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Abstract
Preoperative radioembolization may improve the resectability of liver tumor by inducing tumor shrinkage, atrophy of the embolized liver and compensatory hypertrophy of non-embolized liver. We describe the case of a cirrhotic Child-Pugh A patient with a segment IV hepatocellular carcinoma requiring a left hepatectomy. Preoperative angiography demonstrated 2 separated left hepatic arteries, for segment IV and segments II-III. This anatomic variant allowed sequential radioembolizations, delivering high-dose 90Yttrium (160 Gy) to the tumor, followed 28 days later by lower dose (120 Gy) to segments II-III. After 3 months, significant tumor response and atrophy of the future resected liver were obtained, allowing uneventful left hepatectomy. This case illustrates that, when anatomic disposition permits it, sequential radioembolizations, delivering different 90Yttrium doses to the tumor and the future resected liver, could represent a new strategy to prepare major hepatectomy in cirrhotic patients, allowing optimal tumoricidal effect while reducing the toxicity of the global procedure.
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Core tip: Preoperative radioembolization may improve resectability of hepatocellular carcinoma in cirrhotic patient, inducing tumor downsizing, atrophy of radio-embolized sector and regeneration of non-embolized liver. We describe a patient with a segment IV hepatocellular carcinoma where the presence of two separated left hepatic arteries permitted to deliver sequentially high-dose 90Yttrium to the tumor and lower dose to future resected liver, allowing uneventful left hepatectomy 3 months later. This observation suggests that, when different arterial accesses exist to tumor and future resected non-tumor liver, sequential radioembolization with different radiation doses could represent a new preoperative strategy, optimizing the tumoricidal effect while minimizing the risk of radiation-induced liver damage.
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INTRODUCTION
Partial hepatectomy (PH) and tumor destruction with radiofrequency (RF) are the first therapeutic options in patients with hepatocellular carcinoma (HCC) and compensated cirrhosis who are not candidates for liver transplantation (LT)[1,2]. However, the feasibility and efficacy of these treatments are dramatically limited by underlying liver disease and high tumor recurrence rates. At the present time, no neoadjuvant treatment has been validated for improving the safety and efficacy of PH and RF in this setting. In particular, locoregional treatment with transarterial chemoembolization (TACE) has failed to demonstrate significant long-term benefits when used before PH or RF for HCC[3-5]. Furthermore, when a major resection of 3 or more segments is indicated in cirrhotic livers, preoperative homolateral portal vein embolization (PVE) is recommended to induce an atrophy of the future resected liver and a compensatory hypertrophy of the future liver remnant (FLR)[6,7]. This strategy, however, leaves the tumor untreated while waiting for liver regeneration, exposing the patient to the risk of tumor progression before the surgery[8]. 
Selective internal radiotherapy (SIRT), relying on the transarterial embolization of 90yttrium-loaded microspheres (90Y), has become a new tool for treatment of liver tumors. In HCC, SIRT has been demonstrated to improve survival in patients who are not candidates for curative-intent therapies and to allow tumor control while waiting for LT[9-13]. Furthermore, SIRT can be used preoperatively and the feasibility and safety of post-SIRT surgery has been now assessed[14-17]. The tumoricidal effect of SIRT, leading to tumor downsizing, may significantly modify the extent of surgery or allow the resection of initially unresectable tumors. Moreover, regional intra-arterial hepatic embolization with 90Y could also induce the atrophy of the embolized segments and a compensatory hypertrophy of the non-embolized liver[18,19]. This specificity allows for the design of new therapeutic strategies, integrating neoadjuvant SIRT into current surgical approaches to liver tumors, particularly for HCC in cirrhotic patients.
We describe here the case of a patient with centrally-located HCC, treated with sequential intra-tumor and left lobar 90Y embolization before a left hepatectomy. This case illustrates the new possibilities offered by the use of SIRT as a preoperative therapy before major liver resection for HCC in cirrhotic patients.

CASE REPORT
A 70-year-old man with a past history of alcohol consumption presented with a liver tumor. Contrast-enhanced magnetic resonance imaging (MRI) demonstrated a 40mm mass in segment IV with vascular characteristics of HCC (arterial wash-in and portal wash-out) and features of cirrhosis (Figure 1A and B). Blood tests, including liver function and alpha-fetoprotein, were normal and the patient was classified as Child-Pugh A, with a MELD score of 7. Complete work-up did not demonstrate extra-hepatic metastasis. Accordingly, the tumor corresponded to Okuda stage 1 and BCLC stage A. Due to the patient’s age, the comorbidities, and the patient’s preferences, LT was not recommended during multidisciplinary meeting. Therefore, a left hepatectomy (resection of segments II-III-IV) was proposed and, due to the presence of cirrhosis, preoperative treatment to modulate FLR volume and function was indicated. Analysis of liver volumes on angio-CT scan showed a total liver volume (TLV) of 2339 mL, a tumor volume of 36 ml, a left liver volume (segments II, III, IV) of 812 mL, and an FLR volume (segments I, V, VI, VII, VIII) of 1527 mL, corresponding to an FLR/TLV of 65% and an FLR/body weight ratio of 0.68. On the basis of our previous experience[20] and in relation to the proximity of the tumor to the portal bifurcation that might preclude the chance for resection in case of progression, SIRT was preferred to PVE as preoperative treatment. 
Simulation of SIRT with 99Tc macroaggregated albumin showed no extra-hepatic deposition and excellent tumor targeting. In addition, the angiography demonstrated a variant hepatic arterial anatomy characterized by a left hepatic artery arising from the right gastric artery, a segment IV artery arising from the gastroduodenal artery and a right hepatic artery arising normally from the celiac trunk. Therefore, 2-step SIRT using different 90Y doses was decided upon in order to maximize the dose of 90Y selectively delivered to the tumor and to minimize the potential toxicity related to intense radioembolization of a large liver volume. First, 90Y hyperselective radioembolization of the segment IV artery to the tumor was performed, allowing the delivery 161 Gy to segment IV (Figure 1C). No side effects related to this procedure were observed. Twenty-eight days later, the left hepatic artery was catheterized and 90Y microspheres injected, allowing for the delivery of 120 Gy to segments II and III (Figure 1D). No side effects were observed following this procedure. At day 110 after the second SIRT, contrast-enhanced MRI showed a significant tumor response (size reduction of the tumor diameter from 40 to 34 mm and complete necrosis on arterial phase) (Figure 1D). On the same examination, segments II, III, and IV measured 545 ml, corresponding to a 34% reduction, and FLR measured 1643 ml, corresponding to a minimal increase of 2%. At day 115 after the second SIRT, a left hepatectomy, partially extended to segment V, was performed. Operative exploration confirmed the cirrhosis while the entire left lobe appeared as atrophic and fibrotic (Figure 2A). The surgery proceeded uneventfully. Intraoperative blood losses were 800 mL and no blood transfusions were required. Postoperative course was unremarkable clinically and biologically (minimal values of PT, peak INR, and total bilirubin respectively of 56%, 1.3, and 1.5 mg/dL on day 3 after surgery) and the patient was discharged on day 14. On macroscopic examination of the operative specimen, small foci of cancer cells < 5 mm were observed within a tumor necrotic/fibrotic zone of 55 mm in diameter (Figure 2b). Pathological examination demonstrated a margin-free resection and a major tumor response as indicated by approximately less than 10% of residual cancer cells (Figure 2C and D).

DISCUSSION
PH remains the treatment of choice in patients with large HCC and compensated cirrhosis without significant portal hypertension and who are not candidates for LT[1]. When a major resection is required, preoperative PVE to adapt the FLR is currently considered as the standard procedure. The present case illustrates that neoadjuvant SIRT before surgery may represent now an alternative to this classical sequence. The rationale for considering the use of SIRT before PH for HCC in cirrhotic patients relies on several factors. The first is that SIRT is an effective local treatment for HCC[13]. Thus, if liver surgery would ultimately be found to be infeasible, the patient would still receive an efficient anti-tumor therapy. Secondly, when 90Y microspheres are administered both selectively in the tumor and regionally in the future resected liver segments (radiation lobectomy), SIRT has the unique capacity to induce an effective tumoricidal effect together with the atrophy of the future resected liver and a compensatory hypertrophy of the FLR. As compared with preoperative PVE, this may reduce the risk of tumor progression while waiting for functional and volumetric adaptation of the FLR. Finally, and as described for TACE[21], response to SIRT may potentially serve as a predictive factor both for the safety and the efficacy of the surgery. The feasibility of major liver resection after 90Y radiation lobectomy has been assessed. However, particularly in cirrhotic livers, such large liver volume irradiation exposes the patient to the risk of radiation-induced liver disease (RILD)[22]. In the present case, the hepatic arterial anatomy allowed to perform a 2-step SIRT, delivering first high 90Y dose to the segment IV tumor, followed by an ablative but safe irradiation dose to left lobe (segments II and III). As a dose-tumor response correlation was demonstrated over 170 Gy[23] and FLR volume modulation was found for doses approximating 120 Gy[18], such sequential procedures may potentially optimize the neoadjuvant effect of the treatment while reducing the toxicity and the risk of RILD. At 3 months after SIRT, we observed volumetric effects within the embolized regions, as indicated by significant tumor shrinking and left lobe atrophy. In contrast, virtually no increase of the non-embolized FLR was detected, potentially related to the relatively short time period between SIRT and surgery[18]. Despite the absence of significant volumetric regeneration of the right liver, no sign of liver insufficiency has been observed after the left hepatectomy, potentially in relation with favorable initial FLR/TLV ratio. Finally, this case indicates that, despite the so-called ablative 90Y dose given to the tumor, a complete pathological response was not obtained, highlighting the need to still resect these irradiated tumors whenever possible.
In conclusion, when distinct arteries to the tumor and to the future resected liver can be selectively catheterized, sequential 90Y embolization with modulated doses to the tumor and to the future resected liver could represent a new strategy for improving the safety and the efficacy of neoadjuvant radioembolization before major liver resection in cirrhotic patients. The potential oncological benefit of this therapeutic combination remains to be evaluated.

ARTICLE HIGHLIGHTS
Case characteristics
A seventy years old patient presented with a segment IV liver tumor

Clinical diagnosis
Due to the presence of alcohol-related cirrhosis, a diagnosis of hepatocellular carcinoma was suspected

Differential diagnosis
Differential diagnosis included other solid liver tumors, primary or secondary

Laboratory diagnosis
Laboratory data, including alpha-fetoprotein were not contributive

Imaging diagnosis
Contrast-enhanced magnetic resonance imaging demonstrated a 40mm mass in segment IV of the liver with vascular characteristics of hepatocellular carcinoma, such as arterial phase wash-in and portal phase wash-out and features of cirrhosis. Angiography demonstrated two separated left hepatic arteries, for segment IV and for segments II and III, allowing selective access to the tumor and to the future resected liver.

Pathological diagnosis
On operative specimen, pathology confirmed the diagnosis of hepatocellular carcinoma and a major response to preoperative radioembolization as indicated by less than 10% residual cancer cells

Treatment
Left hepatectomy was preceded by sequential radioembolizations, delivering high-dose radiation to the tumor and then, lower dose to the future resected liver. This 2-steps approach aimed to maximize tumoricidal effect while limiting the risks for radiation-induced liver disease and liver insufficiency.

Related reports
In such cases of hepatocellular carcinoma requiring a major hepatectomy in patients with compensated cirrhosis, resectability is dramatically limited by the risk of postoperative liver insufficiency

Experiences and lessons
This case indicates that, when arterial anatomy allows it, sequential radioembolizations with different radiation doses to the tumor and to the future resected liver could represent a new strategy to maximize the tumoricidal effect while preserving the atrophic effect but reducing the risk of radiation-induced liver injury 
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Figure 1 Preoperative imaging. A and B: Baseline contrast-enhanced magnetic resonance imaging (MRI). Contrast-enhanced magnetic resonance imaging (MRI) demonstrated a 40mm mass in segment IV of the liver with arterial wash-in (1A) and wash-out on the portal venous phase (1B) and features of cirrhosis (irregular surface, relative hypertrophy of segment I);. C and D: Sshowing selective intra-tumor deposition of 90Y microspheres after first SIRT session (1C) and deposition of 90Y microspheres to segments II and III after the second SIRT session.
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Figure 2 Intra- and postoperative images. A: Intraoperative view showing the cirrhosis and the post-SIRT relative atrophy of the left liver;. B: Resected specimen showing small residual cancer cells foci with the necrotic and fibrotic zone targeted by segment IV high-dose SIRT;. C: Pathological view showing massive necrosis and fibrosis together with the presence of microspheres; . D: Pathological view showing a residual hepatocellular carcinoma focus, surrounded by necrosis and fibrosis together with the presence of microspheres.
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