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Background & Aims: Hepatic markers are utilized in many clas-
sification systems of patients with hepatocellular carcinoma
and, by measuring organ damage and tumor stage, can influence
treatment. Moreover, elevated serum concentrations of amino-
transferases and alpha-fetoprotein are indicators of poor progno-
sis in patients with hepatocellular carcinoma. We examined the
effects of sorafenib on hepatic markers by performing exploratory
subset analyses of the Sorafenib HCC Assessment Randomized
Protocol (SHARP) trial in patients categorized by baseline concen-
trations of alanine aminotransferase/aspartate aminotransferase,
alpha-fetoprotein, and bilirubin; and by evaluating the effects of
sorafenib on bilirubin concentrations during treatment.
Methods: Patients (n = 602) were grouped by baseline concentra-
tions of alanine aminotransferase/aspartate aminotransferase (not
significantly elevated, mildly elevated, or moderately elevated),
alpha-fetoprotein (normal or elevated), and bilirubin (normal or
elevated). Bilirubin was measured at baseline and on day 1 of each
cycle.

Results: Patients with elevated baseline concentrations of ala-
nine aminotransferase/aspartate aminotransferase, alpha-feto-
protein, or bilirubin had shorter overall survival (OS) than those
with normal baseline concentrations, irrespective of treatment
group. No notable differences in safety profiles were observed
between patients with normal vs. elevated alanine aminotrans-
ferase/aspartate aminotransferase, alpha-fetoprotein, or biliru-
bin. Median changes from baseline in bilirubin concentration at
the last cycle of treatment were +0.17 and +0.19 mg/dl in the
sorafenib and placebo groups, respectively.
Conclusions: These subset analyses suggest that sorafenib is safe
and effective for hepatocellular carcinoma, irrespective of base-
line alanine aminotransferase/aspartate aminotransferase,
alpha-fetoprotein, or bilirubin concentration and that hepatic
function remains stable over the course of sorafenib therapy.
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Introduction

Abnormalities in hepatic marker concentrations have been
shown to be an adverse prognostic indicator in patients with
hepatocellular carcinoma (HCC). For example, a large cohort
study of patients with unresectable HCC found that elevated bil-
irubin, alkaline phosphatase, and alpha-fetoprotein (AFP) con-
centrations were all significantly correlated with adverse
prognosis [1]. Median overall survival (OS) was shorter in
patients with elevated than with normal AFP concentrations,
even in the presence of portal vein thrombosis, large or bilobar
tumors, or cirrhosis. In a study of 606 patients divided into
quartiles by AFP level, median survival was inversely correlated
with increasing concentrations of AFP [2]. Furthermore, a recent
retrospective analysis of 201 patients with sorafenib-treated,
metastatic HCC indicated that serum concentrations of AFP, bil-
irubin, and albumin were significantly associated with OS and
failure-free survival [3]. In addition to elevated AFP levels, labo-
ratory markers of cholestasis and hepatocellular injury, includ-
ing alkaline phosphatase, bilirubin, alanine aminotransferase
(ALT), and aspartic aminotransferase (AST) concentrations, have
been shown to be independent markers of poor prognosis and
have been incorporated into a variety of HCC staging and prog-
nostic schemes [4–13].

Advances in molecular oncology and rational drug design
have led to the development of targeted therapies for a variety
of hematologic and solid tumors, including HCC [14–16]. Sorafe-
nib is a potent multikinase inhibitor that targets the RAF/MEK/
ERK pathway as well as growth factor receptors such as VEGF-1/
2/3, PDGFR-b, KIT, FLT-3, and RET [17–19].

Two large, randomized, placebo controlled, phase III clinical
trials—the Sorafenib HCC Assessment Randomized Protocol
(SHARP) and the Sorafenib Asia-Pacific (AP) trial—showed that
sorafenib significantly enhanced median OS in patients with
advanced HCC [20,21]. Because of the impact of hepatic markers
on outcomes of patients with HCC, we performed a series of
exploratory subset analyses, based on baseline serum
concentrations of aminotransferases, AFP, and total bilirubin,

to examine the effects of sorafenib on OS and time to disease
progression (TTP) in subsets of patients enrolled in the SHARP
trial. We also assessed the effects of sorafenib on hepatic func-
tion, as indicated by bilirubin concentrations, during the course
of treatment.

Materials and methods

SHARP study

The design of the SHARP trial, a multinational, randomized, double blind, pla-
cebo-controlled trial comparing sorafenib with placebo in patients with
advanced HCC, has been described in detail [20]. Briefly, 602 patients with
advanced HCC were randomized 1:1 to receive sorafenib (400 mg twice daily)
or matching placebo. All patients had an Eastern Cooperative Oncology Group
(ECOG) performance status 62; Child-Pugh liver function class A; and adequate
hematologic, hepatic, and renal function. Patients were stratified by geographic
region, ECOG performance status (0 vs. 1 or 2), and the presence or absence
of macroscopic vascular invasion (portal vein or branches or extrahepatic
spread).

Hepatic marker subanalyses

The population for subset analyses was the intent-to-treat population, defined
as all randomized patients. Patients were analyzed by baseline serum concen-
trations of ALT/AST (not significantly elevated [<1.8 � upper limit of normal
(ULN)], mildly elevated [1.8–3.0 � ULN], or moderately elevated [>3.0 � ULN],
AFP (normal [6ULN], moderately elevated [>ULN-400 ng/ml], or highly elevated
[>400 ng/ml]); and total bilirubin (normal [6ULN] or elevated [>ULN]). Bilirubin
was measured at baseline and on day 1 of each cycle. The population for safety
analysis included all patients who received at least one dose of sorafenib or pla-
cebo. Endpoints assessed included OS; TTP, based on independent radiologic
review; disease control rate (DCR); and safety. OS was measured from the date
of randomization until death from any cause; and TTP was measured from the
date of randomization until disease progression according to Response Evalua-
tion Criteria in Solid Tumors (RECIST). DCR was defined as the percentage of
patients who had a best response of complete response (CR), partial response
(PR), or stable disease (SD) for P4 weeks from the first demonstration of stabil-
ization, based on independent radiologic review. Safety was evaluated according
to the National Cancer Institute Common Terminology Criteria for Adverse
Events (NCI–CTCAE) version 3.0.

Table 1. Baseline characteristics of patients categorized by baseline concentrations of aminotransferases (AST/ALT), a-fetoprotein (AFP), and bilirubin.

All patients ALT/AST levels AFP levels Bilirubin levels

elevated
Mildly 

elevated 
Moderately 

elevated 
Normal Mildly 

elevated
Moderately 

elevated
Normal Elevated

Sor Pla Sor Pla Sor Pla Sor Pla Sor Pla Sor Pla Sor Pla Sor Pla Sor Pla

n 299 303 152 153 77 78 68 72 111 97 78 86 93 108 225 226 72 77

Median age, yr 
(range)

67 
(21-89)

68 
(21-86)

67 
(33-87)

69 
(21-82)

66 
(21-89)

68 
(39-86)

65 
(21-81)

68 
(40-82)

67
(21-87)

68
(21-80)

66
(39-84)

69
(40-82)

67
(39-89)

67
(43-86)

67
(21-89)

68 
(21-86)

66
(28-82)

67 
(21-82)

Male, % 87 87 88 88 86 89 87 85 85 87 86 87 89 88 85 87 92 87

Child−Pugh class A, % 95 98 98 99 95 99 88 94 93 98 96 99 99 98 97 100 88 94

EHS, % 53 50 57 52 51 41 50 54 52 49 51 49 56 50 56 51 44 46

MVI, % 36 41 34 33 40 41 38 56 28 36 49 34 37 50 36 39 39 46

ECOG PS, % 
0
1
2

54
38
8

54
39
7

59
35
7

58
37
5

44
47
9

55
36
9

53
37
10

46
44
10

53
42
5

60
36
4

64
31
5

52
41
7

46
38
16

49
40
11

55
38
7

58
35
6

50
39
11

42
48
10

Etiology, % 
HBV
HCV
Alcohol

19
29
26

18
27
26

20
13
34

20
20
30

20
44
20

13
32
23

15
49
16

21
38
22

26
21
26

25
20
20

21
21
31

24
19
38

30
14
31

29
18
27

18
27
28

19
27
24

22
35
22

17
26
35

Not significantly

EHS, extrahepatic spread; MVI, microvascular invasion; ECOG PS, Eastern Cooperative Oncology Group performance status; HBV, hepatitis B virus; HCV, hepatitis C virus;
ALT, alanine aminotransferase; AST, aspartic aminotransferase; AFP, alpha-fetoprotein; Sor, sorafenib; Pla, placebo.
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