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We read with great interest of the negative result of
STORM (1). In the study, 1,114 patients were randomly
assigned to sorafenib group and placebo group. After a
median duration of treatment of 12.5 months, no difference
in median recurrence-free survival (RFS) between the two
groups was shown [33.3 months in the sorafenib group wvs.
33.7 months in the placebo group; hazard ratio (HR) 0.940;
95% CI: 0.780-1.134; one-sided P=0.26].

The success of sorafenib in advanced hepatocellular
carcinoma (HCC) has evoked much passion about its
application in adjuvant setting (2). With the success of
sorafenib in advance HCC, the expanding use of sorafenib
in adjuvant setting in early stage BCLC A and intermediate
stage BCLC B has been hotspots. However, the role
of sorafenib when used as an adjuvant to transarterial
chemoembolisation in a population with intermediate-stage
HCC seems to be pessimistic. Recently released results
of SPACE in HCC of intermediate stage are negative (3),
which add to the negative evidence of sorafenib in adjuvant
setting after TACE (4). And the recently publish STORM
study implies that deeper thought of the mechanism of
sorafenib in HCC is necessary to further improve the only
effective drug in HCC systemic therapy.

There may be no target for sorafenib to have/
exert its effect

Sorafenib is a multi-target small molecular drug with
antiangiogenic, antitumor and off-target effect. The anti-
tumor activity against established or advanced tumors is not
necessarily associated with efficacy in the adjuvant setting
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against micrometastatic disease, since molecular target
therapy need a “target”, and take the 75% recurrence rate in
HCC in 5 years after operation into account, there will be
25% patients who have no recurrent disease thus probably
don’t have a target available for sorafenib. Furthermore, the
anti-vascular effect of sorafenib may also in vain, because
tumor vasculation happened only if tumor cells grow to a
mass larger than 1 centimeter in diameter, and before the
tumor growing to certain size, the antiangiogenic effect of
sorafenib as a multi-target drug will disappear. Still, tumor
cells harbor the inherent resistant to molecular target
therapy and even existence of micrometastatic disease may
not respond to sorafenib treatment.

The clinical effect of molecular target therapy is different
in the adjuvant setting and the advanced stage is distinct.
For example, the clinical benefit of bevacizumab with
respect to progression-free and overall survival was greater
in patients with residual macrometastases in patients with
surgically resected ovarian cancer in ICON7 study (5). In
the STORM study (1), patients with 146 (32%) patients in
sorafenib group and 147 (33%) patients has microscopic
vascular invasion, and tumor satellite nodules existed in only
42 (9%) and 39 (9%) patients, which indicated that many
patients who are not high-risk for recurrence were included
in the study. As patients with high-risk for recurrence are
more likely to have micro-metastatic disease, sorafenib
probably will not find its target in these patients.

In previous retrospective cohort study, adjuvant use of
sorafenib is safe and decreases risk of HCC recurrence
in high-risk LT recipients (6). Another two retrospective
cohort studies have also shown that sorafenib prevented
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Table 1 Compare of high risk patients in different studies

Zhang. Indication of sorafenib should be improved

Background L . ) . .
Authors Dose modifications  Intermediate risk High risk RFS or OS
(cases)
Bruix STORM Dose modifications: 1 tumor =2 cm, 1 tumor of any size RFS (35.9 vs. 33.7 months)
etal. (1) resection 497 (89%) sorafenib; well/moderately plus MVI, SN, or poorly
206 (38%) placebo  differentiated; absence differentiated; 2 or
(1 tumor <2 cm: of MVI or SN 3 tumors each <3 cm
Ablation excluded) A single tumor 2-3 cm 1 tumor 3-5 cmin size; -
in size 2 or 3 tumors <3 cm
Shetty  Transplantation N.A. N.A. Exceeding Milan criteria 1-year survival: 100% vs.
etal. (6) (7vs.12) 66%
Zhang  Resection N.A. N.A. Tumor with MVI OS (32.4 vs. 25.0 months);
etal. (8) (78,38 vs. 40) RFS (11.0 vs. 11.7 months)
Wang Resection [31] N.A. N.A. 1 tumor of any size with TTR (21.5 vs. 13.4 months);
etal. (7) poorly differentiated RFS (not reached vs.

MVI/microscopic SN 8 months)

RFS, recurrence-free survival; OS, overall survival; MVI, microvascular invasion; SN, satellite tumors or satellite nodules; N.A.,

not available.

Table 2 Sorafenib in advance HCC

Authors Background Sorafenib dosage

RFS

Llovetetal. 2) SHARP

Rate of discontinuation: similar in two groups (38% vs. 37%)

10.8 vs. 7.9 months

Cheng et al. (10) ORIENTAL Dose reductions: 46 of 149 (30.9%) with sorafenib; 2 of 75 (2.7%) in placebo; 6.5 vs. 4.2 months
treatment discontinuation: 29/149 (19.5%) vs. 10/75 (13.3%) in placebo

HCC, hepatocellular carcinoma; RFS, recurrence-free survival.

recurrence and prolonged recurrence free survival in high-
risk patients after resection (7,8) (Table I). If stratification of
patients with intermediate and high risk is performed, there
may be more clues, just like the story in STORM (9).

The dose of sorafenib matters

In STORM, the median duration of treatment was only
12.5 months for the sorafenib group versus 22.2 months
for the placebo group, and 24% of patients discontinued
sorafenib due to toxic effects compared with only 7% in
the placebo group. Almost 90% of patients required dose
modification in the sorafenib group compared with less than
40% for the placebo group, resulting in a much lower mean
daily dose of sorafenib than placebo (577.7 vs. 777.9 mg).
Compared with other studies, in the SHARP trial, 76% of
patients received more than 80% of the planned daily dose of
sorafenib (2). While in the ORIENTAL trial (10), 46 of 149
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(30.9%) with sorafenib and 2 of 75 (2.7%) in placebo need
dose reductions (7able 2). In the STORM trial, the rate of
discontinuation of sorafenib (50% at 1 year) was higher than
anticipated, and even much higher than that in SHARP study
(38% ws. 37%) and ORIENTAL study (19.5% wvs. 13.3%).

To our knowledge, the optimal dose of sorafenib is
largely empirical, and pre-clinical study has implied that
either high dose (11) or low dose sorafenib (12) will cause
trouble by promoting the metastasis of tumor or increase
the metastatic potential of tumor. For instance, treatment
with anti-VEGFR antibodies or VEGFR tyrosine kinase
inhibitors (VEGFR TKIs) in genetically engineered
murine models of pancreatic islet-cell tumors, as well
as in orthotopically transplanted murine GBM models,
resulted in tumor adaptation and progression to increased
invasion and malignant potential (13). Another study
showed that, following short-term treatment of mice with
various VEGFR TKIs prior to intravenous inoculation of
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human tumor cells accelerated metastases leading to shorter
survival (11). Our previous study have shown that low dose
sorafenib may promote the metastatic potential of HCC
cells by down-regulating the anti-oncogene HTATIP2, and
combination with aspirin (14) or metformin (15) are ways to
increase the effect of sorafenib by upregulating HTATIP2.
Furthermore, dose escalation may be one way to solve this
problem (16).

On the other side, other preclinical data have not reported
a prometastatic effect of VEGF-blockade, and support the
strategy of continuing anti-angiogenic treatment.

Molecular biomarker are promising to predict the
effect of sorafenib and its side effects as well

Molecular therapies targeting signaling cascades involved
in hepatocarcinogenesis have been explored in phase III
clinical trials, but none of the drugs tested showed positive
results in first-(brivanib, sunitinib, erlotinib, and linifanib)
or second-line therapy (brivanib and everolimus) after
progression on sorafenib (17).

Sorafenib is only moderately effective and a substantial
proportion of patients have to discontinue the medication
either due to intolerable side effects or drug resistance.
Hence the ability to predict response and prevent
unnecessary adverse effects is an important area of active
research and a number of biomarkers predictive of
response to sorafenib have been identified. An analysis of
77 patients enrolled prospectively in three sorafenib trials
who had pretreatment tumor biopsy available showed that
elevated tissue expression of pERK and VEGFR-2 were
predictive of poor outcome in advanced HCC treated with
sorafenib (18). With further validation of these biomarkers
it should eventually be possible to predict the response
to sorafenib and patients who are nonresponders can be
offered other systemic therapies, once available, thus
avoiding unnecessary side effects.

Emerging preclinical evidence suggests that VEGF-
targeted treatment, despite being effective in reducing
primary tumor growth initially, may subsequently elicit
an adaptive-evasive response, resulting in a more invasive
phenotype and in some cases increasing metastasis (11,13).
Hence, the benefits from VEGF inhibition monotherapy
may, in certain settings, be offset by increased invasiveness
and metastatic potential. Our previous studies have shown
that sorafenib promoted metastatic potential by down-
regulating HTATIP2 (12).

Thus, there is an urgent need to identify molecular
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subclasses of HCC driven by specific genetic aberrations
that can be effectively targeted, just like the success of
crizotininb in ALK-rearranged lung cancer (19) or Gleevec
in gastrointestinal tumor (GIST) expressing CD117.
Recent studies have indicated that focal amplifications in
FGF3/4 and VEGF-A can predict response to sorafenib (20).
Once these results are more extensively validated, these
biomarkers can potentially be used for patient selection.
Biomarkers predicting adverse reactions to sorafenib have
not been clearly identified as yet. Early onset of skin toxicity
has been shown to herald a good response to sorafenib (21),
and we have found that the presence of adverse effects
predicted improved survival in sorafenib treated advanced
HCC (22). There are also efforts underway to sensitize
HCCs to sorafenib and a recent study has suggested
that silencing Mapkl14 sensitizes HCCs to sorafenib.
Combination of sorafenib with Mapk14 block-ade therefore
has the potential to overcome sorafenib resistance in human
HCC (23).

In conclusion, the benefit of patients to sorafenib
treatment is largely empirical and precise treatment according
to specific activated pathway is urgently needed to select
subclasses of patients who will benefit sorafenib treatment.
In the adjuvant setting, both patients with residual disease
and specific molecular marker of tumor should be identified
to ensure personalized treatment. Furthermore, the dose of
sorafenib may be decreased through drug combination to
improve patients’ quality of life.
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