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Purpose: Liver transplantation (LT) is the definite curative treatment for hepatocellular carcinoma (HCC), but recurrence can occur 
even under stringent criteria. “Delayed” HCC recurrence (>3 years after LT) is not common. Here, we present the clinical features of 
patients who developed delayed HCC recurrence after LT.
Patients and Methods: We reviewed the data of eligible patients from February 1999 to December 2020 from medical records.
Results: From among 195 (17%) HCC patients who received LT, 34 experienced HCC recurrence, with 5 (15%) delayed recurrence. 
These five explant tumors were staged T1b–T2, graded II–III, with two vascular invasion and four beyond the Milan criteria. The 
median time to recurrence was 6.1 years, with the longest interval being nearly 18 years. Recurrence patterns included two 
extrahepatic, one intrahepatic, and two mixed extrahepatic and intrahepatic recurrences. A drastic increase in serum alpha- 
fetoprotein levels was observed in four cases 1 year before recurrence. Management of recurrence included locoregional (surgssical 
resection in three, radiotherapy in three, transarterial chemoembolization in one, radiofrequency ablation in one) and systemic 
sorafenib use in three. Two patients died within 12–18 months, one died within 18–24 months, and two are still alive until the end 
of the study, with respective 13.5- and 16.5-month survival.
Conclusion: Delayed HCC recurrence could occur over 10 years. Therefore, continual surveillance for recurrence is justified, but 
biomarkers and intervals or intensities specific for delayed recurrence are not validated, which warrants further validation to facilitate 
personalized medical care.
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Introduction
Surgical curative treatments for hepatocellular carcinoma (HCC) include resection and liver transplantation (LT). LT 
within strict selection criteria yields a lower HCC recurrence rate than tumor resection, especially in those with 
underlying cirrhosis,1 but it still remains relatively high: at approximately 6%–20%.2

No consensus has been reached regarding the management of post-LT HCC recurrence, and the current strategy is 
similar to that of patients without LT.3 Treatment options include surgical resection, radiotherapy or other locoregional 
therapies, systemic therapy with sorafenib, and supportive care.3 Despite treatments, the survival rate in post-LT HCC 
recurrences is dismal, ranging from 6 to 30 months (median: 12 months).4 Curative-intent treatments lead to better long- 
term survival,5 which highlights the value of early tumor detection and eradication.

Most recurrences are classified as “early” occurring within 2 years of LT.2,3,6,7 Cases with “delayed” (>3 years post- 
LT) recurrences are so uncommon that few studies have addressed their characteristics. In the literature, the behavior of 
late recurrences appears to differ from that of early recurrences in terms of better survival3,8 and a tendency toward 
extrahepatic metastases.7,9 However, the underlying biological mechanisms remain inconclusive.
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Whether delayed recurrences have the same risk factors as early recurrences and whether follow-up strategies for 
delayed HCC recurrence should be modified are not well explored. Here, we used a transplant cohort of more than 20 
years to identify patients with delayed HCC recurrence (>3 years after LT) and analyze their disease course and clinical 
characteristics to help characterize these patients and establish strategies for early detection.

Materials and Methods
The Institutional Review Board of National Taiwan University Hospital, Taipei, Taiwan, approved this study 
(REC: 202004053RINB) and consent from patients or next of kin if deceased were obtained for the publication of 
the cases. This study complies with the Declaration of Helsinki. All organs in this study were donated voluntarily 
with written informed consent. Transplantation was conducted in accordance with the Declaration of Istanbul.

Patients
The data of patients with delayed post-LT HCC recurrence were retrospectively collected from the medical records of 
a tertiary transplant center. Demographic and clinical characteristics, including age, sex, past medical history, HCC 
course, treatments, blood biochemical tests, and histopathological examinations, were reviewed.

Transplant Criteria and Follow-Up After LT
The evaluation process for LT and the follow-up strategy have been described previously.1 Briefly, LT is considered when 
surgical resection and other locoregional treatments are inapplicable because of no possibility for further resection or 
poor liver reserve. Preoperative tumor status beyond the University of California San Francisco (UCSF) criteria is 
regarded as a contraindication for LT.

After LT, all patients received regular monthly or bimonthly follow-up with abdominal ultrasonography and serum 
alpha-fetoprotein (AFP) level monitoring. Contrast imaging studies (such as computed tomography (CT) and magnetic 
resonance imaging) and histopathological examinations were performed in case of suspicious lesions or specific 
complaints. The patients were followed up until death or February 28, 2022.

Treatment of HCC Recurrence
As mentioned, the treatment strategy for post-LT HCC recurrence is based on the same criteria for those without LT.3 All 
patients were initially evaluated for surgical resection of intrahepatic or extrahepatic recurrences. When surgical resection is 
not feasible, other locoregional therapies for intrahepatic recurrences (such as radiofrequency ablation (RFA) or transarterial 
chemoembolization (TACE)) and radiotherapy for extrahepatic recurrences are considered. Systemic therapy with sorafenib 
was used for patients with distant metastases or major vascular invasion inside a liver with good hepatic reserve.

Statistical Analysis
Data are expressed as median (range) or number (percentage), as appropriate. HCC recurrence probability and overall 
survival were estimated using the Kaplan–Meier method.

Results
Demographics
We initially identified 738 LT recipients between 1999 and 2020, 195 of whom had HCC. Of them, 34 (17%) experienced 
post-LT HCC recurrence, with five (15%, four men and one woman) experiencing recurrence >3 years after LT 
(Figure 1). All five patients had undergone live donor LT in their 50s. All were previously diagnosed as having cirrhosis 
and viral hepatitis (three with hepatitis B and two with hepatitis C). The total follow-up was 48.6 person-years, with 
a median follow-up of 7.2 (range: 4.8–19.3) years. Table 1 presents the detailed demographic data.

Management Before LT
Locoregional therapies were administered prior to LT: TACE (n = 2), ethanol injection (n = 2), RFA (n = 2), and resection (n = 1).
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Clinical Characteristics at LT
The median peak serum AFP before LT was 86.1 (range: 7.7–3314.1) ng/mL. Two patients had AFP peak levels within 
the normal range (<19 ng/mL). On histopathological examination, all explant tumors were stage T1b or T2. Modified 
Edmondson–Steiner grade was II or III. Two patients had vascular invasion. HCC status in four patients was ultimately 
classified as beyond the Milan and UCSF criteria. Tables 1 and 2 present the detailed histopathological data.

Follow-Up After LT
Immunosuppression protocols were reviewed. FK506 was administered to all patients, and the serial blood concentration 
is presented in Figure 2A. Mycophenolate mofetil (MMF) was regularly given, except in Case 4. Other immunosup-
pressants included the short-term perioperative use of basiliximab and steroids.

Two patients had recurrent hepatitis C infections after LT. Figure 2B illustrates the changes in serum AFP level. 
Generally, serum AFP considerably increased with time, and HCC recurrence was diagnosed approximately 1 year after 
the increase. The median recurrence time was 6.1 (range: 3.2–17.9) years, with two cases having a recurrence time of >10 
years and one case with recurrence at almost 18 years (Figure 2C). The first identified recurrence site was extrahepatic in 
three cases, including the bone (n = 2) and lung (n = 1). Recurrences eventually occurred in the bone (n = 4), liver (n = 3), 

Figure 1 Flowchart of patient selection.
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lung (n = 2), and brain (n = 1). Overall, we have two extrahepatic recurrences, one intrahepatic recurrence, and two mixed 
extrahepatic and intrahepatic recurrence. HCC recurrence involved multiple sites in three cases.

Three patients underwent surgical therapy for HCC recurrence, including pelvis debulking excision (n = 1), lung 
wedge resection (n = 1), and hepatectomy (n = 1). Systemic sorafenib was administered to three patients. Other 
managements for the recurrence included TACE (n = 1), RFA (n = 1), and radiotherapy (n = 3).

The median postrecurrence survival was 13.5 (range: 12–21) months, with an estimated 6-, 12-, 18-, and 24-month 
survival following recurrence of 100%, 100%, 33%, and 0%, respectively (Figure 2D). Two patients were still alive 
(40%) at the last follow-up, with one 13.5-month survivor and one 16.5-month survivor. Detailed clinical information on 
follow-up after LT is listed in Table 3. Case 4 received no regular follow-up for AFP and Case 5 received no regular 
follow-up for FK506 during the time between LT and HCC recurrence.

Table 1 Demographics (at Transplant) of Liver Transplant Recipients with Delayed HCC Recurrence 
(Nontumor Factors)

Case No. 1 2 3 4 5

Demographic characteristics

Gender Male Male Female Male Male

Age of LT, years 51 53 59 59 53
Past medical history

Viral hepatitis HBV HBV HCV HBV HCV

Cirrhosis Yes Yes Yes Yes Yes
Polycystic liver disease No No Yes No No

Alcoholism No Yes No No No
Diabetes mellitus Yes No No No No

Hypertension Yes No No No No

Peptic ulcer No No No No No
Esophageal varices No Yes No No No

Donor data

Gender Female Female Female Female Male
Age of donation, years 23 22 29 54 27

Graft weight, grams 520 620 475 660 695

GRWR, % N.A. 1.1 0.9 1.0 N.A.

Abbreviations: GRWR, graft-to-recipient weight ratio; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; LT, liver 
transplant; N.A., not available.

Table 2 Demographics (at Transplant) of Liver Transplant Recipients with Delayed HCC Recurrence (Tumor Factors)

Case No. 1 2 3 4 5

Laboratory data
Peak serum AFP before LT, ng/mL 12.2 3314.1 593.7 86.1 7.7

Serum AFP at LT, ng/mL 4.4 3314.1 97.4 N.A. 7.7

MELD score 19 14 14 12 10
Pathology report of explant

Number of viable tumors 1 1 5 4 2

Largest viable tumor diameter, cm 8.0 2.5 2.6 2.3 1.5
Bilobar involvement No No Yes Yes N.A.

Microvascular invasion Yes No No No Yes

AJCC staging T2N0M0 T1bN0M0 T2N0M0 T2N0M0 T2N0M0
Modified Edmondson-Steiner grading II III III III II

Non-tumor part Cirrhosis, Cholestasis Cirrhosis Cirrhosis, Polycystic Cirrhosis Cirrhosis

Milan criteria Beyond Within Beyond Beyond Beyond
UCSF criteria Beyond Within Beyond Beyond Beyond

Abbreviations: AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma; LT, liver transplant; MELD, Model for End-Stage Liver Disease; N.A., not available.
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Course of Each Patient
The disease course for each patient before and after LT is presented in Figure 2E and summarized below.

Case 1
A 51-year-old man had cirrhosis and hepatitis B infection. In an annual health examination, an HCC lesion was noted. He 
received TACE, followed by LT. There was one tumor, 8 cm in diameter, with vascular invasion in the explant liver. The 
nontumor part had cirrhosis and cholestasis. The donated liver was donated voluntarily by the patient’s daughter.

About 3 years after LT, pain in the buttocks was noted. A mass lesion involving the right ischial bone and pubic bone 
was revealed, and a diagnosis of HCC recurrence was made. The patient underwent debulking excision. Pain was 
relieved after surgery. He was able to walk by himself with the help of physical therapists. Radiotherapy and sorafenib 

Figure 2 Clinical features of liver transplant recipients with delayed HCC recurrence. (A) FK506 level from liver transplant to recurrence (left) and FK506 level in the first 
month after liver transplant (right). Data of case 5 is incomplete because of the lack of regular follow-up of FK506. (B) Alpha-fetoprotein (AFP) level from liver transplant to 
recurrence. Data of case 4 is incomplete because of the lack of regular follow-up of AFP. Patient 4’s AFP level at recurrence was 20,127.2 ng/mL. (C) Hepatocellular 
carcinoma recurrence probability > 3 years after liver transplant. (D) Overall survival after recurrence. (E) Clinical course after the diagnosis of hepatocellular carcinoma.
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were also administered. No obvious adverse drug reaction was noted. However, approximately 20 months later, multiple 
metastases were found in the liver, bilateral lungs, and brain. He then died of cancer 21 months after HCC recurrence.

Case 2
A 53-year-old man had a history of cirrhosis, alcoholism, and hepatitis B infection. A hepatic tumor was found in the 
routine follow-up for cirrhosis. After the diagnosis of HCC, he received an ethanol injection, but progressed elevation of 
liver enzymes and bilirubin was noted. Therefore, LT was suggested. A tumor, 2.5 cm in diameter, without vascular 
invasion was found in the explant liver. Case 2 was the only one with explant tumors within the Milan criteria and UCSF 
criteria. The donated liver was donated voluntarily by the patient’s daughter.

During follow-up, general conditions had been good. About 11 years after LT, persistent elevation of AFP level was 
noted. CT was arranged and revealed a 1.9-cm solid nodule in the left lung, which was later diagnosed as HCC 
recurrence. Consequently, a video-assisted left upper lung wedge resection was performed. He recovered well after the 
surgery. He was alive at the end of the study (13.5 months postrecurrence).

Case 3
A 59-year-old woman had cirrhosis, polycystic liver disease, and hepatitis C infection. She also had early-stage breast 
cancer and had undergone modified radical mastectomy and chemotherapy more than 20 years ago. HCC was found in 
routine follow-ups for cirrhosis. Hepatectomy and RFA were performed, but HCC recurrence was found near major 
vessels, so LT was suggested. Pathology reports of the explant liver noted five tumors with the largest tumor diameter of 
2.6 cm and bilobar involvement. The donated liver was donated voluntarily by the patient’s niece (fifth degree relative).

Recurrent hepatitis C (HCV) was detected very early after transplantation, and liver panels were normal during follow-up. 
Treatment with direct-acting antiviral agents (DAA) (ombitasvir, paritaprevir, ritonavir and dasabuvir) was initiated about 5 
years after LT, when these drugs became available in Taiwan. The treatment lasted for about half a year, and HCV viral load 
became undetectable. Six years after LT (4 months after completion of DAA treatment), CT revealed a 3.5-cm lesion in the 
liver and TACE and RFA were performed. Later, multiple recurrent lesions appeared in the liver in follow-up. Besides, a 6-cm 
tumor over the rib of the lower chest was found, so radiotherapy was given. Sorafenib was also administered but then 
discontinued due to lethargy after the use of the drug. Cancer death occurred 13 months after HCC recurrence.

Case 4
A 59-year-old man had cirrhosis and hepatitis B infection. He had received ethanol injection, RFA, and TACE before LT. 
In the explant liver, there were four tumors with bilobar involvement. The largest tumor diameter was 2.3 cm. No 
vascular invasion was noted. The donated liver was donated voluntarily by the patient’s younger sister.

Table 3 Demographics (at Recurrence) of Liver Transplant Recipients with Delayed HCC Recurrence

Case No. 1 2 3 4 5

Recurrence data
Time from LT to recurrence, year 3.2 11.2 6.1 3.8 17.9

Use of MMF Yes Yes Yes No Yes

New/Relapse of viral hepatitis No No HCV No HCV
Serum AFP, ng/mL 658.5 2182.2 981.7 20,127.2 < 2.0

PT INR N.A. 1.02 0.96 0.96 0.98

Serum AST, U/L 34 24 24 29 19
Serum ALT, U/L 38 18 22 23 11

Distribution Intra + extra Extra Intra + extra Extra Intra
Multiple sites Yes No Yes Yes No

Treatment Surgery Surgery Non-surgery Non-surgery Surgery

Time from recurrence to death, month 21 N.A. 13.5 12 N.A.

Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Extra, extrahepatic; HCC, hepatocellular 
carcinoma; HCV, hepatitis C virus; Intra, intrahepatic; LT, liver transplantation; MMF, mycophenolate mofetil; N.A., not available; PT INR, prothrombin 
time with international normalized ratio.
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Approximately 4 years after LT, multiple HCC recurrence was observed in the pelvis involving the left iliac crest. 
Radiotherapy and sorafenib were administered. Later, CT indicated multiple metastases in the multiple thoracic 
vertebrae. Because of the poor response to target therapy and radiotherapy, the patient preferred supportive care only. 
He died 12 months after the diagnosis of HCC recurrence.

Case 5
A 53-year-old man had cirrhosis and hepatitis C infection. He underwent LT for severe cirrhosis and liver failure. 
Surprisingly, two HCC lesions with vascular invasion were noted in the explant liver. The largest tumor diameter was 
1.5 cm. The donated liver was donated voluntarily by the patient’s son.

Recurrent HCV was detected very early after transplantation and liver panels were normal during follow-up. Similar 
to Case 3, HCV treatment was not initiated until DAA became available. Treatment with DAAs (glecaprevir, pibrentas-
vir) was initiated about 16 years after LT. The treatment lasted for about 2 months, and HCV viral load became 
undetectable. Almost 18 years after LT (19 months after completion of DAA treatment), a single 2.5-cm HCC tumor was 
revealed on routine abdominal echography. Hepatectomy was then performed without complications. The nontumor part 
was cirrhotic. The patient recovered well after the surgery. He was alive at the end of the study (16.5 months 
postrecurrence).

Discussion
In this study, we focused on recurrences >3 years post-LT, with a median recurrence time of 6.1 (range: 3.2–17.9) years. 
We reviewed patient profiles to identify possible risk factors for delayed post-LT HCC recurrence. Some possible risk 
factors shared by our patients are as follows: a medical history of viral hepatitis, explant tumors beyond the Milan criteria 
(solitary tumor ≤5 cm or 2–3 tumors with none >3 cm)10 or the UCSF criteria (solitary tumor ≤6.5 cm or 2–3 tumors with 
none >4.5 cm and total tumor diameter ≤8 cm),11 less well-differentiated tumors (modified Edmondson-Steiner grade II– 
III),12 and administration of immunosuppressants. This study contributes to the literature by providing a comprehensive 
review of clinical characteristics, and our results warrant further external validation.

A systematic review of 23 studies, including 1921 post-LT HCC recurrence cases, reported the median post-LT HCC 
recurrence time to be approximately 1.3 years (range: 0.6–2.2).4 While mostly within the first 2 years, some HCC recurrences 
occur >2 years post-LT. Verna et al suggested different plausible explanations for early and late post-LT HCC recurrences.13 

Early recurrences could occur due to undetected extrahepatic metastases that may be present before LT and owing to 
circulating HCC clones engrafting and growing in a target organ after LT.13 Late recurrences (including delayed recurrence) 
could be a result of a second unknown hit, leading to late engrafting of HCC cells that are less in number and remain latent for 
a long time after LT.13

Immunosuppressants affect the integrity of the immune system, which leads to the escape of mutated cells and viral 
infections from immunosurveillance. Currently, calcineurin inhibitors are the backbone of immunosuppression protocols 
in LT. In vitro studies and animal models have shown that a high dosage of calcineurin inhibitors can upregulate tumor 
development through several pathways involving transforming growth factor β or Rho/Rho associated kinase.14,15 

Moreover, calcineurin inhibitors are related to pancreatic β-cell apoptosis and impaired insulin secretion.16–18 

Consequently, they can cause diabetes mellitus, which is a recognized risk factor for HCC.19 In fact, high exposure to 
calcineurin inhibitors within the first 30 days, but not thereafter, has been reported to nearly triplicate the risk of HCC 
recurrence.20 Additionally, the use of mammalian targets of rapamycin inhibitors is highly recommended based on 
previous studies, but further trials are warranted to generate robust evidence to guide the clinical use of these regimens.4 

Whether immunosuppressant is also a risk factor for delayed post-LT HCC recurrence must be further studied.
Recurrent HCV after LT was detected in case 3 and case 5, and the time elapsed between completion of DAA 

treatment and HCC diagnosis was 4 and 19 months, respectively. While some previous studies suggested an increased 
HCC recurrence rate with DAA treatment,21 subsequent studies showed that DAA treatment is not associated with 
increased recurrence for HCC.22–24 A study comprising 3 large prospective multicenter cohorts showed that there was no 
evidence to suggest that DAAs heighten the risk of HCC recurrence, notably following curative HCC treatment including 
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LT.25 A meta-analysis revealed that DAA treatment significantly reduces the risk of HCC recurrence compared to an 
interferon regimen and no intervention.26

The median survival time for post-LT HCC recurrences is 12 (range: 6–30) months.4 A nationwide cohort analysis in 
Taiwan reported that the 1- and 2-year postrecurrence survival rates were 57% and 35%, respectively.3 The survival rate 
of late recurrence (>2 years) cases seems to be prolonged (median 14.3 months; interquartile range, 6.6–32.6). This is 
consistent with studies that have shown that a longer time to recurrence is associated with higher postrecurrence 
survival.4 Almost all such studies (n = 13) compared the early and late recurrence groups, although the cutoff point to 
define late recurrence varied: 9 months (n = 1), 1 year (n = 8), 2 years (n = 3), and 3 years (n = 1).4 The correlation 
between shorter recurrence times and poor survival may be explained by original HCC cells circulating in the body and 
triggered by immunosuppressive therapy to develop tumor.4

In addition to prolonged survival, our cohort also exhibited a tendency of distal metastases, with four extrahepatic 
HCC recurrences and three involving multiple sites. This was consistent with previous studies that have shown that more 
extrahepatic involvement is seen in late recurrences, whereas more intrahepatic involvement is seen in early 
recurrences.7,9 This also reflects the difference in tumor biology between early and late recurrences, but the mechanism 
remains unexplored.

The survival rate of post-LT HCC recurrences is dismal. Curative-intent treatments lead to better long-term survival,5 

highlighting the value of early tumor detection. However, no consensus on post-LT HCC recurrence surveillance exists. 
Because of the tendency toward distal metastases, the American Association for the Study of Liver Diseases (AASLD) 
guidelines currently recommend chest and abdominal CT scans.27,28 Additionally, elevated serum AFP levels correlate 
with HCC recurrence, independent of the timing or location of the recurrence.29 However, the intensity of surveillance 
and the optimal timing and duration are uncertain. A balance is required between the recurrence risk, yield, medical cost, 
and possible side effects, and several risk stratification models have been developed to guide surveillance. A study 
reviewed such models and reported that the most frequently employed predictors were serum AFP levels, tumor size, 
vascular invasion, tumor number, and tumor differentiation.30 Three models were recommended in the systematic review 
based on the study design, overall quality, simplicity, and external validation and how well a predicted probability of 
HCC recurrence matches the observed risk at the individual level,30 namely the RETREAT score31 (Mehta, 2016), AFP 
model32 (Duvoux, 2012), and the score by Decaens,33 2010. Notably, the study end point of these models was 5 years 
post-LT. The validity of their risk prediction models for recurrence >5 years post-LT remains to be established.

Table 4 presents a summary of the application of these models to HCC recurrence cases. Overall, our patients have 
a lower score in these models, particularly Patient 5, who scored the lowest in each model and was stratified into a low-risk 
group in each model. Patient 5 also had the longest recurrence time—nearly 18 years post-LT. In fact, this may be a case of 
de novo HCC rather than a recurrence of the original HCC cells. Although molecular profiling is required to make 
a definitive distinction, this case has many similarities to previously reported cases of de novo HCCs after LT. First, de novo 
HCCs after LT generally appear without distant metastases. Second, the main risk factor for de novo HCC after LT is the 
recurrence of hepatitis or cirrhosis in the transplanted liver.34 Third, de novo HCCs generally occur after a much longer 
period than HCC recurrence. The incidence of de novo HCC likely increases over time after LT because of the increasing 
use of “marginal” livers and cumulative exposure to environmental hepatocarcinogens.34–36 HCC can take decades to 
develop, with the longest reported recurrence case diagnosed 22 years after LT.34 Immunosuppressive therapy following LT 

Table 4 Application of Risk Prediction Models to Liver Transplant Recipients with 
Delayed HCC Recurrence

Case No. 1 2 3 4 5

Risk prediction models

RETREAT score31 4 4 3 Not available 3

AFP model32 4 3 4 2 0
Decaens’ score33 6 4 6 6 2

Abbreviations: AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma.
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is also a risk factor and may cause accelerated carcinogenesis because HCC usually occurs after approximately 30 years in 
HCV-infected native livers.34,37

The use of liquid biopsies as predictors of late recurrence has potential in the future, including circulating tumor cells, 
circulating cell-free tumor DNA (ctDNA), and extracellular vesicles.38 Several meta-analyses have highlighted the 
prognostic value of circulating tumor cells in various cancers.38 ctDNA is present in plasma samples of many types of 
tumors that had not apparently metastasized or released tumor cells into the circulation.39 Notably, circulating tumor cells 
and ctDNA are extremely rare. By contrast, extracellular vesicles derived from tumor cells are abundant in blood and 
could potentially be used as biomarkers for prognosis.40,41 Additionally, analysis of molecular biomarkers, including 
DNA alterations, aberrant gene expression, and microRNA toward HCC risk stratification, although challenging, offers 
considerable hope.42

This study was limited by the retrospective study design and small sample size. However, the nature of the wide-span 
interval and rarity in occurrence make conducting a larger scale study or a prospective study difficult. Further multicenter 
or international collaboration is required to elucidate hazy features.

Conclusions
In our study, 5 of 34 (15%) of cases of post-LT HCC recurrence occurred >3 years after LT, with two occurring after >10 
years. Consequently, continual follow-up for HCC recurrence is justified, even after many years. However, the 
surveillance tool and the intensity of surveillance or optimal timing and duration are uncertain, especially for HCC 
recurrence >3 years post-LT. Further studies are warranted to characterize such patients and clarify the biological 
mechanisms that facilitate personalized follow-up strategies in these patients.

Abbreviations
AFP, alpha-fetoprotein; CT, computed tomography; ctDNA, cell-free tumor DNA; GRWR, graft recipient weight ratio; 
HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; LT, liver transplant; MELD, Model for 
End-Stage Liver Disease; MMF, mycophenolate mofetil; PT INR, prothrombin time with international normalized ratio; 
RETREAT, The Risk Estimation of Tumor Recurrence After Transplant; RFA, radiofrequency ablation; TACE, transar-
terial chemoembolization; UCSF, University of California San Francisco.
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