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Abstract
Hepatocellular carcinoma (HCC) is one of the most common cancers and the third highest cause of cancer-associated mortality worldwide. The treatment of HCC is complicated by its variable biological behavior and the frequent coexistence of chronic liver disease, particularly cirrhosis. To date, multiple treatment modalities have been developed according to the stage of the tumor and the hepatic functional reserve, including transarterial treatments such as transarterial chemoembolization, transarterial oily chemoembolization (TOCE), and hepatic arterial infusion chemotherapy (HAIC). We conducted a phase I and II study of the combination therapy with double platinum agents, miriplatin and cisplatin, and confirmed its safety and efficacy. Here, we describe two cases of unresectable HCC who were successfully treated by miriplatin-TOCE/cisplatin-HAIC combination therapy, resulting in complete responses with no significant adverse events. This report will provide that the combination therapy can be the therapeutic option for HCC patients in the advanced stage.
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Core tip: To date, multiple treatment modalities of hepatocellular carcinoma (HCC) exist; however, only liver transplantation or surgical resection is curative. Hepatic resection remains the most frequently performed treatment modality, but curative resection cases are limited. Therefore, palliative treatment options are necessary, including transarterial chemoembolization, transarterial oily chemoembolization (TOCE), and hepatic arterial infusion chemotherapy (HAIC). We conducted a clinical trial of combination therapy with miriplatin-TOCE and cisplatin-HAIC and demonstrated its safety and efficacy for patients with unresectable HCC. Here, we presented two cases who showed good response after the several sessions of the combination therapy. 
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most common cancer and the third highest cause of cancer-associated mortality worldwide[1,2]. The treatment of HCC is complicated by its variable biological behavior and the frequent coexistence of chronic liver disease, particularly cirrhosis. To date, multiple treatment modalities exist; however, only liver transplantation or surgical resection is curative. Hepatic resection remains the most frequently performed treatment modality, but curative resection cases are limited[3,4]. Another curative treatment is ablation therapy, including radiofrequency ablation (RFA). These treatments have been adopted for patients who are in Child-Pugh A or B cirrhosis states and have fewer than three tumors, all of which are less than 3 cm in diameter[5]. For many patients whose diagnosis does not fit these criteria, palliative treatment options are necessary, including transarterial treatments such as transarterial chemoembolization (TACE), transarterial oily chemoembolization (TOCE), and hepatic arterial infusion chemotherapy (HAIC). 
Among these therapeutic options, TOCE showed equivalent therapeutic effect to TACE for many HCC patients with low hepatic reserve in a randomized phase III trial using zinostatin stimalamer dissolved in lipiodol[6]. Additionally, miriplatin, a third-generation platinum agent that forms a stable suspension with lipiodol[7], was developed for TOCE in HCC and approved for clinical use in Japan as a novel chemotherapeutic agent[8-14]. On the other hand, HAIC can affect larger areas of the liver without reducing hepatic arterial flow[15]. As the chemotherapeutic agent used in HAIC, a multicenter phase II study in patients with unresectable HCC using cisplatin (CDDP), a first-generation platinum agent, revealed that the response rate with CDDP powder (DDP-H, IA-call®; Nippon Kayaku, Tokyo, Japan) was better than that with other chemotherapeutic agents, such as epirubicin[16] and mitomycin C[17]. Based on these results, we decided to combine TOCE using miriplatin with HAIC using CDDP to improve the efficacy and decrease the risk of hepatic failure. We conducted a phase I study of the combination therapy and determined that both miriplatin and DDP-H can be administered up to the maximum tolerated dose (MTD) of each drug without additional adverse effects[18]. Along with these results, we conducted a phase II study and confirmed the efficacy and safety of the combination therapy in cases with multiple HCC. Here, we report two cases of patients with unresectable HCC who were successfully treated by miriplatin-TOCE/DDP-H-HAIC combination therapy, resulting in complete responses with no significant adverse events.

CASE REPORT
Case presentation
Case 1: A 37-year-old Japanese woman diagnosed with multiple liver tumors was referred to our hospital. She had been a heavy drinker for 20 years. Her physical examination revealed no remarkable changes, and laboratory analysis provided the following results (Table 1): All viral markers, including hepatitis B virus (HBV) and hepatitis C virus (HCV), were negative (HBs Ag 0.32 mIU/mL, anti-HBs 0.01 IU/mL, anti-HBc 0.04 S/CO, anti-HCV 0.03 S/CO). Platelets (7.4 × 104/μL) showed a mild decrease, but serum aspartate aminotransferase (28 IU/L), alanine aminotransferase (20 IU/L), total bilirubin (0.8 mg/dL), albumin (4.5 g/dL), and prothrombin time (PT) (85%) were within normal ranges. Her Child-Pugh grade was A with a score of 5 points. There was no specific familial history of diseases. 
Contrast-enhanced ultrasonography (CEUS) using a perflubutane microbubble agent (Sonazoid, Daiichi Sankyo, Tokyo, Japan), angiography, and Gd-EOB-DTPA-enhanced magnetic resonance imaging (EOB-MRI) were performed and showed multiple tumors in the both lobes of the liver (Figure 1). Ultrasonography showed multiple low echoic masses of various sizes, with the maximum diameter of 2.1 cm in the left lobe. CEUS performed for the real-time observation of tumors and hepatic blood flow showed blood flow in the vascular arterial phase in the tumorous lesions with low echoic areas in the Kupffer phase (Figure 1A and B). MRI showed T1 hypointense tumors in both lobes of the liver (Figure 1C). EOB-MRI showed hyperintense tumors with hepatic blood perfusion in the arterial phase (Figure 1D). These tumors were clearly shown to have a drainage of blood perfusion in the delayed phase (Figure 1E), and marked as typical hypointensity tumors in the hepatobiliary phase (Figure 1F). Angiography showed multiple hypervascular tumor staining by the selective hepatic angiogram through the feeding arteries (Figure 1G and H). Although the imaging studies showed typical images for HCC, to confirm the histological diagnosis, we performed a liver biopsy of the tumorous area in the left lobe and confirmed it to be HCC. 
Based on these results, the patient was diagnosed with multiple HCCs with liver cirrhosis due to alcohol abuse. Because of the bilaterality and multiplicity of the tumors, we performed transhepatic arterial chemotherapy using a combination therapy. DDP-H was administered as HAIC through the hepatic arteries covering the lobes of the liver with tumors at a concentration of 1.43 mg/mL in saline at a rate of 3 mg/min. Miriplatin was administered through the tumor feeders at a concentration of 20 mg/mL in lipiodol up to 120 mg/body. No other medication was adopted during the procedure. To date, we have performed this treatment in eight sessions without severe adverse events in any session. Dynamic contrast-enhanced CT demonstrated significant improvements in the HCCs after eight sessions of treatment (Figure 2). Based on the REIST classification, her clinical course was classified as a complete response (CR), and no recurrences were seen 2 years after the last therapy, the period of follow-up. The clinical course and time-dependent changes of serum biochemical analyses are shown in Figure 3. AFP showed decreasing whereas albumin, and PT did not change significantly during the eight sessions of combination therapy. This result suggests that this combination therapy can be performed safely and repeatedly without severe adverse events.

Case 2: A 43-year-old Japanese woman was referred to our hospital for rupture of esophageal varices. We performed endoscopic variceal ligation (EVL) for the varices. CT revealed multiple tumors in bilateral lobes of the liver. CEUS and EOB-MRI showed clear enhancement in the arterial phase with detection as low echoic areas in Kupffer phase (Figure 4A and B). T1-weighted MRI revealed a hyperintense tumor with film structure (Figure 4C). EOB-MRI showed a hypointensity tumor in the hepatobiliary phase in the S5 lesion with hepatic blood perfusion in the arterial phase (Figure 4D and E). Several tumorous lesions in the liver besides the S5 lesion were detected as enhanced tumors in the arterial phase of the EOB-MRI study (Figure 4F). Because tumor markers were normal, including carcinoembryonic antigen, carbohydrate antigen 19-9, alpha-fetoprotein (AFP), and des-γ-carboxy prothrombin, angiography was performed for the evaluation of these tumorous lesions which showed multiple hypervascular areas of tumor staining by the selective hepatic angiograms (Figure 4G) followed by the histological diagnosis of HCC by tumor biopsy. 
Based on these findings, we diagnosed the patient with multiple HCCs. Laboratory results before the treatment of these tumors (Table 2) showed reduced levels of hemoglobin (10.2 g/dL), platelets (8.6 × 104/μL), cholinesterase (124 IU/L), prothrombin (52%), and albumin (3.1 g/dL) and increased aspartate aminotransferase (63 IU/L), alanine aminotransferase (49 IU/L), γ-glutamyl transpeptidase (83 IU/L), and alkaline phosphatase (471 IU/L). The physical examination showed no remarkable findings and no signs of hepatic encephalopathy or flapping tremor. Based on these results, her Child-Pugh grade was determined to be B with a score of 7 points. All viral markers, including HBV and HCV, were negative (HBs Ag 0.02 mIU/mL, anti-HBs 0.01 IU/mL, anti-HBc 0.02 S/CO, and anti-HCV 0.11 S/CO).
Based on the multiplicity of tumors and the poor hepatic reserve function, we decided to perform combination therapy with the same protocol as described for case 1. Dynamic contrast-enhanced CT demonstrated significant improvement after three sessions of treatment and because this combination therapy was successful for all other tumors, we performed an additional RFA for the tumor in S5 lesion, suspected of retaining a small part of the tumor. (Figure 5). To date, the RECIST evaluation achieved CR, no recurrences were seen for 1 year, the period of follow-up, and no adverse events have been seen. 
The clinical course and time-dependent changes of serum biochemical analyses are shown in Figure 6. There were no significant changes in AFP, albumin, or PT during the three sessions of combination therapy or during RFA using Cool-tip®; Medtronic, MN, United States). This result suggests that we can perform this combination therapy safely and repeatedly without adverse events, as with case 1.

DISCUSSION
In this report, we have shown two representative cases with unresectable HCC that were successfully treated by miriplatin-TOCE/DDP-H-HAIC combination therapy, resulting in a CR. Because the therapeutic strategy is determined according to the stage of the tumor and the hepatic functional reserve, several therapeutic options, including surgical resection, RFA, and heavy particle radiotherapy, can be adopted as loco-regional control for cases of limited HCC[19,20]. The use of TACE is strictly limited because it requires a higher hepatic functional reserve[21-25]. However, in a randomized phase III trial of zinostatin stimalamer dissolved in lipiodol, TOCE demonstrated a therapeutic effect, with no difference in the anti-tumor effect in comparison with TACE, for HCC patients with low hepatic reserve[6] TOCE has served as a therapeutic option for patients in advanced stages of HCC with poor hepatic reserve. Miriplatin was developed for TOCE in HCC because it gradually releases active derivatives in situ, enabling the continuous release of platinum in the tumor while avoiding systemic release and toxicity[7]. It has been used since 2010. To date, there have been some reports of the safety and efficacy of miriplatin-TOCE in patients with HCC[26]. Otsuji recently reported that the efficacy and safety of miriplatin for HCC were on the same level as the efficacy and safety of DDP-H in a randomized controlled trial[27]. Compared with TACE and TOCE, HAIC can affect larger areas of the liver without reducing hepatic arterial flow because no embolization was combined. Although various chemotherapeutic agents have been used for treating HCC[16,17], platinum agents achieved a better response rate in a multicenter phase II study enrolling patients with unresectable HCC[28]. Based on these results and the fact that miriplatin showed no cross-resistance with different generations of platinum agents[29], we conducted a phase I study[18] and a phase II study of combined therapy with miriplatin-TOCE and DDP-H-HAIC and demonstrated its safety and efficacy for patients with unresectable HCC. In fact, we could repeat the miriplatin-TOCE/DDP-H-HAIC combination therapy for the two cases in the present study without severe adverse effects. The combination therapy may have some adverse events for specific cases with poor hepatic functional reserve. A further study should be conducted to confirm the efficacy and safety of miriplatin-TOCE/DDP-H-HAIC combination therapy for a larger number of patients with poor hepatic functional reserve.

Conclusions
We report two representative cases of patients with unresectable HCC that was successfully controlled by miriplatin-TOCE/DDP-H-HAIC combination therapy. This report suggests that the combination therapy can be performed safely and repeatedly for patients with advanced HCC.

COMMENTS
Case characteristics
Two cases with unresectable hepatocellular carcinoma (HCC).

Clinical diagnosis
HCC diagnosed with multiple imaging modalities.

Differential diagnosis
The imaging modalities clearly demonstrated the typical patterns of HCC.  

Laboratory diagnosis
Mild liver injury and increase of tumor markers including alpha-fetoprotein and DCP.

Imaging diagnosis
CEUS showed blood flow in the vascular arterial phase in the tumorous lesions with low echoic areas in the Kupffer phase. Magnetic resonance imaging showed T1 hypointense and hyperintense with hepatic blood perfusion in the arterial phase. Hypointense in the delayed phase and marked as typical hypointensity tumors in the hepatobiliary phase. 

Pathological diagnosis
HCC. 

Treatment
Combination therapy of miriplatin-transarterial oily chemoembolization and cisplatin-hepatic arterial infusion chemotherapy 

Experiences and lessons
This report suggests that the combination therapy can be performed safely and repeatedly for patients with advanced HCC.

Peer-review
These cases appear to have responded which may be an important finding.
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Figure 1 Contrast-enhanced ultrasonography images of case 1 on the admission. A: The vascular arterial phase; B: The Kupffer phase; EOB-MRI images of case 1: C: T1-weighted MRI image; D: The arterial phase; E: The portal phase and (F) the hepatobiliary phase of EOB-MRI; G and H: Angiography images of case 1 before the combination therapy. EOB-MRI: Gd-EOB-DTPA-enhanced magnetic resonance imaging.
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Figure 2 The representative dynamic contrast-enhanced CT images of case 1 before and after eight times of combination therapy. A-C: White arrows indicate tumors before the combination therapy; D-F: White arrows with dotted line indicate the tumor disappearance after eight times of combination therapy.
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Figure 3 Changes in alpha-fetoprotein, albumin and prothrombin time after eight combination therapy. None of them did show a significant change after each session. PT: Prothrombin time; AFP: Alpha-fetoprotein.
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Figure 4 Contrast-enhanced ultrasonography images of case 2 before the combination therapy. The vascular arterial phase (A) and the Kupffer phase (B) of Contrast-enhanced ultrasonography. EOB-MRI images of case 2: C: T1-weighted MRI image; D: The arterial phase; E: The hepatobiliary phase of EOB-MRI; F: Several tumorous lesions in the liver besides S5 lesion in the arterial phase of EOB-MRI study; G: Angiography images of case 1 before the combination therapy. White arrows indicate multiple hypervascular areas of tumor staining. EOB-MRI: Gd-EOB-DTPA-enhanced magnetic resonance imaging.
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Figure 5 The representative dynamic contrast-enhanced CT images of case 2 before and after three times of combination therapy and radiofrequency ablation. A and B: White arrows indicate tumors before treatment; C and D White arrows with dotted line indicate tumors disappearance or reduction after three times of combination therapy and radiofrequency ablation.
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Figure 6 Changes in alpha-fetoprotein, albumin and prothrombin time after three combination therapy and radiofrequency ablation. None of them did show a significant change after each treatment. PT: Prothrombin time; AFP: Alpha-fetoprotein.


Table 1 Results of laboratory investigation of case 1 on the day of the admission
	Hematology
	
	Biochemistry
	
	
	

	WBC
	5100/μL
	TP
	7.3 g/dL
	Na
	142 mEq/L

	RBC
	399 × 10⁴/μL
	Alb
	4.5 g/dL
	K
	2.9 mEq/L

	Hb
	14.1 g/dL
	BUN
	7 mg/dL
	Cl
	101 mEq/L

	Ht
	41.8%
	Cre
	0.44 mg/dL
	CRP
	0.50 mg/dL

	PLT
	7.4 × 10⁴/μL
	T-Bil
	0.8 mg/dL
	AFP
	7 ng/mL

	Coagulation
	
	D-Bil
	0.1 mg/dL
	AFP-L3
	< 0.5%

	PT
	85%
	AST
	28 IU/L
	PIVKA II
	24 mAU/mL

	
	
	ALT
	20 IU/L
	CEA
	5.8 ng/mL

	
	
	ChE
	211 IU/L
	CA 19-9
	68 U/mL

	
	
	LDH
	181 IU/L
	
	

	
	
	γ-GTP
	256 IU/L
	
	







Table 2 Results of laboratory investigation of case 2 before miriplatin- transarterial oily chemoembolization/DDP-H-hepatic arterial infusion chemotherapy combination therapy


	Hematology
	
	Biochemistry
	
	
	

	WBC
	3980 /μL
	TP
	7.0 g/dL
	Na
	138 mEq/L

	RBC
	344 × 10⁴/μL
	Alb
	3.1 g/dL
	K
	3.5 mEq/L

	Hb
	10.2 g/dL
	BUN
	11 mg/dL
	Cl
	106 mEq/L

	Ht
	30.0%
	Cre
	0.45 mg/dL
	CRP
	0.16 mg/dL

	PLT
	8.6 × 10⁴/μL
	T-Bil
	0.7 mg/dL
	AFP
	4 ng/mL

	Coagulation
	
	D-Bil
	0.1 mg/dL
	AFP-L3
	< 0.5%

	PT
	52%
	AST
	63 IU/L
	PIVKA II
	< 15 mAU/mL

	
	
	ALT
	49 IU/L
	CEA
	2.2 ng/mL

	
	
	ChE
	124 IU/L
	CA 19-9
	40 U/mL

	
	
	LDH
	143 IU/L
	
	

	
	
	γ-GTP
	83 IU/L
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