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Summary
Purpose—Patients with metastatic pancreatic cancer have limited therapeutic options. The role
of the Ras-Raf-MAPK pathway and of vascular endothelial growth factor in pancreatic
carcinogenesis provided the rational to evaluate the efficacy of sorafenib with or without
gemcitabine in a randomized phase II study.

Methods—Patients with metastatic pancreatic cancer were randomized to sorafenib alone (arm
A) or sorafenib with gemcitabine (arm B).
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Results—Arm A was closed to accrual at interim analysis due to the lack of objective response.
Median PFS and OS were 2.3 and 4.3 months respectively. There was one partial response among
the 37 patients in arm B. Median PFS and OS were 2.9 and 6.5 months respectively. There were
more grade 3 and 4 toxicities in arm B with the most common being neutropenia (17%),
thrombocytopenia (8%), alkaline phosphatase elevation (14%), venous thromboembolism (8%),
diarrhea, hypokalemia and ALT elevation (5%) each. Several associations were noted between
single nucleotide polymorphisms in ribonucleotide reductase, Cox-2, vascular endothelial growth
factor and survival in patients treated with gemcitabine and sorafenib.

Conclusions—Neither sorafenib alone or sorafenib in combination with gemcitabine manifested
promising activity in metastatic pancreatic cancer.
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Introduction
Pancreatic cancer represents a serious health challenge with an estimated 43,410 new cases
and 36,800 deaths in 2010 in the United States [1]. The high mortality rate is a result of
multiple factors including the biology of the cancer and the fact that the majority of patients
present with advanced or unresectable disease. Gemcitabine was adapted as the standard of
care based on a superior clinical benefit rate in comparison to 5-fluorouracil (5-FU) [2].
Since then, multiple combinations of gemcitabine with other cytotoxic agents such as
cisplatin, oxaliplatin and capecitabine have been evaluated with no overall survival benefit
[3–5]. Similarly, the combination of gemcitabine with antibodies against the epidermal
growth factor receptor (cetuximab) or the vascular endothelial growth factor (bevacizumab)
did not result in improved survival [6, 7]. Erlotinib, a small molecule inhibitor of the
tyrosine kinase domain of epidermal growth factor receptor (EFGR), received FDA approval
for the treatment of advanced pancreatic cancer in combination with gemcitabine based on a
modest 12 day benefit in overall survival [8].

Sorafenib is a multitargeted kinase inhibitor of vascular endothelial growth factor receptors
(VEGFR) 2 and 3, platelet derived growth factor receptor and Raf kinase. The anti-tumor
effect of Sorafenib is thought to be mediated through its inhibition of the Ras-Raf-Erk
pathway involved in cell proliferation as well as its inhibition of VEGFR2 related
angiogenesis [9]. The high frequency of Ras mutation and Ras pathway activation in
pancreatic cancer provides a strong rationale for the evaluation of the efficacy of Sorafenib
in pancreatic cancer [10–12]. Furthermore, in vitro studies have shown that Sorafenib has
pro-apoptotic and anti-proliferative properties in several pancreatic cancer cell lines [13].
The combination of gemcitabine and sorafenib had been evaluated in a phase I study and
found that full doses of both agents were well tolerated [14]. We performed a non-
comparative randomized phase II study of sorafenib alone and of sorafenib in combination
with gemcitabine in patients with advanced pancreatic cancer.

Material and methods
Study design

This was a multi-center randomized phase II study of sorafenib alone (Arm A) or
gemcitabine in combination with sorafenib (Arm B). The primary endpoint was objective
response rate. Secondary endpoints included 6 months overall survival, 3 months
progression-free survival, and overall survival. Inclusion criteria included pathologic
diagnosis of metastatic pancreatic carcinoma; the presence of measurable disease; age ≥18
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years; life expectancy greater than 3 months; ECOG performance status ≤1; no prior
chemotherapy for metastatic disease; completion of prior adjuvant chemotherapy more than
6 months before study entry; adequate bone marrow function (leukocytes ≥ 3,000/µl,
absolute neutrophil count ≥1500/µl, platelets ≥ 100,000/µl, hemoglobin ≥9 g/dL); total
bilirubin ≤1.5 institutional upper limit of normal (IULN), aspartate aminotransferase and
alanine aminotransferase ≤3× IULN in the absence of liver metastases and ≤5xIULN in the
presence of liver metastases; creatinine ≤1.5 IULN or creatinine clearance ≥60 ml/min/1.73
m2. Exclusion criteria included prior exposure to gemcitabine; known brain metastases;
evidence of bleeding diathesis; therapeutic doses of anticoagulation.

Treatment plan: Patients randomized to arm A received sorafenib 200 mg, two tablets PO
twice daily continuously. Patients randomized to arm B received gemcitabine 1000 mg/m2

IV at a rate of 10 mg/m2/min weekly for 3 out of 4 weeks and sorafenib 200 mg, two tablets
PO twice daily continuously. One cycle consisted of 28 days. Patients in arm A were
allowed to cross-over to arm B upon progression. Treatment continued until disease
progression or unacceptable toxicity.

Patient evaluation: pretreatment evaluations were done within 1 week of starting therapy and
included history and physical examination, ECOG performance status evaluation, complete
blood count (CBC), chemistry panel (CP), urinalysis, and electrocardiogram. Baseline
radiologic investigations for staging were performed within 28 days of starting therapy.
CBC, CP and vital signs including blood pressure evaluation were repeated weekly.
Radiologic investigations repeated every 6 weeks and tumor response was assessed based on
the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.0. Complete or
partial responses required a confirmatory scan at least 4 weeks after initial documentation.

Statistical methods
This was a randomized non-comparative phase II study of sorafenib alone or sorafenib in
combination with gemcitabine. A total of 74 patients were to be randomized to arm A or B
(37 per arm). A two stage Simon optimum design was used [15]. In the first stage, accrual
was planned to continue until 24 patients (12 per arm) had been assessed for tumor response.
If no objective response was noted in 12 patients in either arm, then consideration was given
to stop accrual to that arm. In either arm, if at least 4 responses (11%) of the total of 37
evaluable patients were observed, the regimen would have been regarded worthy of further
testing. Otherwise, if 3 or fewer responses out of 37 patients on an arm were observed,
further testing of this regimen would not have been warranted. This two-stage design had at
least 90% power to detect a true response rate of at least 20% in each arm. It yielded at
least .90 probability of a negative result if the true response rate were no more than 5% with
at least .54 probability of early negative stopping. With 37 evaluable patients in each arm,
the 95% confidence interval for the response rate in an arm would have a half-width of
±16% or less.

The study explored the potential additive effects on clinical outcome of the genotypes for all
the single nucleotide polymorphisms tested. The association between polymorphisms and
progression-free survival and overall survival was examined using Kaplan-Meier plots and
log rank test. In the univariate survival analysis, the Pike estimate of hazard ratio (HR) and
its associated 95% confidence interval (95% CI) were based on the log-rank test. No
adjustment for multiple comparisons was performed because this study was exploratory in
nature and conducted to generate hypotheses for future studies. In addition, a classification
and regression tree (CART) method based on recursive partitioning (RP) was used to
explore gene polymorphisms for identifying homogeneous subgroups for progression or
death. RP analysis is a nonparametric statistical method for modeling a response variable
and multiple predictors. RP analysis included all patients in the combination arm of
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gemcitabine and sorafenib with any polymorphism variables available as well as baseline
patient characteristics such as gender, race and ECOG performance status. All statistical
tests were two-sided. Analyses were performed using the SAS statistical package version 9.1
(SAS Institute Inc. Cary, North Carolina, USA).

Germline polymorphisms analysis
Polymorphsims in genes involved in gemcitabine metabolism and in angiogenesis pathway
were selected for testing to explore any potential predictive or prognostic impact. These
included ribonucleotide reductase subunit M1 (RRM1), deoxycytidine deaminase (CDA),
Cox-2 and vascular endothelial growth factor (VEGF). We used the following criteria to
select genes for study: (i) that the gene be part of a pathway for which there is a credible
scientific basis to support its involvement in the gemcitabine metabolism or angiogenesis
signaling pathways; (ii) that the gene has an established, well-documented genetic
polymorphism; and/or (iii) that the polymorphism has some degree of likelihood to alter the
function of the gene in a biologically relevant manner.

Genomic DNA was extracted from peripheral WBC using the QIAamp kit (Qiagen,
Valencia, CA, USA). The samples were tested using polymerase chain reaction (PCR)
restriction fragment length polymorphism (RFLP) technique. Briefly, forward and reverse
primers were used for PCR amplification; PCR products were digested by restriction
enzymes (New England Biolab, Ipswich, MA, USA); alleles were separated on 4% NuSieve
ethidium bromide stained agarose gel and/or samples were analyzed by direct sequencing.

Results
Patient characteristics

The study enrolled 52 patients from December 2004 to March 2007; 15 in arm A and 37 in
arm B. Accrual to arm A ended after first stage of accrual because no objective responses
were noted. Median age was 66 years and 65 years in arms A and B respectively. ECOG
performance status was 0 in 40% and 59% of patients in arms A and B respectively (Table
1).

Treatment
Arm A: the median number of cycles delivered was 2 (range 1–3). Fourteen out of the 15
patients received a maximum of 2 cycles of Sorafenib alone. Seven patients crossed over
upon progression to receive the combination of gemcitabine and sorafenib. The median
number of cycles delivered after cross-over was 2 (range 1–14).

Arm B: the median number of cycles delivered was 2 (range 1–11). Seventeen patients
(46%) received 3 or more cycles of therapy.

Safety
Arm A: there were no grade 4 toxicities. Seven patients (47%) experiences grade 3
toxicities. The most common grade 3 toxicities were leucopenia, neutropenia, fatigue,
acneiform rash, hand-foot skin reaction, anorexia, AST elevation, alkalaine phosphatase
elevation, bilirubin elevation, and sensory neuropathy (7% each) (Table 2).

Arm B: grade 3 and 4 toxicities occurred in 54% of patients in arm B. The most common
hematologic adverse events were neutropenia (17%) and thrombocytopenia (8%). The most
common grade 3 and 4 non-hematologic toxicities were alkaline phosphatase elevation
(14%), venous thromboembolism (8%), hypokalemia (5%), ALT elevation (5%), and
diarrhea (5%) (Table 2).
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Efficacy
Arm A: thirteen out of 15 patients were evaluable for response. There were no objective
responses. 2 patients had stable disease. Median PFS and OS were 2.3 months (95% CI: 1.2–
5.7) and 4.3 months (95% CI: 3.3–8.3) respectively; the 3-months PFS probability was 0.36,
and the 6 months survival probability was 0.43. Two of the 7 patients who crossed over to
the combination arm of gemcitabine and sorafenib at the time of progression had stable
disease after cross-over lasting 6.1 and 15.8 months respectively (Fig. 1). Two patients were
inevaluable for response because of early treatment discontinuation secondary to venous
thromboembolism and clinical deterioration (1 patient) and to a cerebrovascular accident (1
patient).

Arm B: Thirty out of 37 patients were evaluable for response. One patient had a partial
response and 15 (40%) had stable disease. Median PFS and OS were 2.9 months (95% CI:
2.1–4.3) and 6.5 months (95% CI: 5.5–8) respectively; the 3-months PFS probability was
0.45, and the 6-months survival probability was 0.53 (Fig. 1). Seven patients were
inevaluable for response because they completed≤one cycle of treatment; reasons for early
discontinuation of therapy were patient’s choice (2 patients), death secondary rapid disease
progression (1 patient), and toxicity (4 patients) including grade 3 fatigue, rash, vomiting
related to bowel obstruction, hyponatremia and venous thromboembolism.

Association of gene polymorphisms with outcome
Single nucleotide polymorphisms in RRM1, CDA, Cox-2 and VEGF were performed on
blood samples from 30 patients treated with the combination of gemcitabine and sorafenib.
The distribution of the various genotypes and their association with clinical outcome in
univariate analysis are listed Table 3. The RRM1 2464 A/G, RRM1 37 C/C and RRM1 524
T/T alleles were associated with statistically significant superior PFS. The presence of an A
allele in the CDA 27 genotype was associated with improved OS. There was no association
between polymorphisms in Cox-2 and VEGF and PFS. However, Cox-2 G-765 C and
T8473C as well as VEGF T-1498 C polymorphisms were associated with OS.

Recursive partitioning analysis of PFS and OS
For both PFS and OS, RRM1 G2464A polymorphism was the first to separate patients into 2
groups in terms of probability of progression or death. Patients carrying A/G of RRM1
G2464A had longer PFS and OS compared to those with A/A of RRM1 G2464A. RRM1
T524C and CDA C27A polymorphisms were then noted to further separate patients into
different groups for PFS. Compared to the most favorable group of PFS (carrying A/G of
RRM1 G2464A), patients in the least favorable group (carrying A/ A of RRM1 G2464A and
C/C of RRM1 T524C) had HR of 7.39 (95%CI: 1.16–46.94) and PFS of 1.8 months (95%CI
1.1–2.6). RRM1 A2455G and COX-2 T8473C polymorphisms were picked to split patients
into 3 terminal groups for OS. Patients carrying genotype A/A of RRM1 G2464A, A/G or
GG of RRM1 A2455G and T/C or C/C of COX-2 T8473C had the highest HR (3.79) and
shortest median OS (4.4 months) compared to the most favorable group (carrying A/G of
RRM1 G2464A) (Fig. 2).

Discussion
Sorafenib is a multi-targeted tyrosine kinase inhibitor with anti-proliferative and anti-
angiogenic properties. It has been shown to inhibit Erk 1/2 and STAT3 Tyr705
phosphorylation in pancreatic cancer cell lines. This was accompanied by the suppression of
prosurvival Mcl-1 or Bcl-xL proteins, and enhancement of TRAIL –induced apoptosis [17].
Ulivi and colleagues showed similar anti-proliferative effects of sorafenib in pancreatic cell
lines independent of the type of KRAS mutation or the activation status of the Ras/Mek/Erk
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pathway [13]. Despite the strong rationale provided by these data, our study revealed no
significant activity for sorafenib as a single agent or in combination with gemcitabine. The
PFS and OS with the combination were not superior to previous historical results reported
with gemcitabine as a single agent [2]. Similarly, the combination of gemcitabine and
sorafenib had a PFS of 2.9 months which was identical to the PFS reported with gemcitabine
as a single agent in two recently reported randomized phase III studies of gemcitabine in
combination with bevacizumab or cetuximab versus gemcitabine alone [6, 7]. Our results
are consistent with another phase II study of gemcitabine and sorafenib which was
discontinued after the first phase of accrual due to the absence of any objective responses,
and which revealed a median PFS of 3.2 months and a median OS of 4 months [18]. A
recent abstract reported the lack of benefit from the addition of sorafenib to gemcitabine and
cisplatin in patients with pancreatic cancer [19].

The lack of efficacy of sorafenib in patients with pancreatic cancer may be due to the
significant heterogeneity of pancreatic cancer and its complex biology. It is likely that
pancreatic cancer proliferation and progression are dependent on multiple pathways that are
redundant and characterized by extensive cross-talk. These pathways may be activated in
response to the inhibition of other related pathways, and consequently contribute to the
resistance to a specific targeted therapeutic agent, such as sorafenib. Other targeted agents,
including cetuximab and bevacizumab, have also failed to improve the efficacy of
gemcitabine in patients with advanced pancreatic cancer [6, 7]. In addition, the anti-cancer
activity of sorafenib may be dependent to a significant extent on its anti-angiogenic
properties through the inhibition of vascular endothelial growth factor pathway; in that
context, the failure of sorafenib is reminiscent of the absence of clinical benefit from the
addition of bevacizumab to gemcitabine in patients with advanced pancreatic cancer. Lastly,
it is possible that gemcitabine may not be the optimal partner for anti-angiogenic drugs
given its already modest activity. Recently, the evaluation of combinations that do not
include gemcitabine has become a promising area of active investigation. For instance, the
combination of 5-FU with irinotecan and oxaliplatin (FOLFIRINOX) was superior to
gemcitabine alone with a significant improvement in overall survival [19]. While the
toxicity concerns surrounding FOLFIRINOX make it a potentially poor candidate for
combining it with a targeted agent, consideration should be given to cytotoxic agents or
combinations, other than gemcitabine, to be examined along with targeted agents.

Pancreatic cancer continues to represent a significant therapeutic challenge. Future strategies
need to focus on identifying mutations that play a central role in tumor proliferation and
survival, as well as in tumor interaction with the microenvironment. Furthermore, the
predictive value of preclinical testing needs to be improved with the adoption of models that
are more reflective of the human pancreatic cancer heterogeneity and its interaction with the
microenvironment [20].

In this study, we explored the potential effect of single nucleotide polymorphisms of genes
associated with gemcitabine metabolism and angiogenesis pathway with clinical outcome.
Ribonulceotide reductase catalyses the rate limiting step of deoxyribonucleotide formation, a
crucially important step in DNA synthesis and repair. The larger subunit of RR, RRM1, is a
target of gemcitabine [21]. High expression of RRM1 has been associated with inferior
outcome in patients with advanced lung or pancreatic cancer treated with gemcitabine based
chemotherapy [22–24]. The RRM1 2464 G>A polymorphism has been noted to predict
chemosensitivity to gemcitabine in human pancreatic cancer cell lines when compared with
the wildtype RRM1 2464 GG genotype. Furthermore, in oligonucleotide microarray
analysis, 69 genes were selected which expressed differently between RRM1 wildtype and
the G2464A polymorphism [25]. To our knowledge, our study represents the first report of
an association of RRM1 G2464A polymorphism and clinical outcome. The RRM1 C-37A
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and RRM1 T524C polymorphisms impact promoter activity. Patients with the RRM1 37CC
and RRM1 524TT genotypes had superior progression-free survival in our study, which is
consistent with the improved outcome noted in patients with lung cancer carrying the RRM1
37CC-RRM1 524TT allelotype [26].

Single nucleotide polymorphisms in genes in the angiogenesis pathway were also found to
be associated with outcome. . The Cox-2 765 C variant was associated with shorter OS,
possibly due to the role of this variant in enhancing Cox-2 expression and prostaglandin
production [27, 28]. The COX-2 +8473 T>C polymorphism within the functional region of
3’-untranslated region of the gene may have a potential functional relevance in
carcinogenesis, perhaps through control of mRNA-stability and degradation [29]. In our
study, the lower expression variant COX-2 8743 C was associated with superior OS. The
VEGF −1498 T/T genotype was found to be associated with improved OS in our study. The
same genotype was associated with a higher disease-control rate in patients with metastatic
non-small cell lung cancer treated with sorafenib [30]. The associations observed are limited
by the small sample size and the lack of correction for multiple comparisons, and should be
considered hypothesis generating observations that require further validation. If validated,
the associations of certain polymorphisms with outcome may allow for improved patient
selection and therefore superior clinical benefit.
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Fig. 1.
PFS for arm A and arm B
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Fig. 2.
Recursive partitioning analysis: recursive partitioning (RP) was used to explore gene
polymorphisms for identifying homogeneous subgroups for progression or death in the
gemcitabine and sorafenib arm. In the case of PFS, compared to the most favorable group
(carrying A/G of RRM1 G2464A), patients in the least favorable group (carrying A/A of
RRM1 G2464A and C/C of RRM1 T524C) had HR of 7.39 (95% CI: 1.16–46.94) and PFS
of 1.8 months (95%CI 1.1–2.6). In the case of OS, patients carrying genotype A/A of RRM1
G2464A, A/G or GG of RRM1 A2455G and T/C or C/C of COX-2 T8473C had the highest
HR (3.79) and shortest median OS (4.4 months) compared to the most favorable group
(carrying A/G of RRM1 G2464A)
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Table 1

Baseline characteristics

Characteristics No. of Patients

Sorafenib (n=15) Sorafenib+Gemcitabine (n=37)

Age, y

  Median 66 65

  Range 55–82 43–83

Sex

  Female 6 (40%) 15 (41%)

  Male 9 (60%) 22 (59%)

Race

  Asian 1 (7%) 2 (5%)

  Black 0 (0%) 2 (5%)

  Caucasian 12 (80%) 32 (86%)

  Hispanic 2 (13%) 1 (3%)

Prior adjuvant or neoadjuvant chemotherapy 0 1 (3%)

Prior surgery 1 (7%) 3 (8%)

ECOG Performance Status

  0 6 (40%) 22 (59%)

  1 9 (60%) 15 (41%)
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Table 2

Grade 3 and 4 adverse events attributed to study drug(s)

No. of Patients (%)

Sorafenib (n=15) Sorafenib+Gemcitabine (n=37)

Grade 3 Grade 4 Grade 3 Grade 4

Hematologic Toxicity

  Hemoglobin 1 (3%)

  Leukocytes (total WBC) 1 (7%) 1 (3%)

  Lymphopenia 2 (5%)

  Neutrophils/granulocytes (ANC/AGC) 1 (7%) 5 (14%) 1 (3%)

  Platelets 2 (5%) 1 (3%)

Non-Hematologic Toxicity

  Thrombotic microangiopathy 1 (3%)

  fatigue 1 (7%) 1 (3%)

  Rash: acne/acneiform 1 (7%)

  Rash: hand-foot skin reaction 1 (7%) 1 (3%)

  Gastrointestinal

    Anorexia 1 (7%)

    Diarrhea 2 (5%)

  Hemorrhage, GI 1 (3%)

  Metabolic/laboratory

    ALT 2 (5%)

    AST 1 (7%) 1 (3%)

    Alkaline phosphatase 1 (7%) 3 (14%)

    Bilirubin (hyperbilirubinemia) 1 (7%)

    Potassium, serum-low (hypokalemia) 2 (5%)

    Sodium, serum-low (hyponatremia) 1 (3%)

  Neurology

    CNS cerebrovascular ischemia 1 (7%)

    Neuropathy: sensory 1 (7%) 1 (3%)

  Pain 1 (3%)

  Thrombosis/embolism 2 (5%) 1 (3%)

N of patients having grade 3 or 4 adverse events 7 (47%) 20 (54%)
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