every 4 to 6 wk.  

Imaging evaluations
All patients were scanned by contrast-enhanced CT (ceCT), at the baseline, within two weeks before the first DSM TACE. Thirty days after each DSM TACE, patients were re-assessed by ceCT.

ceCT protocol
To assess any changes in the size of the nodule and/or appearance of new lesions, multidetector ceCT scan was obtained with triphasic technique (30, 65 and 180 s) after intravenous administration of 125-175 mL of iodinate contrast medium (350 mg iodine/mL) depending on the body mass index of the patient, followed by administration of saline solution (20-30 mL) using an automatic injector at flow rates of 3-4 mL/s.
CT was performed with the following parameters: rotation time of 0.6 s; 2.5 to 5 mm thick sections with the possibility of back-reconstructions up to 0.6 mm; automatic milliamperage (mA) (min 300 mA, 450 mA max), 120 kV (Figure 2)

Assessment of treatment effectiveness 
Therapeutic response was determined on a lesion-by-lesion basis by evaluating morphological and vascularization changes in tumor between baseline and subsequent ratings based on ceCT.
The treatment response was evaluated according to modified Response Evaluation Criteria in Solid Tumors criteria[17]. Based on CT results, tumor response to treatment, were defined complete (CR, complete response) when there was disappearance of all signs of the lesion and no pathological enhancement was detectable on the edges of the area treated and partial or incomplete (PR, partial response) in case of a limited destruction of the lesion, with at least a 30% reduction in volume. A lesion not presenting such dimensional decrease or increase was considered stable disease (SD).

Statistical analysis
A descriptive statistics for baseline demographics and staging criteria were calculated.
Continuous variables were reported as the mean ± SD or the median (25%-75% interquartile range), depending on the variable distribution whereas categorical variables were reported as numbers and percentages. 
Recurrence-free survival was calculated from the day of the transplantation to the first evidence of tumor relapse during follow-up or, in patients without recurrence, to the most recent follow-up visit. Follow-up of those patients who died without evidence of recurrence was censored at the time of death.

RESULTS
From September 2013 to March 2014 eight patients (5 men and 3 women) with liver cirrhosis and multinodular HCC were enrolled in this study.
Demographics and clinical characteristic are reported in Table 1. 
The age of patients ranged from 56-64 years. Four patients were in Child-Pugh class B and four patients were in Child-Pugh class C. All of them had HCV-related cirrhosis, 2 patients had a coinfection with HBV and one had a combined HCV and alcohol related cirrhosis. 
The α-fetoprotein levels, registered before the procedure, were on average 14.9 ± 21.4 ng/mL. 
A total of 35 HCC nodules were treated, 25 of which were located in the right lobe (segments V-VIII) and 10 in the left lobe (segments I-IV). No major complications were observed after DSM TACE. The post-embolization syndrome (transient fever, abdominal pain, nausea) was the most common complication following chemoembolization; all side effects were successfully treated with medical therapy.
Six patients met the nMC and had downstaging of their disease (Figure 3). Two patients were considered non-downstaged.  Baseline age (P = 0.25), Model for End-stage Liver Disease score (P = 0.77), and α -fetoprotein (AFP) level (P = 1.00) were similar between patients with and without downstaged HCC.
Complete necrosis of tumor with no evidence of viable tumor on pathologic examination was observed in 4 patients. After the treatments 18/35 lesions were classified as CR, 12 as PR and 5 as SD. Microscopically, in all lesions classified as CR, tumor necrosis was mixed, both colliquative and coagulative. The median time spent on the waiting list was 3.3 months in patients downstaged with DSM TACE. All six patients downstaged were successfully transplanted and after three months from liver transplantation did not experience tumor recurrence.

DISCUSSION
One of the main drawbacks of LT in patients with HCC is the downtime on the waiting list while the risk of tumor progression increases, resulting in a cumulative probability of dropout from the waiting list of 7.2% for a 6-mo waiting time, which rises to 37.8% and 55.1% for 12 and 18 mo of waiting time, respectively[18].
Thirteen years after the Milan criteria were developed, the Mazzaferro group developed more indulgent criteria called the up-to-seven criteria (new Milan criteria). In their study, the 5-year overall survival rate for Milan group patients was 73.3% and overall survival rate was 71.2%[5]. 
Afterwards, numerous studies have appraised the effectiveness of adopting the up-to-seven criteria as inclusion criteria for HCC LT. Similar post liver transplantation survival rates among patients were demonstrated in a study by de Ataide et al[19]. They directly compared the long-term outcomes of an up-to-seven criteria group, whose survival rates of 87.7%, 74.5% and 65.3% at 1, 3, and 5 years were similar to those in patients meeting the Milan criteria.
In our preliminary experience we achieved a downstaging disease within the nMC in 75% of patient treated with DSM-TACE. Moreover these patients were successfully transplanted without any complication. 
In a study by Green et al[10] with DEB TACE in patient with T3N0M0 HCC, were obtained survival rates quite comparable with our results with an high likelihood (77%) of downstaging the disease to meet Milan criteria.
In another recent work by Nicolini et al[20] on recurrence-free survival after liver transplantation in patients with hepatocellular carcinoma, were assessed the possible effect of two different types of preoperative transcatheter arterial chemoembolization (TACE). Additionally, the effects of TACE on tumor were histologically analyzed. The authors used conventional Lipiodol TACE and drug eluting beads (DEB) TACE gaining better result with the latter treatment.
DEB-TACE could effectively promote tumor necrosis and improving recurrence-free survival after LT in HCC. In the authors’ opinion the best result carried out with DEB TACE was mostly due to the increase of intra-tumor drug delivery. Indeed there are 3 main pharmacokinetic advantages associated with DEB TACE: a long lasting elution of the drug, an higher concentration distributed locally into the tumor and a lower systemic exposure to the drug in comparison with conventional-TACE[21]. 
Degradable starch microspheres were developed to avoid a permanent occlusion of blood flow to the tumor, a condition which could permit or even encourage angiogenesis.
The microspheres are 45 ± 7 × 10-6 m in diameter and descend until the arteriole/capillary level, where they lodge[22]. The duration of occlusion in the hepatic arteries by DSM may range between 30 and 80 min. An anticancer drug coadministered with DSM is selectively trapped with DSM in small arteries, and is concentrated in areas of liver tumor. Consequently, the activity of the drug is expected to increase in effectiveness and durability. Thus, in light of the expected reduction in toxicity levels and adverse events, it could be used safety in patients with Child C or a high MELD score.
In this respect, Niessen et al[23] shown that patients with unresectable intermediate-stage hepatocellular carcinoma had a lower increase in aminotransferase when they were treated with DSM TACE compared to patients treated with doxorubicin and Ethidiol TACE. In our experience the procedure with DSM TACE was well tolerated by patients and no major complications were seen.
However, the present study results have to be viewed with caution because this is a preliminary experienced with a relative new type of chemoembolization agent and because of the small number of patients and the relative short time of follow-up after the LT.
These concerns were also expressed by Sotiropoulos et al[24] who, in a letter to Mazzaferro and his colleagues, stated that although the up-to-seven criteria are based on objective tumor characteristics such as tumor size, tumor number and microvascular invasion, these aspects represent pathology findings and not preoperative objective tumor characteristics. Hence, they conclude that the up-to-seven criteria are illusive and not applicable in clinical practice[24]. 
Anyhow, in our experience, DSM TACE represents an effective treatment option with a similar safety and efficacy as a conventional TACE (Lipiodol or DEB), and could be safety and successfully used in patients without nMC for downstaging disease.

COMMENTS
Background
The paper trys to evaluate the possible down-staging rate using degradable starch microspheres transcatheter arterial chemoembolization (DSM-TACE) in hepatocellular carcinoma (HCC) patients without New Milan Criteria. Liver transplantation (LT) remains the ideal treatment for small HCC and several locoregional treatment for downstaging may be used when patients were out from transplant criteria. DSMs are new materials for embolization which permit to obtain a good results also in patients with an unpaired liver function.

Research frontiers
This new technique permits to dowsntage HCC patients without new Milan Criteria saftely and with a good results in term of tumor response and tollerability.

Innovations and breakthroughs
This is the first study where DSM TACO was used to obtain a down staging disease in patients with multi-nodular HCC. Previous study evaluated the efficacy of conventional TACE and drug eluting beads-TACE.

Applications
DSM-TACE represents an effective simple treatment option with a similar safety and efficacy as a conventional TACE. Transient occlusion of tumor feeding arteries permits to obtain good results in terms of tumor response without significant worsening liver function. It can be used safety in multifocal and multi-nodular HCC even when HCC has a bilobar localization.

Terminology
DSM: Degradable starch microspheres. The starch microspheres consist of a three-dimensional, cross linked hydrophilic starch matrix, which swells heavily in a water suspension environment (the specific diameter refers to its swollen state) and are completely degradable by amylase. 

Peer-review
It is very interesting research work.
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[bookmark: _GoBack]Figure 1 Contrast enhanced computed tomography in patient with multinodular hepatocellular carcinoma before the degradable starch microspheres transcatheter arterial chemoembolization not in agreement with new-Milan criteria (nMC). The enhanced computed tomography (eCT) images show 5 hypervascular lesions, in the patients with a score of 8 using the nMC. A: Hepatocellular carcinoma (HCC) on VII segment with maximum diameter of 14 mm; B: HCC on VIII segment with maximum diameter of 10 mm; C: HCC on VII segment with maximum diameter of 12 mm; D: HCC on VIII segment with maximum diameter of 31 mm; E: HCC on IV-II segment with maximum diameter of 14 mm.
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Figure 2 Hepatic intraprocedural angiograms show staining of multiple tumors, which are diagnosed as hepatocellular carcinoma. A-B: Early arterial digital subtraction angiography (DSA) phase; C: Late parenchymal DSA phase.
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Figure 3 Enhanced computed tomography control after degradable starch microspheres transcatheter arterial chemoembolization shows a complete response of 4/5 lesions in well downstaged patient. After degradable starch microspheres transcatheter arterial chemoembolization patients had a new-Milan-criteria score of 4. A: Complete response of hepatocellular carcinoma (HCC) nodule on VIII segment and (B) on VII segment (white arrows); C-D: Partial response of HCC nodules (red and white arrows).
Table 1 Demographics and clinical characteristics of the series

	Characteristics
	

	Gender (male), n
	5

	Mean Age (yr) ± SD
	59 ± 6

	Mean aspartate aminotransferase levels (IU/L) ± SD 
	68.8 ± 53

	Mean alanine transaminase levels  (IU/L) ± SD 
	62.5 ± 65

	Mean gamma-glutamyl-transpeptidase levels (IU/L) ± SD 
	156 ± 211

	Mean creatinine levels (mg/dL) 
	0.86 ± 0.25

	Mean international normalized ratio 
	1.2 ± 0.1

	Mean platelet levels (103/μL) ± SD 
	975000 ± 57000

	Mean alfa fetoprotein (IU/mL) ± SD
	60.9 ± 21.4
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