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Introduction

Upper gastrointestinal (GI) cancers, as esophageal, gastric and pancreatic cancer, are 

still highly lethal diseases, in spite of advances in surgery, radiotherapy, chemotherapy 

and specific targeted therapy. Especially when patients are diagnosed with locally 

advanced or metastasized disease, upper GI cancer patients have a dismal prognosis, 

with a median survival of less than a year, despite extensive chemotherapy treatments. 

However, even when surgery is still an option and patients are treated with curative 

intentions, median survival rates are 49 and 24 months in esophageal and pancreatic 

cancer, respectively.1,2

 Insights into the role of aberrant functioning signalling pathways in malignant trans-

formation and cancer progression resulted in the identification of crucial oncogenic 

molecules, as the epidermal growth factor receptor (EGFR), and the development of drugs 

able to inhibit these molecules (targets). However most cancer cells are not addicted 

to one aberrant functioning pathway and crosstalk between pathways is an important 

escape mechanism for target directed therapy, resulting in primary or secondary 

(acquired) resistance. To improve anti-cancer activity of targeted therapy, combined 

inhibition of multiple targets in one or more oncogenic pathways is an attractive strategy 

that has to be explored in clinical trials.3

 The main aim of this thesis is to investigate the clinical possibility and efficacy of 

combining conventional chemo(radio)therapy with targeted therapies inhibiting the 

EGFR- and other oncogenic pathways in upper GI cancer patients. 

 One of the most important signalling pathways in cancer is the epidermal growth 

factor receptor (EGFR) pathway.4 EGFR is a member of the HER transmembrane tyrosine 

kinase receptor family. On activation by its ligand and dimerization with itself or another 

family member, EGFR activates intracellular signaling pathways, causing cell proliferation, 

differentiation and resistance to apoptosis via RAS/RAF/MEK/MAPK and PI3K/AKT/mTOR 

pathways (fig 1).5 In esophageal and pancreatic cancer EGFR overexpression, activation 

or high gene copy numbers are often demonstrated and indicate worse survival.6,7 

However, clinical studies with EGFR inhibitors failed to show promising efficacy in these 

diseases.8,9 Possible explanations for the relative insensitivity to drugs targeting a single 

oncogenic pathway molecule are the heterogeneous molecular makeup of patients 

with these cancer types, and the abovementioned multiple driving oncogenic signaling 

pathways and escape signaling. Exploration of drug combinations targeting EGFR 

signaling at multiple levels is therefore an interesting strategy to improve efficacy and 

overcome drug resistance.
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Figure 1: The EGFR – RAS/RAF/MEK/MAPK – PI3K/AKT/mTOR – pathway.5

Radiotherapy
The epidermal growth factor receptor (EGFR) is involved in (chemo)radiation therapy resis-

tance.10 Preclinical studies showed that radiation therapy is able to induce expression and 

direct phosphorylation and thereby activation of EGFR.11 This results in enhanced cell 

proliferation, DNA repair and cell survival, and so, radiotherapy resistance.10 Inhibition of 

the EGFR pathway represses these mechanisms, inducing (chemo)radiation sensitivity 

in vitro and in vivo.12 EGFR inhibition may also induce a direct cytotoxic effect on cancer 

stem cells, which might inhibit repopulation, an important mechanism of resistance to 

fractionated radiotherapy.12 Furthermore, EGFR inhibition induces cell cycle arrest in G1/
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G0-phase, leading to a decreased fraction of cells in the more radiotherapy resistant 

S-phase.12,13

 With this knowledge, clinical studies with monoclonal EGFR inhibitors in combination 

with radiation therapy and chemotherapy have been performed. In head and neck 

squamous cell cancer (HNSCC), the combination of radiation therapy and cetuximab 

showed an increase in median survival from 28 to 54 months.14 In esophageal cancer, 

a phase II study of the addition of cetuximab to carboplatin and paclitaxel chemoradio-

therapy showed an acceptable toxicity profile and a promising clinical response rate.15 

Because the Dutch CROSS landmark study showed an important survival benefit (49 vs 

24 months) of neo-adjuvant chemoradiotherapy with carboplatin and paclitaxel against 

surgery alone in resectable esophageal cancer patients, we evaluated the toxicity and 

pathological response rate of the addition panitumumab (a monoclonal antibody with 

EGFR inhibiting activity) to the CROSS treatment schedule.1 

mTOR
The mammalian target of rapamycin (mTOR) is a serine-threonine kinase and an important 

protein in the PI3K/AKT signalling pathway activated by the EGFR receptor, which 

regulates metabolism, proliferation and angiogenesis.16 As a regulatory protein, mTOR 

mediates the reactions of cellular metabolism to changes in energy.17 These mechanisms 

are important in cancer pathogenesis, and the PI3K/AKT pathway is often activated 

in a variety of cancer types, including pancreatic cancer.18 Although clinical studies of 

monotherapy with the mTOR inhibitors sirolimus and everolimus failed to show efficacy in 

pancreatic cancer patients, a phase I study of the combination of everolimus and capecit-

abine at our institution indicated possible efficacy in this patient group.19–21 Therefore, we 

initiated a phase II study evaluating the safety and efficacy of this combination in first- 

and second line pancreatic cancer patients. 

 The RAF/RAS/MEK and PI3K/AKT/mTOR control cell survival and proliferation when 

activated by phosphorylation of EGFR.5 Separate inhibition of one of these pathways can 

reduce tumor growth, but this method often fails or encounters rapid resistance.22 There 

is evidence for extensive cross-talk between these pathways, regulating each other both 

positively and negatively.23 Preclinical experiments that simultaneously inhibited both 

pathways showed synergetic reduction of tumor growth in many cancer cell lines and 

in in-vivo models.24,25 Furthermore, mTOR inhibitors show the possibility to regain sensi-

bility for EGFR inhibitors in resistant cancer cell cultures.26 Therefore, we designed a 

clinical study combining the EGFR inhibitor cetuximab (a monoclonal antibody against 

EGFR) and the mTOR inhibitor everolimus with chemotherapy in pancreatic cancer 

patients.
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Metformin
Metformin is widely prescribed for treatment of type II diabetes, but it has been proposed 

that this compound also has antineoplastic activity.27 The potential biological rationale 

for this activity of metformin and other biguanides is the inhibition of oxidative phosphor-

ylation (OXPHOS) via inhibition of respiratory complex 1 in mitochondria of liver and 

cancer cells, which can lead to indirect and direct effects on cancer progression, respec-

tively (fig. 2).28

 If the OXPHOS is diminished, cells produce less ATP, which sets cells in a state of energy 

preservation via the upregulation of monophosphate-activated protein kinase (AMPK).28 

AMPK, the cell’s energy thermostat, downregulates energy consuming processes and 

upregulates processes to generate energy in the cell.28 In liver cells, which have a high 

concentration of the orally administered metformin via the portal circulation, this leads to 

the inhibition of the energy consuming gluconeogenesis and the uptake of glucose from 

the blood.28 This way metformin reduces levels of circulating glucose and reduces the 

hyperinsulinaemia. This reduction in serum insulin levels may inhibit the growth of the 

subset of tumours that are insulin responsive.28

 In addition to these indirect effects, metformin can also directly (in the cancer cell) 

induce oxidative stress, upregulate AMPK and, via inhibition of mTOR, downregulate 

cell proliferation.28 Indeed, metformin demonstrated induction of apoptosis of cancer 

cells and specific inhibition of cancer stem cell proliferation, indicating a direct cytostatic 

effect of metformin on cancer cells in vitro.28

 Furthermore, preclinical studies have provided evidence that metformin and EGFR 

tyrosine-kinase inhibitors act synergistically to reduce cancer cell proliferation.29 Many 

retrospective pharmaco-epidemiological studies have suggested that metformin treated 

patients with diabetes have a reduced cancer risk and an improved cancer prognosis.30–32 

However, the methods of some of these studies have been criticized, and others have 

concluded that no such association exists.33,34 The first clinical trial investigating the 

addition of metformin to standard treatment used biomarker endpoints and demonstrated 

lower proliferation in tissue samples after treatment with metformin.35 Supported by the 

strong biological rationale and the pharmacoepidemiological evidence we designed 

the first randomized, placebo controlled trial combining metformin with conventional 

chemotherapy and erlotinib (an EGFR tyrosine-kinase inhibitor) with a survival endpoint 

in pancreatic cancer patients.

 

Outline of the thesis

Part 1: Esophageal and gastric cancer (EGC)
Numerous trials concerning targeted therapy are performed in EGC. In chapter 2 we give 
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an overview of all known phase 3 trials in advanced EGC with drugs targeting specific 

oncogenic pathways. In chapter 3 we investigated the efficacy and safety of the addition 

of the EGFR inhibitor panitumumab to the new standard of neo-adjuvant chemoradio-

therapy with carboplatin and paclitaxel in patients with resectable esophageal cancer.1

Part 2: Pancreatic cancer 
In pancreatic cancer, EGFR inhibiting therapy was only marginally effective.5 In light of  

the abovementioned hypotheses, we evaluated the effects of mono and multiple 

targeted therapy in combination with chemotherapy in patients with advanced pancreatic 

cancer. In chapter 4 we describe a phase II study evaluating the efficacy and toxicity of 

everolimus, a mTOR inhibitor, in combination with capecitabine in advanced pancreatic 

cancer patients. In chapter 5 we evaluated in a phase I/II study the maximum tolerated 

dose (MTD), toxicity and efficacy of everolimus in combination with cetuximab, an EGFR 

inhibitor, and capecitabine. 

Figure 2: Possible anticancer mechanisms of action 

of metformin. Metformin affects the mitochondrial ox-

idative phosphorylation. This causes energetic stress 

in liver cell and target cells. The indirect effect of met-

formin affects the gluconeogenesis of the host in the 

liver. This process leads to lowered levels of circulat-

ing glucose in the blood (if elevated) and lower levels 

of circulating insulin. This may hamper the growth of 

cancers which are stimulated by these factors. The di-

rect effect of metformin on tumor cells is caused by 

energetic stress in the tumor cell. This may lead to cy-

totoxicity. in cells dependent on the energy produces 

by the oxidative phosphorylation. It can also lead to a 

cytostatic effect in tumor cells caused by the inhibition 

of mTOR via downregulation of AMPK.28
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There is substantial interest in the hypothesis that the widely used antidiabetic drug 

metformin has antineoplastic activity. Many clinical trials of this compound for various 

indications in oncology are now active. However, clinical trial results reported to date are 

limited to pilot studies with biomarker endpoints. In chapter 6 we present the data of the 

randomized, placebo controlled trial investigating the addition of metformin to gemcit-

abine and the EGFR inhibitor erlotinib in pancreatic cancer patients and provide the first 

report of a clinical trial with a survival endpoint of metformin for an oncological indication. 

 

Part 3
Chapter 7 describes a perspectives on the future of targeted therapy and gives an 

overview of important targets and ongoing studies in EGC and pancreatic cancer. 

Chapter 8 and 9 contain the English and Dutch summary of this thesis, respectively.
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Abstract

Background
Esophagogastric adenocarcinoma (EGC) is a molecular heterogeneous disease, and 

therefore, strategies with targeted therapy may be effective.

Aim 

This review will discuss phase III studies in advanced EGC concerning biologic agents 

targeting molecular pathways, such as EGFR, HER2, VEGFR, mTOR and c-MET.

Results
HER2 inhibition with trastuzumab in combination with first line chemotherapy results 

in a significant survival benefit for HER2 positive carcinoma patients. Chemotherapy in 

combination with bevacizumab does not prolong survival in an unselected EGC patient 

cohort. Preliminary results of trials with EGFR, VEGFR and mTOR inhibitors are, thus far, 

disappointing in unselected patient cohorts. Promising studies in biomarker selected 

cohorts with HER2, EGFR and c-MET inhibitors are ongoing.

Conclusion
Targeted therapy in EGC is emerging. Improved insight in the biologic background of 

EGC is needed to improve patient selection, combine agents and discover new targets 

and agents. This may improve outcome for metastasized EGC patients.
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Introduction

Esophagogastric adenocarcinoma (EGC) is a common and highly lethal disease, as it 

ranks second of overall cancer incidence and mortality, and patients are often diagnosed 

with locally advanced or metastasized disease at first presentation.1,2 This group of 

patients has a dismal prognosis, with a median survival of less than a year, despite 

several extensive chemo- and chemoradiotherapy treatments.3 

 In recent years, important signaling pathways leading to tumor proliferation, migration, 

angiogenesis, apoptosis and worse survival are discovered and their identification 

is continually evolving. The development of molecular drugs targeting these specific 

oncogenic pathways has led to improvement of treatment outcome in several cancer 

types. Also in EGC the spectacular results with trastuzumab in HER2 positive gastric 

carcinoma patients paved the way for targeted therapy as a major field of research in 

EGC.4 

Although esophageal and gastric carcinomas are two distinct entities with different etiol-

ogies (such as Barrett dysplasia due to acid reflux vs. chronic inflammation due to Helico-

bacter pylori infection) – patients with metastasized adenocarcinoma of the esophagus, 

gastro-esophageal junction (GEJ) and stomach are often studied collectively in phase III 

studies, because the dysregulation of oncogenic pathways and the standard treatment 

often overlap. Also, pragmatically, the combination increases the rate of inclusion in 

these large studies.5

 Although a large number of promising phase II studies have been conducted, in this 

overview describing developments in the field of targeted therapy for metastatic EGC we 

will restrict ourselves to published and ongoing phase III trials.6

Search strategy
We searched PubMed for clinical phase III trials concerning targeted therapy in advanced 

or metastatic gastric and/or esophageal adenocarcinoma ((“phase 3”) OR (“Phase III”)) 

AND (metastatic) OR (advanced)) AND ((“esophageal cancer”) OR (“gastric cancer”) OR 

(esophagogastric) OR (EGC)) AND ((targeted) OR (sunitinib) OR (sorafenib) OR (TDM1) OR 

(Emtansine) OR (bevacizumab) OR (vegf) OR (egfr) OR (vegfr) OR (cmet) OR (rilotumumab) 

OR (panitumumab) OR (erlotinib) OR (TDM1) OR (HER2) OR (trastuzumab) OR (lapatinib) 

OR (cetuximab) OR (apatinib) OR (VEGFR2) OR (vegfr) OR (igfr) OR (IGF) OR (ramucirumab) 

OR (everolimus) OR (mtor) OR (pertuzumab) OR (HER3) OR (MET) OR (onartuzumab) OR 

(nimotuzumab)). When filtered on “clinical trials” sixteen articles were found. Thirteen 

trials could be discarded by reading the title, stating it to be a review, a phase I/II study 

or other reasons. 

 Clinical trials.gov was searched with the same search string. 31 studies were found, two 

studies discussed the phase II part, four studies did not involve targeted therapy, five 
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studies involved locally advanced cancer, four studies were discarded on there title for 

other reasons. All three studies from the PubMed search were found, which concludes 

to a total of sixteen studies. Furthermore we searched the ASCO and ESMO abstracts 

database of the annual (GI) meetings. No additional studies were found.

HER2
Human epithelial growth factor receptor 2 or HER2 is also known as ERBB2 and is a 

member of the transmembrane HER tyrosine kinase receptors. HER2, for which no 

activating ligand is known, becomes active by formation of a homoor heterodimer with 

itself or with another member of the HER family. A homodimer is formed when HER2 

is overexpressed on the cell membrane, which results in autophosphorylation of the 

receptor and subsequent activation of intracellular signaling pathways, causing cell prolif-

eration and differentiation via RAS/RAF/MEK/ERK and PI3K/Akt/mTOR pathways. Active 

heterodimers are formed when other members of the HER receptor family are activated 

by their ligands. A great variety of activating ligands, combinations of heterodimers and 

intracellular pathways ensure a careful management of cell growth via HER receptors.7

HER2 overexpression in EGC
 In EGC, HER2 overexpression is present in 20–30%, and associated with a worse 

prognosis.8,9 HER2 status is most commonly determined by assessment of the amount 

of cell surface HER2 protein expression and/or quantification of the number of HER2 

gene copies in the nucleus. Cell surface HER2 protein expression is usually detected by 

immunohistochemistry (IHC) using monoclonal or polyclonal antibodies and results are 

generally scored as 0, 1+, 2+ or 3+. Scoring criteria are semi-quantative and comprise the 

percentage and quality of membrane staining of tumor cells. Tumors with HER2 staining 

scores of 0 and 1+ are categorized as HER2 negative, 2+ as equivocal and 3+ as HER2 

positive. If a tumor is scored as equivocal (2+) guidelines require additional testing by 

in situ hybridization (ISH) techniques that can quantify HER2 gene copy numbers using 

DNA probes. Chromogenic in situ hybridization (CISH; or silver enhanced in situ hybrid-

ization, SISH) or fluorescent (fluorescent in situ hybridization, FISH) detection methods 

can be used for detection analysis of these probes. 

 HER2 testing in gastric EGC cancer differs from testing in breast cancer due to 

inherent differences in tumor biology.10 EGC more frequently shows HER2 heteroge-

neity (focal staining) and incomplete membrane staining. As a result, the scoring method 

of HER2 expression in both resection specimens and biopsy material from EGC differs 

from the method used in breast cancer (Table 1). In breast cancer an IHC test result is 

only to be found IHC3+ when complete membranous staining in at least 30% of the 

tumor cells is observed.11,12 Otherwise, in resection specimens of EGC, IHC3+ is scored 

when only 10% or more of the cells show complete or incomplete (basolateral) staining.13 
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Furthermore, because of the abovementioned intrinsic higher rate of heterogeneity of 

HER2 overexpression in EGC, in biopsy specimens any cluster of cells, irrespective of 

size, is considered IHC2+ (moderate) or 3+ (strong).13 When the test result is IHC3+ or 

IHC2+ and confirmed with ISH, anticancer treatment with anti HER2 antibodies can be 

considered. Fig. 1 gives an example of the differences between a positive breast and 

esophageal cancer sample. 

 Of note, a discrepancy between IHC and ISH exists. Although a discrepancy of up to 

8% has been reported in a series of 147 esophageal cancer, recently presented results in 

a large set of 639 esophageal cancer samples showed a discordance of 4% between IHC 

0/1+ and FISH+.14,15 This is quite in line with previous reports on breast cancer (4%) and 

gastric cancer (4–5%).13,16 Moreover, it should be noted that in the TOGA trial, IHC1+/FISH+ 

patients did not benefit from anti HER2 treatment. Therefore, it is fairly questionable 

if potentially missed IHC1+/FISH+ patients, when selection for treatment is based on 

IHC2+/FISH+ and IHC3+, would benefit from anti-HER2 therapy.4

Figure 1: HER2 overexpression (IHC3+) in breast can-

cer and EGC. (a) HER2 overexpression (IHC3+) in 

breast cancer, strong and complete membranous 

staining (20×). (b) HER2 heterogeneity in EGC with 

strong  HER2 expression (IHC3+) in only one of around 

seven samples endoscopically removed (2×). (c) HER2

overexpression (IHC3+) in EGC with strong incomplete, 

(baso)lateral staining (20×).

Table 1: Differences in HER2 scoring between breast cancer and EGC for surgical resection samples13

BREAST  CANCER EGC

Negative IHC0 No staining No staining or  < 10%

Negative IHC1+ Weak; incomplete membrane faint perceptible; >10% 

Equivocal IHC2+ Weak to moderate; complete 
membranous staining; ≥ 10% 

Weak to moderate; complete or 
basolateral membranous staining; 
>10% 

Positive IHC2+ IHC2+ and FISH+ IHC2+ and FISH+ 

Positive IHC3+ Strong; complete membranous stain-
ing;          ≥ 30%

Moderate to strong; complete or 
basolateral membranous staining; 
>10% 

EGC: esophagogastric carcinoma; IHC: immunohistochemistry; FISH: f luorescence in situ hybridization.
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HER2 targeted therapy
Currently, two drugs are available for targeting HER2 positive breast cancer: trastuzumab 

and lapatinib. The effect of trastuzumab, a fully humanized monoclonal IgG1 antibody, 

presumably relies on three pillars. It prevents dimerization of the HER2 receptor, it 

decreases the number of receptors on the cell membrane via internalization of the 

antibody–receptor complex and it induces cell death through “antibody dependent 

cell mediated cytotoxicity” (ADCC).17 In metastasized breast cancer trastuzumab, as 

monotherapy or in combination with cytotoxic or hormonal therapy, prolongs median 

progression free survival (PFS) and overall survival (OS) with three to five months.18 

 Lapatinib is a tyrosine kinase inhibitor (TKI), which prevents autophosphorylation of the 

HER2- and epidermalgrowth factor receptor (EGFR) by blocking the intracellular binding 

site of ATP. Lapatinib, in combination with capecitabine or hormonal therapy, is approved 

in HER2 positive breast cancer as second line therapy.18

Trastuzumab in EGC
To determine the role of trastuzumab in HER2 positive EGC, the internationally, multi-

center phase III TOGA trial was initiated.4 Patients with HER2 positive (IHC3+ or FISH+), 

locally advanced or metastasized gastric- or GEJcarcinoma were randomized for the 

addition of trastuzumab to first line chemotherapy with a fluoropyrimidine and cisplatin. 

In 3665 patients with a successful HER2- staining, 810 patients demonstrated HER2 

positive disease (22%). Eventually, 594 patients met the inclusion criteria. Addition of 

trastuzumab to chemotherapy resulted in an improved response rate (47% vs. 35%), 

median PFS (6.7 vs. 5.5 months) and median OS (13.8 vs. 11.1 months) compared to chemo-

therapy only. Except for grade 1 cardiotoxicity (5%) and a higher rate grade 3/4 diarrhea 

(9% vs. 4%), no significant differences in toxicity were observed.4

 In the pre-planned subgroup analysis on the effect of different staining intensities 

of HER2 IHC, patients receiving trastuzumab with both IHC3+ and positive FISH (44%) 

showed a significant survival benefit over patients without trastuzumab treatment (17.9 vs. 

12.3 months, HR 0.58 (95%CI 0.41–0.81)), while the IHC2+/FISH+ group showed a trend 

toward survival benefit. A post hoc analysis of the IHC2+/FISH+ or IHC3+ group showed 

a prolonged survival of 4 months ((HR 0.65 (95%CI 0.51–0.83)).4 

 In conclusion, trastuzumab can now be regarded as standard first line therapy for 

patients with locally advanced and metastatic HER2 positive gastric or GEJ carcinomas. 

A new phase III study is initiated, which randomizes HER2 positive EGC patients for 

chemotherapy with the combination of trastuzumab with pertuzumab, or trastuzumab 

only.19 Pertuzumab binds to a different epitope of HER2 than trastuzumab and inhibits the 

form heterodimers of HER2 with other members of the HER family.20 This complementary 

role of pertuzumab results in a strongly enhanced anti-tumor effect, when added to 

trastuzumab treatment in breast cancer.21
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Table 2: Overview of phase III studies with targeted therapy in EGC

NAME
REFERENCES

TOGA
4

LOGIC
26

TYTAN
29

TDM1
23

JACOB
19

EXPAND
35

REAL3
36

ENRICH
37

Tumortype gastric/
GEJ

EGC gastric gastric/
GEJ

gastric/
GEJ

gastric/
GEJ

EGC gastric/
GEJ

Tumor biology Her2+ Her2+ Her2+ Her2+ HER2+ EGFR

Stadium Advanced Advanced Advanced Advanced Advanced Advanced Advanced Advanced

Line therapy 1st line 1st line 2nd line 2nd line 1st line 1st line 1st line 2nd line

Target HER2 HER2/
EGFR

HER2/
EGFR

HER2 HER EGFR EGFR EGFR

Compound Trastuzumab Lapatinib Lapatinib TDM1 
mono

Pertuzum-
ab

Cetuximab Panitu-
mumab

Nimotu-
zumab

Standard arm C/F + P C + O T D/T H+P+C/F C + P E+O+C Irinotecan

Number patients 584 545 261 412 780 904 553 400

OS (experimen-
tal vs standard, 
in months)

13,8 vs 11,1 12,2 vs 
10,5

11,0 vs 8.9   9,4 vs 10,7 8,8 vs 11,3  

P-value 0,0046 0,3492 0.2088 0,96 0,013

PFS (experimen-
tal vs standard, 
in months)

6,7 vs 5,5 6,0 vs 5,4 5,4 vs 4.4   4,4 vs 5,6 6,0 vs 7,4  

 P-value 0,0002 0,1 0,2441 0,31 0,068

1-year survival 
(%)

 

OS: overall survival; PFS: progression free survival; GEJ: gastro-esophageal junction; EGC: esophagogastric carcinoma; 

Advanced: locally advanced or metastasized disease; C: capecitabine; O: oxaliplatin; F: 5-f luoropyrimidin; P: cisplatin; H: trastuzumab; 

TDM1 mono: trastuzumab emtansine monotherapy; D: docetaxel; T: paclitaxel; E: epirubicine; BSC: best supportive care.

Table 2: Continued

NAME
REFERENCES

AVAGAST
40

REGARD
45

RAINBOW
46

APATINIB
47

GRANITE
54

RADPAC
55

RILOMET-1 
60

Tumortype gastric/GEJ gastric/GEJ gastric/GEJ gastric gastric gastric/GEJ gastric/GEJ

Tumor biology c-MET+ 

Stadium Advanced Advanced Advanced Advanced Advanced Advanced Advanced

Line therapy 1st line 2nd line 2nd line 3rd line 2nd/3rd line 2nd line 1st line

Target VEGF VEGFR2 VEGFR2 VEGFR2 mTOR mTOR HGF/MET

Compound Rilotumumab Rilotumumab Rilotumumab Apatinib Everolimus Everolimus Rilotumumab

Standard arm C + P BSC Paclitaxel BSC BSC Paclitaxel E+P+C

Number patients 774 355 665 270 656 500 450

OS (experimen-
tal vs standard, 
in months)

12,1 vs 10,1 5.2 vs 3.8 5,4 vs 4,3

P-value 0,1 0.0473 0,12

PFS (experimen-
tal vs standard, 
in months)

6,7 vs 5,3 2,1 vs 1,3 1,7 vs 1,4

   P-value 0,004 <0,0001 <0,0001

1-year survival 
(%)

50,2 vs 42,3
P=0,03

OS: overall survival; PFS: progression free survival; GEJ: gastro-esophageal junction; EGC: esophagogastric carcinoma; 

Advanced: locally advanced or metastasized disease; C: capecitabine; O: oxaliplatin; F: 5-f luoropyrimidin; P: cisplatin; H: trastuzumab; 

TDM1 mono: trastuzumab emtansine monotherapy; D: docetaxel; T: paclitaxel; E: epirubicine; BSC: best supportive care.
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 Another new treatment option, with promising activity intrastuzumab resistant breast 

cancer, is trastuzamb emtansine (TDM1).22 TDM1 is conjugate consisting of trastuzumab 

linked to the cytotoxic agent mertansine (DM1). When this conjugate binds to HER2 

positive cells, the toxin is specifically delivered to the (tumor) cell. In gastric cancer, a 

phase II/III study started, that will evaluate the efficacy and safety of TDM1 monotherapy 

compared to a taxane (docetaxel or paclitaxel) as second line treatment. Patients 

with HER2 positive disease, who failed first line treatment (not necessarily anti HER2 

treatment) are eligible.23 

Lapatinib in EGC
Two phase II studies with lapatinib monotherapy in patients with HER2 and EGFR 

positive EGC, showed no benefit.24,25 As lapatinib has been shown to be successful in 

combination regimens in breast cancer, two phase III studies are currently conducted 

combining lapatinib with chemotherapy in EGC as well. 

 The multicenter placebo controlled phase III LOGIC study evaluated the addition 

of lapatinib to capecitabine and oxaliplatin as first line therapy in patients with HER2 

positive (FISH amplified) advanced EGC. 545 patients were included, but eventually 487 

showed centrally HER2 positivity. The primary endpoint was not reached with a HR for 

OS of the lapatinib arm compared to the placebo arm of 0.91 (95%CI 0.73, 1.12, p = 0.35); 

median 12.2 vs. 10.5 months, respectively. HR for PFS was 0.86 (95%CI 0.71–1.04, p = 

0.10); median 6.0 vs. 5.4 months. Pre-specified subgroup analyses showed significant 

improvements in OS in Asian pts (HR = 0.68) and those under 60 years (HR = 0.69). 

Toxicity profiles were similar except for increased diarrhea and skin toxicity.26 

 Although no standard second line therapy for advanced EGC is established, two recent 

phase III studies showed survival benefit (5.2–5.3 vs. 3.6–3.8 months) of docetaxel or 

irinotecan over “best supportive care” (BSC).27,28 At ASCO GI 2013, the Asian multicenter 

phase III TYTAN study was presented.29 This study evaluated the addition of lapatinib 

to paclitaxel monotherapy as second line therapy for advanced HER2 FISH positive 

gastric carcinoma. 1923 pts were screened and 430 pts were HER2+ AGC. Eventually, 

261 out of 430 pts were enrolled. All patients were from Asian countries. A non-sig-

nificant prolonging of median OS of 11.0 months for the combination of paclitaxel with 

lapatinib and 8.9 months for paclitaxel alone in the intent-to-treat (ITT) population was 

shown (HR 0.84; p = 0.2088). In a pre-planned subgroup analysis, median OS in HER2 

IHC3+ subgroup was 14.0 months for the lapatinib group and 7.6 months for the paclitaxel 

only group (HR 0.59; p = 0.0176). In the combination arm patients had substantial more 

toxicity with 19.1% diarrhea and 6.9% febrile neutropenia versus 2.3% and 1.6%, respec-

tively, in the control arm.29 
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Epidermal growth factor receptor (EGFR)

EGFR (HER1) is a member of the same family of tyrosine kinases receptors as HER2. It 

activates the same intracellular signaling pathways, also after homo- or heterodimeri-

sation. Unlike HER2, EGFR is activated through two known ligands: epidermal growth 

factor (EGF) and transforming growth factoralpha (TGF-b).30

 EGFR is an important target in treatment of several cancer types. Four EGFR inhibitors 

are currently used in daily clinical practice. Two monoclonal antibodies, panitumumab 

and cetuximab, are used as monotherapy or in combination with chemotherapy in colon- 

and head and neck cancer. Furthermore, two TKIs, gefitinib and erlotinib, are used in the 

treatment of non-small cell lung carcinoma (NSCLC) and pancreatic cancer.30 However, 

to our knowledge no phase III studies with TKIs in EGC are initiated.

 An important biomarker, predicting resistance to EGFR inhibition in metastasized 

colorectal cancer, is mutation of KRAS. In the signaling pathway, KRAS is activated 

following EGFR, and when KRAS is mutated the signaling pathway is constitutively 

activated irrespective of activation of EGFR.30 As KRAS in EGC is mainly wild type, EGFR 

is an interesting therapeutic target.31 

EGFR targeted therapy in EGC
EGFR is overexpressed in 30–90% of EGC and associated with worse survival.31 

Cetuximab, a chimeric monoclonal IgG1 antibody targeting EGFR, has been evaluated 

in several phase II studies in EGC. Combinations with platinum and fluoropyrimidines 

showed results with responses up to 69% and progression free survival and overall 

survival up to 11 and 16 months, respectively.32–34 Toxicity of these combination treat-

ments with cetuximab were comparable to studies in other cancer types, with skin toxicity 

as most predominant side effect.32–34 To determine the precise role of cetuximab in EGC, 

the EXPAND study was performed.35 This multicenter phase III study compared the 

addition of cetuximab to the combination of cisplatin and capecitabine in first line. 904 

patients with advanced gastric or GEJ carcinoma were randomized. Unfortunately, the 

improvement of progression free and overall survival was too small (4.4 vs. 5.6 months 

and 9.4 vs. 10.7 months, respectively) to meet the primary end point. Response rates 

of 29% (standard) and 30% (cetuximab) were comparable, and addition of cetuximab to 

chemotherapy induced a higher rate of grade 3/4 toxicity.35

 Panitumumab is a fully humanized monoclonal IgG2 antibody targeting EGFR. The 

phase II/III REAL3 study evaluated the addition of panitumumab to the combination of 

epirubicin, oxaliplatin and capecitabine as first line therapy for EGC.36 A response rate of 

56% was observed in the phase II part, but at the cost of high toxicity rates (mainly grade 

3 diarrhea), leading to a lower dose of chemotherapy in the experimental arm of the 

phase III part of the study. Consequently, the phase III part was prematurely discontinued 
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at the interim analysis after 533 of 730 patients were entered because of a lower survival 

in the experimental arm. At ASCO 2012, overall survival turned out to be 8.8 months for 

the panitumumab group versus 11.3 months in the standard treatment group (HR 1.37 

(95%CI 1.07–1.76) p = 0.001). The lower dose of chemotherapy in the experimental arm is 

a potential explanation for the unexpectedly detrimental results. Also in the phase III part, 

patients treated with panitumumab suffered from a higher rate of grade 3/4 diarrhea (17% 

vs. 11%), skin toxicity (14% vs. 1%) and thrombosis (12% vs. 7%).36 Another phase III study, in 

Japan, that evaluates the fully humanized monoclonal antibody nimotuzumab in second 

line, in combination with irinotecan, has recently started.37 In this study, EGC patients are 

eligible when they overexpress EGFR on immunohistochemistry. 

 Overall, in contrast to the preclinical and early clinical evidence, the addition of EGFR 

inhibition to standard chemotherapy in unselected advanced EGC does not improve 

outcome and results in higher toxicity rates.

Vascular endothelial growth factor (VEGF)

Pathological angiogenesis is an important cause of tumor growth and metastases. VEGF 

is a crucial regulator of this process; it stimulates endothelial cells to divide and migrate, 

it induces proteinases, which modulate the extracellular matrix and increase vascular 

permeability and it helps newly formed blood vessels to survive. Targeted therapy against 

the receptor of VEGF (VEGFR) is an important pillar in the treatment of several cancer 

types, such as NSCLC, colorectal- and renal-cell carcinoma (RCC). Many antiangiogenic 

agents are available in clinic practice, such as the monoclonal antibodies bevacizumab 

and ramucirumab and the TKIs apatinib, sorafenib, sunitinib.

VEGFR targeted therapy in EGC
VEGFR is overexpressed in 30–60% of EGC and is a predictor of poor prognosis.38 

Bevacizumab is a humanized IgG1 monoclonal antibody against VEGFR. It induces antian-

giogenic effects via inhibition of the VEGFR signalling pathway. Common side effects 

are hypertension and proteinuria and less common, but potentially life-threatening are 

arterial thrombo-embolisms, gastrointestinal bleeding and–perforations.39

 Phase II studies showed promising data for response (65–67%) and survival (12.3–

16.8 months) in advanced EGC when bevacizumab was combined with chemotherapy 

and led to the internationally, multicenter AVAGAST trial.40–42 This first line phase III 

study randomized 774 patients with advanced gastric or GEJ cancer study between the 

addition of bevacizumab or placebo to the combination of capecitabine and cisplatin. 

Although overall survival was 12.1 months for bevacizumab vs. 10.1 months for placebo, 

this difference was not significant and the primary endpoint was not met. However, 



31Targeted therapy for advanced esophagogastric adenocarcinoma

response rate (38% vs. 30%) and PFS (6.7 vs. 5.3 months) were significantly in favor of 

the experimental arm.40 In a planned subgroup analysis, patients from North and South 

America showed survival benefit from the addition of bevacizumab (11.5 vs. 6.8 months, 

HR 0.63 (95%CI 0.43–0.94), while patients in Europe only showed a trend toward 

benefit (HR 0.85; 95%CI 0.63–1.14), and Asian patients had no benefit (HR 0.97 (95%CI 

0.75–1.25).43 These differences may be explained by the heterogeneity of tumors in the 

different regions. Van Cutsem et al. showed, in a prospective biomarker analysis of the 

AVAGAST trial, that high plasma VEGF-alfa levels and tumor overexpression of neuro-

pilin-1 (a co-receptor of VEGFR), has predictive value for bevacizumab effect, however in 

non-Asian patients only.44

 Ramucirumab is a fully humanized monoclonal antibody against VEGFR-2, which is 

also an important mediator of angiogenesis. One phase III study with ramucirumab has 

been completed. The REGARD study compared ramucirumab monotherapy with BSC as 

second line therapy for advanced gastric carcinoma. The study showed improved PFS for 

the experimental arm (2.1 vs. 1.3 months; HR 0.483, p < 0.0001) and OS (5.2 vs. 3.8 months; 

HR 0.776, p = 0.0473). It should be noted that, as stated above, second line chemo-

therapy also showed a survival benefit over BSC, which is comparable with the effect of 

ramucirumab. However, tolerability of ramucirumab may be higher compared to chemo-

therapy, with hypertension and bleeding as most common toxicities.45 Currently, the 

phase III RAINBOW study is still open for inclusion. It compares ramucirumab or placebo 

in combination with paclitaxel as second line therapy in advanced gastric cancer.46 

 Apatinib, a TKI against VEGFR-2, is the subject of a Chinese placebo controlled phase 

III trial in a third line setting in advanced gastric cancer.47 The randomized, three-arm 

phase II study, which included 141 patients who received apatinib (850 mg QD), apatinib 

(425 mg BID) or placebo, reported a median PFS of 1.4, 3.4, and 3.4 months, respectively 

and a median OS of 2.5, 4.8, and 4.3 months, respectively. The treatment was generally 

well tolerated with hypertension and hand-foot syndrome as main toxicities.48

 Sunitinib and sorafenib are not under evaluation with a phase III study in EGC, although 

a modest efficacy was seen in phase II studies with these compounds.49,50

Mammalian target of rapamycin (mTOR)

mTOR is an important step in de PI3K-Akt signaling pathway, which is activated by several 

growth receptors (VEGFR, HER, insulin growth factor receptor). This pathway is thought 

to act as a sensor for cellular nutrition status and growth factors, and is active in many 

tumor types. mTOR inhibitors (everolimus, temsirolimus) are registered for the treatment 

of RCC and neuro-endocrine tumors. In general mTOR inhibitors are well tolerated; main 

toxicities are stomatitis, rash and hyperglycemia.51
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mTOR targeted therapy in EGC
mTOR is overexpressed in 20% of EGC and is associated with poor survival.52 In a phase 

II study, patients treated with one or two lines of chemotherapy and eligible for BSC 

were treated with everolimus monotherapy. Although no response was observed, 55% 

had stable disease. Median PFS was 2.7 months only. Despite this, an impressive median 

OS of 10.1 months was observed.53 Based on these results, the placebo controlled multi-

centre GRANITE phase III study evaluated everolimus monotherapy as salvage therapy. 

656 gastric cancer patients who were progressive after one or two lines of systemic 

chemotherapy were enrolled and randomized 2:1 to oral everolimus 10 mg/day and BSC 

or placebo and BSC.54 The median survival showed no significant difference between 

everolimus and placebo (5.4 vs. 4.3 months HR 0.90 (95%CI 0.75–1.08, P = 0.12)). The 

difference in median PFS was significant but small (1.7 vs. 1.4 months (HR 0.66 (95%CI 

0.56–0.78, p < 0.0001)).54 

 A second line placebo controlled phase III study, which compares the addition of 

everolimus to paclitaxel, is currently recruiting a total number of 500 participants.55 

Hepatocyt growth factor (HGF)/c-MET

The c-MET receptor is a member of the TKI receptors, and HGF is its natural activating 

ligand. Besides activation of the growth signaling pathways of PI3K and RAS, MET plays 

a role in cancer metastases.56

HGF/c-MET targeted therapy in EGC
c-MET is overexpressed in 21% of EGC and associated with poor survival.57 Rilotumumab 

is a fully humanized monoclonal antibody that prevents the binding of HGF to the MET 

receptor. A first line placebo-controlled randomized phase II study in EGC patients 

evaluated the addition of rilotumumab to the combination of epirubicin, cisplatin and 

capecitabine.58 This combination showed an improvement in PFS (6.8 vs. 4.2 months) 

and OS (11.1 vs. 8.9 months). Interestingly, in the planned subgroup analysis, patients 

with high expression of c-MET in pre-treatment tumor biopsies predominantly benefited 

from rilotumumab (OS 11.1 vs. 5.7 months, HR 0.29 (95%CI 0.11–0.76 p = 0.012)).59 A phase 

III study of patients with tumors overexpressing c-MET (IHC≥1+ in >50% of cells) has 

recently started.60 

 Onartuzumab is another humanized monoclonal antibody that prevents the binding of 

HGF to the MET receptor. This compound is evaluated in a first line placebo controlled 

phase III study, in combination with the mFOLFOX6 chemotherapy schedule. 800 

patients with HER2 negative and MET positive tumors are being recruited.61
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Conclusion

Driven by the positive results of phase II trials, and the upcoming results of the ongoing 

phase III trials, the role of targeted therapy in the EGC will gradually be clarified. The 

TOGA study introduced trastuzumab as standard treatment for HER2 positive locally 

advanced or metastasized gastric carcinoma.4 However, for targeted therapy inhibiting 

EGFR, VEGF or mTOR promising results in the phase II studies could not, or at least not 

irrefutably, be confirmed in a phase III setting without tumor selection. Hopefully, c- MET 

overexpression may serve as a biomarker of response to c-MET inhibition. Furthermore, 

the results for VEGFR- 2 inhibition with ramucirumab as second line therapy hold promise 

for antiangiogenic treatment in EGC.45

 In order to improve the field of EGC treatment, several issues should be taken into 

account. First of all, due to the differences in tumor histology, etiology and heterogeneity 

effects of (targeted) therapy could be missed. Therefore, selection based on previously 

established biomarkers of uniform test quality and with a good rationale is essential (cf. 

HER2 in the TOGA study, and c-MET in the rilotumumab study). Furthermore, histology 

(biomarkers), etiology (gastro-esophageal reflux/Barrett, H. Pylori infection, ingestion 

of alcohol, hot liquids and smoking), tumor localization (gastric, GEJ, esophagus) and 

population (Asia, America, Europe) have to be considered as important background 

variables.62 Thirdly, to improve outcome, combinatory targeted therapy approaches 

should be considered. This approach will, for example, be evaluated in the JACOB study.19 

Research into the molecular etiology of EGC is only at the beginning. The complex 

interplay of growth factors and cross-talk of signaling pathways is slowly elucidated. 

Based on this knowledge, in addition to new targets and drugs, a combination of several 

therapies with a biological target will be an important step in the improvement of targeted 

therapy in EGC.
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Summary 

Purpose 
Preoperative chemoradiation therapy (CRT) has become the standard treatment strategy 

for patients with resectable esophageal cancer. This multicenter phase 2 study investi-

gated the efficacy of the addition of the epidermal growth factor receptor (EGFR) inhibitor 

panitumumab to a preoperative CRT regimen with carboplatin, paclitaxel, and radiation 

therapy in patients with resectable esophageal cancer. 

Methods and Materials
Patients with resectable cT1N1M0 or cT2-3N0 to -2M0 tumors received preoperative CRT 

consisting of panitumumab (6 mg/kg) on days 1, 15, and 29, weekly administrations of 

carboplatin (area under the curve [AUC] Z 2), and paclitaxel (50 mg/m2) for 5 weeks 

and concurrent radiation therapy (41.4 Gy in 23 fractions, 5 days per week), followed by 

surgery. Primary endpoint was pathologic complete response (pCR) rate. We aimed at a 

pCR rate of more than 40%. Furthermore, we explored the predictive value of biomarkers 

(EGFR, HER 2, and P53) for pCR. 

Results 

From January 2010 until December 2011, 90 patients were enrolled. Patients were 

diagnosed predominantly with adenocarcinoma (AC) (80%), T3 disease (89%), and were 

node positive (81%). Three patients were not resected due to progressive disease. The 

primary aim was unmet, with a pCR rate of 22%. Patients with AC and squamous cell 

carcinoma reached a pCR of 14% and 47%, respectively. R0 resection was achieved in 

95% of the patients. Main grade 3 toxicities were rash (12%), fatigue (11%), and nonfebrile 

neutropenia (11%). None of the biomarkers was predictive for response. 

Conclusions
The addition of panitumumab to CRT with carboplatin and paclitaxel was safe and well 

tolerated but could not improve pCR rate to the preset criterion of 40%.
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Introduction 

Preoperative chemoradiation therapy (CRT) has been shown to improve treatment 

outcome in esophageal cancer. A meta-analysis demonstrated a significant 2-year 

survival benefit in favor of patients receiving preoperative CRT, with an absolute survival 

benefit of 13%.1 Moreover, the recently published CROSS study, a randomized clinical 

trial in patients with resectable esophageal and gastroesophageal junction (GEJ) tumors, 

showed significant, prolonged overall survival in favor of neoadjuvant CRT plus surgery 

compared to surgery alone (hazard ratio [HR], 0.657; 95% confidence interval [CI], 0.495-

0.871; PZ.003).2 Thus, preoperative CRT with carboplatin and paclitaxel followed by 

surgery can be considered standard of care in patients with resectable esophageal and 

GEJ cancers. Based on this backbone treatment of CRT and surgery, new agents can be 

added to further improve outcome of patients with esophageal cancer. 

 The epidermal growth factor receptor (EGFR) is a membrane tyrosine kinase receptor 

involved in cell proliferation, inhibition of apoptosis, and chemoradiation and radiation 

therapy resistance.3 EGFR overexpression is common in esophageal cancer and is 

associated with poor prognosis.4 Preclinical studies have demonstrated that radiation 

therapy is able to induce both expression and phosphorylation of EGFR on tumor cells 

and that EGFR density of tumor cells is related to radioresistance.5-9 Inhibition of EGFR 

has been shown to induce chemoradiation and radiation sensitivity through various 

mechanisms in vitro and in vivo.3,10

 Several clinical studies with the monoclonal EGFR inhibitors cetuximab and panitu-

mumab in combination with radiation therapy and chemotherapy have been performed. 

In head and neck squamous cell cancer (HNSCC), the combination of radiation therapy 

and cetuximab showed an increase in median survival from 28 to 54 months.11 Also, the 

combination of panitumumab with carboplatin, paclitaxel, and radiation therapy appeared 

to be safe in a phase 1 study with HNSCC patients.12 In a phase 2 study in patients with 

locally advanced (T2-T4) esophageal cancer, the combination treatment with cetuximab, 

carboplatin, paclitaxel, and radiation therapy was relatively safe, with a clinical response 

rate of 70%.13 Thus, inhibition of EGFR may improve the activity of preoperative CRT in 

patients with resectable esophageal and GEJ cancers. In this multicenter phase 2 trial, 

we evaluated the feasibility and efficacy of the addition of panitumumab to preoper-

ative CRT in patients with resectable esophageal and GEJ cancers. Because the clear 

association between pathological complete response (pCR) rate and prolonged survival 

in esophageal cancer, pCR rate was chosen as the primary endpoint in this phase 2 

study.14-17 
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Methods and Materials 

Eligibility criteria 
Patients 18 to 75 years old with histologically proven and potentially resectable cT1-3N0-1 

M0 squamous cell carcinoma (SCC) or adenocarcinoma (AC) of the esophagus or GEJ 

were included. T1N0 tumors were eligible. Staging was performed by endoscopic ultra-

sonography or computed tomography scan. The tumor could extend in the stomach up 

to 2 cm, and longitudinal and radial tumor size limits did not exceed 10 and 5 cm, respec-

tively. Patients were required to demonstrate good clinical condition (World Health 

Organization [WHO] performance status of 0 to 1; less than 15.0% weight loss); adequate 

hematologic, renal, and hepatic functions; adequate pulmonary function; and provide 

written informed consent. Exclusion criteria were a history or current presence of other 

malignancies, previous radiation therapy or chemotherapy, and clinically significant 

cardiovascular disease. The study was conducted in accordance with the Declaration 

of Helsinki and was approved by the Institutional Ethics Committee at each participating 

center.

 

Treatment 
Panitumumab 

Three cycles of panitumumab, 6 mg/kg, were administered intravenously on days 1, 15, 

and 29 together with chemotherapy and radiation therapy. The dose of panitumumab 

could be withheld or reduced if patients encountered grade _4 thrombopenia or unman-

ageable grade _3 toxicities or if panitumumab was felt to be intolerable. Skin toxicity 

was treated with oral doxycycline, 100 mg daily, and 1% topical metronidazole gel. This 

treatment was allowed to be given as a preventive measure. 

Chemotherapy 

During 5 consecutive weeks, carboplatin, area under the curve Z 2 (AUC2), and pacli-

taxel, 50 mg/m2, were administered intravenously on days 1, 8, 15, 22, and 29, as 

described previously.2 All patients were intravenously premedicated with dexameth-

asone, clemastine, and ranitidine and received an antiemetic regimen with ondansetron 

or granisetron. 

Radiation therapy

A total radiation dose of 41.4 Gy was given in 23 fractions of 1.8 Gy, 5 fractions per week, 

starting on the first day of chemotherapy. All patients were treated with external beam 

radiation using a 3-dimensional (3D) conformal radiation technique. Gross tumor volume 

(GTV) was drawn on each relevant slice of the planning computed tomography scan and 

was defined by the primary tumor (tumor GTV) and any enlarged regional lymph nodes 
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(node GTV). The planning target volume (PTV) provided proximal and distal margins of 4 

cm and a radial margin of 1.5 cm around the tumor GTV. In the event of pathologic nodes 

outside this PTV, the PTV was extended to include the node GTV plus a margin of 1 cm in 

all directions. The distal margin was reduced to 3 cm in case the tumor extended into the 

gastric cardia. Individually shaped beams were used in each field by multileaf collimators 

to ensure optimal sparing of normal tissue. The daily prescription dose of 1.8 Gy was 

specified as the International Commission on Radiation Units and Measurement (reports 

50 18 and 62 19) reference point, and the 95% isodose was required to encompass the 

entire PTV. The maximum dose to the PTV was not to exceed the prescription dose by 

>7%. Tissue density inhomogeneity correction was used. 

 Toxicity of CRTand panitumumab was closely monitored using the National Cancer 

Institute Common Terminology Criteria for Adverse Events (CTCAE), version 3.0.20 

Surgery 

Patients underwent surgery 4 to 6 weeks after completion of CRT. A transthoracic 

approach was performed when the tumor extended proximally to the tracheal bifur-

cation. For tumors involving the GEJ, a transhiatal resection was preferred, except for 

patients with mediastinal lymph node involvement. For all other tumors, the choice 

between an open or laparoscopic and transthoracic or transhiatal approach depended 

on patient characteristics and local preferences. Patients were allowed to take part in 

a study comparing open and thoracolaparoscopic approaches (TIME trial).21 Peritruncal 

dissection was carried out using all techniques. Continuity of the digestive tract was 

preferably restored by gastric tube reconstruction with a cervical anastomosis. Peri- and 

postoperative complications were closely monitored. 

Pathological analysis
Reports of pathological examination were required to describe tumor type and extension, 

lymph nodes, and resection margins. For TNM classification, tumor grading, and stage 

grouping, the International Union against Cancer (UICC) (sixth edition) criteria were 

used.22 Response after preoperative treatment was expressed according to the adjusted 

Mandard tumor regression grade (TRG) classification as described previously, where 

grade 1 Z no evidence of vital residual tumor cells (pCR); grade 2 Z 0-10% vital cells; 

grade 3 Z 10%-50% vital cells; and grade 4 or 5 Z >50% vital cells or no response.2,23 

Proximal, distal, and circumferential resection margins were evaluated. If vital tumor was 

present at 1 mm or less from a margin, it was considered microscopically positive and 

reported as a microscopically incomplete resection (R1). 

Biomarker research
Pretreatment endoscopic biopsy specimens from 69 patients were available for 
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as sess ment of the expression of EGFR, human EGFR2 (HER 2), and the tumor suppressor 

P53. All immunohistochemical analyses were performed with a Benchmark automatic 

immunostaining device (Ventana Medical System, Tucson, AZ). Primary antibodies used 

were anti-EGFR antibody (1:100 dilution; Santa Cruz Biotechnology Inc, Santa Cruz, CA), 

HER 2 (antic- ErbB2; clone SP3; Thermo Scientific, Waltham, MA), and P53 (anti-p53; clone 

BD53-12; Thermo Scientific). Percentages of EGFR-positive cells were scored according 

to four intensity categories (0 Z no staining; 1 Z weak; 2 Z moderate; 3 Z strong). If more 

than 10% of cells had moderate or strong staining, EGFR was considered positive (24). 

HER 2 was scored as described previously, especially taking into account differences with 

scoring HER 2 expression in breast cancer.25 If staining intensity was equivocal (immuno-

histochemistry [IHC])2þ, chromogenic in situ hybridization was performed to determine 

amplification status. P53 expression was scored as normal (wild-type) and compared to 

aberrant expression (either overexpression or a complete absence of staining pattern).

Follow-up 
During the first year after treatment completion, patients were seen at the outpa-

tient clinic every 3 months for history and clinical examination. In the second year, the 

follow-up took place every 6 months and then at the end of each year until 5 years after 

treatment. If applicable, late toxic effects, disease recurrence, or death was documented. 

During follow-up, diagnostic investigations were performed only as indicated. 

Endpoints and statistics
The rate of pCR in esophageal cancer has been associated with prolonged survival; 

therefore pCR rate was chosen as 192 Kordes et al. International Journal of Radiation 

Oncology _ Biology _ Physics the primary endpoint of this phase 2 nonrandomized 

study.14-17 Secondary endpoints were toxicity, median progression-free survival, median 

overall survival, and R0 resection rate. 

 Considering an expected increase of 15% in pCR rate, from 25% to 40%, by addition of 

panitumumab to standard CRT, the sample size was calculated at 87 patients to achieve 

80% power and a significance level of less than .05, using a 2-sided Z test. The c2 test 

was conducted to assess the association between biomarker status and occurrence of 

pCR. The Fisher exact test was used when expected counts per cell were less than 5. 

Results

Patient characteristics
Between January 2010 and January 2012, 90 patients were enrolled. Baseline charac-

teristics are shown in Table 1. Patients were predominantly male with good WHO status 
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and cT3N1 adenocarcinoma. 

Preoperative treatment, delivery, and toxicity
Seventy-three patients (81%) received the complete preoperative regimen. The full dose 

of carboplatin and paclitaxel was given to 83 patients (92%), panitumumab to 76 patients 

(84%), and radiation therapy to 89 patients (99%). 

 Panitumumab had to be withheld because of skin related toxicity (in 9 patients), anaphy-

lactic reaction (in 25 patients), patients’ request (2 patients), and due to toxicity of CRT (2 

patients). Carboplatin and paclitaxel had to be withheld in 5 patients and were reduced 

in 1 patient because of bone marrow depression (2 patients), vomiting (2 patients), fatigue 

(25 patients), and atrial fibrillation (25 patients). One additional patient did not receive the 

last dose of paclitaxel due to a hypersensitivity reaction to earlier infusions. Radiation 

therapy was delivered in full dose in all but 1 patient, who discontinued treatment after 3 

weeks because of grade 3 nausea and vomiting. 

TABLE 1: Patient characteristics of 90 enrolled patients 

CHARACTERISTIC MEAN AGE RANGE, PERCENTAGE, 
OR AS BELOW

Age (mean, range) 60 (36-75)

Male 70 78%

WHO performance

       0 75 83%

       1 15 17%

Tumor type

       Adenocarcinoma 73 81%

       Squamous carcinoma 15 17%

       Undifferentiated 2 2%

cT stage

      T1 1 1%

      T2 9 10%

      T3 80 89%

cN stage

      N0 17 19%

      N+ 73 81%

Median tumor length (cm, quartiles) 5 (4-8)

Location of the tumor

        Middle third 10 11%

        Lower third 58 64%

        Gastro-esophageal junction 22 24%

WHO: World Health Organization.
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The main toxicities were hematological, rash, and fatigue (Table 2). Most toxicities 

occurred in the first 2 weeks after the last cycle of chemotherapy. The temporary rash 

caused by panitumumab occurred in a majority of patients (90%). Grade 3 rash occurred 

in 10 patients (12%). 

Surgery
A total of 87 patients (97%) underwent surgery; 3 patients developed metastatic disease 

before surgery. Median time from the last day of CRT to surgery was 7.4 weeks (inter-

quartile range, 6.0-8.3 weeks). No patients were considered unresectable during the 

operation. Transthoracic resection was performed in 80% of patients and transhiatal 

resection in 20% of patients. Thoracoscopic or laparoscopic approaches were used in 

62% and 13% of patients, respectively. 

 Postoperative mortality occurred in 2 patients (2%) due to ischemia of the intestine. 

Four days after surgery, the first patient developed a thrombotic embolism in the upper 

mesenteric artery causing ischemia in the small intestine and proximal colon. The second 

patient developed ischemia due to a volvulus, a rare complication of transhiatal resection. 

Postoperative complications are shown in Supplementary Table S1.

TABLE 2: Chemoradiotherapy related grade ≥ 3 toxicity

TOXICITY NO. OF PATIENTS %

Anemia 1 1%

Thrombopenia 2 2%

Neutropenia 9 11%

Rash 10 12%

Fatigue 9 11%

Anorexia 5 6%

Nausea 3 4%

Vomiting 2 2%

Diarrhea 1 1%

SUPPLEMENTARY TABLE S1: Post-operative complications 

NO. OF PATIENTS %

Pulmonary complications * 21 28%

Cardiac complications ** 13 18%

Anastomotic leakage 8 11%

Chylothorax 8 11%

Mediastinitis 3 4%

In hospital mortality 2 2%

30-days mortality 0 0%

* Pulmonary complications were pneumonia, serious atelectasis, pneumothorax and pleural effusion requiring drainage and

  pulmonary embolus and serious acute respiratory failure;

** Cardiac complications were arrythmia requiring treatment, myocardial infarction and left ventricular failure.
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Pathology 
A pCR was observed in resection specimens of 19 patients (22%). TRG in cases of AC and 

SCC are shown in Table 3. A higher pCR rate was observed in SCC patients (47%) than in 

AC patients (14%; PZ.009). R0 resection was achieved in 83 of 87 patients (95%). Other 

pathology findings are shown in Table 4. Downstaging in T and N stages occurred in 46% 

and 50% of the patients, respectively. 

Survival 
Median follow-up was 30.7 months (95% CI, 27.8- 33.5 months). The median progres-

sion-free survival and overall survival rates could not yet be determined. At the time of 

our analyses, 33 patients (37%) had recurrent disease, and 33 patients (37%) died; 28 

patients (85%) died as a result of recurrent disease, 2 because of postoperative compli-

cations. The remaining three deaths were not related to recurrence of esophageal 

cancer; one patient died of a pulmonary embolus after a long flight, and another patient 

TABLE 3: Pathology assessment of tumor regression grades (TRG)

TRG AC SCC OTHER TOTAL

1 (pCR) 10 14% 7 47% 2 100% 19 22%

2 14 20% 4 27% 0 0% 18 21%

3 32 46% 4 27% 0 0% 36 41%

4/5 14 20% 0 0% 0 0% 14 16%

Tortal 70 80 % 15 17% 2 2% 87 100%

TRG tumor regression grade; pCR pathologic complete remission; AC adenocarcinoma; SCC squamous cell carcinoma;

The primary endpoint is TRG 1 (pCR) of all patients (19 pts, 22%).

TABLE 4: Pathology reports of  resection specimen

NO. OF PATIENTS (%)

pT-stage

 T0 19 (22%)

 T1 12 (14%)

 T2 14 (16%)

 T3 41 (47%)

 T4 1   (1%)

Downstaging T-stage 41 (46%)

pN-stage

 N0 56 (64%)

 N+ 31 (36%)

Downstaging N-stage 45 (50%)

Median no. of lymph nodes resected (quartiles) 21 (17-29)

R0-resections 83 (95%)
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died of a secondary unresectable parotid gland tumor, and 1 patient died of a cerebral 

vascular accident. 

Biomarkers 
IHC analysis of EGFR, HER 2, and P53 levels was performed using pretreatment biopsies 

of 69 patients (57 AC, 12 SCC). Prevalence of these markers, per histological subset, is 

shown in Supplementary Table S2. Due to low numbers, predictive correlations could 

not be made for SCC. A significant difference in overexpression of EGFR in AC and SCC 

(16% vs 67%, respectively) was found (PZ.001). In AC, EGFR (PZ.43), HER 2 (PZ1.00), and 

P53 (PZ.47) showed no significant correlation with pCR (see Supplementary Table S3).

Discussion

This is the first study to investigate the safety and efficacy of the preoperative CRT 

regimen with carboplatin and paclitaxel in combination with panitumumab in patients 

with resectable esophageal and GEJ cancers. Although the regimen was well tolerated, 

SUPPLEMENTARY TABLE S2: Prevalence of biomarkers in esophageal carcinoma 

AC SCC

NO. OF
 PATIENTS

% NO. OF 
PATIENTS

%

EGFR
Negative 48 84 4 33

Positive 9 16 8 67

HER2
Negative 49 86 12 100

Positive 8 14 0 0

P53
Mutated 45 79 8 67

Wild type 12 21 4 33

AC adenocarcinoma; SCC squamous cell carcinoma; EGFR epidermal growth factor receptor; HER2 Human epidermal growth 

factor receptor 2.

SUPPLEMENTARY TABLE S3: Predictive value of biomarkers in esophageal adenocarcinoma 

pCR NON pCR

NO. OF
 PATIENTS

% NO. OF 
PATIENTS

% P-VALUE

EGFR
Negative 7 15% 39 85% p= 0.61

Positive 2 25% 6 75%

HER2
Negative 8 17% 38 83% p= 1.00

Positive 1 13% 7 87%

P53
Mutated 7 16% 37 84% p= 0.30

Wild type 2 20% 8 80%

pCR pathologic complete remission; EGFR epidermal growth factor receptor; HER2 Human epidermal growth factor receptor 2.
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the primary endpoint, a pCR rate of at least 40%, was not reached. Compared to historical 

data of the CROSS study, the addition of panitumumab did not improve pCR rate (22% 

vs 29%, respectively) and was accompanied with more toxicity. In the subgroup analysis, 

SCC pCR rates were comparable to those of the CROSS study (47% vs 49%, respectively); 

however in AC, a substantially lower pCR rate was found (14% vs 23%, respectively).2 

 Our study results are in line with those in previous reports of the combination of 

CRT and an anti-EGFR monoclonal antibody therapy for resectable esophageal cancer. 

Recently, a phase 2 study in 28 resectable esophageal cancer patients with an induction 

schedule of 2 cycles of cetuximab (250 mg/m2), cisplatin (75 mg/m2), and docetaxel (75 

mg/m2), followed by CRT containing weekly cetuximab (250 mg/m2), cisplatin (25 mg/m2), 

docetaxel (20 mg/m2), and 45 Gy radiation therapy showed a pCR rate of 32%.26 Another 

study in 32 patients with resectable esophageal cancer combined 6 doses of cetuximab 

every week with a regimen of 45 Gy radiation therapy and cisplatin (40 mg/m2 day 1) and 

5-fluorouracil (daily, 500 mg/m2/days 1-4) during the second and last weeks. A pCR rate 

of 19% was reached, and a high percentage of postoperative deaths (13%) occurred.27 

In a study of 65 patients with resectable esophageal cancer, treatment consisted of 9 

weeks of biweekly panitumumab (6 mg/kg) combined with weekly cisplatin (40 mg/m2) 

and docetaxel (40 mg/m2) and a definitive radiation therapy dose of 50.4 Gy in the last 5 

weeks.28 A pCR rate of 33% was reached, which is comparable to definitive CRT schemes 

without panitumumab. The reported toxicity was substantial. Finally, a recent study 

demonstrated that addition of cetuximab to cisplatin, 5-fluoropyrimidine, and definitive 

radiation therapy treatment in patients with localized esophageal cancer was associated 

with greater toxicity, lower doses of CRT, and worse survival.29 Thus, regardless of the 

CRT schedule used, addition of anti- EGFR treatment does not result in improved efficacy, 

but it is accompanied by increased toxicity.

 It should be noted that, in contrast to the study by Dahan et al 27, the failure of panitu-

mumab to improve pCR in our study cannot be attributed to a decreased delivery of 

chemotherapy and radiation therapy caused by extra toxicity of the addition of panitu-

mumab. In our study, almost all patients experienced EGFR inhibitor-specific skin toxicity, 

but grade 3 toxicity rate was low, probably as a consequence of (often preventive) 

treatment with oral doxycycline, 100 mg, and 1% topical metronidazole gel and the short 

period of panitumumab treatment. 

 A hematological toxicity grade ≥3 was observed in 11% of the patients, occurring mostly 

after the last chemotherapy administration. No severe neutropenic or thrombopenic 

adverse events, such as neutropenic fever or hemorrhagic complications, occurred. 

Serious fatigue was substantial, particularly immediately after the completion of CRT. 

However, patients recuperated quickly, and the fatigue did not delay surgery. Moreover, 

the full dose of chemotherapy was given to 92% of patients, panitumumab to 84% of 

patients, and radiation therapy to 99% of patients. These results compare well with the 
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dose intensity achieved in the CROSS study. Furthermore, the addition of panitumumab 

did not result in an increase of perioperative morbidity and mortality. A previous study 

that evaluated the combination of cetuximab and preoperative CRT regimen containing 

cisplatin and 5-fluorouracil had to be halted when 4 of the 18 patients died of acute respi-

ratory distress (ARDS) after surgery.12 In our study the pulmonary complication rate was 

low, to which the thoracoscopic approach contributed. Also, other surgical complications 

and a 2% rate of postoperative deaths were comparable to those of previous studies 30. 

 Finally, we set out to establish predictive biomarkers to select patients who could 

benefit from anti-EGFR treatment combined with CRT. Overexpression of EGFR and 

HER 2 as well as P53 status might have an effect on outcome in patients with esoph-

agogastric cancer.31 In our study however, no association between response and status 

of biomarkers EGFR, HER 2, and P53 could be established. Other biomarkers, such as 

KRAS and more recently NRAS mutations, are known to show resistance to EGFR inhib-

itors in colon cancer.32 However, in esophageal cancer, these mutations are rare and 

therefore were not evaluated in this study.33 

 Our study is limited by the lack of randomized trial design. However, we were able to 

compare our results with those of a historical control group from the CROSS study with 

the exact same inclusion criteria, radiation schedule, and chemotherapeutic regimen 

and that was performed in the same centers as our study. 

Conclusions

In conclusion, addition of panitumumab to neoadjuvant CRT for esophageal carcinoma 

was tolerable but could not improve pCR to the preset criterion of 40%. The data suggest 

that panitumumab in combination with CRT may even hamper pCR rate in adenocar-

cinoma of the esophagus. New biomarkers may aid in the identification of subgroups that 

can benefit from anti-EGFR therapy in the neoadjuvant setting. 
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Abstract

Purpose 
The combination of an mTOR inhibitor with 5-fluorouracil-based anticancer therapy is 

attractive because of preclinical evidence of synergy between these drugs. According 

to our phase I study, the combination of capecitabine and everolimus is safe and feasible, 

with potential activity in pancreatic cancer patients. 

Methods 

Patients with advanced adenocarcinoma of the pancreas were enrolled. Eligible patients 

had a WHO performance status 0–2 and adequate hepatic and renal functions. The 

treatment regimen consisted of capecitabine 1000 mg/m2 BID day 1–14 and evero-

limus 10 mg daily (5 mg BID) in a continuous 21-day schedule. Tumor assessment was 

performed with CT-scan every three cycles. Primary endpoint was response rate (RR) 

according to RECIST 1.0. Secondary endpoints were progression-free survival, overall 

survival and 1-year survival rate. 

Results
In total, 31 patients were enrolled. Median (range) treatment duration with everolimus 

was 76 days (1–431). Principal grade 3/4 toxicities were hyperglycemia (45 %), hand-foot 

syndrome (16 %), diarrhea (6 %) and mucositis (3 %). Prominent grade 1/2 toxicities were 

anemia (81 %), rash (65 %), mucositis (58 %) and fatigue (55 %). RR was 6 %. Ten patients 

(32 %) had stable disease resulting in a disease control rate of 38 %. Median overall 

survival was 8.9 months (95 % CI 4.6–13.1). Progressionfree survival was 3.6 months (95 

% CI 1.9–5.3). 

Conclusions 

The oral regimen with the combination of capecitabine and everolimus is a moder-

ately active treatment for patients with advanced pancreatic cancer, with an acceptable 

toxicity profile at the applied dose level.  
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Introduction 

The PI3K/Akt pathway is an important intracellular signaling pathway that is often dysreg-

ulated in cancer1 . Signal transduction of activated PI3K/Akt is transmitted through several 

downstream targets, including the mammalian target of rapamycin (mTOR).2,3 Evero-

limus, an oral mTOR inhibitor, has demonstrated antitumor properties in vitro and in 

vivo including inhibition of cell proliferation, cell survival and angiogenesis and showed 

additive as well as synergistic effects when combined with other anticancer agents such 

as 5-fluorouracil (5-FU).4–11 Single-agent everolimus has been investigated in phase 

I–III clinical trials in patients with various types of advanced solid tumors.12–19 These 

trials demonstrated that treatment with everolimus at 10 mg daily was well tolerated 

and showed clinical activity in some malignancies with an acceptable toxicity profile, 

consisting mainly of stomatitis and fatigue. 

 Clinical trials investigating everolimus in combination with other anticancer drugs have 

been performed or are ongoing, in short, confirming preclinical evidence that everolimus 

may be more efficacious when used in combination with other anticancer drugs.20–25 

Recently, a phase II study with the combination of low-dose capecitabine (650 mg/m2 

BID day 1–14) and everolimus (5 mg BID) showed effectivity in heavily pretreated gastric 

cancer patients, and with an acceptable toxicity profile.26 Previously, we demonstrated 

the safety and feasibility of the combination of capecitabine 1000 mg/m2 BID day 1–14 

and continuous everolimus 5 mg BID in a 21-day schedule.27 In this phase I study, two out 

of three patients with pancreatic cancer achieved a partial remission (PR). 

 In the pre-FOLFIRINOX era, gemcitabine was considered standard therapy for first-line 

treatment of pancreatic cancer patients, because of a significant improvement of the 

clinical benefit response, although the survival advantage was <1 month, in comparison 

with 5-FU.28,29 Although studies with the oral 5-FU analogue capecitabine in direct 

comparison with 5-FU or gemcitabine in patients with pancreatic cancer are not available, 

capecitabine seems to have comparable activity in this patient group.30

 In the present phase II study, we explored the activity of capecitabine and evero-

limus combination treatment as first and second-line therapy in patients with advanced 

pancreatic cancer. 

Materials and methods 

Patient population 
Eligible patients were aged ≥18 years, with histologically or cytologically confirmed 

advanced pancreatic cancer, and measurable lesions according to Response Evalu-

ation Criteria in Solid Tumors (RECIST 1.0).31 Patients who had prior chemotherapy in 



62 Chapter 4

the adjuvant setting or for metastatic disease were eligible. Adjuvant patients were 

considered second line if the chemotherapy free interval was <6 months before start 

study. Other eligibility criteria included WHO performance status ≤2, estimated life 

expectancy of ≥3 months, adequate bone marrow (white blood cell count ≥ 3.0 × 109/L, 

platelets ≥ 100 × 109/L) and adequate hepatic and renal function (serum bilirubin ≤ 1.5 × 

upper limit of normal (ULN), ALAT/ASAT ≤ 2.5 × ULN or in case of liver metastases ≤ 5 × 

ULN and serum creatinine ≤ 150 μmol/L). Patients were ineligible if they had established 

alcohol abuse, drug addiction and/or psychotic disorders that made adequate follow-up 

unlikely. Women who were pregnant or lactating were also excluded. All patients gave 

written informed consent. The study was approved by the Medical Ethics Committee of 

the Academic Medical Center Amsterdam and was conducted in accordance with the 

Declaration of Helsinki and Good Clinical Practice guidelines. The trial was registered 

online (ClinicalTrials.gov identifier: NCT01079702). 

Study design and treatment 
This was a phase II, open-label, single-center study to assess the antitumor activity and 

safety of the combination of everolimus and capecitabine. The primary endpoint was 

response rate. The study was conducted at the Amsterdam Medical Center, The Nether-

lands. Everolimus was administered continuously at an oral dose of 5 mg BID. The first 

7 days of treatment patients were treated with single-agent everolimus to reach steady-

state drug concentrations. Treatment with capecitabine 1000 mg/m2 BID started on day 

8 and was given twice daily for 14 days in a three weekly cycle. Toxicity was graded 

using the National Cancer Institute Common Terminology Criteria for Adverse Events 

(CTCAE) version 3.0 and was assessed every treatment cycle.32 Tumor measurements 

were performed at baseline and every three cycles, and responses were evaluated in 

accordance with RECIST 1.031 . Patients continued treatment until disease progression, 

withdrawal of consent or in case of intolerability. Overall survival was defined from start 

of study treatment until death. Progression-free survival was defined from start of study 

to clinical or radiological progression or death. When treatment was discontinued due to 

other reasons, date of last documented assessment was used and censored. 

Statistical analysis 
For sample size calculations, the two-stage design according to Gehan for estimating the 

response rate was used.33 In the first stage, 14 patients were entered. If no responses 

were observed in the first stage, then the trial would be terminated because the absence 

of response (0/14) has a probability <0.05 if the true response rate is 0.20. We choose for 

an estimate with approximately a 10 % standard error, with an accrual of 11 patients in the 

second stage. For the evaluation of the safety, efficacy parameters descriptive statistics 

were applied using SPSS statistics. Intention to treat analysis was used. 
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Results 

In total, 31 patients with advanced pancreatic cancer were enrolled between June 2010 

and November 2011. After a partial response in the first stage of 14 patients, 11 patients 

were enrolled in the second stage. Six additional patients were enrolled to ensure 25 

patients receiving at least one full cycle of the treatment combination for a complete 

safety analysis (see below).

Patient characteristics are listed in Table 1. The majority of patients had metastatic  

TABLE 1: Patient characteristics

NO. OF PATIENTS %

Total 31 100

Gender

 Male 15 48

 Female 16 52

Race 

 Caucasian 30 97

 Asian 1 3

 Median age (years, range) 63 37 - 77

Stage

 Metastatic 29 94

 Locally advanced 2 6

WHO performance status

 0 16 52

 1 11 35

 2 4 13

Histology

 Adenocarcinoma 30 97

 Acinar-cell-carcinoma 1 3

Prior therapy

 First line 15 48

  Neoadjuvant CRT 1 3

  Adjuvant gemcitabine 1 3

 Second line 16 52

  Adjuvant gemcitabinea 5 16

  Palliative 11 35

WHO World Health Organization;  CRT chemoradiotherapy;

a progression during or within 6 months after adjuvant treatment.
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adenocarcinoma and a WHO performance status of 0–1. The study group consisted of 15 

first-line patients and 16 second-line patients. Eighteen patients received prior gemcit-

abine-based chemotherapy; 11 in palliative setting, six adjuvant (five patients with chemo-

therapy free interval <6 months) and 1 as part of neoadjuvant chemoradiotherapy. 

 Overall, a total of 147 treatment cycles were given, with a median (range) of 3 (1–9) 

cycles per patient. Median (range) treatment duration with everolimus was 76 (1–431) 

days (Table 2). Six patients temporarily interrupted treatment with everolimus due to 

adverse events. Following treatment interruption, five patients received a 50 % dose 

reduction of everolimus and the other continued treatment at the full dose of evero-

limus. Due to adverse events, treatment with capecitabine was interrupted in 15 patients 

resulting in dose reductions for capecitabine in 14 patients. 

Safety 

Six patients did not receive a complete cycle of the treatment combination; two patients 

refusal, three patients had early clinical progression, and one patient died of nontreatment- 

related septic cholangitis. Treatment-related toxicities of these patients were included in 

the intention to treat toxicity analysis. 

 Table 3 lists the treatment-related CTC grade 1–2 and grade 3–4 adverse events.

The most frequently reported clinical toxicities of any grade included mucositis, skin 

reac tions, fatigue, nausea and diarrhea. Severe clinical toxicities were not frequent.Grade 

TABLE 2: Treatment administration of the combination of everolimus and capecitabine

EVALUABLE PATIENTS (N=31)

No. of treatment cycles

 Median 3

 Range 1-15

No. of treatment days with everolimus

 Mean ± SD 104 ± 93

 Median 76

 Range 1 - 431

Everolimus dose delivery

No. of patients (%)

Dose reduction due to toxicity 5 (16)

Temporary treatment disruption due to toxicity 6 (19)

Capecitabine dose delivery

No. of patients (%)

 Dose reduction due to toxicity 14 (45)

 Temporary treatment disruption 
 due to toxicity

15 (48)

SD standard deviation.
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3–4 hand-foot syndrome was observed in five patients, diarrhea in two patients, stoma-

titis, skin rash and vomiting in one patient. Three patients developed grade 3 hemato-

logical toxicity (thrombocytopenia and anemia). Hyperglycemia of any grade was the 

most frequently reported biochemical toxicity, resulting in clinical relevance (grade 3) in 

fourteen patients. Grade 3 levels of alkaline phosphatase, hypokalemia and hyperbiliru-

binemia occurred in two, five and one patients, respectively. 

TABLE 3: Treatment related grade 1-2 and grade 3-4 adverse events

NO. OF PATIENTS TOTAL N (%)  N = 31 (100)

CTC grade Grade 1 – 2 Grade 3 – 4 

Adverse event

 Mucositis a 18 (58) 1 (3)

 Fatigue 17 (55)

 Hand-foot syndrome 9 (29) 5 (16)

 Diarrhea 13 (42) 2 (6)

 Nausea 16 (52)

 Skin b 20 (65) 1 (3)

 Anorexia 8 (26)

 Vomiting 12 (39) 1 (3)

 Neuropathy 7 (23)

 Constipation 4 (13)

 Ankle edema 5 (16)

 Epistaxis 4 (13)

 Infection 3 (10)

Hematology

 Anemia 25 (81) 1 (3)

 Thrombocytopenia 14 (45) 2 (6)

 Neutropenia 12 (39)

Clinical chemistry

 Hyperglycemia c 13 (42) 14 (45)

 AP 19 (61)  2 (6)

 ASAT 11 (35)

 ALAT 12 (39)

 Hypokalemia 10 (32) 5 (16)

 Hyponatremia 7 (23)

 Hypertriglyceridemia 7 (23)

 GGT 13 (42) 9 (29)

 Bilirubin 4 (13) 1 (3)

 Hypercholesteremia 3 (10)

a Mucositis including aphtous ulcers and stomatitis;

b Skin toxicity includes rash, itching, color- and nail changes; 

c Non-fasting glucose;

GGT gamma-glutamyl transferase ASAT aspartate amino transferase;

ALAT alanine amino transferase AP, alkaline phosphatase.
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Antitumor activity 
A total of 31 participating patients had measurable disease according to RECIST 1.0 at 

start of treatment. Nine of these 31 patients were not available for radiological response 

evaluation due to early discontinuation of the study medication prior to the first planned 

radiological evaluation time point and were considered as progressive. Two patients had 

a partial response (6.5 %). Ten patients had stable disease (32 %), and nineteen patients 

were progressive (61 %) (Table 4). 

 In first-line patients, PR and SD were seen in 2 (13 %) and 8 (53 %), respectively. In 

second-line patients, no patients had PR and 2 (13 %) patients had SD. The waterfall plot 

shows radiologic responses for all radiologic evaluable patients (Fig. 1).

Among the nine patients who discontinued treatment early and who were not available 

for the first radiological response evaluation, two patients refused further therapy, three 

patients had clinical progressive disease and one patient developed grade 3 diarrhea 

and had deterioration of the performance status. Three patients died before radiological 

evaluation, two patients due to tumor progression and one patient died of nontreatment- 

related septic cholangitis during the first cycle 

 At the time of the intention to treat analysis, one patient was still alive. For the entire 

cohort, the one-year survival rate was 38.7 % and the median overall survival was 8.9 

months (95 % CI 4.6–13.1 months) (Fig. 2). Overall survival was 12.4 months (95 % CI 

10.2–14.6) and 5.9 months (95 % CI 1.6–10.2) in first (n = 15)- and second- line patients 

(n = 16), respectively. Median progression- free survival (PFS) was 3.6 months (95 % CI 

1.9–5.3), 5.7 months (95 % CI 2.0–9.5) and 2.3 months (95 % CI 2.2–2.5) for all, first- and 

second-line patients, respectively. 

Discussion

In this phase II study, exploring the combination of capecitabine with the oral mTOR 

inhibitor everolimus in patients with advanced pancreatic cancer moderate treatment 

activity was observed with a response rate (RR) of 6.5 % and an overall survival (OS) of 

8.9 months. 

TABLE 4: Pathology assessment of tumor regression grades (TRG)

TYPE OF RESPONSE ENTIRE COHORT (N=31) FIRST LINE (N=15) SECOND LINE (N=16)

PR 2 7% 2 13% 0 0%

SD 10 32% 8 53% 2 13%

PD 19 61% 5 33% 14 87%

PD: Progressive disease; PR:partial remission; SD:Stable disease;

Per protocol radiological response evaluable patients(N=22);

Nine patients discontinued the study before radiological tumor response evaluation wasper formed(PD).



67The mTOR study

As a single-arm phase II study, the contribution of everolimus in this treatment regimen is 

difficult to determine. However, our results can be compared with previous studies using 

capecitabine as monotherapy. A RR of 7.1 % was seen in a study of capecitabine (1250 

mg/m2 BID) in 42 patients with advanced pancreatic cancer as first-line treatment.30 A 

randomized phase II study with pretreated pancreatic cancer patients showed a RR of 9.4 

% for the 32 patients in the capecitabine (1250 mg/m2 BID) control arm.34

 The endpoint OS in non-randomized phase II studies, should be used with care, 

because of the constraints of historical control groups and inadequate sample sizes, 

especially in subgroup analyses. Nevertheless, the median OS of 8.9 months in the 

entire cohort, 12.4 months in first-line patients and 5.9 months in second-line patients 

reported in this study are encouraging. The overall survival for capecitabine monotherapy 

in first-line patients reported by Cartwright et al.30 was 5.9 months (95 % CI 2.8– 9.0 

months). And OS in second-line patients, reported by Bodoky et al.34 was 5.0 months. 

Therefore, the addition of everolimus to capecitabine might enhance efficacy of capecit-

abine monotherapy, especially in first-line patients. 

 The most commonly reported treatment-related clinical side effects were stomatitis, 

fatigue and hand-foot syndrome. Although stomatitis is a common adverse event of 

both capecitabine and everolimus as single agent, this overlapping toxicity remained 

mild to moderate in severity in this study and led to dose reduction in only one patient. 

We assume at most marginally additive toxicity of capecitabine to everolimus since the 

frequency of stomatitis in this study was similar to that in studies with single-agent evero-

limus 30,34,35 . The frequency of fatigue was increased compared with single-agent studies 

of either agent, suggesting an additive toxic effect of the combination. An alternative 

explanation for the increased incidence of fatigue might be disease related. Patients with 

pancreatic cancer have a high probability to develop disease-related fatigue.36 

 Hand-foot syndrome can be solely attributed to capecitabine, since this has not been 

observed before in single-agent everolimus trials. This well-known side effect of capecit-

abine resulted in dose reductions of capecitabine in 45 % of the patients, which is only 

Figure 1: Best confirmed change from baseline in 

sum of longest diameters of target lesion size (%), by 

RECIST 1.0.

Figure 2: Kaplan-Meier curve of overall 

survivalRECIST 1.0.
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10 % higher than in a previous study with colorectal cancer patients receiving capecit-

abine monotherapy and might be related to the combinatory effects of the study drugs.37 

Grade 3 hyperglycemia was seen in 45 % of the patients in the non-fasting blood draws, 

which is more than seen in everolimus monotherapy in this patient group (18 %), but 

it mostly remained at manageable levels and did not lead to dose reductions.14 Other 

adverse events included diarrhea, anorexia, taste loss, neuropathy and skin rash, but 

remained non-severe. The frequency and severity of toxicity confirmed the data from our 

previous phase I study.27

 In contrast to the outlined acceptable toxicity findings, a prior phase I study that 

combined the mTOR inhibitor temsirolimus and 5-FU demonstrated dose limiting stoma-

titis and hematological toxicity, and in the expansion cohort, two patients died due to 

mucositis with bowel perforation.38 An explanation for this difference could be dose 

related. The dose of temsirolimus in the expansion cohort of that phase I study was 

45 mg/m2 per week, while the recommended dose used as monotherapy in renal cell 

carcinoma is 25 mg per week. The phase II study of capecitabine (650 mg/m2 BID) and 

everolimus (5 mg BID) in gastric cancer patients, showed less toxicity, especially in all 

grade hand-foot syndrome (35 vs 13 %), fatigue (55 vs 6 %) and diarrhea (48 vs 22 %).26

This is probably due to the lower dose of capecitabine and the different disease. 

Recently, the combination of conventional chemotherapy (gemcitabine) with everolimus 

is examined as first-line treatment for pancreatic cancer patients.39 Everolimus 5 mg BID 

could not be combined with full-dose gemcitabine, as the maximum tolerated dose was 

already met at 400 mg/m2.39 In comparison with the present study, this might indicate 

that for combining everolimus with conventional chemotherapy, capecitabine is easier to 

administer at therapeutical doses.

 In conclusion, we showed that continuous everolimus 5 mg BID combined with capecit-

abine 1000 mg/m2 for 14 days every 3 weeks is a feasible and moderately efficacious 

outpatient oral treatment regimen, but only in firstline pancreatic cancer patients. 
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Summary 

Background 
Improvements in knowledge of molecular mechanisms in cancer are the basis for new 

studies combining chemotherapy with targeted drugs. Inhibition of the epidermal growth 

factor receptor (EGFR) by erlotinib or cetuximab has limited or no activity, respectively, 

in pancreatic cancer. The crosstalk between EGFR and mammalian target of rapamycin 

(mTOR) pathways is a potential mechanism of resistance; therefore we conducted a study 

to explore safety and efficacy of multiple pathway inhibition by cetuximab and everolim-

us in combination with capecitabine. 

Methods 
Safety and efficacy of fixed standard dose cetuximab in combination with various dose 

levels of everolimus (5–10 mg/day) and capecitabine (600–800 mg/ m2 bid, 2 weeks ev-

ery 3 weeks) were investigated in a phase I/II study in patients with advanced pancreatic 

cancer. The primary endpoint was objective response. 

Results 
Sixteen patients were treated in the phase I part at two dose levels. Mucositis, rash and 

hand-foot syndrome were dose-limiting toxicities. Dose level 1 (everolimus 5 mg/day, 

capecitabine 600 mg/m2 bid for 2 weeks every 3 weeks and cetuximab 250 mg/m2 

weekly) was considered the maximum tolerated dose (MTD). Of 31 patients in the phase 

II part, partial response was documented in two patients (6.5%) and five (16.1%) had stable 

disease. Median overall survival was 5.0 months (CI 3.1–6.8). 

Conclusion 
The schedule of capecitabine, everolimus and cetuximab resulted in considerable epi-

dermal and mucosal toxicities and prevented escalation to optimal dose levels. Because 

of toxicity and low efficacy this treatment combination cannot be recommended for 

treatment in pancreatic cancer patients. 
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Introduction 

Pancreatic cancer patients have one of the worst prognoses among all cancer types 

with an overall survival rate of less than 5%.1 Since the publication of Burris in 1997 gem-

citabine is still considered as the standard treatment for most patients with pancreatic 

cancer.2 Several randomized clinical trials comparing gemcitabine in combination with 

other chemotherapeutic drugs have not resulted in survival improvement.3 

 Moving away from the paradigm that combination therapy must be gemcitabine based, 

a strategy that has invariably failed, Conroy et al. recently demonstrated in a randomized 

clinical trial a significant survival advantage with the gemcitabine free combination 

chemotherapy regimen FOLFIRINOX as compared with gemcitabine.4 Although patients 

were highly selected and toxicity was considerable, this trial opens the way to new treat-

ment strategies in advanced pancreatic cancer. 

 Significant improvements in our knowledge of the molecular mechanisms involved 

in cancer development and progression, and the availability of drugs interfering with 

aberrant activity in various signaling pathways, have subsequently resulted in numerous 

clinical trials combining conventional chemotherapy with various targeted drugs. The 

EGFR/ MAPK and PI3K/Akt/mTOR pathways are often dysregulated and considerable 

evidence supports the important role of these pathways in the biology of pancreatic 

cancer.5,6 Several targets in these pathways are potential candidates to achieve inhi-

bition of aberrant signaling. Erlotinib, a tyrosine kinase EGFR inhibitor, was one of the 

first FDA approved tyrosine kinase inhibitors. In a randomized clinical trial in pancreatic 

cancer patients, erlotinib in combination with gemcitabine induced a statistically signif-

icant improvement in survival, although the two weeks survival benefit was considered 

clinically not meaningful.7 Targeting EGFR with the monoclonal antibody cetuximab in 

combination with gemcitabine failed to demonstrate a survival advantage.8 mTOR is an 

important signaling molecule in the PI3K pathway and inhibition of mTOR could inhibit 

tumor growth in pancreatic cancer xenograft models.9 However, in a clinical study no 

benefit was demonstrated using the mTOR inhibitor everolimus as a single agent in 

second line.10 Possible explanations for the relative insensitivity to drugs targeting only 

one aberrant molecule is the heterogeneous molecular pathogenesis of pancreatic 

cancer leading to deviant activation of multiple signaling pathways and the intensive 

crosstalk between these pathways.11,12 Although some tumors with specific crucialmu-

tations are sensitive to mono-targeted therapies, such as gastrointestinal stromal tumor 

and imatinib, for most cancer types including pancreatic cancer this is not the case.13,14 

Exploration of drug combinations targeting multiple pathways is therefore an interesting 

strategy to overcome drug resistance. Rational targets for this combined approach in 

pancreatic cancer are EGFR and mTOR, leading to synergistic anticancer activity as has 

been demonstrated in pre-clinical models.15–20
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Therefore we explored in the present study the feasibility and efficacy of a triple drug 

combination consisting of cetuximab, everolimus and capecitabine in patients with 

advanced pancreatic cancer. In an earlier phase I study we demonstrated that evero-

limus (10 mg daily) in combination with capecitabine (1000 mg/m2 BID) was a safe and 

tolerable regimen.21 In the present study gemcitabine was replaced by capecitabine 

because gemcitabine in combination with everolimus induced severe bone-marrow 

toxicity already at the gemcitabine dose level of 600 mg/m.22 The failure of gemcitabine 

based combination regimens was also taken in to account. The monoclonal antibody 

cetuximab instead of erlotinib was chosen because of potential pharmacokinetic interac-

tions between erlotinib and mTOR inhibitors (at the level of cytochrome P metabolizing 

enzymes).23,24

Patients and methods 

Study design and statistics
This multicenter open-label phase I/II trial consisted of two parts: the phase I part was 

traditionally designed with interpatient dose escalation in cohorts of three to six patients 

with the primary end point of protocol-defined dose limiting toxicity (DLT) and Maximum 

Tolerated Dose (MTD).25 The phase II part was designed to determinate the efficacy and 

feasibility of the combination of everolimus, capecitabine and cetuximab. Primary end-

point of this part of the study was response rate. Patients were defined as responders 

when a complete response (CR) or partial response (PR) by response evaluation criteria 

in solid tumors (RECIST) 1.0 was seen. Secondary endpoints were time to treatment fail-

ure (TTF), overall survival (OS), one-year survival rate and the toxicity profile according 

to NCI–CTC v3.0. TTF and OS were calculated by the Kaplan-Meier method, measured 

from the date of treatment initiation to the date of documented progression and death of 

any cause, respectively. All analyses were conducted on an intention-to-treat basis and 

were performed using SPSS version 18.0.2. 

 The phase II part was designed in two stages (Simon twostage optimal design) with an 

early stopping rule for efficacy: if no objective responses were to be observed within the 

first 14 patients treated at the MTD, the trial was to be halted, because this event (0/14) 

has a probability of <0.05 if the true response rate is 0.20. 

 The study was conducted according to the ethical principles of the Declaration of 

Helsinki and Good Clinical Practice and was approved by health authorities and the 

independent ethics committee of the Academic Medical Center Amsterdam. The trial is 

registered on the USA NCI Web site www.ClinicalTrials.gov (NCT01077986) 
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Patients 
Patients with cytological or histological confirmed locally advanced or metastatic adeno-

carcinoma of the pancreas were eligible. Further inclusion criteria comprised an Eastern 

cooperative oncology group/World health organization (ECOG/WHO) performance 

status of 0, 1 or 2, measurable lesions on CT according to RECIST 1.0 criteria (for the 

phase II part of the study), age eighteen years of age or older and a life-expectancy of 

at least three months. Patients had to be mentally, physically and geographically able to 

undergo treatment and follow-up. Adequate renal, liver and bone marrow function was 

necessary. Laboratory values accompanied hereby were serum creatinine <150 μmol/L, 

bilirubin <1.5x upper limit of laboratory normal (ULN), aspartate aminotransferase and 

alanine aminotransferase <2.5x ULN or <5.0x in case of liver metastasis, white blood cell 

count >3.0x109, platelets >100x109, respectively. 

 Patients were not eligible if they had previous treatment with an mTOR inhibitor. Other 

exclusion criteria included pregnancy and lactation, clinical or radiological evidence 

of central nervous system metastasis at time of enrollment, known hypersensitivity to 

everolimus or other rapamycins or to its excipients, any severe and/ or uncontrolled 

medical conditions, such as clinically significant heart conditions or myocardial infarction 

in 6 months prior to randomization, uncontrolled diabetes as defined by fasting glucose 

above 1.5x ULN, active or uncontrolled infection, serious liver disease and severely im-

paired lung function, or a serious concomitant systemic disorder that would compromise 

the safety of the patient, at the discretion of the investigator. Written informed consent 

was obtained from each patient. 

Treatment 
Treatment was administered in a 3-week regimen consisting of continuous daily oral 

everolimus, weekly cetuximab, and capecitabine for 14 days followed by 7 days rest. 

For the phase I part, dose escalations were performed for everolimus and capecitabine, 

according to Table 1. Cetuximab was given at a fixed dose of 250 mg/m2, with a start-up 

dose of 400 mg/m2. 

If one of three patients experienced dose-limiting toxicity (DLT), three more patients 

TABLE 1: Dose escalation levels phase I

DOSE LEVEL EVEROLIMUS (MG) CAPECITABINE  
(BID MG/M2)

CETUXIMAB (MG)

-1 5 400 250

1 5 600 250

2 10 600 250

3 10 800 250

bid twice daily.
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were included at the same dose level. If two or more patients experienced DLT, the 

previous dose level was considered the MTD. All patients of the phase II part of the study 

were treated at the MTD. 

 DLTs were defined as any of the following adverse events as defined by the common 

terminology criteria for adverse events version 3.0 (CTCAE) in the first two cycles: grade 

4 neutropenia lasting>5 days or febrile neutropenia grade 3; grade 4 thrombocytopenia 

and grade≥3 red cell count; grade≥2 vomiting and grade≥3 of any other toxicity despite 

supportive treatment, except rash, which was defined as DLT at grade 4. 

 In the phase II part, dose modifications were predefined for each drug. Everolimus 

dose was reduced in case of grade 3 toxicity or recurrence of grade 2 non-hematological 

toxicity or thrombocytopenia after interruption. Everolimus was discontinued in case of 

grade 4 toxicity or recurrence of grade 3 hematological toxicity after dose reduction. 

Capecitabine had to be withheld in case of toxicity grade≥2 until recovery to grade≤1. 

Dose modifications were dependent on severity and frequency of toxicity, as defined 

in the protocol. Cetuximab had to be delayed for up to two consecutive infusions in 

case of grade ≥3 skin toxicity whereas doxycyclin 100 mg daily and local metronidazole 

treatment was initiated. The same dose level was restarted if toxicity resolved to grade≤ 

2, with continuation of doxycyclin treatment. At second or third recurrence of grade 3 

toxicity, dose was reduced to 200 mg/m2 and 150 mg/m2, respectively. Cetuximab was 

discontinued in case of withholding more than 2 infusions, fourth recurrence of skin tox-

icity grade≥3, or an allergic/ hypersensitivity reaction grade≥3. Treatment was continued 

until unacceptable toxicity, disease progression, withdrawal of informed consent by the 

patient or any other reason why continuation was not in the best interest of the patient. 

Response assessment by CT-scan (RECIST 1.0) was done at baseline and every 9 weeks 

during active treatment. 

Results 

Patients 
In total 43 patients were enrolled between February 2009 and June 2010. Three pa-

tients were excluded from analysis because of major violation of the inclusion criteria; 

one patient in the phase I part of the study received eight cycles of treatment, while in 

retrospect no pancreatic cancer cells were seen in pathology. Two patients in the phase 

II part experienced rapid deterioration between signing informed consent and start of 

treatment. 

 Table 2 summarizes the baseline characteristics of all 40 eligible patients, separately 

for each dose level. 
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Phase I 
Sixteen patients were enrolled in the phase I part of this study. Dose level I was expanded 

to six patients because 1 patient developed grade 3 mucositis as DLT. The same patient 

discontinued treatment because of cerebral infarction 6 weeks after start of treatment. 

Because of vascular problems in the medical history of the patient, this complication was 

considered not to be related to study medication. Nonetheless, we decided to include 

an additional patient in this dose level. In the first cohort of dose level II one patient 

developed grade 3 hand-foot syndrome as DLT. Therefore this dose level was expand-

ed to six patients. One of those patients developed grade 3 hand-foot syndrome and 

mucositis. These were not considered to be DLTs, because by mistake one additional 

week of capecitabine was taken by the patient in the first cycle and symptoms resolved 

after 3 weeks of interruption and the original dose could be restarted. Because two other 

patients with progressive disease within the first cycle, were not assessable for toxicity, 

three additional patients were included in DL2. Subsequently one patient developed 

grade 4 rash and three patients had grade 3 mucositis as DLTs. Due to the five DLTs in 

DL2, DL1 was considered as the MTD and the recommended dose for the phase II part. 

TABLE 2: Patient demographics and disease characteristics

CHARACTERISTIC PHASE IIA

N=31 (%)
DL2

N=9 (%)

Median Age, range 57.9 (39-78)    61 (45-69)

Gender

 Male 13 (42)    6 (67)

 Female 18 (58)    3 (33)

WHO performance status

 0 16 (52)    5 (56)

 1 10 (32)    3 (33)

 2 5 (16)    1 (11)

Stage of disease

 Locally advanced 4 (13)    1 (11)

 Metastatic 27 (87)    8 (89)

Localization of primary

 Head 23 (74)    8 (89)

 Tail/corpus 8 (26)    1 (11)

Line of therapy

 First line 22 (71)    6 (67)

 ≥ Second line 9 (29)    3 (33)

WHO World Health Organization;

DL Dose Level;

a Phase II included 7 patients of the DL1 cohort and 24 patients of the phase II cohort.
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In Table 4 all toxicity for the nine patients in dose level 2 is depicted. In these nine 

patients, a total of 25 complete cycles were given, with a median of 2 (range 0–10) cycles 

per patient. Dose reductions and interruptions are depicted in Table 3. 

Phase II 
Safety and toxicity 

In the phase II part of this study, 24 eligible patients were enrolled. When combined 

with the seven patients treated at MTD in the phase I part, a total of 31 patients could be 

evaluated according to the protocol. In these 31 patients, a total of 113 complete cycles 

were given, with a median (range) of 3.0 (0–20) cycles per patient. Dose reductions and 

interruptions are depicted in Table 3. Table 4 represents the treatment related toxicity. 

The most common grade 3/4 toxicities of the phase II part included hyperglycemia (26%), 

rash (19%), mucositis (13%) and fatigue (13%).

Efficacy and survival 

Table 5 summarizes the objective response observed in the 31 treated patients (71% first 

line, 29% second line) at the MTD level. Out of 31 patients, 24 patients were evaluable 

for response. Seven patients were not evaluable for response due to events before the 

first planned CT-evaluation: two patients were clinically progressive, one patient died (as 

described in the phase I part) and three patients stopped treatment because of treatment 

related toxicity (grade 3 diarrhea, intolerable rash). One patient refused further treatment. 

These seven patients were considered as nonresponders. 

 We observed two (6.5% CI: 1.1–18.8%) partial responses according to RECIST 1.1. Five 

(16.1% CI: 6.2–31.2%) patients had stable disease, giving a disease control rate of 23.8%. 

Seventeen (54.8% CI: 37.9–71.1%) patients had progressive disease. 

 Overall survival of the 31 patients treated at MTD was 5.0 months (CI 3.1–6.8 months) 

TABLE 3: Dose interruptions and reductions

INTERRUPTIONS REDUCTIONS

NO. OF CYCLES (%) NO. OF PATIENTS(%) NO. OF CYCLES (%) NO. OF PATIENTS(%)

Total DL2 10 (40) 5 (56) 5 (20) 5 (56)

 Capecitabine 5 (20) 4 (44) 1 (4)    1 (11)

 Everolimus 4 (16) 4 (44) 4 (16) 4 (44)

 Cetuximab 1 (4) 1 (11) 0 (0) 0 (0)

Total phase 2 22 (20) 8 (26) 6 (5) 6 (19)

 Capecitabine 6 (5) 3 (10) 5 (4) 5 (16)

 Everolimus 5 (4) 5 (16) 1 (1) 1 (3)

 Cetuximab 11 (10) 5 (16) 0 (0) 0 (0)

Total cycles: 25 in dose level 2 (DL2), 113 in phase 2;                                                                                        

Total patients: 9 in DL2 and 31 in phase 2.
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(Fig. 1). The one-year survival rate was 12,9%. Time to treatment failure was 2.3 months 

(CI 1.7–2.8 months). 

 Table 6 summarizes overall survival differences between groups based on differences 

in baseline characteristics, measured by KM-method and a log-rank test. Overall survival 

for first line patients was 5.0 (CI 4.1–5.9) months, and for second line patients 3.6 months 

(CI 0.0–7.7) months, which was not a significant difference. 

TABLE 4: Treatment related toxicity

31 PATIENTS IN PHASE II ANALYSISA 9 PATIENTS IN DL2

ANY GRADE (%) GRADE 3-4 (%) ANY GRADE (%) GRADE 3-4 (%)

Hematologic

 Anemia 14 (45) 1 (3) 6 (67) 0 (0)

 Neutropenia 7 (23) 0 (0) 5 (56) 0 (0)

 Thrombocytopenia 8 (26) 0 (0) 3 (33) 0 (0)

Non hematologic

 Rash 24 (77) 6 (19) 6 (67) 3 (27)

 Mucositis 14 (45) 4 (13) 6 (67) 4 (36)

 Fatigue 13 (42) 4 (13) 4 (44) 1 (9)

 Diarrhea 10 (32) 4 (13) 3 (33) 0 (0)

 Hand-foot syndrome 10 (32) 2 (6) 1 (11) 2 (18)

 Infection 5 (16) 1 (3) 2 (22) 2 (18)

 Nausea/vomit 16 (52) 1 (3) 6 (67) 0 (0)

 Hypokalemia 17 (55) 4 (13) 1 (11) 0 (0)

 Hyperglycaemia 19 (61) 8 (26) 5 (56) 1 (18)

Total unique patients 31 (100) 23 (74) 9 (100) 8 (89)

DL Dose Level;    

a Phase II  includes 7 patients from DL1 and 24 from phase II .

TABLE 5: Objective treatment response

RESPONSE (TOTAL N=31) NO. OF PATIENTS (%)  95% CI

PR   2    (6.5)   1.1-18.8

SD   5  (16.1)   6.2-31.2

PD 17  (54.8) 37.9-71.1

Not assessed   7  (22.6) 10.6-38.8

Objective Response ratea   2    (6.5)   1.1-18.8

Disease Control rateb   7  (22.6) 10.6-38.8

PR partial response; SD stable disease; PD progressive disease; CI confidence interval;

a Objective response rate = P;

b Disease Control rate = PR+SD.



84 Chapter 5

Discussion 

The MTD for everolimus and capecitabine in combination with cetuximab (cetuximab 250 

mg/m2 weekly) was already reached at the first dose level (everolimus 5 mg daily, and 

capecitabine 600 mg/m2 BID). The DLTs were mucositis, rash and hand-foot syndrome. 

In the phase II part of this study the incidence of grade 3–4 hyperglycemia, a well known 

TABLE 6: Kaplan-Meyer analysis for overall survival, effect of baseline characteristics
TOTAL CENSORED MEDIAN SUR-

VIVAL
(MONTHS, 

95%CI)

1 YEAR SUR-
VIVAL 

(%)

P

All Patients 31 4   5.0 (3.1 - 6.8) 12.9

Sex

 Female 18 0   5.0 (4.2 - 5.7) 5.6 0.203

 Male 13 4   4.5 (1.7 - 7.3) 23.1

Age

 <65 24 2   4.5 (1.2 -  7.7) 12.5 0.112

 ≥65 7 2 10.2 (0.0 - 20.5) 14.3

WHO performance status

 0 16 4   5.2 (4.1 - 6.4) 25.0 0.093

 1 10 0   4.5 (0.1  -8.8) 0.0

 2 5 0   2.3 (1.9 - 2.7) 0.0

Metastasis

 Locally 
 advanced

4 1   5.2 (2.0 - 8.4) 25.0 0.547

 Metastatic 27 3   4.9 (2.5 - 7.3) 11.1

Line of therapy

 first line 22 3   5.0 (4.1 - 5.9) 18.2 0.603

 ≥second line 9 1   3.6 (0.0 - 7.3) 0.0

WHO World Health Organization;  

CI Confidence Interval.

Figure. 1 Kaplan Meier curve of overall survival of 

all patients treated at the maximum tolerated dose. 

Median survival is 5.0 months (95%CI 3.1–6.8)

+: censored patients.
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complication of everolimus, was considerable and seems even to be higher compared to 

studies with everolimus alone. Despite the relative low dose level of everolimus (5 mg) 

the incidence of severe mucositis (13% grade 3–4) was still considerable and also seems 

to be higher compared to trials with everolimus monotherapy (10 mg). In other studies 

using single agent everolimus the incidence of grade 3–4 mucositis was 1–7%.26,27 In our 

previous phase I study (Deenen et al.) with everolimus 10 mg and capecitabine 500–1000 

mg/m2, mucositis was not doselimiting, however grade 1–2 mucositis was present in 50% 

of the patients.21 Thus, the addition of cetuximab resulted in more toxicity and prevented 

dose escalations of everolimus and capecitabine to more optimal dosages.28 Although 

the underlying mechanism is unclear, co- administration of three agents with overlapping 

toxicities may be an important explanation for the excessive mucosal and/or epidermal 

toxicities seen in this study. Because the study of Deenen et al. demonstrated no pharma-

cokinetic interactions between everolimus and capecitabine, and monoclonal antibodies 

do not interfere at pharmacokinetic level, the increased toxicity is probably caused by 

pharmacodynamic interaction between the three drugs. 

 The objective response rate was only 6.5% (CI 1.1–18.8) with an overall survival of 5 

months. In the first line cohort the OS was also 5.0 months, which even seems to be slight-

ly inferior in comparison with gemcitabine as first line treatment.2 In preclinical studies with 

cell lines of non small cell lung, pancreatic, colon, and breast cancer combined inhibition of 

mTOR and EGFR resulted in a potentiation of anti cancer activity and resensitization of cell 

lines resistant to EGFR inhibitors.15–18,29 Despite these promising preclinical results, explo-

ration of this strategy in pancreatic cancer patients in the present study was disappointing. 

Possible reasons for clinical resistance to this treatment combination are the following. 

Toxicity prevented the administration of everolimus at optimal dosages. Everolimus shows 

most effective mTOR inhibition at a dose of 10 mg, and capecitabine monotherapy showed 

the optimal efficacy at 1000–1250 mg/m2 (BID).28,30,31 Secondly, the desmoplastic nature 

of pancreatic cancer with a high fibrotic component and minimal vascularization might 

prevent an adequate drug penetration, especially a large molecule like the monoclonal 

antibody cetuximab. Another, in various cancer types well established, cause of resistance 

to anti-EGFR treatment is KRAS mutation, predominantly present in pancreatic cancer 

cells, which accounts for constitutive signaling directly downstream of EGFR. However, 

inhibitors of EGFR still show efficacy in some KRAS mutated pancreatic cancer cell lines.32 

 In conclusion, dose escalation of everolimus and capecitabine in the present triple drug 

schedule with cetuximab was not possible because of severe, especially epidermal and 

mucosal, toxicity. At the relative low everolimus and capecitabine dosages in the phase 

II part of this study the toxicity was still considerable, leading to dose interruptions and 

adaptations. Considering the toxicity, the response rate of 6.5%, and median survival of 5 

months in first line treated patients, this regimen does not deserve further exploration in 

pancreatic cancer patients.
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Summary  

Background 

In preclinical work and retrospective population studies, the anti-diabetic drug metformin 

has been associated with antineoplastic activity and decreased burden of many cancers, 

including pancreatic cancer. There is therefore interest in the hypothesis that this drug 

might be repurposed for indications in oncology. We aimed to assess the efficacy of 

the addition of metformin to a standard systemic therapy in patients with advanced 

pancreatic cancer, and provide the first report of a clinical trial with a survival endpoint of 

metformin for an oncological indication. 

Methods 

We did this double-blind, randomised, placebo-controlled phase 2 trial at four centres in 

the Netherlands. Patients aged 18 years or older with advanced pancreatic cancer were 

randomly assigned (1:1), via a permutated computer-generated block allocation scheme 

(block size of six) to receive intravenous gemcitabine (1000 mg/m²) on days 1, 8, and 

15 every 4 weeks and oral erlotinib (100mg) once daily in combination with either oral 

metformin or placebo twice daily. Metformin dose was escalated from 500 mg (in the 

first week) to 1000 mg twice daily in the second week. Randomisation was stratified by 

hospital, diabetes status, and tumour stage. The primary endpoint was overall survival at 

6 months in the intention-to-treat population. This trial is complete and is registered with 

ClinicalTrials.gov, number NCT01210911. 

Findings 

Between May 31, 2010, and Jan 3, 2014, we randomly assigned 121 patients to receive 

gemcitabine and erlotinib with either placebo (n=61) or metformin (n=60). Overall survival 

at 6 months was 63·9% (95% CI 51·9–75·9) in the placebo group and 56·7% (44·1–69·2) in 

the metformin group (p=0·41). There was no difference in overall survival between groups 

(median 7·6 months [95% CI 6·1–9·1] vs 6·8 months [95% CI 5·1–8·5] in the metformin 

group; hazard ratio [HR] 1·056 [95% CI 0·72–1·55]; log-rank p=0·78). The most frequent 

grade 3–4 toxic effects were neutropenia (15 [25%] patients in placebo group vs 15 [25%] 

in metformin group), skin rash (six [10%] vs four [7%]), diarrhoea (three [5%] vs six [10%]), 

and fatigue (two [3%] vs six [10%]).

Interpretation 
Addition of a conventional anti-diabetic dose of metformin does not improve outcome 

in patients with advanced pancreatic cancer treated with gemcitabine and erlotinib. 

Future research should include studies of more potent biguanides, and should focus on 

patients with hyperinsulinaemia and patients with tumours showing markers of sensitivity 
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to energetic stress, such as loss of function of AMP kinase, a key regulator of cellular 

energy homoeostasis. 

Funding 
Academic Medical Centre, Amsterdam, and The Terry Fox Foundation, Vancouver, Canada. 

Research in context 

Evidence before this study 
Metformin is a widely used, inexpensive, and non-toxic antidiabetic drug. Substantial 

laboratory evidence supports the hypothesis that this compound has antineoplastic 

activity, and plausible mechanisms of action have been proposed. Pharmaco-epidemio-

logic evidence for antineoplastic activity of metformin is not consistent, but some studies 

show a reduced risk or improved prognosis of many cancers, including pancreatic cancer, 

in patients with diabetes treated with metformin. In view of these findings, more than 

100 clinical trials of metformin for various indications in oncology have been started, 

but so far, the only data reported are for surrogate endpoints, such as proliferation rate 

estimated by Ki67 labelling. We searched PubMed for original research articles and 

reviews published in English up to Feb 1, 2015, using MeSH terms “pancreatic cancer” 

and “metformin”. We identified no clinical trials. We designed our trial on the basis of 

available preclinical data and various epidemiological reports. 

Added value of this study 
To our knowledge, we present the first report of a randomised, placebo-controlled 

trial of metformin with a survival endpoint for cancer treatment. Our findings show no 

benefit of the addition of metformin to the combination of gemcitabine and erlotinib in 

the treatment of patients with advanced pancreatic cancer.

Implications of all the available evidence 
Despite laboratory evidence for antineoplastic activity of metformin, conventional anti-di-

abetic doses of metformin did not improve survival of patients with advanced pancreatic 

cancer. Many in-vitro studies show direct anti-proliferative actions of metformin at milli-

molar concentrations, but we determined blood metformin concentrations to be in the 

micromolar range in our study. Thus, future and ongoing studies of metformin and other 

more bioavailable oxidative phosphorylation inhibitors should include pharmacoki-

netic and pharmacodynamic endpoints. Our results should not be generalised to other 

cancers, for which many clinical trials of metformin are underway.  
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Introduction 

There is substantial interest in the hypothesis that the widely used anti-diabetic drug 

metformin has antineoplastic activity.1 More than 100 clinical trials of this compound 

for various indications in oncology are now in progress. However, clinical trial results 

reported so far 2,3 have been from pilot studies with biomarker endpoints. 

 Many retrospective pharmaco epidemiological studies have suggested that patients 

with diabetes treated with metformin have a reduced cancer risk, an improved cancer 

prognosis, or improved survival.3–5 However, the methods of some of these studies have 

been criticised, and other reports 6,7 have concluded that no association exists between 

metformin use and cancer risk or prognosis. Furthermore, retrospective studies have 

been restricted to patients with diabetes, and the relevance of results to non-diabetic 

patients with cancer is unknown. 

 Laboratory studies also provide a rationale for clinical trials of metformin in cancer 

treatment.3 There is evidence to suggest that one major action of metformin and other 

biguanides is partial inhibition of oxidative phosphorylation.8,9 In models of type 2 

diabetes, inhibition of oxidative phosphorylation in the liver, the main target of the anti-di-

abetic action of metformin, results in hepatic energetic stress, which leads to decreased 

gluconeogenesis.10,11 In this way, metformin can reduce serum glucose concentrations 

and reduce the hyperinsulinaemia associated with insulin resistance.12 The metformin 

induced decrease in insulin represents a potential antineoplastic mechanism because 

a subset of cancers display insulin receptors and are insulin responsive.13,14 In addition, 

although most cancers show increased rates of glycolysis, they also require oxidative 

phosphorylation.15 Thus, a separate possible antineoplastic mechanism is that metformin 

might accumulate in neoplastic tissue at concentrations sufficient to inhibit oxidative 

phosphorylation and cause energetic stress in transformed cells.16–18 Laboratory in-vitro 

and in-vivo models 19,20 have provided evidence not only that pancreatic cancer stem 

cells are sensitive to inhibition of oxidative phosphorylation, but also that metformin 

is active in pancreatic cancer. An important caveat is that many in-vitro models use 

metformin concentrations higher than those identified in the plasma of patients treated 

with conventional anti-diabetic doses of metformin. 

 Patients with pancreatic cancer have poor 5-year survival. At present, gemcitabine is 

widely accepted as the standard chemotherapy drug for patients with this disease.21 

Two clinical trials 22,23 changed the standard of care from single drug gemcitabine to 

combination therapy, but these regimens are restricted to patients with a good perfor-

mance status who do not have comorbidities. New drugs such as erlotinib add some 

benefit to conventional cytotoxic drugs. Despite these advances, new treatment strat-

egies are urgently needed. Although the survival benefit of the combination of gemcit-

abine and erlotinib in patients with advanced pancreatic cancer is small, this regimen 
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can be regarded as a standard backbone treatment schedule for clinical trials investi-

gating drugs targeting other signalling pathways.24 Preclinical studies25,26 have provided 

evidence that metformin and EGFR tyrosine-kinase inhibitors act synergistically in basal 

breast cancer and non-small-cell lung cancer. 

 We did this study to establish whether the addition of metformin to gemcitabine and 

erlotinib improves the outcome of patients with advanced pancreatic cancer.  

Methods  

Study design and participants 
We did this double-blind, randomised, placebo controlled, phase 2 trial at four hospitals 

in the Netherlands (supplementary table 1). The study protocol is available online.A 

We recruited patients with measurable, cytologically or histologically confirmed meta- 

static or unresectable locally advanced pancreatic adeno carcinoma. We did not include 

patients with borderline resectable disease. Eligible patients were aged 18 years or older, 

with a WHO performance status of 2 or lower, an estimated survival of at least 2 months, 

and adequate bone marrow (white blood cell count >3.0 × 10⁹ cells per L, platelets >100 × 

10⁹ cells per L), hepatic (bilirubin <1.5 times the upper limit of normal [ULN], alanine amino 

transferase or aspartate aminotransferase <5.0 times the ULN in case of liver metastases 

and <2.5 the ULN in the absence of liver metastases), and renal function (creatinine <150 

μmol/L or a creatinine clearance >1 mL/s per 1.73m2, or both). 

 We excluded patients if they were hypersensitive to metformin or had any systemic 

disorder that would compromise the safe use of the study drugs. Previous gemcitabine- 

based therapy was not permitted except when given as (neo)adjuvant therapy that was 

completed at least 6 months before randomisation. Previous treatment with metformin 

within 6 months before enrolment or with erlotinib was not allowed. If patients had 

A http://amc.nl/metformin-protocol 

SUPPLEMENTARY TABLE S1: Site

SITE CITY COUNTRY PRINCIPAL 
INVESTIGATOR

NUMBER 
OF PATIENTS 
RECRUITED

Academic Medical 
Centre

Amsterdam The Netherlands J.W. Wilmink 107

Spaarne hospital Hoofddorp The Netherlands A. Beeker 9

Antonius hospital Nieuwegein The Netherlands M. Los 4

Ter gooi hospital Hilversum The Netherlands H.P. van den Bergh 1
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received previous non-gemcitabine-based first-line treatment, they could be included if 

they had progression according to Response Evaluation Criteria in Solid Tumors (RECIST) 

version 1.1. 

 This study was approved by the medical ethical committees of the participating institu-

tions and conformed to the principles of the International Conference on Harmonisation 

on Good Clinical Practice. All participants provided written informed consent before 

randomisation. 

Randomisation and masking 

Hospital pharmacy staff randomly assigned patients in a 1:1 ratio by computer-generated 

permuted-block randomisation (block size of six), to receive gemcitabine and erlotinib 

with either placebo or metformin. Randomisation was stratified by hospital, diabetes 

(yes vs no), and tumour stage (locally advanced vs metastatic). The allocation sequence 

was generated by the TENALEA Clinical Trial Data Management System (Amsterdam, 

Netherlands) and was held by the hospital pharmacist, who assigned the patients to 

treatment. Patients, physicians, and study personnel were masked to treatment allocation. 

Treatment allocation was concealed by keeping block size confidential. The unmasked 

data became available to the investigators after final database lock (July 22, 2014). 

Procedures 
Gemcitabine and erlotinib were given according to previously published methods.24 

Gemcitabine (1000 mg/m2) was given by 30-min intravenous infusion on days 1, 8, and 

15 of a 4-week cycle. Erlotinib was given orally at a dose of 100 mg daily. Metformin 

and placebo were administered orally at a dose of 500 mg twice a day and, if well 

tolerated, increased to 1000 mg twice a day in the second week to conform with the 

metformin label from the US Food and Drug Administration.27 Treatment was continued 

until disease progression, the occurrence of unacceptable or irreversible toxic effects, 

or withdrawal of patient consent. Doses could be reduced or delayed to allow recovery 

from toxic effects at the discretion of the local investigator (for more information see 

protocol). Metformin or placebo could be reduced to 50% of the maximum dose, erlotinib 

to 50% and 25%, and gemcitabine to 75% and 50%. Doses could be delayed for as long 

as necessary according to the judgment of the investigator. Patients could discontinue 

metformin, placebo, or erlotinib if these drugs caused unacceptable or irreversible toxic 

effects. These patients could continue to use other assigned study drugs. If patients 

had irreversible or unacceptable toxic effects that prevented the continuation of gemcit-

abine, all study treatment was discontinued. If patients were diagnosed with diabetes 

or glucose intolerance and needed treatment during the study, all anti-diabetic drugs, 

except metformin, were allowed. 

 We assessed tumour response and progression with RECIST version 1.1 every two 
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cycles using CT scans. We assessed toxic effects weekly in the first two cycles, and at 

the beginning of every consecutive cycle, using the National Cancer Institute Common 

Toxicity Criteria version 4.0. We monitored study drug-related toxic effects until they 

returned to baseline or were deemed irreversible. On July 6, 2011, the medical ethics 

committee approved an amendment, proposed by SK, RAM and JWW, to allow measure-

ments of metformin trough levels in plasma samples of all patients treated in the AMC, 

at day 8 of cycle one and day 1 of cycle two. Blood samples were taken 10–16 h after 

the preceding metformin dose. We determined metformin plasma concentrations at the 

end of the study with liquid chromatography coupled to mass spectrometric detection 

(LC-MS/MS) while masked to treatment allocation. The high plasma trough cut-off value 

of greater than 1.0 mg/L was based on a study 28 in patients with diabetes that suggested 

this value was at roughly the 75th percentile. 

 We collected fasting blood samples at baseline and on day 1 of cycle two and deter-

mined the concentrations of glucose, insulin, insulin-like growth factor 1 (IGF-1), and IGF 

binding protein 3 (IGFBP-3) by chemiluminescent immunometric assays with an Immulite 

2000 analyser (Siemens Healthcare Diagnostics BV, Netherlands). The intra-assay 

coefficient of variation was less than 6% and the inter-assay coefficient of variation was 

less than 9%. We measured insulin, IGF-1 and IGFBP-3 only in those patients treated in 

the Academic Medical Centre due to logistic reasons. At baseline (within 28 days before 

first treatment) and during treatment, we measured all other serum analytes (haemo-

globin, thrombocytes, leucocytes, CA19.9, HbA1c, electrolytes, glucose) with standard 

ELISA methods with reagents purchased from Immunodiagnostic Systems (Boldon, UK) 

or ABCO Diagnostici (L’Aquila, Italy). We measured HbA1c and C-peptide at baseline. 

Outcomes 
The primary endpoint was overall survival at 6 months, defined as the proportion of 

patients still alive from the start of study treatment to the time of death from any cause. 

Secondary endpoints were progression-free survival (median time from the start of study 

treatment until disease progression), overall survival (from the start of study treatment 

until death from any cause), the proportion of patients achieving an objective partial 

response (defined as per RECIST v1.1), and safety. An exploratory endpoint was to 

determine the predictive value of the blood concentrations of metformin, glucose, insulin, 

IGF-1, and IGFBP-3. 

Statistical analysis 
It has been suggested that at least a 50% improvement in outcome compared with a 

standard regimen is needed in a randomised phase 2 trial to support progress to a phase 

3 setting.29 Therefore, to detect an increase in 6 month overall survival from 50%25 to 

75% with the addition of metformin compared with placebo, a sample size of 120 patients 
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was required with a power of 80% and a two-sided α level of 5%. 

 Overall survival at 6 months and the time-to-event endpoints were estimated with the 

Kaplan-Meier method, and differences were analysed with the log-rank test stratified by 

tumour stage and diabetic state. We used χ2 and Fisher’s exact tests to detect differ-

ences in overall response and baseline characteristics. We assessed the predictive value 

of biomarkers by univariate analysis. We assessed the predictive value of changes in 

biomarker blood concentrations between baseline and before the start of cycle two with 

repeated measurement ANOVA, which reports the difference between the biomarker 

concentrations at the two time points, and the difference between the placebo and 

metformin group. We regarded p values of less than 0.05 as significant. We did all 

outcome analyses in the intention-to-treat population. We did statistical analyses with 

SPSS (version 21.0). The study was monitored by an independent data safety monitoring 

committee (IDMC), convened every 3 months. After 20, 60, and 90 patients had been 

enrolled, the IDMC compared toxicity data between treatment groups. After 90 patients 

had been enrolled, the IDMC also did an interim analysis for efficacy. This study is regis-

tered with ClinicalTrials.gov, number NCT01210911. 

 Role of the funding source The funders of this study had no role in the study design, 

data collection, data analysis, data interpretation, or writing of the report. SK, MJW, DJR, 

and JWW had full access to all the raw data and the corresponding author (JWW) had the 

final responsibility for the decision to submit for publication. 

Results 

Between May 31, 2010, and Jan 3, 2014, we screened 202 patients with advanced pan - 

creatic cancer, and randomly assigned 121 patients to receive gemcitabine and erlotinib 

with either placebo (n=60) or metformin (n=60; figure 1). At the pre-planned interim 

analyses, the IDMC identified no reason to prematurely end the study for toxic effects 

or futility. The decisions of the IDMC had no effect on the statistical analyses. Baseline 

characteristics were balanced between the groups, with the exception of the mean 

baseline concentration of carbohydrate antigen 19.9, which was roughly two times higher 

in the metformin treatment group (table 1). 

 Eight (7%) patients had received previous systemic treatment: two patients received 

gemcitabine-based (neo)-adjuvant chemoradiotherapy and two patients received 

adjuvant gemcitabine treatment more than 6 months before study treatment. The study 

treatment in these patients was regarded as first line. The remaining four patients had 

received previous systemic treatment for advanced disease, all of which were fluoro-

uracil based (study treatment was considered second line). 

 After study treatment, 28 (23%) patients received second-line treatment: 15 in the 
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placebo group and 13 in the metformin group. Median duration of follow-up was 28.1 

months (IQR 20.0–47.6). At database lock, 117 (97%) patients had discontinued the study 

and four (3%) patients (two in each treatment group) remained on-study (figure 1). 

 Patients received a median of five (IQR 2.0–6.0) treatment cycles in the placebo group 

and three (2–6) cycles in the metformin group (p=0.050); the median duration of treatment 

was 4.6 months (IQR 1.8–7.0) and 2.5 months (1.1–6.0), respectively (p=0.20). Doses of 

placebo were reduced less often than those of metformin (17 [28%] of 61 patients vs 34 

[57%] of 60 patients, respectively, p=0.0020), and placebo doses were escalated more 

frequently than those of metformin (49 [80%] vs 38 [63%] patients; p=0.044; appendix). 

Drug delivery of gemcitabine and erlotinib were similar between treatment groups 

(supplementary table 2). 

 The overall survival analysis was based on 106 (88%) deaths in 121 patients; 54 (89%) of 

61 patients died in the placebo group and 52 (87%) of 60 patients died in the metformin 

group (p=0.79). Overall survival at 6 months was 63.9% (95% CI 51.9–75.9) in the placebo 

group and 56.7% (44.1–69.2) in the metformin group (p=0.41). Median overall survival 

was 7.6 months (95% CI 6.1–9.1) in the placebo group and 6.8 months (5.1–8.5) in the 

Figure 1: Trial profile. 
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SUPPLEMENTARY TABLE 2: Drug delivery

PLACEBO (N=61) METFORMIN (N=60) P

Gemcitabine dose Delayed 27 (44%) 27 (45%) 1·00

Reduced 22 (36%) 19 (32%) 0·69

       750 mg/m2 (75%) 18 (30%) 17 (28%) 1·00

       500 mg/m2 (50%)   4   (7%)   2   (3%) 0·68

Erlotinib dose Delayed 10 (16%) 13 (22%) 0·49

Reduced   5   (8%)   4   (7%) 1·00

       50 mg (50%)   4   (7%)   3   (5%) 1·00

       25 mg (25%)   1   (2%)   1   (2%) 1·00

Placebo/metformin 
dose

Delayed   7 (12%) 15 (25%) 0·09

Reduced (500mg BID) 17 (27%) 34 (57%) 0·0020

Increased (1000mg BID) 49 (80%) 38 (63%) 0·01

TABLE 1: Baseline characteristics

PLACEBO GROUP (N=61) METFORMIN GROUP (N=60)

Age (years, range) 65 (44-79) 64 (45-78)

Sex

 Male 27 (44%) 34 (57%)

 Female 34 (56%) 26 (43%)

WHO performance status

 0 33 (54%) 27 (45%)

 1 24 (39%) 22 (37%)

 2   2   (3%)   8 (13%)

  Not documented*   2   (3%)   2   (3%)

Line of treatment of study drug

 First line 59 (97%) 58 (97%)

 Second line   2   (3%)   2 (3%)

Disease stage

 Locally advanced 16 (26%) 16 (27%)

 Metastatic disease 45 (74%) 44 (73%)

Primary tumour location†

  Head 39 (64%) 40 (69%)

  Body/tail 20 (33%) 18 (31%)

  HbA1c (mmol/mol; n=105) 47 (12) 45 (10)

Fasting levels serum markers

 Insulin (pmol/L; n=96) 117 (110) 128 (129)

 IGF1 (nmol/L; n=95)   22 (10)   21 (9)

 IGFBP3 (mg/L; n=98)     1.90 (0.43)     1.87 (0.51)

CA 19·9 (kU/l; n=119) 245 (21-2118) 561 (112-6319)

Data are median (IQR); n (%); or mean (SD) unless otherwise specified; PPPD=pylorus-preserving pancreaticoduodenectomy;  

HJS=hepaticojejunostomy; HbA1c=glycated haemoglobin; CA=carbohydrate antigen; * Not documented but lower than 3; 

† In four patients (two in placebo group and two in metformin group) it was not possible to specify whether the location was head or body.
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metformin group (hazard ratio [HR] 1.056 [95% CI 0.72–1.55]; log-rank p=0.78, figure 2). 

After adjustment for stratification factors, the hazard ratio was 1.06 (95% CI 0.73–1.56). 

Tumour stage was an independent variable associated with survival. Median progres-

sion-free survival was 5.4 months (95% CI 5.0–5.8) in the placebo group and 4.1 months 

(1.8–6.5) in the metformin group (HR 1.18; 95% CI 0.77–1.82; log-rank p=0.44). Five patients 

in each group had an objective response (p=1.00). 32 (52%) patients in the placebo group 

achieved disease control, as did 24 (40%) of those in the metformin group (p=0.20). 

 Table 2 shows adverse event data. The incidence of grade 1–2 toxic effects differed 

between groups—eg, vomiting (15 [25%] of 61 placebo patients vs 26 [43%] of 60 metformin 

patients), and grade 1–2 anorexia (12 [20%] vs 22 [37%], respectively); however, grade 

3–4 adverse events appeared similar between groups (table 3). Haematological toxic 

effects were common and similar between treatment groups (table 3). We were unable to 

obtain the number of patients diagnosed with diabetes and glucose intolerance during 

the study. No patients developed hypoglycaemia. 

 In the placebo group, eight (13%) of 61 patients discontinued all study drugs because 

of treatment-related toxic effects. Two (3%) patients had gastrointestinal toxic effects and 

six (10%) patients had other toxic effects: neutropenia (two patients), thrombotic throm-

bocytopenic purpura (two), and one case each of infection and fatigue. In the metformin 

group, 13 (22%) of 60 patients discontinued all study drugs because of treatment-related 

toxic effects. Six (10%) patients had gastrointestinal toxic effects and seven (12%) patients 

Figure 2: Kaplan-Meier curves for overall survival.

Number at risk

Placebo 61 39 14 9 4 1 1 1 0

Metformin 60 34 17 11 4 2 0 0 0
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had other toxic effects: fatigue (three patients) and one case each of thrombotic throm-

bocytopenic purpura, liver toxicity, pulmonary embolism, and infection. 

 In the metformin group, toxic effects caused discontinuation of erlotinib alone in two 

patients (rash), metformin alone in one patient (gastrointestinal toxic effects), and erlotinib 

and metformin together in four patients (gastrointestinal toxic effects). In the placebo 

group, no patients discontinued one or two study drugs before the end of the study. Three 

patients (two in the placebo group and one in the metformin group) developed gemcit-

abine-induced thrombotic thrombocytopenic purpura. The course of the disease was 

moderate-to-severe and self-limiting after discontinuation of treatment. 

TABLE 2: Treatment related adverse events according to treatment group

METFORMIN (N=60) PLACEBO (N=61)

GRADE 1-2* GRADE 3 GRADE 4 GRADE 1-2* GRADE 3 GRADE 4

Haemoglobin decreased 52 (85%) 2 (3%) 0 42 (70%) 2 (3%) 0

Neutropenia 19 (31%) 12 (20%) 3 (5%) 16 (27%) 14 (23%) 1 (2%)

Platelet count decreased 36 (59%) 3 (5%) 0 37 (63%) 4 (7%) 0

Nausea 31 (51%) 1 (2%) 0 34 (57%) 3 (5%) 0

Diarrhea 27 (44%) 3 (5%) 0 31 (52%) 6 (10%) 0

Fatigue 29 (48%) 2 (3%) 0 31 (52%) 6 (10%) 0

Skin rash 38 (62%) 6 (10%) 0 28 (47%) 4 (7%) 0

Vomiting 15 (25%) 2 (3%) 0 26 (43%) 2 (3%) 0

Anorexia 12 (20%) 1 (2%) 0 22 (37%) 0 0

Mucositis 11 (18%) 0 0 9 (15%) 1 (2%) 0

Constipation 11 (18%) 0 0 7 (12%) 0 0

Weight loss 5 (8%) 0 0 7 (12%) 0 0

Alopecia 14 (23%) 2 (3%) 0 6 (10%) 0 0

Edema 7 (11%) 1 (2%) 0 5 (8%) 0 0

* Reported in 10% or more of patients.

TABLE 3: Concentrations of biomarkers and statistical difference between baseline and cycle two 

and between treatment groups
PLACEBO METFORMIN BE-

TWEEN 
ARMS

Patients 
(n)

Baseline Cycle 2 p value Patients 
(n)

Baseline Cycle 2 p value p value

Glucose 
(mmol/L)

52 7·3 
(2·5)

7·3 
(2·4)

0·96 47 7·7 
(2·8)

7·1 
(2·4)

0·060 0·72

Insulin 
(pmol/L)

29 103 
(102)

110 
(88)

0·81 22 84 
(95)

69 
(51)

0·38 0·34

IGF-1 
(nmol/L)

27 22 
(12)

17 
(8)

<0·0001 23 23 
(10)

19 
(9)

<0·0001 0·92

IGFBP-3 
(mg/L)

28 1·91 
(0·47)

1·76 
(0·47)

<0·0001 24 1·91 
(0·51)

1·69 
(0·56)

<0·0001 0·80

Data are mean (SD) unless otherwise stated
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Following a protocol amendment, we measured the plasma metformin trough concentra-

tions in a subset of patients (n=61) at day 8 of cycle one and day 1 of cycle two. Because 

of logistical reasons, inadequate blood samples were drawn in two patients, both in 

the metformin group. These patients were excluded from this part of the analysis. In 

the patients randomly assigned to metformin (n=29), the mean metformin concentration 

was 0.48 mg/L (SD 0.33) at day 8 of cycle one and 0.67 mg/L (0.51) at day 1 of cycle two. 

In 18 (62%) of these 29 patients, dose escalation of metformin to 1000 mg twice a day 

was possible, which resulted in an increase in the mean metformin concentration. The 

mean trough concentration at day 1 of cycle two in the escalated-dose group was 0.85 

mg/L (SD 0.52) compared with 0.34 mg/L (SD 0.33) in the low-dose group (p=0.015). In 

a pre-planned exploratory analysis, overall survival was significantly longer in the 16 

patients with high trough concentrations of metformin (greater than 1.0 mg/L) on day 1 of 

cycle two than in the 13 patients with low trough concentrations (median overall survival 

9.1 months [95% CI 8.3–9.8] vs 6.1 months [3.1–9.1]; figure 3). There was no significant 

difference in overall survival between patients in this subset receiving placebo (median 

overall survival 7.3 months [95% CI 5.0–9.5]) and patients with low metformin concen-

trations (6.1 months [3.1–9.1]; HR 0.74, [95% CI 0.33–1.65], p=0.40) or patients with high 

metformin concentrations (9.1 months [8.3–9.8]; 1.37 [0.71–2.66], p=0.26). 

 We measured the concentration of glucose in all patients and the concentrations of 

insulin, HbA1c, IGFBP-3, and IGF-1 in all patients treated in the Academic Medical Centre 

(n=107), at baseline, day 8 of cycle one and day 1 of cycle two. Because of logistical reasons, 

Figure 3: Overall survival according to metformin concentration

Number at risk

Metformin low 13 8 3 0 0 0 0

Metformin high 16 13 6 5 1 1 0
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inadequate blood samples were drawn for some or all of the analytes in 12 patients (nine 

in placebo group and three in metformin group). Patients with no available data for any 

of the analytes were excluded from this part of the study. Mean baseline concentrations 

of glucose, insulin, HbA1c, IGFBP-3, and IGF-1 were similar between the placebo and 

metformin group (table 1). Baseline concentrations were neither prognostic nor predictive 

for overall survival (data not shown). We did a post-hoc analysis to correlate C-peptide 

concentrations to insulin concentrations and body-mass index. Mean C-peptide concen-

trations were highly correlated with insulin concentrations in all patients (Spearman 

correlation coefficient ( )=0.762; p<0.0001). Higher insulin (p<0.0001) and C-peptide 

concentrations (p=0.0060) were associated with an increased body-mass index. Table 3 

shows the results of a post-hoc repeated measurement ANOVA comparing the change 

in the mean biomarker concentrations between baseline and day 1 of cycle two. Only 

patients with available data at both time points were included in these analyses. Differ-

ences in the change in glucose and insulin concentrations were not significant between 

the treatment groups (table 3).

 In an exploratory analysis, those patients in the metformin group who had a decrease in 

insulin concentrations between baseline and the first day of cycle two (n=12) had a better 

overall survival (18.6 months, 95% CI 8.5–28.7) versus those who did not have increased 

insulin concentrations (n=10; 5.7 months [95% CI 3.9–7.5]; HR 0.20 [95% CI 0.06–0.60], 

p=0.004). In the placebo group, the patients who had a decrease in insulin concentra-

tions (n=18) showed no difference in survival (7.2 months [95% CI 4.3–10.2]) versus those 

who did not have increased insulin concentrations (n=11, 7.6 months [95% CI 5.1–10.1]; HR 

1.12 [95% CI 0.51–2.50]; p=0.776; figure 4). However, these exploratory results must be 

interpreted with caution given the small number of patients in each group. 

Discussion 

This phase 2 trial suggests that the addition of a conventional anti-diabetic dose of 

metformin to gemcitabine and erlotinib does not improve the clinical outcome of 

unselected patients with advanced pancreatic cancer.30 To our knowledge, this is the first 

randomised, double-blind, placebo-controlled trial of metformin in cancer treatment with 

a survival endpoint. Strengths of our study compared to other clinical trials of metformin 

reported so far include the randomised placebo-controlled design and the use of clinical 

endpoints rather than biomarker surrogates. However, we recognise that our trial was 

not comprehensive in the assessment of serum biomarkers, did not include character-

isation of tumour biomarkers, and was not designed to detect a small survival benefit 

or a benefit confined to a small subset of patients with pancreatic cancer. An attempt 

at voluntary retrieval of consecutive tissue samples during treatment did not succeed 
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because of difficulties in the procedure, low tumour yields, and low patient participation. 

Patient heterogeneity was introduced because of the inclusion of patients with locally 

advanced and metastatic tumours, which is not uncommon in phase 2 trials of patients 

with pancreatic cancer. The results were probably not affected because the endpoints 

were adjusted for the stratification factors. 

 We chose a phase 2 design because our main intent was to study the efficacy of 

metformin when added to standard treatment. When we started this trial, little high-level 

evidence for metformin’s efficacy was available. Thus, we needed a reasonable estimate 

of metformin’s efficacy before a phase 3 trial could be justified. Many phase 3 trials testing 

new gemcitabine-based regimens in patients with advanced pancreatic cancer have not 

shown improvements in survival, despite promising results at phase 2. Thus, large differ-

ences in outcome should be identified in phase 2 studies before proceeding to phase 3 

trials.29 We therefore aimed to detect an increase in overall survival at 6 months from 50% 

to 75%. 

 We chose a 6 month survival endpoint even though a time-to-event approach is 

commonly used in oncological trials because we postulated that metformin treatment 

would not lead to a cure but only to a delay in mortality. Time-to-event approaches are 

often based on the assumption that a constant effect is present and we postulated that the 

maximum difference between the cumulative hazards would be around 6 months, which 

Figure 4: Overall survival according to insulin concentration change

Number at risk

Metformin
Insulin declined 12 9 8 7 4 3 0

Insulin raised 10 5 2 0 0 0 0

Placebo
Insuline declined 18 12 4 2 1 0 0

Insuline raised 11 7 2 2 2 0 0

Placebo, insuline declined
Placebo, insuline raised
Metformin, insulin declined
Metformin, insulin raised
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is roughly the median survival of the patient population. Indeed, a cross-trial comparison, 

which should be interpreted with caution, showed that the median overall survival of our 

control group (7.6 months [95% CI 6.1–9.1]) had a 95% CI that overlapped with the 95% 

CI of the median overall survival from the control groups of other randomised trials.22–24 

Although the standard comparison group in those trials was gemcitabine monotherapy, 

we added erlotinib because preclinical evidence showed synergism between EGFR 

inhibition and metformin.25,26 Such an effect is unknown for the newer treatment regimens 

such as FOLFIRINOX and gemcitabine plus nab-paclitaxel. 

 Retrospective population studies have suggested that metformin might have benefits 

in cancer prevention or treatment. Our trial supports the conclusions of pharmaco-ep-

idemiological research that questions the methods of some of the earlier reports and 

contradicts their conclusions.6,7 

 How can the negative results of our clinical trial be interpreted in the context of the 

previous encouraging laboratory evidence? With respect to the proposed direct action 

of metformin on cancer cells, the drug concentrations achieved in neoplastic tissue 

are crucial, and conventional anti-diabetic doses of metformin might fail to accumulate 

to a sufficient concentration to cause energetic stress. Many in-vitro models showing 

antineoplastic activity of metformin use drug concentrations in the millimolar range. By 

contrast, plasma metformin concentrations in our study were in the 0.5–1 mg/L (about 7 

μmol/L) range, similar to plasma concentrations seen in patients with diabetes treated 

with the same dose of metformin.28 Patients with high plasma concentrations (>1 mg/L) of 

metformin seemed to have an improved survival. Although this finding might suggest an 

association between plasma drug concentration and outcome it comes with the caveat 

that metformin dose escalation was less likely in patients with more advanced disease 

and gastrointestinal symptoms who had a worse prognosis. Nevertheless, because we 

measured trough metformin concentrations in blood samples that were not precisely 

timed in terms of hours since preceding dose, these data might underestimate any 

association between the dose received and peak or trough drug concentrations, and 

between achieved plasma concentration and probability of survival. Whether higher 

dosages could have been reached, in light of the higher frequency of gastro intestinal 

toxic effects and dose reductions in the metformin group compared with the placebo 

group, is questionable. We decided not to include a run-in period to assess the optimum 

dose of metformin because of the extensive experience with this drug in patients with 

diabetes in whom doses of more than 2550 mg per day results in unacceptable toxic 

effects, and the epidemiological data suggesting that the anti-diabetic dose has an 

effect on pancreatic cancer.4,5,27 

 Another factor that might restrict the direct action of metformin on neoplastic tissue 

compared with liver tissue (a key target tissue for the anti-diabetic action of the drug), is the 

expression of the cell-surface transport proteins needed for metformin entry 31—hepatic 
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expression of these proteins is high but expression in tumours is variable. Furthermore, 

the liver is exposed via the portal circulation after oral dosing to drug concentrations that 

are higher than concentrations in the systemic circulation. If drug entry into neoplastic 

cells is indeed a limiting factor, the use of biguanides other than metformin, such as 

phenformin, which are more lipophilic and less dependent on active transport, might 

have a therapeutic advantage. Although phenformin is more toxic than metformin and 

offers no advantage for treatment of diabetes, it is less dangerous than many anticancer 

drugs and represents one example of a compound targeting oxidative phosphorylation 

that might have advantages compared with metformin for cancer treatment.32,33 

 The proposed indirect mechanism of action of metformin as an antineoplastic drug 

postulates that its effects are dependent on changes in the host environment, such 

as a decrease in insulin concentration and a resulting reduction in the activity of the 

insulin receptor-PI3K-mTOR signalling pathway in neoplastic tissue.1,3 However, not all 

cancers are responsive to insulin, and for the subset that are, achieved reductions in 

insulin concentration might not be sufficient for an antineoplastic effect. A phase 3 study 

that assessed the effect of a somatostatin analogue on insulin and IGF-1 concentrations 

as a treatment for breast cancer shows that the intervention caused a significant but 

small decline in insulin concentrations that was not associated with any clinical benefit, 

leaving unanswered the question of whether substantial declines in insulin would have 

an effect.34 Furthermore, a phase 3 study of an extracellular inhibitor of the IGF-1 receptor, 

ganitumab, likewise showed no improvement in survival in patients with metastatic 

pancreatic cancer.35 Although we did note improved survival in the subset of patients in 

the metformin group who achieved decreases in insulin, insulin reductions of the same 

order of magnitude in the placebo group were not associated with a survival benefit. This 

finding warrants further study; it might be a chance result related to the small number 

of patients in the subsets, but we cannot exclude the possibility that a difference exists 

between metformin-induced decreases in insulin and declines associated with disease 

progression that restricts caloric intake. If the indirect mechanism of action of metformin 

in laboratory models is clinically relevant, it would be expected to operate preferen-

tially in situations of hyperinsulinaemia, such as in obese patients or in men receiving 

androgen deprivation therapy for prostate cancer. 

 In conclusion, our trial shows no advantage for the addition of metformin to erlotinib 

and gemcitabine in the treatment of advanced pancreatic cancer. Although this result 

should not be extrapolated to other potential indications for biguanides in oncology, it 

does draw attention to the fact that ongoing trials are assessing conventional anti-di-

abetic doses of metformin, which have not been shown clinically to inhibit oxidative 

phosphorylation in neoplastic tissue. Preclinical research, carried out after this trial was 

designed, has provided substantial further support for the hypothesis that inhibition of 

oxidative phosphorylation might be a useful metabolic treatment for cancer, especially 



108 Chapter 6

for tumours that are hypersensitive to energetic stress due to loss of function of AMP 

kinase or other control systems that regulate cellular energy metabolism.15–18,20,29,36,37 

Future research in this area should explore more potent inhibitors of oxidative phosphor-

ylation than metformin and include pharmacodynamic assessment of the effects of 

treatment on mitochondrial function



109The GEM study

References

01. Pollak M. Overcoming drug development 

bottlenecks with repurposing: repurposing 

biguanides to target energy metabolism 

for cancer treatment. Nat Med 2014; 20: 

591–93. 

02. DeCensi A, Puntoni M, Gandini S, et al. 

Differential effects of metformin on breast 

cancer proliferation according to markers 

of insulin resistance and tumor subtype 

in a randomized presurgical trial. Breast 

Cancer Res Treat 2014; 148: 81–90. 

03. Pollak MN. Investigating metformin for 

cancer prevention and treatment: the end 

of the beginning. Cancer Discov 2012; 2: 

778–90. 

04. Sadeghi N, Abbruzzese JL, Yeung SC, 

Hassan M, Li D. Metformin use is associat-

ed with better survival of diabetic patients 

with pancreatic cancer. Clin Cancer Res 

2012; 18: 2905–12. 

05. Wang Z, Lai ST, Xie L, et al. Metformin is 

associated with reduced risk of pancreatic 

cancer in patients with type 2 diabetes 

mellitus: a systematic review and me-

ta-analysis. Diabetes Res Clin Pract 2014; 

106: 19–26. 

06. Suissa S, Azoulay L. Metformin and the risk 

of cancer: time-related biases in obser-

vational studies. Diabetes Care 2012; 35: 

2665–73. 

07. Tsilidis KK, Capothanassi D, Allen NE, et 

al. Metformin does not affect cancer risk: 

a cohort study in the U.K. Clinical Practice 

Research Datalink analyzed like an inten-

tion-to-treat trial. Diabetes Care 2014; 37: 

2522–32. 

08. Andrzejewski S, Gravel SP, Pollak M,  

 

 

St-Pierre J. Metformin directly acts on mi-

tochondria to alter cellular bioenergetics. 

Cancer Metab 2014; 2: 12. 

09. Bridges HR, Jones AJ, Pollak MN, Hirst J. 

Effects of metformin and other biguanides 

on oxidative phosphorylation in mitochon-

dria. Biochem J 2014; 462: 475–87. 

10. Foretz M, Hebrard S, Leclerc J, et al. Met-

formin inhibits hepatic gluconeogenesis 

in mice independently of the LKB1/AMPK 

pathway via a decrease in hepatic energy 

state. J Clin Invest 2010; 120: 2355–69. 

11. Shaw RJ, Lamia KA, Vasquez D, et al. The 

kinase LKB1 mediates glucose homeo-

stasis in liver and therapeutic effects of 

metformin. Science 2005; 310: 1642–46. 

12. Cusi K, Consoli A, DeFronzo RA. Metabolic 

effects of metformin on glucose and lac-

tate metabolism in noninsulin-dependent 

diabetes mellitus. J Clin Endocrinol Metab 

1996; 81: 4059–67. 

13. Pollak M. Insulin and insulin-like growth 

factor signalling in neoplasia. Nat Rev 

Cancer 2008; 8: 915–28. 

14. Fisher WE, Boros LG, Schirmer WJ. Insulin 

promotes pancreatic cancer: evidence for 

endocrine influence on exocrine pancreat-

ic tumors. J Surg Res 1996; 63: 310–13. 

15. Weinberg SE, Chandel NS. Targeting mi-

tochondria metabolism for cancer therapy. 

Nat Chem Biol 2015; 11: 9–15. 

16. Javeshghani S, Zakikhani M, Austin S, et 

al. Carbon source and myc expression 

influence the antiproliferative actions of 

metformin. Cancer Res 2012; 72: 6257–67. 

17. Birsoy K, Possemato R, Lorbeer FK, et 

al. Metabolic determinants of cancer cell 



110 Chapter 6

sensitivity to glucose limitation and bigua-

nides. Nature 2014; 508: 108–12. 

18. Gravel SP, Hulea L, Toban N, et al. Serine 

deprivation enhances antineoplastic 

activity of biguanides. Cancer Res 2014; 

74: 7521–33. 

19. Ming M, Sinnett-Smith J, Wang J, et al. 

Dose-dependent AMPK-dependent and 

independent mechanisms of berberine 

and metformin inhibition of mTORC1, 

ERK, DNA synthesis and proliferation in 

pancreatic cancer cells. PLoS One 2014; 9: 

e114573. 

20. Viale A, Pettazzoni P, Lyssiotis CA, et al. 

Oncogene ablation-resistant pancreatic 

cancer cells depend on mitochondrial 

function. Nature 2014; 514: 628–32. 

21. Hochster HS, Haller DG, de Gramont A, et 

al. Consensus report of the international 

society of gastrointestinal oncology on 

therapeutic progress in advanced pancre-

atic cancer. Cancer 2006; 107: 676–85. 

22. Conroy T, Desseigne F, Ychou M, et al, 

and the Groupe Tumeurs Digestives of 

Unicancer, and the PRODIGE Intergroup. 

FOLFIRINOX versus gemcitabine for met-

astatic pancreatic cancer. N Engl J Med 

2011; 364: 1817–25. 

23. Von Hoff DD, Ervin T, Arena FP, et al. In-

creased survival in pancreatic cancer with 

nab-paclitaxel plus gemcitabine. N Engl J 

Med 2013; 369: 1691–703. 

24. Moore MJ, Goldstein D, Hamm J, et al, and 

the National Cancer Institute of Canada 

Clinical Trials Group. Erlotinib plus gemcit-

abine compared with gemcitabine alone in 

patients with advanced pancreatic cancer: 

a phase III trial of the National Cancer 

Institute of Canada Clinical Trials Group. J 

Clin Oncol 2007; 25: 1960–66. 

25. Lau YK, Du X, Rayannavar V, et al. Met-

formin and erlotinib synergize to inhibit 

basal breast cancer. Oncotarget 2014; 5: 

10503–17. 

26. Morgillo F, Sasso FC, Della Corte CM, et al. 

Synergistic effects of metformin treatment 

in combination with gefitinib, a selective 

EGFR tyrosine kinase inhibitor, in LKB1 

wild-type NSCLC cell lines. Clin Cancer 

Res 2013; 19: 3508–19. 

27. US Food and Drug Administration, Center 

for Drug Evaluation and Research. GLUCO-

PHAGE NDA 20-357/S-031. 2008. http://

www.accessdata.fda.gov/ (accessed Jan 

21, 2015). 

28. Christensen MM, Brasch-Andersen C, 

Green H, et al. The pharmacogenetics 

of metformin and its impact on plasma 

metformin steady-state levels and glyco-

sylated hemoglobin A1c. Pharmacogenet 

Genomics 2011; 21: 837–50. 

29. Tempero MA, Berlin J, Ducreux M, et al. 

Pancreatic cancer treatment and research: 

an international expert panel discussion. 

Ann Oncol 2011; 22: 1500–06. 

30. Pollak M. Metformin and pancreatic 

cancer: a clue requiring investigation. Clin 

Cancer Res 2012; 18: 2723–25. 

31. Nies AT, Koepsell H, Damme K, Schwab 

M. Organic cation transporters (OCTs, 

MATEs), in vitro and in vivo evidence for 

the importance in drug therapy. Handb 

Exp Pharmacol 2011; 201: 105–67. 

32. Yuan P, Ito K, Perez-Lorenzo R, et al. Phen-

formin enhances the therapeutic benefit of 

BRAF(V600E) inhibition in melanoma. Proc 

Natl Acad Sci USA 2013; 110: 18226–31. 

33. Appleyard MV, Murray KE, Coates PJ, et 



111The GEM study

al. Phenformin as prophylaxis and therapy 

in breast cancer xenografts. Br J Cancer 

2012; 106: 1117–22. 

34. Pritchard KI, Shepherd LE, Chapman JA, et 

al. Randomized trial of tamoxifen versus 

combined tamoxifen and octreotide LAR 

therapy in the adjuvant treatment of ear-

ly-stage breast cancer in postmenopausal 

women: NCIC CTG MA.14. J Clin Oncol 

2011; 29: 3869–76. 

35. Fuchs CS, Azevedo S, Okusaka T, et al. A 

phase 3 randomized, double-blind, place-

bo-controlled trial of ganitumab or placebo 

in combination with gemcitabine as first-

line therapy for metastatic adenocarcino-

ma of the pancreas: the GAMMA trial. Ann 

Oncol 2015; 26: 921–27. 

36. Algire C, Amrein L, Bazile M, David S, 

Zakikhani M, Pollak M. Diet and tumor LKB1 

expression interact to determine sensitivi-

ty to antineoplastic effects of metformin in 

vivo. Oncogene 2011; 30: 1174–82. 

37. Maiuri MC, Kroemer G. Essential role for 

oxidative phosphorylation in cancer pro-

gression. Cell Metab 2015; 21: 11–12. 





PART 3





Chapter 7

Future perspectives



116 Chapter 7



117Future Perspectives

The studies in this thesis show the struggle to improve survival outcome in upper 

gastrointestinal cancers with targeted therapies. In the upcoming era of personalized 

medicine, patient selection on the basis of their tumors molecular profile is paramount 

to improve outcome. Prosperously, the knowledge of the complex interplay of cancer 

inducing growth factors and signaling pathways, is evolving every day. The discovery of 

new driving targets and elucidation of escape signaling leads to many clinical studies to 

improve treatment possibilities in these lethal diseases.

Patient selection on tumor biomarkers

Important breakthroughs in cancer treatment were reached via proper patient selection 

with distinctive biomarkers for the targeted drug. Renowned examples of these so-called 

“companion biomarkers”, as imatinib in c-kit mutated tumors and trastuzumab in HER2 

mutated breast cancer, and vemurafenib in BRAF mutated melanoma patients show their 

importance in targeted cancer treatment.1–3

 To optimize biomarker driven patient selection for targeted treatment, at first and 

foremost, a strong biological rationale should be available. Preclinical evidence of the 

driving mutations, the ability of pathway inhibition by the targeted drug and the resis-

tance inducing feedback loops is mandatory. An interesting example of an effort to under-

stand the tumor biology is The National Cancer Institute (NCI) Exceptional Responders 

Initiative, which evaluates tumor material from patients with exceptional responses to 

targeted therapy.4,5

 Secondly, selective biomarkers should be robustly measured with validated and 

reproducible assays to prevent variability in observers, biobanks, laboratory techniques, 

tumor tissue handling and patients factors.6 In contrast to esophageal and gastric cancer 

(EGC), the acquisition of tumor tissue in pancreatic cancer is difficult. Pancreatic tumor 

tissue feasible for immunohistochemic (IHC) and molecular analyses of biomarkers are 

mainly from resected or metastasized tumor tissue because the primary tumor can only 

be reached via endoscopic ultrasound fine needle aspiration (FNA). FNA of the pancreas 

often yield small amounts of tumor cells, because PDAC consist of a large stromal 

compartment, and IHC of the aspirate is often not feasible. However, new techniques 

for endoscopic ultrasound-guided fine needle core biopsies with low complication rates 

provide an opportunity for IHC from primary tumors of advanced disease.7 In-vitro growth 

of tumor cells from PDAC biopsies is difficult. A new technique uses organoids, which 

are three dimensional shaped structures, in which PDAC tumor cells from patient tissue 

can be grown in-vitro more easily.8 Organoid-grown tumor cells survive cryopreservation 

and can be transplanted to mice orthotopically, which results in human PDAC mimicking 

tumors with a stromal compartment.8
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Furthermore, biomarker studies should be included earlier in drug research programs. 

Biomarkers are often identified in retrospective studies in unselected patient popula-

tions of large phase III studies, which requires prospective validation in a new phase III 

study. Early detection of selective biomarkers in specially designed randomized phase 

II studies could prevent phase III studies with small benefits and thus prevent treatment 

with expensive targeted drugs in unresponsive patients.9 

Ultimately, biomarker driven basket studies stand for a new study design that uses the 

tumor’s biomarker profile to determine which targeted therapy should be administered, 

even irrespective of the tumor’s origin.10

New therapeutic targets 

In spite of all the advances in the last decade in the treatment of upper gastrointestinal 

cancers which substantially improved survival, the need for new and effective thera-

peutic targets is still urgent. Therefore, novel therapeutic opportunities are constantly 

evolving. 

Esophageal and gastric cancer

As reviewed in chapter 2, promising large targeted therapy studies for advanced gastric 

and esophageal cancer were still ongoing. 

Human epidermal growth factor receptors
Although the role of EGFR inhibitors seems fairly small in these diseases, the ENRICH 

study with the monoclonal antibody nimotuzumab, including patients with EGFR overex-

pressing tumors only, hopefully will show activity.11 

 For family member HER2, where trastuzumab did show efficacy in patients with HER2 

overexpression, the results of two important studies are still awaited. TDM1 is a HER2 

monoclonal antibody constructed with a build-in conventional cytotoxic agent, which 

showed promising results in HER2 positive breast cancer.12 The JACOB study combines 

trastuzumab with pertuzumab, which prevents dimerization of HER2 with other members 

of the HER family, necessary for downstream signaling.13

VEGFR2
In line with the positive REGARD study, the RAINBOW study recently presented positive 

results (OS 9.6 vs 7.3 months, p=0.02) for the inhibition of angiogenesis via vascular 

growth factor receptor 2 (VEGFR2) with ramucirumab in second line patients.14,15 Conse-
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quently, a first line phase III study (RAINFALL) with ramucirumab and paclitaxel is initiated.16 

Furthermore, the VEGFR2 inhibitor apatinib showed activity in third line patients (OS 6.4 

vs 4.6 months, p=0.02).17 A randomized phase II study with regorafenib, another inhibitor 

of VEGFR2 also showed improved PFS as monotherapy in second line patients and will 

probably proceed to a phase III study.18 In the AMC, a phase Ib/II study with paclitaxel and 

regorafenib for first line patients has commenced.19 Hopefully, follow-up studies from 

RAINBOW and REGARD will identify predictive biomarkers.

cMET
Unfortunately, the RILOMET-1 phase III study with c-MET inhibitor rilotumumab in c-MET 

positive patients was prematurely terminated due to an imbalance of number of deaths 

in the experimental arm and also failed to show efficacy, while the results from the 

randomized phase II study were promising.20,21 Accordingly, a phase III study with c-MET 

inhibitor onartuzumab, also in c-MET-positive patients failed to show activity.22

PI3K/AKT/mTOR
PI3K/AKT/mTOR is an important pathway in gastric cancer, but the GRANITE-1 study with 

mTOR inhibitor everolimus failed to improve outcome over best supportive care.23 The 

RADPAC study, which evaluates everolimus with paclitaxel in second line patients, is 

still ongoing.24 New AKT-inhibitors, as MK-2206, are able to inhibit the pathway more 

upstream. A phase 2 study with MK-2206 as second line monotherapy showed similar 

survival as conventional therapy (5.0 months), but did not meet the primary endpoint (OS 

> 6.5 months).25 Recently, a biomarker enriched phase II study in second line patients 

harboring mutated or amplified PI3K with paclitaxel in combination with another AKT 

inhibitor (AZD5363) is initiated.26 A cause for the failure of AKT/mTOR inhibition might lie 

in extensive feedback signaling connecting different oncogenic pathways.27 Therefore, 

inhibition of multiple pathways could support this therapy.

Other strategies
Next to these molecular targeted strategies, new ways to inhibit cancer growth and 

elongate survival are emerging. Improvements of chemotherapeutic agents, as nab-pa-

clitaxel (paclitaxel bound to albumin), can increase anti-cancer activity and decrease 

toxicity, which is important for combinatory regimens. In the AMC, the ACTION phase Ib/

II study, evaluates the safety and efficacy of the triplet combination of nab-paclitaxel with 

capecitabine and oxaliplatin in first line patients.28

 Cancer stem cells are thought to be therapy resistant progenitors of cancer cells 

inducing heterogeneity, repopulation and metastases.29 A phase III study (BRIGHTER) 

with BBI608, an inhibitor of STAT3, a biomarker for cancer cell stemness, recently started 

accrual of second line patients.30 The most promising new line of anti-cancer therapy, 
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emerging from melanoma treatment, involves the immune system. Novel compounds 

are able to abrogate the cancer cell’s ability to hide from the immune system via 

inhibition of negative costimulatory signals in T-cell interactions with the tumor (PD-L1/

PD-1) or immune cells (CTLA-4).31 Recently, a phase II study is designed to assess the 

anti-PD-1 antibody pembrolizumab in advanced gastric cancer.32 Third line patients will 

receive pembrolizumab only and first line patients will receive pembrolizumab in combi-

nation with cisplatin and 5-FU in two different cohorts that start simultaneously.32 If the 

biomarker assay is validated, a third cohort with first line patients and PDL1-positive 

tumors only will commence.32 

Neoadjuvant radiochemotherapy
In resectable esophageal cancer, therapies with targeted agents are not as extensively 

under research as in advanced disease. Long term follow-up of the CROSS study with 

neo-adjuvant chemoradiotherapy (nCRT) showed a median overall survival of 81 and 43 

months for squamous cell and adenocarcinoma, respectively.33 This leads to the fact that 

phase III trials to detect (small) benefits from the addition of targeted therapy will need to 

accrue many patients, take a long time and at high costs. A phase III study of trastuzumab 

in combination with nCRT with carboplatin/paclitaxel is recruiting HER2 amplified esoph-

ageal cancer patients since 2010 and result are expected not before 2018.34 

 As described in chapter 4, our phase II study with the combination of the EGFR inhibitor 

panitumumab with carboplatin and paclitaxel nCRT regimen, did not lead to an improved 

pathologic complete response rate.35 These results where comparable with similar 

studies of EGFR inhibitors and nCRT in esophageal cancer.36–38 Nevertheless, a Suisse 

phase III study was initiated in 2010, which evaluates the addition of cetuximab to nCRT 

in locally advanced tumors that can be removed by surgery.39 In China, a phase III study 

evaluates pCR for the addition of EGFR inhibitor nimotuzumab to nCRT in resectable 

squamous cell carcinoma patients.40 Another Chinese phase III study, evaluates the 

addition of erlotinib, to CRT in locally advanced esophageal cancer and is recruiting 

patients since 2008.41

 Future studies should focus on validation of surrogate endpoints to predict survival 

outcome and so shorten study length. Also, small (randomized) phase II trials with nCRT, 

which are ideal to compare biomarkers in untreated and treated tissue, are indispensable 

to advance in this field. In the Academic Medical Center Amsterdam (AMC), a phase I/

II study (TRAP) for HER2 positive resectable esopfageal cancer patients evaluates the 

safety, feasibility efficacy (pCR) and biomarkers of the addition of trastuzumab and pertu-

zumab to nCRT.42

Surgery
An interesting thought is that some patients might not need surgery. In around 30% of 
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the patients, neo-adjuvant CRT leads to a complete pathological response (pCR) and 

low local recurrence rates.33 This is supported by long-lasting responses to definitive 

chemoradiotherapy in unresectable locally advanced esophageal cancer patients.43 On 

the other side a small part of the patients develop early metastases after surgery.33 This 

suggests that surgery, causing extensive morbidity and even death, is not necessary 

in some patients. However, the selection of the appropriate patient is tricky. pCR can 

only be evaluated after surgery and surrogate markers for pCR as clinical complete 

response, endoscopic response with histologic confirmation and PET-activity have not 

been evaluated for their predictive value. Furthermore, a surveillance regimen, even 

with regular endoscopic evaluation and biopsies, might miss early recurrence, and so 

increase the risk for early metastases. It might also present a heavy mental burden for 

the patients, awaiting results every visit.  Nevertheless, a Dutch study (PRIOR) explores 

the diagnostic value of PET-CT and anatomical and functional MRI during and after 

nCRT to predict treatment response (pCR).44 Another Dutch study (pre-SANO) offers 

postponed surgery on the basis of clinical response and endoscopic ultrasound with 

mucosal biopsies.45 A re-evaluation of these parameters and a PET-CT is performed 

before the postponed surgery. The primary endpoint is the correlation of the clinical 

evaluation with the pathologic response in the surgical specimen. In extremity, a study 

might be designed to withhold standard surgery in case of surrogate signs of a good 

treatment response. In France, such a study is already initiated, and randomizes patients, 

on the basis of complete clinical response to CRT, for surgery or surveillance and rescue 

surgery.46

Pancreatic cancer

Until recently, gemcitabine was standard chemotherapy for patients with unresectable 

pancreatic cancer, with a modest objective response rate of 11%, but an impact on clinical 

benefit rate.47 

 However, a paradigm shift has occurred. Two new regimens showed improvements in 

overall survival and are extensively prescribed to advanced pancreatic cancer patients. 

Firstly, FOLFIRINOX, a triplet of chemotherapeutic agents, increased survival from 6.8 

to 11.1 months for advanced pancreatic cancer patients but at the cost of substantial 

side-effects.48 Secondly, conventional gemcitabine combined with nab-paclitaxel, an 

albumin bound version of the conventional chemotherapeutic agent which is thought to 

cross the desmoplastic barrier around the pancreatic cancer cell more easily, showed an 

improvement of overall survival from 6.7 to 8.7 months but with a more acceptable toxicity 

profile.49 The latter study, in contrast to the FOLFIRNOX study, included patients older 

than 75 years of age and/or with a lower performance status (WHO 2), which might in part 
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explain the survival difference and enlarges the difference in tolerability. However, to 

improve tolerability of FOLFIRINOX without a negative effect on efficacy, a dose modifi-

cation might be permitted, because the actual median delivered dose was only 80% of 

the FOLFIRINOX dose per protocol. Indeed, efficacy of a modified FOLFIRNOX dose is 

being investigated and is also used as backbone for combinatory studies.50

 Although the combination of gemcitabine with molecular targeted therapies in 

advanced pancreatic cancer led to a constant disappointment, some interesting studies 

are still ongoing. Furthermore, the possibility to treat patients with a more active 

backbone resulted in an impulse for intervention studies with new targeted agents. In 

the next section the most important developments will be described.

Targeting the tumor cell

KRAS

Recent preclinical research made advances concerning the most important mutated 

genes in PDAC, KRAS and TP53. Because over 90% of PDACs have KRAS mutations, 

it is an obvious target for therapy.51 However, KRAS used to be undruggable and many 

downstream inhibitors were unsuccessful. But extensive preclinical efforts led to the 

discovery of an allosteric small molecule that deactivates a mutant RAS isoform commonly 

found in lung cancer (KRAS G12C), unfortunately, it is still only available for preclinical 

use.52 Hopefully, similar molecules able to bind to the KRAS isoform of PDAC (G12D) will 

be developed in the near future.  Another way to put aside KRAS, is via inhibition of PDEδ, 

a transport protein that brings KRAS to the cell membrane.53 Deltarasin, an inhibitor of 

PDEδ, is also available for preclinical use only, but showed promising tumor reduction in 

PDAC xenografts bearing nude mice.53 

TP53

55-70% of PDACs harbor a loss-of-function mutation in the tumor suppressor gene 

TP53.(Antonello) Recently, preclinical evidence showed the induction apoptosis and 

enhancement of chemotherapeutic cytotoxicity by a novel drug (APR-246) that reacti-

vates mutant p53.54 APR-246 monotherapy already proved to be safe in humans with 

hematologic or prostate cancer, and an ongoing study in ovarian cancer combines 

APR-246 with chemotherapy.55,56 An interesting study design could contain a combi-

nation of chemotherapy and APR-246 in TP53 mutated PDAC.

PARP

A small percentage of PDACs have damages in their DNA damage repair pathways 

(BRCA1, BRCA2 and PALB2)57. Cancers with defects in DNA repair are particularly 

sensitive to platinum analogues and demonstrate selective sensitivity to poly- ADP-
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ribose polymerases (PARP) inhibitors.58 This has also been demonstrated in PDAC59,60. 

Thus, several studies with PARP-inhibitors as monotherapy or in combination with chemo-

therapy in BRCA(ness) positive PDAC patients are underway.61–63

JAK/STAT

The JAK-STAT pathway plays a key role in cytokine signaling via direct gene transcription 

and induction of multiple receptor tyrosine kinase pathways.64 In this way, JAK-STAT 

mediates cellular proliferation, differentiation, apoptosis, hematopoiesis, and the 

immune response.64 Inhibitors of JAK are used for hematologic proliferative disorders 

with activating JAK mutations.65 Although JAK mutations in PDAC are rare, inflammatory 

cytokines are abundantly present in these patients.66 Indeed, a phase II study of capecit-

abine with the JAK1/2 inhibitor ruxolitinib showed efficacy in PDAC, but only in the 

predefined subgroup of patients with high levels of C-reactive protein, an indicator of 

inflammation.67 A phase III study with this regimen has been initiated.68 Furthermore, two 

early phase clinical trials evaluate the safety to combine nab-paclitaxel with ruxolitinib or 

a specific JAK1 inhibitor, INCB039110.69,70

Multiple targeting
To improve effectiveness of targeted therapy, simultaneous inhibition of connected 

signaling pathways is an attractive strategy. However, more drugs lead to higher toxic-

ities and an excellent biological knowledge of the involved oncogenic pathways and 

feedback loops is of paramount importance. However, in chapter 4, we described the 

difficulties of combining targeted therapies in pancreatic cancer patients.71 Despite a 

sound biological rationale, the combination of conventional chemotherapy with an EGFR 

inhibitor and an mTOR inhibitor, resulted in more toxicity and no efficacy.71 

 Another possibility for multiple targeting in (pancreatic) cancer is to combine inhibitors 

downstream of EGFR MEK or BRAF combined with PI3K/AKT inhibitors.72 Single inhibition 

of those pathways did not result in anti-cancer activity, because inhibition of MEK or 

BRAF upregulates an escape pathway via EGFR/PI3K/AKT, and probably vice versa.73 

Several phase studies are ongoing to evaluate the combined inhibition of both pathways 

in KRAS mutant tumors.74–77 

Cytotoxic agents 
A problem for doublet or triplet regimens in PDAC is the susceptibility to toxicity of 

the vulnerable pancreatic cancer patient. Nevertheless, the results from FOLFIRNOX 

made clear that classic chemotherapies are effective against PDAC. A quality of life 

assessment from that study showed that, despite the high toxicity profile, FOLFIRINOX 

improved quality of life of PDAC patients, probably through extension of life and tumor 

shrinkage.78 Nowadays, new formulations of old cytotoxic agents are being engineered 
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to reduce toxicity and improve efficacy, with nab-paclitaxel as perfect example. The 

NAPOLI-1 study showed efficacy of a nanoliposomal construct of irinotecan (MM-398) in 

combination with 5-FU, improving survival with 2 months in second line advanced PDAC 

patients, while conventional irinotecan was not effective in this patient group.79 A three 

armed randomized phase II trial will soon commence accrual to compare MM-398+5FU, 

MM-398+5FU+oxaliplatin, and gemcitabine with nab-paclitaxel in first line advanced 

PDAC patients.80 If the toxicity profile of MM-398 is better than irinotecan has not been 

reported yet. 

 Phase III trials of cisplatin in combination with gemcitabine in PDAC showed marginal 

efficacy, but certainly at the cost of more toxicity.81,82 A novel micellar cisplatin formu-

lation, nanoplatin (NC-6004), should retain activity, with less renal and neurotoxicity.83 

Therefore, nanoplatin is combined with gemcitabine in a phase III trial in first line PDAC 

patients.84 If nanoplatin lives up to its potential, a combination with PARP inhibitors, as 

described earlier, would be an interesting option. 

Cell metabolism
As shown in chapter 6, metformin, a presumed inhibitor of cancer cell metabolism (CCM) 

via disruption of the oxidative phosphorylation (OXPHOS), was not effective when given 

in antidiabetic doses to first line pancreatic cancer patients.85 However, inhibiting CCM is 

still an interesting treatment option for PDAC. The “Warburg” principle states that cancer 

cells are dependent on glycolysis for its energy production.86 But cancer cells probably 

still need OXPHOS because its inhibition diminishes proliferation and metastasis.87 

Phenformin, a more potent biguanide, inhibits OXPHOS more effectively than metformin 

and its lipophilic structure eases cancer cell entry.88 Therefore, phenformin could be of 

use in PDAC, although fears for toxicities from phenformin treatment in diabetic patients 

still prevented a clinical trial with this compound.

Targeting the microenvironment and immune system
Pancreatic cancer is characterized by a large stromal compartment, the so-called desmo-

plastic reaction.  The stroma creates an hypoxic microenvironment, promotes cancer 

growth and metastases, serves as a camouflage for the immune system and prevents 

proper delivery of anti-cancer agents.89 The stroma consists of fibroblasts, immune cells 

and extracellular matrix (ECM).89 A subset of those fibroblasts are activated pancreatic 

stellate cells (PSCs).90 In response to stress and inflammation, PSCs produce cytokines, 

release chemotactic factors and growth factors and produces the excessive ECM, which 

contains, among others, collagen and hyaluron.90 Therefore, PSCs play an important role 

in the development and progression of pancreatic cancer. Targeting the microenviron ment 

and PSCs represents a novel therapeutic approach to advanced PDAC.90
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Hedgehog pathway

The hedgehog (HH) signaling pathway is often aberrantly activated in pancreatic cancer 

and is involved in carcinogenesis.91 This pathway plays a role in the formation of stroma 

and maintenance of pancreatic cancer stem cells. In a genetically engineered mouse 

model of PDAC, HH inhibitor IPI-926 was able to deplete desmoplastic tumor stroma.92 

However, several studies with HH inhibitors in patients with PDAC were disappointing. 

Two randomized phase 2 studies with IPI-926 and vismodegib, another HH inhibitor, in 

combination with gemcitabine showed no clinical activity.93,94 This resulted in the early 

termination of the phase I study of IPI-926 in combination with FOLFIRINOX.95 This study 

showed impressive responses and acceptable toxicity, but this might not be attributed to 

HH-inhibiton.95 Vismodegib is currently combined with gemcitabine and nab-paclitaxel 

in a phase II study.96 In the AMC, a phase I/II study with the HH-inhibitor sonidegib in 

combination with gemcitabine and nab-paclitaxel is ongoing.97

Hyaluronan

An important building stone of the ECM is hyaluronan, a glycosaminoglycan that can be 

degraded by the enzyme hyaluronidase.98 PEGPH20 is a pegylated recombinant human 

hyaluronidase and indeed, PEGPH20 was able to degrade the stroma and enhance drug 

delivery in vitro.99 Two randomized phase II trials investigate PEGPH20 in first line PDAC, 

combined with FOLFIRINOX and with nab-paclitaxel/gemcitabine.100,101 Both studies 

were temporarily paused, because of the observation of thromboembolic events (TE) in 

the experimental arms, but were resumed with adjusted inclusion criteria (no history with 

TE) and primary anticoagulation prophylaxis.

Checkpoint inhibitors

Pancreatic cancer cells and the tumor microenvironment have a complex interaction 

with the immune system.102 Different cells in the stroma work together with the tumor 

cell to form a cloak for the hosts immune cells.102 In several cancers, inhibition of the 

T-cell co-stimulatory checkpoints PD-1/PD-L1 and CTLA-4 is effective to make the tumor 

cells susceptible for the immune system 103 . However, these inhibitors failed to show 

efficacy in PDAC, although they do express PD-L1.104,105 Preclinical evaluation indicated 

that the presence of activated PSCs is mandatory to prevent activity of CTLA-4 and 

PD-L1 antibodies.106 Furthermore, if the cytokine CXCL12, produced by activated PSCs, 

is inhibited via blockade of the receptor CXCR4, PD-L1 inhibitors regain anti-PDAC 

activity.106 Therefore, two phase I studies investigate the safety of this strategy.107,108 

Vaccines

Another strategy for immunotherapy in pancreatic cancer are vaccines. Although a 

telomerase peptide vaccine (GV1001) did not show additive benefits to chemotherapy in 
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first line PDAC patients, new vaccines are under development and tested in the clinical 

setting.109 The pancreatic GVAX vaccine contains two irradiated allogeneic pancreatic cell 

lines, expressing granulocyte-macrophage colony-stimulating factor (GM-CSF).110 GVAX, 

in combination with booster CRS-207 and T-cel inhibitor cyclophosphamide, can elicit 

a broad antigenic response to PDAC and showed a promising survival (6.1 months) in a 

phase II study with a highly selected cohort of second line PDAC patients.111 Interestingly, 

in post-treatment pathology, PD-1/PD-L1 was often overexpressed.112 Indeed, a second 

line randomized phase II study evaluates the safety and efficacy of the GVAX regimen in 

combination with PD-L1 inhibitor nivolumab.113 Another vaccine, algenpantucel-L, combines 

two pancreatic cell lines with a mouse gene to trigger the immune response, and is 

evalua ted in a phase III study in combination with FOLFIRINOX in borderline or locally 

advanced pancreatic cancer patients.114

Targeting cancer stem cells
In the theory of cancer stem cells (CSCs) cancer genesis, self renewal, proliferation and 

metastasis is driven by  a subset of tumor cells harboring special signaling pathways.115  

Furthermore, expression of CSC markers in PDAC was associated with shorter survival.116 

Also, several CSC signaling pathways have been identified in preclinical models, and led 

to early phase intervention studies.

Hedgehog

One of the first signaling pathways associated with pancreatic cancer stem cells was 

the HH pathway.117 HH is indeed involved in pancreatic cancer carcinogenesis, prolifer-

ation, cell renewal and chemoresistance.118,119 However, as stated above, clinical trials 

with hedgehog inhibitors did not improve survival.

NOTCH

NOTCH has been implicated as a key signaling pathway in CSCs and mediates self-re-

newal, proliferation, metastasis and resistance to anti-cancer therapy.120 NOTCH is often 

overexpressed in pancreatic tumors.121 In PDAC mouse models, progression and metas-

tasis were NOTCH dependent.122 Several inhibitors of NOTCH are under investigation 

in PDAC. In the first half of 2016, results are expected of two randomized phase 2 trials 

in first line metastatic pancreas adenocarcinoma with gemcitabine and nab-paclitaxel 

in combination with tarextumab, an antibody against NOTCH2/3, or demcizumab, an 

antibody against DLL4, NOTCH’s ligand.123,124

WNT

The Wnt pathway is also associated with pancreatic CSC signaling, and plays a role in 

cell fate specification, proliferation and migration.125 In a PDAC mouse model,  Wnt was 
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necessary for acinar-to-ductal metaplasia (ADM), a process associated with the devel-

opment of precancerous forms of PDAC.126 When the model received treatment with 

vantictumab, an anti-frizzled antibody, tumor progression was prevented. Two phase I 

studies with gemcitabine and nab-paclitaxel in combination with vantictumab and with 

OMP-54F28, another Wnt inhibitor, have been initiated in first line PDAC patients.127,128

STAT3

STAT3 has also been associated with pancreatic cancer stemness, playing a role in cancer 

initiation, ADM, cell renewal, survival and inflammation.66 A phase I study with BBI608, 

a STAT3 inhibitor, in combination with gemcitabine and nab-paclitaxel or FOLFIRNOX is 

ongoing.129

Adjuvant strategies

Because even patients with a radical resection of local PDAC have a 5-years survival 

between 10-25%, it is hypothesized that pancreatic cancer is often already microscopi-

cally metastasized at time of diagnosis.130 A mouse model showed metastatic cells even 

before the formation of an actual tumor.131 One can postulate that CSCs play a role in this 

process. Thus, adjuvant strategies containing CSC signaling inhibitors might improve the 

survival. Firstly, large phase III trials with adjuvant nab-paclitaxel and FOLFIRINOX might 

bring improvements in the adjuvant setting.132,133

Concluding remarks

Until now, targeted therapy in upper gastrointestinal cancer has only reached clinical 

practice in selective patient groups. The research from my thesis failed to find new 

treatment possibilities, but did improve knowledge of the use, toxicity and efficacy of 

targeted therapy for several important cancer pathways in this difficult patient group.

 Thankfully, the search for new biomarkers, targets, drugs and treatment combina-

tions is a continuous process in numerous laboratories, pharmaceutical companies 

and hospitals all over the world. New techniques for patient selection and the results 

of the abovementioned and future research will hopefully lead to improvements in the 

management of these lethal diseases.
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Targeret therapies in upper gastrointestinal cancer
Upper gastrointestinal (GI) cancer as esophageal, gastric and pancreatic cancer are wide -ly 

known for their aggressiveness, resistance to anticancer therapy and short survival. Patients 

with unresectable disease rely for their prognosis on the effectiveness of systemic chemo-

therapy. Even in patients with resectable disease, in which surgery is the hallmark for curative 

treatment, (neo)adjuvant treatment with chemo(radio)therapy improves survivalin patients 

with upper GI cancer. New insights into upper GI cancer biology and the molecular signalling 

pathways involved intumour cell proliferation and survival, have led to the discovery of new 

potential treatment targets, as EGFR and HER2, members of the family of human epidermal 

growth factor receptors. However, inhibition of only one aberrant functioning molecule is 

often insufficient to overcome escape signalling via crosstalk of various oncogenic pathways. 

 The main aim of the research described in this thesis is to investigate the clinical possibility 

and efficacy of combining conventional chemo(radio)therapy with targeted therapies inhibit-

ing the EGFR- and other oncogenic pathways in upper GI cancer patients.

Part 1 Esophageal and gastric cancer
In advanced esophageal and gastric cancer (EGC) a number of large clinical studies have 

been performed that combined the standard treatment with targeted therapy.These studies 

involved various molecular targets that are important in cancer etiology, as EGFR, HER2, 

VEGFR, VEGFR2 and mTOR. Chapter 2 gives an overview of the rationale, design and 

results, if available,of these landmark phase III studies. In a selected population of patients 

with HER2 overexpressing EGC tumours, HER2 inhibition with trastuzumab, a humanized 

monoclonal antibody against the extracellular part of HER2, in combination with chemother-

apy showed promising results. This strategy improved median survival from 12.3 months to 

17.9 months. On the contrary, lapatinib, an intracellular HER2 inhibiting molecule, failed to 

show an effect. Inhibitors of EGFR, mTOR and VEGFR were ineffective in unselected patient 

groups. Thus, targeted therapy in advanced EGC is emerging. But to improve outcome in this 

condemned patient group, improved insight in the biologic background of EGC is needed to 

improve patient selection, combine agents and discover new targets and agents. 

 For resectable adeno- and squamous cell carcinoma of the esophagus, preoperative 

chemoradiotherapy (nCRT) with carboplatin and paclitaxel is standard of care. An ongoing 

pursuit of improvement of response to nCRT, which improves survival, is of major impor-

tance in this patient group. Preclinical and preliminary clinical research showed a positive 

effect of EGFR inhibition combined with nCRT. Chapter 3 describes the first phase II study 

of the addition of panitumumab, an EGFR inhibitor,to the carboplatin/paclitaxel nCRT 

backbone in 90 patients with resectable esophageal cancer. Unfortunately, although the 

regimen was tolerable, no improvement of pathological complete response (pCR) rate, a 
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predictive marker for survival, was demonstrated. The data suggest that panitumumab may 

even hamper pCR rate in the subgroup of patients with esophageal adenocarcinoma, when 

compared to results in historical controls. Furthermore, expression of potentially predictive 

biomarkers as EGFR overexpression failed to indicate a subgroup that might benefit from 

this treatment regimen. 

Part 2 Pancreatic cancer
For advanced pancreatic duct cancer (PDC) patients, who have a short survival and are 

often in poor condition, the choice of treatment depends on the ability to bear the toxici-

ties in concordance with the treatment activity. Recent advances show improved survival 

with twochemotherapy-only regimens (FOLFIRINOX and gemcitabine/nab-Paclitaxel), but 

at the cost of higher toxicity profiles. Thus, effective treatments with a low toxicity profile 

is highly needed for advanced PDC. Targeting molecular signalling pathways is a poten-

tial way to achieve this goal, although already many strategies have failed to show survival 

benefit. Preclinical data showed efficacy ofa combination of fluoropyrimidines and inhibi-

tion of mTOR, a key signaling protein downstream intheIGFR/PI3K pathway, involved in cell 

proliferation, apoptosis, and metabolic regulation. A phase I study performed at the Academ-

ic Medical Centre Amsterdam, with an easy to administer oral regimen of capecitabine in 

combination with the mTOR inhibitor everolimus, showed an acceptable toxicity profile and 

some efficacy, especially in advanced PDC patients. Chapter 4 describes the phase II study 

with this regimen in patients with first and second line advanced pancreatic cancer. The 

regimen had an acceptable toxicity profile, but was only moderately efficacious. The overall 

response rate was 6.5% (2 out of 31 patients) and the median survival was 8.9 months (95%CI 

4.6-13.1). In the subgroup of first line pancreatic cancer patients (n=15) the median survival 

reached a promising 12.4 months (95%CI 10.2-14.6).

 The next step, after the proof-of-principle study with chemotherapy and mTOR inhibi-

tion,was to improve pathway inhibition and prevent escape signaling. Preclinical models 

demonstrated synergistic anticancer activity for combined inhibition of EGFR and mTOR. 

Chapter 5 describes the phase I/II study of the regimen from chapter 4 of capecitabine and 

everolimus, in combination with cetuximab, a monoclonal antibody against EGFR. The study 

included first-line (70%) and second line (30%) advanced PDC patients. Unfortunately in the 

phase I part of the study, at the second dose level of everolimus, patients experienced major 

toxicities as mucositis, rash, hand-foot syndrome and hyperglycemia. The phase II part with 

the first dose level, containing a low dose of capecitabine, did not show efficacy. It demon-

strated a low response rate of 6.5% (2 of 31 patients) and a median overall survival of only 

5.0 months (95%CI 3.1-6.8). Furthermore, patients still encountered considerable high grade 

toxicities. Therefore, this treatment combination cannot be recommended for treatment in 

pancreatic cancer patients. 

 Observational pharmaco-epidemiologic (PE)and pre-clinical studies suggest that 
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metformin, an anti-diabetic drug, is an interesting anti-cancer drug. The PE evidence 

concerned studies of diabetic cancer patients. Patients that used metformin had longer 

survival times in comparison with patients that did not use metformin. Correlations in PE 

studies are subjective to bias, especially concerning confounding on indication (metformin 

use selects for a fitter patient) and the immortality bias (a discrepancy in the start of metformin 

treatment and start of cancer follow-up). Indeed, later PE studies with statistical corrections 

for these confounders, failed to show survival benefit for metformin. 

 Nevertheless, pre-clinical evidence showed that metformin can disrupt important cancer 

survival mechanisms. The proposed mechanism of metformin in diabetes is to disrupt the 

oxidative phosphorylation (OP) in liver cells, which inhibits energy consuming processes as 

gluconeogenesis. In this way, metformin lowers glucose and insulin blood levels which could 

indirectly inhibit cancer proliferation. Metformin can also directly act in the cancer cell, and 

cause energetic stress via disrupting OP. Metformin treatment also leads to activation of 

AMPK, a key regulator of cellular energy homoeostasis, and, subsequently, to the inhibition 

of the mTOR pathways. 

 Several prospective clinical studies have been initiated to investigate the anti-cancer 

activity of metformin alone or in combination with standard therapies in various cancer types, 

in patients with and without DM. Chapter 6 represents the report of the first clinical study 

of metformin for any indication in oncology with survival as primary endpoint. It describes a 

phase II multicentre studyfor advanced PDC patients (n=121), randomly allocated to place-

bo or metformin in combination with gemcitabine and erlotinib, a small molecule inhibiting 

EGFR. Overall survival at 6 months was 63.9% (95% CI 51.9–75.9) in the placebo group and 

56.7% (44.1–69.2) in the metformin group (p=0.41). There was no difference in median overall 

survival (median 7.6 months [95% CI 6.1–9.1] in the placebo group vs 6.8 months [95% CI5.1–

8.5] in the metformin group; HR 1.056 [95% CI 0.72–1.55]). The most frequent major toxici-

ties were neutropenia, skin rash diarrhea and fatigue, and were slightly more present in the 

metformin treated patients. Subgroup analyses showed survival benefit for metformin treat-

ed patients that reached high metformin plasma levels or a reduction of serum insulin levels, 

although the groups were small. 

 Thus, the addition of a conventional anti-diabetic dose of metformin does not improve 

survival in patients with advanced pancreatic cancer treated with gemcitabine and erlotinib, 

although a selective patient group might be able to benefit from this non-toxic, inexpensive 

drug.

Part 3
Chapter 7 gives a future perspective on targeted therapy in EGC and pancreatic cancer. It 

discusses the need for proper patient selection for targeted therapy and gives an overview 

of novel targets, new treatment possibilities and important ongoing clinical studies. These 

efforts will hopefully lead to improved management of upper GI cancer patients. 





Chapter 9

Appendices:
 Nederlandse samenvatting 
 Dankwoord 
 List of publications 
 About the author



146 Nederlandse samenvatting



147Appendices

Nederlandse samenvatting

Doelgerichte therapiën voor kanker van het bovenste maagdarmstelsel
Kanker van het bovenste maagdarmstelsel, zoals maag-, slokdarm- en alvleesklierkan-

ker, is alom bekend vanwege de agressiviteit, resistentie tegen therapie en korte media-

ne overleving van een half jaar tot een jaar. Patiënten met tumoren die niet chirurgisch 

verwijderd kunnen worden, zijn aangewezen op systemische chemotherapie. Zelfs bij 

patiënten met tumoren die wel geopereerd kunnen worden (resectabel), verbetert de 

voor- of nabehandeling met chemoradio- of chemotherapie de overleving.

 Nieuwe inzichten in de biologie van bovenstaande kankersoorten hebben geleid tot 

de ontdekking van belangrijke moleculaire signaalroutes, die betrokken zijn bij tumorcel-

groei en –overleving, en van nieuwe moleculaire doelwitten voor gerichte behandeling. 

Belangrijke voorbeelden van deze moleculaire doelwitten zijn EGFR en HER2, leden van 

de familie van humane epidermale groeifactorreceptoren, die aan het hoofd van belang-

rijke signaalroutes staan. Helaas blijkt de remming van één molecuul in een signaalroute 

vaak onvoldoende, omdat via dwarswegen met andere signaalroutes meestal een functi-

onele ontsnappingsroute kan worden gevonden. 

 Dit proefschrift beschrijft de zoektocht naar mogelijkheden om gerichte therapieën, 

die EGFR of andere kankerstimulerende signaalroutes specifiek remmen, te combineren 

met conventionele chemoradio- of chemotherapie. Het doel is om zo de behandeling 

van kanker van het bovenste maagdarmstelsel te verbeteren.

Deel 1 Maag- en slokdarmkanker
Bij maag- en slokdarmtumoren in een gevorderd stadium zijn een aantal grote klinische 

studies uitgevoerd. Hierin werd de standaardtherapie gecombineerd met doelgerich-

te behandelingen van verschillende moleculaire doelen die van belang zijn bij kanker, 

zoals EGFR, HER2, VEGFR en mTOR. Hoofdstuk 2 geeft een overzicht van de rationale, 

het ontwerp en de resultaten (indien beschikbaar), van deze belangrijke studies. In een 

geselecteerde populatie van tumoren met HER2 in de celwand, toonde de remming van 

HER2 met trastuzumab (een antilichaam tegen HER2 aan de buitenkant van de celwand) 

in combinatie met chemotherapie veelbelovende resultaten. Deze aanpak verbeterde 

de mediane overleving van 12 maanden naar 18 maanden. Daarentegen had lapatinib 

(een medicijn dat HER2 aan de binnenkant van de celwand remt) geen effect. Helaas 

waren gerichte therapieën tegen EGFR, mTOR en VEGFR niet effectief in niet-geselec-

teerde patiëntengroepen. 

 Concluderend staat gerichte therapie bij gevorderde maag- en slokdarmkanker slechts 

aan het begin van zijn ontwikkeling. Om de resultaten van dit soort behandelingen te 

verbeteren is beter inzicht nodig in de biologische achtergrond van deze ziektes. Dit zal 

leiden tot een betere selectie van patiënten voor de betreffende gerichte behandeling, 
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tot werkzame combinaties van verschillende moleculaire remmers en tot de ontdekking 

van nieuwe aangrijpingspunten voor medicijnen.

 Voor de patiënten met resectabele slokdarmtumoren is neoadjuvante (voorafgaand 

aan de operatie) chemoradiotherapie (nCRT) met carboplatin en paclitaxel de standaard-

behandeling. Verbetering van de effectiviteit van deze behandeling is van groot belang 

voor de overleving van deze patiëntengroep. Laboratoriumonderzoek en verkennend 

klinisch onderzoek toonden een positief effect van de combinatie van EGFR remmers 

met nCRT. Hoofdstuk 3 beschrijft de eerste klinische studie van de toevoeging van 

panitumumab (een EGFR-remmer) aan het standaardschema van chemoradiotherapie 

bij 90 patiënten met een resectabele slokdarmtumor. Het resultaat werd weergege-

ven als het percentage pathologische complete respons (pCR). pCR betekent dat er in 

het geopereerde stuk slokdarm onder de microscoop geen kanker meer wordt gezien. 

Patiënten met een pCR hebben een langere overleving. Het percentage pCR in een 

klinische studie is een voorspeller van het effect van de onderzochte behandeling op 

de overleving. Het behandelschema van de studie hoofdstuk 3 was wel draaglijk voor 

de patiënten, maar helaas was het percentage pCR overeenkomstig met de historische 

gegevens van de standaardbehandeling. De resultaten suggereren zelfs een verslech-

tering van pCR in de subgroep van patiënten met slijmvormende cellen. Bovendien kon 

microscopisch onderzoek van potentieel voorspellende biomarkers, zoals EGFR, geen 

subgroep identificeren die wel profiteerde van de onderzochte behandelcombinatie. 

Deel 2 Alvleesklierkanker
Alvleesklierkanker (AK) patiënten in een gevorderd stadium hebben een korte overle-

ving en zijn vaak in slechte staat. Daardoor hangt de keuze van de behandeling af van 

het vermogen van de patiënt om de toxiciteit ervan te dragen, afgezet tegen het effect 

van de behandeling. Recente doorbraken met twee chemotherapeutische schema’s 

(FOLFIRINOX en gemcitabine/nab-paclitaxel) zorgen voor een verbeterde overleving 

voor AK-patiënten, maar wel ten koste van meer toxiciteit. Derhalve gaat de zoektocht 

naar een effectieve behandeling met minder toxiciteit onverminderd door. Klinische 

studies met doelgerichte therapie die kankerstimulerende moleculaire signaalroutes 

remt, vormen een belangrijke pilaar in deze zoektocht, hoewel al vele studies hebben 

gefaald.

 Onderzoek in laboratoria heeft effectiviteit aangetoond van de combinatie van chemo-

therapie en de remming van mTOR. mTOR is een belangrijke eiwit in de kankerstimule-

rende IGFR/PI3K signaalroute en betrokken bij celgroei, geprogrammeerde celdood en 

metabole regulatie. Inderdaad liet een klinische studie, uitgevoerd door onze onder-

zoeksgroep, met een volledig oraal schema van chemotabletten in combinatie met 

mTOR-remmer everolimus, aanvaardbare toxiciteit en enige werkzaamheid zien, met 

name in AK-patiënten. Hoofdstuk 4 beschrijft de vervolgstudie met dit schema bij patiën-
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ten met gevorderde AK. Het schema was inderdaad goed te verdragen voor patiën-

ten, maar was slechts matig effectief. Slechts 2 van de 31 patiënten (6,5%) toonden een 

afname van de tumor. De mediane overleving was weliswaar bijna 9 maanden, maar met 

een grote betrouwbaarheidsmarge (4 tot 13 maanden) in deze kleine patiëntengroep. In 

de nog kleinere subgroep (n=15) van AK-patiënten die nog geen eerdere chemokuur 

hadden gehad, was de mediane overleving met ruim 12 maanden zeer goed te noemen, 

evenals de smalle betrouwbaarheidsmarge (10 tot 14 maanden).

 Na het aantonen van de veiligheid en werkzaamheid van een mTOR-remmer in combi-

natie met chemotherapie, had de volgende stap als doel de signaalroute beter te 

remmen en een belangrijke ontsnappingsroute te voorkomen. Laboratoriummodellen 

hadden hiertoe aangetoond dat gecombineerde remming van EGFR en mTOR leidt tot 

synergistische activiteit tegen kankercellen. Hoofdstuk 5 beschrijft de klinische studie 

van de uitbreiding van het schema uit hoofdstuk 4, waarbij de chemotabletten en de 

mTOR-remmer everolimus werden gecombineerd met cetuximab, een antilichaam tegen 

EGFR. In de studie werd dit als eerste chemokuur (71%) en als tweede chemokuur (29%) 

toegepast bij gevorderde AK-patiënten(n = 31). Helaas ondervonden patiënten al op het 

tweede dosisniveau van everolimus ondraaglijke toxiciteit van de behandeling, zoals 

ontsteking van de slijmvliezen, huiduitslag, hand-voet syndroom en hyperglycemie. Het 

eerste dosis niveau, met een lage dosis van de chemotabletten, leidde niet tot goede 

resultaten. De respons was laag (6,5%) en de mediane overleving slechts vijf maanden. 

Bovendien ondervonden de patiënten alsnog aanzienlijke toxiciteit. Daarom kan deze 

behandelingscombinatie niet worden aanbevolen voor de behandeling van gevorderde 

AK-patiënten.

 Meerdere observationele en laboratoriumstudies suggereren dat metformine, het 

aloude geneesmiddel voor de behandeling van diabetes, werkzaam kan zijn in de behan-

deling van kanker. Het observationele epidemiologische bewijs bestaat uit cohortstudies 

van kankerpatiënten met diabetes. Patiënten in deze cohorten die metformine gebruik-

ten hadden een langere overleving dan de patiënten die dat niet deden. De correlaties 

die in deze studies werden gemaakt zijn onderhevig aan vertekenende factoren. Een 

grote vertekenende factor is dat de patiënten die metformine krijgen, vaak gezonder 

zijn dan patiënten die zwaardere diabetesmedicijnen krijgen. Hierdoor selecteert het 

metforminegebruik onbewust een gezondere groep kankerpatiënten uit, die logischer-

wijs een betere overlevingskans heeft. Een latere studie die hiervoor probeerde te corri-

geren liet geen overlevingsvoordeel zien. 

 Desalniettemin is er overtuigend bewijs uit het laboratorium dat metformine belang-

rijke overlevingsmechanismen in kankercellen kan verstoren. Het werkingsmechanisme 

van metformine bij diabetes, is het remmen van de energieproductie door de energie-

fabriek in levercellen, waardoor energie verbruikende processen als glucoseaanmaak 

worden gestaakt. Zo verlaagt metformine de bloedspiegels van glucose en insuline. Dit 
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zorgt indirect ook voor een verlaagde voedingstoevoer naar de kankercel, waardoor 

er geen ongebreidelde groei kan plaatsvinden. Metformine kan ook op directe wijze 

de kankercel aanpakken, door ook daarvan de energiefabriek te verstoren, waardoor 

het energie verbruikende groeiproces wordt vertraagd. Verscheidene klinische studies 

zijn gestart bij patiënten met verschillende kankersoorten, om de anti-kankeractiviteit te 

onderzoeken van metformine alleen, of in combinatie met chemotherapie. Hoofdstuk 6 

beschrijft de eerste klinische studie van metformine als behandeling van kanker en met 

overleving als primair eindpunt. Gevorderde AK patiënten (n = 121) kwamen door loting in 

aanmerking voor een behandeling met metformine of placebo, in combinatie met gemci-

tabine en erlotinib (EGFR remmer). Het percentage overleving na 6 maanden was met 

57% in de metformine groep en 64% in de placebogroep niet significant verschillend. 

Ook was er geen significant verschil in mediane overleving (6,8 maanden in de metformi-

ne groep versus 7,6 maanden in de placebogroep). De belangrijkste bijwerkingen waren 

een tekort aan witte bloedcellen, huiduitslag, diarree en vermoeidheid. Die bijwerkingen 

kwamen allen iets vaker voor bij de metforminegroep. Subgroepanalyses toonden een 

overlevingsvoordeel van de behandeling met metformine bij patiënten die hoge concen-

traties van metformine in het bloed hadden, of die een verlaging van insuline in het bloed 

bereikten. Een kanttekening bij deze subgroepanalyses is, dat de onderzochte groepen 

te klein waren om toeval uit te sluiten. 

 Concluderend geeft de toevoeging van een anti-diabetische dosis van metformine 

aan gemcitabine en erlotinib geen verbetering van de overleving van patiënten met 

gevorderde AK, hoewel specifieke patiëntengroepen toch zouden kunnen profiteren 

van dit goedkope en goed te verdragen medicijn. 

Hoofdstuk 7 geeft een toekomstperspectief op gerichte therapie bij maag-, slokdarm- 

en alvleesklierkanker. Het bespreekt de noodzaak van een goede selectie van patiën-

ten voor doelgerichte therapie en geeft een overzicht van nieuwe doelwitten, nieuwe 

behandelingsmogelijkheden en belangrijke lopende klinische studies. Al deze inspan-

ningen zullen hopelijk leiden tot een betere behandeling van patiënten met kanker van 

het bovenste maagdarmstelsel.
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Dit proefschrift is tot stand gekomen met de hulp en toewijding van velen. Daarom wil ik 

hier graag de gelegenheid aangrijpen om een aantal mensen persoonlijk te bedanken.

Als eerste bedank ik alle patiënten die hebben deelgenomen aan de klinische studies 

die worden beschreven in dit proefschrift. Mijn bewondering is groot voor uw moed en 

onbaatzuchtigheid die nodig waren om te starten met een experimentele behandeling, 

waarvan de werkzaamheid onbekend is en de risico’s op bijwerkingen groot. Zonder uw 

medewerking was dit proefschrift überhaupt niet mogelijk geweest. 

Prof. dr. D.J. Richel, mijn promotor, beste Dick, ik prijs mij zeer gelukkig dat ik een van de 

laatste promovendi onder jouw vleugels mocht worden. Door jouw eindeloze ervaring in 

het wetenschappelijk onderzoek en de medische oncologie heb ik ongelofelijk veel kun-

nen leren. Jouw aanstekelijk enthousiasme en innemende vriendelijkheid zorgden voor 

een hele fijne werksfeer. Ik denk erg graag terug aan alle momenten, bij het werkoverleg, 

op de gang, tijdens etentjes, in de kroeg of op de dansvloer, waarin je je interesse toon-

de voor mij als persoon en mijn leven naast het werk. Als laatste wil ik je danken voor 

alle aansporende mailtjes, appjes en belletjes aan het einde van het traject, die zeker 

hebben geholpen om het dan toch allemaal af te ronden.

Mijn co-promotor, dr. J.W. Wilmink, lieve Hanneke, ik weet dat ik je bescheidenheid op de 

proef stel, maar ik ga toch enkele geweldige eigenschappen van jou benoemen. Dank-

zij jouw fijne persoonlijkheid en brede blikveld bezit je een bijzonder groot netwerk, 

waarvan ik altijd dankbaar gebruik heb mogen maken. Jouw sterk analytische geest en 

relativeringsvermogen zorgden ervoor dat jij altijd een uitweg vond wanneer ik het niet 

meer zag zitten. De efficiëntie waarmee je als top-wetenschapper, top-oncoloog en top-

mens door de wereld gaat, maakt je een groots voorbeeld. Hanneke, dank dat jij mijn 

co-promotor was.

Prof. Dr. C.J.A. Punt, hoofd van de afdeling medische oncologie, beste Kees, hartelijk 

dank voor de ruimte die je me gaf om mijn promotie af te kunnen ronden. Jouw erva-

ring, wijsheid en punctualiteit hebben er voor gezorgd dat het GEM-stuk een juweel is 

geworden. Daarnaast natuurlijk dank dat jij mijn proefschrift kritisch hebt gelezen en 

beoordeeld, als lid van de promotiecommissie.

De overige leden van de promotiecommissie, prof. dr. K.K. Krishnadath, prof. dr. R.A.A. 

Mathôt, prof. dr. J.A. Romijn, prof. dr. H.M.W. Verheul en dr. G. van Tienhoven wil ik har-

telijk bedanken voor het kritisch beoordelen van mijn proefschrift en hun bereidheid om 
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zitting te nemen in de commissie. 

Dr. A.M. Westermann, lieve Anneke, ondanks dat je je op de voorgrond niet met mijn 

promotie heb bemoeid, weet ik zeker dat het niet was gelukt zonder jou. Jouw excen-

trieke en intelligente brein in combinatie met je luide stem en de afwezigheid van enig 

filter, maken het een genot om bij je in de buurt te zijn. Natuurlijk zijn de avondjes op de 

boot onvergetelijk, en ik hoop dat ik er nog een paar mee mag maken. Mijn dank is groot 

voor alle lessen op de vrijdag, zowel in de ochtend, middag, avond als in de diepe nacht. 

Dr. Heinz-Josef Klümpen, lieve HJ, bedankt voor alle fijne gesprekken en alle (gewenste 

en ongewenste, korte en lange, gekke en serieuze, lieve en gemene) adviezen. En na-

tuurlijk voor mTOR.

Prof. dr. H.W.M. van Laarhoven, beste Hanneke, veel dank voor het mogelijk maken van 

een belangrijk hoofdstuk in mijn proefschrift, waarbij ik zeer onder de indruk was van 

jouw bezielende en didactische betrokkenheid. Jouw tomeloze drive en enorme intelli-

gentie vormen een combinatie die de oncologische wereld nodig heeft. Leuk, maar ook 

wat beangstigend, dat je als vervangend lid zitting neemt in de promotiecommissie!

Dr. S.L. Meijer, beste Sybren, dank voor het onderhouden van de nauwe samenwerking 

tussen de pathologie en oncologie, wat heeft geleid tot een prachtige en onmisbare 

aanvulling op ons klinisch onderzoek. De uurtjes met de dubbele microscoop waren 

altijd mooi!

Dr. Michael Pollak, thank you for your knowledge, enthusiasm and ingenuity. Your contri-

bution to the metformin study and manuscript was of indispensable significance. 

Beste prof. dr. Koos A.H. Zwinderman, dr. Jammbe Z Musoro en dr. Martijn G.H van Oijen, 

hartelijk dank voor alle ondersteuning bij de statistische en methodologische vraagstuk-

ken.

Dokter Weterman, zonder jou, Mariëtte, is oncologisch klinisch wetenschappelijk onder-

zoek niet uit te voeren in het AMC. Jouw geheugen, inzet en organisatievermogen zijn 

onmisbaar. Je hebt me zo vaak uit de brand geholpen, mijn dank is groot, hug!

Ook het iedereen van het “trialbureau” is van onschatbare waarde geweest. Lyda en Eva, 

waar was ik zonder jullie, en de dropjes, geweest?
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Ik wil alle verpleegkundigen van het behandelcentrum en F6 enorm bedanken voor hun 

liefdevolle zorg voor de patiënten en omdat ze al die extra dingetjes voor de studies 

zorgvuldig uitvoeren.Ook dank ik het secretariaat, Marga en Marjan, voor alle onder-

steundende zaken!

Alle AIOS (Annet, Susan, Annette, Serge, Dirkje, Diederik, Noortje, Nadia, Jacqueline, 

Sophie, Hans en alle anderen) van de afdeling Medische Oncologie verdienen mijn har-

telijke dank voor het includeren van al die patiënten in mijn studies. Dat vereiste een gro-

te tijdsinvestering voor een goede uitleg en voor de extra zaken die het evalueren van 

studiepatiënten met zich meebrengen. Maar mijn dank is zeer veel groter, omdat jullie mij 

opnamen in de assistentengroep, wat voor veel gezelligheid heeft gezorgd op het werk, 

op de borrel, maar ook in Chicago en Oostenrijk. Velen zal ik nog vaak tegenkomen en 

daar kijk ik naar uit!

Lieve Robert, jij bent de helpende kracht geweest achter alles wat er pathologisch ge-

zien in mijn boekje staat. Ik mis je “loopjes” langs mijn deur (maar die is nu ook veel 

verder weg) met een boodschap die meestal in een seconde over de telefoon kon, maar 

liever in een half uur face-to-face, of nog beter, met bier in de Ep of bouwkeet. Snel weer 

een biertje man!

Ik wil alle collega’s van de het LEXOR lab bedanken, vooral  natuurlijk prof. dr. J.P. Mede-

ma, en Hans Rodemond, Maarten, Lisette, Louis, Helene en Kate. Jullie hadden zeer af 

en toe een vreemde eend in de bijt, maar dat weerhield jullie er niet van mee te denken 

met en het (voor)doen van mijn kleine experimentjes. Daarnaast grote dank voor alle 

interessante PION-meetings, waarin ik de crème-de-la-crème van experimenteel kan-

keronderzoek kreeg voorgeschoteld.

Op F4 mocht ik mij gelukkig prijzen dat ik direct werd geadopteerd door de “diabetes-

groep” (met early adopters Arianne, Sarah, Bregtje, Anne, most exposed Wanda, Airin, 

Marjolein, Youri en Josefine, en late-bloomers Pieter, Jort en Lonneke. Dank voor alle 

steun in de grote kamer, waarin we veel lief, leed en roddels hebben gedeeld, voor alle 

loopjes naar de appie, voor de gekkigheid bij de promotiefilmshoots en natuurlijk voor 

alle gezelligheid bij de lunches waarbij Joost en Hans ook vaak aanschoven. Zonder 

jullie was het AMC een depressieve bunker geweest. 

Lieve collega’s van het Slotervaart, dank voor de backup die ik van jullie kreeg om dit 

proefschrift af te ronden, en voor alle gezelligheid onder én na werktijd. 
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Beste Ilse Modder, dank voor het mooie ontwerp van mijn boekje, ik er ben supertrots 

op!

Lieve vrienden, vriendinnen en familie, jullie hebben er voor gezorgd dat het leven naast 

het werk een geweldige wereld is. Het spijt mij dat dit proefschrift er voor zorgde dat ik 

regelmatig ergens niet bij kon zijn. 

Stoere mannen (voor de duidelijkheid: Dave, Guus, Gosse, Kasper, Marijn, Peter, Frank, 

Jurgen en Joop), jullie zijn mijn belangrijkste mensen, met zulke vrienden heb je geen 

vijanden meer nodig, toch! Wat hebben we veel gefeest, gereisd, gedronken, gegeten, 

gelachen en zelfs een beetje gehuild. Dank voor alles. 

Dave, jij bent natuurlijk mijn paranimf, mijn beste vriend, jij kent mij beter dan ik.

Lieve Eva, je liefde en malheid zijn heerlijk geweest, het blijft toch voor altijd. Ik ben blij 

met je geluk! Lieve Jill, ons weerzien was steeds kort maar altijd als vanouds! Zeker in 

het Oostenrijkse, tot snel in je eigen huisje daar. Mannen van de hopla (Matthijs, Rolf en 

Han), wat hebben we mooie tijden meegemaakt, wanneer hopla-en we weer eens? Ro-

gier, samen maakten we onze eerste stappen binnen de onco in het AvL, nog “6 weken” 

en dan zijn we gepromoveerd specialist! Geniet van je geluk met Marjolein en Olivier. 

Lieve Rose, ontzettend bedankt voor de check van de tekst, je zal dit stuk wel rommelig 

vinden. Dikke knuffel! Lieve Willem en Anja, wat zijn jullie fijn, lief en vol steun! 

Lieve Mascha en Jason en kids en warme kouwekant, ik hou van jullie!

Lieve Ina, ik ben zo blij dat ik jou als moeder heb getroffen. Jij en Siem, die we zo erg mis-

sen en dit zo gaaf had gevonden, hebben mij onvoorwaardelijke liefde, vrijheid en steun 

gegeven. Hierdoor kon ik uitgroeien tot wie ik nu ben. Ik zal altijd voor je klaar staan. 

Tot slot, liefste paranimf Lanee, popjedopje, het is niet te beschrijven wat ik voor je voel, 

ook al moet ik dat toch vaak van je proberen. Tot de maan en terug.
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