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Abstract
Liver transplantation (LT) is one of the leading curative therapies for hepatocellular carcinoma (HCC). Despite recent optimization of transplant selection criteria, including alpha-feto protein, HCC recurrence after LT is still the leading cause of death in these patients. During the last decades, effective systemic treatments for HCC, including tyrosine kinase inhibitors and immunotherapy, have been approved. We describe the clinical scenario of a patient with recurrence of HCC five years after LT, who received lenvatinib as first-line systemic therapy to introduce systemic treatment options in this clinical setting. In this opinion review, we detail first and second-line systemic treatment options, focusing on those feasible for patients with recurrent HCC after LT. Several trials have evaluated new drugs to treat HCC patients in first and second-line therapy, but patients with recurrent HCC after LT have been excluded from these trials. Consequently, most of the evidence comes from observational retrospective studies. Whether tyrosine kinase inhibitors will remain the primary therapeutic approach in these patients, due to a relative contraindication for immunotherapy, may be clarified in the near future.
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[bookmark: OLE_LINK17]Core Tip: Post-transplant hepatocellular carcinoma (HCC) recurrence is a significant negative predictor of survival. There is no consensus on the treatment of recurrence. If possible, resection should be attempted. The use of systemic chemotherapy after transplant is limited to small retrospective cohort studies. Immunotherapy with checkpoint inhibitors in the post-transplant setting is challenging due to the potentially increased risk of allograft rejection. This opinion review illustrates a late post-transplant HCC recurrence treated with lenvatinib, with good tolerance and overall survival after lung and adrenal metastasis resections in a patient previously intolerant to sorafenib.


INTRODUCTION
Hepatocellular carcinoma (HCC) recurrence is a dramatic event with a dismal prognosis after liver transplantation (LT)[1]. Despite recent optimization of LT selection criteria, HCC recurrence still develops in approximately 8%-20% of these patients[1,2], being the most frequent cause of death among LT HCC patients[3-6]. 
Although transplant consensus recommends surveillance for recurrent HCC after LT[7,8], its prompt diagnosis after LT has not been associated with improved survival or reduced cancer-related mortality. This scenario is probably related to the lack of curative treatments in these patients. 
Moreover, recurrence occurring during the first 2 years after transplant has been associated with even worse post-recurrence survival (PRS)[6,9-11]. Early recurrences may represent an aggressive HCC with worse biological behavior after transplantation.
The cost-effectiveness of surveillance for recurrent HCC remains uncertain. Several groups have proposed risk-based surveillance. The RETREAT score incorporates three variables in its model: Explant tumor burden, microvascular invasion, and α-fetoprotein levels determine whether HCC surveillance after LT is warranted and identifies patients who may benefit from future adjuvant therapies[12,13]. 
To date, it is unknown whether early recurrences are associated with a continuum of metastatic disease, not adequately assessed or unknown before LT, or with aggressive biological behavior. Indeed, early recurrences have not been linked to any known associated pre-LT or explant-based risk variable[14,15] and may have completely different oncogenic mutations or activated pathways than the original location[16]. 
On the other hand, there is no efficient or specific treatment for HCC recurrence. Indeed, heterogeneous data have been published, including locoregional therapies, liver resection, endovascular and systemic therapies[17]. The efficacy of each therapy for post-LT recurrence is not well defined, and most of the evidence comes from retrospective uncontrolled published data. Despite the fact that some authors have proposed locoregional approaches, even in the setting of extrahepatic metastasis[11], whether these therapies or in combination with systemic treatment are effective is still uncertain[18]. Indeed, most of these patients have been excluded from randomized controlled trials (RCTs) assessing the efficacy of systemic therapies. However, recurrent HCC is an excellent opportunity to address and evaluate precision oncology as tumor pathology is available at explant analysis and with metastatic tumor recurrence. Consequently, targeted therapies may be the future in these patients[19,20]. 

CASE PRESENTATION
We describe the clinical scenario of a real-world patient with recurrence of HCC five years after LT, who received lenvatinib as first-line systemic therapy to introduce systemic treatment options in this clinical setting. A non-cirrhotic male patient with chronic hepatitis C infection with sustained viral response after treatment with Peg-Interferon and ribavirin, developed a large HCC of 8 cm in diameter during 2011. He underwent a right lobe hepatectomy and was enrolled in a double-blind RCT evaluating the effect of adjuvant therapy with sorafenib over placebo[21]. He developed intolerance to adjuvant therapy (unknown arm). Eighteen months later, a multinodular recurrent HCC was diagnosed with two liver nodules smaller than 2 cm, both treated with radiofrequency ablation. Ten months later, another single intrahepatic HCC recurrence was observed, and a second ablation therapy was performed, achieving a complete response. However, a year later, he presented with two new intrahepatic recurrences smaller than 2 cm; thus, liver transplantation was proposed after excluding vascular or extrahepatic disease, and without any tumor progression during a waitlist observation period of 6 mo. Liver transplantation was performed in September 2013 (at the age of 66). There were two nodules at explant pathology, one nodule with complete necrosis and the other was a well-differentiated HCC nodule 6 mm in diameter without microvascular invasion.
The patient was followed with biannual computed tomography scans and serum alpha-feto protein (AFP) evaluation and received immunosuppressive treatment with tacrolimus. Five years after LT, a single pulmonary nodule was observed, and video-assisted thoracoscopic surgery was performed. A lung HCC metastasis was histologically confirmed with complete resection. He was offered sorafenib, but he refused due to prior intolerance. No other metastatic sites were observed, and a strict follow-up was proposed. Immunosuppression continued with tacrolimus monotherapy with blood trough levels between 3-4 ng/mL. Ten months after pulmonary resection, a small tumor was observed near the left suprarenal gland (Figure 1), which was resected and HCC was confirmed by pathology examination. He started lenvatinib 12 mg/day on May 20th 2019, as tumor bleeding was observed during adrenal gland resection. The patient showed adequate tolerance without any significant adverse events, and there was no need for tacrolimus dose adjustments. Only high blood pressure was observed, which was well controlled with amlodipine 5 mg/day. The patient is still receiving lenvatinib (September 14, 2020).

SYSTEMIC TREATMENT FOR RECURRENT HEPATOCELLULAR CARCINOMA: WHEN, HOW AND TO WHOM?
During the last decade, enormous improvement in the treatment of advanced HCC has been achieved, with unthinkable survival rates years ago (Figure 2)[22]. Sorafenib, a tyrosine multikinase inhibitor was the first drug to show a survival benefit over placebo (SHARP and Asia-Pacific trials)[23,24]. High serum AFP values (> 200 ng/mL), macroscopic vascular invasion, and a low neutrophil/leukocyte ratio are baseline variables associated with poor prognosis in these patients, but even in these subgroups, sorafenib showed a survival benefit vs placebo[25].
In several retrospective cohort studies, sorafenib has shown a heterogeneous effect on PRS[18]. In some series, treatment effects were assessed without a control group or adjustment for prognostic baseline variables. Whether the same prognostic factors in the non-transplant setting apply to the post-LT setting, such as hepatitis C, no-extrahepatic disease or a low neutrophil to lymphocyte ratio[25], is unknown. Nevertheless, these patients lead with other prognostic issues that may confound or modify each treatment effect.
Firstly, performance status may be better or even worse after LT than in the non-transplant setting. This depends on LT complications, over-immunosuppression, and opportunistic infections. In this regard, retrospective cohort studies reporting sorafenib after LT have not entirely addressed liver function and performance status at HCC recurrence as prognostic variables[6,9-11]. Nevertheless, poor nutritional status has been suggested to be a surrogate marker of shorter PRS[26].
Secondly, time to recurrence (TTR) is thought to be an independent prognostic factor that may modify the treatment effect. Indeed, in several retrospective cohort studies, early recurrences (during the first year after LT) have been associated with poorer PRS[6,9-11]. The problem with TTP in the context of LT is that it has been reported with different information and selection bias, as there is no standardized surveillance policy for HCC recurrence. Besides, the diagnosis of HCC recurrence either with imaging alone or with tumor biopsy confirmation has not been homogenously reported. Despite these methodological issues, it seems that in the post-LT setting, TTR correlates with PRS[6,9-11].
Other prognostic variables have been reported at the time of HCC recurrence following LT. Tumor location and serum AFP value at recurrence have been associated with PRS[9-11,27,28]. Multi-organ sites at recurrence or bone metastasis have been associated with poorer PRS in some studies[9,10,27], but not in others[6]. Serum AFP values at HCC recurrence diagnosis were also reported to be associated with PRS. Although Harimoto et al[28] did not report the adjusted effect in a multivariable model[28], Sapisochin et al[11] reported that AFP values higher than 100 ng/mL were independently associated with higher rate of death after recurrence[11].
Finally, these prognostic factors should adjust the treatment effect associated with reported therapies for post-transplant HCC recurrence. Adjusted effects were reported in some studies, but not in all, particularly considering TTR as the most critical confounder factor or effect modifier[9-11,27,28]. Moreover, in most available observational studies, the treatment was not allocated randomly, and baseline prognostic factors should have adjusted the effect on PRS. None of these studies have addressed this issue, not even with propensity score matching analysis[29].
Table 1 describes studies reporting the effect of sorafenib in recurrent HCC after LT. Long PRS has been reported, with significant confounding effects regarding TTR[30]. Indeed, early recurrent HCC may not have the expected PRS as those with longer TTR. Whether this represents a selection bias or better tumor behavior is uncertain. 
Hepatitis C, absence of extrahepatic disease, and low neutrophil/lymphocyte ratio (< 3) have been linked to predictive factors of better outcomes with sorafenib[25]. Although dermatological events during the first 60 d of treatment were associated with better overall survival (OS) in the non-LT setting, this must be confirmed in post-LT patients[31]. Better PRS predictive factors after treatment with sorafenib are also lacking in the post-LT setting.
The REFLECT phase III, open-label RCT, showed non-inferior survival of lenvatinib (8 mg/day if < 60 kg or 12 mg/day if > 60 kg) vs sorafenib[32]. This tyrosine kinase inhibitor blocks VEGF as well as FGF and PDGF pathways. In this trial, eligibility criteria excluded patients with main portal trunk tumor invasion and those with > 50% of total liver volume involvement[32,33]. Median survival was 13.6 mo with lenvatinib vs 12.3 mo with sorafenib [HR: 0.92 (CI: 0.79-1.06)][32]. TTP, as well as higher rates of partial response and objective response rates were observed with lenvatinib. Higher rates of severe adverse events were observed in the lenvatinib arm (57% vs 49%), mainly hypertension, hypothyroidism, and proteinuria. 
The REFLECT trial modified the future therapeutic options in patients with advanced HCC. It remains unclear which subgroup of patients will obtain benefits by being treated with lenvatinib or sorafenib. Indeed, similar prognostic and predictive variables for lenvatinib have recently been published[34,35]. 
Unfortunately, there are no reported data regarding lenvatinib in the post-LT setting. To date, this is the first reported case treated with lenvatinib, at least in the non-Asian population. Our patient reported similar adverse events to those originally reported in the REFLECT trial, with initial hypertension during the first weeks of therapy and hypothyroidism presenting at week 4 of treatment and 13-mo therapy. There were no severe events, tolerance was appropriate and we did not observe liver function test abnormalities. In addition, blood tacrolimus levels were stable during the entire follow-up period. Although in this particular case, the real benefit on post-recurrence survival of lenvatinib vs surgical resection is still uncertain, and prognosis might have been associated with a more extended TTR presentation.
Three potential scenarios can develop during first-line systemic treatment, which determines the subsequent patient’s management: (1) Tolerance or intolerance; (2) Radiological progression; and (3) Symptomatic progression[22]. In HCC recurrence after LT, higher discontinuation rates and lower tolerance were reported with sorafenib (Table 1). However, this figure was not reported in a recently published study of sequential systemic therapy with sorafenib-regorafenib in the post-LT setting[36]. Whether adverse events are higher in the post-LT setting with lenvatinib is unknown.
More recently, immunotherapy has evolved as a potential first-line systemic option. Nivolumab was tested against sorafenib in the first-line setting (Check-Mate 459 study; NCT02576509) and failed in both co-primary endpoints. Another phase III, open-label, randomized trial evaluating atezolizumab, another immune-checkpoint inhibitor, with bevacizumab, an anti-VEGF monoclonal antibody, was superior to sorafenib in both co-primary endpoints of OS and progression free survival (PFS)[37]. Nevertheless, this therapy may not be applicable for post-LT patients as a higher risk of graft rejection has been reported[38,39] (Figure 2).
Currently, regorafenib[40], cabozantinib (CELESTIAL phase III RCT)[41] and ramucirumab (REACH I and REACH II phase III RCTs)[42] have demonstrated second-line efficacy. Neither pembrolizumab nor nivolumab, immune-checkpoint inhibitors, are recommended in the post-LT setting as previously mentioned[43,44]. The RESORCE phase III RCT included patients with advanced HCC who were tolerant and progressed under sorafenib[40]. The median OS was 10.6 mo (CI: 9.1-12.1) for regorafenib and 7.8 mo (CI: 6.3-8.8) for placebo, with a HR of 0.62 (95%CI: 0.50-0.79)[40]. Likewise, regorafenib was beneficial for TTP[40]. Overall, 93% of the patients receiving regorafenib developed AEs (i.e., high blood pressure, fatigue, diarrhea and hand–foot skin reaction), 46% grade III, and 4% grade IV, with drug discontinuation due to intolerance in 10% of the patients[40]. 
There is no reported data regarding the safety and efficacy of these second line therapies in patients with recurrent HCC after LT except for regorafenib[36]. Iavarone et al[36] reported the safety and outcomes of 28 patients treated with sequential systemic sorafenib-regorafenib after LT. Almost all patients developed adverse events, with 43% being severe events and 68% needing dose reductions[36]. The most common grade 3/4 adverse events were fatigue and hand-foot skin reaction. Interaction between CYP3A4 metabolism was reported with higher plasma levels of immunosuppressive drugs. The median regorafenib duration of treatment was 6.5 mo, with a median survival after regorafenib therapy of 12.9 mo and was 38.4 mo after sorafenib-regorafenib sequential treatment. This latter outcome is longer than previously reported in a retrospective analysis from the RESORCE trial[45]. However, it should be noted that these post-LT outcomes were assessed in a population with a better prognosis compared to patients with early recurrence. Indeed, the median TTR in that study was 26.4 mo[36].
Finally, neither neo-adjuvant nor adjuvant therapies have decreased the incidence of HCC recurrence following LT[46]. Whether sorafenib or other systemic therapy may be effective as adjuvant post-LT therapy is uncertain[47-55]. In the non-transplant setting, the STORM trial has not shown the benefit of sorafenib in decreasing the risk of HCC recurrence[21]; other trials evaluating immunotherapy in this setting are ongoing.

CONCLUSION
Recurrent HCC after LT has been associated with a dismal prognosis. Particularly in patients with recurrences during the first year after LT. Attempts have been made with radical therapies, some of them associated with better PRS. However, evidence supporting such radical therapies is low to very low quality. This is similar to the reported outcomes with systemic therapies. 
Moreover, there are no appropriate adjustment treatment effects with other prognostic variables, such as TTR. Whether more efficient therapies are yet to be identified and applied to these patients remains unknown. In this scenario, surveillance for HCC recurrence is still controversial due to a lack of reduction in mortality rates. However, after LT, surveillance for recurrence is demanded from a social point of view, triggering areas of improvement in the LT selection processes. 
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Figure Legends
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Figure 1 Metastatic site of hepatocellular recurrence after liver transplantation in a patient who received lenvatinib.

[image: ]
Figure 2 First- and second-line therapies for advanced hepatocellular carcinoma that may be applicable in the post-liver transplantation setting.

Table 1 Studies reporting the effect and safety of sorafenib after liver transplantation for recurrent hepatocellular carcinoma
	Ref.
	Design
	Population
	SOR/BSC
	mTOR
	SOR duration
(mo)
	Adverse events with SOR
	PRS with SOR (mo)

	[bookmark: OLE_LINK89]Bhoori et al[16]
	Case report
	Single patient with HCC recurrence
	1 (1/-)
	1/1
	4
	HFS
	8

	Yoon et al[47]
	Retrospective cohort
	HCC-R with SOR median TTR (12.3 mo)
	13 (13/-)
	1/13
	2.4
	HFS
	5.4

	Kim et al[48]
	Retrospective cohort
	HCC-R with SOR
	9 (9/-)
	7/9
	2.8
	-
	-

	Staufer et al[49]
	Retrospective cohort
	HCC-R with SOR
	20 (13/7)
	9/18
	5.5
	Grade 3-4 92%. Diarrhea 77% Discontinuation
	19

	Gomez-Martín et al[50]
	Retrospective cohort
	HCC-R with SOR + mTOR median TTR (22.6 mo)
	31 (31/-)
	31/31
	-
	Diarrhea
	19

	Weinmann et al[51]
	Retrospective cohort
	HCC-R with SOR median TTR (37.5 mo)
	11 (11/-)
	9/11
	8.9
	Diarrhea
	20

	Vitale et al[52]
	Retrospective cohort
	HCC-R with SOR median TTR (7 mo)
	27 (10/-)
	10/27
	10
	Diarrhea 30%, Discontinuation
	18

	Zavaglia et al[53]
	Retrospective cohort
	HCC-R with SOR
	11 (11/-)
	7/11
	2.2
	Fatigue
	5

	Waghrayet al[54]
	Retrospective cohort
	HCC-R
	34 (17/17)
	10/34
	10.2
	Diarrhea
	7

	Sposito et al[30]
	Retrospective cohort
	HCC-R with SOR
	39 (15/24)
	7/39
	6.9
	HFS
	10.6 vs 2.2 median TTR 20.6 vs 15.5 mo

	Alsina et al[55]
	Retrospective cohort
	HCC-R with/without SOR
	22 (9/13)
	
	10.2
	Rash
	42 vs 16 since LT


PRS: Post-recurrence survival; HCC: Hepatocellular carcinoma; TTR: Time to recurrence; LT: Liver transplantation; HFS: Hemifacial spasm.
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