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hepatocellular carcinoma: moving forward
from the STORM
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Abstract: Like other previous treatments and approaches, sorafenib, an antiangiogenic drug, failed to show any
benefit in the adjuvant setting for hepatocellular carcinoma in a large clinical trial. We discuss reasons and
implications of these negative results and the implications for clinical practice and future research.

Trial registration: ClinicalTrials.gov: NCT00692770. Registered 5 June 2008. This study has been completed.
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Main text
The prevention and the delay of relapse of hepatocellular
carcinoma (HCC) after curative treatment remain a major
challenge. Recently the sorafenib as adjuvant treatment in
the prevention of recurrence of hepatocellular carcinoma
(STORM) study reported in Lancet Oncology by Bruix and
colleagues [1] investigated whether sorafenib is an effect-
ive adjuvant treatment after resection or ablation in
patients with early HCC. The study postulated a benefit of
sorafenib as adjuvant treatment in the prevention of
tumor recurrence and, therefore, its ability to increase
patient survival. Both the primary endpoint — recurrence-
free survival — and secondary endpoints — time to recur-
rence and overall survival — were not reached. Despite
being negative, we believe that the study has several posi-
tive implications for clinical research.
First, it has important implications for the design of

future adjuvant trials in HCC and for the choice of the drug
to be tested. The goal of adjuvant treatment is to reach for
a cure. When tumors are emerging from a pro-tumoral
underlying disease, decreasing the risk of both recurrence
and de novo tumors is an additional challenge. Whether
these two goals are achievable with a unique drug and strat-
egy is an open question in HCC. Assuming side effects for
a limited period of time, most active treatments should
effectively target tumor residues. In contrast, long-term

preventive treatment of the underlying disease would re-
quire drugs with a very good tolerance profile fitting
chronic administration. The latter is a challenge in the drug
development paradigm in which molecules are developed
for maximum efficacy in the advanced setting. However, as
illustrated by this trial and others, these results are quite
often not translatable to the adjuvant setting. Undetectable
tumors may exist as vascularized micrometastases, non-
vascularized clusters of tumor cells, and isolated or even
circulating tumor cells [2]. Whereas the benefit of an anti-
angiogenic agent on residual vascularized tumors may be
obvious, it is clearly speculative for the other tumor cell
populations that lack proper evaluation models [3]. Unlike
bevacizumab, a specific anti vascular endothelial growth
factor A (VEGF-A) antibody, sorafenib has antiangiogenesis
and antiproliferative proprieties [4]. It could be expected
that sorafenib will be more potent to block residual or
metastatic tumor cells independently of its antiangiogenic
action. In addition, sorafenib could prevent the growth and
progression of micrometastases by inhibiting de novo
angiogenesis. Nevertheless, no robust preclinical or clinical
data have yet confirmed such hypotheses, especially in a
very heterogeneous tumor such as HCC.
In the STORM trial, no beneficial or detrimental effect

of sorafenib has been reported besides a trend towards
increased time to recurrence, which may reflect a positive
impact of sorafenib on tumor relapse and/or prevention of
de novo tumors. Investigating post-recurrence treatment
strategies and outcomes may also yield valuable informa-
tion in the perspective of global HCC management.
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Second, adjuvant strategy in HCC crucially needs
improved stratification to better define the population
who could benefit from adjuvant treatment from the
population who does not need further therapeutic inter-
vention. Considering the results of the present study and
the preceding considerations, new trials directed to pa-
tients with a higher risk of relapse than the STORM
population might be worthwhile to redeem the effect of
sorafenib as adjuvant treatment. Nevertheless, improved
staging combining histological and biological parameters
would be an important step forward discriminating sub-
groups prognosis and therapeutic interventions.
Finally, in the present time of exploding medical costs,

adjuvant trials should consider the cost-effectiveness of
long-term treatments, which emphasize the need of better
stratifying patients to focus on the appropriate population
[5]. As hypothesized in the STORM trial, a 30% increase
in recurrence-free survival may be worth the cost of
several years of an expensive drug before it goes generic.
Moreover, when positive, such trials could also lead to
follow-up studies better defining the targeted patient pop-
ulations. Considering the intrinsic medical and biological
differences between adjuvant and advanced settings, it
may be time to consider new tools and new arguments to
develop drugs in adjuvant settings.

Abbreviations
HCC: Hepatocellular carcinoma; STORM: Sorafenib as adjuvant treatment in
the prevention of recurrence of hepatocellular carcinoma

Acknowledgements
Not applicable.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Authors’ contributions
The study was conceived and designed by all authors (MB, OS, AdG, and SF);
all authors (MB, OS, AdG, SF) wrote and revised the manuscript. All authors
read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
All authors approved the final manuscript and consented for publication.

Ethics approval and consent to participate
Not applicable.

Author details
1Department of Hepatology, Beaujon University Hospital, 100 boulevard du
Général Leclerc, Clichy 92110, France. 2Surgery and Liver Transplant
Department, Beaujon University Hospital, Clichy, France. 3AFR-Oncology,
Boulogne-Billancourt, France. 4Medical Oncology Department, Beaujon
University Hospital, Clichy, France.

Received: 21 February 2016 Accepted: 1 November 2016

References
1. Bruix J, Takayama T, Mazzaferro V, Chau GY, Yang J, Kudo M, et al. Adjuvant

sorafenib for hepatocellular carcinoma after resection or ablation (STORM):
a phase 3, randomised, double-blind, placebo-controlled trial. Lancet Oncol.
2015;16:1344–54.

2. Pantel K, Cote RJ, Fodstad Ø. Detection and clinical importance of
micrometastatic disease. J Natl Cancer Inst. 1999;91:1113–24.

3. Mountzios G, Pentheroudakis G, Carmeliet P. Bevacizumab and
micrometastases: revisiting the preclinical and clinical rollercoaster.
Pharmacol Ther. 2014;141:117–24.

4. Wilhelm SM, Carter C, Tang L, Wilkie D, McNabola A, Rong H, et al. BAY 43–9006
exhibits broad spectrum oral antitumor activity and targets the RAF/MEK/ERK
pathway and receptor tyrosine kinases involved in tumor progression and
angiogenesis. Cancer Res. 2004;64:7099–109.

5. de Gramont A, Watson S, Ellis LM, Rodón J, Tabernero J, de Gramont A,
Hamilton SR. Pragmatic issues in biomarker evaluation for targeted
therapies in cancer. Nat Rev Clin Oncol. 2015;12:197–212.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Bouattour et al. Trials  (2016) 17:563 Page 2 of 2


	Outline placeholder
	Abstract
	Trial registration

	Main text
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

