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The management of recurrent hepatocellular carcinoma untreatable with surgical options is based 
on systemic therapy with sorafenib. Due to the high rates of adverse events connected to the therapy 
with sorafenib, metronomic capecitabine seems a promising strategy for these patients. We analyzed 
the data of 38 patients with hepatocellular carcinoma recurrent after liver transplantation performed 
at our center. We compared the outcome of 17 patients receiving metronomic capecitabine versus 20 
patients experiencing best supportive care and versus the data of the literature about treatment with 
sorafenib. In the group treated with metronomic capecitabine we observed an increased survival after 
tumor recurrence at the univariate and multivariate analysis compared to the group of best supportive 
care (median 22 months vs. 7 months, p < 0.01). Data from the literature on the use of sorafenib 
showed outcomes like our study group, with similar patient and tumoral features. The episodes of 
acute rejection and the tumor stage at the recurrence showed a correlation with patient survival at 
the univariate analysis. The metronomic capecitabine for hepatocellular cancer recurrent after liver 
transplantation seems effective without important adverse events and comparable results to sorafenib.

Hepatocellular carcinoma (HCC) is one of the main indications to liver transplantation (LT) in Western coun-
tries1. Tumor recurrence, which occurs in about 10–30% of recipients, remains one of the most important neg-
ative predictor of post-LT survival2, 3. The management of the recurrent HCC includes surgical resection and 
loco-regional treatments alone or combined with systemic therapies. In this perspective, sorafenib, an oral 
multiple-tyrosine kinase inhibitor, proved effective against advanced HCC in randomized clinical trials4, 5 and 
several small retrospective, heterogeneous studies reported a survival advantage in transplanted patients with 
HCC recurrence, when compared to best supportive care (BSC)6–12. However, its safety profile has raised some 
concerns in the setting of post-LT recurrence13, 14. The prevalent adverse events reported during sorafenib treat-
ment were fatigue, dermatologic and gastrointestinal symptoms. In Sposito’s study, hand-food skin reaction was 
observed in 60% of patients; while diarrhea and fatigue were observed in 40% and 16.7%, respectively. All adverse 
events were grade 1–3 in severity6. A recent meta-analysis of 8 retrospective studies suggested a potential pos-
itive role of sorafenib in the post-LT setting, but the 1-year survival positively correlated with an increase in 
several adverse events: the median incidence for grade 3–4 dermatologic, gastrointestinal toxicity and fatigue 
were 22.5%, 18% and 16.1%, respectively15. All these figures were quite higher than those reported in randomized 
control trials (RCTs)16. The adoption of mammalian target of rapamycin (mTor) inhibitors may have a role in the 
treatment of HCC recurrence after LT, thanks to their dual effect of anti-angiogenesis and immunosuppression. 
Unfortunately, the real advantage of sirolimus has been proven in only one significant clinical series17.
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Another treatment available in this setting is metronomic capecitabine (MC), which is the administration 
of a lower dosage of cytotoxic drugs in continuous without breaks18. In advanced HCC, MC showed a survival 
benefit in term of recurrence free survival (RFS) and overall survival (OS) in controlled large phase II study, both 
in first and second line19. Some recent studies confirm the survival benefit of MC in patients previously treated 
with sorafenib or intolerant to sorafenib20, 21 and the adverse events were lower than those reported with standard 
chemotherapy22, 23. This treatment has a low toxicity profile with few adverse events and no reported cases of dose 
reduction or treatment discontinuation due to side effects.

In the present study, we explored the putative efficacy of MC in HCC recurrence after LT. We compared the 
survival rates of patients treated with MC with a similar cohort who experienced BSC; we analyzed which of the 
several variables related to the tumor, the tumor treatment, the recipient and the immunosuppressive treatment 
were associated to the improved survival. Furthermore, the results of the present study group were compared to 
the series reported in the literature regarding the employment of Sorafenib.

Results
From January 1997 to January 2012 a total of 48 patients experienced HCC recurrence after LT. Out of this pool, 
we considered 38 patients for whom the data collection was exhaustive. Eight of these patients had a recurrence 
treatable with surgical resection and 4 with radiofrequency (RF) or trans arterial chemoembolization (TACE). Of 
this group, 1 patient did not show any recurrence or disease progression after resection while all the others had 
an untreatable disease progression. The other 26 patients had an untreatable disease at the time of presentation. 
Finally, a total of 37 patients with untreatable disease then underwent either chemotherapy with Capecitabine 
(n = 17) or BSC (n = 20). The study design and patient grouping is depicted in Fig. 1.

Groups’ characteristics. The baseline characteristics of the patients as well as the differences between the 
two groups are outlined in Table 1. Of note, that of all pre-LT and post-LT features collected, only the presence 
of micro-vascular invasion was significantly different in the two groups (43% study group vs. 85% control group, 
p = 0.013). The immunosuppressive treatment was not different between the two groups with respect to the intro-
duction of mTOR inhibitors, however we observed an increased number of episodes of acute rejections on BSC 
group (33.3%) while no such events occurred in Capecitabine group (p = 0.01). Considering the adoption of other 
therapies, the rate of surgical resection of tumor recurrence was similar in patients before Capecitabine adoption 
and BSC adoption (15% vs. 29%, p = 0.4).

Figure 1. Flow chart descriptive of the patient distribution among patients.
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The median time to recurrence was similar for all patients about 13–14 months, however the tumor stage 
at the recurrence was more often within Milan criteria in Capecitabine group: 43.8% vs. 10% in BSC group 
(p = 0.02). The pattern (single lesion vs. multiple), site (intra vs. extrahepatic) of recurrence and level of alfafeto-
protein (above vs. under 400) were instead not significantly different between the two groups.

Survival analysis. The survival analysis conducted between the two groups showed an improved survival 
in the group treated with capecitabine in term of prolonged post-recurrence survival (Fig. 2). Patients of the 
BSC group had a median post-recurrence survival of 7 months versus 22 months in the Capecitabine group 
(p = 0.036). The univariate and multivariate analysis of the survival after HCC recurrence are reported in Table 2. 
While at the univariate analysis the absence of previous episodes of acute rejection, the recurrence within Milan 
criteria and the treatment with capecitabine were all significantly related to an increased survival, at the multivar-
iate analysis the only independent variable associated to a better outcome was the treatment with capecitabine.

When Inverse-probability weights regression was applied, adjusting for tumor features at recurrence, the 
estimated average time to a death in patients receiving BSC was 8.4 months (95% C.I.: 5.4–11.5) whereas, if 
all patients in the population were submitted to capecitabine, the average time to death was estimated to be 15 
months more than when all patients were submitted to BSC (95% C.I.: 4.7–25.4; p = 0.004).

The predominant side effect was grade 1–2 hand-foot skin reaction, fatigue, epigastric pain (in only 2 patients) 
and, less frequently, hematologic toxicity (in particular anemia). No grade 3–4 adverse events were reported in 
the group treated with capecitabine.

Comparison with the series published treated with sorafenib. Literature search retrieved 8 articles 
investigating the adoption of sorafenib of HCC recurrence after LT for a total of 120 individual patients. A sum-
mary of main characteristics and results is reported in Table 3 and the pooled analysis is reported in Table 4. As 
can be noted, compared to the present series, patient age, the prevalence of extra-hepatic recurrence, the adop-
tion of additional therapies and the introduction of mTOR inhibitors were not significantly different between 
sorafenib patients and the present series. These figures resulted in non-significant differences in term of 1-year 
overall survival between capecitabine and sorafenib patients.

Discussion
Surgical resection and ablative strategies offer the best survival results in post-LT HCC recurrence, but these 
treatments are not always feasible. Moreover, the further relapse after liver resection is usual: in these cases, other 
treatments are needed to improve the clinical conditions and possibly the survival. There is an urgent need to inte-
grate systemic therapy in a management algorithm of HCC relapse post-LT. The present study offers an alternative 
strategy to sorafenib for the treatment of unresectable HCC recurrence after LT. The major experience in this field 

Total (37 pts) BSC (20 pts) Capecitabine (17 pts) p value

Age at LT median (minimum-maximum) 52 (41–68) 52 (41–66) 53 (42–68) n.s.

Gender (male) 32 (86.5%) 18 (85.7%) 14 (87.5%) n.s.

MELD at LT median (minimum-maximum) 15.2 (7–39) 15.5 (7–39) 15.2 (7–27) n.s.

CHILD at LT n.s.

    A 6 (16.2%) 3 (15%) 2 (11.8%)

    B 19 (51.4%) 12 (60%) 8 (47.1%)

    C 12 (32.4%) 5 (25%) 7 (41.1%)

Etiology (HCV) 28 (75.5%) 15 (71.4%) 13 (81.3%) n.s.

Treatment pre-LT 24 (75%) 16 (84.2%) 8 (61.5%) n.s.

Pre-LT tumor stage at imaging within MC 22 (62.9%) 11 (55%) 11 (73.3%) n.s.

Tumor stage at pathology after LT, within MC 7 (20.6%) 2 (10%) 5 (35.7%) n.s.

Microvascular invasion after LT 23 (67.6%) 17 (85%) 6 (42.9%) <0.05

Immunosuppression with mTOR inhibitors 18 (50%) 12 (60%) 6 (37.5%) n.s.

Acute rejection 7 (19.4%) 7 (33.3%) 0 (0%) <0.05

Time to recurrence (months) 13 (median) 13 (median) 14 (median) n.s.

Tumor stage at recurrence Within MC 9 (25%) 2 (10%) 7 (43.8%) <0.05

Pattern of liver recurrence, multiple localizations 27 (75%) 17 (85%) 10 (62.5%) n.s.

Site of recurrence (extrahepatic) 22 (61.1%) 13 (65%) 9 (56.3%) n.s.

AFP at recurrence (>400) 7 (25%) 4 (26.7%) 3 (23.1%) n.s.

CHILD at recurrence n.s.

    A 30 (81.1%) 16 (80%) 15 (88.2%)

    B 5 (13.5%) 3 (15%) 2 (11.8%)

    C 2 (5.4%) 1 (5%) 0

MELD at recurrence median (minimum-maximum) 10 (6–23) 10 (6–23) 9 (6–15) n.s.

Liver Resection at the recurrence 8 (21.5%) 3 (15%) 5 (29.4%) n.s.

Table 1. Baseline characteristics of the patients in study.
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is based on published case-control series or case reports since there are no uniform guidelines that could drive 
the clinical practice. Sorafenib has been the mainly tested drug since the Barcelona Clinic Liver Cancer (BCLC) 
group has recommended its use for advanced HCC in the latest consensus conference. The authors suggested the 
potential employment of sorafenib also in post-LT setting, but with weak evidence24.

Figure 2. Analysis of the post-recurrence survival between group 1 (control) and group 2 (capecitabine).

Predictor Category

Univariate

p value

Multivariate

p value
Median survival 
(months)

Hazard Ratio 
(95% CI)

Aetiology of disease
HCV 20 n.s.

other 16

Gender
female 13 n.s.

male 17

Pre-LT treatment
no 13 n.s.

yes 16

Tumor stage (histology)
inMC 18 n.s.

outMC 17

Vascular invasion
absent 21 n.s.

present 17

mTor inhibitor
yes 19 n.s.

no 14

Episodes of acute rejection
yes 6 <0.01 n.s.

no 20

Tumor stage at the recurrence
outMC 12 <0.05 n.s.

inMC 33

Time to recurrence
<12 months 12 n.s.

>12 months 21

Site of recurrence
hepatic 24 n.s.

extrahepatic 14

AFP at the recurrence
<400 20 n.s.

>400 11

Primary treatment at recurrence
other 17 n.s.

resection 30

Treatment after untreatable progression
BSC 7 <0.005 2.88 (1.277–

6.504) <0.01

Capecitabine 22

Table 2. Univariate and multivariate analysis of the correlation between post-recurrence survival and the 
analyzed independent variables.



www.nature.com/scientificreports/

5SciEntific REPORTS | 7: 11305  | DOI:10.1038/s41598-017-11810-z

In the meta-analysis by Mancuso and colleagues, sorafenib appears to be roughly safe and effective in the 
post-LT setting: the pooled assessment of the 1-year survival rate was 63% (ranging from 18% to 90%). However, 
these findings should be taken cautiously because of the heterogeneity and low quality of the evaluated studies15. 
Other chemotherapy protocols have been employed with some success in term of prolonged survival and in par-
ticular of different profile of toxicity25, 26.

The metronomic treatment is based on the principle of administering low doses of chemotherapeutic drug 
continuatively for long periods of time. This method showed an increased antitumor activity in vitro and in vivo 
through the inhibition of neo-angiogenesis and at the same time a reduced toxicity due to the reduced dose of 
drug at each administration27. Capecitabine, orally administered in metronomic fashion, is generally well tol-
erated by compensated cirrhotic patients both in first and in second line19. Although capecitabine has not been 
approved for advanced HCC, a large phase II study showed good results in advanced HCC patients of the same 
type as those included in the trials and treated with sofarenib. In addition, the activity of the capecitabine is 
further demonstrated by durable complete responses. In this setting, the adverse events were fatigue (23.7%), 
hand-foot skin reaction (16.9%), epigastric pain (11.9%) and limb edema (11.9%). The majority of these side 
effects were grade 2 in severity28.

On the wave of the good results reported by our center in treating HCC in cirrhotic patients, we tested MC 
in the transplantation setting, on patients who had HCC recurrence after LT. When we started with our protocol 
there were only retrospective studies and there was not any guideline to treat such type of patients. Furthermore, 
there were few data concerning the treatment toxicity in immunosuppressed patients. Our population treated 
with metronomic capecitabine had an improved survival, in comparison to the population treated with the only 
BSC and no major adverse event occurred in this population.

We observed a different tumoral profile in the two groups of our study at the time of liver transplantation, 
but the pattern of HCC recurrence was similar in term of extra-hepatic disease, time to recurrence after LT and 
AFP level (Table 1). Furthermore, an inverse probability weights to adjust multivariate analysis was applied to 
eliminate this selection bias.

The study by Mazzaferro groups published in 2013 comparing BSC versus sorafenib in transplanted patients 
showed a survival benefit for the treated group since the median survival after untreatable progression in that 
group was 21 months versus 2.2 months in the control group. The median survival observed in our study was 
similar; after recurrence, it was 22 months for the treated group versus 7 in the control group6. Interestingly, the 
pathological and clinical features of our cohort showed a more aggressive tumor compared to the population 
on that study. In Mazzaferro’s study the tumor stage was within Milan criteria in 53.8% of cases versus 20% of 
ours; the microvascular invasion also was present in only 36% of their patients, which represents half our rate. 
In our series, the disease free survival after the LT was very short and consistent in both groups (13–14 months). 
The populations in Mazzaferro’s paper had significant differences in time to recurrence between the two groups, 
which was almost double in the treatment group (38 months)19. In accordance with this study, our results showed 
an improved survival in the study group after HCC recurrence at the multivariate analysis independently by the 
tumor stage (Table 2).

Author Year
N 
pts

Mean 
age ± SD

1-year 
survival 
rate

N pts 1-year 
survival

N pts Extra-
hepatic 
recurrence

N pts additional_
treatments (no 
CHT)

N pts with 
mTOR

Present capecitabine 2016 17 54,0 ± 1,5 68,5% 12 9 7 6

Tan 2010 10 46,3 ± 6,0 55,2% 6 1 10 —

Yoon 2010 13 49,0 ± 1,4 40,0% 5 11 9 1

Gomez-Martin 2012 31 53,6 ± 1,6 65,0% 20 6 0 30

Staufer 2012 13 58,0 ± 1,5 69,0% 9 12 8 9

Vitale 2012 10 59,0 ± 4,9 63,0% 6 5 5 7

Sposito 2013 15 50,5 ± 2,8 67,7% 10 9 12 7

Waghray 2013 17 57,8 ± 1,5 62,0% 11 10 9 10

Zavaglia 2013 11 57,0 ± 9,0 18,0% 2 8 5 7

Table 3. Comparison of the patient features among the study group (capecitabine treatment) and the series of 
the literature (sorafenib treatment).

Pooled Analysis N pts Sorafenib N pts Capecitabina Effect size p-value

Age 120 53,8 yrs (51,0–56,7) 17 53,5 yrs (49,3–57,7) 0,014 0,451

Extra-hepatic recurrence 120 56,2% (34,3–76,0) 17 52,9% (29,2–76,6) 0,043 >0,999

Additional treatments 120 57,6% (38,7–74,6) 17 41,1% (17,7–64,5) 0,367 0,297

Swith m-TOR 110 61,7% (40,4–79,2) 17 35,3% (12,6–58,0) 0,597 0,122

1-year survival 120 57,7% (46,5–68,2) 17 68,5% (46,4–90,6) 0,251 0,431

Table 4. Pooled sorafenib treatment vs. capecitabine treatment.
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The further comparison to the other series reported in the literature did not show any different 1-year patient 
survival among our study group treated with capecitabine and the other patients treated with sorafenib. The anal-
ysis was performed considering the confounding variables such as the recipient and tumor features, as reported 
in Tables 3 and 4. This statistical analysis from the literature review was performed to balance the problem related 
to the limited number of cases in our mono centric study.

The toxicity observed in the present study was lower than that reported in our previous article studying the 
efficacy of metronomic capecitabine in advanced HCC treated with MC, perhaps because in the present study the 
patients are no longer cirrhotic.

Since the indications to LT for HCC are expanding we should expect if not an increase, at least the persistence 
in the actual rate of HCC recurrence after LT. The investigation of new types of systemic treatment effective in this 
difficult category of patients is strongly needed and possibly also the use of adjuvant treatment before any HCC 
recurrence.

A striking relevance obtained the incidence of episodes of acute rejection in our study. It appeared that such 
events had happened more frequently in the control group. Our explanation for this observation was that it possi-
bly related to the high dose of steroids and immunosuppressive drugs administered acutely to treat an episode of 
rejection; this might have increased the severity and incidence of HCC recurrence in these patients, similarly to 
what happens for the hepatitis C virus (HCV) recurrence after LT29. The management of the immunosuppression 
becomes very important in this setting not much for the introduction of mTOR inhibitors, which have not shown 
correlation with the post-recurrence survival, but because we need to find a balance between the graft protection 
and an immune system reactive against potential tumor cells circulating systemically. In this perspective, the 
development of laboratory assays able to detect the metabolic activity of the immune cells might be a very useful 
innovation, since often the blood level of the immunosuppressive drug alone cannot reveal the real status of the 
immune system of the transplanted patient30, 31.

Conclusion
In conclusion, the metronomic capecitabine treatment for HCC recurrence after liver transplantation was a safe 
treatment, it seemed to improve the recipient survival compared to the best supportive care and it obtained a 
similar survival to the group treated with sorafenib as previously described, even if these data need a confirmation 
by other studies.

The innovation of our proposal lays in the metronomic administration, which could preserve the efficacy 
of the compound and at the same time reduces the toxicity, allowing the continuation of the therapy and the 
increased rate of success.

With the limitations, due to the retrospective nature of our study and the limited population number, MC 
seems to be a good candidate also for the treatment of patients with post-LT recurrence, due to a survival benefit 
and an acceptable safety profile, offering a good basis on which new randomized prospective clinical trials should 
be undertaken to compare the efficacy and drawback of sorafenib versus metronomic capecitabine.

Patients and Methods
We analyzed data from a prospectively collected database; patients with recurrent HCC after LT performed at our 
medical center from January 1997 to January 2012 were included. The considered variables were: demographics, 
etiology of the underlying liver disease, number and type of pre-transplant HCC treatment, model for end-stage 
liver disease (MELD) and CHILD-PUGH score at the time of transplantation, radiological staging at the time of 
transplantation, histological staging on the native liver, main immunosuppressive regimen, use of mTOR inhib-
itor, episodes of rejection, date of HCC recurrence, MELD, CHILD-PUGH score and value of alfafetoprotein 
(AFP) at the recurrence, pattern and site of the recurrence, number and type of first recurrence treatment.

The study protocol was approved by the local medical ethics committee of the Bologna University 
Sant’Orsola-Malpighi Hospital and informed consent was obtained by all patients.

At the time of the study period we decided to use the present protocol and no other treatments, such as 
sorafenib, because there were only retrospective studies and there was not any guideline to treat such type of 
patients. The data regarding the efficacy of any treatment and the toxicity related to the use of immunosuppres-
sant were not consistent to suggest a specific protocol.

Data collection and clinical activity performed were conducted in accordance with the institutional guidelines.
The radiological and histological staging prior to transplantation was classified as either within or without 

Milan criteria32. AFP value was classified as inferior or equal/superior to 400 ng/mL. The cut-off of the AFP-level 
was established according to previous reports6. The pattern of recurrence was described as single or multiple 
lesions and the site as intra or extra-hepatic. We recorded the status of the patient as deceased or alive at the last 
time of follow up. The patients were considered as treatable or untreatable at the time of recurrence of the HCC 
based on the possibility of liver resection. The patients treated with liver resection were included in the analysis 
at the moment of HCC recurrence. All the considered patients were divided into two groups according to differ-
ences in treatment when HCC recurrence was deemed untreatable: the control arm where only BSC was adopted 
for the management of the patients and the treatment arm where metronomic capecitabine was administered.

Immunosuppression was based on calcineurine inhibitors and steroids tapered within the first post-transplant 
month; the main immunosuppressor was cyclosporine until 2003 and tacrolimus thereafter33. The immunosup-
pressive regimen was switched from calcineurin inhibitors to mTOR inhibitors after diagnosing the HCC recur-
rence and in these cases sirolimus was adopted (Rapamune; Pfizer, target through level of 4–10 ng/mL). In few 
cases the shift to mTOR inhibitors occurred before the HCC recurrence due to the presence of a high tumor grade 
at the histology on the native liver, and everolimus was administered to these patients (Certican, Novartis: target 
through level: 4–10 ng/mL).
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Patients transplanted for HCC were monitored with semestral thoraco-abdominal computed tomography 
(CT) scans for the first 3 years and then annually alternating with contrast enhanced ultrasound (CEUS) and chest 
X-ray. Each case was discussed multidisciplinarily with the intent of a radical cure whenever possible through 
either resection or loco-regional treatment. The response to the treatment was assessed retrospectively with the 
modified response evaluation criteria in solid tumors (RECIST). After the 2004, many of these patients who 
presented with untreatable recurrence of disease or progression were managed with administration of capecit-
abine, on the basis of the good results from our previous experience in advanced HCC setting19. Capecitabine 
was administered at metronomic dosage (500 mg twice daily in continuous) according to our previous study. 
Capecitabine was discontinued only when disease progression, according to mRECIST criteria, occurred during 
the treatment or when drug-related toxicity was evident. Monthly clinical visits and laboratory analysis were 
performed during the treatment on an outpatient basis and an imaging study was performed every 3 months.

Statistical analysis. The descriptive statistic of the baseline characteristics was expressed with median and 
interquartile ranges for continuous variables and with percentages for categorical ones. We used Pearson’s Chi 
square test for categorical variables and the median test for continuous variables, to compare the considered char-
acteristics between the two groups of patients (treated with best supportive care versus capecitabine). The survival 
after untreatable disease recurrence/progression was calculated with the Kaplan–Meier method starting from the 
date of HCC recurrence to the date of death or to the most recent follow-up visit. The chi-square test and logistic 
regression were used to assess the accuracy of variables as predictors of patient survival after post-LT tumor 
recurrence. Differences were compared by the log-rank test and variables were evaluated in the multivariate anal-
ysis using Cox’s proportional hazard model. Differences were considered significant for p-values less than 0.05. 
Statistical analysis was performed with SPSS (SPSS Base 10.0; Application Guide, SPSS Inc., Chicago, IL, 1998).

The relative small sample size does not allow to handle for possible covariate confounding. We thus used 
inverse probability weighting (IPW) approach. In particular, we estimated the treatment effect of Capecitabine 
over BSC via IPW. IPW estimators use estimated probability weights to correct for the missing-data problem 
arising from the fact that each subject is observed in only one of the potential outcomes. The propensity score 
was generated including TNM, pattern of recurrence and presence of extra-hepatic metastases and IPW was 
calculated appropriately. Then the package “teffects ipw” package for STATA was applied to estimate the benefit 
obtainable from Capecitabine over BSC when handling for covariates.

Comparison to the data from the literature. A literature review was performed through Pubmed data-
base using the following terms; “hepatocellular carcinoma”, “liver transplantation”, “sorafenib”, “tumor recurrence” 
until September 2016. Briefly, after abstract selection and full reading of those manuscript considered for rele-
vance, 8 studies, investigating the effect of sorafenib for HCC recurrence after liver transplantation, were selected 
for comparison to the present data from capecitabine therapy. The main outcome measure was the 1-year survival 
since recurrence diagnosis. From the selected articles, clinical and tumoral features available, as well as 1-year sur-
vival rates, were meta-analyzed using the Dersimonian and Laird random effects model34. When patient survival 
was reported as median value, an exponential decline was assumed and 1-year survival rate extracted using the 
DEALE method35. Continuous data presented as medians were transformed in means and standard deviations 
using the formula proposed by Hozo36. Finally, comparison between pooled analysis of sorafenib patients and 
present patient population receiving capecitabine was accomplished by Fisher exact test or Student t-test analy-
ses and by estimating the effect size, a measure unaffected by the sample size. Effect size values were calculated 
according to the formulas proposed by Lipsey and Wilson37. As rule of thumb, effect size values < |0.1| indicate 
negligible differences; values between |0.1| and |0.3| indicate small differences, values between |0.3| and |0.5| indi-
cate moderate differences and values > |0.5| indicate large differences38.

Data avalability statement. The datasets generated and analysed during the current study are available 
from the corresponding author on reasonable request.

References
 1. Ravaioli, M. et al. Liver transplantation for hepatocellular carcinoma: further considerations on selection criteria. Liver Transpl. 10, 

1195–1202 (2004).
 2. Cucchetti, A. et al. Priority of candidates with hepatocellular carcinoma awaiting liver transplantation can be reduced after successful 

bridge therapy. Liver Transpl. 17, 1344–1354 (2011).
 3. Welker, M. W., Bechstein, W. O., Zeuzem, S. & Trojan, J. Recurrent hepatocellular carcinoma after liver transplantation – an 

emerging clinical challenge. Transpl Int. 26, 109–118 (2013).
 4. Llovet, J. M. et al. Sorafenib in advanced hepatocellular carcinoma. N Engl J Med. 359, 378–390 (2008).
 5. Cheng, A. L. et al. Efficacy and safety of sorafenib in patients in the Asia-Pacific region with advanced hepatocellular carcinoma: a 

phase III randomized, double-blind, placebo-controlled trial. Lancet Oncol. 10, 25–34 (2009).
 6. Sposito, C. et al. Comparative efficacy of sorafenib versus best supportive care in recurrent hepatocellular carcinoma after liver 

transplantation: a case-control study. J Hepatol. 59, 59–66 (2013).
 7. Waidmann, O., Hofmann, W. P., Zeuzem, S. & Trojan, J. mTOR inhibitors and sorafenib for recurrent hepatocellular carcinoma after 

orthotopic liver transplantation. J Hepatol. 54, 396–398 (2011).
 8. Weinmann, A. et al. Sorafenib for recurrence of hepatocellular carcinoma after liver transplantation. Dig Liver Dis. 44, 432–437 

(2012).
 9. Tan, W. F. et al. Sorafenib extends the survival time of patients with multiple recurrences of hepatocellular carcinoma after liver 

transplantation. Acta Pharmacol Sin. 31, 1643–1648 (2010).
 10. Yoon, D. H. et al. Sorafenib for recurrent hepatocellular carcinoma after liver transplantation. Jpn J Clin Oncol. 40, 768–773 (2010).
 11. Gomez-Martin, C. et al. Efficacy and safety of sorafenib in combination with mammalian target of rapamycin inhibitors in recurrent 

hepatocarcinoma after liver transplant. Liver Transpl. 18, 45–52 (2012).
 12. Vitale, A. et al. Sorafenib for the treatment of recurrent hepatocellular carcinoma after liver transplantation? Transplant Proc. 44, 

1989–1991 (2012).



www.nature.com/scientificreports/

8SciEntific REPORTS | 7: 11305  | DOI:10.1038/s41598-017-11810-z

 13. Staufer, K. et al. High toxicity of sorafenib for recurrent hepatocellular carcinoma after liver transplantation. Transpl Int. 25, 
1158–1164 (2012).

 14. Waghray, A. et al. Safety and efficacy of sorafenib for treatment of recurrent hepatocellular carcinoma after liver transplantation. Clin 
Transplant. 27, 555–561 (2013).

 15. Mancuso, A. et al. Survival of patients treated with sorafenib for hepatocellular carcinoma recurrence after liver transplantation: a 
systemic review and meta-analysis. Dig Liver Dis. 47, 324–330 (2015).

 16. Pfeiffenberger, J. et al. Sorafenib treatment is save and may affect survival of recurrent hepatocellular carcinoma after liver 
transplantation. Langenbecks Arch Surg. 398, 1123–1128 (2013).

 17. Alamo, J. M. et al. Efficacy, tolerance, and safety of mammalian target of rapamycin inhibitors as rescue immunosuppressants in liver 
transplantation. Transplant Proc. 41, 2181–2183 (2009).

 18. Kerbel, R. S. & Kamen, B. A. The anti-angiogenic basis of metronomic chemotherapy. Nat Rev Cancer. 4, 423–436 (2004).
 19. Brandi, G. et al. Metronomic capecitabine in advanced hepatocellular carcinoma patients: a Phase II Study. Oncologist. 18, 

1256–1257 (2013).
 20. Granito, A. et al. Metronomic capecitabine as second-line treatment in hepatocellular carcinoma after sorafenib failure. Dig Liver 

Dis. 47, 518–522 (2015).
 21. Casadei Gardini, A. et al. Metronomic capecitabine versus best supportive care as second-line treatment in hepatocellular 

carcinoma: a retrospective study. Sci Rep. 13(7), 42499 (2017).
 22. Yoon, E. L. et al. Systemic cytotoxic chemotherapy of patients with advanced hepatocellular carcinoma in the era of sorafenib 

nonavailability. J Clin Gastroenterol. 48, e22–9 (2014).
 23. Lee, J. O. et al. Palliative chemotherapy for patients with recurrent hepatocellular carcinoma after liver transplantation. J 

Gastroenterol Hepatol. 24, 800–5 (2009).
 24. Clavien, P. A. et al. Recommendations for liver transplantation for hepatocellular carcinoma: an international consensus conference 

report. Lancet Oncol. 13, e11–22 (2012).
 25. Coriat, R. et al. Feasibility of oxaliplatin, 5-fluorouracil and leucovorin (FOLFOX-4) in cirrhotic or liver transplant patients: 

experience in a cohort of advanced hepatocellular carcinoma patients. Invest New Drugs. 30, 376–381 (2012).
 26. He, S. L. et al. Efficacy of capecitabine and oxaliplatin regimen for extrahepatic metastasis of hepatocellular carcinoma following 

local treatments. World J Gastroenterol. 19, 4552–4558 (2013).
 27. André, N., Carré, M. & Pasquier, E. Metronomics: towards personalized chemotherapy? Nat Rev Clin Oncol. 11, 413–431 (2014).
 28. Brandi, G. et al. Durable complete response of hepatocellular carcinoma after metronomic capecitabine. Tumori. 96, 1028–1030 

(2010).
 29. Wiesner, R. H. et al. Acute hepatic allograft rejection: incidence, risk factors and impact on outcome. Hepatology. 28, 638–645 

(1998).
 30. Fukuda, A. et al. Evaluation of the immune function assay in pediatric living donor liver transplantation. Pediatr Transplant. 19, 

144–152 (2015).
 31. Ravaioli, M. et al. Immunosuppression Modifications Based on an Immune Response Assay: Results of a Randomized, Controlled 

Trial. Transplantation. 99, 1625–1632 (2015).
 32. Mazzaferro, V., Regalia, E. & Doci, R. et al. Liver transplantation for the treatment of small hepatocellular carcinomas in patients 

with cirrhosis. N Engl J Med. 334, 693–699 (1996).
 33. Vivarelli, M. et al. Liver transplantation for hepatocellular carcinoma under calcineurin inhibitors: reassessment of risk factors for 

tumor recurrence. Ann Surg. 248, 857–862 (2008).
 34. DerSimonian, R. & Laird, N. Meta-analysis in clinical trials. Control Clin Trials. 7, 177–188 (1986).
 35. Beck, J. R., Pauker, S. G., Gottlieb, J. E., Klein, K. & Kassirer, J. P. A convenient approximation of life expectancy (the “DEALE”). II. 

Use in medical decision-making. Am J Med. 889–897 (1982).
 36. Hozo, S. P., Djulbegovic, B. & Hozo, I. Estimating the mean and variance from the median, range, and the size of a sample. BMC Med 

Res Methodol. 20, 5–13 (2005).
 37. Lipsey, M. W. & Wilson, D. Practical Meta-Analysis. Thousand Oaks, CA US: Sage Publications, Inc (2001).
 38. Cohen, J. Statistical power analysis for the behavioral sciences (2nd ed.). USA: Hillsdale, N.J.-L. Erlbaum Associates (1988).

Acknowledgements
The Department of General Surgery and Transplantation has received funding by Region and University 
Research Program 2010–2012, known as Giovani Ricercatori Bando 2012 “Alessandro Liberati” (Cod. 
PRUa1GR-2012-008).

Author Contributions
Matteo Ravaioli (mrava1@hotmail.it) performed the research design, planned the study, analyzed the data and 
wrote the manuscript. Alessandro Cucchetti (aleqko@libero.it) performed the statistical analysis and wrote the 
manuscript. Antonio Daniele Pinna (antoniodaniele.pinna@aosp.bo.it) performed the analysis of the results and 
revised the manuscript. Vanessa De Pace (vanessa.depace@hotmail.it) collected and analyzed data and revised 
the manuscript. Flavia Neri (flavia.neri84@gmail.com) performed the study and wrote the manuscript. Maria 
Aurelia Barbera (mariaaurelia.barbera@studio.unibo.it) performed the clinical phase and revised the manuscript. 
Lorenzo Maroni (lorenzo.maroni@studio.unibo.it) performed the clinical phase and revised the manuscript. 
Giorgio Frega (giorgio.frega@studio.unibo.it) performed the clinical phase and revised the manuscript. Andrea 
Palloni (andrea.palloni@studio.unibo.it) performed the clinical phase and revised the manuscript. Stefania De 
Lorenzo (stefania.delorenzo@studio.unibo.it) performed the clinical phase and revised the manuscript. Maria 
Cristina Ripoli (mariacristina.ripoli@studio.unibo.it) performed the clinical phase and revised the manuscript. 
Maria Abbondanza Pantaleo (maria.pantaleo@unibo.it) performed the clinical phase and revised the manuscript. 
Matteo Cescon (matteo.cescon@unibo.it) performed the clinical phase and revised the manuscript. Massimo 
Del Gaudio (massimo.delgaudio@aosp.bo.it) performed the clinical phase and revised the manuscript. Giovanni 
Brandi (giovanni.brandi@unibo.it) performed the research design, the analysis of the results and revised the 
manuscript.

Additional Information
Competing Interests: The authors declare that they have no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.



www.nature.com/scientificreports/

9SciEntific REPORTS | 7: 11305  | DOI:10.1038/s41598-017-11810-z

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2017

http://creativecommons.org/licenses/by/4.0/

	The role of metronomic capecitabine for treatment of recurrent hepatocellular carcinoma after liver transplantation
	Results
	Groups’ characteristics. 
	Survival analysis. 
	Comparison with the series published treated with sorafenib. 

	Discussion
	Conclusion
	Patients and Methods
	Statistical analysis. 
	Comparison to the data from the literature. 
	Data avalability statement. 

	Acknowledgements
	Figure 1 Flow chart descriptive of the patient distribution among patients.
	Figure 2 Analysis of the post-recurrence survival between group 1 (control) and group 2 (capecitabine).
	Table 1 Baseline characteristics of the patients in study.
	Table 2 Univariate and multivariate analysis of the correlation between post-recurrence survival and the analyzed independent variables.
	Table 3 Comparison of the patient features among the study group (capecitabine treatment) and the series of the literature (sorafenib treatment).
	Table 4 Pooled sorafenib treatment vs.




