
Citation: Baxevanos P and Fountzilas C. Optimizing EGFR Targeted Therapy in Pancreatic Cancer. Austin 
Pancreat Disord. 2017; 1(1): 1005.

Austin Pancreat Disord - Volume 1 Issue 1 - 2017
Submit your Manuscript | www.austinpublishinggroup.com 
Fountzilas et al. © All rights are reserved

Austin Pancreatic Disorders
Open Access

Abstract

Pancreatic cancer is one of the major causes of cancer related death in 
the western hemisphere. Despite years of research effort, advanced disease 
remains incurable with median survival of less than a year. Systemic therapy 
targeting the epidermal growth factor receptor (small molecule tyrosine kinase 
inhibitors and monoclonal antibodies) has promising preclinical activity but 
clinical efficacy has been proven to be modest at best. In this paper, we review 
relevant clinical trials and discuss potential solutions for anti-EGFR therapy.

Keywords: Pancreatic cancer; EGFR; Therapy optimization; Drug 
exposure; Biomarkers

approved by the National Comprehensive Cancer Network (NCCN) 
for the treatment of advanced PC but infrequently used by oncology 
providers given the modest prolongation of survival (less than 1 
month) that was achieved [7,8].

Nevertheless, anti-EGFR targeted therapy with either TKIs or 
monoclonal antibodies remains a promising therapeutic approach, as 
long as we achieve better insight into the specific mechanisms that 
will help us use these agents in patients who are likely to benefit the 
most. In this manuscript, we will review major findings from phase 
2 and 3 studies incorporating anti-EGFR therapy in advanced PC. 
Our purpose is to provide considerations regarding better patient 
selection and further development.

Summary of Clinical Findings
Erlotinib is a first generation EGFR TKI and presents the only 

Food and Drug Administration (FDA) approved targeted agent 
for advanced PC. The National Cancer Institute of Canada (NCIC) 
Clinical Trials Group (CTG) PA. 3 study was a randomized, placebo-
controlled phase 3 trial (N=569) comparing the erlotinib/gemcitabine 
combination to gemcitabine alone [7]. Median OS and progression-
free survival (PFS) were superior in the active drug group (6.24 vs. 
5.91 months, P=0.038; and 3.75 months v 3.55 months, P=0.004 
respectively). There was an 18% relative decrease in the risk of death 
and 23% relative decrease in the risk of progression or death with 
erlotinib therapy. Individuals assigned to erlotinib therapy had more 
episodes of diarrhea and rash even though mild to moderate in 
severity; diarrhea secondary to erlotinib did appear to affect patients’ 
quality of life.

Gemcitabine with or without erlotinib has also been tested in 
patients with locally advanced disease. The LAP 07 study was a phase3 
trial (N=449) randomizing patients with advanced, inoperable, 
non-metastatic PC to gemcitabine with or without erlotinib (first 
randomization); individuals who were progression-free after 4 
months of therapy were randomized to continuation of the same 
regimen or concurrent chemo radiotherapy plus capecitabine [9]. 
This was a negative study for both the primary– the median OS from 
first randomization was 13.6 months for the gemcitabine/erlotinib 
combination vs. 11.9 months for gemcitabinemonotherapy, P=0.09– 
and secondary outcomes – OS from second randomization and PFS 
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Introduction
Pancreatic cancer (PC) is the fourth most common cause of 

cancer-related death in the United States with an estimated 5-year 
survival rate of 8% [1]. Given the absence of early specific signs and 
symptoms and effective screening methods, PC is most frequently 
diagnosed at advanced stages (locally advanced or metastatic) [1]. 
In the late 1990s, gemcitabine was established as an active agent in 
advanced PC– mostly because of its palliative potential compared 
to 5-fluouracil (5-FU)– and became the standard of care and basis 
for further systemic therapy development [2]. The culmination of 
research for advanced PC over next two decades was the combination 
of oxaliplatin/irinotecan/5-FU (FOLFIRINOX) and gemcitabine 
plus nanoparticle albumin bound (nab)-paclitaxel as the most 
appropriate first-line options only in patients with good performance 
status [3,4]. Both approaches significantly prolonged overall survival 
(OS) compared to Gem alone but still most patients with advanced 
PC succumb to their disease after a median of 11 months [3]. The 
epidermal growth factor receptor (EGFR/HER1) is another potential 
target in PC as it is over expressed in up to 60% of cases [5] and EGFR 
inhibition was shown to have antitumor activity in preclinical PC 
models [6]. Erlotinib, a small molecule tyrosine kinase inhibitor (TKI) 
that can selectively target EGFR, has also resulted in a statistically 
significant prolongation of OS in combination with gemcitabine 
compared to gemcitabine as single agent [7]. This combination is 
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from first and second randomization were not different between 
groups. Moreover, EGFR TKIs have been tested in several phase II 
trials as a partner of variable chemotherapeutic drugs. A summary of 
the results of clinical trials with EGFR TKIs in advanced PC as first-
line therapy is presented in (Table 1). 

Cetuximab is a chimeric IgG1 monoclonal antibody (mAb) 
targeting the EGFR (the extracellular domain III) and has been 
extensively evaluated in advanced PC. In a phase II trial (N=41) patients 
with advanced PC expressing EGFR by immunohistochemistry 
(IHC) were treated with cetuximab and gemcitabine at the standard 
doses [10]. The overall response rate was 12%; 63% of the patients had 
stable disease. The median OS was 7 months. The encouraging results 
of this study led to a phase III study conducted by the Southwest 
Oncology Group (S0205) [11]. S0205 randomized 745 patients with 
advanced PC to gemcitabine plus cetuximab vs. gemcitabine alone; 
EGFR positivity by IHC was not a prerequisite for eligibility but 
was determined in the majority of enrolled patients. The study was 
negative for the primary outcome for OS (median OS 6.3 months 
with the combination vs. 5.9 months with gemcitabinemonotherapy, 
hazard ratio: 1.06; P=0.19). Similarly PFS appeared similar between 
groups (3.4 vs. 3 months in the monotherapy group). EGFR positivity 
by IHC did not appear to affect outcomes. 

Nimotuzumab is a humanized IgG2 mAb that targets the 
extracellular domain III of EGFR. In a phase 2 trial, 54 patients with 
advanced PC were treated with nimotuzumab after progression 
on first-line therapy [12]. In this heavily pretreated population 
(approximately 50% of the patients had already received 2 or more 
lines of systemic therapy) OS was almost 4.5 months; best response 
was stable disease in 6 patients. Mild rash (grade 1) and constitutional 
symptoms (grade 1or2) were the most common adverse events related 
to nimotuzumab. Nimotuzumab was combined with gemcitabine as 

first-line therapy in a small (N=18) phase 2 trial; the combination was 
safe and well tolerated [13]. The median OS was 9.3 months. These 
trials led to a larger, randomized, placebo controlled, phase 2 trial 
evaluating gemcitabine with or without nimotuzumab [14]. One 
hundred ninety-two patients were randomized; the 1-year OS was 
19.5% in the placebo and 34.4% with active drug arm (HR=0.69; P 
= 0.034). PFS also favored the nimotuzumab group. Older patients 
(older than 62 year) appeared to obtain significant benefit from 
therapy.

The reason for differential cetuximab and n-inotuzumab 
antitumoral activity observed to date is still unclear. Both antibodies 
bind the extracellular domain III of EGFR but nimotuzumab binds 
within an area overlapping with both cetuximab and EGF binding 
site and in contrast to cetuximab allows EGFR to adopt its active 
conformation [15]. In addition, the bivalent binding required for 
stable nimotuzumab attachment to EGFR may preferentially direct 
the antibody to cells with the highest EGFR expression, such as the 
tumor cells [16]. The results of clinical trials evaluating anti-EGFR 
mAbs in advanced PC are summarized in (Table 2).

Discussion
Clinical efficacy of EGFR-targeted therapy in PC with either 

TKIs or mAbsis disputable and many questions regarding the 
disappointing or modest results of clinical trials remain unanswered. 
First, it must be noted that this approach has been studied mostly 
in molecularly unselected patients, while the exploratory analyses 
of many trials for discovery of predictive biomarkers did not allow 
firm conclusions. The PA. 3 trial included EGFR analysis by IHC 
in 162 patients, defining EGFR positivity as at least 10% tumor cell 
membranous staining; S0205 defined EGFR positivity as any positive 
tumor cell membrane staining [7,11]. Both trials failed to show an 

Trial Phase N Population Intervention Primary outcome Selected secondary outcomes

Moore et al, [7] III 569 Locally advanced or 
metastatic Gem+ E vs. Gem

OS (median): 6.24 months for 
Gem+ E vs. 5.91 months for Gem 

(S)

PFS (median): 3.75 months for 
Gem+ E vs. 3.55 months for E (S)

Hammelet al, [9] III 449 Locally advanced 1. Gem+ E vs. Gem
2. CT vs. CRT

OS (median): 13.6 months for 
Gem+ E vs. 11.9 months for Gem 

(NS)

OS (median): 16.5 months for CT vs. 
15.2 months for CRT (NS)

Vaccaro et al, [58] II 46 Locally advanced or 
metastatic Gem+ E PFS (median): 14 weeks

OS (median): 26 weeks
ORR: 10.9%
DCR: 56.5%

Fountzilas et al, 
[59] II 54 Locally advanced or 

metastatic Gem+gefitinib 6-month PFS: 30% ORR: 11%
OS (median): 7.3 months

Lopez et al, [60] II 32 Metastatic Cape+E ORR: 6% PFS (median): 2.1 months and OS 
(median): 4.3 months

Hwang et al, [61] II 22 Locally advanced or 
metastatic Cisplatin+ Gem+ E ORR: 26% OS (median): 6.8 months

Oh et al, [62] II 47 Metastatic Gem+ Cape+ E ORR: 32.6%
DCR: 83.7%

PFS (median): 6.5 months
OS (median): 12 months

Feliu et al, [63] II 42 Locally advanced or 
metastatic Gem+ E ORR: 28%

Safety established
PFS (median): 5 months
OS (median): 8 months

Wang et al, [22] II 88 Metastatic Gem+ E vs. Gem DCR: 64% for Gem+E vs. 25% for 
Gem

PFS (median): 3.8 months for Gem+ 
E vs. 2.4 months for Gem

OS (median): 7.2 months for Gem+ 
E vs. 4.4 months for Gem

Significance of EGFR mutations
Katopodis et al, 

[64] II 71 Locally advanced or 
metastatic Gem+ Oxali+ E ORR: 21% PFS (median): 5.2 months

OS (median): 10.5 months

Table 1: Major clinical trials examining the role of EGFR TKIs in initial therapy of advanced PC.

Cape: Capecitabine; CRT: Chemoradiotherapy; CT: Chemotherapy; DCR: Disease Control Rate; E: Erlotinib; EGFR: Epidermal Growth Factor Receptor; Gem: 
Gemcitabine; NS: Non-Significant; ORR: Overal Response Rate; OS: Overal Survival; Oxali: Oxaliplatin; PFS: Progression-Free Survival; S: Significant; TKI: Tyrosine 
Kinase Inhibitor



Austin Pancreat Disord 1(1): id1005 (2017)  - Page - 03

Fountzilas C Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

obvious role of EGFR positivity by IHC as predictive biomarker 
and this may be related to the EGFR positivity definition and assays 
used. Higher IHC cutoffs (e.g. 3+) and/or other more standardized 
assays such as polymerase chain reaction (PCR) or fluorescent in situ 
hybridization (FISH) could have been more appropriate methods. 
FISH-positivity (defined as high polysomy and/or gene amplification)
was evaluated as a prognostic/predictive marker in the PA. 3 study 
[17]. FISH-positivity was determined retrospectively in 107 patients; 
almost half of the patients were EGFR-positive. EGFR-positivity by 
FISH was not predictive of erlotinib efficacy in terms of OS (P for 
interaction = 0.32). 

Activating EGFR mutations (e.g. mutations affecting the tyrosine 
kinase domain) in exons 19 and 21 are predictive of TKI benefit in 
lung cancer [18]. The presence of activating EGFR mutations in PC is 
rare; exon 20 mutations have been reported [19-21]. In a prospective 
randomized phase 2 (N=88) trial of erlotinib/gemcitabine vs. single-
agent gemcitabine, 56% of the enrolled patients had tumors harboring 
EGFR mutations; presence of an EGFR mutation appeared predictive 
for OS (8.7 months vs. 6 months for monotherapy, P = 0.044) [22]. 
It’s noteworthy that EGFR mutations were detected and confirmed 
by next generation sequencing in an unprecedented high percentage 
of patients; half of those mutations were in exon 20. This high 
frequency of EFGR mutations can be an effect of ethnic variations 
and environmental background. MARK was a randomized, phase 
2 trial evaluating erlotinib vs. placebo in patients with advanced, 
pretreated PC or as first-line therapy in patients deemed unsuitable 
for chemotherapy [23]. No patients had tumors with EGFR activating 
mutations. The short EGFR CA-SSR1 polymorphism was suggested as 
a potential biomarker for erlotinib efficacy; high serum amphiregulin– 
an EGFR ligand– also appeared to be predictive of superior OS and 
PFS with erlotinib therapy.EGF polymorphism A61G (rs4444903) is 

another potential biomarker as suggested by a subgroup analysis of 
S0205 even though evidence is weak [24]. 

Kirsten rat sarcoma (K-RAS) is a major downstream effector 
molecule for many different surface growth factor receptors including 
EGFR.K-RAS mutations in exons 2, 3 and 4 are negative predictive 
markers ofanti-EGFR mAbs in colorectal cancer [25]. Mutational 
activation of the K-RAS oncogene appears in approximately 95% 
of patients with PC [26]. Thus, the infrequency of wild type K-RAS 
(wt-K-RAS) in PC renders its predictive role in EGFR targeted 
therapy extremely difficult to be investigated. However, the presence 
of specific K-RAS mutations (in codon 12) as predictive markers of 
responsiveness to cetuximab has been suggested [27].

Apart from EGFR inhibition, anti-EGFR mAbs can exert their 
antitumor efficacy through antibody dependent cellular cytotoxicity 
(ADCC) that is mediated through the binding of fragment c (Fc) 
portion of IgG1 to Fc gamma receptors (FcGR) in the surface of 
innate immune cells such as natural killer (NK) cells [28]. NK cells 
are dysfunctional and have impaired cytotoxic activity in PC [29]. 
NK stimulating cytokines such as IL-2, IL-12, and IL-21 can enhance 
cetuximab efficacy against EGFR positive malignant cells including 
pancreatic cancer [30]. Further, specific polymorphisms of FcGR 
gene (H131R and V158F) have been associated with improved PFS 
with cetuximab therapy in patients with metastatic colorectal cancer. 
This emphasizes the complexities of molecular selection, as both 
tumor and patient genome should be taken into account. To the best 
of our knowledge, there are no relevant published studies regarding 
the predictive value of FcGR polymorphisms in PC. Further research 
in this field of antitumor immunity is warranted for optimization of 
anti-EGFR mAb treatment. 

Second, insufficient drug dose has been implicated as a potential 

Trial Phase N Population Intervention Primary outcome Selected secondary outcomes

Philip et al, [11] III 745 Locally advanced or 
metastatic Gem+/- Cet

OS (median): 6.3 months for 
Cet vs. 5.9 months for control 

(NS)

 PFS (median): 3.4 months for 
Cet vs. 3.0 months for control 

arm (NS)
 ORR: 12% for Cet vs. 14% for 

control arm (NS)
Strumberg et al, 

[14] II 192 Locally advanced or 
metastatic Gem+/-Nimo 1-year OS: 34.4 for Nimo vs. 

19.5% for control (S)
 1-year PFS: 21.5% for Nimo vs. 

9.5% for control (NS)

Xiong et al, [10] II 61 Locally advanced or 
metastatic Gem+Cet ORR:12.2%  PFS (median): 3.8 months

OS (median): 7.1 months

Cascinu et al, [65] II 84 Locally advanced or 
metastatic Cisplatin +Gem +/- Cet ORR: 17.5% vs. 12.2% for the 

control

 DCR: 55% for Cet vs 58.5% for 
control (NS)

  PFS (median): 3.4 months for 
Cet vs. 4.2 months for control 

(NS)
 OS (median): 7.5 months for 
Cet vs. 7.8 months for control 

(NS)
Kullmannet al, [31] II 64 Metastatic Gem-Oxali-Cet ORR: 33% OS (median): 213 days

Merchan et al, [66] II 41 Locally advanced or 
metastatic Gem-Oxali-Cet PFS (median): 6.9 months ORR: 24%

OS (median): 11.3 months

Fiore et al, [67] II 21 Locally advanced or 
borderline resectable Gem+ Cet+ RT Feasibility established ORR=24%

 OS (median): 15.3 months

Esnaola et al, [68] II 37 Locally advanced or 
borderline resectable

Gem-Oxali-Cet followed by 
CRT PFS (median): 10.4 months OS (median): 11.8 months

Crane et al, [69] II 69 Locally advanced Gem-Oxali-Cet followed by 
CRT incorporating Cet OS (median): 19.2 months    ORR: 18%

   DCR: 76%

Table 2: Major clinical trials examining the role of EGFR mAbs in initial therapy of advanced PC.

Cet: Cetuximab; CRT: Chemoradiotherapy; CT: Chemotherapy; DCR: Disease Control Rate; EGFR: Epidermal Growth Factor Receptor; Gem: Gemcitabine; Mab: 
Monoclonal Antibody; Nimo: Nimotuzumab; NS: Non-Significant; ORR: Overal Response Rate; OS: Overal Survival; Oxali: Oxaliplatin; PFS: Progression-Free 
Survival; S: Significant
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contributing factor for the observed modest efficacy of anti-EGFR 
therapies. Skin toxicity is a pharmacodynamic surrogate for optimal 
EGFR inhibition (on-target/off-tumor effect); development of rash 
has been associated with improved outcomes in PC [7,31,32]. In a 
phase 2 study, 49 gemcitabine-pretreated patients were treated with 
erlotinib; planned dose escalation to rash was feasible in 10 patients 
(20%) [33]. The highest dose achieved was 300mg daily. Grade 3 
or worse rash and diarrhea occurred in 4% and 4% of the patients 
respectively. The best response was stable disease in 32% of the 
patients; median OS was 3.8 months. Erlotinib dose escalation has 
been also prospectively evaluated in combination with gemcitabine 
in a randomized phase 2 study (RACHEL) in patients with advanced, 
treatment-naïve PC [34]. After a 4-week run in period, patients with 
rash grade 0/1 were randomized to continuation of standard dose 
erlotinib vs. dose escalation up to development of rash grade 2 or 
higher. Four hundred sixty-seven patients were enrolled, of those 
146 patients were randomized. OS from was not statistically different 
between the 2 groups (median OS: 8.4 vs. 7.0 months for standard 
and dose-escalation groups respectively, P = 0.2). 

Further, inadequate erlotinib dosing may be related to differential 
metabolism in smokers compared to non-smokers, with smokers 
achieving lower erlotinib concentrations [35]. As 60-70% of patients 
with PC are active or current smokers [36,37], the effect of smoking 
on erlotinib metabolism is of potential significance. Indeed, never 
smokers have higher concentrations of erlotinib and its metabolites 
compared to active or past smokers [33,38]. It also appears that never 
smokers may have improved outcomes compared to past or current 
smoker [38]. Moreover, erlotinib bioavailability is affected by gastric 
pH, with acidic pH being necessary for absorption [39,40]. Use of 
acid suppressive therapy has been implicated in decreased erlotinib 
absorption [41]. In addition, gastric hypochlorhydria after removal 
of the gastric antrum with removal of gastrin-secreting cells is a 
potential consideration [42,43]. It remains to be determined if limited 
erlotinib absorption is clinically relevant in PC.

In an effort to optimize EGFR targeted therapy, attempts have 
been made to simultaneously target downstream mediators or parallel 
signaling pathways. MEK is a protein kinase downstream of RAS; 
dual EGFR/MEK inhibition is more effective than EGFR inhibition 
alone in preclinical models, an effect that is more pronounced in wt-
K-RAS cells [44]. Selumetinib is an oral MEK 1/2 inhibitor that in 
combination with erlotinib as second-line therapy in patients with 
advanced PC resulted in a disease control rate of 41% with almost 
25% of the patients having disease stability for at least 3 months [45]. 
OS at 6 and 12 months was 58% and 23% respectively. An epithelial 
phenotype as documented by preserved E-cadherin expression 
by IHC was associated with a biochemical response (e.g. decrease 
in CA19-9 levels). Eighty-five percent of the patients had K-RAS 
mutations detected in plasma cell-free DNA analysis with an apparent 
improved biochemical response in patients where mutant K-RAS was 
not detected in plasma. 

Other combination strategies have been largely unsuccessful to 
date. HER2, the second member of the HER receptor family, is over 
expressed in 20% of PC cases [46]. Transtuzumab, a mAb against 
HER2, in combination with gemcitabine was shown to be active in 
preclinical PC models expressing HER 2+3 by IHC compared to 

+1/+2. Further, dual HER1/HER2 inhibition with mAbs has been 
proven more efficacious to monotherapyin vivo [47]. A trial of 
lapatinib, a reversible oral dual HER 1/2 inhibitor, plus gemcitabine 
in previously untreated patients with advanced PC was terminated 
after enrollment of 29 out of the planned 125 patients for futility [48]. 
In another small (N=17) phase 2 trial, lapatinib plus capecitabine 
in previously treated patients with advanced disease, 6 patients had 
stable disease for at least 3 months; there were no objective responses 
[49]. Similarly, cetuximab/trastuzumab combination therapy in a 
phase 1/2 trial (THERAPY) in pretreated patients did not appear to 
significantly improve outcomes compared to historical controls as the 
median PFS and OS was 1.8 and 4.6 months respectively [50].

Simultaneous inhibition of angiogenesis was also expected 
to improve outcomes based on the results of dual EGFR/vascular 
endothelial growth factor receptor (VEGFR) inhibition in vivo [51]. 
A multicenter, randomized, double blind, placebo-controlled phase 3 
trial (N=607) assessed the potential benefit of bevacizumab– a mAb 
that targets VEGF-A– when added to erlotinib plus gemcitabine 
in treatment-naïve patients with advanced PC [52]. The study was 
negative for the primary outcome of OS; the median was 7.1 months 
in the bevacizumab group and 6 months in the placebo group, 
respectively (P= 0.2087). Similarly, the addition of vandetanib– a TKI 
with dual activity against EGFR, VEGFR-2 and rearranged during 
transfection (RET)– to gemcitabine failed to demonstrate a survival 
benefit in a randomized, double blind, placebo-controlled phase II 
randomized trial (ViP trial) [53]. One hundred forty-two patients 
were enrolled, the median OS was 8.83 and 8.95 months in the 
vandetanib and placebo arm respectively (P= 0.303). Presence of RET 
polymorphisms and expression by IHC were evaluated as potential 
biomarkers for response but both did not appear to affect outcomes 
in multivariable analysis.

The insulin growth factor receptor (IGFR)-1 is over expressed in 
the majority of PC cases [54] and IGFR-1 inhibition can effectively 
inhibit tumor growth in PC xenografts [55]. IGFR-1 activation has 
been implicated in EGFR-targeted therapy resistance in a variety of 
tumors, mostly breast cancer [56]. S0727 was a randomized phase 
2 trial with a run in phase evaluating the anti-IGFR-1 antibody 
cixutumumab in combination with erlotinib plus gemcitabine [57]. 
The control group was erlotinib plus gemcitabine. The study did 
not meet the primary outcome of PFS. The PFS in both groups was 
3.6 months (P = 0.97); OS was also similar in between groups (7 
months versus 6.7 months in the control arm). The absence of strong 
preclinical data specifically for PC may have been responsible for this 
failure of this study. 

Conclusions
Despite promising preclinical data, EGFR inhibition with 

small molecule EGFR TKI inhibitors or mAbs has been a largely 
unsuccessful treatment strategy in advanced PC. Inadequate drug 
dosing as well as patient selection criteria may have contributed to 
the modest improvement in outcomes with the addition of erlotinib 
to gemcitabine in the first-line setting. Attempts to simultaneously 
inhibit multiple pathways and/or downstream molecules have 
demonstrated no obvious improvement to date with the exclusion of 
dual EGFR/MEK inhibition. Given the fact that EGFR TKIs are better 
tolerated compared to cytotoxic agents and multi-agent cytotoxic 
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chemotherapy is warranted only for patients with a good performance 
status, further development of these agents in PC is warranted taking 
into account lessons learned from previous unsuccessful attempts. 
Furthermore, novel and potentially more potent anti-EGFR therapies 
such as nimotuzumab should be evaluated in combination with 
modern, life-extending combination regimens such as gemcitabine 
with nab-paclitaxel.

References
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J Clin. 

2016; 66: 7-30.

2. Burris HA, Moore MJ, Andersen J, Green MR, et al. Improvements in survival 
and clinical benefit with gemcitabine as first-line therapy for patients with 
advanced pancreas cancer: a randomized trial. J Clin Oncol. 1997; 15: 2403-
2413.

3. Conroy T, Desseigne F, Ychou M, Bouché O, Guimbaud R, Bécouarn Y, et 
al. FOLFIRINOX versus Gemcitabine for Metastatic Pancreatic Cancer. New 
England Journal of Medicine. 2011; 364: 1817-1825.

4. Von Hoff DD, Ervin T, Arena FP, Chiorean EG, Infante J, Moore M, et al. 
Increased survival in pancreatic cancer with nab-paclitaxel plus gemcitabine. 
N Engl J Med. 2013; 369 : 1691-1703.

5. Friess H, Wang L, Zhu Z, Gerber R, Schroder M, Fukuda A, et al. Growth 
factor receptors are differentially expressed in cancers of the papilla of vater 
and pancreas. Ann Surg. 1999; 230: 767-774; discussion 774-775.

6. Durkin AJ, Osborne DA, Yeatman TJ, Rosemurgy AS, Armstrong C, Zervos 
EE. EGF Receptor Antagonism Improves Survival in a Murine Model of 
Pancreatic Adenocarcinoma. J Surg Res. 2006; 135: 195-201.

7. Moore MJ, Goldstein D, Hamm J, Figer A, Hecht JR, Gallinger S et al. 
Erlotinib Plus Gemcitabine Compared With Gemcitabine Alone in Patients 
With Advanced Pancreatic Cancer: A Phase III Trial of the National Cancer 
Institute of Canada Clinical Trials Group. Journal of Clinical Oncology. 2007; 
25: 1960-1966.

8. Tempero MA, Malafa MP, Al-Hawary M, Asbun H, et al. Pancreatic 
adenocarcinoma. NCCN Clinical Practice Guidelines in Oncology (NCCN 
Guidelines®). 2017.

9. Hammel P, Huguet F, van Laethem JL, Goldstein D, Glimelius B, Artru P, et 
al. Effect of Chemo radiotherapy vs Chemotherapy on Survival in Patients 
With Locally Advanced Pancreatic Cancer Controlled After 4 Months of 
Gemcitabine With or Without Erlotinib: The LAP07 Randomized Clinical Trial. 
JAMA. 2016; 315: 1844-1853.

10. Xiong HQ, Rosenberg A, LoBuglio A, Schmidt W, Wolff RA, Deutsch J, et 
al. Cetuximab, a monoclonal antibody targeting the epidermal growth factor 
receptor, in combination with gemcitabine for advanced pancreatic cancer: a 
multicenter phase II Trial. J Clin Oncol. 2004; 22: 2610-2616.

11. Philip PA, Benedetti J, Corless CL, Wong R, O’Reilly EM, Flynn PJ, et al. 
Phase III study comparing gemcitabine plus cetuximab versus gemcitabine 
in patients with advanced pancreatic adenocarcinoma: Southwest Oncology 
Group-directed intergroup trial S0205. J Clin Oncol. 2010; 28: 3605-3610.

12. Strumberg D, Schultheis B, Scheulen ME, Hilger RA, et al. Phase II study 
of nimotuzumab, a humanized monoclonal anti-epidermal growth factor 
receptor (EGFR) antibody, in patients with locally advanced or metastatic 
pancreatic cancer. Invest New Drugs. 2012; 30: 1138-1143.

13. Su D, Jiao SC, Wang LJ, Shi WW, Long YY, et al. Efficacy of nimotuzumab 
plus gemcitabine usage as first-line treatment in patients with advanced 
pancreatic cancer. Tumour Biol. 2014; 35: 2313-2318.

14. Strumberg D, Schultheis B, Ebert MP, Kerkhoff A, Hofheinz RD, et al. Phase 
II, randomized, double-blind placebo-controlled trial of nimotuzumab plus 
gemcitabine compared with gemcitabine alone in patients (pts) with advanced 
pancreatic cancer (PC). Journal of Clinical Oncology. 2013; 31: 4009.

15. Talavera A, Friemann R, Gomez-Puerta S, Martinez-Fleites C, et al. 
Nimotuzumab, an antitumor antibody that targets the epidermal growth 
factor receptor, blocks ligand binding while permitting the active receptor 

conformation. Cancer Res. 2009; 69: 5851-5859.

16. Garrido G, Tikhomirov IA, Rabasa A, Yang E, Gracia E, et al. Bivalent binding 
by intermediate affinity of nimotuzumab: a contribution to explain antibody 
clinical profile. Cancer Biol Ther. 2011; 11: 373-382.

17. Cunha Santos G, Dhani N, Tu D, Chin K, Ludkovski O, et al. Molecular 
predictors of outcome in a phase 3 study of gemcitabine and erlotinib therapy 
in patients with advanced pancreatic cancer. National Cancer Institute of 
Canada Clinical Trials Group Study PA.3. Cancer. 2010; 116: 5599-5607.

18. Rosell R, Carcereny E, Gervais R, Vergnenegre A, et al. Erlotinib versus 
standard chemotherapy as first-line treatment for European patients with 
advanced EGFR mutation-positive non-small-cell lung cancer (EURTAC): a 
multicentre, open-label, randomized phase 3 trial. Lancet Oncol. 2012; 13: 
239-246.

19. Lee J, Jang KT, Ki CS, Lim T, Park YS, et al. Impact of epidermal growth 
factor receptor (EGFR) kinase mutations, EGFR gene amplifications, and 
KRAS mutations on survival of pancreatic adenocarcinoma. Cancer. 2007; 
109: 1561-1569.

20. Tzeng CW, Frolov A, Frolova N, Jhala NC, Howard JH, Buchsbaum DJ, et al. 
Epidermal growth factor receptor (EGFR) is highly conserved in pancreatic 
cancer. Surgery. 2007; 141: 464-469.

21. Immervoll H, Hoem D, Kugarajh K, Steine SJ, Molven A. Molecular analysis 
of the EGFR-RAS-RAF pathway in pancreatic ductal adenocarcinomas: lack 
of mutations in the BRAF and EGFR genes. Virchows Arch. 2006; 448: 788-
796.

22. Wang JP, Wu CY, Yeh YC, Shyr YM, et al. Erlotinib is effective in pancreatic 
cancer with epidermal growth factor receptor mutations: a randomized, open-
label, prospective trial. Oncotarget. 2015; 6: 18162-18173.

23. Propper D, Davidenko I, Bridgewater J, Kupcinskas L, Fittipaldo A, et al. 
Phase II, randomized, biomarker identification trial (MARK) for erlotinib in 
patients with advanced pancreatic carcinoma. Ann Oncol. 2014; 25: 1384-
1390.

24. Labonte MJ, Goldman BH, Zhang W, Blanke CD, Philip PA, et al. Use of 
EGF A61G polymorphism to predict overall survival in a phase III study of 
gemcitabine plus cetuximab versus gemcitabine in patients with locally 
advanced or metastatic pancreatic adenocarcinoma (SWOG 0205). Journal 
of Clinical Oncology. 2012.

25. Karapetis CS, Khambata-Ford S, Jonker DJ, O’Callaghan CJ, Tu D, et al. 
K-ras mutations and benefit from cetuximab in advanced colorectal cancer. N 
Engl J Med. 2008; 359 : 1757-1765.

26. Waddell N, Pajic M, Patch AM, Chang DK, Kassahn KS, et al. Whole 
genomes redefine the mutational landscape of pancreatic cancer. Nature. 
2015; 518: 495-501.

27. Kullmann F, Hartmann A, Stohr R, Messmann H, Dollinger MM, et al. KRAS 
mutation in metastatic pancreatic ductal adenocarcinoma: results of a 
multicenter phase II study evaluating efficacy of cetuximab plus gemcitabine/
oxaliplatin (GEMOXCET) in first-line therapy. Oncology. 2011; 81: 3-8.

28. Kohrt HE, Houot R, Marabelle A, Cho HJ, Osman K, et al. Combination 
strategies to enhance antitumor ADCC. Immunotherapy. 2012; 4: 511-527.

29. Husain Z, Huang Y, Seth P, Sukhatme VP. Tumor-derived lactate modifies 
antitumor immune response: effect on myeloid-derived suppressor cells and 
NK cells. J Immunol. 2013; 191: 1486-1495.

30. Roda JM, Joshi T, Butchar JP, McAlees JW, Lehman A, et al. The activation 
of natural killer cell effector functions by cetuximab-coated, epidermal growth 
factor receptor positive tumor cells is enhanced by cytokines. Clin Cancer 
Res. 2007; 13: 6419-6428.

31. Kullmann F, Hollerbach S, Dollinger MM, Harder J, et al. Cetuximab plus 
gemcitabine/oxaliplatin (GEMOXCET) in first-line metastatic pancreatic 
cancer: a multicentre phase II study. Br J Cancer. 2009;100: 1032-1036.

32. Aranda E, Manzano JL, Rivera F, Galan M, Valladares-Ayerbes M, Pericay C, 
et al. Phase II open-label study of erlotinib in combination with gemcitabine in 
unresectable and/or metastatic adenocarcinoma of the pancreas: relationship 
between skin rash and survival (Pantar study). Ann Oncol. 2012; 23: 1919-
1925.

https://www.ncbi.nlm.nih.gov/pubmed/26742998
https://www.ncbi.nlm.nih.gov/pubmed/26742998
http://ascopubs.org/doi/abs/10.1200/jco.1997.15.6.2403
http://ascopubs.org/doi/abs/10.1200/jco.1997.15.6.2403
http://ascopubs.org/doi/abs/10.1200/jco.1997.15.6.2403
http://ascopubs.org/doi/abs/10.1200/jco.1997.15.6.2403
http://www.nejm.org/doi/full/10.1056/NEJMoa1011923#t=article
http://www.nejm.org/doi/full/10.1056/NEJMoa1011923#t=article
http://www.nejm.org/doi/full/10.1056/NEJMoa1011923#t=article
http://www.nejm.org/doi/full/10.1056/NEJMoa1304369#t=article
http://www.nejm.org/doi/full/10.1056/NEJMoa1304369#t=article
http://www.nejm.org/doi/full/10.1056/NEJMoa1304369#t=article
https://www.ncbi.nlm.nih.gov/pubmed/10615931
https://www.ncbi.nlm.nih.gov/pubmed/10615931
https://www.ncbi.nlm.nih.gov/pubmed/10615931
https://www.ncbi.nlm.nih.gov/pubmed/16678855
https://www.ncbi.nlm.nih.gov/pubmed/16678855
https://www.ncbi.nlm.nih.gov/pubmed/16678855
http://ascopubs.org/doi/abs/10.1200/jco.2006.07.9525
http://ascopubs.org/doi/abs/10.1200/jco.2006.07.9525
http://ascopubs.org/doi/abs/10.1200/jco.2006.07.9525
http://ascopubs.org/doi/abs/10.1200/jco.2006.07.9525
http://ascopubs.org/doi/abs/10.1200/jco.2006.07.9525
https://www.tri-kobe.org/nccn/guideline/pancreas/english/pancreatic.pdf
https://www.tri-kobe.org/nccn/guideline/pancreas/english/pancreatic.pdf
https://www.tri-kobe.org/nccn/guideline/pancreas/english/pancreatic.pdf
http://jamanetwork.com/journals/jama/fullarticle/2518265
http://jamanetwork.com/journals/jama/fullarticle/2518265
http://jamanetwork.com/journals/jama/fullarticle/2518265
http://jamanetwork.com/journals/jama/fullarticle/2518265
http://jamanetwork.com/journals/jama/fullarticle/2518265
http://ascopubs.org/doi/abs/10.1200/jco.2004.12.040
http://ascopubs.org/doi/abs/10.1200/jco.2004.12.040
http://ascopubs.org/doi/abs/10.1200/jco.2004.12.040
http://ascopubs.org/doi/abs/10.1200/jco.2004.12.040
http://ascopubs.org/doi/full/10.1200/jco.2009.25.7550
http://ascopubs.org/doi/full/10.1200/jco.2009.25.7550
http://ascopubs.org/doi/full/10.1200/jco.2009.25.7550
http://ascopubs.org/doi/full/10.1200/jco.2009.25.7550
https://www.ncbi.nlm.nih.gov/pubmed/21170759
https://www.ncbi.nlm.nih.gov/pubmed/21170759
https://www.ncbi.nlm.nih.gov/pubmed/21170759
https://www.ncbi.nlm.nih.gov/pubmed/21170759
https://www.ncbi.nlm.nih.gov/pubmed/24142531
https://www.ncbi.nlm.nih.gov/pubmed/24142531
https://www.ncbi.nlm.nih.gov/pubmed/24142531
http://ascopubs.org/doi/abs/10.1200/jco.2013.31.15_suppl.4009
http://ascopubs.org/doi/abs/10.1200/jco.2013.31.15_suppl.4009
http://ascopubs.org/doi/abs/10.1200/jco.2013.31.15_suppl.4009
http://ascopubs.org/doi/abs/10.1200/jco.2013.31.15_suppl.4009
https://www.ncbi.nlm.nih.gov/pubmed/19584289
https://www.ncbi.nlm.nih.gov/pubmed/19584289
https://www.ncbi.nlm.nih.gov/pubmed/19584289
https://www.ncbi.nlm.nih.gov/pubmed/19584289
https://www.ncbi.nlm.nih.gov/pubmed/21150278
https://www.ncbi.nlm.nih.gov/pubmed/21150278
https://www.ncbi.nlm.nih.gov/pubmed/21150278
http://onlinelibrary.wiley.com/doi/10.1002/cncr.25393/abstract
http://onlinelibrary.wiley.com/doi/10.1002/cncr.25393/abstract
http://onlinelibrary.wiley.com/doi/10.1002/cncr.25393/abstract
http://onlinelibrary.wiley.com/doi/10.1002/cncr.25393/abstract
https://www.ncbi.nlm.nih.gov/pubmed/22285168
https://www.ncbi.nlm.nih.gov/pubmed/22285168
https://www.ncbi.nlm.nih.gov/pubmed/22285168
https://www.ncbi.nlm.nih.gov/pubmed/22285168
https://www.ncbi.nlm.nih.gov/pubmed/22285168
http://onlinelibrary.wiley.com/doi/10.1002/cncr.22559/full
http://onlinelibrary.wiley.com/doi/10.1002/cncr.22559/full
http://onlinelibrary.wiley.com/doi/10.1002/cncr.22559/full
http://onlinelibrary.wiley.com/doi/10.1002/cncr.22559/full
https://www.ncbi.nlm.nih.gov/pubmed/17383523
https://www.ncbi.nlm.nih.gov/pubmed/17383523
https://www.ncbi.nlm.nih.gov/pubmed/17383523
https://www.ncbi.nlm.nih.gov/pubmed/26046796
https://www.ncbi.nlm.nih.gov/pubmed/26046796
https://www.ncbi.nlm.nih.gov/pubmed/26046796
https://www.ncbi.nlm.nih.gov/pubmed/24827134
https://www.ncbi.nlm.nih.gov/pubmed/24827134
https://www.ncbi.nlm.nih.gov/pubmed/24827134
https://www.ncbi.nlm.nih.gov/pubmed/24827134
http://meetinglibrary.asco.org/record/67481/abstract
http://meetinglibrary.asco.org/record/67481/abstract
http://meetinglibrary.asco.org/record/67481/abstract
http://meetinglibrary.asco.org/record/67481/abstract
http://meetinglibrary.asco.org/record/67481/abstract
http://www.nejm.org/doi/full/10.1056/NEJMoa0804385
http://www.nejm.org/doi/full/10.1056/NEJMoa0804385
http://www.nejm.org/doi/full/10.1056/NEJMoa0804385
https://www.nature.com/nature/journal/v518/n7540/full/nature14169.html
https://www.nature.com/nature/journal/v518/n7540/full/nature14169.html
https://www.nature.com/nature/journal/v518/n7540/full/nature14169.html
https://www.ncbi.nlm.nih.gov/pubmed/21894049
https://www.ncbi.nlm.nih.gov/pubmed/21894049
https://www.ncbi.nlm.nih.gov/pubmed/21894049
https://www.ncbi.nlm.nih.gov/pubmed/21894049
https://www.ncbi.nlm.nih.gov/pubmed/22642334
https://www.ncbi.nlm.nih.gov/pubmed/22642334
https://www.ncbi.nlm.nih.gov/pubmed/23817426
https://www.ncbi.nlm.nih.gov/pubmed/23817426
https://www.ncbi.nlm.nih.gov/pubmed/23817426
https://www.ncbi.nlm.nih.gov/pubmed/17962339
https://www.ncbi.nlm.nih.gov/pubmed/17962339
https://www.ncbi.nlm.nih.gov/pubmed/17962339
https://www.ncbi.nlm.nih.gov/pubmed/17962339
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2670003/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2670003/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2670003/
https://www.ncbi.nlm.nih.gov/pubmed/22156621
https://www.ncbi.nlm.nih.gov/pubmed/22156621
https://www.ncbi.nlm.nih.gov/pubmed/22156621
https://www.ncbi.nlm.nih.gov/pubmed/22156621
https://www.ncbi.nlm.nih.gov/pubmed/22156621


Austin Pancreat Disord 1(1): id1005 (2017)  - Page - 06

Fountzilas C Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

33. Renouf DJ, Tang PA, Hedley D, Chen E, Kamel-Reid S, et al. A phase II 
study of erlotinib in gemcitabine refractory advanced pancreatic cancer. Eur J 
Cancer. 2014; 50: 1909-1915.

34. Van Cutsem E, Li CP, Nowara E, Aprile G, Moore M, et al. Dose escalation to 
rash for erlotinib plus gemcitabine for metastatic pancreatic cancer: the phase 
II RACHEL study. Br J Cancer. 2014; 111: 2067-2075.

35. Hamilton M, Wolf JL, Rusk J, Beard SE, Clark GM, et al. Effects of smoking 
on the pharmacokinetics of erlotinib. Clin Cancer Res. 2006; 12: 2166-2171.

36. McWilliams RR, Maisonneuve P, Bamlet WR, Petersen GM, Li D, et al. Risk 
Factors for Early-Onset and Very-Early-Onset Pancreatic Adenocarcinoma: 
A Pancreatic Cancer Case-Control Consortium (PanC4) Analysis. Pancreas. 
2016; 45: 311-316.

37. Brand RE, Greer JB, Zolotarevsky E, Brand R, Du H, et al. Pancreatic 
cancer patients who smoke and drink are diagnosed at younger ages. Clin 
Gastroenterol Hepatol. 2009; 7: 1007-1012.

38. Iyer RV , Khushalani NI, Tan W, Litwin A, Starostik P, et al. A phase II study 
of erlotinib in patients (pts) with advanced pancreatic cancer (APC) who 
are refractory to gemcitabine (G). In: ASCO, editor. 2010 Gastrointestinal 
Cancers Symposium: ASCO; 2010.

39. Erlotinib (TARCEVA) package insert, OSI Pharmaceuticals Inc. Melville, NY 
11747, USA. 2010.

40. FDA. Tarceva NDA 21-743/S000. In: Clinical Pharmacology and 
Biopharmaceutics Review. 2004.

41. Budha NR, Frymoyer A, Smelick GS, Jin JY, Yago MR, et al. Drug absorption 
interactions between oral targeted anticancer agents and PPIs: is pH-
dependent solubility the Achilles heel of targeted therapy? Clin Pharmacol 
Ther. 2012; 92: 203-213.

42. Sato T, Imamura M, Matsuro S, Sasaki I, Ohneda A. Gastric acid secretion 
and gut hormone release in patients undergoing pancreaticoduodenectomy. 
Surgery. 1986; 99: 728-734.

43. Nishikawa M, Tangoku A, Hamanaka Y, Suzuki T, Rayford PL. Gastric pH 
monitoring after pylorus preserving pancreaticoduodenectomy with Billroth I 
type of reconstruction. J Am Coll Surg. 1994; 179: 129-134.

44. Diep CH, Munoz RM, Choudhary A, Von Hoff DD, Han H. Synergistic effect 
between erlotinib and MEK inhibitors in KRAS wild-type human pancreatic 
cancer cells. Clin Cancer Res. 2011; 17: 2744-2756.

45. Ko AH, Bekaii-Saab T, Van Ziffle J, Mirzoeva OM, Joseph NM, et al. A 
Multicenter, Open-Label Phase II Clinical Trial of Combined MEK plus 
EGFR Inhibition for Chemotherapy-Refractory Advanced Pancreatic 
Adenocarcinoma. Clin Cancer Res. 2016; 22: 61-68.

46. Dancer J, Takei H, Ro JY, Lowery-Nordberg M. Coexpression of EGFR and 
HER-2 in pancreatic ductal adenocarcinoma: a comparative study using 
immunohistochemistry correlated with gene amplification by fluorescencent 
in situ hybridization. Oncol Rep. 2007; 18: 151-155.

47. Larbouret C, Robert B, Navarro-Teulon I, Thezenas S, Ladjemi MZ, et al. In 
vivo therapeutic synergism of anti-epidermal growth factor receptor and anti-
HER2 monoclonal antibodies against pancreatic carcinomas. Clin Cancer 
Res. 2007; 13: 3356-3362.

48. Safran H, Miner T, Bahary N, Whiting S, Lopez CD, et al. Lapatinib and 
gemcitabine for metastatic pancreatic cancer. A phase II study. Am J Clin 
Oncol. 2011; 34: 50-52.

49. Wu Z, Gabrielson A, Hwang JJ, Pishvaian MJ, et al. Phase II study of lapatinib 
and capecitabine in second-line treatment for metastatic pancreatic cancer. 
Cancer Chemother Pharmacol. 2015; 76: 1309-1314.

50. Assenat E, Azria D, Mollevi C, Guimbaud R, Tubiana-Mathieu N, et al. Dual 
targeting of HER1/EGFR and HER2 with cetuximab and trastuzumab in 
patients with metastatic pancreatic cancer after gemcitabine failure: results of 
the “THERAPY”phase 1-2 trial. Oncotarget. 2015; 6: 12796-12808.

51. Baker CH, Solorzano CC, Fidler IJ. Blockade of vascular endothelial growth 
factor receptor and epidermal growth factor receptor signaling for therapy 
of metastatic human pancreatic cancer. Cancer Res. 2002; 62: 1996-2003.

52. Cutsem EV, Vervenne WL, Bennouna J, Humblet Y, et al. Phase III trial of 
bevacizumab in combination with gemcitabine and erlotinib in patients with 
metastatic pancreatic cancer. J Clin Oncol. 2009; 27: 2231-2237.

53. Middleton G, Palmer DH, Greenhalf W, Ghaneh P, Jackson R, et al. Vandetanib 
plus gemcitabine versus placebo plus gemcitabine in locally advanced or 
metastatic pancreatic carcinoma (ViP): a prospective, randomized, double-
blind, multicentre phase 2 trial. Lancet Oncol. 2017; 18: 486-499.

54. Bergmann U, Funatomi H, Yokoyama M, Beger HG, Korc M. Insulin-like 
growth factor I over expression in human pancreatic cancer: evidence for 
autocrine and paracrine roles. Cancer Res. 1995; 55: 2007-2011.

55. Beltran PJ, Mitchell P, Chung YA, Cajulis E, Lu J, et al. AMG 479, a fully 
human anti-insulin-like growth factor receptor type I monoclonal antibody, 
inhibits the growth and survival of pancreatic carcinoma cells. Mol Cancer 
Ther. 2009; 8: 1095-1105.

56. Jones HE, Gee JM, Taylor KM, Barrow D, et al. Development of strategies 
for the use of anti-growth factor treatments. Endocr Relat Cancer. 2005 ;12: 
173-182.

57. Philip PA, Goldman B, Ramanathan RK, Lenz HJ, Lowy AM, et al. Dual 
blockade of epidermal growth factor receptor and insulin-like growth 
factor receptor-1 signaling in metastatic pancreatic cancer: phase Ib and 
randomized phase II trial of gemcitabine, erlotinib, and cixutumumab versus 
gemcitabine plus erlotinib (SWOG S0727). Cancer. 2014; 120: 2980-2985.

58. Vaccaro V, Bria E, Sperduti I, Gelibter A, Moscetti L, et al. First-line erlotinib 
and fixed dose-rate gemcitabine for advanced pancreatic cancer. World J 
Gastroenterol. 2013; 19: 4511-4519.

59. Fountzilas G, Bobos M, Kalogera-Fountzila A, Xiros N, et al. Gemcitabine 
combined with gefitinib in patients with inoperable or metastatic pancreatic 
cancer: a phase II Study of the Hellenic Cooperative Oncology Group with 
biomarker evaluation. Cancer Invest. 2008; 26: 784-793.

60. Lopez R, Mendez CM, Fernandez MJ, Reinoso CR, et al. Phase II trial of 
erlotinib plus capecitabine as first-line treatment for metastatic pancreatic 
cancer (XELTA study). Anticancer Res. 2013; 33: 717-723.

61. Hwang IG, Jang JS, Oh SY, Lee S, Kwon HC, et al. A phase II trial of Erlotinib 
in combination with gemcitabine and cisplatin in advanced pancreatic cancer. 
Invest New Drugs. 2012; 30: 2371-2376.

62. Oh DY, Lee KW, Lee KH, Sohn CH, Park YS, et al. A phase II trial of erlotinib 
in combination with gemcitabine and capecitabine in previously untreated 
metastatic/recurrent pancreatic cancer: combined analysis with translational 
research. Invest New Drugs. 2012; 30: 1164-1174.

63. Feliu J, Borrega P, Leon A, Lopez-Gomez L, Lopez M, et al. Phase II study of 
a fixed dose-rate infusion of gemcitabine associated with erlotinib in advanced 
pancreatic cancer. Cancer Chemother Pharmacol. 2011; 67: 215-221.

64. Katopodis O, Souglakos J, Stathopoulos E, Christopoulou A, Kontopodis E, 
et al. Frontline treatment with gemcitabine, oxaliplatin and erlotinib for the 
treatment of advanced or metastatic pancreatic cancer: a multicenter phase II 
study of the Hellenic Oncology Research Group (HORG). Cancer Chemother 
Pharmacol. 2014; 74: 333-340.

65. Cascinu S, Berardi R, Labianca R, Siena S, Falcone A, et al. Cetuximab plus 
gemcitabine and cisplatin compared with gemcitabine and cisplatin alone in 
patients with advanced pancreatic cancer: a randomised, multicentre, phase 
II trial. Lancet Oncol. 2008; 9: 39-44.

66. Merchan JR, Ferrell A, Macintyre J, Ciombor KK, Levi J, et al. Phase II study 
of gemcitabine, oxaliplatin, and cetuximab in advanced pancreatic cancer. 
Am J Clin Oncol. 2012; 35: 446-450.

67. Fiore M, Trodella L, Valeri S, Borzomati D, Floreno B, et al. Prospective 
study of cetuximab and gemcitabine in combination with radiation therapy: 
feasibility and efficacy in locally advanced pancreatic head cancer. Radiat 
Oncol. 2015; 10: 255.

68. Esnaola NF, Chaudhary UB, O’Brien P, Garrett-Mayer E, Camp ER, et al. 
Phase 2 trial of induction gemcitabine, oxaliplatin, and cetuximab followed 
by selective capecitabine-based chemoradiation in patients with borderline 
resectable or unresectable locally advanced pancreatic cancer. Int J Radiat 
Oncol Biol Phys. 2014; 88: 837-844.

https://www.ncbi.nlm.nih.gov/pubmed/24857345
https://www.ncbi.nlm.nih.gov/pubmed/24857345
https://www.ncbi.nlm.nih.gov/pubmed/24857345
https://www.ncbi.nlm.nih.gov/pubmed/25247318
https://www.ncbi.nlm.nih.gov/pubmed/25247318
https://www.ncbi.nlm.nih.gov/pubmed/25247318
https://www.ncbi.nlm.nih.gov/pubmed/16609030
https://www.ncbi.nlm.nih.gov/pubmed/16609030
https://www.ncbi.nlm.nih.gov/pubmed/26646264
https://www.ncbi.nlm.nih.gov/pubmed/26646264
https://www.ncbi.nlm.nih.gov/pubmed/26646264
https://www.ncbi.nlm.nih.gov/pubmed/26646264
http://citeweb.info/20092038372
http://citeweb.info/20092038372
http://citeweb.info/20092038372
http://citeweb.info/20092038372
http://www.tarceva.com/hcp/tarceva-information-for-pharmacists
http://www.tarceva.com/hcp/tarceva-information-for-pharmacists
http://www.accessdata.fda.gov.libproxy.uthscsa.edu/drugsatfda_docs/nda/2004/21-743_Tarceva_biopharmr.PDF. Accessed December 30 2016.
http://www.accessdata.fda.gov.libproxy.uthscsa.edu/drugsatfda_docs/nda/2004/21-743_Tarceva_biopharmr.PDF. Accessed December 30 2016.
https://www.ncbi.nlm.nih.gov/pubmed/22739140
https://www.ncbi.nlm.nih.gov/pubmed/22739140
https://www.ncbi.nlm.nih.gov/pubmed/22739140
https://www.ncbi.nlm.nih.gov/pubmed/22739140
https://www.ncbi.nlm.nih.gov/pubmed/3520915
https://www.ncbi.nlm.nih.gov/pubmed/3520915
https://www.ncbi.nlm.nih.gov/pubmed/3520915
https://www.ncbi.nlm.nih.gov/pubmed/7913855
https://www.ncbi.nlm.nih.gov/pubmed/7913855
https://www.ncbi.nlm.nih.gov/pubmed/7913855
https://www.ncbi.nlm.nih.gov/pubmed/21385921
https://www.ncbi.nlm.nih.gov/pubmed/21385921
https://www.ncbi.nlm.nih.gov/pubmed/21385921
https://www.ncbi.nlm.nih.gov/pubmed/26251290
https://www.ncbi.nlm.nih.gov/pubmed/26251290
https://www.ncbi.nlm.nih.gov/pubmed/26251290
https://www.ncbi.nlm.nih.gov/pubmed/26251290
https://www.ncbi.nlm.nih.gov/pubmed/17549361
https://www.ncbi.nlm.nih.gov/pubmed/17549361
https://www.ncbi.nlm.nih.gov/pubmed/17549361
https://www.ncbi.nlm.nih.gov/pubmed/17549361
https://www.ncbi.nlm.nih.gov/pubmed/17545543
https://www.ncbi.nlm.nih.gov/pubmed/17545543
https://www.ncbi.nlm.nih.gov/pubmed/17545543
https://www.ncbi.nlm.nih.gov/pubmed/17545543
https://www.ncbi.nlm.nih.gov/pubmed/24757739
https://www.ncbi.nlm.nih.gov/pubmed/24757739
https://www.ncbi.nlm.nih.gov/pubmed/24757739
https://www.ncbi.nlm.nih.gov/pubmed/26507197
https://www.ncbi.nlm.nih.gov/pubmed/26507197
https://www.ncbi.nlm.nih.gov/pubmed/26507197
https://www.ncbi.nlm.nih.gov/pubmed/25918250
https://www.ncbi.nlm.nih.gov/pubmed/25918250
https://www.ncbi.nlm.nih.gov/pubmed/25918250
https://www.ncbi.nlm.nih.gov/pubmed/25918250
https://www.ncbi.nlm.nih.gov/pubmed/19307500
https://www.ncbi.nlm.nih.gov/pubmed/19307500
https://www.ncbi.nlm.nih.gov/pubmed/19307500
https://www.ncbi.nlm.nih.gov/pubmed/28259610
https://www.ncbi.nlm.nih.gov/pubmed/28259610
https://www.ncbi.nlm.nih.gov/pubmed/28259610
https://www.ncbi.nlm.nih.gov/pubmed/28259610
https://www.ncbi.nlm.nih.gov/pubmed/7743492
https://www.ncbi.nlm.nih.gov/pubmed/7743492
https://www.ncbi.nlm.nih.gov/pubmed/7743492
https://www.ncbi.nlm.nih.gov/pubmed/19366899
https://www.ncbi.nlm.nih.gov/pubmed/19366899
https://www.ncbi.nlm.nih.gov/pubmed/19366899
https://www.ncbi.nlm.nih.gov/pubmed/19366899
https://www.ncbi.nlm.nih.gov/pubmed/16113094
https://www.ncbi.nlm.nih.gov/pubmed/16113094
https://www.ncbi.nlm.nih.gov/pubmed/16113094
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4284963/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4284963/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4284963/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4284963/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4284963/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3725375/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3725375/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3725375/
https://www.ncbi.nlm.nih.gov/pubmed/18798073
https://www.ncbi.nlm.nih.gov/pubmed/18798073
https://www.ncbi.nlm.nih.gov/pubmed/18798073
https://www.ncbi.nlm.nih.gov/pubmed/18798073
https://www.ncbi.nlm.nih.gov/pubmed/23393373
https://www.ncbi.nlm.nih.gov/pubmed/23393373
https://www.ncbi.nlm.nih.gov/pubmed/23393373
https://www.ncbi.nlm.nih.gov/pubmed/22302349
https://www.ncbi.nlm.nih.gov/pubmed/22302349
https://www.ncbi.nlm.nih.gov/pubmed/22302349
https://www.ncbi.nlm.nih.gov/pubmed/21404106
https://www.ncbi.nlm.nih.gov/pubmed/21404106
https://www.ncbi.nlm.nih.gov/pubmed/21404106
https://www.ncbi.nlm.nih.gov/pubmed/21404106
https://www.ncbi.nlm.nih.gov/pubmed/20927525
https://www.ncbi.nlm.nih.gov/pubmed/20927525
https://www.ncbi.nlm.nih.gov/pubmed/20927525
https://link.springer.com/article/10.1007/s00280-014-2509-6
https://link.springer.com/article/10.1007/s00280-014-2509-6
https://link.springer.com/article/10.1007/s00280-014-2509-6
https://link.springer.com/article/10.1007/s00280-014-2509-6
https://link.springer.com/article/10.1007/s00280-014-2509-6
https://www.ncbi.nlm.nih.gov/pubmed/18077217
https://www.ncbi.nlm.nih.gov/pubmed/18077217
https://www.ncbi.nlm.nih.gov/pubmed/18077217
https://www.ncbi.nlm.nih.gov/pubmed/18077217
https://www.ncbi.nlm.nih.gov/pubmed/21552097
https://www.ncbi.nlm.nih.gov/pubmed/21552097
https://www.ncbi.nlm.nih.gov/pubmed/21552097
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4681028/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4681028/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4681028/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4681028/
https://www.ncbi.nlm.nih.gov/pubmed/24606850
https://www.ncbi.nlm.nih.gov/pubmed/24606850
https://www.ncbi.nlm.nih.gov/pubmed/24606850
https://www.ncbi.nlm.nih.gov/pubmed/24606850
https://www.ncbi.nlm.nih.gov/pubmed/24606850


Austin Pancreat Disord 1(1): id1005 (2017)  - Page - 07

Fountzilas C Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

69. Crane CH, Varadhachary GR, Yordy JS, Staerkel GA, Javle MM, et al. Phase 
II trial of cetuximab, gemcitabine, and oxaliplatin followed by chemoradiation 
with cetuximab for locally advanced (T4) pancreatic adenocarcinoma: 

correlation of Smad4(Dpc4) immunostaining with pattern of disease 
progression. J Clin Oncol. 2011; 29: 3037-3043.

Citation: Baxevanos P and Fountzilas C. Optimizing EGFR Targeted Therapy in Pancreatic Cancer. Austin 
Pancreat Disord. 2017; 1(1): 1005.

Austin Pancreat Disord - Volume 1 Issue 1 - 2017
Submit your Manuscript | www.austinpublishinggroup.com 
Fountzilas et al. © All rights are reserved

https://www.ncbi.nlm.nih.gov/pubmed/21709185
https://www.ncbi.nlm.nih.gov/pubmed/21709185
https://www.ncbi.nlm.nih.gov/pubmed/21709185
https://www.ncbi.nlm.nih.gov/pubmed/21709185
https://www.ncbi.nlm.nih.gov/pubmed/21709185

	Title
	Abstract
	Abbreviations
	Introduction
	Summary of Clinical Findings
	Discussion
	Conclusions
	References
	Table 1
	Table 2

