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Abstract
BACKGROUND
[bookmark: OLE_LINK252][bookmark: OLE_LINK253]Hepatocellular carcinoma (HCC) is the second most lethal malignancy worldwide. There has been virtually no change in the survivability of HCC in spite of improvement in therapies. Surgery is considered the ideal first, curative intervention, however most patients present in advanced stages with unresectable disease. Therefore, systemic and liver-directed non-operative therapies are initially offered to downstage the disease. To ensure optimal management, a multidisciplinary team approach is often warranted. Our case highlights the benefits of a multidisciplinary approach in a young woman with multifocal, bilobar HCC. 

CASE SUMMARY
A 36-year-old Chinese woman with untreated hepatitis B was found to have large bilobar HCC during work up for abdominal pain. Her initial serum alpha-fetoprotein was significantly elevated to 311136 ng/mL. Computed tomography scan demonstrated bulky bilobar liver masses, consistent with intermediate stage HCC, Barcelona Clinic Liver Cancer Stage B. Her case was discussed at the University of Washington Multidisciplinary Center for Advanced Minimally Invasive Liver Oncologic Therapies. She underwent bilobar transarterial chemoembolization with partial response of the left lobar tumor. She underwent salvage hypofractionated proton beam radiation therapy to the right lobe tumor, and subsequently she underwent two additional transarterial chemoembolization sessions to the left lobe with good response. She then patient underwent formal R0 left hepatectomy 11 mo after initial presentation. She continues to be without evidence of disease.

CONCLUSION
Coordinating the multiple HCC treatment modalities is complex and our case highlights the benefits of a multidisciplinary approach.
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Core tip: Hepatocellular carcinoma is a challenging disease that requires a personalized and multidisciplinary approach for treatment. Our case highlights a favorable patient outcome in a young woman with multifocal bilobar hepatocellular carcinoma as a result of a coordinated multimodal treatment approach utilizing catheter-based ablative techniques, external beam radiation therapy, and surgical resection. 
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the second most lethal malignancy worldwide, claiming over 745000 lives in 2012[1]. This figure is projected to rise despite new and effective antiviral drugs to eradicate hepatitis C infection and is due to increasing rates of fatty liver disease from diabetes and the obesity epidemic[2]. There has been virtually no change in the survivability of HCC over the last three decades[3]. This is especially true for intermediate and advanced HCC where the standard of care therapy with sorafenib provides only a 2% response rate and 3-mo survival advantage[4]. While checkpoint inhibition immunotherapy (e.g., nivolumab and pembrolizumab) have demonstrated significant response rates, a large proportion of HCC patients do not respond to this immunotherapy[5]. Therefore, more effective treatments for advanced cases of HCC are greatly needed.
Several modalities exist for treatment of intermediate and advanced stage HCC. Potential therapies include ablative techniques using ethanol (percutaneous ethanol injection), microwave or radiofrequency; catheter-directed transarterial chemoembolization (TACE) or radioembolization (TARE); external beam radiation therapy in the form of stereotactic body radiation therapy or proton beam therapy (PBT); systemic targeted small molecules; and immunotherapy and investigational agents. In certain cases, these therapies can be utilized simultaneously or in sequence to achieve optimal tumor control. Furthermore, this approach can be used to effectively downstage advanced HCC and make it amenable for curative liver resection (LR) or transplantation[6].
Coordinated management of the HCC patient with these different modalities has become increasingly complex. To navigate this complexity, discuss suitable therapeutic options, and generate personalized treatment plans, many centers have adopted a multidisciplinary team (MDT) approach with established "tumor boards." These teams include members from several complementary specialties including surgical, medical and radiation oncology, transplant surgery and hepatology, diagnostic and interventional radiology, pathology, physical and occupational therapy, nursing, nutrition, genetic counseling, spiritual, and palliative care. The MDT approach has been adopted for the treatment of a wide variety of malignancies, and it is in fact required for accreditation as a comprehensive cancer care center by the American College of Surgeons Commission on Cancer. Although the MDT approach has several putative benefits for patient care, there is a concern over the paucity of high quality evidence demonstrating an improvement in patient outcomes[7,8]. Furthermore, it has been associated with high operating costs. 
Our patient presented with advanced, multifocal, and bilobar HCC; an extent of disease associated with a dismal prognosis. Herein, we highlight a year-long MDT approach that demonstrates how it can downstage advanced disease and lead to improved patient outcomes. We report a young patient with advanced, multifocal, bilobar, and initially unresectable HCC that benefited from a year-long MDT approach.

CASE PRESENTATION
A 36-year-old woman originally from China was evaluated in September 2016 for management of large bilobar liver masses. Her pertinent past medical history was significant for untreated hepatitis B virus infection diagnosed in 1999 while pregnant with her first child. The rest of her past medical and surgical history was remarkable only for a previously excised benign breast mass. Her family history was positive for lymphoma in her father. She had never smoked tobacco, consumed alcohol, or used illicit drugs. Her physical examination was unremarkable with no appreciable liver masses.
Her oncologic history began in 2015 when she first experienced right shoulder and chest pain with work-up revealing mildly elevated transaminases. No further evaluation was performed until 2016 when the pain worsened with associated weight loss and fatigue. She underwent right upper quadrant ultrasound, which demonstrated large bilobar liver masses. The serum alpha-fetoprotein (AFP) was significantly elevated to 311136 ng/mL (reference 0-8.6). A multiphase liver protocol computed tomography (CT) scan demonstrated bulky bilobar liver masses (Figure 1A), including a left lobe lesion measuring 8.1 cm x 14.4 cm x 10.7 cm with central necrosis, in addition to a multilobular right lobe lesion measuring 10.5 cm x 9.5 cm x 14.9 cm. No IVC, hepatic, or portal venous invasion or thrombosis was identified, and there was no evidence of extrahepatic disease. Her serum was positive for HBsAg with a HBV quantitative PCR of 12000 IU/mL for which she initiated entecavir therapy. Her liver function was well-preserved with a child-turcotte-pugh score of A5 and model for end-stage liver disease score of 6. 

MULTIDISCIPLINARY EXPERT CONSULTATION
Her case was discussed at the University of Washington Multidisciplinary Center for Advanced Minimally Invasive Liver Oncologic Therapies composed of members from the surgical, medical and radiation oncology, transplant surgery and hepatology, pathology, and diagnostic and interventional radiology teams. Given her history of hepatitis B, elevated AFP, and imaging characteristics consistent with HCC, a diagnosis was made. 

FINAL DIAGNOSIS
Intermediate stage HCC, Barcelona Clinic Liver Cancer Stage B. 

TREATMENT
She was not a candidate for orthotopic liver transplantation, LR, or any ablative therapies given the large size of the masses and their intimate relationship to the vasculature. She underwent bilobar TACE in October 2016, resulting in a decrease of the serum AFP to 132150 ng/mL, and post-treatment imaging demonstrated a partial response (Figure 1B). However, during chemoembolization of the right lobar mass, the right inferior phrenic artery was inaccessible, leaving part of the right tumor untreated. 
Given this and the large size of the right lobar mass, she underwent salvage hypofractionated PBT to the right lobe tumor using a simultaneously integrated boost intensity modulated proton therapy technique with pencil beam scanning in December 2016. A total dose of 60 GyE to the tumor periphery and 67.5 GyE to internal sub-volumes within the tumor were delivered in 15 fractions (Figure 2A and 2B). Because optimally preserving the future normal liver remnant from radiation was critically important, a pre-treatment functional liver imaging scan with technetium-99m sulfur colloid single-photon emission CT was employed to assist in functional liver avoidance radiation planning (Figure 2C and 2D). She tolerated radiotherapy well with maintenance of normal liver function. 
[bookmark: OLE_LINK203][bookmark: OLE_LINK206]Three weeks after completion of PBT, the serum AFP declined to 62728 ng/mL, with a liver protocol magnetic resonance imaging (MRI) scan demonstrating complete response of her right lobar mass but significant residual tumor in the left lobe (Figure 1C). In February 2017 and April 2017, she underwent two additional TACE sessions to the left lobe. The serum AFP continued to decrease with each treatment to a nadir of 22700 ng/mL. However, post-treatment MRI demonstrated residual disease in the left lobe. She was referred for consideration of hepatic resection.
Pre-operative MRI demonstrated an adequate future liver remnant but with an obscured middle hepatic venous outflow with drainage of the non-tumor involved anterior right lobe via a large collateral vessel connecting to the middle hepatic vein and circumscribing the previously irradiated right lobe tumor. Doppler ultrasound was performed and confirmed appropriate venous caval outflow through this collateral vessel, which drained through the right hepatic vein into the IVC. Therefore, the middle hepatic vein, the anomalous venous collateral, and the right hepatic vein all required preservation. The patient underwent formal left hepatectomy in August 2017, 11 mo after initial presentation. The case was quite challenging due to the tumor’s long segment abutment of the middle hepatic vein, but LR with salvage of all aforementioned vasculature was successful. Pathology demonstrated a 11.5 cm x 10.5 cm x 7.5 cm HCC involving segments 2, 4a, and 8 with 25% tumor necrosis. The tumor was confined to the liver without vascular invasion and negative surgical margins was achieved with a final pathologic stage of ypT1bN0M0. 

OUTCOME AND FOLLOW-UP
The serum AFP level at 16, 29, and 42 wk postoperatively was 13.3, < 5.0 and < 5.0 ng/mL, respectively (Figure 3). MRI scans performed 16, 29, and 42 wk postoperatively have been negative for any evidence of residual or recurrent disease (Figure 1D). The patient continues to do well greater than 12 mo postoperatively, with normal liver function (Na 139 mEq/L, Cr 0.63 mg/dL, bilirubin 0.7 mg/dL, albumin 4.1 g/dL, and platelet count 117000/μL) and performance status of ECOG 0. There have been no adverse or unanticipated events. 

DISCUSSION
The MDT approach has been increasingly utilized for the management of a variety of diseases from diabetes to cancer. In oncology, some of the first successes were demonstrated in the management of breast cancer in the National Health Service[9]. It has been widely adopted internationally as the standard of care for newly diagnosed malignancies. Published evidence demonstrates improved accuracy of pre-operative staging[10,11], increased access to care, adherence to clinical guidelines[12,13], and satisfaction for both patients and health care providers[14-16]. In spite of this widespread adoption, there has been concern over the paucity of evidence demonstrating a significant improvement in clinical outcomes with the MDT approach[7,15]. Two recent systematic reviews published by Croke et al[8] and Pillay et al[11] demonstrated MDT approaches resulted in a significant impact on patient management, but there was little evidence to support an improvement in clinical outcomes. On an individual level, our case supports the significant patient impact of the MDT approach.
The management of HCC is increasingly complex as advances in more effective liver-directed therapies and systemic therapies become available. Optimal management of intermediate or advanced stage HCC requires thoughtful sequencing and timing of the various therapeutic modalities, which is best achieved through a tightly knit multidisciplinary team. We have found in our experience at the University of Washington Center for Advanced Minimally Invasive Liver Oncologic Therapies that multidisciplinary management of these patients is a beneficial endeavor, as seen in our presented case. With complementary multidisciplinary therapy, a combination of local, loco-regional, and systemic therapies can be successful in downstaging an advanced-stage HCC to one amenable to curative intervention with LR or orthotopic liver transplantation[6,17-19]. This has been demonstrated in prior series with multiple studies indicating the impact of downstaging prior to LR or transplantation. A prospective study by Yao et al[17] demonstrated that with careful patient selection, loco-regional therapies was successful in downstaging > 50% of patients to liver transplantation. This has similarly been examined in LR for HCC where liver-directed non-operative therapies have been successful in downstaging tumors for resection. Our present case is novel in that it highlights a patient with extensive multifocal disease involving both lobes requiring several rounds of sequential TACE and proton beam radiation therapy followed by a complex partial hepatectomy. A limitation of this approach is that it is resource intensive with complex scheduling issues that arise in routine clinical practice. 
An important technique in tumor downstaging includes catheter based therapies such as TACE and TARE. These have been demonstrated to both improving overall survival[20] in addition to serving as both bridging and downstaging treatment modalities. A study published in 2009 by Lewandowski et al[21] reported successful downstaging from UNOS T3 to T2 in 61% and 37% for TARE and TACE, respectively[13]. Six of twenty-one patients in a 2012 case series who underwent TARE for palliative intent for UNOS T3 HCC were sufficiently downstaged, enabling definitive LR, definitive ablation, or orthotopic liver transplantation[22]. TACE was chosen over TARE for our patient due to the potential of inadvertent lung dose of yttrium-90 due to significant shunting. 
Technological advancements have resulted in the increasing use of external beam radiation therapy in the treatment of HCC given high rates of durable local control ranging from 87%-100% at 1 to 3 years[23-26]. For our patient, radiotherapy offered a promising local treatment option for the right-sided lesion due to the large tumor size and vascular anatomy prohibitive of further catheter-based therapy or surgical resection. PBT was the preferred radiation modality due to the tumor size, and dosimetric advantage with improved normal liver parenchyma sparing from low-to-moderate doses as compared to photon-based radiation, e.g., stereotactic body radiation therapy. In radiation therapy akin to surgery, a “critical volume model” is applied to describe the minimum volume of normal liver that should be uninjured by radiation as to limit the incidence of radiation-induced liver disease. Dose and dosimetric constraint guidelines were derived from Hong et al[26] multicenter phase II clinical trial of dose-escalated proton beam radiation for unresectable primary hepatic cancers, where they demonstrated a low incidence of radiation-induced liver disease as measured by worsening Child-Turcotte-Pugh-score in 3.6% and no grade 4 or 5 radiation-related toxicities. Given the complexity of this case, we used technetium-99m sulfur colloid single-photon emission CT imaging co-registered to our radiation planning CT to assist in delineating the borders of the residual gross tumor volume, as well as a tool for more accurate global and spatial liver function to guide placement of radiation beams through less functional normal liver parenchyma[27-29].
LR continues to be a potentially curative treatment option in 15% to 20% of HCC patients with an operative mortality of less than 5% even in cirrhotic patients or those undergoing major LR, resulting in a 5-year overall survival of over 50%. The safety and outcomes of LR for HCC have improved substantially over the last three decades, which is attributed to refinements in patient evaluation and selection, the ability to manipulate the future liver remnant volume, advances in surgical and anesthetic techniques, and the enhanced peri-operative management. In this case, the patient was young and medically fit, with an ECOG performance status 0, adequate hepatic reserve in the future liver remnant, and absence of portal hypertension. 
Biologic markers to predict HCC tumor biology are under development. Current surrogate markers predicting prognosis are based on tumor size, number, and vascular invasion. For HCCs, some researchers reported that larger tumor sizes exceeding the University of California at San Francisco criteria and serum AFP levels over 400 ng/mL were associated with post-resection recurrence. Other markers such as retinoic acid-induced protein 3 as well as miRNA expression profiles have been used to predict poor prognosis and assess the risk of disease recurrence after orthotopic liver transplantation. Large tumor size has traditionally been a relative contraindication to LR given the elevated risk of vascular invasion. However, HCCs over 10 cm in size without invasion amenable to LR can result in good outcomes, and therefore identification of such tumors is important[30,31]. In this case, the lack of macrovascular invasion, and good response to TACE and PBT were considered in the surgical decision making.

CONCLUSION
The primary aim of MDT approach in cancer care is to improve patient outcomes by bringing together key specialists with complementary expertise to review cases, ensure accurate diagnosis and develop optimal, individualized plans of care. They often result in significant changes in patient diagnosis and management and are generally considered beneficial for patient care. A multidisciplinary approach to our presented case clearly resulted in an improved patient outcome on an individualized level; however, recent systematic reviews have failed to demonstrate improvement in patient outcomes on a population level. Further research is needed to understand the true clinical impact of a MDT approach to cancer care. 
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Figure 1 Initial portal venous phase contrast-enhanced computerized tomography showing bilobar lesions consistent with hepatocellular carcinoma. A: Arterial phase contrast-enhanced low-dose radiation therapy planning computerized tomography showing post-transarterial chemoembolization treatment changes to bilateral lobes 3 mo after diagnosis; B: Arterial phase T1-weighted fat-saturated post-contrast magnetic resonance imaging showing complete right lobar mass response following proton radiation therapy 6 mo after diagnosis; C: Axial arterial phase T1-weighted fat-saturated post-contrast magnetic resonance imaging showing no evidence of disease following left hepatectomy; D: Axial arterial phase T1-weighted fat-saturated post-contrast magnetic resonance imaging showing no evidence of disease 14 mo after diagnosis.
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Figure 2 Radiation therapy approach. A, B: Proton radiation therapy treatment using a 2-beam approach for the treatment of the right-sided hepatocellular carcinoma highlighting low dose to the contralateral lobe of the liver; C, D: Demonstrated functional liver imaging using technetium-99m sulfur colloid single-photon emission computerized tomography scan co-registered to the radiation therapy planning computed tomography to aid in target delineation of the gross tumor volume and sparing of the highly functional liver (max sulfur colloid single-photon emission counts shown in red). Key: Liver minus gross tumor volume is demonstrated by the teal line (panels A, B), internal target volume (gross tumor volume + tumor motion on 4D-computed tomography scan) is shaded in red (panels A, B). 
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Figure 3 Serum alpha-fetoprotein level (ng/mL) during treatment course. 
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