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Summary
Purpose—S-trans,trans-Farnesylthiosalicylic Acid (FTS, salirasib) inhibits Ras-dependent cell
growth by dislodging all isoforms of Ras, including mutant Ras, from the plasma membrane. This
study evaluated the activity, safety, and toxicity of salirasib in preclinical models and patients with
metastatic pancreatic adenocarcinoma (PDA).

Patients and methods—In the preclinical study, salirasib was tested, alone and in combination
with gemcitabine, in patient derived xenografts (PDX) of PDA. In the clinical study, treatment-
naïve patients with advanced, metastatic PDA were treated with a standard dose schedule of
gemcitabine and salirasib 200–800 mg orally (PO) twice daily (bid) for 21 days every 28 days.
Tissue from preclinical models and patients’ biopsies were collected pre-treatment and on Cycle
(C) 1, Day (D) 9 to characterize the effect of gemcitabine and salirasib on activated Ras protein
levels. Plasma samples for pharmacokinetics were collected for salirasib administered alone and in
combination.

Results—Salirasib inhibited the growth of 2/14 PDX models of PDA and modulated Ras
signaling in these tumors. Nineteen patients were enrolled. No DLTs occurred. Common adverse
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events included hematologic and gastrointestinal toxicities and fatigue. The median overall
survival was 6.2 months and the 1 year survival 37 %. In 2 patients in whom paired tissue biopsies
were available, Ras and KRas protein levels were decreased on C1D9. Salirasib exposure was not
altered by gemcitabine and did not correlate with PD outcomes.

Conclusion—The combination of gemcitabine and salirasib appears well-tolerated, with no
alteration of salirasib exposure, and exerted clinical and PD activity in PDA.

Keywords
Salirasib; Gemcitabine; Pancreatic cancer; Phase I; RAS

Introduction
Chemotherapy treatment options for patients with metastatic pancreatic cancer (PDA)
remain limited [1–4].

Ras mutations are seen in approximately one-third of human cancers, with the highest
incidence of mutations seen in PDA [5]. Thus, the RAS signaling pathway stands as a
strategic target for this disease [6]. Previous attempts to directly block RAS activity by
inhibition of farnesyltransferase have been ineffective, as multiple escape pathways exist
that allow for alternative prenylation of Ras protein [7, 8]. S-trans,trans-farnesylthiosalicylic
acid (FTS, salirasib) inhibits Ras-dependent cell growth by dislodging all of the isoforms of
RAS from the plasma membrane [9]. The in vitro activity of salirasib has been demonstrated
in pancreatic cell lines and xenograft models [9, 10]. In the Panc-1 cell line, salirasib
decreased the amount of RAS in a dose-dependent manner, with a maximum decrease in Ras
of approximately 50 % seen at concentrations of 25 to 50 µM. Furthermore, in mouse
xenograft models, salirasib inhibited Panc-1 tumor growth and was shown to be synergistic
with gemcitabine, both inhibiting tumor growth and prolonging survival [9–11]. Salirasib
was tested in a phase I study in patients with solid tumors twice daily for 21 days every 4
weeks. Doses were escalated from 100 to 200, 400, 600, and 800 mg. Dose-limiting toxicity
was not reached, but all three patients treated with 800 mg experienced Grade 1–2 diarrhea,
preventing further dose escalation. The recommended dose for phase II studies was 600 mg
bid [12].

To further investigate the role of salirasib in PDA, we conducted this preclinical and clinical
study. The objectives of the preclinical study were to determine the activity and signaling
effects of salirasib alone and combined with gemcitabine in a set of patient derived
xenografts (PDX) from the PancXenoBank collection [13]. The clinical study aimed to a)
determine the maximum tolerated dose (MTD) and dose limiting toxicities (DLT) of
salirasib in combination with gemcitabine in patients with advanced PDA; b) characterize
the safety profile of the combination; c) explore the pharmacokinetic (PK) behavior and
pharmacodynamic (PD) effects of the agents’ effects; and d) seek preliminary evidence of
antitumor effects.

Patients and methods
Preclinical studies

In vivo tumor therapy studies—A set of 14 PDX from the PancXenoBank collection at
Johns Hopkins were used for these studies. Mice (6-week-old male athymic nude mice,
Harlan) were housed and maintained in accordance with the Institutional Animal Care and
Use Committee and guidelines of the American Association of Laboratory Animal Care.
Fresh pancreatic tumor specimens were implanted subcutaneously into the flanks of mice as
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reported [14]. Tumors were allowed to grow on both flanks of mouse from the same patient
xenografts until the tumor reached a volume of ~200 mm3. Mice were randomized (5 mice
with bilateral flank tumors; 10 evaluable tumors/group) and treated with vehicle (control) or
salirasib 100 mg/Kg p.o., once daily for 4 weeks. In order to investigate whether salirasib
could potentiate gemcitabine sensitivity, we treated A6L and Panc265 xenografts with
gemcitabine 100 mg/Kg i.p., twice weekly for 4 weeks or gemcitabine in combination with
salirasib. Tumor size was evaluated twice per week by caliper measurements and tumor
volume was calculated using the following formula: tumor volume=[length × width2]/2.
Tumor growth index (TGI) was calculated using the formula: (mean tumor volume of drug-
treated group/mean tumor volume of control group) × 100. Xenografts with a TGI <50 %
were considered sensitive, TGI >50 % were considered resistant to Salirasib. 50 % cut-off
value was used as a criterion for sensitivity in prior published studies using PDA xenografts
[15].

Protein extraction and western blotting—In order to investigate the PD effects of
salirasib, we conducted immunoblotting using post treatment tumor samples. Protein
extracts were prepared from tumors according to previously published method [16]. Primary
antibodies for K-RAS (Proteintech Group Inc, 1:1500 dilution), total RAS, Akt, p-Akt
Ser473, MAPK, p-MAPK Thr202/Tyr204, MEK, p-MEK Ser221, NF-κB, XIAP and c-PARP,
(Cell Signaling Technology) were diluted at 1:1,000 in TBS containing 5 % protease-free
bovine serum albumin (Sigma-Aldrich) and the membranes were incubated with primary
antibodies overnight at 4°C with rocking. After washing three times with TBS, the
membranes were incubated for 2 h at room temperature with ECL anti-rabbit IgG
horseradish peroxidase-conjugated antibody (GE Healthcare, UK) at a final dilution of
1:2,000 in TBS containing 0.01 % Tween 20 and 5 % non fat dry milk. After washing three
times with TBS, bound antibodies were detected by enhanced chemiluminescence (GE
Healthcare, UK). β actin was used as a loading control.

Clinical study
Study design—This was a single-institution phase I study in patients with metastatic PDA
conducted at the Johns Hopkins Hospital (Baltimore, Maryland). Eligible patients were
treated with gemcitabine 1,000 mg/m2 administered intravenously (IV) over 30 min on days
1, 8 and 15 plus salirasib administered orally (PO) at doses ranging from 200 to 800 mg bid
for 21 days of a 28-day cycle. The dose of salirasib was escalated using the continuous
reassessment method (CRM) [17]. Patients were treated until disease progression (PD) or
intolerable toxicity. A cohort of six patients was treated at the MTD to asses PD effects in
tumor biopsies. The MTD of salirasib in combination with gemcitabine was defined as the
highest dose level evaluated that achieved a DLT rate <33 %. DLT was defined as: 1)
ANC<500/mm3 for >5 days or associated with fever (temperature, ≥38°C) or with infection;
2) platelet count <50,000/mm3 accompanied by clinically significant bleeding or any platelet
count <25,000/mm3; 3) any drug-related grade 3 or grade 4 non-hematological toxicity,
except diarrhea or nausea and vomiting in the absence of optimal medical management; and
4) treatment delay for >14 days due to study drug-related toxicities. Grade 4 vomiting or
diarrhea that persisted despite maximal prophylaxis and treatment with anti-emetic or anti-
diarrheal therapy, respectively, was considered dose-limiting. Intra-patient dose escalation
was permitted.

Eligibility—Treatment-naïve patients with histologic confirmed advanced PDA; an Eastern
Cooperative Oncology Group (ECOG) score of 0–2; liver function tests (LFTs)≤3×the upper
limit of normal (ULN) or, if liver involvement, ≤5×ULN; absolute neutrophil count (ANC)
≥1,500/mm3; platelet count ≥100,000/mm3; and hemoglobin ≥10 g/dL were eligible.
Measureable disease was not required. Patients with central nervous system (CNS)
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metastases or a baseline QT/QTc interval ≥470 msec were excluded. Prior adjuvant therapy
was allowed if >3 weeks since the last treatment. No prior treatment with gemcitabine was
allowed.

Procedures and assessment—After obtaining informed consent, baseline studies were
performed for tumor assessment (computed tomography [CT] scan and serum CA 19–9
levels), organ function (complete chemistry profile and complete blood counts [CBC] with
differential and platelet count) and toxicity. Patients were monitored weekly during study
participation including clinical and toxicity assessment, complete chemistry profile and CBC
with differential. Safety was assessed by the incidence of treatment-related adverse events
(AEs), as reported per the National Cancer Institute (NCI) Common Terminology Criteria
for Adverse Events (CTCAE) version 3.0, and incidence of dose modifications, dose
interruptions, and/or premature discontinuation of study drug. Response, in patients with
measureable disease, was assessed by CT scans at baseline and pretreatment every other
cycle using the Response Evaluation Criteria in Solid Tumors (RECIST) at baseline and at 4
and 8 weeks based using the European Organization for Research and Treatment of Cancer
(EORTC) criteria. Changes in CA 19–9 levels were also examined.

Pharmacokinetic and pharmacodynamic assessments—Salirasib
pharmacokinetics were assessed at steady-state when administered alone (C1D7 or C1D22)
and in combination (C1D8 or C1D15) with gemcitabine. Salirasib concentrations were
determined in plasma samples by validated high pressure liquid chromatography with mass
spectrometry detection (LC/MS/MS), with a lower limit of quantitation of 1 ng/ml [18].
Individual salirasib plasma concentration–time data were analyzed by noncompartmental
methods using WinNonlin version 5.3 (Pharsight, Inc.) [19]. Tissue biopsies were collected
pretreatment and on C1D9 to characterize the effect of treatment on RAS levels using a
western blot assay as described above.

Statistical considerations—Toxicity and response, as determined using RECIST, was
to be summarized using descriptive statistics. Overall survival was defined as the time from
first study drug dose to patient death (any cause). Progression free survival (PFS) was
defined as the time from first study drug dose to the start of disease progression or patient
death (any cause), whichever occurred first. If the patient did not have PD or was still alive,
then PFS was to be censored at the last date of contact with the patient. Time to progression
(TTP) was defined as the time from first study drug dose to the start of PD or patient death
due to PD. If the reason for a patient’s death was other than PD, then the TTP was to be
censored at the date of death. PFS, OS, and TTP were analyzed using Kaplan-Meier analysis
methods.

Pharmacokinetic parameters were summarized by descriptive statistics. Differences between
pharmacokinetic parameters during sampling periods were compared by a Wilcoxon
matched-pairs signed-rank test. Pearson’s correlation coefficient or Mann–Whitney U-tests
were used to assess correlations between exposure (Cmax or AUC) and exploratory PD end
points. These tests were performed using JMP Statistical Discovery software (version 7.0.1;
SAS Institute, Cary, NC, USA). The a priori level of significance was p>0.05.

Results
Preclinical studies

Tumor growth inhibition in PDX models—To investigate whether salirasib
monotherapy has preclinical clinical activity in PDA, we treated 14 individual patient-
derived PDA. As shown in Fig. 1a, salirasib monotherapy produce a wide range of tumor
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growth inhibition among xenografts with >50 % inhibition in tumor growth of 2/14
xenografts (410 and 194). We next determined if the combination of salirasib and
gemcitabine resulted in heightened activity. As shown in Fig. 1b, the combined treatment
improved the activity of gemcitabine supporting the further clinical development of the
agent in combination.

Pharmacodynamic effects of treatment—To investigate the effect of salirasib on
KRAS pathway proteins, we conducted western blot analysis on whole tumor homogenates.
Results obtained in the western blot analysis indicate that the combination of salirasib and
gemcitabine decreased the levels of KRAS, p-Akt and p-MAPK compared to control and
either single agents alone (Fig. 1c). Decreased levels of KRAS, p-Akt and p-MAPK in
combination therapy treated tumors were obvious in A6L but not in 265 xenograft. In
addition, the combination of gemcitabine and salirasib induced apoptosis as shown by
elevated cleaved-PARP expression in 265 xenograft (Fig. 1c).

Clinical results
Patient characteristics—A total of 19 patients, whose pertinent clinical characteristics
are listed in Table 1 were enrolled. The majority of the population was male (68 %) and the
median age was 61 years (range 40 to 80 years). All 19 patients had stage 4 pancreatic
cancer with metastases to the liver in 90 %, to the abdomen in 37 %, to the lung in 16 %,
and to other sites in 16 %. No patient had received prior chemotherapy for advanced PDA.

Dose and treatment administration—Three, 4, 3 and 9 patients received 200, 400, 600
and 800 mg or salirasib in combination with gemcitabine respectively. The mean number of
cycles in which patients were treated was 4, with the majority (11 patients; 58 %) treated in
at least 4 cycles. Two patients received >10 cycles; 1 of these 2 patients continued treatment
for 19 cycles before study drug was discontinued due to pleural effusion and pulmonary
embolus and the other continued treatment for 24 cycles without disease progression. Eight
(42 %) patients received 1 or 2 cycles only. Ultimately, patients were discontinued from the
study because of disease progression/worsening clinical status (58 %), unacceptable toxicity
(26 %), or administrative reasons (patient or investigator decision, termination of the study
by the sponsor, 16 %).

Dose-Limiting toxicity and safety assessments—No events meeting the DLT
definition were observed; therefore, an MTD was not reached. Overall, as demonstrated in
Table 2, the most common toxicities were hematologic, including anemia (68 %),
neutropenia (58 %), leukopenia (53 %), and thrombocytopenia and lymphopenia (47 %
each), as well as diarrhea (58 %) and abdominal pain and fatigue (42 % each). The most
common grade 3 or 4 toxicity events were hematological and occurred in 47 %
(neutropenia), and 11 % (thrombocytopenia) of patients respectively. Other grade 3 or 4
events reported in 2 or more patients included pulmonary embolism (16 %) and abdominal
pain, diarrhea, fatigue, and increased aspartate transaminase (AST) and alkaline phosphatase
(ALK) (11 % each). No clear dose or salirasib exposure (Cmax and AUC) relationship was
apparent with regard to hematologic toxicity. However, diarrhea occurred at a higher
incidence in the 2 highest salirasib dose cohorts (600 and 800 mg) compared to the lower
dose cohorts (200 and 400 mg) but did not correlate to salirasib exposure. Nausea and
vomiting (overall incidence 32 % and 26 %, respectively) also occurred at a higher
incidence in the highest salirasib dose cohort (800 mg) compared to the lower dose cohorts
(200, 400, or 600 mg) but did not correlate to salirasib exposure. There were no deaths or
serious adverse events considered to be salirasib-related. No patterns of change in clinical
laboratory tests or clinically meaningful changes in electrocardiogram findings or vital sign
measurements were seen.
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Pharmacokinetic and pharmacodynamic endpoints—The PK profile of salirasib
after oral administration was characterized by slow absorption and a rapid elimination phase
(Fig. 2). Gemcitabine did not alter salirasib exposure (Cmax or AUCτ), which was similar
when salirasib was administered alone (Day 7 or 22) or in combination with gemcitabine
(Day 8 or 15) (p>0.05; matched pairs analysis). The T1/2 (mean±standard deviation [SD])
was 5.71±4.31 h when administered alone and 3.73±1.42 h when administered in
combination with gemcitabine (p=0.44; matched pairs analysis). Thus, salirasib appears to
be well tolerated, with no PK interaction.

Biopsies of liver metastases were obtained pretreatment and on C1D9 from three patients in
the 800 mg cohort. Total RAS in these 3 patients was lowered by up to 33 % after 9 days of
salirasib treatment. KRAS, as determined in 2 patients, was lowered by up to 44 % after 9
days; representative changes in total RAS and KRAS in these 2 patients (Patients 019 and
023) are shown in Fig. 3.

Efficacy—No objective responses were observed but 9 patients had reduction in tumor size
(Fig. 4). The overall survival was 6.2 months (95 % confidence interval [CI]: 5.07, 18.42)
and the median PFS was 3.9 months (95 % CI: 2.76, 5.99). The 1-year survival rate was 37
%. When the 600 mg cohort plus the 400 mg cohort were considered, the median OS was
notably longer than that in the overall study population, at 20.2 months (95 % CI: 6.18,
24.11), and the 1-year survival rate was 71 % (5 of 7 patients). Two patients, with ECOG 0
survived beyond 2 years. The first patient is a 46-year-old white male who continued
treatment salirasib+gemcitabine for 24 cycles over 1.8 years, and remains alive on alternate
chemotherapy >1 year after his last salirasib dose. The second patient is a, a 62-year-old
white female who received 4 cycles of treatment died of PDA 731 days (2.0 years) after
starting treatment. There was no correlation between salirasib exposure and clinical
outcomes (p>0.05).

Discussion
The ultimate goal of this work was to gain data to support the further development of the
agent in this disease. The results showed that salirasib, in combination with gemcitabine,
inhibits the growth of PDX of PDA and modulates downstream Ras signaling. In the clinical
study, the combination of salirasib with gemcitabine was well tolerated with neither DLT
nor PK interaction observed in the dose-range tested. However, based on the overall rate of
toxicities, a dose of 600 mg bid appears well tolerated and has been selected for further
studies. The PD data, albeit limited, supports the mechanism of action of agent in patient
tumors.

Activating mutations in the KRas oncogene constitute one of the main genetic alterations in
PDA [5]. Indeed, targeting RAS has been actively sought in the development of drugs in
PDA. Initial studies focused on agents that blocked Ras farnesylation and, therefore,
anchorage to the plasma membrane. However, these agents failed to inhibit PDA growth
likely because Ras could be activated by alternative prenylation reactions [20]. Salirasib
works by a different mechanism of action dislodging all RAS isoforms from the plasma
membrane. The agent exerted antitumor and mechanistic effects in PDA cell lines and was
selected for clinical development [9–11].

More extensive preclinical testing may help to better identify potential active agents and to
characterize mechanism of action and select biomarker of drug action. With this goal our
group developed the PancXenoBank, which is a collection of well characterize PDX [12].
This model has been extensively used to screen for new drugs in PDA with recent data
showing that positive results in the model predict for subsequent clinical efficacy [21]. The
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integrate approach presented here with an initial preclinical study followed, if activity
warrants, by a focus clinical trial provides an strategy for a more rational drug development
plan in PDA [22].

Salirasib was well tolerated and did not interact pharmacokinetically with gemcitabine.
Though an MTD was not defined, a dose of 600 mg b.i.d is well tolerated and has been
selected for further studies. Paired tumor biopsies showed target modulation. Unfortunately
this endpoint was only assessable in two subjects. As shown in the data, the degree of KRas
down regulation ranged was approximately 40 %. It is not possible to determine the
biological significance of this observation with current data. This topic should be the focus
of subsequent studies. In this study, the combination resulted in a 6.2 months median
survival and a 37 % one-year survival. The corresponding parameters for single agent
gemcitabine in the recent randomized clinical trials are 5–6 and 20–25 %. While
comparisons across studies is difficult, the 1 year survival data is promising and supports
continuing the development of the agent in a phase II study.

In summary, these data show that salirasib in combination with gemcitabine demonstrated
antitumor activity and biomarker modulation in preclinical models of PDA. This
combination was well tolerated in patients with advanced PDA neither serious toxicity nor
pharmacokinetic interaction. The treatment down regulated Ras protein expression and
resulted in meaningful treatment efficacy. A dose of 600 mg po bid is recommended for
further studies of this combination. Based on these results, a randomized phase II study of
gemcitabine plus salirasib versus gemcitabine alone is been considered.
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Fig. 1.
Efficacy and pharmacodynamic effect of salirasib on PDA PDX. PDX from PDA patients
were implanted in athymic mice. Animals with established tumors were treated with the
agents as mentioned in the materials and method section. a Anti-tumor effect of salirasib on
the tumor growth of fourteen xenografts. Error bars represent standard error of mean (SEM);
N=10 tumors per group (5 mice with bilateral flank tumors). Dotted line represents 50 %
TGI. Salirasib treatment could reduce tumor volume by 50 % in 410 and 194 xenograft
compared to vehicle treated animals. b Growth curves of A6L and 265 xenografts treated
with vehicle, salirasib, GEM or combination of GEM and Salirasib. c Immunoblots showing
that a combination of GEM and Salirasib treatment inhibits the expression of K-Ras, p-Akt,
p-MEK (blots in side the green rectangle). C-PARP expression was up-regulated in the
tumors of GEM or combination of GEM and salirasib treatment as compared to vehicle or
salirasib treated tumors. Two separate tumors from the vehicle, salirasib, GEM and GEM
plus salirasib treatment were homogenized. Lyates were resolved in SDS-PAGE and probed
with specific antibodies against indicated proteins. β-actin was used as a loading control
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Fig. 2.
Average salirasib concentration-time profile. Average plasma concentration-time for all
patients after salirasib was administered alone (day 7 or 22; A) or in combination with
gemcitabine (day 15 or 8; B). The solid circle (Black Circle), open circle (○), solid triangle
(Black Down-Pointing Triangle), and open triangle (White Triangle) represent 200 mg, 400
mg, 600 mg, and 800 mg, respectively. The error bars depict the standard deviation.
Concentrations that were BLQ are represented as 0.5 ng/mL (i.e., 1/2 LOQ). Concentrations
that were not trough samples were not utilized to calculate the average concentration for that
time point
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Fig. 3.
Pharmacodynamic effects in paired tumor biopsies. a Data shown represent 24.75 %
inhibition in total Ras and 43.65 % inhibition in KRas in Patient 019, a 67-year-old white
male with metastases to the liver. b Data shown represent 16.09 % inhibition in total Ras
and 42.81 % inhibition in KRas in Patient 023, a 55-year-old white female with metastases
to the liver
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Fig. 4.
Waterfall plot of tumor measurement. Data are shown for patients with both baseline and
post-baseline target lesion and CA19-9 measurements. Best response=maximum decrease
from baseline in the sum of the longest diameters (SLD) of target lesions; if a decrease from
baseline was not seen, the smallest increase from baseline in the SLD of target lesions is
presented. [≥25 % increase from baseline in CA19-9 (blue); 25 % change from baseline in
CA19-9 (yellow); and ≥25 % decrease from baseline in CA19-9 (red)]
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Table 1

Demographic and baseline disease characteristics

Number of patients 19

Median age (range) 64 (40–80)

Gender (M/F) 13/6

ECOG

0 15

1 3

2 1

Metastases site

Liver 17

Abdomen 7

Lung 3

Other 3

Prior treatment

Surgery 6

Chemotherapy 1

Radiation therapy 1
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