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Backgroun d & Aims : The efficacy of sorafenib in the post-liver 
transplan tation (LT) setting has been scarcely studied. The aim 
of this study was to evaluate the efficacy of sorafenib, compared 
to best suppor tive care (BSC), in two cohorts of patients which 
presented with hepatocell ular carcinoma (HCC) recurrence after 
LT.
Methods: Data from patients who developed presentat ion or pro- 
gression of HCC recurrence after LT not amenabl e to surgic al/ 
locoregio nal treatmen ts (untreatable presentat ion/progress ion,
UP) were retrieved. The cohort of patients receivi ng sorafenib 
starting from 2007 was compared to that of patients receiving 
BSC in the previous era. Disease outcome was investigat ed in
terms of survival from recurre nce or from UP by means of univar- 
iate and multiv ariate Cox regression models with event times 
left-truncat ed at the date of UP.
Results: Of a total of 39 patients, 24 received BSC and 15 sorafe- 
nib. The two groups were well matched at baseline, with time- 
related imbalanc es regarding mTOR-based immun osuppression 
and median time from LT to recurrence, significantly higher in
the sorafenib group. Patients ’ outcome in the sorafenib group 
was significantly improved (median survival from recurren ce
21.3 vs.11.8 months, HR = 5.2, p = 0.0009; median survival from 
UP 10.6 vs. 2.2 months, HR = 21.1, p <0.0001). The only factor 
associated with survival after HCC recurren ce in multivar iate 
analysis was treatment with sorafenib (HR = 4.0; p = 0.0325).
No severe adverse event was registered in this post-LT setting.
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Conclus ions : Although the use of historical controls weakens 
final interpreta tion, sorafenib seems to be associ ated with an
acceptable safety profile and benefit in surviva l in HCC patients 
suffering recurren ce after LT.
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Introducti on

Ever since its introduction into clinical practice, liver transplan ta- 
tion (LT) appeared to be the ideal cure for both hepatocellu lar 
carcinoma (HCC) and cirrhosis, as it eradica tes both the seeded 
tumor and the soiled carcinogeni c liver disease. The observatio n
that the probabi lity of tumor recurren ce after LT was strictly 
related to pre-LT tumor stage led to the developmen t of restric- 
tive criteria, such as the Milan Criteria (MC) [1]: the current 
benchmark and the basis for comparison with other suggest ed
selection criteria [2,3].

Due to the application of stringent selection , the outcome of
LT observed nowada ys in patients with HCC is similar to that 
achieved for non-tum oral indicati ons [4]. However, HCC recur- 
rence after LT continues to occur in 8–20% of deceased- and liv- 
ing-donor transplan tation, and leads to death in most cases 
even when aggressive and combined therapeutic approache s
are applied [5–7]. In some patients, surgic al resection of intra- 
or extrahepat ic tumor deposits has proven to be effective in pro- 
longing survival [5]. Neverthel ess once tumor progres sion goes 
beyond treatment s control, dismal prognosis invariabl y occurs 
and this acknowled ges for the common experience that any pro- 
longed survival after HCC recurre nce in a transpla nted patient is
exceptional.

Two large randomize d control trials (RCTs) in non-tra ns- 
planted patien ts have demons trated that systemic treatment 
with the multiki nase inhibitor agent sorafenib prolon gs surviva l
in patients presenting with advan ced HCC not amenable to surgi- 
cal/locoregion al treatments [8,9]. Post-transpla nt status is in
most cases an exclusio n criteria for RCTs testing molecula r target 
agents in HCC and, therefo re, only a few retrospective cohort 
studies lacking control arms and isolated case reports have been 
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published so far, investigat ing both safety and efficacy of sorafe- 
nib in the post-LT setting [10–15]. In such a condit ion, concerns 
do arise for potential drug interaction s and for the course of
HCC, with or withou t specific anticancer treatmen t, which could 
be negatively influenced by immunosup pression [16]. The aim of
this study was to evaluate the efficacy of sorafenib, compared to
best supportive care, in two consecuti ve cohorts of transpla nted 
patients presenting with HCC recurrence deemed untreatab le
either at presentatio n or after tumor progression beyond eligibil- 
ity to conventiona l treatment s. Such a case-con trol study was 
favored by the unicentricity of the experien ce comparing two dif- 
ferent attitudes in managemen t of HCC recurrence after LT. As
described below, the sole differen ce among groups was deter- 
mined by the availability of sorafenib, being the rest of conven- 
tional care equally applied throughou t the study periods.

Patients and methods 

Patient grouping 

Data on consecutive patients with HCC recurrence after LT followed at the Istituto 
Nazionale Tumori (National Cancer Institute) of Milan betwe en January 1994 and 
January 2011, were extracted from a prospectively collected database. The follow- 
ing factors were considered: demographics and medical history, etiology of the 
underlying liver disease, pre-transplant treatments, laboratory results, pre- and 
post-operative histological and radiologica l tumor staging, immunosuppressive 
regimens, type and number of treatments performed for HCC recurrence. Pati ents 
were divided into two groups according to differ ences in treatmen t introduced 
when HCC recurrence was deemed untrea table, at first presentation or after dis- 
ease progression beyond eligibility to conventional surgical or ablative or locore- 
gional treatments (untreatable presentation/progression: UP).

In Group 1 (control arm) best supportive care (BSC) was the sole strategy 
available, while in Group 2 (treatment arm) sorafenib was added, before or after 
an immunosu ppression switch from calcineurine inhibitor (CNI: cyclosporine or
tacrolimus) to an mTOR inhibitor-based regimen (sirolimus or everolimus) was 
considered. The study aimed at assessing, in patients with HCC recurrence after 
LT, whether or not sorafenib added to BSC at the time of UP achieves competitive 
survivals with respect to historic controls that received only BSC. The possible 
contribution of contemporary mTOR immunosu ppression to patient care was also 
investigated .

Among the comprehensive data collectio n within each groups , the analysis 
pointed out at factors related to tumor, immunosuppressive, and anticanc er reg- 
imens, which are summarized below.

Conventional trea tment strateg y of post-transplant HCC recurrence 

After LT, patients were monitored with thoraco-abdom inal CT scan every 
6 months for the first 3 years, and then annually, alternating with abd ominal 
US and chest X-ray. Monitoring of AFP was performed every 6 months together 
with radiological controls. In all patients, the hepatocellular cancer nature of
recurrence was confirmed at histology, whilst in case of intrahepatic recurrence,
non-invasive radiologic criteria were added [17].

Treatment strat egy was thoroughly discussed within the multidisciplinary 
hepato-oncology board and aimed, whenever possible , at surgical removal of
recurrence with no limits in size and number of lesions. Should the patients’ con- 
dition be marginal or the HCC bulk judged not amenable for removal, radiofre- 
quency ablation (RFA) was performed. For patients with liver-only although 
non-resectable graft tumor deposits and in those presenting with repeated recur- 
rences after resection or ablation, transarterial chemoemboliz ation (TACE) or
90Yttrium radioembolizat ion was performed according to tumor extensio n.
Tumor response was evaluated after each treatment and every three months with 
chest-abdominal CT, MRI, and alpha -fetoprotein (AFP) serum level determination;
response assessment was performed according to RECIST 1.1 [18] and retrospec- 
tively with modified RECIST (mRECIST) criteria [19].

Untreatable progression, best supportive care, and sorafenib treatment 

Patients with a first diagnosis of HCC recurrence or with a progression of recur- 
rence deemed not anymore eligibl e to surgical, ablat ive or locoregional treatmen t
were defined as having UP. Until 2007 patients presenting with a UP received BSC 
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only, including local radiothe rapy for bone or brain metastasis with a palliative 
intent. This subset (Group 1) accounted for the historical control group for the 
sub sequent cohort of patients receiving sorafenib as a molecular target agent 
(Group 2).

Considering the lack of data on safety of sorafe nib in the post-transplant set- 
ting, patients in Group 2 were additionally monitored according to an institu- 
tiona l protocol. Sorafenib was started at the target dose of 400 mg twice daily,
to be adjusted in case of grade 1–3 toxicity according to common terminology cri- 
teria for adverse events (CTCAE) 3.0 [20] and withdrawn in case of prolonged or
serio us adverse events. A further reason for sorafenib withdrawal was tumor 
radiologica l progression according to RECIST 1.1 criteria. Treatment was re-chal- 
lenge d at full dosage after complete recovery of AEs, or maintained at the same 
dosa ge in case of unmanage able toxicity. Clinical visits were performed every 
four weeks on an outpatient basis, and included physical examination, laboratory 
analysis , and AE monito ring.

Immu nosuppression regimen s and mTOR therapy 

Single -drug immunosuppression regimen with calcineurine inhibitor (CNI) was 
follo wed in all cases, since steroids were tapered within the first post-LT month.
Coinci dentally with the introduction of sorafenib (Nexavar, Bayer), three patients 
under going LT for HCC received a mammalian targe t of rapamycin (mTOR) inhib- 
itor (sirolimus: Rapamune , Pfizer; target through level of 4–10 ng/ml) continued 
at the same dosage in case of HCC recurrence. During the same time interval 
(2007–2011), four other patients with HCC recurrenc e during the post-LT fol- 
low- up were shift ed from CNI inhibitors to the mTOR inhibitor everolimus (Cert-
ican, Novartis; target through level of 4–10 ng/ml).

Statistical analysis 

We used standard statistics (median and range for continuous variables, perc ent- 
age for categorical variables) to describe baseline series characteri stics and safety 
data, and non-parametric tests (Kruskal-Wallis for continuous variables, Pear- 
son’s Chi-Squar e test for categorical variables) to compare characteristics distri- 
butio n in the two identified study groups.

The outcome event of interest was death for any cause. Survival time was 
compute d in two ways: (i) as the interval between tumor recurrence after LT
and death (survival after recurrenc e); (ii) as the interval betwe en assessment of
UP and death (survival after UP). Survival time was censored at the date of last 
contact in living patients. Survival curves were estimated in each treatmen t
arm with the non-par ametric Kaplan-Meier method , and statistically compared 
by means of univariable Cox regression models. Furthermore, considering that 
the compared study groups were not achieved through rand omization, careful 
search of possible confounder s was carried out. The limite d number of outcome 
events recorded hampered confounder invest igation within a single joint multi- 
variable model. Therefore, we assessed singly taken confounder s with Cox models 
strat ified by received treatment, and finally entered all fac tors with p <0.10 and 
treatmen t into a multiva riable Cox mode l. The 10% p-value threshold chosen in
the confounder selection phase yielded a reasonable event per variable ratio of
6.6 (33 deaths/5 variables, conside ring that time to recurrence (TTR) accounted 
for 2 variables), in order to limit the risk of model overfit.

Furthermo re, in Cox models for the analysis of survival after recurrence, event 
time s were left-truncated at the date of UP. Such an approach was necessary con- 
sidering that investigated patients were selected as having had UP, and were thus 
at risk of dying only som e known time after the natural time origin of the phe- 
nomen on under study (recurrence after LT). In other words, death risk was zero 
betwe en recurrence and UP, and non-zero thereafter; disregarding such a data 
structur e would impl y a less powerful analysis.

Calculations were done using SAS™ version 9.2 (SAS Institute Inc., Cary, NC,
USA) and R software (R Foundation for Statisti cal Computing, Vienna, Austria).
Two-side d p values below the 5% conventio nal threshold are reported as statisti- 
cally significant.
Results

Study groups and balancing 

The main characte ristics of the entire study series, as well as dif- 
ferences between the study groups, are described in Table 1,
while study design and patien ts groupin g are reported in Fig. 1.
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Table 1. Characteristics of 39 consecutive patients with HCC recurrence after LT, grouped according to main treatment after untreatable presentation/progression (UP).

Entire series (39 pts) GROUP 1 sorafenib (15 pts) GROUP 2 BSC (24 pts) p value
Age at recurrence (yr)

Median (min, max) 57 (17-71) 57 (17-71) 56 (44-66) 0.2653
Sex (male) 35 (89.7) 15 (100) 20 (83.3) 0.0951
Aetiology of liver disease

HCV 24 (61.5) 8 (53.3) 16 (66.7) 0.3714
HBV 14 (35.9) 6 (40.0) 8 (33.3)
Other 1 (2.6) 1 (6.7) -

Tumor stage (pre-LT radiology)
MC in 34 (87.2) 14 (93.3) 20 (83.3) 0.3635
MC out 5 (12.8) 1 (6.7) 4 (16.7)

Number of treatments (pre-LT)
<2 17 (43.6) 6 (40.0) 11 (45.8) 0.3050
2-3 13 (33.3) 7 (46.7) 6 (25.0)
>3 9 (23.1) 2 (13.3) 7 (39.2)

Tumor stage (post-LT histology)
MC in 21 (53.8) 10 (66.7) 11 (45.8) 0.2042
MC out 18 (46.2) 5 (33.3) 13 (54.2)

Micro-vascular invasion (histology)
0.2937Present 14 (36.8) 4 (26.7) 10 (43.5)

Absent 24 (63.2) 11 (73.3) 13 (56.5)
n.a. 1 - 1 

Main immunosuppression
Cyclosporine 26 (66.7) 7 (46.7) 19 (79.2) 0.0362
Tacrolimus 13 (33.3) 8 (53.3) 5 (20.8)

Episodes of acute rejection
No 33 (84.6) 13 (86.7) 20 (83.3) 0.7789
Yes 6 (15.4) 2 (13.3) 4 (16.7)

Time-to-recurrence
Median (min, max) 20.6 (0.9-218.0) 38.1 (4.5-218.0) 15.7 (0.9-58.5) 0.0025
<13 months 11 (28.2) 1 (6.7) 10 (41.7) 0.0613
13-24 months 12 (30.8) 6 (40.0) 6 (25.0)
>24 months 16 (41.0) 8 (53.3) 8 (33.3)

Pattern of recurrence
Single 24 (61.5) 11 (73.3) 13 (54.2) 0.2313
Multiple 15 (38.5) 4 (26.7) 11 (45.8)

AFP at recurrence
Median (min, max) 16.2 (0.6-33,480) 3.9 (0.6-26,850) 72.7 (0.9-33,480) 0.0625
<400 34 (87.2) 13 (86.7) 21 (87.5) 0.9396
≥400 5 (12.8) 2 (13.3) 3 (12.5)

Child at recurrence
A 37 (94.9) 15 (100.0) 22 (91.7) 0.3622
B 2 (5.1) - 2 (8.3)

mTOR inhibitor* immunosuppression
Yes 8 (20.5) 7 (46.7) 1 (4.2) 0.0014
No 31 (79.5) 8 (53.3) 23 (95.8)

First treatment at recurrence
Resection 20 (51.3) 9 (60.0) 11 (45.8) 0.6826
Loco-regional treatment 10 (25.6) 3 (20.0) 7 (29.2)
Untreatable (sorafenib/BSC) 9 (23.1) 3 (20.0) 6 (25.0)

N° treatments after recurrence
<2 20 (51.3) 10 (66.7) 10 (41.7) 0.1286
≥2 19 (48.7) 5 (33.3) 14 (58.3)

Time-to-UP
Median (min, max) 9.1 (0.5-77.6) 8.8 (0.5-77.6) 10.2 (0.5-63.3) 0.7538
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Patients with HCC
recurrence after LT

n = 44

Patients treated according to disease presentation*, n = 35:
• Resection, n = 25
• Chemotherapy, n = 3
• Radiotherapy, n = 3
• Radioembolization with 90Y, n = 3
• Radiofrequency ablation, n = 1

Patients with disease not amenable to surgical/locoregional 
treatments at presentation, 

n = 9

Patients with untreatable presentation/progression (UP)
n = 39

GROUP 2
Patients treated with 
best supportive care

n = 24

GROUP 1
Patients treated with 

sorafenib
n = 15

Patients with no further recurrence
after resection, 

n = 5

Patients with untreatable progression, 
n = 30

Fig. 1. CONSORT diagram of study design and patients’ distribution according to treatment alloca tion . ⁄Only 1st treatment options are reported.
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All patients underwent deceased -donor LT. The median age at
HCC recurren ce was 57 years (range 17–71), 89.7% of the patien ts
were males and HCV was the predomi nant etiology of the under- 
lying liver disease (61.5%). Twenty-two patients (56.4%) under- 
went 2 or more treatment s for HCC before LT, and most of
them (87.2%) were within MC at pre-transp lant staging. Con- 
versely, in this particular subset of HCC patients recurring after 
LT, the MC were met only in 53.8% at explant patholog y, with 
presence of micro-vascu lar invasion in 36.8% of the cases. Six 
patients (15.4%) showed at least one episode of acute rejection 
after LT requiring steroid treatment.

Out of 44 consecutive patients showing HCC recurrence after 
LT, 5 were cured by means of the sole surgical removal of HCC 
tumor deposit – 3 in the liver graft and two for lung and perito- 
neal single lesions, respectivel y – and did not need any further 
treatment. Four of these patients are still alive and free of disease 
at a median time of 35.6 month s from surgery. One patient died 
9 months after liver resection because of liver failure due to HCV 
recurrence, and autopsy did not reveal any tumor recurre nce.

Of the remaining 39 patients, 9 presented upfront with a dis- 
ease not amenable to surgical, ablative or locoregio nal treat- 
ments, while 30 develop ed an untreata ble progression after 
multiple treatment s either for repeated recurrence in different 
sites or for tumor progression in the same known location s.
Values are expressed as number (percentage) or median (ranges) where specified.
BSC, best support ive care; LT, liver transplanta tion; MC, Milan Criteria; UP, untreatable 
⁄mTOR inhibitors were rapamycin or everolimus (see text).
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After UP was assessed, 24 patients received BSC (historic con- 
trols, Group 1) while after 2007, sorafenib was added to BSC in 15
patients (treated patients, Group 2).

At recurren ce, most patients (94.9%) were Child-Pugh A; the 
site of recurre nce was single in 24 cases (61.5%), and for 20
patients (51.3%) surgical resectio n was the primary treatment .
Patients underwent a median of one single treatmen t (range:
0–6) before untreata ble progress ion, and the median time from 
recurrence to UP was 9.1 months (range 0.5-77.6).

The two study groups were well matched at baseline with 
two expected imbalances : the adopted immun osuppressive 
strategy and the observed TTR from LT. In particu lar, CNIs were 
maintained in 96% of historic controls (23 out of 24) whilst 
46.7% of patients of Group 2 receivi ng sorafenib (7 out of 15)
were judged eligible to mTOR inhibitors (p = 0.0014), with 3
patients remaining on sirolimus from the time of transplan t
and 4 switched to everolim us after the diagnosis of HCC recur- 
rence. No patients discontinued immunosup pression in either 
group; however, the given dosages of each compound were tar- 
geted at the minimum tolerabl e trough level in all patients of
either group.

With respect to median TTR – equal to 20.6 (0.9–218.0)
months in the entire population – patients treated with sorafenib 
recurred at 38.1 months vs. 15.7 months in the historic controls 
presentation/progression; n.a., not available.
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Fig. 2. Patien ts survival after diagnosis of recurrence (upper panel) or from 
the time of untreatable progression (lower panel).
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(p = 0.0025). This was expected consideri ng the time bias 
between the two study cohorts.

Survival analysis 

The median follow-u p of the entire study population from diag- 
nosis of HCC recurren ce was 87.0 months (95% CI: 55.1–87.0);
during this period 33 deaths were registere d.

Curves describi ng surviva l after recurre nce and after UP are 
shown in Fig. 2. In the sorafenib group, median surviva l
(95% CI) was 21.3 month s (12.4-61.6) after recurre nce and 
10.6 month s (7.7-19.5) after UP, whilst 11.8 (4.6–19.5) and 
2.2 (1.1–3.8) months, respectively , were observed in control 
patients. Patients within the sorafenib group were significantly
favored with respect to historic controls both for survival after 
recurren ce (HR = 5.2; 95% CI: 1.98–13.9; p = 0.0009) and surviva l
after UP (HR = 21.1, 95% CI: 4.73–94.9; p <0.0001).

At the multivar iate analysis presented in Table 2, the 
survival benefit achieved with sorafenib added to conventiona l
supportive care was confirmed. In fact, the adjuste d hazard ratio 
related to sorafenib treatment with respect to controls (HR = 4.0,
95% CI: 1.12–14.3; p = 0.0325) was only slightly lower than the 
unadjusted estimate reported at univariab le analysis for surviva l
after recurren ce (HR = 5.2). The effect of TTR as a continuou s
variable, and the potential of an interactio n between TTR and 
sorafenib were also investig ated in a multivaria ble model. For 
that purpose, Cox models were performed incorporati ng the 
same covariates of the multivaria ble model shown in Table 2,
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but TTR was modeled as a continuous (linear and non-linear)
covariate and its interaction with sorafenib was included.
Whatever approach in modeli ng was chosen, the sorafenib 
effect tended to decrease at low values of TTR, even though 
between 1 and 3 years – the interval during which the highest 
number of events occurred – the effect of the treatment was 
self-eviden t. Detailed results are shown in Supplement ary 
Material.

Subgroup analysis of patients receiving sorafenib 

When HCC recurren ce not amenable to surgical/locoreg ional 
treatments was assessed, the administrati on of sorafenib to all 
patients of Group 2 started at the full dosage of 800 mg/day.
Out of 15 patients treated with sorafenib, HCC recurrence 
was deemed untreata ble at first presentati on in 3 patients 
and after disease progre ssion in the remaining 12; their med- 
ian time on sorafenib was 4.3 months and 8.3 months, respec- 
tively, and 6.9 months overall. In patients receiving sorafenib 
and BSC, the best radiologica l tumor response accordin g to
RECIST 1.1 was stable disease (SD), that was assessed in 11
patients (73.3%); the best radiolog ical response accordin g to
modified RECIST was partial response (PR) in 4 patients 
(26.7%), accountin g for a disease control rate (SD + PR) of
73.3%. The median time-to-p rogressio n was 8.5 (4.4–13.6)
months (Fig. 3).

The combinat ion of sorafenib with mTOR-bas ed immun osup- 
pression was not associated with a significant differen ce in dis- 
ease control rate (DCR) that was 71.4% in mTOR-based vs. 75%
in CNI-based therapies (p = 1). Noteworthy, the associat ion of
sorafenib with mTOR-bas ed immunosuppr ession was close to
statistical significance when PR was assessed according to modi- 
fied RECIST [PR was 57.1% vs. 0% in 7 mTOR vs. 8 CNI-treate d
patients respectively ; (p = 0.0699)].

The predomi nant adverse events (AEs) during sorafenib 
treatment were: hand-foot skin reaction (9 patients, 60%),
diarrhea (6 patients, 40%) and fatigue (4 patients, 16.7%); the 
majority of the observed AEs were grade 1–3 in severity, and 
no drug-relat ed grade 4 or 5 (death) event occurred [20]. Dose 
reduction to 400 mg/day occurred in 8 patients (53.3%); of those 
patients, 4 recovered and continued treatment at full dosage,
while the other 4 patien ts continued treatmen t at the 400 mg/ 
day dosage without any further dose adjustmen t. Sorafenib 
was withdra wn for progres sion of disease in 10 patien ts
(66.7%) and in one patien t for develop ment of renal and hepatic 
insufficiency, while it is still ongoing in 4 patients (26.7%) at the 
time of the present analysis.
Discussion

The therapeuti c armamen tarium for patients diagnosed with HCC 
not amenable to surgical, ablative, and locoregio nal treatmen ts is
limited. In 2007, sorafenib was the first agent to demon strate a
significant improvem ent in the overall surviva l of patients with 
advanced HCC [8,9], and since then has become the standard of
care for these patien ts [21].

Up to now, no prospect ive studies on the efficacy of sorafenib 
have been conducte d in the particular setting of HCC recurrence 
after LT, although recent reports have confirmed an acceptable 
safety profile in this setting, with no apparent drug-to-d rug inter- 
action with immuno suppressive medication s [11,14,15].
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Table 2. Univariate and multiv ariate ana lysis for survival after HCC recurrence, corrected by entry time (time from recurr ence to UP).

Univariate analysis Multivariate analysis

Predictor Category Hazard ratio (95% CI) p value Hazard ratio (95% CI) p value
Aetiology of liver disease HBV + other

HCV
1.878 (0.721-4.893)
1.00

0.1970

Tumor stage (pre-LT radiology) MC in
MC out

0.112 (0.011-1.164)
1.00

0.0668 0.530 (0.128-2.194)
1.00

0.3803

Number of treatments (pre-LT) 1.259 (0.909-1.740) 0.1664
Tumor stage (histology) MC in

MC out
0.855 (0.344-2.122)
1.00

0.7354

Vascular invasion (histology) Present
Absent

0.777 (0.310-1.947)
1.00

0.5897

Main immunosuppression Cyclosporine
Tacrolimus

0.502 (0.178-1.415)
1.00

0.1924

Episodes of acute rejection No
Yes

1.032 (0.190-5.606)
1.00

0.9709

Time-to-recurrence >24 months
13-24 months
<13 months

0.288 (0.092-0.901)
0.424 (0.156-1.155)
1.00

0.0762 0.994 (0.309-3.191)
0.997 (0.254-3.914)
1.00

0.9866

MELD at recurrence 1.079 (0.928-1.255) 0.3246
Sites of recurrence Multiple

Single
0.724 (0.263-1.988)
1.00

0.5303

AFP at recurrence ≥400
<400

1.235 (0.371-4.103)
1.00

0.7309

mTOR inhibitor* No
Yes

2.476 (0.715-8.580)
1.00

0.1528 1.696 (0.503-5.714) 0.3943

Primary treatment for recurrence Locoregional treatment
Untreatable
Resection

1.185 (0.325-4.317)
0.956 (0.148-6.162)
1.00

0.9590

N° treatments after recurrence 1.149 (0.564-2.339) 0.7021
Treatment after UP BSC

Sorafenib
5.240 (1.978-13.880)
1.00

0.0009 4.010 (1.123-14.322) 0.0325

⁄mTOR inhibitors were rapamycin or everolimus (see text).
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Fig. 3. Time-to-progressio n according to RECIST 1.1 in patients treated with 
sorafenib .

Research Article 
The aim of our comparativ e study was to evaluate the effec- 
tiveness of sorafenib in prolon ging surviva l of patients diagnos ed
with an HCC recurrence after LT: a condition almost always asso- 
ciated with dismal prognosis. For this purpose, we sough t to com- 
pare the surviva l of our series of HCC-rec urrent patients in the 
pre-sorafen ib era (1994–2007) with that observed in more recent 
Please cite this article in press as: Sposito C et al. Comparative efficacy of sora
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years when sorafenib entered clinical practice. The most relevan t
results emerg ing from the compari son of our two liver-tran splant 
study groups is that a highly significant difference in median sur- 
vival after HCC recurre nce was found in sorafenib-tre ated 
patients with respect to historic controls (21.3 vs.11.8 month s:
p = 0.0009). Such difference was even more remarkabl e when 
survival was calculated from the time of untreatab le presenta- 
tion/progres sion (UP), demonstra ting an increase to a median of
10.6 months in patients treated with sorafenib from a baseline 
of 2.2 months in control patients (p <0.0001).

It could be argued that the detected survival differences 
between the two study groups might be influenced by many fac- 
tors, includin g those regarding the differen t eras in which the two 
groups were treated. Actually , the presented case-contr ol study 
was favored by the single-cent er nature of this investig ation,
with both cohorts receiving equally intensive surgical/abl ative/ 
locoregiona l therapies and best supportive care over time, and 
being the sole differen ce among groups determ ined by the avail- 
ability of sorafenib and mTOR immuno suppression. This is dem- 
onstrated by the homogenei ties in transplan t- and tumor-rel ated 
determinants of prognosis between groups, as reported in Table 1,
particularly by: (a) tumor presentation both before LT and at
recurrence; (b) first therapeutic approach to recurre nce; (c) num- 
ber of treatmen ts before untreatab le progres sion; (d) time from 
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recurren ce to untreatab le progression, that did not differ in
sorafenib-tre ated patients with respect to historic controls.

Conside ring the time bias in patient groupin g, differences at
baseline were observed with respect to TTR from LT and immu- 
nosuppre ssion schedules .

Differenc es in median TTR are frequen tly reported when com- 
paring different eras of LT [22,23]. This may be mainly explained 
by a longer time-exp osure in Group 1, responsi ble for a greater 
chance to show disease recurrence in the more recent era. More- 
over, as shown in Table 1, recurren ces within the first post-LT 
year in Group 2 were more frequent (41.7% vs. 6.7%). A cause 
for this could be sought in a more accurate staging of patients 
and in a longer waiting time on list in recent years. Both impede d
transplan tation in patien ts at risk of an occult extrahepatic dis- 
ease, and determined a more thoroug h pre-LT selection. Longer 
TTR might be considered a surrogate of a less aggressive tumor 
biology, and this impressi on is sustained also by some detectable 
although non-signi ficant imbalanc ements towards tumors with 
lower AFP and more frequent single-site recurre nces in the 
sorafenib group (Table 1). Howeve r, it should be noted that 
sorafenib in the treated patients was introduc ed only at the time 
of untrea table progression, namely when disease aggressivenes s
was at its maximum . Furtherm ore, in order to remove possible 
biases in such respect, a large number of possible confoun ders 
were investig ated and selectivel y adjuste d for such factors in a
multivaria te analysis of survival after recurrence. This analysis 
substantia lly confirmed the results of univariable analysis, retain- 
ing the treatment with sorafenib as the only factor influencing 
survival (HR = 4.010, p = 0.0325).

Although the immunosup pression strategy in patients with 
post-LT HCC recurrence varied in recent years with respect to his- 
toric controls, the introducti on of mTOR inhibito rs in about half 
of our patients receivi ng sorafenib did not apparently influence
their survival (HR = 1.7, p = 0.3943), even though tumor response 
assessed with mRECIST criteria correlated with the combinat ion 
of sorafenib with mTOR inhibitor, with a p = 0.0699, therefore 
in proximity of statistical significance, confirming previous 
reports [14,24].

In order to capture the proper indicators of efficacy and con- 
sidering that the investigated patients were selected as having 
UP, event times were left-tru ncated at the date of UP in Cox mod- 
els for the analysis of surviva l after recurren ce. This statistical 
approach was necessar y considerin g that death risk was zero 
between recurre nce and UP and non-zero thereafter.

With these assumpti ons, the overwhel ming effect of sorafenib 
in prolonging survival of patien ts diagnosed with HCC recurren ce
after LT was confirmed. In particular , the difference in median 
survival was even more noticeab le when calcula ted from the 
time when sorafenib was given, namely when tumor burden 
was not amenable to surgical/abl ative/locoreg ional treatmen ts.
From the time of UP, the patien ts treated with sole BSC showed 
a poor median survival of 2.2 months that increased to 10.6 with 
the addition of the effect of sorafenib. This figure of survival,
along with a TTP of 8.8 months and a DCR of 73.3%, is in line with 
previous studies in the non-tran splant population [8], and the 
high hazard ratio observed in our setting probably reflected the 
aggressive features of HCC in immun osuppressed patients when 
no other approach, different from supportiv e care, is allowed.

There are some obvious limitations to our study. First, even if,
to the best of our knowledg e, this is the largest consecuti ve series 
of patients treated with sorafenib in the post-transpl ant setting,
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the small sample size and the absence of random ization limit 
the strength of the results. Secondly , the evaluation of the impact 
of mTOR inhibitors as immu nosuppressive agents during sorafe- 
nib therapy was beyond the study objectives, since the heteroge- 
neity of treatmen t and schedul es in the treated patients –
receiving sirolimus or everolim us at the time of transplanta tion 
or at the time of HCC recurren ce – may have hampered our data 
dissection. This bias cannot be obviated by statistical analysis and 
thus, whether there is a subgrou p of patients that benefit most 
from mTOR inhibitor s, is an issue that still needs to be ascer- 
tained. Finally, the intrinsic variation s in tumor burden, localiza- 
tions, and pattern of progres sion observed for HCC recurrence 
after LT could not be completel y captured by categorical vari- 
ables, despite the prospectiv e data collection ; this means that 
there could be other hidden differences between groups that 
may have influenced the observed patient outcome.

On top of the consistent number of restricti ons influencing
interpretatio n of clinical trials in the post-tran splant setting, this 
study owns limitations related to the inclusion of historic con- 
trols as well as potent ials for having missed significant variables.
With such boundaries, however, this study provided a convincing 
statistical demon stration that sorafenib added to the best 
supportive care at the time of untreatab le post-tran splant HCC 
recurrence, does prolong surviva l with respect to controls. A
time-to-prog ression that is in line with previous reports and an
acceptable safety profile further strengthen the indicatio n of
treatment with sorafenib in the setting of patients with HCC 
recurrence not amenable to surgical/abl ative or locoregio nal 
treatments . Further studies on larger series are needed in order 
to confirm our data and to investigat e more in depth the possibly 
positive effect of an mTOR inhibitor -based immun osuppression 
regimen in these patients.
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