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Summary Purpose Dasatinib has been shown preclinically
to overcome resistance to gemcitabine. We evaluated the
safety and biological activity of the combination of dasatinib
and gemcitabine in patients with advanced solid tumors.
Experimental Design In a phase 1 study (3+3 design),
patients received daily dasatinib with weekly gemcitabine on
days 1, 8 and 15 of a 28-daycycle (except cycle 1 which was
8 weeks). Dose escalation began with dasatinib 70 mg orally
(PO) daily and gemcitabine 800 mg/m?’ intravenously (IV)
weekly. Results Forty-seven patients (15 men; median age=
55 years; median number of prior systemic treatments=4)
were enrolled. Dose-limiting toxicities were grade 3 fatigue
and dehydration, with the maximum tolerated dose being
dasatinib 100 mg PO qd and gemcitabine 600 mg/m* IV
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weekly. The most common grade 3—4 toxicities were anemia
(21.5 %), thrombocytopenia (26.2 %), leukopenia (26.2 %),
and pleural effusion (10.7 %). Six of 47 patients attained
stable disease (SD)>6 months or partial response including
2 of 8 patients with pancreatic cancer (SD>6 months; both
gemcitabine-refractory), 2 of 3 patients with thymoma (SD for
9.8 and 15 months), 1 of 1 patient with anal squamous cancer
(SD 15 months) and 1 of 5 patients with inflammatory breast
cancer. No significant changes in circulating tumor cells or
interleukin-8 levels were observed. Conclusions The combi-
nation was well tolerated at doses of dasatinib 100 mg PO
daily and gemcitabine 600 mg/m? IV weekly. SD>6 months/
PR was observed in gemcitabine-refractory pancreatic cancer,
thymoma, anal cancer and inflammatory breast cancer.

Keywords Dasatinib - Gemcitabine - Pancreatic cancer -
Phase 1 - Advanced solid tumors

Introduction

Gemcitabine (2°,2’-difluorodeoxycytidine, LY 188011,
Gemezar), a nucleoside analog of deoxycytidine, alone and
in combination with other chemotherapy, has been approved
for treatment of pancreatic [1], non-small cell lung, breast,
and ovarian [2] cancer. Gemcitabine’s primary function as a
chemotherapeutic agent is inhibition of cellular DNA syn-
thesis [3].

Increased Src expression has been associated with che-
moresistance to different drugs [4, 5], including gemcita-
bine. Duxbury et al. [6] showed that constitutively active
Src increased gemcitabine chemoresistance and that Src
inhibitors, such as inhibitor PP2, increased gemcitabine-
induced apoptosis and suppressed ribonucleotide reductase
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M2 (RRM2)-regulating the transcription factor E2F1 in
gemcitabine-resistant cell lines [6].

Dasatinib competes with adenosine triphosphate (ATP)
for the ATP-binding site in the kinase domain of selected
protein tyrosine kinases (PTKs) and has been shown to
inhibit at least five PTK families, including SRC family
kinases. Dasatinib inhibited phosphorylation of tyrosine
418 of Src, the autophosphorylation site indicative of the
activated form of Src, reducing Src autophosphorylation and
downstream phosphorylation of critical Src substrates [7].
Trevino et al. [4] showed that dasatinib reduced tumor size
and the incidence of metastasis in mice inoculated with L3.6
pl human pancreatic tumor cells. A murine study using
human pancreatic cancer cell lines to promote tumor growth
reported that a combined regimen of dasatinib and gemcita-
bine together with erlotinib significantly reduced tumor
growth [8]. Based on preclinical evidence, we hypothesized
that dasatinib, by inhibiting Src, can overcome chemoresist-
ance to gemcitabine. Therefore, we conducted a phase 1
study of dasatinib and gemcitabine in patients with ad-
vanced cancer to determine the safety and biological activity
of this regimen.

Patients and methods
Ethics

The study was approved by the Institutional Review Board
at The University of Texas MD Anderson Cancer Center.
Patients provided written, informed consent prior to partic-
ipating in the clinical trial.

Patients

Eligible patients were at least 18 years of age with a histo-
logic or cytologic diagnosis of a primary solid tumor, and
evidence that the disease was metastatic or locally ad-
vanced, and measurable by Response Evaluation Criteria
in Solid Tumors (RECIST) 1.0 [9]. Other inclusion criteria
were an Eastern Cooperative Oncology Group (ECOG)
performance status of 0—1, and adequate bone marrow,
hepatic and renal function, adequate serum levels of calci-
um, potassium and magnesium, and recovery from grade >1
toxicities related to prior chemotherapy, radiotherapy, hor-
mone treatment or immune therapy.

Exclusion criteria included unwillingness or inability of
patients of childbearing potential to use an acceptable meth-
od of birth control for study duration and at least 3 months
after study completion, pregnant or breastfeeding; extensive
prior radiation therapy to bone marrow; untreated or uncon-
trolled symptomatic brain metastasis; serious uncontrolled
medical disorder or active infection; uncontrolled or

significant cardiovascular disease; dementia or altered men-
tal status that could hinder informed consent; history of a
significant bleeding disorder or a documented major bleed-
ing episode from the gastrointestinal tract within the previ-
ous 6 months; prior exposure to dasatinib; use of gastric pH
modifying agents; history of allergic reactions to study
drugs; or clinically significant pleural effusion.

Study design

This study was a phase 1 trial of dasatinib combined with
gemcitabine in patients with advanced solid tumors. The trial
began in March 2007, and a total of 47 patients were enrolled,
with 32 enrolled into the dose-escalation portion and 15
enrolled into the dose-expansion portion of a standard 3+3
study design, with a 7-day run-in of dasatinib. The maximum
tolerated dose (MTD) was defined as the highest dose level at
which<2/6 patients experienced treatment-related toxicity
from the combination of dasatinib and gemcitabine. Once
the MTD had been determined, an additional 15 patients were
enrolled at the MTD to further assess tolerability and biolog-
ical endpoints. All patients who received any study drug were
considered evaluable for response and were included in the
efficacy data set. All available pharmacodynamic data from
patients who received dasatinib during the study were includ-
ed in the pharmacodynamic data set, but only patients who
had a baseline measurement and at least one post-dose assess-
ment were included in the summary statistics and statistical
analyses of pharmacodynamic parameters in blood.

Study treatment

Four weeks (28 days) was considered to be one cycle, except
cycle 1 was 56 days (8 weeks). During the dose-escalation
phase, there was an initial 7-day dasatinib “run-in”; patients
were started on dasatinib alone on cycle 1 day 1, and dasatinib
was given orally once daily for 7 days. If the patient experi-
enced any>grade 2 adverse event(s) from dasatinib, the pa-
tient was withdrawn from the study, and replaced with a new
patient. Thus, only patients with<grade 2 events attributable
to dasatinib continued on the combination of dasatinib and
gemcitabine. Gemcitabine was started on cycle 1 day 8 and
given once weekly for 7 of 8 weeks as a 30-minute infusion
during cycle 1. For all other cycles, gemcitabine was given
once weekly for 3 of 4 weeks as a 30-minute infusion with
dasatinib given orally daily for 28 days. There was no dasati-
nib run-in in the expansion phase.

The dose escalation schedule was dasatinib 70 mg qd and
gemcitabine 800 mg/m? intravenously (IV) at dose level 1;
dasatinib 90 mg qd and gemcitabine 800 mg/m” at dose
level 2; dasatinib 100 mg qd and gemcitabine 600 mg/m? at
dose level 3; and dasatinib 100 mg qd and gemcitabine
800 mg/m? at dose level 4.
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Patient monitoring

While on study therapy, patients were monitored continu-
ously for adverse events and toxicity was graded using
National Cancer Institute Common Terminology Criteria
for Adverse Events (NCI-CTCAE) version 3.0 [10]. Patients
continued to receive therapy on the dose and schedule to
which they were assigned in the absence of disease progres-
sion and if all non-hematologic toxicities (with the excep-
tions of alopecia, hematologic toxicity, and fatigue)
considered related to dasatinib and that were CTCAE grade
<1 had returned to baseline. In addition, platelet count and
absolute neutrophil count (ANC) had to be adequate (criteria
were >1,500 cells/mm3 for absolute neutrophil count and
>100,000 cells/mm3 for platelet count) before the next
dosing of dasatinib and gemcitabine therapy.

Patients were taken off study after grade 4 non-hematologic
toxicities, grade >3 neuropathy, or second events of grade 3
nausea/vomiting or diarrhea. Subjects were immediately re-
moved from the study if they withdrew informed consent, or if
there was any clinical adverse event, treating physician’s
decision that continuing on study was not in the best interests
of the patient, or pregnancy, isolation due to illness (e.g.,
infectious disease), or legal reasons. Patients with a
QTc >530 msec were also taken off study.

Outcome measures

Dose-limiting toxicity (DLT), defined as adverse events that
were definitely, possibly or probably study drug-related and
that occurred during the first 28 days of drug administration,
included>grade 3 nausea, vomiting, or diarrhea despite ade-
quate/maximal medical intervention/ prophylaxis; delayed re-
covery of >14 days from toxicity related to treatment with
dasatinib and gemcitabine; a QTc interval >530 msec seen on
electrocardiogram (ECG) while on therapy; grade 4 neutrope-
nia despite growth factor treatment; or grade 4 thrombocyto-
penia lasting>2 weeks.

Response and progression were evaluated using RECIST
1.0 [9]. Best overall response, duration of overall response,
and duration of stable disease (SD) were calculated based on
RECIST measurements.

Pharmacodynamic and biomarker assessments

Pharmacodynamic markers, enumeration of circulating tu-
mor cells (CTC) and interleukin-8 (IL-8) levels were eval-
uated following collection of blood samples at baseline prior
to therapy, at day 8 after dasatinib alone, and at the end of
week 4 following 3 weeks of therapy with combined dasa-
tinib and gemcitabine. The number of CTC, an indicator of
tumor activity, was determined using the Cell Search® assay
(Veridex, LLC, Johnson & Johnson, Raritan, NJ).
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Quantitation of IL-8 levels was accomplished using the
Quantikine Human IL-8 immunoassay, a commercially
available enzyme linked immunosorbent assay (ELISA)
(R&D Systems, Mineapolis, USA). Absorbance of samples
on the plate was read at 450 nm and IL-8 concentration was
standardized by total protein or cell number. The rationale
for the assessment of IL-8 levels was that Src regulates IL-
8 expression, and IL-8 is a pro-angiogenic molecule that
also promotes metastatic potential [11]. IL-8 levels were
quantified in all patients at the MTD (dose level 3 comprised
of dasatinib 100 mg qd and gemcitabine 600 mg/m?).

Statistical methods

Data were analyzed using SPSS 17.0 for Windows computer
software (SPSS Inc, Chicago, IL). Frequency distributions
of gender and race were tabulated by dose/cohort. Summary
statistics for age, body weight, height, and body mass index
(BMI) were also tabulated by dose/cohort.

To account for the minimum detectable dose or the lower
limit of sensitivity of the CTC and IL-8 assays (lower limits of
sensitivity were 1 CTC/ 7.5 mL of blood for the CTC Veridex
assay, and 0-7.5 pg/mL for the IL-8 assay), CTC and IL-
8 values below the lower limits of sensitivity of these assays
were assigned a fixed value at the approximate mid-point of the
range of the lower limit of sensitivity of the assay from zero.
Thus, mean CTC values between 0 and 1.0 were assigned a
value of 0.5, and mean IL-8 values between 0 and 7.5 were
assigned a value of 3.5.

Descriptive statistics including means+standard error (SE)
were computed for CTC counts and IL-8 levels. The paired
samples t-test was used to determine if overall, CTC or IL-
8 levels changed between baseline and day 28 in all patients
with available values. For further analyses involving CTC and
IL-8 levels, patients were classified into two groups based on
response outcome. The first group comprised patients with a
best response of SD >6 months or partial response (PR); and
the second group included all other patients. Differences in
CTC and IL-8 between the patients who had SD>6 months/
PR and the other patients at baseline, day 28, and changes in
CTC and IL-8 between day 28 and baseline were examined
using the Mann—Whitney U Test. The level for statistical
significance was set a priori at P<0.05.

Results
Patients
Patient demographic and baseline clinical characteristics are
shown in Table 1. A total of 47 patients were enrolled in the

trial, including 32 in the escalation phase of the trial and 15 in the
expansion phase. The most common cancers in the study
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Table 1 Demographics and clinical characteristics of patients (N=47)

Number (%)

Sex

Men 15 (32)
Women 32 (68)
Race

Non-Hispanic White 35 (74)
African-American 8(17)
Hispanic 24
Asian 2 (4)
Age (years)

Median 55
Range 23-83
Baseline ECOG

0 10 (21)
1 37 (79)
Primary tumor type

Colorectal 9 (19)
Pancreatic 8 (17)
Non-inflammatory breast cancer 8 (17)
Inflammatory breast cancer 5(11)
Thymoma 3(6)
Other® 14 (30)
Prior radiotherapy 28 (60)
Prior chemotherapy

1-2 prior regimens 7 (15)
> 3 prior regimens 40 (85)
Prior systemic therapies

Median 4

ECOG, Eastern Co-Operative Oncology Group

#Other tumors reported were carcinoma of unknown primary (n=1),
endometrial (n=1), ovarian (n=1), squamous vaginal (n=1), cervical
(n=1), cholangiocarcinoma (n=1), squamous cell carcinoma of the
anal canal (n=1), gallbladder (n=1), lung (non small cell lung cancer)
(n=1), hepatocellular (n=1), melanoma (n=1), salivary adenocarcino-
ma (n=1), synovial sarcoma (n=1), Merkel cell carcinoma (n=1)

population were colorectal (9 patients, 19 %), pancreatic (8
patients, 17 %), non-inflammatory (7 patients, 15 %) and in-
flammatory (6 patients, 13 %) breast cancers. Most patients were
women (32 patients, 68 %), non-Hispanic white (35 patients,
74 %), had received prior radiotherapy (28 patients, 60 %) and/
or >3 prior chemotherapeutic regimens (40 patients, 85 %).

Safety

The adverse event (AE) profile for dasatinib and gemcitabine
treatment is shown in Table 2. Five patients received dasatinib
alone, and 42 patients received the combination of dasatinib
and gemcitabine and were evaluated for safety. Across all dose
levels, most patients (n=27, 64.3 %) reported only<grade 2

toxicities, that were at least possibly drug-related. The most
common grade 3—4 adverse events at least possibly drug-
related were anemia (9/42 patients, 21.5 %), thrombocytope-
nia (11/42 patients, 26.2 %), leukopenia (11/42 patients,
26.2 %), and lymphopenia (9/42 patients, 21.5 %) Pleural
effusion was noted in five patients (5/47 patients, 10.7 %),
of which four were grade 2 and one was grade 3.

Serious adverse events (SAEs) at least possibly drug-related
were reported in 14 patients (14/47 patients, 29.8 %), and
included dehydration, nausea, vomiting, and fatigue, diarrhea,
anemia, and fever without neutropenia, confusion, hemolytic-
uremic syndrome (HUS), infection with normal neutrophil
levels, abdominal pain, pleural effusion, pericardial effusion,
dsypnea, hypokalemia, thrombocytopenia, and leukopenia.
Drug-related death was reported in one patient who developed
thrombotic thrombocytopenic purpura (TTP)-HUS attributed to
gemcitabine, and two deaths were due to disease progression.

DLT and MTD

At dose level 2, one of six evaluable patients experienced a
DLT of grade 3 fatigue and dehydration. At dose level 3, one
of six evaluable patients experienced a DLT of grade 3
alanine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST) elevation. At dose level 4, two of six evaluable
patients experienced DLT: one patient had grade 3 fatigue
and the other had grade 3 fatigue and dehydration. There-
fore, dose level 3, dasatinib 100 mg PO qd and gemcitabine
600 mg/m?, was determined to be the MTD. In the dose
expansion phase at dose level 3, two of 15 evaluable
patients experienced DLT of grade 3 AST and ALT eleva-
tion, and grade 3 dehydration, diarrhea and vomiting.

Response

Figure 1 is a waterfall graph of each patient’s best response
to treatment with gemcitabine+dasatinib by RECIST crite-
ria. Of 47 patients, one patient achieved a PR, and 11
patients had SD. Ten patients had progressive disease by
RECIST measurement criteria; eight patients came off due
to new metastatic lesions or clinical progression, 11 patients
withdrew consent, and six came off study due to toxicities.

One of five patients with inflammatory breast cancer
achieved a PR (duration=2 months; number of prior systemic
treatments=4). Five patients (11 %) who received the combina-
tion (5/47) achieved SD>6 months. These included one patient
with metastatic squamous cell carcinoma of the anal canal
(15 months), two patients with metastatic thymoma (15 months
and 9.8 months), two patients with pancreatic cancer (6.3 months
and 7.5 months). Two patients exceeded 13 months on study:
the patient with squamous cell carcinoma of the anal canal (dose
level 3, best response 28 % decrease), and one patient with
thymoma (dose level 3, best response 17 % decrease). Of the
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Table 2 Adverse events across all cycles of treatment for the combination of dasatinib and gemcitabine (N=47)

Adverse event Grade 2 Grade 3 Grade 24 (%) All
grades (%)
No. of (%) No. of (%) (%)
patients patients

GI

Diarrhea 1 2 5 19
Constipation 1 10
Vomiting 3 3 7 14 26
Nausea 4 10 10 45
Dehydration 5 12 5 12 24 26
Hemorrhage 1 2 2
Anorexia 1 2 26
Metabolic

Elevated alkaline phosphatase 1 2 24
Elevated ALT 3 7 3 14 31
Elevated AST 5 12 3 19 43
Elevated creatinine 2 5 12
Hyperglycemia 2 5 12
Hypophosphatemia 2 5 1 2 12
Hematologic

Anemia 13 31 9 21 52 60
Thrombocytopenia 5 12 7 17 10 38 62
Leukopenia 7 17 11 26 43 52
Lymphopenia 5 12 5 12 10 33 36
Neutropenia 11 26 3 7 33 50
Infection 0 0
Febrile neutropenia 1 2 2 2
Fever in absence of neutropenia (ANC>1.0) 1 2 12
Infection with unknown ANC 1 1 2 5 5
Infection with normal ANC (ANC >1.0) 0 2
Musculoskeletal

Weakness (lower extremity) 1 2 2
Edema (limb) 2 5 17
Neuropathy

Sensory 1 2 2 10
Respiratory

Dyspnea 3 7 1 10 24
Pleural effusion 4 10 1 12 14
Pain

Headache 1 2 2 17
Pain (myalgia) 1 2 2 10
Pain (abdominal) 2 5 5 7
Cardiac

Pericardial effusion 1 2 2 7
Tachycardia 1 2 2 2
Renal

Proteinuria 2 5 5 10
Constitutional

Fatigue 10 24 2 5 29 52
Weight loss 1 2 2 5

@ Springer
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Table 2 (continued)

Adverse event Grade 2 Grade 3 Grade 4 Grade 24 (%) All
grades (%)
No. of (%) No. of (%) No. of (%)
patients patients patients
Chills 5
Cold sweats 2
Neurologic
Seizure 1 2
Confusion 1 2
Other
Phlebitis 1 2

Allergic reaction/ hypersensitivity (Drug fever)

Adverse events are defined according to National Cancer Institute—Common Toxicity Criteria for Adverse Events (NCI-CTCAE) version 3.0

criteria [9]

18 patients who had received gemcitabine prior to the present
combination regimen of dasatinib and gemcitabine, two (2/18,
11 %) stayed on the trial for more than 6 months; both of these
patients had pancreatic cancer and stayed on study for 25 weeks
(best response 3.7 % decrease) and 34 weeks (best response
2.9 % decrease), respectively. Thus, 2/8 (25 %) patients with
pancreatic cancer who had received gemcitabine previously
stayed on study for more than 6 months.

100%
80%
60%
40%

20%

lTTTTTTTTT*******

Pharmacodynamics

We hypothesized that a pharmacodynamic effect of dasati-
nib might correlate with the post-therapy reduction of CTC.
IL-8 levels were assessed because we hypothesized that
dasatinib, a multikinase inhibitor, could inhibit Src kinase,
and thereby, alter levels of IL-8, a pro-angiogenic [11] and
pro-metastatic cytokine. Mean [+ standard error (SE)] CTC

—
RN

0%

-20%

-40%

-60%

M salivary gland B Endometrial
I Inflammatory breast Thymoma
B Colorectal NSCLC
Non-inflammatory breast
Pancreatic I Merkelcell
I Cholangiocarcinoma Ovarian

Fig. 1 Waterfall graph showing each patient’s best response to treat-
ment by RECIST criteria. An arbitrary value of 21 % (indicated by 1 or
*) was assigned for best response on the waterfall chart for those

Hepatocellular carcinoma

Cervical

Melanoma

Squamous vaginal

Unknown primary

Synovial sarcoma

Squamous cell carcinoma
of the anal canal

patients who failed early due to toxicity or other reasons () or for
those with clinical progression or new metastatic lesions (*)
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Fig. 2 Mean number of

circulating tumor cells (CTC) at
baseline (prior to start of treat-
ment with any study drug), day
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o
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N
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sensitivity of the assay was 1

n
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Circulating Tumor Cell Count/7.5 mL of Blood
w
p——
s
n
N
o
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Day

-—Patients whose best overall response for the study was partial response or stable disease > 6 months

counts/ 7.5 mL of blood were 2.13+0.48 at baseline versus
3.40+1.38 at day 28 (V=30 patients) (P=0.38). Mean IL-
8 level at baseline was 39.04+15.0 pg/mL versus 55.6+
21.72 pg/mL at day 28 (N=19 patients) (P=0.076).

Figure 2 shows the mean number of CTC over time (days
0, 8, and 28) by response outcome. The baseline CTC in
patients with >6 months/PR was 1.42+0.55 CTC / 7.5 mL
of blood (N=4) vs. 2.24+0.55 CTC/ 7.5 mL of blood in all
other patients (N=26) (P=0.93). The mean change in CTC
between day 28 and baseline in the patients with SD
>6 months/PR was —0.92+0.55 counts (N=4) vs. 1.61+
1.65 (N=26) (P=0.123) in all other patients. At day 28,
the difference in mean CTC counts between patients with
SD>6 months/ PR and others approached significance (0.5
+0.0 vs. 3.85£1.57, P=0.052).

Figure 3 shows IL-8 levels over time (days 0, 8, and 28)
by response outcome in all patients evaluated at the MTD.
The mean=+SE IL-8 levels at baseline for patients with SD>
6 months/PR was 6.27+2.77 pg/ mL (N=2) versus 42.9+

16.56 pg/mL for the others (N=17) (P=0.234). The mean
change in IL-8 levels between day 28 and baseline was 6.88
+2.57 pg/mL for patients with SD>6 months/PR (N=2) vs.
14.96+8.37 pg/mL in the others (N=15) (P=1.00). At day
28, IL-8 levels were 13.15+£5.34 in patients with SD>
6 months vs. 61.26+£24.31 in the others (P=0.368).

Discussion

This phase 1 study of gemcitabine combined with dasatinib
showed that the combination was tolerable, with the main
associated toxicities being hematologic. This may be related
to gemcitabine, or possibly a combined treatment effect of
dasatinib plus gemcitabine, on the bone marrow. Observed
DLTs were similar to those in other solid tumor studies with
dasatinib or gemcitabine alone, i.e., grade 3 fatigue and
grade 3 elevated liver function tests [12—15]. The rate of
pleural effusion (14 %) was similar to other studies with

Fig. 3 Mean levels of 90.00
interleukin-8 on days 0, 8, and
28 of cycle 1 in the dasatinib 80.00
plus gemcitabine study of the
patients in the dose expansion 3 70.00
£
phase. The lower level of sen- E]
sitivity of the assay was 0— % 60.00 —¢ n=17
7.5 pg/ mL. * Difference in £
mean change in IL-8 from é 50.00
baseline to day 28 between £ 0/
patients with PR or SD> 5 40.00
6 months versus other patients. 5 p= 0.368°
. . >
" Difference in IL-8 at day 28 & 30.00
between patients with PR or
SD>6 months versus other 20.00 i
patients n=2
10.00 J
E——
T p=1.002
0.00
0.00 5.00 10.00 15.00 20.00 25.00 30.00
Day

—o—All other patients
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dasatinib in solid tumors [13, 14, 16, 17]. One significant
SAE was the development of hemolytic uremic syndrome in
a patient with inflammatory breast cancer who had initial-
lyachieved a PR. Hemolytic uremic syndrome is a rare side
effect that has been reported with gemcitabine and other
chemotherapies [18, 19]. The rate of hemolytic uremic syn-
drome with gemcitabine alone has been reported to be
0.4 %, but has not been reported with dasatinib [19].

CTC levels have previously been shown to predict
progression-free (PFS) and overall survival (OS) in patients
with metastatic breast cancer [20]. CTC might be tumor
cells that have become resistant to anoikis [21], a natural
physiological process of detachment-induced apoptosis in
normal cells [22]. Indeed, it has been shown that activation
of Src and closely related kinases (for example, FAK) con-
fers resistance to anoikis in tumor cells that metastasize [22,
23]. Thus, we hypothesized that the pharmacodynamic ef-
fect of dasatinib might correlate with the post-therapy re-
duction of CTC. However, in our study, despite the high
patient tumor burden, the median and mean number of CTC
even prior to study enrollment was low (median=0.5/7.5 ml,
mean=2.13+0.48/7.5 ml). There was no change in CTC
number after single agent dasatinib or in combination with
gemcitabine, which could be an artifact of the low number
of CTC at baseline. The reason for the low number of CTC
in this population with highly metastatic and heavily pre-
treated disease is unclear. However, Mego et al. [24] de-
scribed the absence of detectable CTC in approximately
one-third of patients with metastatic breast cancer [24]. Of
possible interest, the difference in day 28 CTC between
patients with SD>6 months or PR vs. other patients
approached significance. Therefore, CTC may merit further
study in trials of this combination.

The assessment of IL-8 in this study was based on the
knowledge that Src regulates IL-8, a pro-angiogenic [11]
and pro-metastatic molecule. Trevino et al. [11] showed that
activation of Src results in increased IL-8 production, and
that small interfering RNA mediated inhibition of c-Src
expression significantly reduced IL-8 synthesis. Mean IL-
8 levels did not change with time in our study. Indeed, there
was a trend towards an increase in levels. This may be
because IL-8 is produced by both tumor cells and host cells
in response to tumor [25] and most of our patients had
progressive disease.

One PR was seen in this study in a patient with ER, PR,
HER-2 negative inflammatory breast cancer. In some tumor
cell line screens, triple negative breast cancers have been
shown to be possibly amenable to Src kinase inhibition
[26-29].

A patient with squamous cell cancer of the anus had
tumor regression of 28 %, which lasted 15 months. A recent
paper published by Hammerman et al. [30] identified muta-
tions in the discoidin domain receptor 2 (DDR2) tyrosine

kinase gene as markers for response in squamous cell lung
cancer patients who respond to dasatinib. Future studies
should include tissue biopsies to explore this aberration in
responders.

The hypothesis that prompted this study was that Src
inhibition could overcome gemcitabine resistance, particu-
larly in pancreatic cancer. Two of eight patients with pan-
creatic cancer stayed on study for at least 6 months (25 and
34 weeks, respectively) despite having failed prior gemcita-
bine. Of interest, dasatinib may also be particularly effective
in inhibiting metastasis [31]. Two phase 2 studies of dasati-
nib and gemcitabine are —ongoing, one in patients with
locally advanced pancreatic cancer (NCT 01395017) and
another in pancreatic cancer patients who have been treated
previously with surgery (NCT01234935).

In conclusion, the combination of dasatanib and gemci-
tabine was well tolerated at doses of dasatinib 100 mg/m>
PO daily and gemcitabine 600 mg/m? weekly. Although
CTC counts did not differ at baseline between patients with
SD >6 months / PR versus other patients, at day 28, there
was a strong trend (p=0.052) towards significantly lower
CTCs in the former group. Prolonged SD in gemcitabine
refractory pancreatic cancer, thymoma and squamous cancer
of the anus and a PR in inflammatory breast cancer suggests
that Phase II trials in these diseases are warranted.
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