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Abstract
Aim: We analysed outcomes using multimodality therapy in patients with hepatocellular carcinoma (HCC) 
recurrence post living donor liver transplantation (LDLT). 

Methods: Of 2363 LDLT’s performed between 2005 to mid 2018, 435 (18.4%) were for HCC within our expanded 
selection criteria (absence of extrahepatic disease and vascular invasion, irrespective of tumor size and number). 
Survival after recurrence, and prognostic factors for these patients were studied. 

Results: Of 435 LDLT patients, 51% had HCC beyond Milan and 43% beyond UCSF criteria at the time of LDLT. 
pre-LT AFP > 100 ng/mL and tumour FDG-18 PET avidity predicted overall survival (OS), whereas pre-LT AFP > 
100 ng/mL, UCSF criteria, and FDG-18 PET avidity predicted recurrence-free survival. Hundred patients (23%) 
developed HCC recurrence at a median time of 16 months (range 2-108 months) post LDLT. Lungs (53%), liver 
(37%), and bone (21%) were the most common sites of recurrence. Ninety-five patients received tyrosine kinase 
inhibitors (TKI) after recurrence and 62 received mTOR inhibitors (protocol-based after LDLT, or post recurrence). 
Surgical resection of metastases was performed in 14 patients, 15 received stereotactic body radiotherapy, and 
18 underwent ablation (radiofrequency, microwave ablation, transarterial chemoembolisation, or percutaneous 
ethanol injection). One- and 3-yr OS after recurrence were 57%, and 24% respectively, with a maximum post 
recurrence survival of 7.5 years. HCC recurrence within one year after LDLT (P  = 0.004, HR = 2.38, 95%CI: 1.325-
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4.276), AFP > 200 ng/mL at the time of recurrence (P  =0.02, HR = 2.075, 95%CI: 1.121-3.841), and recurrence 
at multiple sites (P  = 0.047, HR = 1.831, 95%CI: 1.009-3.321) were poor prognostics factors for post recurrence 
survival. Multimodality management of recurrence using combined medical, surgical, ablative treatments and 
radiotherapy significantly improved survival compared to the use of TKI’s or mTORi’s alone, or in combination. 

Conclusion: In patients accepted for LDLT beyond the conventional size-number criteria, even after HCC recurrence, 
an aggressive approach using multimodality therapy, when possible, aids in further prolongation of survival.

Keywords: Living donor liver transplantation, hepatocellular carcinoma recurrence, multimodality treatment, 
outcomes, prognostic factors

INTRODUCTION
Liver transplantation (LT) is now accepted as the best curative option for hepatocellular carcinoma 
(HCC) in patients with decompensated liver disease as it achieves oncological clearance, and also treats 
the underlying chronic liver disease (CLD)[1]. This however holds true when selection of patients for 
LT adheres to either the conventional Milan[2] and UCSF[3] criteria, or other expanded criteria[4-9] which 
have also yielded similar long term outcomes. Over the years, the focus of selection has shifted from size 
and number of tumours on pre-LT imaging, to tumour biology. Inclusion of tumour markers like alpha 
fetoprotein (AFP) and des-gamma-carboxy- prothrombin (DGCP), grade of the tumour, and FDG-18 PET 
scan avidity in the selection criteria, indicates the increased recognition that tumour biology is crucial 
and dictates long term outcome[10-13]. The main determinant of long term outcomes in HCC patients after 
LT is indeed tumour recurrence, and it continues to be the Achilles heel of this curative strategy. With an 
expansion of criteria, the chance of recurrence tend to be higher. It is still believed that recurrence leads to 
early death in most cases, since management of post-LT HCC recurrence to prolong survival remains very 
challenging. Recurrences frequently occur within the first 2 years after LT, however very late recurrence 
after a 10 year period have also been reported[14-16]. Furthermore, recurrences tend to occur as extrahepatic 
disease (as high as 71%), followed by intrahepatic recurrence alone, and both intra- plus extrahepatic 
recurrence[17]. Given that recurrence more often occurs at multiple sites, treatment of recurrence is even 
more difficult, and mostly limited to systemic therapy alone. Tumour burden at the time of recurrence is 
also a major determinant of outcomes (single vs. multiple nodules at the time of recurrence). The options 
available for systemic therapy are few, including tyrosine kinase inhibitors, and the recently introduced 
checkpoint inhibitors. Results using these systemic agents are far from satisfactory, and they are known to 
prolong survival only by a few months. 

In this study, we analyzed our results in managing patients with HCC recurrence post-LDLT with the use 
of multimodality treatment including surgical resection, ablative treatment, radiotherapy, modulation of 
immunosuppression, and systemic agents.

METHODS
Selection criteria for LT in patients with cirrhosis and HCC
At our center, we accept medically fit HCC patients for living donor liver transplantation (LDLT) 
irrespective of tumor size and number, provided they have no extrahepatic disease, or major vascular 
invasion. Listing for deceased donor liver transplantation is based on the UCSF criteria. Pre-LT recipient 
evaluation in HCC patients includes a whole body FDG-18 PET scan with triphasic CT angiography 
abdomen (or dynamic contrast MRI in recipients with borderline renal function), and whole body Tc-99m 
bone scan to rule out extent of hepatic, as well as extrahepatic spread. Alpha-fetoprotein (AFP) levels are 
also measured.
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Study cohort
From our prospectively maintained database of 2,363 LDLT’s (2005 to mid 2018 so as to have a minimum 
follow up of 2 years post LDLT at the time of data analysis), we studied outcomes in 435 histologically 
confirmed (on the explant specimen) cirrhosis and HCC (HCC-cirr) patients (18.4% of all LDLTs 
performed during this period). During this period, 481 LDLT’s were performed in HCC-cirr patients. 
Forty-six had segmental or lobar portal vein tumour thrombosis, and underwent downstaging before LDLT 
as per our Institutional protocol[18]. Those 46 patients were excluded from this study. Hundred patients 
developed recurrence, and their management and outcomes were further analysed [Figure 1].

Post LDLT immunosuppression and follow up
Post LDLT, patients were maintained on the standard 3 drug immunosuppressive regimen consisting of 
CNI inhibitor (Tacrolimus or cyclosporine), mycophenolate mofetil and steroid, the doses of which were 
slowly tapered, and steroid and mycophenolate were gradually omitted (usually by 6 months and 2 years, 
respectively). Since 2014, we followed a policy of early switch to mTOR inhibitor based immunosuppression 
with CNI reduction, 4-6 weeks after LDLT.

In addition to the routine follow up of all transplanted patients, follow up for tumour recurrence in HCC-
cirr patients included USG and AFP level at 3 months and 6 months, then once every 6 months till 2 years 
after LT. After this USG and AFP were repeated once annually. MDCT abdomen (or PET-scan if the 
tumours were initially PET-avid) was done 6 monthly for the first two years after LDLT, and then yearly. 

Figure 1. Patient Cohort
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Symptoms suggestive of metastases such as chest symptoms or bone pains were evaluated as indicated. All 
cases with suspected recurrence were discussed at a multidisciplinary meeting. Patients with an increased 
AFP underwent triphasic PET CT scans for radiological confirmation of HCC recurrence; histological 
confirmation was obtained only where the diagnosis was doubtful. 

Management of recurrence
Different treatment options were discussed in a multidisciplinary team meeting which included surgeons, 
radiologists, hepatologists, and oncologists. All patients were treated with sorafenib (after 2009), either 
alone (when other loco regional therapy or surgical resection were not possible), or in combination with 
surgery/ablation/radiotherapy. Resection was proposed in patients whenever technically feasible, especially 
in patients with isolated metatases in the lungs [video assisted thoracoscopic surgery (VATS), liver, bone, 
or scar site. Ablative therapy included transarterial chemoembolisation (TACE) for liver recurrence, or 
radiofrequency ablation (RFA)] for liver, lung or bone lesions. Stereotactic body radiotherapy was used for 
bone, lung, or hepatic recurrence in some cases.

Statistical analysis
Continuous variables are expressed as mean ± SD or median (range, IQR) as appropriate. Categorical data 
are presented as frequency and percentage. For outcomes post LDLT, overall survival (OS) was calculated 
from the date of transplant to the date of death or last follow up, whereas recurrence-free survival (RFS) 
was calculated from the date of transplant to the date of first recurrence, or last follow up whichever 
was earlier. Post-recurrence was calculated from the time of detection of recurrence till death, or last 
follow up. The Chi-square test was used for categorical variables, and independent t-test or ANNOVA for 
continuous variables. The Kaplan-Meier method was used for survival analysis, and the survival curves 
were compared by using the log-rank test. Univariate and multivariate analysis of risk factors associated 
with post recurrence survival was performed using Cox proportional hazard model. A P value of < 0.05 
was considered statistically significant. All statistical analyses were performed using SPSS version 20.0 for 
Windows statistical software (SPSS Inc., Chicago, IL, USA).

The study was performed in accordance with the Declaration of Helsinki. Since this was a retrospective 
review and analysis of prospectively maintained data at our Institute, no consent was required for inclusion 
in this study. However, all patients who had undergone LDLT or any procedure/therapy for recurrence 
were consented at every stage.

RESULTS
The overall and recurrence-free 5 year survival in our cohort of 435 patients was 64%, and 70%, respectively 
[Figure 2A and B]. Prognostic factors for OS included pre-LT AFP > 100 ng/mL and tumour FDG-18 PET 
avidity. Predictors of recurrence following multivariate analysis included UCSF criteria on imaging, serum 
AFP level > 100 ng/mL before LDLT, and tumour FDG-18 PET avidity.

The baseline clinico-pathological characteristics of 100 HCC-cirr patients who developed recurrence post 
LDLT are summarised in Table 1. The mean age of the studied population was 53 years of which 88% were 
males. The most common underlying causes of cirrhosis were HCV (34%) and HBV (32%) cirrhosis. The 
median pre-LDLT AFP was 96 ng/mL (range 1-11200), and mean was 788 ± 1985 ng/mL; 64% of patients 
had tumours beyond UCSF, and 71% beyond Milan criteria. 67% of tumours were FDG-18 PET scan avid. 
The characteristics in the entire cohort of 435 patients are detailed in Supplementary Table 1.

In the 100 patients with recurrence, the median time to HCC recurrence after LDLT was 16 months (range 
2-108 months), mean AFP at recurrence was 80 ± 11,796 ng/mL and majority of the recurrences (68%) were 
detected within first two years after LDLT. At the time of diagnosis, most recurrences were extrahepatic 
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Figure 2. Overall survival (A) and recurrence-free survival (B) in our cohort of 435 patients with hepatocellular carcinoma who 
underwent living donor liver transplantation

A

B
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(n = 54; 54%), liver only recurrence was seen in 15 patients, and in 21 patients, recurrence occurred in the 
liver as well as extrahepatic sites. Thirty-six patients presented with HCC recurrence at more than one site 
and the three most common sites of disease recurrence were lungs (53%), liver (37%), and bone (21%). 
Thirty-two percent of patients had a single nodule recurrence, whereas 68% of patients presented with two 
or more tumour nodules (at one or multiple sites) when they recurred [Table 2]. 

One patient developed an abdominal wall squamous cell carcinoma post LDLT and subsequently 
underwent excision. Two other HCC patients (in the overall cohort of 435 patients) developed de novo 
malignancies during follow up (one patient had an inflammatory myofibroblastic tumour of the colon, and 
another developed a brain cancer).

Management of HCC recurrence
Ninety five patients with recurrence were put on sorafenib of which in 20 patients dose adjustment was 
required due to adverse effects. mTOR inhibitors were used in 62 patients. In 38 patients, they were started 
“de principe” within 6 months of LDLT, as our protocol from 2012 onwards included switch to mTORI 
and mycophenolate based immunosuppression with CNI reduction early after LDLT. The other 24 patients 
were switched over to mTORi’s later, either pre emptively (11 patients), or after developing recurrence (13 
patients). All patients except one received Sirolimus (1 patient received Everolimus). Thirty-two patients 
received tyrosine kinase inhibitors (TKI’s) alone, and 36 received both TKI’s and mTORi’s [Table 2].

Surgical excision of lung metastases was performed using VATS in 5 patients, and limited hepatectomy was 
performed for liver recurrence in 3 patients. Scar site excision (n = 3), laminectomy, mediastinal tumour 
excision, and supraadrenal metastatectomy (one each), were the other surgical procedures performed. 
Fifteen patients received stereotactic radiotherapy (for bone/lung/liver/soft tissue lesions), 10 underwent 
RFA or microwave ablation (MWA) of liver/lungs/bone metastases, 5 underwent TACE for liver lesions, 
and 3 had percutaneous ethanol injection in metastatic lymph nodes [Table 2].

Thirty-two patients received tyrosine kinase inhibitors with/without mTORi’s and other modalities (surgery 
and/or ablative therapy and/or radiotherapy).

Patient demographics and tumour characteristics (n  = 100) Values
Age in years at the time of LDLT (mean ± standard deviation) 53 ± 8
Gender 

Male/Female 88/12
Etiology of underlying cirrhosis

HBV/HCV/HBV + HCV
Cryptogenic 
Ethanol
NASH/NAFLD
Others 

32%/34%/4%
6%
12%
10%
25%

Non tumour MELD score (mean ± standard deviation) 12 ± 6
Pre-LT treatment for HCC

TACE
RFA
Resection

22
6
6

Pre-LT AFP ng/mL Mean ± SD 788 ± 1,985
Tumour characteristics 

Within UCSF/Beyond UCSF
Within Milan/Beyond Milan
Tumour FDG-18 PET avidity Non Avid vs . Avid in those who had a PET scan before LT

36%/64%
29%/71%
23%/67%

Table 1. Patient demographics and tumour characteristics in 100 patients with HCC recurrence post LDLT

HCC: hepatocellular carcinoma; HBV: hepatitis B virus; HCV: hepatitis C virus; NASH: non alcoholic steatohepatitis; NAFLD: non 
alcoholic fatty liver disease; MELD: Model for End Stage Liver Disease; TACE: transarterial chemoembolization; RFA: radiofrequency 
ablation; AFP: alpha feto-protein; UCSF: University of California, San Francisco; FDG-18 PET: 18-fluoro deoxy-glucose positron emission 
tomography; LT: liver transplantation
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When we compared the tumour characteristics at the time of recurrence between the three treatment 
groups, we found that there was no statistically significant difference in AFP levels, occurrence of 
metastases at single vs. multiple sites, single vs. multiple nodules at recurrence, or intrahepatic recurrence 
only vs. intrahepatic and extrahepatic recurrence [Supplementary Table 2]. However, on post hoc analysis 
we did find that more patients in the Kinase inhibitor + mToR inhibitor group had HCC recurrence within 
1 year of LDLT (P = 0.05), and had multiple nodules at the time of recurrence (vs. single nodule, P = 0.04) 
as compared to the combined therapy group. 

Survival post recurrence
One-year, 2-year, and 3-year post recurrence survival were 57%, 31%, and 24%, respectively, with a median 
survival of 12 months (IQR 4-24 months) [Figure 3]. The maximum post recurrence survival was 88 months 
(7½ years), and the longest survivor still alive is 77 months post recurrence. 

With regards to predictors of survival after recurrence, HCC recurrence within one year after LDLT (P 
=0.004, HR = 2.38, 95%CI: 1.325-4.276), AFP > 200 ng/mL at the time of recurrence (P = 0.02, HR = 2.075, 
95%CI: 1.121-3.841), and recurrence at multiple sites (P = 0.047, HR = 1.831, 95%CI: 1.009-3.321), were 
poor prognostics factors for post recurrence survival [Table 3].

Post recurrence survival rates in the tyrosine kinase inhibitor only group (1-year, 3-year OS of 38% 
and 15%), as well as the tyrosine kinase with mTORi group (1-year, 3-year OS of 56% and 19%) were 
significantly inferior to those who received multimodality treatment using combined medical and surgical/
ablative/radiotherapy (1-year, 3-year OS of 77% and 39%); P = 0.017 [Figure 4].

DISCUSSION
Post- transplant HCC recurrence is seen in 10%-20% of the patients and this has remained stable over the 
years, despite repeated efforts to refine the selection criteria for transplant to achieve best outcomes[6]. This 
is much higher when the selection criteria are expanded, especially in the LDLT setting. A 2015 systematic 

Table 2. Characteristics of tumour recurrence and treatment modalities

Characteristics (n  = 100) Values
Time to recurrence after LDLT
Median (range)

16 months
(2-108 months)

AFP at the time of recurrence (ng/mL) Mean ± SD 80 ± 11,796
Site of tumour recurrence (number of patients)

Lungs
Liver
Bone
Lymph nodes
Brain
Scar site
More than one site of recurrence

53
37
21
7
2
2
36

Treatment for recurrence
Kinase inhibitors alone (Sorafenib, Regorafenib, Lenvatinib)
Kinase inhibitors with mTORi’s (sirolimus, everolimus) only
Medical (Kinase inhibitors with/without mTORi’s) plus other modalities (surgery, radiotherapy, ablation)

32 patients
36 patients
32 patients

Other modalities used in addition to kinase inhibitors and mTORi’s to treat metastases
Radiotherapy
TACE for liver metastases
VATS for lung metastases
Surgical resection of metastases (liver, scar site, mediastinal metastases, laminectomy, supra adrenal metastases)
Percutaneous ethanol injection in lymph node
Radiofrequency ablation and microwave ablation for liver, lung, or bone metastases
More than 1 modality used in one patient

15
5
5
9
3
10
11

LDLT: living donor liver transplantation; mTORi: mammalian target of rapamycin inhibitor; TACE: transarterial chemoembolization; 
VATS: video assisted thoracoscopic surgery
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Figure 3. Overall survival post hepatocellular carcinoma recurrence in 100 patients 

HCC: hepatocellular carcinoma; LDLT: living donor liver transplantation; UCSF: University of California, San Francisco; mTORi: 
mammalian target of rapamycin inhibitor

Table 3. Cox regression analysis for survival post HCC recurrence

Parameters
Univariate analysis Multivariate analysis

Hazard ratio 95%CI P  value Hazard ratio 95%CI P  value
Age at the time of recurrence 1.02 0.98-1.05 0.34
Gender - Male 0.90 0.46-1.78 0.77
HCC within vs.  outside UCSF criteria at the 
time of LDLT

1.06 0.66-1.70 082

Type of recurrence: recurrence at single vs.  
multiple sites

1.70 1.06-2.73 0.029 1.831 1.009-3.321 0.047

Tumour burden: single nodule vs.  multiple 
nodules

2.23 1.13-4.40 0.022 1.462 0.719-2.970 0.294

Intrahepatic only vs.  extrahepatic or 
Intrahepatic plus extrahepatic metastases

0.58 0.29-1.13 0.11

Alpha fetoprotein at the time of recurrence 
AFP < 200 vs.  > 200 ng/mL

2.59 1.42-4.71 0.002 2.075 1.121-3.841 0.020

Time to HCC recurrence: > 1 year after LDLT 
vs.  within 1 year of LDLT

2.49 1.56-3.98 0.001 2.381 1.325-4.276 0.004
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review including a heterogeneous group of 61 studies demonstrated a mean recurrence rate of 16%, and 
mean time from transplant to HCC recurrence of 13 months (range 2-132 months)[19]. The median time 
to recurrence in our series was 16 months (IQR 8-29 months). As centers worldwide transplant patients 
with HCC beyond Milan criteria, the magnitude of HCC recurrence may be larger than proposed by these 
estimates[20]. On the other hand, in patients slightly beyond conventional criteria, LT remains the best 
treatment option, since ablative or systemic therapy are often not possible due to deranged liver function, 
and LT is the best chance for oncological cure. 

Post LT HCC recurrence is the key determinant of survival, and managing patients with recurrence 
continues to be a major challenge, as none of the treatment options guarantee long term survival. 
Predominant extrahepatic recurrence, and recurrence at multiple sites, are two main issues that make 
management difficult. 

Early HCC recurrence (within the first year of LT), usually portends worse prognosis[21,22]. Our findings 
were similar, with recurrence within the first year predicting worse survival. Early recurrence could occur 
due to non-detectable extrahepatic metastases that may be present before LT, or due to circulating HCC 
tumour cells engrafting and growing in a target organ after LT. A strict post-LT surveillance protocol 
during the 1-2 year period post-LT (which covers most recurrences), could help in early detection when 
metastases are amenable to curative treatment, especially if they are single and resectable. Surveillance and 
staging should include regular imaging of lungs, bone and liver graft (most common sites of recurrences), 

Figure 4. Comparative post-recurrence survival in patients with hepatocellular carcinoma recurrence based on therapeutic modalities 
used
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and should be performed using modalities that are highly sensitive and specific (whole body FDG-18 PET 
scan with triphasic CT angiography abdomen, or contrast computed tomography abdomen and chest with 
bone scan). In our study, we found that 68% of recurrences occurred within two years following LT, which 
is in accordance with other studies (median time of recurrence 7-36 months)[23-27].

Sorafenib is known to confer some survival benefit in patients with disseminated recurrence (median 
survival of 12 months)[28-33], but is also associated with some drug limiting side effects. Combined 
with mTOR inhibitors, the synergistic effect shows a trend towards better tumour response. High 
dose CNI exposure has been shown to be a risk factor for HCC recurrence. Hence, an mTORi based 
immunosuppression strategy with reduced CNI has been proposed in HCC patients post LT to reduce 
recurrence[34] and improve survival benefit as demonstrated in a meta analysis[35]. Sirolimus is generally 
well tolerated. Recently, studies using everolimus in both the deceased donor and living donor LT scenario 
have shown a tendency towards lower recurrence[36]. A recent meta analysis comparing everolimus and 
sirolimus[37] showed lower recurrence rates in patients on everolimus compared to those on sirolimus or 
calcineurin inhibitors. However, everolimus-treated recipients had a shorter follow-up time and fewer 
advanced tumours in the above study. Though data on mTOR inhibitor therapy for established recurrence 
after liver transplantation remain scarce, a combination of either sirolimus or everolimus with reduced-
dose tacrolimus may prove beneficial in addition to sorafenib[36,38,39]. Our study showed that recurrence 
at multiple sites was a poor prognostic factor for survival post recurrence. In patients with recurrence at 
multiple sites where no form of directed therapy is possible, combining TKI’s with mTORi’s, with initial 
reduction in CNI dose and then stopping it, may prolong survival. In patients with recurrence who are 
not already on mTORi’s, therapy is initiated (initially at a dose of 0.75 mg BD Everolimus or 1 mg OD of 
Sirolimus) and maintained with trough levels of 3-5 ng/mL. CNI’s doses are gradually reduced and then 
omitted. If required, the patient is additionally maintained on mycophenolate mofetil in a low dose and 
titrated based on liver function.

We tried to analyze the change in AFP levels (response to treatment) in our cohort of patients. We looked 
at the initial AFP (pre-LDLT) level, AFP at recurrence, and evolution with treatment. AFP was high (> 50 ng/mL 
in 57 patients, > 100 ng/mL in 47 patients) in only 50-60% of patients at the time of LDLT (AFP secretors) 
itself. Of the 48 patients with AFP > 100 ng/mL at the time of LDLT, only 20 patients presented with high 
AFP levels at the time of recurrence, and only 12 patients had AFP levels that were similar to or higher 
than those pre LDLT. This could probably be due to early detection of recurrences using a stringent follow 
up protocol. Due to this low number of patients with high AFP levels at the time of recurrence, we could 
not draw any definite conclusions with respect to change in AFP levels post treatment. Patients who had 
high AFP levels were those who had recurrence at multiple sites. Patients whose AFP levels responded 
(decreased) to treatment had a longer survival, and most had been treated with a combination of Sorafenib 
and Sirolimus.

In patients who progress on sorafenib, regorafenib may be used as a second-line agent[40]. The utility of 
checkpoint inhibitors as immunotherapy in transplant recipients may appear promising, but also poses 
challenges due to the potentially increased risk of allograft rejection and graft loss[41]. 

Surgical resection or ablation of HCC recurrence (as opposed to systemic or palliative therapy alone) 
has been shown to be an independent predictor of long-term survival if recurrence is isolated to a single 
organ, whether it is in the liver or an extrahepatic site[14,22-24,42-44]. Post-LT HCC recurrences develop in 
non-cirrhotic livers without portal hypertension, thus qualifying most patients for surgery. Most studies 
have shown that resection is safe and significantly prolongs survival after HCC recurrence as compared to 
palliative treatment. In a recent study, Fernandez-Sevilla et al.[22] reported a median survival of 35 months 
(vs. 15 months) in patients with resection (vs. non resection) of intra- and extrahepatic recurrences. Actual 
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benefit following surgery in patients with HCC recurrence post LT could of course be challenged, as only 
some patients with a limited disease burden may be amenable to resection.

Lung is the most common site of recurrence, probably owing to proximity to the liver at the time of 
hepatectomy, and the lymphatic drainage[45]. In our study, we also observed that lungs were the most 
frequent site of HCC recurrence. Resection of pulmonary metastases is often not attempted owing to their 
multiplicity, frequent multiorgan involvement, and unclear impact on survival. However, some centers have 
reported good outcomes of pulmonary metastases resection (PMR) in patients treated by liver resection 
or ablative procedures for the liver recurrence[24,46,47]. In a large series of pulmonary metastatectomy cases 
post LT, Hwang et al.[48] showed that those patients who were selected for surgery based on the feasibility 
of complete resection and sufficient pulmonary function after surgery, the 5-year survival rate was 
significantly better. A large Italian multicenter study[45] found that pulmonary metastatectomy with a low 
complication rate was feasible in patients who were judged operable when they developed pulmonary 
metastasis as the first metastasis after LT for HCC. One year, 3-yr, and 5-yr cumulative overall survival rates 
of 100%, 66%, and 43%, respectively, were reported in this study, with a median OS of 51 months. They 
selected patients with lung only metastasis, and a good liver function for surgery. Repeat metastatectomy 
for recurrence after the first surgery has also been proposed[49-53]. In the 5 patients who underwent VATS 
resection of pulmonary metastases in our series, the median survival post recurrence was 18 months (range 
10-52 months). When pulmonary metastatectomy is precluded by inadequate lung function, SBRT is 
considered an alternative[54]. 

Ablative therapy in the form of RFA or MWA[55], TACE[56], and TARE using Yttrium-90 microspheres (Y-90) 
for unresectable intrahepatic HCC recurrence[57], have also occasionally shown good results. A retrospective 
cohort study compared results in 15 patients who were treated with surgery vs. 11 who underwent RFA 
for intrahepatic recurrence[58]. A similar 3-year (51% vs. 51%, P = 0.88) and 5-year (35% vs. 28%, P = 0.88) 
overall survival was reported in the two groups. Zhou et al.[59] prospectively compared TACE vs. systemic 
therapy in patients with unresectable intrahepatic recurrence. Survival benefits were achieved in the TACE 
arm (P = 0.013), indicating that regional control could have contributed to the improvement in overall 
survival.

Ablative treatment modalities are usually safe and well tolerated, and may be repeated multiple times or 
combined in a multimodality approach. Some also propose that early intrahepatic HCC recurrences may 
be better “tested” by a locoregional treatment, prior to performing a resection, provided no further disease 
appears in the mean time[60].

Use of non-invasive radiotherapy such as SBRT is also effective for local control of pulmonary and 
skeletal oligo-recurrences. Similarly, focused ablation of intrahepatic HCC recurrence spares the adjacent 
normal liver parenchyma. A higher dose of radiation is delivered while the risk of collateral damage 
is minimized[61]. An abbreviated duration of treatment with SBRT (usually completed in 1-5 fractions) 
compared to the 10-20 days for conventional radiotherapy (during which systemic therapy is usually 
deferred) is an added advantage. It is now also established in pre-clinical models that stereotactic radiation 
may up regulate antitumour immunity[62-64].

Results of our analysis also emphasized the utility of multimodality treatment. including systemic therapy 
combined with surgery/ablation/radiotherapy. In 32 patients undergoing resection or ablative treatment 
in addition to systemic therapy, the post recurrence survival was superior to systemic therapy alone. This 
is in line with the limited studies that have been published on this topic[65-67]. It is however also true that 
resection or ablation is not possible in all patients with recurrence, especially in those with recurrence 
at multiple sites or multiple nodules at the time of recurrence. One may argue that due to this reason, 
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the results are biased towards the multimodality treatment group. We recommend surgical resection of
isolated metastasis (either in extra hepatic or intrahepatic location) in carefully selected patients with
good functional status. If resection is not possible, ablative therapy and SBRT should be used especially in
liver, lung or bone metastases. Systemic therapy with Kinase inhibitors (mainly sorafenib) is advisable in
all patients. Furthermore, combination therapy with mTOR inhibitors (sirolimus, everolimus) in order to
reduce CNI doses, may have some benefit over kinase inhibitors alone, as seen in our study.

In conclusion, multimodality treatment for post LT HCC recurrence has shown to further improve survival
rates, which calls for an aggressive approach while formulating a treatment regime for these patients.
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