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Introduction

Sorafenib (BAY 43-9006), a multi-kinase inhibitor, has been shown 
to inhibit tumor growth and tumor angiogenesis by targeting Raf 
kinase, vascular endothelial growth factor receptor, c-kit and platelet-
derived growth factor receptor.1-3 In previous studies, sorafenib 
demonstrated single-agent activity in patients with advanced solid 
tumors like renal cell carcinoma and hepatocellular carcinoma and 
has been approved by the FDA for the treatment of these tumors. In 
addition, sorafenib was studied in combination with oxaliplatin and 
mTOR (mammalian target of rapamycin) inhibitors in multiple 
preclinical studies. In phase I and phase II trials in colorectal cancer, 
continuous oral sorafenib 400 mg twice daily was safely combined 
with oxaliplatin, mTOR inhibitors, and irinotecan without 
detectable drug interactions and showed preliminary anti-tumor 
activity. A subset of patients with colorectal cancers carries V600E 

Sorafenib, the first agent developed to target BRAF mutant melanoma, is a multi-kinase inhibitor that was approved by 
the FDA for therapy of kidney and subsequently liver cancer, and is currently in clinical trials for thyroid, lung and brain 
cancer. Colorectal cancer with V600E BRAF mutation has shown relative resistance to standard chemotherapy regimens, 
as well as lack of efficacy to vemurafenib in clinical trials. New treatments are needed for BRAF-mutant colorectal cancer. 
We report a case of a patient with BRAF-mutant metastatic colon cancer whose disease had progressed on FOLFOX plus 
bevacizumab and subsequent FOLFIRI plus cetuximab. Based on preclinical data published in Nature in 2012 suggesting 
that successful therapeutic targeting of BRAF in colorectal cancer may require concomitant targeting of the EGFR, we 
offered this patient without other attractive options the combination of sorafenib plus cetuximab, in off-label use with 
informed consent. Sorafenib and cetuximab therapy led to a mixed radiographic response with some areas showing 
dramatic improvement and other areas showing stable disease over a 7 month period which is a notably long period of 
progression-free survival for V600E BRAF mutated colon cancer. The cetuximab plus sorafenib therapy was very well-
tolerated by the patient who remained on it long enough until another therapy option, regorafenib, was approved in 
September 2012. The patient was offered single agent regorafenib at the time of progression. At the time of progression 
on single agent regorafenib, panitumumab was combined with regorafenib and this was also well-tolerated and 
appeared to slow disease progression. Further study of these approaches in the clinic as personalized treatment of BRAF-
mutant advanced colorectal cancer is warranted.
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BRAF mutation which renders their tumors more aggressive and 
more rapidly refractory to available therapies. This suggested the 
possibility of adding a BRAF tyrosine kinase inhibitor as a possible 
therapeutic strategy to control those aggressive tumors.4 Based on a 
report in Nature in 2012, our patient was treated with sorafenib plus 
cetuximab as salvage off-label therapy for metastatic BRAF-mutant 
colorectal cancer to prevent EGFR activation feedback when BRAF 
is suppressed.8 The therapy was very well-tolerated by the patient 
who remained on it long enough until regorafenib was approved 
by the FDA, and the patient was offered single agent regorafenib at 
the time of disease progression. At the time of progression on single 
agent regorafenib, panitumumab was combined with regorafenib 
and this was also well-tolerated and appeared to slow disease 
progression. Those approaches will need further investigation as 
personalized therapy options for patients with BRAF-mutant 
metastatic colorectal cancer.
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revealed a poorly differentiated adenocar-
cinoma of her ascending colon. A PET/CT 
demonstrated a large ascending colon mass, 
as well as left hilar, mesenteric, and aorto-
caval lymphadenopathy that were strongly 
FDG-avid. In addition, there were mildly 
FDG-avid masses in the left lower and upper 
lobes of the lung (Figs. 1–4). A needle biopsy 
of the left lower lobe lung mass confirmed 
a diagnosis of metastatic colon cancer. She 
underwent an exploratory laparotomy with 
right hemicolectomy and right salpingo-
oophorectomy. Surgical pathology revealed 
invasive adenocarcinoma with mucinous fea-
tures and 7 out of 20 regional lymph nodes 
were positive for tumor (Figs. 5 and 6). Her 
primary tumor showed a variety of different 
morphologies including mucinous, well-dif-
ferentiated glandular and poorly differenti-
ated solid areas, and the metastatic tumor was 
mainly mucinous carcinoma. Heterogeneity 
is a common feature of colon cancer with 
MSI-H (High frequency of microsatel-
lite instability). In addition, her pathology 
revealed an aberrant marker expression with 
CK7 positivity. Her CEA levels dropped 
from 402.1 to 184.3  ng/mL after surgery. 
She recovered well and in view of her stage 
IV metastatic disease, she was started on che-
motherapy post-operatively with FOLFOX 
plus bevacizumab (oxaliplatin 100 mg/m2, 
leucovorin 400 mg/m2, 5FU 400 mg/m2, and 
bevacizumab 5 mg/kg on days 1 and 15 with 
46  h infusional 5FU at 2400 mg/m2 that 
was adjusted by pharmacokinetically-guided 
drug levels to 2633 mg/m2).

Repeat imaging after 3 cycles showed 
multiple enlarged lymph nodes in the chest 
and abdomen which were less FDG-avid and 
there was a consistent downward trend in her 
CEA levels (her CEA dropped to 17 ng/mL 
after cycle 3). The patient required a dose 
reduction of oxaliplatin to 80 mg/m2 due 
to paresthesia, but continued on the above 
therapy with persistent benefit. However, her 
CEA started to rise after the fourth cycle of 
therapy. Her next PET/CT revealed increased 
FDG avidity in the enlarged aortocaval nodes 
which represented disease progression. She was 
switched to mFOLFIRI plus cetuximab after 
6 cycles (irinotecan 180  mg/m2, leucovorin 

400 mg/m2, 5FU 400 mg/m2, cetuximab 500 mg/m2 on days 
1 and 15 with 46 h infusional 5FU again at 2633 mg/m2 based 
on prior drug levels). Her genetic work up had revealed a wild-
type KRAS gene and a BRAF V600E mutation (seen in 8–10% 
of colorectal carcinoma),6 which predicts a worse prognosis and 

Figure 1. Slight disease progression in an upper aortocaval lymph node in response to 
sorafenib as revealed by PET-CT. (A) 6/1/11: 2.0 × 1.4 cm. (B) 11/7/11: 1.2 × 1.6 cm. (C) 1/17/12: 
1.8 × 1.2 cm. (D) 4/13/12: 2.5 × 1.4 cm. (E) 6/26/12: 2.7 × 1.5 cm. (F) 11/02/12: 3.6 × 1.6 cm.

Figure 2. Objective response of left hilum lymph node by PET-CT revealing stable disease 
in response to Sorafenib. (A) 6/1/11: 1.4 × 1.4 cm. (B) 11/7/11: 1.2 × 0.9 cm. (C) 1/17/12: 1.0 × 1.1 
cm. (D) 4/13/12: 1.4 × 1.1 cm. (E) 6/26/12: 1.3 × 1.1 cm. (F) 11/2/12: 1.3 × 1.1 cm.

Case Report

The patient is a 60-year-old Caucasian woman who presented 
to her primary care physician with blood in her stool on a rou-
tine office visit. This led to a colonoscopy and biopsy, which 
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less response to panitumumab or cetuximab 
as compared with BRAF wild-type tumors in 
metastatic colorectal cancer.5-7

Despite the treatment with FOLFIRI plus 
cetuximab, her CEA levels progressively rose 
and a repeat PET/CT after 3 cycles revealed 
increased size of the aortocaval nodes. After 
an extensive multidisciplinary discussion 
of treatment options, the patient opted to 
treatment with an off-label combination 
therapy of twice daily sorafenib (400 mg 
twice daily), a BRAF/multi-kinase inhibitor 
and weekly cetuximab (500 mg/m2). This 
regimen, although unproven in any clinical 
trials, was based on recent discoveries that 
BRAF inhibitors such as vemurafenib show 
limited effect in V600E BRAF mutant colon 
cancer due to rapid feedback activation of 
EGFR activation which compensates for 
BRAF inhibited cell proliferation.8 She started 
sorafenib and weekly cetuximab three weeks 
post her last PET/CT scan. Her follow-up 
evaluations revealed continuous slow rise of 
her CEA and CA19-9 levels while on this 
regimen (Fig. 7); however, her 2 mo follow-up 
PET/CT scan showed an apparent mixed 
response with increase in size of the aortocaval 
nodes but decrease/near resolution of the 
lung nodules (Figs. 1–4). She, therefore, was 
continued on the same regimen for 7 mo with 
excellent quality of life, exceeding the expected 
survival for the population of patients with 
BRAF-mutant colorectal cancer. It is clear 
to the clinicians who cared for this patient 
that the trajectory of her disease progression 
was favorably impacted by the combined 
BRAF and EGFR inhibitor approach over 
a period of seven months, and the therapy 
was very well-tolerated with excellent quality 
of life/minimal toxicity. She has since been 
switched to regorafenib 160 mg daily for 
days 1 through 21 of a 28 d cycle, another 
recently approved multi-kinase inhibitor 
with structure very similar to sorafenib. After 
three and a half months of monotherapy on 
regorafenib the EGFR inhibitor panitumumab 
(6 mg/kg every 14 d) was added to avoid 
resistance that may have developed against 
cetuximab leading to prior progression. This 
combination led to improvement in CEA and 
CA19-9 levels after she started to progress on 
monotherapy (Fig. 8). Both the single agent 
regorafenib and combination of regorafenib 
plus panitumumab were well-tolerated in this 
patient. Tumor marker trends since diagnosis 
are shown in Figures 7 and 8.

Figure 3. Objective response of right upper lobe lung nodule by PET-CTs showing stable dis-
ease: (A) 6/11/11: 0.9 × 0.8 cm with nodular component. (B) 11/7/11: 0.8 × 0.8 cm. (C) 1/17/12: 
0.7 × 0.7 cm. (D) 4/13/12: 0.7 × 0.7 cm. (E) 6/26/12: 0.6 × 0.7 cm. (F) 11/2/12: 0.4 × 0.6 cm.

Figure 4. Whole body PET images with overview of disease activity and response to treat-
ment. (A) 6/1/11, (B) 1/17/12, (C) 4/13/12 (just prior to starting sorafenib), (D) 11/2/12 (slight 
disease progression with sorafenib use) and (E) 1/24/13. Black arrow, cecal mass; blue arrow, 
mesenteric lymph nodes; red arrows, aortocaval lymph nodes; yellow arrow, left hilum lymph 
node.
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signaling pathway is a downstream target of oncogenic Raf 
mutations9-11 that occur in ~10% of human colorectal carci-
nomas.11 Sorafenib also targets several other receptor tyrosine 
kinases, including vascular endothelial growth factor recep-
tor 2 (VEGFR2), platelet-derived growth factor receptor 
(PDGFR), FLT3, Ret, and c-Kit.1,2 Sorafenib has shown pre-
clinical activity against a variety of tumor types and is a stan-
dard treatment for hepatocellular and renal cell carcinomas12,13 
(Fig. 9). Multiple targeted therapeutic agents have been stud-
ied based on their predicted pathway inhibition to see their 
role in colorectal cancer.14

Sorafenib has been shown to enhance TRAIL (TNF-related 
apoptosis-inducing ligand)-mediated apoptosis in human leu-
kemia and colon cancer cell lines.20 It has also shown efficacy 
when combined with radiation; radiation treatment followed 
sequentially by sorafenib was found to be associated with the 
greatest delay of the xenograft tumor growth.15 Using sorafenib 
as a single agent or in a combination with other chemotherapy 
has shown efficacy and safety when combined with other can-
cer related therapeutic agents.16-19

Discussion

The development of targeted therapies has provided new 
options for the personalized management of patients with 
advanced solid tumors.

Sorafenib (BAY43-9006) is an oral multikinase inhibitor 
that can block the Ras/Raf/MEK/ERK signaling cascade that 
is important for the growth of solid tumors.1,3,9 The MEK-ERK 

Figure 5. Colon resection specimen shows various morphologies in the 
primary tumor. (A) Area of well-differentiated adenocarcinoma;  
(B) area of mucinous adenocarcinoma; and (C) area of poorly 
differentiated adenocarcinoma. (Hematoxylin and eosin stain, original 
magnification × 400).

Figure 6. Metastatic adenocarcinoma shows predominant mucinous 
component. (A) Lung biopsy in 2011; (B) lymph node biopsy 2012  
(Hematoxylin and eosin stain, original magnification × 400).
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NCT 00326495 sponsored by National Cancer Institute (NCI), 
is recruiting participants with colorectal carcinoma to evaluate the 
efficacy and safety of combining sorafenib and cetuximab to assess 
this combination efficacy and safety.27

To assess sorafenib with cetuximab in treating metastatic 
colorectal cancer, 35 patients with metastatic colorectal cancer 
were enrolled in a previous study and were randomized to receive 
cetuximab with or without oral sorafenib. Patients received cetux-
imab i.v. weekly for 4 weeks and oral sorafenib twice daily on days 
1–28, with recycling every 4 weeks. The primary end point was the 
response rate (partial and complete), while the secondary end points 
were the adverse effects, time to progression and overall survival. 
That study revealed that the partial response was higher in cetux-
imab–sorafenib, which constituted 33.3% compared with 17.6% 
in the cetuximab group but with a P value of 0.44. Progression-
free survival had a statistically higher significant difference in wild-
type KRAS as compared with mutant KRAS cases (P = 0.0001). 
Median overall survival was seven and five months in the sorafenib 
plus cetuximab and cetuximab groups respectively with P value 

Sorafenib plus irinotecan shows acceptable 
toxicity and promising activity as a second-line 
treatment for patients with metastatic colorectal 
cancer (mCRC) with KRAS mutated tumors, 
according to a previous study presented at the 
European Society for Medical Oncology’s 13th 
World Congress on Gastrointestinal Cancer 
(ESMO-GI).

Sorafenib is generally well tolerated and has 
shown promise in a variety of malignancies24-26 
including gastrointestinal malignancies,19 renal 
cell carcinoma,21 hepatocellular carcinoma,22 
and lung cancer.

Combination of rapamycin with sorafenib 
synergistically inhibits proliferation of CRC 
cells via abrogating rapamycin-induced activa-
tion of PI3K/Akt and Ras-MAPK signaling 
pathways.23 CRCs harboring coexistent KRAS 
and PIK3CA mutations are partially sensitive 
to either rapamycin or sorafenib monotherapy, 
but highly sensitive to combination treatment 
with rapamycin and sorafenib. Combination 
with sorafenib enhances therapeutic efficacy of 
rapamycin on induction of apoptosis and inhi-
bition of cell cycle progression, migration, and 
invasion of CRCs.23 Similarly, we hypothesize 
that the combination of sorafenib and cetux-
imab may demonstrate efficacy and safety at 
inhibiting growth of xenografts from CRC 
cells with existent V600E mutation in BRAF 
in the presence of wild-type KRAS gene, which 
predicts a worse prognosis as compared with 
BRAF wild-type tumors. This BRAF V600E 
gene mutation is seen in 8–10% of colorectal 
carcinoma.6

Sorafenib has proven efficacy as a single-
agent in renal cell carcinoma and hepatocellular 
carcinoma, and there is a strong rationale for investigating its use 
in combination with other agents. In particular, targeting multiple 
Raf isoforms with sorafenib may help to overcome resistance to 
other agents, while the ability of sorafenib to induce apoptosis may 
increase the cytotoxicity of chemotherapeutic agents. Based on posi-
tive results in preclinical studies, further investigation in phase I and 
II studies has shown potential antitumor activity when sorafenib is 
combined with cytotoxic agents in different solid tumors, includ-
ing hepatocellular carcinoma and melanoma. Promising results 
have been reported in phase I and II studies of sorafenib combined 
with paclitaxel and carboplatin, with oxaliplatin in gastric and 
colorectal cancer,17,18 with docetaxel in breast cancer, with gem-
citabine in ovarian cancer and with capecitabine in different solid 
tumors. Phase II and III studies are currently investigating the use 
of sorafenib in combination with different agents in a variety of 
solid tumors. Our case supports the safety of the combined therapy 
of sorafenib and cetuximab in a patient with colorectal carcinoma 
who experienced an excellent quality of life with slowed disease pro-
gression and mixed radiographic response. A current NIH study, 

Figure 7. CEA and CA 19-9 responses since diagnosis and also in response to sorafenib plus 
cetuximab therapy.
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of 0.49. The conclusion was that KRAS and 
BRAF was a predictor of response, so genotyp-
ing of the tumors was needed for defining the 
patient population that was likely to benefit 
from the targeted therapy. A combination of 
therapy that simultaneously targets KRAS and 
BRAF could be a useful approach to increase 
the number of patients who may benefit from 
anti-EGFR therapy.28

BRAF inhibitors might be improtant agents 
in manging advance colon cancer after failure 
of front-line treatments. A list of the BRAF 
inhibitors is shown in Table 1. Regorafenib 
was approved in 2012 for advanced metastatic 
colorectal cancer that has progressed on other 
therapies. We explored in this article the out-
come of combined sorafenib and cetuximab for 
treatment of colorectal cancer. It is interesting 
that use of regorafenib after the patient’s tumor 
progressed on sorafenib plus cetuximab was 
associated with some response and subsequent 
combination of regorafenib plus panitumumab 
was well tolerated and was associated with 
slowing of progression. The results reveal the 
safety and show an activity of combined agents 
of sorafenib and cetuximab against colorectal 
cancer, revealing novel effects of sorafenib on 
anti-apoptotic signaling mediators and sug-
gesting the combination of sorafenib plus 
cetuximab as possible combined therapy for 
advanced colorectal cancer.

Disclosure of Potential Conflicts of Interest

No potential conflict of interest was disclosed.Figure 8. CEA and CA 19-9 responses to regorafenib and combination of regorafenib plus 
panitumumab began on 03/08/13.

Table 1. List of available BRAF inhibitors

Name of drug Type Targets Stage of development

Sorafenib tosylate (Bay 
43-9006 or Nexavar)

Multi TKI Raf-1, B-Raf, VEGFR2/3, 
PDGFRβ, Flt 3, and c-KIT

Approved for RCC and HCC

Vemurafenib (RG7204 or 
PLX4032 or Zelboraf)

Multi TKI B-RafV600E, C-Raf, MAP4K5 
(KHS1), ACK-1, FGR, and SRMS

Approved for late-stage melanoma with BRAF 
mutation, phase I in CRC29

Regorafenib (BAY 73-4506 or 
Fluoro-Sorafenib or Stivarga)

Multi TKI Raf- 1, VEGFR1/2/3, PDGFRβ, 
Kit, and RET

Approved in CRC, phase III for GIST

RAF265 (CHIR-265) Selective inhibitor of B-Raf and 
VEGFR2

B-Raf and VEGFR2 Phase II in metastatic melanoma, phase Ib in 
advanced solid tumors with BRAF V600E mutation 

or RAS mutation in combination with MEK162

XL281 (BMS-908662) Selective RAF kinase inhibitor B-RAF, C-RAF, and the 
B-RAFV600E

Phase I/II in CRC30,31

SB-59088532 Selective BRAF kinase inhibitor B-RafV600E

GDC-0879 Selective B-Raf inhibitor  
for B-RafV600E

B-RafV600E In vivo mice studies

PLX-4720 Selective inhibitor of B-RafV600E 
and c-Raf-1Y340D/Y341D

B-RafV600E and c-Raf-1Y340D/Y341D In vivo mice studies

AZ628 Multi TKI Wild-type CRAF, BRAFV600E, 
and wild-type BRAF

In vitro studies
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