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Management of Advanced Pancreatic Cancer with Gemcitabine
Plus Erlotinib: Efficacy and Safety Results in Clinical Practice
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ABSTRACT

Context The combination of gemcitabine and erlotinib is a standard first-line treatment for unresectable, locally advanced or
metastatic pancreatic cancer. We reviewed our single centre experience to assess its efficacy and toxicity in clinical practice.
Methods Clinical records of patients with unresectable, locally advanced or metastatic pancreatic cancer who were treated
with the combination of gemcitabine and erlotinib were reviewed. Main outcome measures Univariate survival analysis
and multivariate analysis were carried out to indentify independent predictors factors of overall survival. Results Our series
included 55 patients. Overall disease control rate was 47%: 5% of patients presented complete response, 20% partial
response and 22% stable disease. Median overall survival was 8.3 months). Cox regression analysis indicated that
performance status and locally advanced versus metastatic disease were independent factors of overall survival. Patients
who developed acne-like rash toxicity, related to erlotinib administration, presented a higher survival than those patients
who did not develop this toxicity. Conclusions Gemcitabine plus erlotinib doublet is active in our series of patients with
advanced pancreatic cancer. This study provides efficacy and safety results similar to those of the pivotal phase III clinical
trial that tested the same combination.

INTRODUCTION improvements in overall survival have been yet
observed. Studies combining gemcitabine with
targeted therapies, such as bevacizumab and
cetuximab, demonstrated good efficacy results in
phase II trials. However, subsequent phase III trials
demonstrated an improvement in progression-free
survival but not in overall survival [7, 8, 9].

Treatment of advanced pancreatic cancer remains a
challenge in medical oncology given its poor
prognosis. In 1996, gemcitabine monotherapy was
shown to give a modest improvement in overall
survival compared to 5-fluorouracil (5-FU) bolus
[1]. However, since then no significant advances
have been made in the management of this disease. Epidermal growth factor receptor (EGFR) is one of
potential molecular targets in pancreatic
adenocarcinoma. When EGFR is activated by its
specific ligand, it triggers an intracellular signalling
pathway mediated by a tyrosine kinase which
ultimately leads to cell migration, proliferation,
invasion, angiogenesis and inhibition of apoptosis
[10, 11]. EGFR is overexpressed in a high
proportion of pancreatic cancer patients which is
related to a poor prognosis [12].

Several clinical trials have been carried out using
doublets of gemcitabine plus other antineoplastic
agents (cisplatin, oxaliplatin, 5-FU, capecitabine and
irinotecan) [2, 3, 4] as well as polychemotherapy
regimens (cisplatin, gemcitabine, 5-FU, epirubicin,
docetaxel) [5, 6] with the aim to improve survival
results in patients with advanced pancreatic cancer.
Although improvements in response rate and
progression-free survival (PFS) were observed with
some of the chemotherapy schemes tested, no Based on this knowledge, Moore et al. conducted in
2007 a randomized phase III trial comparing
gemcitabine with gemcitabine plus erlotinib (an
inhibitor of the EGFR tyrosine kinase domain) in the
treatment of advanced pancreatic cancer. The phase
. i ) I trial showed a statistically significant
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In the present study, we evaluated the efficacy and
toxicity of the same schedule used by Moore et al.
[13] as first-line treatment of unresectable, locally
advanced or metastatic pancreatic cancer at our
centre.

PATIENTS AND METHODS

We carried out a retrospective study of all
consecutive patients with unresectable, locally
advanced or metastatic pancreatic cancer who
received first-line treatment with a combination of
gemcitabine plus erlotinib between October 2007
and October 2010 in our centre. Gemcitabine (1,000
mg/m?) was administered weekly for up to 6 weeks
followed by a week of rest and then once weekly for
3 consecutive weeks out of every 4 weeks. The dose
of erlotinib was 100 mg per day throughout the
treatment period.

ETHICS

According to Spanish legislation, observational
studies conducted using entirely medical records
files in which the personal identification data of the
patients are kept separately from the clinical data
(therefore anonymity is ensured) do not need
written or oral informed consent. The study was
approved by the Ethics Committee of Clinical
Research of the Hospital La Fe (Valencia, Spain) and
was conducted according to the Declaration of
Helsinki for studies in humans.

STATISTICS

Summary statistics were calculated for continuous
and categorical variables. Time-to-event data were
described with the use of Kaplan-Meier methods.
Univariate survival analysis and multivariate Cox
regression analysis were carried out to identify
independent predictors of overall survival. Data

Table 1. Demographic and clinical data at baseline of the study

population.

Characteristic 55 cases
Sex:

- Males 32 (58.2%)
- Females 23 (41.8%)

Age: median (range); years 62 (43 to 80)

Locally advanced disease 22 (40.0%)

Performance status:

-PS: 0-1 43 (78.2%)
-PS:2 12 (21.8%)
Previous radical surgery 12 (21.8%)
Previous adjuvant therapy 5(9.1%)

Hepatic metastases 27 (49.1%)
13 (23.6%)
36 (65.5%)
24 (43.6%)
8 (14.5%)

39 (70.9%)

Previous biliary drainage
Constitutional disease
Opioid use for pain
Previous palliative surgery
High CA 19.9

Table 2. Treatment-related adverse events (55 cases).

Adverse event Total Grade 3-4
Anemia 29 (52.7%) 3 (5.5%)
Thrombocytopenia 17 (30.9%) 2 (3.6%)
Neutropenia 15 (27.3%) 6 (10.9%)
Fatigue 37 (67.3%) 8 (14.5%)
Diarrhea 12 (21.8%) 2 (3.6%)

were analyzed by means of the SPSS 21 package
(IBM, Armonk, NY, USA). A P value of less than 0.05
was considered statistically significant.

RESULTS

A total of 55 patients were included in the series.
The baseline characteristics of these patients are
displayed in Table 1. The median number of
gemcitabine infusions was 9 (range: 1 to 63); 544
infusions were given in total in the whole
population. Gemcitabine infusion was suspended in
218 instances (40.1% of the planned infusions). The
most common cause of infusion suspension was
afebrile neutropenia (n=196; 89.9%). However,
dose reduction was only necessary in 3 patients
(5.5%). No toxic deaths were reported. Toxicities
led to gemcitabine discontinuation in 4 patients
(7.3%). The median time of exposure to erlotinib
was 8 weeks (range: 4 to 60 weeks).

Table 2 describes the toxicity observed in the series.
The combination of gemcitabine plus erlotinib was
generally well tolerated with a low incidence of
grade 3-4 adverse events. The most frequent
adverse event was fatigue (37 cases, 67.3% of
patients), grade 3 fatigue was observed in 8 patients
(14.5%). Hematological toxicity was frequent:
anemia in 29 patients (52.7%), thrombocytopenia
in 17 patients (30.9%) and neutropenia in 15
patients (27.3%), although grade 3-4 toxicity was
rare (n=6, 10.9%). No febrile neutropenia episodes
were seen. Diarrhea was reported in 12 patients
(21.8%), although only 2 patients (3.6%) had grade
3-4. It was also noteworthy the occurrence of up to
11 episodes of deep vein thrombosis (20.0%), 3 of
which also had a pulmonary thromboembolism
(5.5%).

As for toxicity related to erlotinib, the most frequent
adverse event observed in the series was acne-like
rash (18 cases, 32.7% of patients). Most cases were
of mild intensity, and severe cases (grade 3-4) were
only reported in 2 patients (3.6%). Other adverse
events related to erlotinib were mild hepatic
toxicity, seen in one case (1.8%), and interstitial-
like pneumonitis, seen in 3 patients (5.5%).
Erlotinib was withdrawn in 10 patients (18.2%;
including all cases reporting interstitial-like
pneumonitis) due to tolerability issues, mainly
fatigue.
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Figure 1. Overall survival in the whole series.

Overall disease control rate (i.e, complete
responses plus partial responses plus stable
disease) was 47.3% (26 cases). Partial response
was observed in 20.0% of patients (11 cases;
according to Response Evaluation Criteria in Solid
Tumors (RECIST) criteria) and in 21.8% of patients
(12 cases) stable disease was reported. Disease
progression was observed in 43.6% of the patients
(24 cases). It is worth noting that the 5.5% (3/55)
of cases in which a complete radiological response
was achieved were treated for locally advanced
forms of the disease.

Twenty patients in the series (36.4%) received a
second-line of chemotherapy. The most widely used
regimen was capecitabine plus oxaliplatin (used in
14 cases, 70.0% of patients receiving a second line).
Other regimens used were the combination of 5-FU,
leucovorin and oxaliplatin (FOLFOX), capecitabine
and the combination of gemcitabine plus
capecitabine. The median number of second-line
chemotherapy cycles administered was 4 (range: 1
to 6). Overall disease control rate was remarkably
lower with second-line treatment (20.0%, 4/20
cases). Partial response was reported in one case
(5.0%) and stable disease in three cases (15.0%).
Disease progression was reported in two thirds of
patients (13 cases, 65.0%) receiving second-line
treatment.

The median follow-up of the series was 21 months
(range: 1 to 53 months). Median overall survival
was 8.3 months (95% CI: 5.1 to 11.4 months). One-
year survival was 34.2% and decreased to 9.7%
after two years of follow-up (Figure 1).

The following variables were analyzed by univariate
analysis as potential independent predictors of

overall survival: age, sex, performance status
(measured by the ECOG scale), locally advanced or
metastatic disease, previous adjuvant treatment,
presence of liver metastases versus no hepatic
metastases, presence of systemic symptoms
(constitutional syndrome), presence of pain,
previous biliary drainage, presence of acne-like rash
and the development of deep vein thrombosis. The
results are shown in Table 3. Good performance
status, locally advanced disease, the absence of
hepatic metastases, and no previous biliary
drainage were shown to be significant prognostic
factors in the analysis. Univariate analysis also
indicated that the development of acne-like rash
during gemcitabine plus erlotinib treatment was
related to a higher overall survival compared to
patients that did not develop this adverse event.
Median overall survival in patients who developed
acne-like rash was 12.0 months compared to 5.2
months in patients who did not presented acne-like
rash (P=0.025) (Figure 2). Moreover, univariate
analyses indicated that patients who presented
deep vein thrombosis had a significantly lower

overall survival. Thus, median overall survival in

Table 3. Results of the univariate Cox regression analysis in
order to identify predictors of overall survival.

Covariate Overall survival P value

Median (95% CI);

months

Age: 0.383
- <60 years of age (n=24) 8.2 (4.8t011.6)
->60 years of age (n=31) 8.9 (3.8t013.9)
Sex: 0.627
- Males (n=32) 7.9 (2.0 to 13.5)
- Females (n=23) 8.3(3.9t012.6)
Performance status 2: <0.001
- PS: 0-1 (n=43) 11.0 (7.0 to 15.1)
-PS: 2 (n=12) 2.9 (2.7t03.2)
Disease: 0.013
- Locally advanced (n=22) 12.8 (9.3t0 16.3)
- Metastatic (n=33) 4.7 (2.0t0 7.4)
Previous adjuvant therapy: 0.470
- Yes (n=5) 12.7 (2.0 to 25.0)
- No (n=50) 7.9 (5.0 to 10.6)
Hepatic metastases b: 0.017
- Yes (n=27) 4.7 (2910 6.5)
- No (n=28) 12.7 (7.9 to 17.5)
Constitutional syndrome: 0.921
- Yes (n=36) 7.9 (44t011.4)
-No (n=19) 9.5 (6.4t012.5)
Presence of pain: 0.148
- Yes (n=40) 8.8 (4.0t0 13.4)
- No (n=15) 8.2(40t012.4)
Previous biliary drainage: 0.020
- Yes (n=13) 4.7 (4.0t0 5.3)
- No (n=42) 9.9 (5.9t013.9)
Acne-like toxicity < 0.025
- Yes (n=37 12.0 (7.4 to 18.0)
- No (n=18) 52(3.2t07.3)
Deep vein thrombosis 0.013
-Yes (n=11) 4.7 (1.0t09.9)
- No (n=44) 9.9 (6.1t013.7)

a According to the ECOG scale

b Presence of liver metastases versus no hepatic metastases
¢ Not included in the multivariate analysis
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Figure 2. Overall survival according to the development of acne-
like rash during the treatment with gemcitabine plus erlotinib.

patients who presented deep vein thrombosis was
4.7 months compared to 9.9 months in patients who
did not develop this adverse event (P=0.013).

All the previous factors were included in the
multivariate Cox regression analysis, except the
acne-like rash and the development of deep vein
thrombosis as we decided to only include
prognostic factors that were present before the
treatment with gemcitabine-erlotinib. Results are
shown in Table 4. Only two of the nine variables
analysed were statistically significant in the
multivariate analysis and, therefore, could be
considered as independent predictors of overall
survival. These two variables were a good
performance status (PS 0 or 1) and locally advanced
disease.

DISCUSSION

The understanding of the molecular mechanisms
that trigger and regulates tumor growth is leading
to more appropriate therapeutic approaches for
cancer patients with improved results and lower
toxicities.

Several signalling pathways are activated in
pancreatic adenocarcinoma that promotes cell
proliferation and apoptosis inhibition. One of the
best understood pathways activated in pancreatic
adenocarcinoma is that involving EGFR 1. That
receptor is activated by specific ligands triggering
an intracellular signalling pathway mediated by Ras
which in turn leads to activation of the
Raf/MEK/ERK and PI3K/Akt/mTOR pathways.
Activation of these pathways leads to cell migration,
proliferation, invasion, angiogenesis and inhibition
of apoptosis [14]. EGFR is overexpressed in the
majority of pancreatic adenocarcinomas which is

associated with a poor prognosis [15]. Ras is a
protein that plays a key role in the intracellular
signalling cascade triggered by EGFR. Most
pancreatic adenocarcinomas have a Ras mutation in
codon 12 of KRAS. Point mutations in KRAS have
been suggested as early events in the development
of ductal adenocarcinoma [16]. These mutations
result in a constitutive activation of the signalling
cascade mediated by Ras. Moreover, the activation
of the PI3K/Akt/mTOR pathway, also mediated by
Ras, has been detected in approximately half of
pancreatic adenocarcinomas and has been
associated with a worse prognosis [17]. Poor
prognosis related to such activation is partially
explained by the fact that it is also considered as a
potential mechanism of gemcitabine resistance.
PTEN is a tumor suppressor gene that inhibits the
PI3K/Akt/mTOR pathway. Mutations in PTEN lead
to a loss of cellular control over this pathway [18].

Another pathway involved in  pancreatic
adenocarcinoma is that of the vascular-endothelial
growth factor (VEGF) ligand, which acts on two
tyrosine-kinase receptors VEGF-1 and VEGF-2.
Activation of these receptors leads to increased cell
growth and angiogenesis [19]. In addition, elevated
serum levels of VEGF have been associated with a
decreased survival [20]. All these intracellular
signalling pathways represent potential targets for
new drugs such as erlotinib, an inhibitor of the
tyrosine kinase domain of EGFR.

As mentioned previously, the gemcitabine plus
erlotinib regimen, which was analyzed in our series,
is based on that used in the Moore et al. trial
conducted in 2007 comparing gemcitabine alone to

Table 4. Results of the multivariate Cox regression analysis in
order to identify independent predictors of overall survival.

Covariate Overall survival P value
Median (95% CI);
months
Age: 1.51(0.74t0 3.08)  0.253
>60 vs. <60 years of age
Sex: 0.98 (0.49t0 1.96)  0.971

Males vs. females

Performance status 2:
PS 2 vs. PS0-1

Disease: 0.45(0.23t0 0.84)  0.012
Locally advanced vs. metastatic

5.87 (2.62t0 13.1) <0.001

Previous adjuvant therapy:
Yes vs. no

1.06 (0.29t0 3.92)  0.922

Hepatic metastases b:
Yes vs. no

1.06 (0.32t03.93)  0.925

Constitutional syndrome:
Yes vs. no

1.46 (0.75t0 2.84)  0.265

Presence of pain:
Yes vs. no

0.63 (030 to 1.32) 0.227

Previous biliary drainage:
Yes vs. no

0.56 (0.20 to 1.55)  0.263

a According to the ECOG scale
b Presence of liver metastases versus no hepatic metastases
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gemcitabine plus erlotinib [13]. The primary
endpoint of the Moore et al. trial was overall
survival. A total of 569 patients with locally
advanced unresectable or metastatic pancreatic
cancer were randomized to two arms: gemcitabine
plus erlotinib versus gemcitabine plus placebo.
Overall survival was significantly higher in the
gemcitabine plus erlotinib arm with a hazard ratio
(HR) of 0.82 (95% CI: 0.69 to 0.99; P=0.038) and a
median survival of 6.24 months versus 5.91 months.
One-year survival was also higher in the
gemcitabine plus erlotinib arm (23% versus 17%,
P=0.023). Progression-free survival was
significantly higher with the doublet therapy with a
HR of 0.77 (95% CI: 0.64 to 0.92; P=0.004). No
differences in the objective response rate were
observed between the two arms. However, there
was a higher rate of disease stabilization in the
gemcitabine plus erlotinib arm. Toxicity was higher
with the doublet chemotherapy, especially skin
toxicity, but in most cases this was of mild intensity
(grade 1-2). The authors concluded that the optimal
dose of erlotinib in combination with gemcitabine
should be 100 mg/day.

There were some remarkable differences in the
baseline characteristics of the patients included in
our retrospective series and the population enrolled
in the Moore et al. clinical trial. Thus, in our
retrospective series there were a higher proportion
of patients with locally advanced disease (40% vs.
23%). This might partly explain the higher response
rate obtained in our study (25% vs. 9%). It is also
noteworthy that reported episodes of interstitial-
like pneumonitis observed in our study were more
than double that seen in the Moore et al. trial (5.5%
vs. 2.4%). These findings are difficult to be
explained.

This higher rate of interstitial-like pneumonitis of
our study could be due to a much smaller number of
patients. Finally, overall survival observed in our
study was longer than in the Moore et al. clinical
trial. The high proportion of patients with locally
advanced disease (which is related to a higher
survival than metastatic disease) might explain the
greater survival and the higher response rate
observed in our study.

In our study, multivariate Cox regression analysis
indicated that poor performance status is the most
important prognostic factor of overall survival. In
addition, locally advanced forms of disease were
related to better prognosis. Therefore, there are
some patients (with good performance status and
no metastatic staging at diagnosis) who could
benefit more from a gemcitabine plus erlotinib
regimen as first line of treatment of advanced
pancreatic cancer.

The wunivariate analysis of prognostic factors
indicated a statistically significant association

between the occurrence of venous thrombosis or
acne-like rash during treatment with overall
survival. Patients in the series that develop venous
thrombosis have a worse survival compared to
those who did not presented this adverse event.
Moreover, patients who developed acne-like rash
toxicity that is related to erlotinib administration,
presented a prolonged survival. Other authors have
confirmed this finding [21].

As noted earlier, the activity of second-line
chemotherapy in the series is reduced. Regimens
used in our centre were mainly based on
fluoropyrimidines in monotherapy or associated
with oxaliplatin. Those patients with good
performance status (PS 0-1) potentially benefit
more from second-line chemotherapy. Thus, it could
be advisable to offer this therapeutic option in this
group of patients. However, symptomatic treatment
should be reserved for patients with poor
performance status (PS 2 or higher) due to the small
benefit obtained with second-line regimens.

Recently, a phase III trial has been published with
the combination of 5-FU, irinotecan and oxaliplatin
(FOLFIRINOX). This trial indicated that patients
with metastatic disease at diagnosis who received
this chemotherapy regimen presented a greater
survival compared to those patients who received
gemcitabine [22]. The results of this trial could lead
to a change in the first line treatment of advanced
pancreatic cancer. However, since most of the
patients included in the trial had a very good
performance status and no previous biliary
drainage, patients who could benefit from this
chemotherapy should be carefully selected.

Our results indicated that gemcitabine plus erlotinib
doublet is active in our series of patients with
advanced pancreatic cancer. This study provides
efficacy and safety data similar to those of the
pivotal phase III clinical trial that tested the same
combination [13]. Similar results have been
reported by other groups [21].
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