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Abstract

:

Thermal ablation plays an important role in the treatment of extrahepatic metastasis of hepatocellular carcinoma (HCC). Yet laser ablation (LA), as a safe thermal ablative modality, is less investigated in this field. In this study, the safety and local effectiveness of LA in the treatment for the extrahepatic metastasis of HCC were evaluated. From May 2012 to May 2019, 17 patients (13 males and 4 females; mean age, 54.1 ± 14.6 years; age range, 34–80 years), who underwent LA for treatment of extrahepatic metastasis of HCC at the First Affiliated Hospital of Sun Yat-sen University, were retrospectively enrolled in this study. Local effectiveness, complications, local tumor progression (LTP), and overall survival (OS) were evaluated. Finally, a total of 28 LA treated extrahepatic metastatic lesions of HCC were reviewed. Neither LA-related mortality nor major complication occurred. Complete ablation (CA) was achieved in 20 out of 28 lesions (71.4%). During the follow-up (mean, 19.5 ± 12.8 months; range, 5–42.7 months), LTP developed in 4 out of 20 lesions with CA (20%). Four patients died of tumor progression or multiple organ dysfunction syndrome. The accumulative one- and three-year OS rates were 79.0% and 65.8%, respectively. In conclusion, LA is a safe and effective therapeutic option in the treatment of extrahepatic metastasis of HCC. Further studies are necessary to evaluate the benefit of LA.
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1. Introduction


Hepatocellular carcinoma (HCC) is one of the most common malignancies worldwide, claiming approximately 700,000 deaths per year [1,2]. The Barcelona Clinic Liver Cancer (BCLC) staging system is a recommended staging model for HCC, endorsed by major academic societies of liver disease [3]. According to the BCLC staging, liver resection remains one of the first-line treatments for patients with early-stage HCC. However, it is reported that the cumulative five-year recurrence rate after liver resection is over 60%, owing to its nature of recurrence [4]. Recurrent HCC presences more severe aggressiveness, including extrahepatic metastasis or vascular invasion, and causes the majority of deaths [5]. For patients with advanced-stage HCC, systemic therapy is recommended and Sorafenib has acted as the first-line systemic agent in the past decade [6]. Other systemic agents such as Lenvatinib have shown noninferior performance in overall survival compared with Sorafenib in advanced HCC [7]. In addition, immune checkpoint inhibitors (anti-PD-1, anti-PD-L1, and anti-CTLA-4 antibodies) have exhibited potential therapeutic effects in advanced HCC [8,9,10].



Previous studies have demonstrated that Sorafenib combined with locoregional tumor control was superior to Sorafenib alone in improving long-term outcomes in advanced HCC [5,11,12]. Radiofrequency ablation (RFA), the most popular and widely used thermal ablation modality, is playing an important role not only in the treatment of early-stage HCC with curative intention, but also in the management of advanced-stage HCC as an adjuvant. The application of RFA in extrahepatic metastasis of HCC to the lung, bone, adrenal glands, and other locations has been reported in previous studies [13,14,15,16,17]. Laser ablation (LA), however, is less investigated and hardly used than that of RFA for now. LA is a minimally invasive method that kills tumors in solid organs by directing low-power laser energy inside a tumor tissue through one or more optic fibers [18]. With energy absorption and conversion, temperature within the tumor reaches up to 140 °C, resulting in coagulative necrosis [19]. Compared with RFA, LA is considered a safer option for HCC patients with “critical lesions” which are at high-risk locations where RFA is considered to be aggressive [20,21,22,23]. For extrahepatic metastases in the hepatic portal or retroperitoneal space, LA has advantages than RFA in the following aspects. First, the delivered energy is concentrated, resulting in a relatively small ablative zone and less damage to the surrounding tissue [24]. Second, the laser beam is propagated through optic fibers encapsulated in a 21-gauge needle that causes minimal puncture injury and minimizes the risk of severe complications such as fatal hemorrhage [25]. However, data on the management of extrahepatic metastasis of HCC by LA are scarce [25,26,27].



The purpose of our study was to evaluate the safety and local effectiveness of US-guided percutaneous LA in the treatment of extrahepatic metastatic HCC at various locations.




2. Materials and Methods


The protocol of this single-center retrospective study was approved by the Institutional Review Board of the First Affiliated Hospital of Sun Yat-sen University and the requirement for informed consent was obtained from all patients after the nature of the procedures had been fully explained.



A retrospective study was carried out to review patients who underwent US-guided percutaneous LA for extrahepatic metastasis after the initial treatment of intrahepatic HCC lesions in the First Affiliated Hospital of Sun Yat-sen University from May 2015 to May 2019. Eventually, 17 consecutive patients were enrolled in the study. The diagnosis and evaluation of extrahepatic metastatic lesions were based on imaging data including contrast-enhanced computed tomography (CECT), contrast-enhanced magnetic resonance imaging (CEMRI), contrast-enhanced ultrasound (CEUS) or positron emission tomography/computed tomography (PET/CT). All patients were examined and evaluated by an interdisciplinary tumor board including surgeons, radiologists, hepatologists, and oncologists. All patients had a history of curative treatment for HCC including surgical resection or thermal ablation. None of the patients was suitable for surgical resection of the extrahepatic metastatic lesions. The patients were neither suitable for RFA nor other thermal ablations, due to the location of the lesions being adjacent to important organs. The inclusion criteria were as follow: (1) aged 18–80 years; (2) previous initial treatment for primary HCC with curative intention, and confirmed extrahepatic metastases to organs or cavities visible by US/CEUS; (3) extrahepatic metastases at high-risk locations for RFA (less than 1cm from a major blood vessel, gastrointestinal tract or important organs such as kidney or spleen); (4) the largest extrahepatic metastases ≤5 cm in diameter; (5) preserved liver function at Child–Pugh Grade A or B; (6) an Eastern Cooperative Oncology Group (ECOG) performance status 0 or 1; (7) no severe coagulopathy (e.g., platelets <50,000/mL, prothrombin time ratio ≥50%); (8) absence of other major comorbidities (severe cardiopulmonary diseases, cerebrovascular disease, infection, etc.).



For each patient, age, gender, etiology, liver function test (albumin, total bilirubin), alpha-fetoprotein level (AFP), platelet account (PLT), size, and number of lesions were collected within one week before the LA. The Child–Pugh score and albumin–bilirubin (ALBI) score were calculated according to each formula [28].



2.1. LA Procedure


The LA equipment and procedure were described in a previous study [18]. Laser ablation was performed by a diode laser beam fiber ablation system (Echolaser X4, Elesta s.r.l., Florence, Italy) in a continuous mode, at 1064 nm of the wavelength of which the penetration of light in the infrared spectrum is optimal [25]. The beam was propagated through 300 µm quartz-core bare fibers (Bare Fiber PLA L, Asclepion Laser Technologies, Jena, Germany) with a flat tip inserted through 21-gauge needles. LA was guided and monitored by real-time ultrasound using Acuson Sequoia 512 (Siemens Medical Solutions, Mountain View, CA, USA) equipped with a 4V1 vector transducer (frequency range, 1.0–4.0 MHz), or Aplio 500 (Toshiba Medical Systems, Tokyo, Japan) equipped with a PVT-375 BT convex transducer (frequency range, 1.9–6.0 MHz). Pre-LA CEUS examination was performed with the same ultrasound equipment.



All procedures of LA were performed by a single experienced operator (X.Y.X. with experience in tumor ablation more than 20 years) with the real-time ultrasound guidance. LA was performed with conscious analgesic sedation (intravenous administration of 0.1 mg of fentanyl, 5 mg of droperidol, and 0.1 mg of tramadol hydrochloride) and local anesthesia (5 mL of 1% lidocaine). Vital signs were continuously monitored during the procedure. Prior to laser ablation, a CEUS examination had been performed to determine the border, location, and size of the extrahepatic metastatic lesions. The contrast agent, 2.4 mL SonoVue (Bracco, Milan, Italy), was injected intravenously by bolus injection followed by a 10 mL saline flush. The contrast agent began to accumulate in the target lesions right after the injection of the contrast agent and the duration lasted for 10–30 s, followed by a distinguished washout.



Both the number and arrangement of fibers in ablation were determined based on the size, shape, and location of the lesions. For lesions up to 1 cm, a single fiber was used. For lesions ranging between 1 and 2 cm, two fibers were employed at 1.5 cm apart between the fibers. For larger lesions, up to four fibers were placed in a square configuration. From a single laser source, laser light was applied for 4–6 min delivering 1200–1800 J per fiber. The pullback technique and multiple laser irradiations were adopted to achieve complete ablation as appropriate. If necessary, LA combined with percutaneous ethanol injection was applied with the intention of minimizing thermal injury to the surroundings or creating an adequate volume of necrosis. The decision to combine with ethanol therapy was made by the radiologists. When the whole lesion consisted of a hyperechoic zone, ablation was complete and the fibers were retracted. All patients underwent a CEUS examination immediately after LA to determine the technical success of the procedure and to assess ablation-related complications.




2.2. Follow-Up


One month after ablation, CEUS and contrast-enhanced computed tomography (CECT) were taken to evaluate the technical effectiveness. Thereafter, patients underwent CEUS, CECT or CEMRI with protocols pertaining to the ablation zone, and laboratory tests including serum AFP and liver function quarterly during the first 2 years, and 4–6 monthly afterwards. Chest X-ray, CT of the chest, PET-CT or bone scan were performed when clinically indicated. Incomplete ablation (ICA) is defined as the presence of arterial contrast enhancement and portal-venous washout on CEUS/CECT/CEMRI or the uptake of isotope on PET/CT imaging within the LA site one month after LA [29]. For tumors with complete ablation (CA) after LA, local tumor progression (LTP) was evaluated. LTP is defined as a new or growing tissue adjacent to the ablation site. Overall survival (OS) is defined as the time between the date of LA and death, or between the date of LA and patient’s last visit otherwise the end of follow-up. ICA and LTP were assessed on a tumor-by-tumor basis and OS was assessed on a patient-by-patient basis.



Complications were reported using the Dino–Clavien classifications [30]. A major complication is defined as clinical events leading to additional therapeutic interventions or prolonged hospitalization [31].




2.3. Statistical Analysis


All statistical analyses were performed using SPSS (SPSS Statistics, Version 19.0; IBM, Armonk, NY, USA). Clinical characteristics of patients and tumors were presented as descriptive statistics. Continuous variables were compared using the independent sample t-test or the Mann–Whitney U test. Categorical variables were compared using the Pearson χ2 test or Fisher exact tests. The cumulative OS rates were estimated using the Kaplan–Meier method. A two-tailed p-value of less than 0.05 was considered the indication of a significant difference.





3. Results


3.1. Baseline Clinical Characteristics


The baseline clinical characteristics of the patients are summarized in Table 1. A total of 17 patients (13 males and 4 females) with 28 extrahepatic metastatic lesions of HCC were enrolled, with a mean age of 54.1 ± 14.6 years (range 34–80 years). The majority (n = 12) had hepatitis B virus infection. The mean size of the extrahepatic metastatic tumors was 2.2 ± 1.1 cm (n = 28, range: 0.7–4.9 cm). Multiple metastatic lesions were identified in seven patients. Seven patients received Sorafenib concomitant with LA. All of the patients were classified as CTP Grade A. The majority (n = 11) were classified as ABLI grade 1 and the others (n = 6) were classified as ALBI grade 2.




3.2. LA Response and Complications


LA strategies are summarized in Table 2. A combination of ethanol injection was conducted in five lesions including three lesions in retroperitoneum and two lesions in the hepatic hilum (mean diameter 3.8 ± 1.0 cm, range 2.7–4.9 cm), with a mean volume of 8.8 ± 3.1 mL. Finally, ICA was identified in eight lesions while the other 20 lesions were classified as CA (Figure 1). Additional LA was conducted in two ICA lesions. Both failed to achieve CA after additional treatment. Therefore, the CA rate after LA for extrahepatic metastases was calculated at 71.4% (20/28).



No major complications such as bleeding, hematoma, biliary leakage, cholangitis, and intestinal perforation occurred in patients during and after the LA procedures. Three patients had low-temperature fever lasting for three to five days after ablation. One patient complained about a mild abdominal pain after ablation. The symptoms are relieved after symptomatic treatment.




3.3. Factors Associated with ICA


Lesion-related and procedure-related factors are compared between CA group (n = 20) and ICA group (n = 8; Table 3). The diameter and volume of the lesion are associated with ICA (p < 0.05).




3.4. Follow-Up


The mean follow-up period was 19.5 ± 12.8 months (range, 5–42.7 months). During the follow-up, LTP was detected at 3, 4, 8, and 11 months from four tumors with CA after LA. Locations of the four tumors were abdominal wall (n = 2), retroperitoneal space adjacent to the celiac trunk (n = 1) and intraabdominal seeding (n = 1). The LTP rate was 20% (4 of 20). One patient with LTP lesion on the abdominal wall was treated with percutaneous ethanol injection and subsequent surgical resection. The other three patients continued with systemic therapy with Sorafenib. Four patients died of tumor progression or multiple organ dysfunction syndrome, and 13 were alive at their last visits. The accumulative one- and three-year OS rates were 79.0% and 65.8%, respectively, after LA for extrahepatic metastases of HCC (Figure 2).





4. Discussion


This study summarizes the percutaneous US-guided LA in the treatment of extrahepatic metastasis of HCC and the local efficacy and safety of such therapeutic methods are evaluated. Previous studies reported that LA in the treatment of metastatic malignancy was applied to the sites of retroperitoneum, portal vein, and lymph nodes. However, most of them were in the form of a case report [25,26,27,32]. To our best knowledge, this is the first study to describe the application of LA in the treatment of extrahepatic metastasis of HCC at various sites, as well as evaluated the local efficacy and safety of LA.



In the present study, 20 out of 28 (71.4%) extrahepatic metastatic lesions of HCC achieved complete ablation by LA and none of the patients experienced major complications after the LA procedure. These results demonstrated that LA could provide a safe therapeutic option with a relatively high success rate in the treatment of critical lesions at high-risk locations where other thermal ablation techniques are considered to be aggressive. For intrahepatic HCC, LA could deliver a complete ablation rate at 82.0–97.5% [33,34,35]. It was reported that the application of RFA in the treatment of metastatic malignancy at various sites had a local tumor control rate at 78.9–95.8% [16,17,36,37]. However, due to a small sample size of LA, it is not appropriate to compare the results of LA in this study with other studies of thermal ablations because there are great differences in the approaches of treatment, number of patients, origin of tumors, sites of metastasis, tumor size, and progression of disease, etc.



This study has discovered that the size and volume of the target lesion are the main factors associated with the local efficacy of LA. Although treatment strategies such as arrangement and layout of multiple optic fibers, pullback techniques, and a combination of ethanol injection are currently in place, however, the relatively small ablative zone created by a single optic fiber acts the main limitation of LA in treating larger lesions [38]. A previous study demonstrated that tumor size affected the complete tumor ablation of LA [39]. In fact, tumor size is also a significant factor affecting the local efficacy of ablation in other thermal ablation techniques including RFA and MWA [40,41,42]. Combined RFA and ethanol injection could increase the range of coagulative necrosis and enlarge the ablation volume [43]. Compared with RFA alone, the procedure of RFA combined with ethanol has been proven to facilitate better local tumor control and long-term survival in the treatment of HCC [44,45,46]. A previous animal study has demonstrated that LA combined with ethanol can coagulate significantly larger volumes of tumors and reduce residual tumors [47]. In the current study, five lesions were treated by LA combined with ethanol. The mean diameter of the lesions was 3.8 ± 1.0 cm and the mean volume of injected ethanol was 8.8 ± 3.1 mL. Two lesions were at the hepatic hilum and close to the extrahepatic bile duct and the other three in the retroperitoneum adjacent to the aorta. Potential thermal injury to the bile duct and incomplete ablation resulting from the heat sink effect were the major concerns. Although ethanol was introduced, ICA was identified in three lesions after LA, including one lymph node in the hepatic hilum and two retroperitoneal lymph nodes. The low success rate of LA combined with ethanol could associate with difficult locations. The arrangement of the optic fiber and the angle of ethanol injection was also limited by the complicated surroundings around the target lesions, thus resulting in a low success rate.



The LTP rate in this study was 20%, which was comparable with the previous studies in thermal ablation for both primary HCC and extrahepatic metastasis of HCC [17,37,48,49]. The presence of LTP is related to several factors, including the margin of ablation, and size, location, and gross type of tumors [50,51,52,53]. This study identified LTP in four lesions, located at the abdominal wall, retroperitoneal space adjacent to the celiac trunk, and intraabdominal cavity. None of the lesions was treated with a combined ethanol injection. Although CA was achieved in these lesions, the inadequate safety margin of ablation caused by the difficult locations would contribute to the LTP.



Eleven patients experienced recurrences beyond the ablative sites and four patients died during follow-up. These findings were not presented in detail because the evidence was not strong by a small and heterogenous dataset. The main goal of this study was to prove the concept that LA is safe and effective as a treatment option for extrahepatic metastasis. Further studies are necessary to evaluate the long-term benefit of LA.



This study has a number of limitations. Firstly, it was a retrospective study with a small sample size, with different primary treatments for HCC in all patients. Some patients suffered intrahepatic recurrence simultaneously when extrahepatic metastasis was identified. All above might lead to bias in clinical outcomes. Secondly, the pathological examination was not obtained before LA in this study, but the preoperative clinical diagnosis was based on typical imaging for all the patients. Finally, there was no matched control group of patients treated by surgery or other thermal ablation techniques for comparison, of which the clinical value of LA as a treatment option for extrahepatic metastasis of HCC should be further investigated.




5. Conclusions


In conclusion, LA as an alternative option is safe and effective in the treatment of extrahepatic metastasis of HCC. Further studies are necessary to evaluate the benefit of LA.
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Figure 1. A 65-year old male had hepatocellular carcinoma (HCC) and was diagnosed with extrahepatic metastases to abdominal lymph nodes. US-guided laser ablation (LA) was performed. (a,b) A hypoechoic lymph node inferior to the right diaphragm (a) and right paracolon (b) were detected by the grayscale ultrasound. (c–e) On the contrast-enhanced ultrasound (CEUS) images, the targeted lymph node displayed heterogeneous hyperenhancement in the early phase (c) and washout in the late phase (d,e). (f,g) With the guidance of real-time US, optic fibers were inserted into the target lesions precisely and the tips of the fibers clearly seen. (h) Hyperechoic zone around the fiber tip appeared and the range extended as the procedure proceeded. (i,j) One month later, the target lymph nodes inferior to the right diaphragm (i) and right paracolon (j) showed no enhancement on the CEUS images, indicating a complete ablation. (k,l) One month later, target lymph node inferior to the right diaphragm exhibited no enhancement in the arterial phase (k) and in the portal-venous phase (l) on the contrast-enhanced computed tomography (CECT). 
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Figure 2. Overall survival after laser ablation for extrahepatic metastases. LA = laser ablation. 
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Table 1. Baseline characteristics of the patients.
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	Characteristics
	n = 17





	Age (year)
	54.1 ± 14.6



	  Gender
	



	Male
	13



	Female
	4



	Etiology
	



	HBV 1
	12



	HCV 2
	2



	others
	3



	Initial treatment of liver tumor
	



	Surgical resection
	13



	Ablation
	4



	Intent of LA3
	



	Curative
	12



	Palliative
	5



	Child–Pugh classification
	



	A
	17



	B
	0



	Child–Pugh score
	



	5
	16



	6
	1



	ALBI grade4
	



	1
	11



	2
	6



	Biochemical tests
	



	AFP (μg/L) 5
	4.5 (1.7–360.1)



	ALB (g/L) 6
	40.3 ± 5.5



	TBIL (μmol/L) 7
	13.0 ± 4.7



	PLT account (×109/L) 8
	180 ± 56



	Tumor number
	



	Solitary
	10



	Multiple
	7



	Size (cm)
	2.2 ± 1.1



	Volume (cm3)
	7.2 (5.6–19.5)







1 HBV = hepatitis B virus; 2 HCV = hepatitis C virus; 3 LA = laser ablation; 4 ALBI grade = albumin–bilirubin grade; 5 AFP = alpha-fetoprotein; 6 ALB = albumin; 7 TBIL = total bilirubin; 8 PLT account = platelet account. Continuous variables are expressed in mean ± standard deviation, or in median (P25–P75).
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Table 2. Laser ablation strategies and outcome.
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	Characteristics
	n = 28





	Tumor size (cm)
	2.2 ± 1.1



	Tumor volume (cm3)
	7.2 (5.6–19.5)



	Location
	



	Abdominal wall
	3



	Abdominal lymph nodes
	4



	Intraabdominal seeding
	1



	Hepatic surface
	4



	Adrenal gland
	1



	Diaphragm
	1



	Hilar lymph nodes
	3



	Retroperitoneal lymph nodes
	7



	Subcutaneous chest wall
	4



	Number of fibers
	3 (1–4)



	Power (J)
	3600 (640–5813)



	Combination with ethanol injection
	



	Yes
	5



	No
	23



	Efficacy
	



	CA 1
	20



	ICA 2
	8







1 CA = complete ablation; 2 ICA = incomplete complete Aablation. Continuous variables are expressed in mean ± standard deviation, or in median (P25–P75).
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Table 3. Factors associated with ICA.
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	Characteristics
	CA 1 Lesion (n = 20)
	ICA 2 Lesion (n = 8)
	p-Value





	Diameter of lesion (cm)
	1.84 ± 0.85
	3.04 ± 1.10
	0.005



	Volume of lesion (cm3)
	6.6 (4.5–12.3)
	23.8 (9.5–71.8)
	0.008



	Combination with ethanol injection
	
	
	



	Yes
	2
	3
	0.123



	No
	18
	5
	–



	Number of fibers
	2 (1–3)
	4 (2.5–4)
	0.119



	Energy (J)
	3600 (2760–4750)
	5475 (2950–6500)
	0.281







1 CA = complete ablation; 2 ICA = incomplete complete ablation. Continuous variables were expressed in mean ± standard deviation, or in median (P25–P75).
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