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Abstract
Background The prognosis of patients with advanced pancreatic cancer is dismal, and there is a need for novel and effective
treatments.
Objectives Tο determine the maximum tolerated dose (MTD) and dose-limiting toxicities (DLTs) of a novel gemcitabine (G) and
temsirolimus (T) combination (phase I) and estimate the 6-month progression-free survival (PFS) in patients treated with the T +
G combination (phase II).
Patients and Methods Eligible patients with histologically confirmed inoperable or metastatic pancreatic carcinoma (MPC) were
entered into the trial. G was given bi-weekly and Tweekly in a 4-week cycle. The first dose level was set at G 800 mg/m2 and T
10 mg. G was escalated in increments of 200 mg/m2 and T in increments of 5 mg until DLTwas reached, and the recommended
dose was used for the phase II part.
Results Thirty patients were enrolled in the phase I component at the pre-planned six dose levels; one bilirubin DLTof grade III
occurred at the first dose level. The MTD was established as the approved doses of both drugs. Fifty-five patients were entered
into the phase II component. Median relative dose intensities administered in the first cycle were 0.75 for Tand 0.99 for G. Grade
3-4 hematological toxicities were recorded in 87.3% of patients. The most common non-hematological adverse events were
metabolic disorders (81.8%) followed by gastrointestinal disorders (63.6%). Median PFS was 2.69 months (95% CI 1.74-4.95)
and median OS was 4.95 months (95% CI 3.54-6.85), while the 6-month PFS rate was 30.9%.
Conclusions Combination of G and T is feasible in patients with locally advanced orMPCwithmanageable side effects, but lacks
clinical efficacy.

The study was registered in the Australian New Zealand Clinical Trials Registry (ACTRN12611000643976).
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1

Introduction

Pancreatic cancer is one of the most lethal human diseases. It
is the fourth leading cause of cancer-related death among men
and women in the United States. Most patients present with
advanced disease and their prognosis is dismal [1]. Even for
the small percentage of patients who can undergo surgical
resection of the primary tumor, the risk for recurrence remains
unacceptably high [2]. Current chemotherapy regimens are
not very effective and are associated with significant toxicity
[3]. Therefore, it is of outmost importance to develop new
effective systemic therapies. In the past decade, significant
advances in molecular biology have shed more light on the
molecular and genetic mechanisms underlying the processes
of pancreatic carcinogenesis, invasion, metastasis, and angio-
genesis [4].

For many years, gemcitabine was considered the first-line
treatment of choice for advanced pancreatic cancer [5]. Very
recently, the combination of gemcitabine and nab-paclitaxel
has shown incremental benefit in advanced pancreatic adeno-
carcinomas, compared to gemcitabine alone [6].

Various studies have demonstrated that the phos-
phatidylinositol 3-kinase (PI3K)-pathway is activated in pan-
creatic adenocarcinoma and that it is important for the surviv-
al, proliferation, and drug resistance of pancreatic cancer cells
[7]. Mammalian target of rapamycin (mTOR), one of the main
downstream effectors in the PI3K pathway, is also activated in
the majority of pancreatic tumors and cell lines [8].
Temsirolimus (T), a selective mTOR inhibitor, has been

shown to potently inhibit the proliferation of various pancre-
atic cancer cell lines in vitro [9]. In addition, temsirolimus
showed significant in vivo antitumor activity in pancreatic
cancer xenograft models, both as a single agent and in com-
bination with gemictabine [10].

We, therefore, decided to investigate the feasibility and
safety of temsirolimus in combination with gemcitabine, one
of the most active chemotherapeutic agents in pancreatic car-
cinoma, in patients with locally advanced or metastatic pan-
creatic cancer in a non-randomized phase I-II study. The ra-
tionale for the combination of these two active drugs is the
possible synergy and the known acceptable toxicity of the
single agents.

2 Patients and Methods

2.1 Patient Selection

Chemotherapy-naïve, adult patients with a confirmed histo-
logical diagnosis of inoperable locally advanced or metastatic
pancreatic carcinoma, were included in the current study. All
patients had to have a performance status (PS) of 50-100% on
the Karnofsky scale and a life expectancy of greater than
12 weeks. Patients should have had measurable or evaluable
disease at screening according to Response Evaluation
Criteria in Solid Tumors (RECIST) [11]. Adequate hemato-
logical function [white blood cell count (WBC) >4000/μL,
platelets (PLT) >100,000/μL, and hemoglobin (Hgb) >9.5 g/
dL], liver function [total bilirubin level < 2 mg/dL, ALT and
AST <2.5 x upper limits of normal (ULN)], and renal function
(serum creatinine ≤1.5 mg/dL or calculated creatinine clear-
ance >60 mL/min) were mandatory for study entry. In the
presence of liver metastases, transaminase levels could be up
to five times the upper limits of normal. Patients should also
have had normal cardiac function (left ventricular ejection
fraction within institutional normal range) and no serious car-
diac illness or medical conditions in the last 6 months. Patients
with ampullary, periampullary, bile duct cancers, or endocrine
tumors of the pancreas were also excluded. Other major ex-
clusion criteria were any evidence of clinically active intersti-
tial lung disease, pre-existing motor or sensory grade 2 neu-
rotoxicity according to the WHO criteria, history of previous
chemotherapy, and known hypersensitivity to gemcitabine.
Concomitant use of CYP3A inducers (phenytoin,
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1Key Points

Gemcitabine and temsirolimus is a feasible 
combination in patients with advanced pancreatic 
cancer.

The combination has a relatively increased risk of 
myelosuppression and infection in these patients.

While the combination has modest clinical activity in 
advanced pancreatic cancer patients, further clinical 
development should be discouraged in view of new 
available frontline treatment options.



carbamazepine, rifampicin, barbiturates, or St John’s Wort)
had to be avoided and so should treatment with strong
CYP3A inhibitors. All female patients of childbearing poten-
tial should have had a negative serum or urine pregnancy test
obtained within 2 days prior to the initiation of treatment and
pregnant or nursing women were excluded.

The clinical protocol was approved by the HeCOG Protocol
Review Committee, the Institutional Review Boards of all par-
ticipating hospitals (initially two institutions during phase I and
12 more during phase II), the National Organization for
Medicines and the National Ethics Committee. The study was
registered in the Australian New Zealand Clinical Trials Registry
(ACTRN12611000643976). Upon participation in the trial, all
patients provided a study specific written informed consent and a
separate informed consent for providing biological material for
future research studies.

2.2 Study Objectives

The primary objective of the phase I part of the study was to
determine the feasibility, the maximum tolerated dose (MTD),
and the recommended phase II dose of temsirolimus and
gemcitabine in patients with advanced pancreatic cancer.
The proposed phase II dose would be one step below the
MTD. For the phase II part of the study, the primary endpoint
was 6-month progression-free survival (PFS) rate, while sec-
ondary endpoints included overall survival (OS), safety, and
quality of life (QoL) assessments.

2.3 Dosage and Dose Escalation Schema

This was a multi-center, open-label, non-randomized phase I-II
trial. Patients with histologically demonstrable advanced pancre-
atic cancer who met the selection criteria entered the phase I,
dose-finding study. Dose escalation followed the established
3 + 3 dose escalation design schema. Patients received treatment
consisting of temsirolimus (T, up to 25 mg weekly in a 30 min
intravenous infusion, 30 min after premedication with 4 mg of iv
dimethindene) followed by infusion of gemcitabine (G, up to
1000 mg/m2 every 2 weeks in a 30 min intravenous infusion).

This rule-based design proceeded with cohorts of three
patients. If none of the three patients in a cohort experienced
a dose limiting toxicity DLT, another three patients would be
treated at the next higher dose level. However, if one of the
first three patients experienced a DLT, three more patients
would be treated at the same dose level. The dose escalation
continued until at least two patients among a cohort of three to
six patients experienced a DLT (i.e., ≥33% of patients with a
dose-limiting toxicity at that dose level).

The MTD was defined as the preceding dose at which two
out of a maximum of six patients experienced a DLT. If a
second DLT was observed within the expanded cohort, then
the MTDwould have been reached. The dose below the MTD

level would be the recommended dose for the patients enrolled
in the phase II part of the study. Patients who developed a DLT
were to be withdrawn from the trial but would be offered the
option of continuing treatment at a lower dose, off-protocol, if
deemed clinically appropriate. No pharmakokinetic studies
were planned, which was a major limitation of the trial.

2.4 Evaluation of Toxicity

Toxicity was graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events (NCI
CTAE Version 3.0). Complete blood count, biochemical anal-
yses, and clinical toxicity assessments were performed weekly
during all treatment courses. Dose escalation and determina-
tion of the DLT and MTD were performed on the basis of
toxicity occurring during the first cycle of treatment.

DLT was defined as: grade ≥3 non-hematological toxicity,
grade 4 thrombocytopenia (platelets <25.000/μL), or grade 4
neutropenia lasting more than 5 days, and inability to receive
next scheduled dose due to toxicity (delay >14 days).

2.5 Evaluation of Response

Patients completing at least two cycles of treatment with at
least one follow-up tumor assessment were considered
evaluable for response. An initial tumor assessment for all
patients was performed within 4 weeks prior to treatment ini-
tiation and thereafter every two cycles, while on therapy and
every 2 months thereafter, until progression of disease.
Response was documented using the RECIST 1.1 response
criteria for solid tumors. Furthermore, radiological material
pertinent for tumor response from 34 patients was assessed
centrally by two experienced radiologists (AKF, GP) at the
Department of Radiology, AHEPA University Hospital,
Thessaloniki, Greece. For characterization of complete re-
sponse (CR), total disappearance of all measurable and assess-
able disease was required; for partial response (PR) a > 30%
reduction in the size of all measurable lesions was required, as
determined by the sum of the largest diameter of measurable
lesions. Confirmation of objective responses was required in
all cases, at a minimum time interval of 4 weeks. Duration of
response was calculated from the time the objective response
was documented until disease progression. Stable disease was
measured from the date of treatment initiation until the criteria
for progression were met, taking the smallest measurements
recorded after the initiation of the treatment as a reference.

2.6 Statistical Analysis

The primary endpoint of the Phase II trial was to estimate the
6-month PFS rate. According to the Flemings’s single-stage
design assuming that the expected 6-month PFS rate will be at
least 30% and the minimum acceptable rate 15%, a total of 53
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patients provided 80% power to test this hypothesis, with a
two-sided α of 5%. Given a 3% withdrawal rate, 55 patients
needed to be enrolled in the phase II part of the study.
Secondary endpoints included OS and toxicity profile.
Continuous variables were presented as medians with the cor-
responding range, and categorical variables as frequencies
with the respective percentages. OS was measured from the
date of acceptance to the date of patient’s death or last contact,
while PFS was also measured from the date of patient’s ac-
ceptance into the study to documented first progression, death,
or last contact, whichever occurred first. The product limit
method and Kaplan-Meier curves were used for estimating
and plotting time-to-event distributions, while log-rank tests
were used for assessing statistically significant differences.
Univariate Cox regression was performed to identify signifi-
cant factors in terms of PFS and OS. All univariate tests were
two-sided, and the significance level was set at 5%.

The statistical analysis was performed using the SAS soft-
ware (SAS forWindows, version 9.3, SAS Institute Inc., Cary,
NC, USA).

3 Results

3.1 Patients and Safety

Between May 2009 and October 2014, a total of 85 patients
were enrolled into the study. Baseline demographics and dis-
ease characteristics for all patients enrolled in the phase I and
phase II parts of the study are shown in Table 1.

Thirty patients were enrolled into the phase I part; however,
one patient enrolled at the first dose level did not receive
treatment and one additional patient was characterized ineli-
gible due to high total bilirubin level. The second patient was a
protocol deviation. Three more patients progressed before
completing the first cycle and were not eligible for DLT as-
sessment. All of these five patients were substituted.

A total of 120 cycles (median 3; range 1-19) were admin-
istered and bilirubin of grade 3 was the only DLT detected in
one patient at the first dose level (Table 2). No DLT was
observed in the second dose level. In dose level 3, one patient
did not complete the first cycle and was substituted. Once
again, no DLT was observed. However, as there had been
some dose delays beyond the first cycle and several disease
related SAEs, we decided to enroll three more patients to get a
clearer picture of the toxicity profile of the study. No DLTwas
seen. In the next dose level (G 800 mg/m2 and T 25 mg), three
patients were enrolled and no DLTwas observed. Three more
patients were thereafter entered into the fifth dose level (G
1000 mg/m2 and T 20 mg) and again no DLT was seen.
Finally the last planned dose level opened (G 1000 mg/m2

and T 25 mg) and three patients were entered; no DLT was
documented and the phase I study was terminated.

Table 1 Patient and tumor characteristics for all patients enrolled in the
the study

Phase I (N = 30) Phase II (N = 55)

N % N %

Gender

Female 14 46.7 23 41.8

Male 16 53.3 32 58.2

Age in years

Median (range) 62.4 (42.2-81.3) 62.1 (38.7-77.8)

PS Karnofsky

≤ 50 1 3.3 0 0.0

60-70 2 6.7 8 14.5

80-100 26 86.7 47 85.5

Unknown 1 3.3 0 0.0

Histological grade

G1 and G2 12 40.0 22 40.0

G3-G4 10 33.3 24 43.6

GX 3 10.0 7 12.7

Unknown 5 16.7 2 3.6

CA19-9 (U/mL)

Median (range) 1628 (0.80-129,500) 2912 (2-728,104)

Abnormal 23 76.7 35 63.6

Normal 4 13.3 6 10.9

Not done 0 0.0 12 21.8

Unknown 3 10.0 2 3.6

Albumin (g/dL)

Median (range) 4.0 (3.6-36.0) 3.9 (2.7-37.0)

Abnormal 6 20.0 5 9.1

Normal 19 63.3 44 80.0

Not done 4 13.3 6 10.9

Unknown 1 3.3 0 0.0

Tumor location

Body 3 10.0 16 29.1

Head 20 66.7 23 41.8

Tail 5 16.7 8 14.5

Unknown 2 6.7 8 14.5

Locally advanced 4 13.3 2 3.6

Metastatic sites

Liver 20 66.7 44 80.0

Lung 6 20.0 7 12.7

Lymph nodes 5 16.7 6 10.9

Adrenal 0 0.0 3 5.5

Ascites 0 0.0 1 1.8

Pleural effusion 0 0.0 1 1.8

Peritoneum 1 3.3 2 3.6

Soft tissue mass 1 3.3 0 0.0

Unknown 2 6.7 5 9.1

N number, PS performance status, GX could not be assessed
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All planned dose levels were completed and an MTD was
not achieved. Therefore, dose level 6 of G 1000 mg/m2 and T
25 mg was the recommended dose for the subsequent phase II
part of the study. Fifty-five patients were enrolled at eight of
the participating centers (Fig. 1). Ten of the 55 patients
(18.2%) received more than five cycles of treatment, while
only four patients completed seven cycles. The median RDI
of T and G in the first cycle was 0.75 and 0.99, respectively.
Eighteen patients (32.7%) had the G dose reduced at any point
during the study, while the T dose was reduced in only four
patients (7.3%) throughout the phase II part of the study.

Most common AEs were similar across the two parts of the
study. The most important adverse events and those with in-
cidence greater than 3% of patients for the phase I and phase II
part of the study are presented in Supplemental Table 1. All
adverse events reported during the phase I and phase II part of

the study are depicted in Supplemental Table 2 and
Supplemental Table 3, respectively.

In the phase II part, 573 adverse events were reported in 53
of the 55 patients (96.4%). Hematological adverse events were
the second most commonly recorded (136 events in 48 pa-
tients) and 24.3% of these events were grade 3-4. The most
commonly reported non-hematological adverse events were
metabolic disorders (218 events in 45 patients) followed by
gastrointestinal disorders (70 events in 35 patients). Increased
AST, ALT, ALP, blood bilirubin and GTT were observed in
52.7%, 56.4%, 34.5%, 25.5% and 45.5% of the patients, re-
spectively. Twenty-one events of hyperglycemia grade 1-3
were recorded. In addition, diarrhea (13 patients, grade 1-3),
nausea (nine patients, eight patients grade 1), vomiting (11
patiens, grade 1-3) and 12 events of mucositis (grade 1-2),
were reported. In phase II, 126 events grade 3 and 4 were
observed and most of them were metabolic/laboratory events
(n = 62, 49.2%), hematological disorders (n = 33, 26.2%), and
infections (n = 12, 9.5%).

Thirty-seven serious adverse events were reported through-
out the phase II part of the study and five of them had fatal
outcome. Three of the fatal events were considered to be re-
lated to the study drugs by the investigator and/or sponsor
(lung infection, acute massive pulmonary embolism, opportu-
nistic infection/hematoma), but there were also other factors
that had contributed to these outcomes, such as diabetes
mellitus, hypertension, anemia, and multiple metastases. The
most common SAEs were infections (n = 12), thromboembol-
ic events (n = 7), and vomiting (n = 6). Infections mostly in-
volved the respiratory system.

According to the treating physician’s assessment, a definite
or (highly) possible/probable causal relationship between the
reported adverse event and the study drug(s) was observed for
270 of the 390 adverse events (69.2%) reported throughout
the phase I part of the study, while for 111 events there was a

Table 2 Dose levels during the phase I part of the study

N of patients
enrolled

N of patients
evaluable for DLT

Regimen and dose DLT Total N of cycles;
median (min-max)

Dose level 1 9* 7 Gemcitabine (800 mg/m2) and
Temsirolimus (10 mg)

1 patient
Bilirubin grade ΙΙΙ

29; 3.5 (1-6)

Dose level 2 5 3 Gemcitabine (800 mg/m2) and
Temsirolimus (15 mg)

None 21; 3 (1-10)

Dose level 3 7 6 Gemcitabine (800 mg/m2) and
Temsirolimus (20 mg)

None 22; 3 (2-6)

Dose level 4 3 3 Gemcitabine (800 mg/m2) and
Temsirolimus (25 mg)

None 10; 3 (3-4)

Dose level 5 3 3 Gemcitabine (1000 mg/m2) and
Temsirolimus (20 mg)

None 9; 3 (2-4)

Dose level 6 3 3 Gemcitabine (1000 mg/m2) and
Temsirolimus (25 mg)

None 29; 8 (2-19)

N number, DLT dose limiting toxicity

*One patient did not start treatment and one was ineligible

Fig. 1 Remark diagram
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doubtful or no causal relationship between the reported ad-
verse event and the study drug(s), and no additional informa-
tion were available regarding their relationship for 9/ 390
events (2.3%). A total of 28 events were attributed to
gemcitabine, 12 events were attributed to temsirolimus, and
230 events to both drugs. Additionally, study disease was the
most probable cause for 72 events.

Similarly, a definite or (highly) possible/probable causal
relationship between the reported adverse event and the study
drug was observed for 267 of the 573 adverse events (46.6%)
reported throughout the phase II part of the study. In total, 115
of them (43.1%) were attributed to gemcitabine, 42 were at-
tributed to temsirolimus, and 102 were attributed to both
drugs. For eight more events we know that there was a possi-
ble relationship between the adverse event and the study
drug(s), but we do not have any further information regarding
the drug (s) that may have caused the event. In addition, for
276 events (48.2%) there was a doubtful or no causal relation-
ship between the reported adverse event and the study drug(s),
while for 189 of them study disease was the most probable
cause of the adverse event. It is of note that no information
regarding the relationship of the reported adverse event and
the study drug(s) was available for 30 of the 573 events
(5.2%).

3.2 Efficacy

Fifty-one of the 55 patients (92.7%) discontinued treatment,
reasons being disease progression (31 patients; 60.8%), ad-
verse events (12 patients; 23.5%), death (two patients;
3.9%), informed consent withdrawal (five patients; 9.8%),
and doctor’s decision (one patient; 2.0%). Among the 55 pa-
tients enrolled in the phase II part of the study, twenty-four
patients (43.6%) presented with progressive disease, two

patients with partial response (3.6%), while stable disease
was observed in 30.9% of the study population, as assessed
by the investigators at the local hospitals/institutions. Ten pa-
tients (18.2%) discontinued treatment prior to tumor evalua-
tion, while for two additional patients (3.6%) tumor assess-
ment was not available at the local institutions, due to early
disease progression and death. Central radiological review by
RECIST 1.1 criteria was available for 34 patients. Among
them, 20 patients (58.8%) had progressive disease, five pa-
tients (14.7%) had partial tumor response and nine patients
(26.5%) presented with stable disease. A waterfall plot of re-
sponses as assessed by central radiology review is presented in
Fig. 2. It is of note that 11 of the 55 patients included in the
phase II part of the study received second line therapy, while
four of them continued to third line treatment and two of them
also received fourth line therapy.

At a median follow-up of 69.6 months (95% CI 54.7-84.6),
27 of the Phase I patients were reported dead. One death was
caused by toxicity, while the rest were attributed to disease.
The median PFS was 3.8 months (95% CI 2.1-4.9). The me-
dian OS was 6.1 months (95% CI 4.1-8.9), while 51.7% and
20.7% of the patients survived 6 and 12 months since their
acceptance into the study, respectively. Figure 3 presents the
Kaplan-Meier plots with respect to PFS and OS for all
patients.

In total, 54 deaths (98.2%) were reported among the 55
patients enrolled in the phase II part of the study, while one
patient was still alive and on active follow-up at the time of the
analysis. Fifty patients (92.6%) died from their disease, while
in three patients (5.6%) death was caused by toxicity. It should
be mentioned that in one of the three aforementioned patients
pancreatic cancer complications also contributed to the fatal
outcome. Furthermore, medical history of diabetes mellitus
was the most probable reason of death for one additional

Fig. 2 Waterfall plot of responses
by central radiological assessment
based on RECIST 1.1 criteria
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patient. Median PFS was 2.69 months (95% CI 1.74-4.95),
while median OS was 4.95 months (95% CI 3.54-6.85). The
6-month PFS rate was 30.9% and the 12-month OS rate was
23.6%, respectively. Results of the univariate analyses with
respect to PFS and OS are presented in Supplemental Table 4
and Supplemental Table 5, respectively.

3.3 Quality of Life Assessment

QoL was assessed using the EUROQOL 5D questionnaire,
scheduled for the patients enrolled in the phase II part of the
study at screening-baseline, on the day of the administration of
cycles 4 and 7, as well as the day of their last treatment cycle.
The descriptive system consists of five dimensions including
mobility, self-care, usual activities, pain/discomfort and anxi-
ety/depression. The single summary EQ-5D Index was calcu-
lated using the European value set. Higher levels of the EQ-
5D Index correspond to superior health state levels. In total, 51
patients (92.7%) completed the EQ-5D questionnaire at base-
line, while 13 patients completed the questionnaire on their
4th treatment cycle and three patients answered the question-
naire on their 7th cycle of therapy. Thirty patients had the EQ-
5D questionnaire completed on the day of their last cycle of
treatment. A histogram of the difference of the calculated EQ-
5D Index at baseline and at the last treatment cycle was plotted
(Supplemental Fig. 1) and the Wilcoxon signed-rank test was
used to evaluate baseline and post treatment differences, since
they were severely non-normally distributed. Measures of
central tendency and dispersion for the calculated EQ-5D
Index are presented in Table 3. The mean EQ-5D Index at

baseline was 0.67, while at the last treatment cycle, a slight
decrease in the mean EQ-5D Index was observed, which was
not statistically significant (Wilcoxon signed-rank, p = 0.62).

4 Discussion

For many years, the nucleoside analogue gemcitabine has
been the standard therapy for inoperable and metastatic PC,
having shown superiority of improved survival and clinical
benefit compared to 5-FU [12]. Several combination chemo-
therapy regimens were associated with increased toxicity but
had also failed to demonstrate significant improvement in sur-
vival [13, 14]. A recently published meta analysis looking at
the outcome of the adittion of a second cytotoxic drug to
gemcitabine in this group of patients, showed that gemcitabine

Fig. 3 Kaplan-Meier curves with respect to (a) PFS and (b) OS for all patients included in the study

Table 3 Quality of life results for patients included in the phase II part
of the study

EQ-5D Index p value

Baseline Last cycle

N 51 30

Mean ± SD 0.67 ± 0.21 0.65 ± 0.26 0.62

Median 0.80 0.77

25th percentile 0.51 0.52

75th percentile 0.83 0.82

N number, SD, standard deviation
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combined with either a taxane or an oral fluoropyrimidine
improved the disease outcome parameters at the expense of
higher toxicities [15].

Furthermore, two recent randomized controlled phase III
trials showed that combination chemotherapy with
FOLFIRINOX (fluorouracil, leucovorin, irinotecan and
oxaliplatin) or gemcitabine plus nab-paclitaxel has led to an
improvement in both response rate and survival compared
with single agent gemcitabine in patients with good perfor-
mance status [16, 17]. Neverthless, a noticable proportion of
patients with APC are still treated with first-line single agent
gencitabine due to poor performance status, liver impairment,
and other comorbidities.

Molecular analysis in pancreatic cancer have suggested
that the EGFR pathway is playing a significant role in tumor-
igenesis [18]. The KRAS proto-oncogene is mutated in 90%
of pancreatic adenocarcinomas and such mutations in KRAS
lead to the continuous activation of downstream intracellular
signaling pathways such as RAF/MEK and PI3K/AKT/
mTOR. This downstream constitutive activation plays a role
in cell growth, proliferation, inhibition of apoptosis, survival,
and drug resistance in pancreatic cancer [7] [19]. In addition,
the mTOR pathway is involved in the angiogenesis pathway,
enhancing endothelial cell growth and proliferation by regu-
lating the production of pro-angiogenic factors [20]. Inhibition
ofmTOR, therefore, provides a good rationale for exploring in
the treatment of APC [21, 22].

To our knowledge this is the first full report with results for
an mTOR inhibitor in combination with gemcitabine as front
line treatment in advanced pancreatic cancer. However, we
acknowledge that the absence of pharmakokinetic data is a
major limitation of our study, not allowing for a better inter-
pretation of its results. A similarly designed phase I study by
Faris et al. [23] was reported as an abstract only. In this study,
the initial dose level of Gwas at 800mg/m2 every 2 weeks and
Twas given as a fixed dose of 10mg/week. Only nine patients
were enrolled at the first dose level and the study was termi-
nated early because of toxicity. Documented toxicities were
two episodes of grade 4 neutropenia, and multiple episodes of
grade 3 toxicities, including elevated liver function tests, hy-
perglycemia, hypophosphatemia, diarrhea, and allergic reac-
tion. Coincidentally, nine patients were also enrolled in the
first cohort of our study with identical treatment doses of G
and T. DLT toxicity was bilirubin grade 3 in one patient and
the study moved forward to the next dose level. Unfortunately,
the early termination of the study and the fact that the full
manuscript has not been published does not allow for further
comparisons or reasonable explanations why this schedule
was more toxic in this dose level.

Kordes et al. published data on a phase II study of capecit-
abine and everolimus in patients with APC in the first line
setting. Response rate was only 6%, disease control rate was
38% and PFS was 3.6 months. Grade 3 and 4 toxicities

reported were hyperglycemia (45%), hand-foot syndrome
(16%), diarrhea (6%), and mucositis (3%) [24]. Two other
previous studies had explored the role of mTOR inhibitors
in gemcitabine-refractory pancreatic cancer. Both treatments,
with either everolimus or temsirolimus, failed to demonstrate
benefit in the second-line setting [25]. In the phase II part of
this study, 34.6% of the patients had stable disease or partial
response, while median PFS and OS were 2.69 and
4.95 months, respectively, lower than those observed with
gemcitabine monotherapy. Whether the study design, with
gemcitabine given every 2 weeks, might have led to such
inferior results is an unclear issue.

In contrast to preclinical data, it appears that mTOR inhib-
itors either as single agents or combinations with chemother-
apy drugs do not show promising activity in this disease,
while pronounced toxicities have beed documented, leading
to significant dose reductions that might have compromised
any efficacy. It has also been proposed that there is a negative
feedback loop resulting in paradoxical AKT activation sec-
ondary to mTOR inhibition [26]. Recent research has shown
that clinical development of dual MTORC1/TORC2 inhibi-
tors might confer a better outcome in metastatic PC, but this
needs to be confirmed within clinical trials [27].

Gemcitabine given every 2 weeks, combined with weekly
temsirolimus, seems to be a reasonably well tolerated regimen
with an acceptable toxicity profile. Hematological and liver
toxicity was generally higher than commonly seen when both
drugs are used as single agents and there is also a higher risk
for infection, as expected with mTOR inibitors [28, 29].
Higher incidence of mucositis and hyperglycemia could also
have contributed to this risk. One patient developed pneumo-
nia and died from sepsis at the end of the second cycle of
treatment in the phase I part of the study. It is unclear whether
this infection had developed on the basis of a possible lung
toxicity from gemcitabine and thus, no speculation can been
made. All other toxicities were modest and resolved quickly.

The events recorded in the phase II part of the study were
mostly expected and mild (grade 1-3 events). There were six
fatal events and five of them were reported as SAEs. Three of
the fatal events were considered to be related to the study
drugs by the investigator and/or HeCOG (lung infection, acute
massive pulmonary embolism, opportunistic infection/hema-
toma), but there were also other factors that had contributed to
these outcomes. A considerable number of thromboembolic
events were recorded and although both study medications
could cause such events, pancreatic cancer is a known risk
factor for thrombosis, as well as other co-morbidities that the
study population suffered from (anemia, hypertension). The
incidence of these events in our study was not higher than
previously reported in patients with metastatic cancer. A meta
analysis by Qi et al., which looked at the impact of mTOR
inhibitors on treatment related mortality showed that the use of
either temsirolimus or everolimus had increased the risk of
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fatal adverse events in patients with advanced solid malignan-
cies [30].

In conclusion, outcomes from first-line chemotherapy in
advanced pancreatic cancer have clearly been improved over
the past 3 years, with the use of more toxic schedules. First-
line treatment has moved from single agent gemcitabine to
either FOLFIRINOX or a combination of gemcitabine and
nab-paclitaxel. Nevertheless, a significant proportion of pa-
tients are frail at diagnosis and for such patients, single agent
gemcitabine still remains a reasonable option. Combination of
gemcitabine and temsirolimus is feasible in patients with in-
operable or metastatic pancreatic cancer with manageable side
effects However, this is undoubtedly a negative study due to
lack of efficacy and early disease progression in the majority
of our patients. We feel that this regimen should not be further
evaluated, in view also of the shift to the use of gemcitabine
and nab-paclitaxel as the new backbone for combination
treatments.
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