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Research progress of sorafenib in tumor therapy
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Abstract
Multi-kinase inhibitor Sola Fini (sorafenib), as the first approved multi-target agent, is a noval multi-target signal transduction
inhibitors, which can inhibit the proliferation of tumor cells, prevent tumor angiogenesis and induce apoptosis of tumor cells.
Studies have shown that Sola Fini imposes extensive antitumor activity on animal model of human tumor xenograft, such as
mouse renal cell carcinoma, colon cancer, pancreatic cancer, thyroid cancer, non-small cell lung cancer, breast cancer and
ovarian cancer model. In this paper, the mechanism of anti-tumor of sorafenib and the progress of tumor therapy are reviewed.

Key Words: Sorafenib, Targeted therapy, Tumor

In 1906, targeted therapy, first proposed by Enrilich, is a
kind of therapy established on the basis of molecular biol-
ogy of tumor. It refers to tumor tissue or cells with specific
structural molecules by the use of certain specific binding
with these target molecules antibodies and ligands, etc., to
achieve direct or guided treatment by delivering a drug or
substance that has a tumor-killing effect to the target site.
Targeted therapy limits the therapeutic or pharmacological
effects to specific target cells, tissues or organs, thereby im-
proving efficacy and reducing adverse effects. Current stud-
ies suggest that the effect of targeted drugs in the treatment
of malignant tumors is significantly better than traditional
treatment, and toxic side effects are significantly reduced.
Targeted drugs impose more “cure” effect than traditional
treatments such as surgery, radiotherapy and chemotherapy,
with strong specificity and significant effect, basically no
damage to the normal tissue.[1] With the development of
modern medicine and the improvement of molecular biol-
ogy technology, people gradually explore the pathogenesis
of cancer from the molecular and gene levels. Tumor tar-
geted therapy technology came into being then. The 5-year
survival rate of cancer patients was improved by tumor tar-
geted therapy and by delaying the progress of cancer. It has

become a hot topic in the field of cancer therapy on how to
improve the quality of life and prolong the survival of pal-
liative care patients at the same time.

Sorafenib, the first approved targeted therapy, is an oral
multi-kinase inhibitor, as well as a multiple target signal
transduction inhibitor. It not only inhibits the proliferation
of tumor cells by targeting the Raf kinase in Raf/MEK/ERK
signal transduction pathway, but also induces apoptosis of
tumor cells.[2–4] It is mainly used in the treatment of ad-
vanced renal cell carcinoma for its good anti-tumor effect.[5]

It is also the first molecular targeted drug used in the treat-
ment of liver cancer, and has been identified by the U.S.
Food and Drug Administration (FDA).[6, 7]

1 Biological characteristics of sorafenib
Preclinical studies have shown that sorafenib has a wide
range of anti-tumor effects in digestive tract cancer, thy-
roid cancer, lung cancer, breast cancer, renal cell carcinoma,
and so on. Researchers found that sorafenib could promote
the specific phosphorylation of polyclonal anti-ERK1/2 an-
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tibody and inhibit the test signal transduction pathway in
tumor model using immunohistochemistry or Western-blot
method. Wilhelm et al.[8] found that sorafenib could in-
hibit tumor cells with K-ras and/or B-Raf mutations in the
MAPK signaling system. Sun et al.[9] also discovered the
anti-tumor role of sorafenib by inhibiting autophagy in hep-
atoma cells. In addition, sorafenib was proved to restrain
the angiogenesis of tumor by measuring the expression of
CD31. In preclinical animal experiments, sorafenib showed
better anti-tumor effect combined with irinotecan, cisplatin,
paclitaxel, gemcitabine and other chemotherapy drugs with
no increase of side effects.

Preclinical studies and clinical trials have demonstrated the
dual anti-tumor effects of sorafenib. The growth of tu-
mor depends on angiogenesis. VEGF and PDGF are the
most important regulators of angiogenesis, and they can in-
hibit angiogenesis and tumor development related recep-
tor tyrosine kinase activity, including PDGFR-β, FLT3,
VEGFR-2, VEGFR-3 and C-KIT activity, blocking the an-
giogenesis and cutting off the nutrition supply for tumor
cells, which indirectly inhibit tumor growth directly.[10] On
the other hand, the restrained activity of B-Raf and Raf-
1 inhibits Ras/Raf/MEK/ERK signal transduction pathway
as well as the proliferation of tumor cells. In addition, so-
rafenib also suppresses related factors that contribute to the
development and proliferation of tumor cells, such as FLT3
and C-KIT. Sorafenib finally achieves the outcome of block-
ing the proliferation of tumor cells by inhibiting the activity
of these two factors.

2 The mechanism of sorafenib
Sorafenib is a novel multi-target anticancer drug and a
small molecule kinase inhibitor. Studies in vivo and in
vitro have shown that sorafenib could damage tumor mi-
crovessel by surpressing angiogenesis and cell proliferation,
which caused tumor growth depression eventually.[11] On
the one hand, Sorafenib inhibits the activity of several kinds
of receptor tyrosine kinase, including vascular endothelial
growth factor receptor (VEGFR) 1, 2, 3, platelet-derived
growth factor receptor (PDGFR), fibroblast growth factor
receptor (FGFR), Ret, FLT and c-Kit, blocks tumor angio-
genesis, reduces tumor cell nutrient supply, thereby inhibit-
ing the proliferation and metastasis of tumor cells.[12] So-
rafenib, on the other hand, inhibits tumor cell proliferation
through the inhibition of upstream KIT and FLT-3 receptor
tyrosine kinase and downstream RAF-MEK-ERK pathway
of serine threonine kinase. Its inhibition of tumor angio-
genesis is accomplished by inhibiting upstream VEGFR-2
and PDGFR receptor tyrosine kinases, and also by inhibit-
ing downstream Raf serine threonine kinases, thus effec-
tively blocking the receptor tyrosine kinase signal transduc-
tion pathway, and giving full play to the anti-tumor effect of
multi-channel and multi-channel.[13] Chen et al.[14] discov-

ered that tumor blood vessels of patients taking sorafenib
DSA contrast became sparse, which in a certain sense in-
dicated that sorafenib could inhibit the expression of VEGF
receptor activity, then further inhibiting tumor angiogenesis.
Experiments in vitro certified that sorafenib can effectively
inhibit Raf-1 activity at very low concentrations. The tar-
get involves Ras/Raf/MEK/MARK signal cascades, which
suppresses the proliferation of tumor cells. Raf kinase is
involved in the regulation of extracellular signal, the regula-
tion of transcription factors, the inhibition of apoptosis and
the regulation of cell differentiation. MEK is an important
part of this signaling pathway, because it activates ERK in
the cell signaling network. Identification of bispecific MEK
and activation mechanism, greatly improves the accuracy of
signal transduction, thus preventing ERK activation error.
Liu et al.[4] also confirmed that sorafenib could inhibit the
activity of Raf kinase in hepatocellular carcinoma (HCC)
cell line, and then block the MEK/ERK signal transduction
pathway, and reduce the level of CyclinDl in HCC cell lines,
thereby inhibiting the proliferation of tumor cells.

Apoptosis is also an important way of sorafenib to inhibit
the proliferation of tumor cells. Sorafenib can prevent the
proliferation of tumor cells and induce cell apoptosis in
human HCC cell line HepG2 and PLC/PRF/5, and it also
shows a wide range of anti-tumor activity in animal model.
Sorafenib can induce the apoptosis of hepatoma cell line
by blocking the Raf/MEK/ERK signaling pathway, decreas-
ing the phosphorylation level of elF4E, and down regulating
the expression of anti-apoptotic protein Md-l. Shi et al.[15]

found that sorafenib played an important role in promoting
the apoptosis of HepG2 cells in a concentration-dependent
manner. However, the inhibitory effect is held back along
with the increase of drug concentration when the concentra-
tion increases to a certain value.[16]

3 Sorafenib and tumor therapy
3.1 Thyroid carcinoma

Surgery plus radioiodine therapy and endocrine suppression
therapy is the standard treatment for the majority of dif-
ferentiated thyroid cancer (DTC). Radioactive iodine has
a good therapeutic effect on DTC with distant metastasis,
whose 10 year survival rate is about 50%.[17] However,
a small number of DTC patients are not sensitive to ra-
dioactive iodine treatment, and conventional radiotherapy
and chemotherapy often show little effect. The prognosis of
undifferentiated carcinoma is even worse. In a phase II clin-
ical trial, 30 patients with advanced thyroid cancer patients
took sorafenib (400 mg, twice daily), 4 weeks for a course.
According to the evaluation criteria in solid tumors (RE-
CIST), patients with partial remission (PR) accounted for
23% (7/30), maintained 18-84 weeks; patients with stable
disease for 89 weeks or more accounted for 53% (16/30);
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thyroglobulin levels decrease accounted for 95% (28/30).[18]

32 cases of thyroid carcinoma were treated by sorafenib into
the group for 26 weeks. PR was found in 8 cases, stable
in 11 cases, progress in 7 cases according to the results of
RECIST, CT, SPECT, TgA and TSH. The national compre-
hensive cancer network (NCCN) recommends sorafenib as
the treatment of advanced thyroid cancer. Phase III clini-
cal studies using sorafenib as a first-line drug for metastatic
invasive thyroid cancer are in progress.

3.2 Pulmonary carcinoma

In recent years, due to the molecular targeted therapy, we
have changed habitual thinking of the tumor and the strat-
egy for the treatment of cancer. Epidermal growth factor
receptor tyrosine kinase inhibitor (EGFR-TKIs) is partic-
ularly prominent in the treatment of advanced non-small
cell lung cancer (NSCLC). During the past years, there was
an increasing number of researches on the treatment of ad-
vanced NSCLC with EGFR-TKIs. Ultimately, patient will
inevitably be resistant to TKIs regardless of the clinical out-
comes. In that way, follow-up treatment almost becomes
one of the hottest topics of lung cancer targeted therapy ses-
sions. Clinical study of randomized double-blind, placebo-
controlled, termination of a sorafenib three line single drug
treatment of patients with NSCLC phase II showed that
sorafenib significantly improved the outcomes for patients
with PFS (3.6 months vs. 2.0 months, p = .009), and pro-
longed the OS (11.9 months vs. 9.0 months, p = .18).[19] In
view of this phase II clinical study results, phase III clini-
cal study by Global multicenter (MISSION study) in which
the effect of sorafenib in the treatment of three/four line late
or recurrence of metastatic NSCLC previously treated with
TKIs was compared with placebo. The results are promis-
ing. Wang et al. discovered that common apoptosis asso-
ciated with sorafenib was accompanied by upregulation of
Bax, Bad, Bcl-xs, downregulation of Bcl, and was closely
related to the inhibition of ERK pathway in the study of of
NSCLC (non small cell lung cancer) A549 cell line.[20]

3.3 Digestive tumor

3.3.1 Hepatic carcinoma

Since October 2007, the European Union EMEA, the United
States FDA and SFDA in China have approved sorafenib
as the first molecular targeted drug for clinical treatment of
liver cancer. It has provided an effective treatment option
for HCC patients. The affirmative efficacy of sorafenib in
the treatment of liver cancer has been demonstrated by a
large number of clinical trials. At the same time, sorafenib
combined with chemotherapy drugs, as well as the combi-
nation of other intervention imposes considerable efficacy
in the treatment of HCC, which brings a new hope for the

treatment of advanced HCC patients. In a vitro study, Zhang
et al. explored the killing effect of DC-CIK cells combined
with sorafenib on human HCC line BEL-7402.[21] The re-
sults showed that the inhibitory effect of sorafenib and DC-
CIK cells on liver cancer cells was enhanced in a certain
concentration and target ratio. The highest killing rate was
72.24% ± 2.42% at 20.8 µmol/L combined with DC-CIK
target ratio of 40:1, which was higher than that in DC-CIK
(1.8 times), sorafenib group (2.13 times) and CIK group (1.6
times) (p < .01). The apoptotic rate of hepatocarcinoma cells
was the highest in the combination of salafenib and DC-CIK
cells (77.36% ± 1.92%, p < .05). It provides a new idea
and theoretical basis for targeted therapy and immunother-
apy of liver cancer. In the phase III clinical study,[22] 602
patients with advanced HCC were randomized to sarafenib
or placebo control group, CR accounted for 43%, control
group for 32%. The median OS for 10.7 months, the con-
trol group 7.9 months; disease progression time TTP 5.5
months, the control group 2.8 months.

3.3.2 Gastric carcinoma

Li et al.[23] observed that sorafenib not only inhibited pro-
liferation but also promoted apoptosis of human gastric can-
cer cell line SGC-7901. The inhibition rate was gradu-
ally increased with the prolongation of time and concen-
tration of drug, appearing double effect relationship be-
tween dose and time (p < .05). The P-ERK expression of
SGC-7901 cells was significantly decreased by sorafenib
(p < .05). Clinical trials showed that sorafenib combined
with traditional chemotherapy drugs significantly increased
the anti-tumor effect, and reduced the dose and side effects
of traditional chemotherapy drugs. The study on the inhi-
bition effect of sorafenib on human gastric cancer cell line
SGC-7901 will provide a more accurate theoretical basis for
clinical treatment of gastric cancer, and expand its clinical
application prospects.

3.3.3 Pancreatic carcinoma

Sorafenib, a multi-target tyrosine kinase inhibitor, has both
anti-tumor and anti-angiogenesis effects. However, there
are rare researches on its clinical application in pancreatic
cancer. Clinical study at phase II showed that the perfor-
mance of sorafenib as a first-line treatment for advanced
pancreatic cancer was not satisfactory, whose median sur-
vival was 4 months, with 6-month survival rate of 23%.[24]

3.3.4 Gallbladder carcinoma

Targets of gallbladder cancer treatment with sorafenib in-
clude VEGFR-2/3, PDGFR-β, B-Raf and C-Raf. Sorafenib
is effective for both wild and mutant B-Raf. At present,
the use of sorafenib alone or combined with chemotherapy
drugs such as gemcitabine, capecitabine for the treatment
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of gallbladder cancer has been employed.[25] Furthermore,
there were some reports regarding the application of VEGF
antibody bevacizumab and sorafenib for the treatment of bil-
iary tract cancer. Though the effect is obvious, the exact
efficacy needs to be further verified.[26]

4 Renal carcinoma
Phase II clinical study of Akaza[27] indicated the effect
in 131 patients who received sustained treatment of so-
rafenib. Based on the RECIST evaluation criteria, the de-
gree of tumor shrinkage showed 19 patients (14.7%) with
PR, 93 patients (72.1%) with stable disease (SD), and 103
patients (79.8%) with different degrees of shrinkage. The
median progression-free survival (PFS) for all patients was
32 weeks. Six months with no progression-free survival rate
showed SD 59% vs. PR 88%. In the Phase III clinical trial
of Escudier et al.,[28] 903 patients with advanced renal cell
carcinoma were randomized to a sorafenib treatment and
placebo control group. The results showed that ORR 9.7%
(CR 0.2%, PR 9.5%), control group ORR 1.8% (CR 0, PR
1.8%); SD 73.8%, control group 52.9%; median PFS 172 d,
control group 85 d.

Wang et al.[29] investigated the killing effect of G250-DC-
CIK cells combined with sorafenib on renal carcinoma cells.
When the target efficiency ratio is 20:1, the tumor killing
rate of sorafenib was 58.4%, sorafenib+CIK was 67.3%,
sorafenib+DC-CIK was 77.7%, sorafenib+DC-CIK-G250
was 95.2%. The killing effect of G250-DC-CIK cells com-
bined with sorafenib on renal cell carcinoma was signifi-
cantly better than that in other groups. Studies have shown
that immunotherapy combined with drug targeted therapy
not only directly inhibits tumor cells, but also indirectly kills
tumor cells by regulating the immune system. Immunother-
apy combined with drug targeted therapy is a new method
for the treatment of renal cell carcinoma.

5 Ovarian carcinoma
Ovarian cancer patients are relatively sensitive to
chemotherapy. However, due to the toxic side effects of
chemotherapy, it cannot be used for a long time, which is
one of the important reasons that led to the lower survival
rate of ovarian cancer for years. Drug targeted therapy im-
poses no serious side effects to blood, liver and kidney sys-
tem. It may be used as a maintenance therapy as well as con-
solidation therapy to achieve long-term survival of ovarian
cancer patients. Matei et al.[30] observed platinum-resistant

recurrent ovarian cancer patients taking sorafenib in 59 clin-
ical trial cases, and found that the median progression-free
survival of more than 6 months accounted for 24%, patients
with PR accounted for 3.4%, SD accounted for 33.9%, and
disease progress accounted for 50.8%. The obvious side
effects included skin rash, hand foot syndrome, metabolic
abnormalities, gastrointestinal symptoms, heart and lung
toxicity. The research results indicated the certain effect of
sorafenib on the treatment of ovarian cancer with greater
side reaction. In other words, the molecular targeted drugs
in the treatment of ovarian cancer were not satisfactory. Liu
et al.[31] discovered that the effect of sorafenib combined
with compound canth capsule in the treatment of ovarian
cancer was 83.3%, stable rate was 16.7% with no progress
in 0 cases, while the effect of sorafenib monotherapy alone
in the treatment of ovarian cancer was 60%, stable rate 40%
with no progress in 0 cases. The overall efficacy of the two
groups was statistically significant (p < .05). Adverse re-
actions included decreased hemoglobin, white blood cells,
peripheral neuritis and alopecia without severe hepatorenal
dysfunction. It turned out that the effect of oral administra-
tion of sorafenib in combination of Fufangbanmao Capsule
was better and safer than that of single use of sorafenib in
the treatment of ovarian cancer.

The greatest advantage of sorafenib, a molecular targeted
drug, is to kill tumor cells selectively, and impose less dam-
age to normal cells, which has a clinical application prospect
in tumor treatment. However, there are few clinical trials in
large samples. The detection of target expression and mu-
tation before treatment, and the choice of individual drug
therapy need to be further studied and explored. In addition,
the occurrence, development, invasion and metastasis of tu-
mor are attributed to multiple factors and abnormal genes.
The treatment of cutting off one target is not comprehensive
since signal transduction in cells is a multi-factor, complex,
crossover protein network system.

Therefore, to find effective new therapeutic targets, multi-
molecular and multi-pathway targeted drug combination
therapy, signal transduction pathway design, and combina-
tion of different molecular targeted drugs would be the de-
velopment direction of tumor molecular targeted therapy.
At present, the basic research and clinical trials have been
under way. We are confident that in the near future, there
will be more and more effective drugs to the target molecule
and the scheme used for the treatment of tumors, which will
bring greater benefits to the patients.
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