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Abstract

Purpose This study was conducted to define the maximum tolerated dose (MTD), recommended phase two dose (RPTD), and
toxicities of gemcitabine + dasatinib (GD) and gemcitabine + dasatinib 4 cetuximab (GDC) in advanced solid tumor patients.
Methods This study was a standard phase I 3 + 3 dose escalation study evaluating two combination regimens, GD and
GDC. Patients with advanced solid tumors were enrolled in cohorts of 3—6 to either GD or GDC. Gemcitabine was dosed at
1000 mg/m? weekly for 3 of 4 weeks, dasatinib was dosed in mg PO BID, and cetuximab was dosed at 250 mg/m? weekly
after a loading dose of cetuximab of 400 mg/m?. There were two dose levels for dasatinib: (1) gemcitabine + dasatinib 50 mg
+ cetuximab, and (2) gemcitabine + dasatinib 70 mg =+ cetuximab. Cycle length was 28 days. Standard cycle 1 dose-limiting
toxicity (DLT) definitions were used. Eligible patients had advanced solid tumors, adequate organ and marrow function,
and no co-morbidities that would increase the risk of toxicity. Serum, plasma, and skin biopsy biomarkers were obtained
pre- and on-treatment.

Results Twenty-five patients were enrolled, including 21 with pancreatic adenocarcinoma. Three patients received prior
gemcitabine. Twenty-one patients were evaluable for toxicity and 16 for response. Four DLTs were observed: Grade (Gr)
3 neutropenia (GDC1, n=1), Gr 3 ALT (GD2, n=2), and Gr 5 pneumonitis (GDC2, n=1). Possible treatment-emergent
adverse events (TEAEs) in later cycles included: Gr 3—4 neutropenia (n="7), Gr 4 colitis (n=1), Gr 3 bilirubin (n=2), Gr
3 anemia (n=2), Gr 3 thrombocytopenia (n=2), Gr 3 edema/fluid retention (n=1), and Gr 3 vomiting (n=3). Six of 16
patients (3 of whom were gemcitabine-refractory) had stable disease (SD) as best response, median duration =5 months
(range 1-7). One gemcitabine-refractory patient had a partial response (PR). Median PFS was 2.9 months (95% CI 2.1, 5.8).
Median OS was 5.8 months (95% CI 4.1, 11.8). Dermal wound biopsies demonstrated that dasatinib resulted in a decrease
of total and phospho-Src levels, and cetuximab resulted in a decrease of EGFR and ERBB?2 levels.

Conclusions The MTD/RPTD of GD is gemcitabine 1000 mg/m? weekly for 3 of 4 weeks and dasatinib 50 mg PO BID.
The clinical activity of GD seen in this study was modest, and does not support its further investigation in pancreatic cancer.
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Introduction

Adenocarcinoma of the pancreas is the fourth leading
cause of cancer-related death in the United States, with an
estimated 55,440 new cases in 2018 and a mortality rate
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logue of deoxycytidine, is approved for the treatment of
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tumors and activated in 60% of tumors. It has been associ-
ated with pancreatic cancer cell growth and tumorigenesis
[5, 6], increased metastatic potential [7], increased angio-
genic potential via upregulation of VEGF and interleukin-8
[8, 9], reduced survival particularly when combined with
higher tumor grade [10-13], and gemcitabine-resistance in
pancreatic cancer cell lines [14].

Dasatinib is a potent competitive inhibitor of critical
oncogenic tyrosine kinase/kinase families including Src,
BCR-ABL, c-KIT, PDGFRp, and EPHA?2. Dasatinib is
FDA-approved for the treatment of newly diagnosed Phila-
delphia chromosome-positive (Ph+) chronic myeloid leuke-
mia (CML) in chronic phase and Ph+ acute lymphoblastic
leukemia. Dasatinib inhibits migration and invasion of pan-
creatic cancer cell lines, and inhibits the development of
metastases in a mouse model of pancreatic cancer [13]. Inhi-
bition of Src activity in pancreatic cancer cell lines causes
decreased cellular invasiveness [15] and the combination of
dasatinib and gemcitabine-induced anti-proliferative effects
and induced apoptotic cell death in gemcitabine-resistant
pancreatic cancer cells [16]. In pancreatic cancer nude
mouse models, treatment with dasatinib led to significant
anti-tumor and anti-metastatic effects [17, 18]. Inhibition of
Src activation increases gemcitabine-mediated cytotoxicity
in vitro, and limits tumor growth in combination with gem-
citabine in orthotopic models in vivo.

Beyond its direct effects, Src interacts with G-protein
coupled receptors and receptor tyrosine kinases including
the epidermal growth factor receptor (EGFR) [19]. Cetuxi-
mab is a monoclonal antibody that binds specifically to
EGFR on both normal and tumor cells, and competitively
inhibits the binding of epidermal growth factor and other
ligands. This blocks phosphorylation and activation of
receptor-associated kinases, resulting in inhibition of tumor
cell growth, induction of apoptosis, and decreased matrix
metalloproteinase and vascular endothelial growth factor
production. Src modulates the function of EGFR through
phosphorylation of tyrosine residues on EGFR that allow for
coupling to downstream signaling events [20, 21]. In pan-
creatic cancer cells, the combination of dasatinib, erlotinib
(small molecule EGFR inhibitor), and gemcitabine resulted
in cooperative inhibition of cell migration and invasion, as
well as cooperative inhibition of multiple signaling pathways
[22]. The combined inhibition of Src and EGFR with gem-
citabine inhibited constitutively activated STAT3 in vitro
and in vivo. These preclinical data suggest that gemcitabine
in combination with Src and EGFR inhibition may be a new
therapeutic strategy to treat metastatic pancreatic cancer.

The goals of this study were to determine the MTD/RPTD
and to evaluate the toxicity of the gemcitabine + dasatinib
(GD) and gemcitabine + dasatinib + cetuximab (GDC)
combinations in patients with solid tumors. While the cur-
rent study was ongoing, data from SWOG S0205 failed to
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demonstrate benefit from gemcitabine + cetuximab treat-
ment; therefore, the GDC treatment arm was not continued
in the current study, and only the GD arm was expanded.

Materials and methods
Patients

General inclusion criteria for all patients were age > 18
years, KPS >70%, life expectancy >3 mo, adequate organ
and marrow function, capable of taking oral medications,
willingness to use effective contraception, and negative
pregnancy test. Specific inclusion criteria for the dose esca-
lation phase include histologically confirmed solid tumor
malignancy that is metastatic or unresectable and for which
standard therapy would include gemcitabine or for which
standard curative or palliative measures do not exist or are
no longer effective. Specific inclusion criteria for the dose
expansion phase included histologically or cytologically
documented adenocarcinoma of the pancreas, radiologic or
surgical proof of metastatic disease, no prior chemotherapy
for metastatic pancreatic disease (prior 5-fluorouracil or
capecitabine or other agents used as radiosensitizers with
concurrent radiation therapy was permitted). Gemcitabine
was only permitted if administered in the adjuvant setting
with > 6 months between last gemcitabine treatment and
diagnosis of metastatic disease.

General exclusion criteria included any anti-cancer treat-
ments (except for hormonal therapy for metastatic breast or
prostate cancer) or major surgeries within 28 days of day
1; pregnancy or breastfeeding; impairment of gastrointes-
tinal function that could alter drug absorption; significant
cardiac disease or stroke; bleeding diathesis or medications
that inhibit platelet function; fluid retention; known HIV,
hepatitis C, acute or chronic active hepatitis B; serious
chronic infection requiring ongoing treatment; drugs that
increase the risk of Torsades de Pointes; CYP3A4 inhibi-
tors or inducers; proton pump inhibitors or H2 antagonists;
or prior severe infusion reaction to a monoclonal antibody.

Study design

The primary objectives of this study were to determine
the MTD/RPTD of gemcitabine + dasatinib (GD) and of
gemcitabine + dasatinib + cetuximab (GDC) in patients
with advanced solid tumors. The secondary objectives of
this study were to describe any DLTs for these regimens,
describe any non-DLTs for these regimens, describe mark-
ers of efficacy for GD in patients with previously untreated
metastatic pancreatic cancer (RR, PFS, OS), describe
markers of efficacy for GDC for patients with previously
untreated metastatic pancreatic cancer (RR, PFS, OS), and
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to describe changes in blood-based biomarkers for patients
with previously untreated metastatic pancreatic cancer in the
expanded cohort at the MTD/RPTD. Dermal wound biopsies
were employed to evaluate pharmacodynamic changes in
Src, EGFR, and ERBB2 activation after treatment.

This trial was an open-label, single-center phase I trial at
Duke University Medical Center (DUMC) of GD and GDC
to assess the safety, tolerability, and MTD/RPTD of each
combination. Additionally, preliminary efficacy of these
combinations in adult patients with advanced solid tumors
and with previously untreated metastatic pancreatic cancer
was assessed. Study drugs were gemcitabine (G) was dosed
at 1000 mg/m? over 30 min on days 1, 8, and 15, dasatinib
(D) in mg PO BID continuously, + cetuximab (C) 250 mg/
m? on days 1, 8, 15, and 22, after a loading dose of 400 mg/
m? on cycle 1 day 1. There were two dose levels for dasat-
inib: (1) gemcitabine + dasatinib 50 mg + cetuximab, and (2)
gemcitabine 4 dasatinib 70 mg + cetuximab. Cycle length
was 28 days. Due to the negative results of SWOG 0205, the
GDC treatment arm did not complete enrollment, and only
the GD arm was expanded.

Clinical and radiographic assessments

All baseline evaluations were conducted within 14 days
prior to the first dose of study drugs. Tumor assessment
(radiographic and/or blood tumor markers) must have been
completed within 28 days prior to the first dose of study
drug. At baseline, all patients had a history, physical exami-
nation, vital signs, baseline symptom assessment, height,
weight, KPS, assessment of concurrent medications, tumor
assessment, with prospective identification of target and
non-target lesions that were followed throughout the study.
Toxicity was assessed every visit, and as clinically indicated.
DLTs were assessed during cycle 1. Patients also underwent
dermal wound biopsies. Restaging studies were performed
every 2 cycles (8 weeks), and as clinically indicated. Patients
were followed for adverse events for 30 days after the last
dose of treatment or until resolution of toxicity or start of
another treatment regimen.

Safety

DLT was defined as follows, graded according to National
Cancer Institute Common Toxicity Criteria for Adverse
Events, version 3.05: hematologic toxicity > grade 4 neu-
tropenia or thrombocytopenia for > 7 days duration, febrile
neutropenia where ANC <500 and temperature > 101 °F,
nausea/vomiting or diarrhea > grade 3 and lasting >4 days
despite adequate supportive measures, other non-hema-
tologic toxicity > grade 3 (excluding alopecia, anorexia,
hyperbilirubinemia due to biliary obstruction or progres-
sive disease, hypersensitivity reaction, and acneiform rash),

any treatment-related death or treatment-related hospitali-
zation (except for allergic reaction to cetuximab), inability
to deliver > 85% of scheduled gemcitabine, dasatinib, and
cetuximab (in case of intra-cycle dose modifications) due to
treatment-related toxicity, delay in recovery of toxicity that
is considered treatment-related that results in 14 day delay
in starting cycle 2, other severe or otherwise intolerable tox-
icities considered by the study Principal Investigator (PI)
to be dose-limiting. Dose escalation proceeded according
to the standard 3 4 3 design. Each patient in a given cohort
was monitored for at least one full cycle before beginning
enrollment of a cohort at the next dose level. The regimen at
the dose level immediately below the one with unacceptable
toxicity was the RPTD. If no unacceptable toxicity was seen
at the highest dose level for either GD or GDC, the corre-
sponding dosing regimen was considered the MTD/RPTD.

The duration of therapy was defined as treatment in the
absence of treatment delays until one of the following: death,
disease progression, noncompliance by patient or treating
physician, persistent (>4 weeks) NCI-CTCAE v3.0 Grade
3 or 4 adverse event or any significant adverse event that
compromises the subject’s ability to participate in the study,
investigator determination that it is not in the subject’s best
interest to continue participation, or pregnancy. Patients felt
to be clinically benefiting from treatment could be continued
on treatment with the agreement of the treating physician
and study PI.

Dermal wound biopsy

Skin biopsy procedures and analysis of granulation tissue
biopsies

Skin biopsies were obtained using previously reported meth-
ods [23, 24]. Briefly, prior to treatment, a 4-millimeter (mm)
skin punch biopsy (Fray Products Corp., Buffalo, NY) was
created to stimulate granulation tissue formation followed
by a 5 mm biopsy of the healing wound (granulation tissue)
collected 7 days later. Tissue biopsies were embedded in
Optimal Cutting Temperature (OCT) compound and then
immediately snap frozen in liquid nitrogen and stored at
—80 °C. The granulation tissue biopsies (5 mm) were har-
vested at baseline (prior to any treatment) and after at least
1 week of treatment with the respective targeted agent or
agents. The time points for each biopsy are listed in Fig. 1.

At the time of analysis, tissue samples were thawed at
room temperature, washed in ice-cold PBS and homogenized
as previously described [24]. Protein lysate were analyzed
using the Meso Scale Discovery platform (MSD, Gaithers-
burg, MD). Phospho (Tyr1173)/Total EGFR Whole Cell
Lysate kit (Cat# K15104D) and Phospho (Tyr1248)/Total
ErbB2 Assay Whole Cell Lysate Kit (Cat# K15125D) were
used to evaluate EGFR and ErbB2 pathways. Src pathway
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Fig. 1 Progression-free survival in months from consent date. Pro-
gression-free survival probability from the date consent was obtained.
The median progression-free survival and the 95% confidence inter-

was evaluated using assays developed in our laboratory
using MSD ELISA platform. Briefly, Anti-tSrc antibody
(Cell Signaling Technology, Inc., Danvers, MA, Cat#2108),
anti-pSrc pY*'® antibody (Invitrogen, Carlsbad, CA, Cat#
44660G), were added at 1ug/ml to goat anti-mouse plates
(MSD, Gaithersburg MD), and incubated at room tempera-
ture (R.T.) for 1 h. The plates were washed with TBS/ 0.05%
Tween-20 three times and protein lysate from granulation
tissue protein lysate were added and incubated for 2 h at R.T.
Sulfo-TAG (MSD, Cat#R91AN-1) labeled anti-Src antibody
(R&D, Cat# AF3389) were then added to the plates and
incubated for 1 h at R.T. after plates were washed. The elec-
troluminescence value was normalized to each control and
plotted as a percent of control. All assays were performed
in duplicate using 50—100 pg of total protein according to
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val are noted. The number censored and uncensored values are noted
in the table below the graph

manufacturer’s recommendations and read on MSD sector
imager 2400 instrument (MSD, Cat# R92TC-2).

Statistical analysis

This trial employs a phase I dose escalation design, in
which 25 evaluable patients with advanced solid tumors
were accrued to either the GD or GDC arm in alternat-
ing fashion. Descriptive statistics are provided for patient
demographics and baseline characteristics. A summary
is provided for the incidence and severity of toxicity that
arises from treatment as well as other outcome variables
(RR, PFS, OS). PFS is measured from consent date until
documented progression of disease or death from any cause.
OS is measured from consent date until death from any
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cause. Adverse events (non-DLTs) are summarized over-
all by counts and percentages. Wilcoxon signed rank tests
were used to analyze the change in total Src, phospho-Src,
total EGFR, phospho(Tyr1173) EGFR, total ErbB2, and
phospho(Tyr1248) ErbB2 expression and p values are pro-
vided. Secondary endpoints are exploratory and p values are
not adjusted for multiple testing.

Results
Patient demographics

A total of 25 patients were enrolled, treated, and 21 were
evaluable for toxicity. Patient demographics and tumor types
are summarized in Table 1. The median age was 60 (range
34-73). There were 10 (40%) female patients and 15 (60%)
male patients. Patients with pancreatic adenocarcinoma
accounted for 21 patients (84%). There was one patient each
with peritoneal mesothelioma, cervical carcinoma, ampul-
lary adenocarcinoma, and cancer of unknown primary (4%
each). Most patients had a Karnofsky performance status of
90 or 100 and an ECOG score of 0 (23 patients). Seventeen
patients (68%) were previously untreated, 3 patients (12%)
had 1 prior line of chemotherapy, 1 patient (4%) had 2 prior
lines of chemotherapy, and 4 patients (16%) had 3 prior lines
of chemotherapy. One patient (4%) had prior radiation ther-
apy alone, while 7 patients (28%) had prior chemoradiation.

Dose escalation and MTD determination

The dose escalation schema for GD and GDC are noted in
Table 2. Dose findings were based on overall safety and tol-
erability of the investigational drug combination in other
clinical studies. Four patients had treatment-related DLTs.
In the GD arm, 2 of 3 patients had Gr 3 ALT at GD2. In the
6 patients treated at GD1, none experienced a DLT. There-
fore, GD1 (gemcitabine 1000 mg/m? and dasatinib 50 mg
PO BID) was identified as the MTD/RPTD. In the GDC
arm, there were 2 DLTs: one patient had Gr 3 ANC with
infection in GDC1, and 1 patient had a Gr 5 pneumonitis in
GDC2. The final cohort in GDC2 was not completed due to
difficulty with enrollment.

Safety

Of the 25 enrolled subjects, 21 subjects were evaluable for
toxicity. Most adverse events were mild to moderate and
resolved with supportive clinical care and protocol-specific
dose holdings and reductions. Gr 3 through 5 adverse events,
and the percentage of patients with treatment-related toxici-
ties across all cycles is summarized in Table 3. Overall, there
were 36 Gr 3 events in 16 subjects, and 9 of these events

Table 1 Patient demographics and endpoints

Characteristic Patients n (%)
Median age, years (range) 60 (34-73)
Gender
Female, no. (%) 10 (40)
Male, no. (%) 15 (60)
Ethnicity, no. (%)
White 24.(96)
Black 14)
Type of primary tumor, no. (%)
Pancreatic adenocarcinoma 21 (84)
Peritoneal mesothelioma 14)
Cervical carcinoma 14)
Ampullary adenocarcinoma 1(4)
Cancer of unknown primary 1(4)
Karnofsky performance status, no. (%)
100 5(20)
90 18 (72)
80 2 (8)
ECOG score
0 23 (92)
1 2 (8)
# of Prior chemotherapy treatments
0 17 (68)
1 3(12)
2 14)
3 4 (16)
Prior radiation therapy without concurrent chemotherapy
0 24 (96)
1 14)
Number of prior combination chemoradiation
0 17 (68)
1 7 (28)
2 14)
Total # of prior treatments
0 12 (48)
1 6 (24)
2 2 (8)
3 3(12)
4 2(8)
Median time on therapy in days (range) 56 (1, 273)
Mean number of cycles on therapy (range) 2.9 (0.04-9.7)
Reason off treatment
Intercurrent illness 5Q@21)
Noncompliance 14)
Progression of disease 12 (50)
Patient choice 14)
Toxicity 5Q@21)

Demographics, prior treatments, duration on treatment, and reasons
for coming off treatment for all study patients

@ Springer



1030

Cancer Chemotherapy and Pharmacology (2019) 83:1025-1035

Table 2 Gemcitabine/dasatinib

S Dose level Gemcitabine (mg/mz) IV Dasatinib (mg) PO Cetuximab IV days 1, ntreated n DLTs

(GD),aT‘d gerngltabme/ over 30 min, days 1, 8, 15  BID continuous 8, 15,222 (mg/mz)

dasatinib/cetuximab (GDC)

dosing GD-1 1000 40 0 0 0
GDC-1 250 0 0
GD1 1000 50 0 6 0
GDCl1 250 6 1
GD2 1000 70 0 3 2
GDC2 250 5 1
GD3 1000 100 0 0 0
GDC3 250 0 0

Shown here are the dose levels for GD and GDC cohorts. The dose and frequency of gemcitabine (GD and
GDC arms), dasatinib (GD and GDC arms), and cetuximab (GDC arm) are listed. The number of evaluable
patients treated at each level (n treated) and number of DLTs (n DLTs) are listed

3GDC arms only. First dose of cetuximab will be a loading dose of 400 mg/m? IV day 1 cycle 1 only. The
remainder of the doses will be 250 mg/m? IV

Three of five patients on GDC2 came off treatment due to toxicity

Table 3 Summary of Grade 3-5 adverse events (n=21) across dose
levels

Adverse event name  All AEs n (%) Treatment-
related n
(%)
Grade3 Grade4 Grade5 Grades 3-5
Alk phos 1(5) 0 0 1(5)
ALT elevation 2%(10) O 0 2 (10)
Neutropenia 6* (29) 1(5) 0 7 (33)
Bilirubin elevation 2 (10) 0 0 0
Colitis 0 1(5) 0 1(5)
Dyspnea 0 1(5) 0 1(5)
Edema 1(5 0 0 1(5)
Fatigue 2 (10) 0 0 1(5)
Hemoglobin 2 (10) 0 0 0
Hyperglycemia 2 (10) 0 0 0
Hypophosphatemia 1(5) 0 0 1(5)
Lymphopenia 3(14) 0 0 3(14)
Thrombocytopenia 2 (10) 0 0 2 (10)
Pneumonitis 0 0 1*(5) 1(5)
Skin rash 1(5) 0 0 1(5)
Ulcer 1(5) 0 0 1(5)
Vomiting 3(14) 0 0 0

Included in this table are adverse events experienced in at least 2
patients, or adverse events that were classified as treatment-related in
at least 1 patient

*Includes at least one DLT

were considered to be possibly related to treatment. There
were 3 Gr 4 events in 3 subjects; all were thought to be pos-
sibly related to treatment (colitis, dyspnea, and neutropenia).
Overall, the most common treatment-related Gr > 3 adverse
events were neutropenia (n="7, 33%), lymphopenia (n=3,
14%), thrombocytopenia (n=2, 10%), and ALT elevation
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(n=2, 10%). All other treatment-related Gr >3 adverse
events that were noted occurred at a frequency of 1 patient
each (n=5% each). There was one treatment-related death
in GDC2 due to a Gr 5 pneumonitis.

Efficacy

Patients were considered evaluable for tumor response if
they underwent the first planned tumor assessment scan
without clinical progression prior to the scan. Of the 25
subjects enrolled, 16 subjects were evaluable for response.
For assessment of best response across all patients, 1 had
a PR, 6 patients had SD, and 9 patients had progressive
disease (PD). The median duration of SD was 6.4 months
(range 2.9-8.7). Median PFS (22 PFS events and 3 censored
observations) was 2.9 months (95% CI 2.1, 5.8) (Fig. 1).
Median OS (15 deaths and 10 censored observations) was
5.8 months (95% CI 4.1, 11.8) (Fig. 2).

Dermal wound biopsy analysis

Levels of total and phosphorylated proteins from dermal
wound biopsies, collected at baseline and on-treatment, were
assessed to determine on-target effect of therapy. Eight patients
treated with GD and eleven patients treated with GDC arm
had granulation tissue biopsies available for analysis at both
baseline (off-treatment) and day 8 after dosing treatment (on-
treatment). Compared to baseline, total Src protein expression
was decreased in both GD- and GDC-treated patients with the
exception of 1 GD patient (Fig. 3a, b). The reduction of total
Src protein levels upon dasatinib treatment was statistically
significant in GDC arm, but not the GD arm. Phospho-Src
protein levels were significantly reduced with both GD and
GDC treatment (Fig. 3c, d). This result is consistent with the
inhibitory effect on Src phosphorylation by dasatinib. Similar
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to total SRC expression, total and phosphorylated EGFR and
ErbB2 protein expression were decreased in patients receiv-
ing cetuximab (GDC arm), while no changes were observed
in patients only receiving GD treatment without cetuximab
(Fig. 3e-1). This result demonstrates the specific inhibition of
EGFR and ErbB2 by cetuximab. In summary, these findings
demonstrate direct pharmacodynamic inhibition of Src by
dasatinib and EGFR pathway members by cetuximab.

Discussion

In this phase I study, we evaluated GD and GDC in patients
with solid tumors, mostly pancreatic cancer. Both combina-
tions were reasonably well-tolerated, but due to data from

SWOG 0205 which failed to demonstrate any clinical activ-
ity of gemcitabine + cetuximab, accrual to the GDC arm was
not completed in the current study. The MTD/RPTD of GD
was gemcitabine 1000 mg/m? d1, d8, and d15 every 28 days
and dasatinib 50 mg PO BID continuous. The median time
on therapy was 61 days (range 1-361). One patient experi-
enced a PR and six had SD with a median duration of 6.4
months. The median PFS was 2.9 months (95% CI 2.1-5.8).
The median OS was 5.8 months (95% CI, 4.1-11.8). There
were 11 patients that had dose reductions.

Our results are consistent with other studies evaluating
the efficacy of dasatinib in other solid tumors including pan-
creatic cancer. A single-arm, phase II study of dasatinib as
first-line therapy in 51 patients with metastatic pancreatic
cancer reported a median PFS of 2.1 months and median
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«Fig. 3 Changes in total and phospho-Src (a—d), total and phospho-
EGFR (e-h) and total and phosphor-ErbB2 (i-1) protein levels from
baseline. Waterfall plots on the left represent GD treatment arm and
waterfall plots on the right represent GDC treatment arm

OS of 4.7 months [25]. Of the 34 evaluable patients, the best
response achieved was SD in 10 patients (29.4%), though
one patient had SD for 20 months while on treatment. While
single-agent dasatinib does not have much clinical activity
in metastatic pancreatic cancer, a phase I study of gemcit-
abine/dasatinib showed SD >6 months in 2 of 8 patients
with pancreatic cancer, both of whom were gemcitabine-
refractory, supporting our finding that dasatinib may over-
come resistance to gemcitabine [26]. The combination of
dasatinib/cetuximab had no objective responses and 10 of 23
evaluable patients had only SD as the best response, with a
median duration of 4.3 months [27]. Minimal clinical activ-
ity and toxicity may limit EGFR inhibition with gemcitabine
and Src inhibition.

Many of the molecular events and mechanisms involved
in wound repair and tumor angiogenesis and growth are sim-
ilar [28]. Previously, we established a dermal wound model
to detect the antiangiogenic effects of multiple antiangio-
genic agents using granulation tissue as a surrogate tissue
for tumor [23, 24, 29]. We were able to demonstrate Src
pathway inhibition by dasatinib based on the reduction of
phospho-Src protein levels in granulation tissue. In fact,
similar reduction was seen in IGROV1 cells in vitro using
our assay platform [30]. In the analysis presented, targeted
EFGR pathway inhibition was evidenced by decreased lev-
els of total and phospho-EGFR in patients only receiving
cetuximab treatment. The reduction in total EGFR protein
expression is consistent with the fact that cetuximab compet-
itively inhibits EGFR ligand binding and promotes receptor
internalization and degradation without stimulating tyros-
ine kinase phosphorylation [31]. Interestingly, cetuximab
treatment also led to decreased levels of total and phospho-
ErbB2 protein. ErbB2 functions primarily as a dimerization
partner of EGFR but does not bind to ligands directly [32].
Therefore, this finding could be another confirmation of the
EGEFR pathway inhibition.

Other Src inhibitors have also been studied in pancreatic
cancer. SKLB261 is a multikinase inhibitor that potently
inhibits Src, EGFR, and VEGFR?2 kinases [33]. In vitro in
human pancreatic cells, it inhibits cell proliferation, migra-
tion, invasion, and induces apoptosis, and in vivo in pan-
creatic cancer xenografts, it had more potent antitumor
activities than dasatinib, erlotinib, or gemcitabine alone.
KX2-391, a small molecule Src inhibitor and inhibitor of
tubulin polymerization, targets the peptide substrate rather
than the ATP binding site. The phase I trial of KX2-391
in 44 patients with refractory solid tumors, including 6
patients with pancreatic cancer resulted in 11 patients with

SD >4 months [34]. A phase I/II study of the Src inhibitor
saracatinib in combination with gemcitabine in 22 patients
with advanced or metastatic pancreatic cancer resulted in
6 patients (27.3%) with SD <4 months, 5 patients (22.7%)
with SD >4 months, and 3 patients (9.1%) with PR [35].
A phase I study of the Src/Abl tyrosine kinase inhibitor
bosutinib plus capecitabine in 31 evaluable patients, 5 with
pancreatic cancer, resulted in a PR >24 weeks in 6% and
SD > 24 weeks in 13% of all tumor types, but no patients
with pancreatic cancer achieved a CR or PR.

Since the completion of the current study, dasatinib was
studied in combination with gemcitabine in a large phase 2
placebo-controlled, double-blind study in locally advanced
pancreatic cancer [36]. In this study, 202 patients received
gemcitabine plus dasatinib vs. placebo, with the option for
radiotherapy. There was no statistically significant difference
in OS or PFS, and there was more toxicity in the dasatinib
arm, resulting in fewer patients who completed dosing cycles
and more treatment discontinuation. If administered at doses
and schedules with improved tolerability, this combination
may have demonstrated greater clinical activity. A phase II
study of emcitabine + dasatinib administered adjuvantly in
patients previously treated with surgery completed accrual
in November 2017, though results are not available to date.

To augment the clinical activity seen in this study, other
therapeutic combinations may warrant exploration. Pre-
clinical data suggests that concomitant targeting of EGFR
in addition to TGF- and Src may represent a novel thera-
peutic approach in pancreatic cancer [37]. Furthermore,
simultaneously targeting SHP-2 and Src in pancreatic cancer
has been shown to disrupt pancreatic cancer signaling and
biology in vitro and in vivo in an orthotopic nude mouse
model [38]. Dually targeting both SHP-2 and Src induced
an additive loss of phosphorylation of Akt and ERK-1/2 and
corresponding increases in expression of apoptotic markers
and significantly reduced viability, adhesion, migration, and
invasion of pancreatic cancer cells in vitro and tumor forma-
tion in vivo. It is possible that these and other combinations
may demonstrate enhanced clinical activity than seen in the
current study.

The ability to prospectively identify patients who are
likely to benefit from this targeted therapy combination
may also result in improved clinical activity in a subset of
patients. In a phase I study of dasatinib with capecitabine,
oxaliplatin, and bevacizumab in patients with metastatic
colorectal cancer, high levels of Src activation were asso-
ciated with improved response [39]. However, this study
was limited by difficulties in assessing correlations between
biomarker levels with response given small number of treat-
ment responders. A Src biomarker-driven trial was not able
to conclude if saracatinib could improve 6-mo survival in
patients with previously treated pancreatic cancer, due to
limited numbers [40].
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In conclusion, we have identified that the MTD/RPTD of
GD is gemcitabine 1000 mg/m2 ondl, d8, and d15 every 28
days and dasatinib 50 mg PO BID continuously. The combi-
nation of gemcitabine 1000 mg/m2 ondl, d8, and d15, dasat-
inib 100 mg PO BID, with or without cetuximab 250 mg/m?
every 21 days was limited by early hematologic and hepatic
toxicities. Furthermore, later toxicities, including hemato-
logic toxicities, pneumonitis and fluid retention were occa-
sionally significant with the GDC combination. The GD
regimen demonstrated some clinical benefit, as prolonged
SD was noted. Wound biopsy analyses indicated direct tar-
get inhibition of Src, as well as EGFR pathway members
in response to the combinations tested. Evaluation of this
combination in a more rigorous, appropriately powered,
randomized study based on Src inhibitor biomarkers may
result in improved treatment response in pancreatic cancer.
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