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Abstract

Background: Sorafenib is a multi-targeted kinase inhibitor with a demonstrated activity in renal cell carcinoma
(RCC) and hepatocellular carcinoma (HCC), and it is currently used for the treatment of these pathologies. Ongoing
clinical trials are studying its activity in other malignancies, such as non-small-cell lung cancer (NSCLC). However, no
biological marker is known to define either the sensitivity or resistance to the drug.

Case presentation: Here we report a case of a patient with two synchronous tumors, HCC and NSCLC, with
metastases in the contralateral lung and bone. The patient was treated with gemcitabine as first line, with a resulting
progressive disease after two months, and then with sorafenib at standard dosage in the second line setting. After
6 months of treatment CT scan showed a partial response in the primary lesion of the lung, complete response of the
metastasis in the contralateral lung, and stability of HCC. The patient had progression in the lung, liver and bone after
13 months of therapy. A molecular characterization of NSCLC and HCC lesions was performed, revealing a BRAF exon
11 mutation (G469V) only in NSCLC. We hypothesize that the response observed in NSCLC lesions could be due to the
presence of BRAF mutation, and that this alteration could be responsible in determining sorafenib sensitivity.

Conclusions: Results observed in this case encourage further research on the activity of sorafenib in both HCC and
NSCLC, based on the presence of BRAF mutation. This could lead to a selection of HCC patients to be treated with this
drug, and could help identify a novel treatment strategy for BRAF-mutated NSCLC patients.
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Background
Sorafenib is a multi-targeted kinase inhibitor with proven
activity in renal cell carcinoma (RCC) and hepatocellular
carcinoma (HCC) [1, 2]. It was originally discovered as an
inhibitor of Raf-1 kinase, but was found to have an ex-
panded target profile with potent activity against other
kinases including BRAF, vascular endothelial growth fac-
tor receptor (VEGFR)-1, VEGFR-2, VEGFR-3, platelet de-
rived growth factor (PDGFR)-β, KIT, Flt-3, and RET. It
has a broad-spectrum efficacy in human tumor xenograft
models including NSCLC [3, 4].

NSCLC seemed an ideal disease in which to further
investigate sorafenib based on the frequency of RAS
mutations, particularly in adenocarcinomas [5–7]. Several
clinical trials have evaluated sorafenib in the treatment of
advanced NSCLC alone or in combination with chemo-
therapy or targeted agents, without reaching consistent re-
sults on efficacy [8–11]. Markers of sorafenib efficacy or
resistance have yet to be identified [12–15].

Case presentation
We present a case of a 74-year-old man smoker patient
with NSCLC with bone metastases (T2NXM1) and HCC
(BCLC stage C). The patient had a related liver cirrhosis
metabolic syndrome, good liver function (Child Pugh A5),
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and reported a diabetes mellitus type II in his past medical
history. In July 2014 for chest and abdominal pain he per-
formed a CT scan with evidence of lung and liver lesions,
and bone metastasis. Lung biopsy performed on primary
lung lesion showed pulmonary adenocarcinoma (TTF1
positive and p40 negative) (Fig. 1a-b) and liver biopsy
showed HCC (grade 2 Edmondson) (Fig. 1c-d). As the
patient was not in good clinical conditions due to grade
2 asthenia, we decided to start with gemcitabine in
monochemotherapy in August 2014. After 2 months of
chemotherapy a further CT scan showed a disease pro-
gression in both the lung and the liver. We decided to
initiate treatment with sorafenib with standard schedule
(400 mg bid continuously).
CT scan before therapy showed that the primary liver

lesion measured 97 mm × 98.3 mm (Fig. 2a). The pri-
mary lung lesion measured 40.9 mm × 29.3 mm (Fig. 2d)
and the metastasis in the contralateral lung measured
27 mm × 25 mm (Fig. 2d). After 20 days we decided to
reduce the dose of sorafenib to 400 mg per day for ad-
verse events (hypertension grade 2 and mucositis grade
3). This dose was maintained until progression, without
adverse events. CT scan after 2 months showed partial
response in both lung lesions and stable disease in the
liver and bone lesions. CT scan after 6 months of ther-
apy showed partial response of the primary lung lesion
and complete response of the lung metastasis (Fig. 2e).
HCC was stable (Fig. 2b). After 13 months of therapy
CT scan showed a disease progression in both the lung

and the liver (Fig. 2c-f). Due to poor performance status
of the patient we decided to treat patient with only best
supportive care.
The pulmonary lesion underwent routine diagnostic mo-

lecular characterization for EGFR, KRAS, NRAS, PIK3CA,
BRAF, ERBB2, ALK, DDR2, MAP2K1, RET mutations
using Myriapod Lung Status (MassARRAY Sequenom).
Results revealed an exon 11 point mutation on BRAF gene
(G469V).
The same analysis was performed on the liver lesion,

with no mutations in the different genes. Genomic DNA
extraction from both lesions was performed starting
from tumor sections composed of about 70 % of tumor
cells.
Taking into consideration our previous results obtained

in HCC patients, in which we have demonstrated that
specific polymorphisms of eNOS, VEGFA, VEGFC and
HIF-1alpha seem to correlate with response to sorafenib
[16–18], we performed the analysis of such polymorphisms
on our patient. Results showed an homozygous status for
eNOS VNTR (4bb) and HIF-1alpha rs12434438 GG. Both
of these polymorphisms were associated with a worse
prognosis in our previous studies [16–18].
The molecular determinations performed on the liver

lesion (not part of routine molecular diagnostics) and the
polymorphism analyses, both part of an ongoing research
protocol on liver cancer approved by our Local Ethics
Committee, were carried out after obtaining written
consent from the patient.

Fig. 1 Lung: high power view of aggregate of primary lung adenocarcinoma cells a, with diffuse and intense nuclear staining for Thyroid
transcription factor-1 (TTF-1). b. Liver: high power view of HCC, c, with a distinct granular cytoplasmic staining for HepPar-1, d
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Conclusions
In this case report we showed that BRAF-mutated tu-
mors could be responsive to sorafenib. Results of recent
studies have shown an activity of anti-BRAF agents, such
as vemurafenib and dabrafenib, in BRAF V600E-mutated
NSCLC patients [19, 20]. In a retrospective study per-
formed on BRAF mutated NSCLC patients receiving
anti-BRAF treatment outside clinical studies, one patient
was treated with sorafenib showing a partial response
[21]. Very few data are present in the literature on the
role of BRAF non-V600E mutations in determining the
type of response to anti-BRAF agents in NSCLC. A case
report of a patient with BRAF G469L demonstrated ab-
sence of response to vemurafenib [22]. Conversely, an-
other case report of a patient with lung adenocarcinoma
harboring BRAF G469R mutation, showed a strong and
rapid response to sorafenib [5] for up to 6 months.
Moreover, a recent case report demonstrated a strong
and durable response to sorafenib in a patient with lung
adenocarcinoma carrying an ARAF (p. S214C) mutation
[23], suggesting the potential of this drug in treating pa-
tients with alterations in this pathway. No clinical studies
have evaluated the role of sorafenib in BRAF mutated
NSCLC patients, and clinical trials on sorafenib in

unselected patients with advanced NSCLC have demon-
strated modest activity, with no survival advantage [7, 10].
A phase II study evaluated the activity of sorafenib in
an unselected NSCLC case series. In this study, per-
formed on 34 patients, 2 partial responses and 20 stable
diseases were observed, without correlation with nei-
ther KRAS nor EGFR statuses. However, BRAF status
was not determined [24].
We report a case showing efficacy of sorafenib in one

NSCLC patient carrying an exon 11 G469V BRAF muta-
tion. The patient, treated with sorafenib for synchronous
HCC, showed a good response in lung lesions, carrying
the BRAF mutation, whereas no response was observed
in the hepatic lesion, which was BRAF wt. Conflicting
results are found in the literature on the frequency of
BRAF mutation in HCC, as about 20 % of HCC mutated
in one Italian study [25], whereas no or a very low muta-
tion rate was observed in other studies [26, 27]. How-
ever, no results are reported on the correlation between
BRAF mutation and sorafenib response in this pathology.
Results of this case report seem to suggest that sorafenib
activity could be more evident in lesions carrying a BRAF
mutation (lung lesions in this case), with respect to the
BRAF wt lesion (hepatic lesion). Although no correlation

Fig. 2 CT scan confirmed the presence of liver, a and lung lesions, d. CT re-evaluation after 6 months showed stability of HCC, b, a partial response in
the right lobe of the lung and a complete response in the left lobe of the lung, e. Disease progression in the lung and liver, c-f
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has been observed between sorafenib and KRAS mutation,
the association with BRAF mutation remains to be estab-
lished. As biochemical assays, performed to demonstrate
the activity of the drug on the different components of
RAF/MEK/ERK pathway, showed that the higher activity
of sorafenib is evident against CRAF and BRAF (both wt
and mutant) proteins [28], we hypothesized that sorafenib
could be effective in BRAF mutated cells, where the RAF
pathway is constitutively activated.
With regard to polymorphisms analyses, the results

indicated a patient genotype correlated to a worse prog-
nosis, as we previously found [16–18], in accordance
with the absence of response observed in this patient’s
HCC lesion.
In conclusion, our results suggest that sorafenib could

be effective in BRAF-mutated tumors. Considering that
sorafenib is able to induce clinical response in about
30 % of HCC patients, it could be worth verifying the
real frequency of BRAF mutations in this type of cancer,
and whether a higher frequency of mutation is related to
sorafenib response. In addition, clinical trials that evalu-
ate the efficacy of sorafenib in NSCLC patients carrying
BRAF mutations would be highly beneficial.
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cell carcinoma

Acknowledgements
The authors would like to thank Veronica Zanoni for editing the manuscript.

Funding
No funding was received.

Availability of data and materials
The raw data relating to all the molecular analyses carried out are archived
and freely available to any scientist wishing to use them for non-commercial
purposes, without breaching participant confidentiality.

Authors’ contributions
ACG and AD treated and observed the patient, performed the literature
research and drafted the manuscript. DO performed the CT scans. PU, EC,
GM and CL performed the molecular analyses. EC, LC, GM, AD, MS, CL, AL
and GLF revised the manuscript. PU performed the literature research and
drafted the manuscript. All authors read and approved the final manuscript.

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

Consent to publish
Written informed consent for publication of clinical data and images was
obtained from the patient’s family. A copy of the consent form is available
for review by the Editor of this journal.

Ethics approval and consent to participate
The molecular characterization not part of routine molecular diagnostic
procedures were performed after written consent relative to an ongoing
research protocol on liver cancer approved by our Local Ethics Committee.

Author details
1Department of Medical Oncology, Istituto Scientifico Romagnolo per lo
Studio e Cura dei Tumori (IRST) IRCCS, 47014 Meldola, Italy. 2Biosciences
Laboratory, Istituto Scientifico Romagnolo per lo Studio e Cura dei Tumori

(IRST) IRCCS, Meldola, Italy. 3Department of Medical Oncology, AO Ospedali
Riuniti, Università Politecnica delle Marche, Ancona, Italy. 4Department of
Medical Oncology, University of Cagliari, Cagliari, Italy. 5Radiology Unit,
Istituto Scientifico Romagnolo per lo Studio e Cura dei Tumori (IRST) IRCCS,
Meldola, Italy. 6Pathology Unit, Morgagni-Pierantoni Hospital, Forlì, Italy.

Received: 25 April 2016 Accepted: 16 June 2016

References
1. Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF, De Oliveira AC,

Santoro A, Raoul JL, Forner A, Schwartz M, Porta C, Zeuzem S, Bolondi L,
Greten TF, Galle PR, Seitz JF, Borbath I, Haussinger D, Giannaris T, Shan M,
Moscovici M, Voliotis D, Bruix J, SHARP Investigators Study Group. Sorafenib
in advanced hepatocellular carcinoma. N Engl J Med. 2008;359(4):378–90.

2. Escudier B, Eisen T, Stadler WM, Szczylik C, Oudard S, Siebels M, Negrier
S, Chevreau C, Solska E, Desai AA, Rolland F, Demkow T, Hutson TE, Gore
M, Freeman S, Schwartz B, Shan M, Simantov R, Bukowski RM, TARGET
Study Group. Sorafenib in advanced clear-cell renal-cell carcinoma. N
Engl J Med. 2007;356(2):125–34.

3. Lyons JF, Wilhelm S, Hibner B, Bollag G. Discovery of a novel Raf kinase
inhibitor. Endocr Relat Cancer. 2001;8(3):219–25.

4. Clark JW, Eder JP, Ryan D, Lathia C, Lenz HJ. Safety and pharmacokinetics of
the dual action Raf kinase and vascular endothelial growth factor receptor
inhibitor, BAY 43–9006, in patients with advanced, refractory solid tumors.
Clin Cancer Res. 2005;11(15):5472–80.

5. Sereno M, Moreno V, Moreno Rubio J, Gomez-Raposo C, Garcia Sanchez S,
Hernandez Jusdado R, Falagan S, Zambrana Tebar F, Casado Saenz E. A
significant response to sorafenib in a woman with advanced lung
adenocarcinoma and a BRAF non-V600 mutation. Anticancer Drugs. 2015;
26(9):1004–7.

6. Goldman JM, Gray JE. BRAF V600E mutations: a series of case reports in
patients with non-small cell lung cancer. Cancer Genet. 2015;208(6):351–4.

7. Wakelee HA, Lee JW, Hanna NH, Traynor AM, Carbone DP, Schiller JH. A
double-blind randomized discontinuation phase-II study of sorafenib (BAY
43–9006) in previously treated non-small-cell lung cancer patients: eastern
cooperative oncology group study E2501. J Thorac Oncol. 2012;7(10):1574–82.

8. Zhou Q, Zhou CC, Chen GY, Cheng Y, Huang C, Zhang L, Xu CR, Li AW, Yan
HH, Su J, Zhang XC, Yang JJ, Wu YL. A multicenter phase II study of
sorafenib monotherapy in clinically selected patients with advanced lung
adenocarcinoma after failure of EGFR-TKI therapy (Chinese Thoracic
Oncology Group, CTONG 0805). Lung Cancer. 2014;83(3):369–73.

9. Sharma N, Pennell N, Nickolich M, Halmos B, Ma P, Mekhail T, Fu P, Dowlati
A. Phase II trial of sorafenib in conjunction with chemotherapy and as
maintenance therapy in extensive-stage small cell lung cancer. Invest
New Drugs. 2014;32(2):362–8.

10. Dingemans AM, Mellema WW, Groen HJ, Van Wijk A, Burgers SA, Kunst PW,
Thunnissen E, Heideman DA, Smit EF. A phase II study of sorafenib in
patients with platinum-pretreated, advanced (Stage IIIb or IV) non-small cell
lung cancer with a KRAS mutation. Clin Cancer Res. 2013;19(3):743–51.

11. Paz-Ares LG, Biesma B, Heigener D, Von Pawel J, Eisen T, Bennouna J, Zhang
L, Liao M, Sun Y, Gans S, Syrigos K, Le Marie E, Gottfried M, Vansteenkiste J,
Alberola V, Strauss UP, Montegriffo E, Ong TJ, Santoro A, NSCLC [non-small-
cell lung cancer] Research Experience Utilizing Sorafenib (NExUS)
Investigators Study Group. Phase III, randomized, double-blind, placebo-
controlled trial of gemcitabine/cisplatin alone or with sorafenib for the first-
line treatment of advanced, nonsquamous non-small-cell lung cancer. J Clin
Oncol. 2012;30(25):3084–92.

12. Shao YY, Hsu CH, Cheng AL. Predictive biomarkers of antiangiogenic
therapy for advanced hepatocellular carcinoma: where are we? Liver Cancer.
2013;2(2):93–107.

13. Llovet JM, Pena CE, Lathia CD, Shan M, Meinhardt G, Bruix J, SHARP
Investigators Study Group. Plasma biomarkers as predictors of outcome in
patients with advanced hepatocellular carcinoma. Clin Cancer Res. 2012;
18(8):2290–300.

14. Casadei Gardini A, Marisi G, Scarpi E, Scartozzi M, Faloppi L, Silvestris N, Masi
G, Vivaldi C, Brunetti O, Tamberi S, Foschi FG, Tamburini E, Tenti E, Ricca
Rosellini S, Ulivi P, Cascinu S, Nanni O, Frassineti GL. Effects of metformin on
clinical outcome in diabetic patients with advanced HCC receiving
sorafenib. Expert Opin Pharmacother. 2015;16(18):2719–25.

Casadei Gardini et al. BMC Cancer  (2016) 16:429 Page 4 of 5



15. Casadei Gardini A, Scarpi E, Marisi G, Foschi FG, Donati G, Giampalma E, et al.
Early onset of hypertension and serum electrolyte changes as potential
predictive factors of activity in advanced HCC patients treated with sorafenib:
results from a retrospective analysis of the HCC-AVR group. Oncotarget. 2016.

16. Casadei-Gardini A, Marisi G, Faloppi L, Scarpi E, Foschi F, Iavarone M, et al.
eNOS polymorphisms and clinical outcome in advanced HCC patients
receiving sorafenib: final results of the ePHAS study. Oncotarget. 2016;4.

17. Scartozzi M, Faloppi L, Svegliati Baroni G, Loretelli C, Piscaglia F, Iavarone M,
Toniutto P, Fava G, De Minicis S, Mandolesi A, Bianconi M, Giampieri R,
Granito A, Facchetti F, Bitetto D, Marinelli S, Venerandi L, Vavassori S, Gemini
S, D’Errico A, Colombo M, Bolondi L, Bearzi I, Benedetti A, Cascinu S. VEGF
and VEGFR genotyping in the prediction of clinical outcome for HCC
patients receiving sorafenib: the ALICE-1 study. Int J Cancer. 2014;135(5):
1247–56.

18. Faloppi L, Casadei Gardini A, Masi G, Silvestris N, Loretelli C, Ulivi P, et al.
Angiogenesis polymorphisms profile in the prediction of clinical outcome
of advanced HCC patients receiving sorafenib: Combined analysis of VEGF
and HIF-1α—Final results of the ALICE-2 study. J Clin Oncol. 2016;34.

19. Planchard D, Kim T, Mazières J, Quoix E, Riely G, Barlesi F, Souquet P, Smit E,
Groen H, Kelly R, Cho B, Socinski M, Tucker C, Ma B, Mookerjee B, Curtis C,
Johnson B. Dabrafenib in patients with BRAF V600E-mutant advanced non-
small cell lung cancer (NSCLC): A multicenter, open-label, phase II trial
(BRF113928). Ann Oncol. 2014;25:5.

20. Hyman D, Blay J, Chau I, Raje N, Elez Fernandez M, Wolf J, et al. VE-BASKET,
a first-in-kind, phase II, histology-independent “basket” study of vemurafenib
(VEM) in nonmelanoma solid tumors harboring BRAF V600 mutations
(V600m). J Clin Oncol. 2014;32.

21. Gautschi O, Milia J, Cabarrou B, Bluthgen MV, Besse B, Smit EF, Wolf J, Peters S,
Fruh M, Koeberle D, Oulkhouir Y, Schuler M, Curioni-Fontecedro A, Huret B,
Kerjouan M, Michels S, Pall G, Rothschild S, Schmid-Bindert G, Scheffler M, Veillon
R, Wannesson L, Diebold J, Zalcman G, Filleron T, Mazieres J. Targeted Therapy
for Patients with BRAF-Mutant Lung Cancer: Results from the European EURAF
Cohort. J Thorac Oncol. 2015;10(10):1451–7.

22. Gautschi O, Peters S, Zoete V, Aebersold-Keller F, Strobel K, Schwizer B,
Hirschmann A, Michielin O, Diebold J. Lung adenocarcinoma with BRAF
G469L mutation refractory to vemurafenib. Lung Cancer. 2013;82(2):365–7.

23. Imielinski M, Greulich H, Kaplan B, Araujo L, Amann J, Horn L, Schiller J,
Villalona-Calero MA, Meyerson M, Carbone DP. Oncogenic and sorafenib-
sensitive ARAF mutations in lung adenocarcinoma. J Clin Invest. 2014;124(4):
1582–6.

24. Kelly RJ, Rajan A, Force J, Lopez-Chavez A, Keen C, Cao L, Yu Y, Choyke P,
Turkbey B, Raffeld M, Xi L, Steinberg SM, Wright JJ, Kummar S, Gutierrez M,
Giaccone G. Evaluation of KRAS mutations, angiogenic biomarkers, and
DCE-MRI in patients with advanced non-small-cell lung cancer receiving
sorafenib. Clin Cancer Res. 2011;17(5):1190–9.

25. Colombino M, Sperlongano P, Izzo F, Tatangelo F, Botti G, Lombardi A,
Accardo M, Tarantino L, Sordelli I, Agresti M, Abbruzzese A, Caraglia M,
Palmieri G. BRAF and PIK3CA genes are somatically mutated in hepatocellular
carcinoma among patients from South Italy. Cell Death Dis. 2012;3, e259.

26. Hou W, Liu J, Chen P, Wang H, Ye BC, Qiang F. Mutation analysis of key
genes in RAS/RAF and PI3K/PTEN pathways in Chinese patients with
hepatocellular carcinoma. Oncol Lett. 2014;8(3):1249–54.

27. Tannapfel A, Sommerer F, Benicke M, Katalinic A, Uhlmann D, Witzigmann H,
Hauss J, Wittekind C. Mutations of the BRAF gene in cholangiocarcinoma
but not in hepatocellular carcinoma. Gut. 2003;52(5):706–12.

28. Wilhelm SM, Carter C, Tang L, Wilkie D, McNabola A, Rong H, Chen C,
Zhang X, Vincent P, McHugh M, Cao Y, Shujath J, Gawlak S, Eveleigh D,
Rowley B, Liu L, Adnane L, Lynch M, Auclair D, Taylor I, Gedrich R,
Voznesensky A, Riedl B, Post LE, Bollag G, Trail PA. 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(19):7099–109.

•  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:

Casadei Gardini et al. BMC Cancer  (2016) 16:429 Page 5 of 5


	Abstract
	Background
	Case presentation
	Conclusions

	Background
	Case presentation
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent to publish
	Ethics approval and consent to participate
	Author details
	References

