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Treatment with sorafenib of patients with advanced hepatocellular carcinoma is challenged
by anticipated discontinuation due to tumor progression, liver decompensation, or adverse
effects. While postprogression survival is clearly determined by the pattern of tumor progres-
sion, understanding the factors that drive prognosis in patients who discontinued sorafenib
for any reason may help to improve patient management and second-line trial design.
Patients consecutively admitted to three referral centers who were receiving best supportive
care following permanent discontinuation of sorafenib for any reason were included. Post-
sorafenib survival (PSS) was calculated from the last day of treatment to death or last visit
available. Two hundred and sixty patients were included in this prospective study, aged 67
years, 60% with hepatitis C, 51% Child-Pugh A, 83% performance status (PS) �1, 41%
with macroscopic vascular invasion, and 38% with extrahepatic tumor spread. Overall,
median PSS was 4.1 (3.3-4.9) months, resulting from 4.6 (3.3-5.7) months for 123 progres-
sors, 7.3 (6.0-10.0) months in 77 with adverse effects, and 1.8 (1.6-2.4) months in 60
decompensated patients (P < 0.001). Postsorafenib survival was independently predicted by
PS, prothrombin time, extrahepatic tumor spread, macrovascular invasion, and reason for
discontinuation. Two hundred patients potentially eligible for second-line therapy had a
PSS of 5.3 (4.6-7.1) months, which was dependent on reasons of discontinuation
(P 5 0.004), PS (P < 0.001), macrovascular invasion (P < 0.001), and extrahepatic metasta-
ses (P < 0.002). Conclusion: Discontinuation due to adverse effects in the absence of macro-
vascular invasion, extrahepatic metastases, and deteriorated PS predicts the best PSS in
compensated patients, thereby setting the stage for both improved patient counseling and
selection for second-line therapy. (HEPATOLOGY 2015;62:784-791)
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S
orafenib is the standard of care for treatment of
patients with advanced hepatocellular carcinoma
(HCC), following a registration and a confirma-

tory study that proved efficacy of this regimen in
extending survival of the affected patients, with a satis-
factory record of tolerability and safety.1-4 While the

patient populations enrolled in the two trials showed
significant differences in treatment duration (5 months
for western versus 3 months for eastern), likely reflect-
ing nuances in the severity of the background liver dis-
ease associated with liver cancer, in both cohorts
treatment outcome was inexorably challenged by high
rates of anticipated discontinuation caused by tumor
progression, liver decompensation, and adverse effects
(AEs).3,4 This was also the leitmotif of several field
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practice studies, where the median duration of treat-
ment with sorafenib barely exceeded 7 months in the
context of a median survival of approximately 13
months, suggesting a 6-month gain of survival after
stopping anticancer therapy, on average.5,6 In an
attempt to optimize sorafenib therapy in patients with
HCC, the database of pragmatic studies carried out in
different geographical regions has been scrutinized
extensively with the aim of identifying serum bio-
markers or clinical features predictive of a response
which might help reduce unnecessary treatment-related
morbidity and costs in refractory patients.5-8 This is
not a trivial point as it might help to optimize treat-
ment schedules, on the one hand, and, on the other
hand, to identify patients for second-line treatment on
the basis of the reasons for treatment interruption.
This is in fact the message of a recent study in Spain
describing how survival of patients with tumor pro-
gression during sorafenib therapy strictly depended on
the pattern of tumor progression, meaning a worse
prognosis for patients with de novo extrahepatic tumor
lesions or neoplastic vascular invasion compared to
patients with an expansion of preexisting nodules or
new intrahepatic lesions (NIHs) only.5 However,
owing to the fact that in addition to the pattern of
tumor progression, other factors may drive prognosis
in patients who discontinued sorafenib for any reason,
we prospectively aimed to identify such predictors of
survival in this specific set of HCC patients. A subsidi-
ary aim of the study was to identify and classify by
survival predictors in patients who were potential can-
didates for second-line therapy, with the hope of
powering future registration trials.

Patients and Methods

Study Design. This is a prospective multicenter,
investigator-driven, observational study that in July 2008
started enrolling patients from three referral centers in
Italy and ended in March 2013. The primary endpoint
was patient survival after permanent discontinuation of
sorafenib; the secondary endpoints were 1) identification
of predictors of survival after sorafenib discontinuation

and 2) identification of survival predictors in patients
who were potentially eligible for second-line therapy.

Patient Selection. Patients receiving sorafenib
were those in Barcelona Clinic Liver Cancer (BCLC)
stage C and patients in BCLC-B stage who received
sorafenib because they were unfit for or failed locoa-
blative treatments. Excluded were patients with a per-
formance status (PS) score >2 and clinical
decompensation.6,9 In a kickoff meeting between the
participating centers, standardized criteria for treat-
ment compliance, type/degree of AEs, treatment inter-
ruption, and dose reduction were established. All three
participating centers in the present study were involved
in the previous reports of the Sorafenib Italian Assess-
ment (SOFIA) study.6,8 Included in the present study
were all patients who permanently discontinued sorafe-
nib for any reason and subsequently received best sup-
portive care. The enrollment was consecutive and
independent of Child-Pugh score and BCLC stage.
Excluded were patients with a liver transplant, those
previously enrolled in first-line registration trials, and
those included in second-line trials after sorafenib dis-
continuation. Tumor progression was defined either
radiologically by modified response evaluation criteria
in solid tumors (mRECIST) or clinically in terms of
worsening of PS or onset of symptoms unrelated to
liver failure.10 By the same token, all deaths following
clinical decompensation with jaundice, hemorrhage, or
encephalopathy in the absence of radiological signs of
cancer progression were attributed to liver failure.10,11

Radiological evaluation by mRECIST was employed to
assess a response to both locoregional and systemic
therapy when the SOFIA6 study was designed.
Another reason for treatment discontinuation was
unacceptable treatment toxicity, i.e., grade 2-4 AEs not
responding to dose reductions and/or temporary inter-
ruption of treatment as suggested by the manufac-
turer.11,12 In patients who interrupted treatment for
both tumor progression and AEs, the former was con-
sidered the leading cause for interruption.6 Liver
decompensation was defined by one of the following
events: jaundice, ascites, gastrointestinal hemorrhage,
or encephalopathy in the absence of radiological signs
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of tumor progression, although it can be difficult to
exclude unequivocally underlying tumor progression
when liver function deteriorates.6 Therefore, whenever
both tumor progression and liver decompensation
occurred, the former was considered the leading cause
for discontinuation.6 Written informed consent was
obtained from each patient according to the ethics
committee and the ethical guidelines of the 1975 Dec-
laration of Helsinki, as updated in 2004.

Follow-up and Measures. The primary endpoint
of postsorafenib survival (PSS) was the time lag
between the last day of treatment and death or last
visit available. Clinical and laboratory exams were per-
formed within 5 days after sorafenib discontinuation,
to be repeated monthly or at closer intervals if clini-
cally indicated. Blood cell count, serum chemistry, and
serum alfa-fetoprotein (AFP) levels were measured by
standard laboratory procedures. Performance was
scored according to the Eastern Cooperative Oncology
Group (ECOG).11 A radiological response to therapy
was evaluated by contrast-enhanced computed tomog-
raphy or magnetic resonance imaging according to
mRECIST at the end of treatment, independently of
the reason for discontinuation. Imaging studies were
repeated every 2 months during postsorafenib follow-
up, whenever allowed by the general condition of the
patient.11 The other objectives of the study were as
follows: (1) patients potentially eligible for second-line
treatment because of preserved liver function and (2)
survival evaluation according to patient stratification
by the pattern of tumor progression according to Reig
et al.5 In that study, survival was efficiently stratified
by intrahepatic growth or extrahepatic growth, i.e., a
>20% increase in tumor size against a known baseline
lesion, onset of an NIH, or new extrahepatic lesions
and/or vascular invasion (NEH).5 In patients with
concomitant intrahepatic growth/extrahepatic growth
and NIH/NEH, the latter was considered dominant in
terms of progression pattern. Lastly, we modeled the
probability of survival in three hypothetical compen-
sated patients according to predictors identified by the
Cox model.

Statistical Analysis. Data were collected by expe-
rienced medical personnel involved in the study using
a common electronic database. Continuous variables
were expressed as mean 6 standard deviation, while
categorical variables were analyzed as frequency and
percentages. The following baseline features were con-
sidered for univariate analysis: age, gender, ECOG PS,
etiology of liver disease, platelet count, albumin level,
bilirubin level, alkaline phosphatase level, creatinine
level, international normalized ratio, AFP level, macro-

vascular invasion, extrahepatic spread, tumor size,
number of neoplastic lesions, presence of ascites, pres-
ence of encephalopathy, and reasons for discontinuing
sorafenib therapy. Patient characteristics considered for
analysis were those identified at the time of sorafenib
interruption. Survival was analyzed by a Kaplan-Meier
test, and differences in survival rates were assessed by
the log-rank test. Variables with a P value <0.10 at
univariate analysis were included in the final multivari-
ate model. Cox’s proportional-hazard model was used
to identify prognostic factors for mortality in a multi-
ple regression analysis. To avoid the effect of collinear-
ity with single variables, BCLC and Child-Pugh score
were not included in the same multivariate model. For
all analyses, P� 0.05 was considered statistically signif-
icant. For all analyses and graphics, the R Statistical
Computing Environment (R Foundation for Statistical
Computing, Vienna, Austria) was used.

Results

We identified 312 patients attending the three cen-
ters who permanently discontinued sorafenib. Excluded
were eight patients treated by liver transplantation,
four treated with sorafenib in a first-line clinical trial,
and 40 enrolled in second-line trials. Ultimately, 260
(83%) patients were enrolled, and at the time of data-
base lock (November 2013) 225 patients had died, 31
were still alive, and four were lost to follow-up.

Patients at Sorafenib Discontinuation. Clinical
and laboratory characteristics of the patients when sor-
afenib was permanently discontinued are summarized
in Table 1. All patients had cirrhosis (60% hepatitis C
virus, 16% hepatitis B virus, 51% Child-Pugh A, 42%
Child-Pugh B, and 7% Child Pugh C). The majority
(83%) of the patients had PS �1, 41% had macro-
scopic vascular invasion, and 38% had extrahepatic
tumor spread. Twenty-one patients (8%) had remained
in BCLC-B, 193 (74%) either migrated to or main-
tained BCLC-C, and 46 (18%) migrated to BCLC-D.
Reasons for permanent treatment discontinuation were
liver decompensation in 60 (23%) patients, AEs in 77
(30%), and tumor progression in 123 (47%). The
dominant cause of treatment discontinuation among
the 77 patients who permanently discontinued sorafe-
nib following AEs was fatigue, either alone or associ-
ated with another AE (Table 2).

Postsorafenib Survival. While median overall PSS
was 4.1 (95% confidence interval [CI] 3.3-4.9) months
(Fig. 1), the median PSS according to the BCLC-B,
BCLC-C, and BCLC-D status was 9.3 (95% CI 7.4-
14.6) months, 4.6 (95% CI 3.7-5.6) months and 1.6
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months (95% CI 1.3-2.8), respectively (P< 0.001).
The median PSS in patients who permanently inter-
rupted sorafenib with tumor progression, AEs, and liver

decompensation was 4.6 (95% CI 3.3-5.7), 7.3 (95%
CI 6.0-10.0), and 1.8 (95% CI 1.6-2.4) months,
respectively (P< 0.001) (Fig. 2).

By univariate analysis, 11 variables of PSS were
identified (Table 3). By multivariate Cox analysis, PS
(hazard ratio [HR] 5 2.4 [1.6-3.5]), prothrombin time
(HR 5 2.9 [1.7-4.9]), macrovascular invasion
(HR 5 1.8 [1.3-2.4]), extrahepatic spread (HR 5 1.6
[1.2-2.1]), AFP (HR 5 1.4 [1.01-1.9]), and reason for
sorafenib discontinuation (liver decompensation versus
AEs HR 5 2.6 [1.8-3.7] and tumor progression versus
AEs HR 5 1.5 [1.1-2.1]) were the independent predic-
tors of shortened survival (Table 3).

Estimated Survival of Potential Candidates for
Second-Line Trials. Two hundred patients (77%)
with compensated disease were considered potentially eli-
gible for second-line treatment, whereas 60 patients who
permanently interrupted sorafenib for liver decompensa-
tion were excluded. These patients had a Child-Pugh
score up to B7: if ascites controlled by diuretics was pres-
ent, only one between bilirubin 2-3 mg/dL and serum
albumin 2.8-3.5 g/dL was accepted. In these patients the
median PSS was 5.3 (95% CI 4.6-7.1) months, being 7.3
(95% CI 6.0-10.0) months for those patients who dis-
continued for AEs compared to 4.6 (95% CI 3.3-5.7)
months for those who discontinued for tumor progres-
sion (P 5 0.005). In this subset of selected patients, the

Table 1. Demography and Baseline Characteristics of the
260 Patients Enrolled in the Study

Patients, n 260

Age (years)* 67 6 9

Male, n (%) 208 (80)

Etiology, n (%)

Hepatitis C virus only 156 (60)

Hepatitis B virus only 41 (16)

Alcohol abuse only 19 (7)

Multiple 19 (7)

Other 25 (10)

ECOG PS, n (%)

0 43 (17)

1-2 180 (69)

3-4 37 (14)

Albumin (g/dL)* 3.4 6 0.5

Total bilirubin (mg/dL)* 2.0 6 2.9

Ascites, n (%) 110 (42)

Hepatic encephalopathy, n (%) 19 (7)

AFP �200 ng/dL, n (%) 115 (44)

Disease burden, n (%)

Macroscopic vascular invasion 107 (41)

Extrahepatic spread 99 (38)

Reason for sorafenib interruption, n (%)

Tumor progression 123 (47)

Adverse events 77 (30)

Liver decompensation 60 (23)

*Mean 6 standard deviation.

Table 2. Causes of Definitive Interruption in 77 Patients Who Discontinued for AEs

Cause of Definitive Interruption Frequency, n (%)

Treatment Duration, Months,

Median (Min-Max)

Survival Post–Definitive Interruption

Months, Median (Min-Max)

Fatigue alone 20 (26.0) 1.9 (0.5-17.9) 9.1 (0.9-38.4)

Acute upper gastrointestinal bleeding 7 (9.1) 2.9 (0.6-8.7) 11.5 (1.9-32.4)

Heart failure 6 (7.8) 2.7 (0.7-22.2) 5.6 (0.6-14.9)

Diarrhea 5 (6.5) 6.3 (0.7-9.5) 7.9 (1.2-23.7)

Fatigue and diarrhea 4 (5.2) 2.2 (0.8-5.3) 16.7 (10.2-24.2)

Hand–foot reaction 4 (5.2) 2.6 (0.5-5.6) 24.7 (7.4-39.5)

Anemia without apparent bleeding 3 (3.9) 1.2 (0.7-24.5) 13.4 (7.0-21.2)

Fatigue and arterial hypertension 3 (3.9) 3.7 (1.5-4.3) 16.3 (4.1-32.4)

Arterial hypertension 2 (2.6) 5.6 (5.0-6.2) 4.6 (2.0-7.1)

Cholangitis/cholecystitis 2 (2.6) 1.4 (0.7-2.1) 5.6 (1.2-10)

Fatigue and weight loss 2 (2.6) 1.1 (0.4-1.4) 5.7 (5.4-6.0)

Anorectal abscess and sepsis 2 (2.6) 6.6 (6.3-7.0) 6.9 (6.5-7.3)

Rash 2 (2.6) 0.5 (0.3-0.7) 4.1 (1.0-7.1)

Pancytopenia 2 (2.6) 8.0 (1.6-14.5) 7.2 (5.1-9.3)

Thrombocytopenia 2 (2.6) 3.8 (1.8-5.8) 5.5 (1.9-9.0)

Hepatic abscess and sepsis 1 (1.3) 11.5 1.2

Acute myocardial infarction 1 (1.3) 0.7 4.6

Femoral fracture 1 (1.3) 2.7 3.8

Peripheral neuropathy 1 (1.3) 6.7 9.0

Duodenal ulcer 1 (1.3) 3.5 3.6

Acute kidney injury 1 (1.3) 46.9 8.9

Pulmonary embolism 1 (1.3) 8.4 3.0

Rectal bleeding 1 (1.3) 6.3 6.2

Erysipelas 1 (1.3) 2.3 1.4

Ventricular intracavitary thrombus 1 (1.3) 3.6 14.8

Fatigue and hand–foot reaction 1 (1.3) 4.0 15.3
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independent predictors of mortality by multivariate Cox
analysis were as follows: PS, reason for sorafenib discon-
tinuation, macrovascular invasion, and extrahepatic
spread (Table 4). The estimated probability of PSS in
three hypothetical compensated patients with advanced
HCC, according to the predictors of mortality by the
Cox model (ECOG PS, vascular invasion, extrahepatic
spread, and reasons for discontinuation), is shown in Fig.
3. The 1-year probability of overall survival for a patient
who discontinued for AE, with ECOG PS 0, without
macrovascular invasion, and without extrahepatic metas-
tases is 73% compared to 0.6% for a patient who discon-
tinued for tumor progression with ECOG PS 1,
macrovascular invasion, and extrahepatic metastases.

Validation of BCLC Upon Progression. The
median PSS in patients with radiological tumor pro-
gression due to a >20% increase in tumor size (intra-

hepatic growth n 5 20, extrahepatic growth n 5 10),
NIH (n 30), or NEH (n 58) was 7.5, 3.2, 5.4, and
3.1 months, respectively. Progression due to NEH was
associated with a significantly worse PSS compared to
other patterns of progression (3.1 [95% CI 2.25-3.36]
versus 5.7 [95% CI 3.50-8.04] months, P 5 0.02).
Using the newly proposed classification of “BCLC
upon progression,” seven patients were found to be
BCLCp-B (PSS 4.7 [1.7-11.5] months) at the time of
sorafenib discontinuation for tumor progression, while
37 patients were BCLCp-C1 and 58 were BCLCp-C2
(5.7 [0.6-27.7] versus 3.0 [0.6-25.5] months,
P 5 0.001).

Discussion

Sorafenib therapy in HCC patients is frequently
challenged by the onset of unfavorable events, mainly
represented by AEs, cancer progression, and liver fail-
ure, all leading a majority of patients to prematurely
interrupt treatment and lose significant therapeutic
benefits.3-7 The different reasons for premature inter-
ruption of sorafenib therapy in such a difficult to treat

Fig. 1. Kaplan-Meier survival estimation after sorafenib discontinua-
tion in the whole cohort. Among 260 patients, the median PSS was
4.1 (95% CI 3.3-4.9) months.

Fig. 2. Kaplan-Meier survival estimation after sorafenib discontinua-
tion according to the reason sorafenib was discontinued.

Table 3. Univariate and Multivariate Cox Analysis of Factors
Associated With Mortality After Sorafenib Discontinuation in

260 HCC Patients

Predictors

Univariate Multivariate

HR (95% CI) P HR (95% CI) P

ECOG PS (>0 vs. 0) 2.4 (1.6-3.5) <0.001 2.4 (1.6-3.5) <0.001

Prothrombin time (continue) 3.1 (2.0-4.8) <0.001 2.9 (1.7-4.9) <0.001

Macrovascular invasion

(yes/no)

1.9 (1.5-2.5) <0.001 1.8 (1.3-2.4) <0.001

Reason for sorafenib discontinuation

Tumor progression vs. AE 1.6 (1.1-2.2) <0.001 1.5 (1.1-2.1) 0.010

Clinical decompensation

vs. AE

3.0 (2.1-4.4) <0.001 2.6 (1.8-3.7) <0.001

Extrahepatic tumor

spread (yes/no)

1.5 (1.2-4.7) <0.001 1.6 (1.2-2.1) 0.001

AFP (�400 vs. <400 ng/mL) 1.6 (1.2-2.0) <0.001 1.4 (1.0-1.9) 0.026

Ascites (yes/no) 1.7 (1.3-2.2) <0.001 — —

Bilirubin, mg/dL (continue) 1.03 (1.0-1.1) 0.004 — —

Sex (male vs. female) 1.4 (1.0-2.0) 0.047 — —

Albumin, g/dL (continue) 0.7 (0.6-0.9) 0.024 — —

Table 4. Multivariate Cox Analysis of Factors Associated
With Mortality After Sorafenib Discontinuation in

200 Compensated HCC Patients

Predictors

Multivariate Analysis

HR (95% CI) P

ECOG PS (1 vs. 0) 2.6 (1.7-4.0) <0.001

Reason for sorafenib discontinuation

Tumor progression vs. AE 1.6 (1.2-2.2) 0.004

Macrovascular invasion (yes vs. no) 2.1 (1.6-3.0) <0.001

Extrahepatic spread (yes vs. no) 1.8 (1.3-2.5) 0.001
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population may have different implications on progno-
sis and patient access to a second-line salvage therapy.
Survival after sorafenib discontinuation could be pre-
dicted in previous studies, including the registration
trial SHARP; however, the present is the first study
specifically designed to investigate the course and sur-
vival predictors of these patients with an adequate
sample size and follow-up. In the context of this study,
we modeled three categories of patients who following
sorafenib discontinuation had different expected sur-
vival times and different expected benefits by second-
line drugs/management. Finally, the study allowed us
to identify those prognostic factors during the postsor-
afenib course which in the future may help to tailor
the management of patients.

While our cohort of patients enrolled in the regis-
tration trial achieved similar survival benefits after sor-
afenib discontinuation, the two study cohorts
consistently differed in the reasons for treatment inter-
ruption. Not surprisingly, the best survival benefits
were seen in patients who discontinued sorafenib for
AEs and in those who maintained PS and BCLC stage
unchanged compared to patients in whom either liver
disease or cancer progressed. Our findings of a favor-
able prognostic relevance of AEs in patients under sor-
afenib lend indirect support to the observations of
Reig and co-workers who recently associated early
onset of dermatologic AEs with better outcomes of
sorafenib therapy in HCC patients.13 Dermatological

AEs were seen in a minority (25/77) of our 77
patients who discontinued sorafenib for any AE,
whereas the four patients who permanently discontin-
ued treatment for a dermatological reason achieved an
extended survival after discontinuation. Incidentally,
one major difference between our study, the sorafenib
registration trial SHARP, and the study by Reig and
coworkers13 was the use as co–primary endpoints of
overall survival and time to symptomatic progression,
thereby allowing symptomless patients to maintain sor-
afenib therapy even after radiological progression of
HCC as determined by RECIST.

Our observations are not unprecedented since simi-
lar conclusions were drawn by a small study that
described 36 patients treated with sorafenib, most
receiving different second-line regimens and a minority
best supportive care only.14

Not unexpectedly, while the BCLC stage system
retained its prognostic power even in patients with
advanced cancer disease who discontinued sorafenib, at
the same time our study validates the prognostic value
of the “BCLC staging system upon progression” as
proposed by Reig et al., who first established a correla-
tion between progression pattern and postprogression
survival and demonstrated differences in survival of
BCLC-C patients after radiological progression based
on the absence or presence of NEH.5 In that study,
BCLC stage at the time of radiological progression was
crucial to properly predict the prognosis of patients
who were still eligible for second-line therapies because
of preserved liver function (Child-Pugh A) and PS (0-
1). We acknowledge that our study might to some
extent be biased by a fixed-time analysis of the out-
comes compared to the study of Reig and coworkers,
which relied on a more complex time-dependent scru-
tiny of the findings. However, at variance with the
investigation of Reig et al. covering the period of time
of sorafenib therapy, our study focused on HCC
course after permanent discontinuation of sorafenib
only, thereby lacking any interaction with external
time-dependant covariates.15 Moreover, our study fur-
ther highlights the complexity of prognosis in HCC,
which depends on an interaction between the degree
of liver dysfunction, constitutional symptoms, and
tumor burden; the modeling of three patient categories
having different survival probabilities and characteris-
tics in terms of tumor burden and liver function at the
time of sorafenib interruption might help in the design
of more sensitive second-line treatment studies based
on the enrollment of appropriate target populations.
Not unexpectedly, patients who withdrew from sorafe-
nib due to deterioration of liver function were those

Fig. 3. Estimated probability of survival after sorafenib discontinua-
tion for three hypothetical compensated patients with advanced HCC
after sorafenib discontinuation, according to predictors of mortality
identified by the Cox model. (A) Patient who discontinued because of
AEs, with ECOG PS 0, and without both macrovascular invasion and
extrahepatic metastases; (B) patient who discontinued for tumor pro-
gression, with ECOG PS 0, without macrovascular invasion, and with
extrahepatic metastases; (C) patient who discontinued for tumor pro-
gression, with ECOG PS 1, and with both macrovascular invasion and
extrahepatic metastases.
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with the shortest survival time of 1.8 months on aver-
age and were unfit for tumor-targeted therapies com-
pared to those who discontinued for tumor
progression or AEs. While the latter patients could
benefit from potentially effective second-line anticancer
regimens, patients with tumor progression should be
offered the chance to remain on sorafenib therapy on
the assumption that HCC is responding to treatment,
whereas add-on therapy with another systemic drug
targeting a different tumor pathway from sorafenib
needs validation in controlled trials. Data are cumulat-
ing that demonstrate how patients with advanced
HCC can tolerate continuous treatment with sorafenib
even after radiological tumor progression. However, we
must acknowledge that the course of HCC may accel-
erate upon sorafenib withdrawal.16,17

Our finding of longer survival of compensated
patients, potentially eligible for second-line treatment,
suggests that in previous trials enrolling unselected
populations of nonresponders to sorafenib evaluation
of experimental treatments could have been inaccurate
due to such a relevant selection bias. In BCLC-C
patients, three large randomized phase III trials evalu-
ating brivanib, everolimus, and ramucirumab as
second-line therapies failed to reach the predefined
endpoints of increased survival with respect to
placebo-treated patients.18-20 Such a discrepancy with
the outcome of phase II trials where these agents
showed signals of anticancer activity makes one won-
der whether the failure with newer molecules was the
consequence of an unbalanced stratification of patients
leading to study enrichment, with patients with less
aggressive tumors similar to those who discontinued
sorafenib for AEs. As a matter of fact in the second-
line Brisk-PS study of brivanib the survival times of
patients on active treatment were not significantly lon-
ger than those in the placebo group.18 Reassessment of
survival figures of the placebo arm of numerous
randomized control trials disclosed a significant hetero-
geneity of survival,21-23 likely reflecting inclusion of
patients at different stages of tumor disease and with
different molecular and biological profiles of their
tumors, a variable that is not incorporated in any
tumor staging system, as already demonstrated in pre-
vious meta-analyses.22,23 This makes it even more
compelling to standardize the assessment of survival in
treated patients with respect to sorafenib interruption
with the aims of (1) evaluating the natural history and
validating the predictive power of biological or radio-
logical surrogate markers, (2) controlling for con-
founding factors in observational studies, (3)
calculating the sample size and stratifying subjects in

phase II and III randomized control trials, and (4)
assessing treatment effect size to formulate therapeutic
strategies. Interestingly, our model based on predictors
of shortened survival was able to efficiently separate
candidates for second-line therapy into those with a
75% probability of 1-year survival who had the most
favorable off-treatment predictors from those who had
unfavorable predictors but still were eligible for a
second-line trial. While this model may assist clinicians
in counseling and decision making, our finding of PSS
being dependent on the cause of treatment interrup-
tion provides a practical means to better separate
sorafenib-tolerant patients who should continue treat-
ment despite tumor progression from intolerant ones
who might benefit from inclusion into registration tri-
als of second-line therapy. Indeed, while waiting for
well-grounded evidence for the existence of second-line
options for HCC progressors, sorafenib could still be
offered beyond radiological, but not symptomatic, pro-
gression, a choice that represents a reasonable alterna-
tive to no treatment at all. In our opinion, as in other
tumor types, this controversial approach needs to be
investigated in future large trials.
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