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Background:  In recent  years,  proton  pump  inhibitors  (PPIs)  have  been  investigated  at  high-dose  to  mod-
ulate  tumour  microenvironment  acidification  thus  restoring  chemotherapeutic  sensitivity.  Moreover,
several  clinical  data  supports  the  role  of cytotoxic  drugs  at low-dose  continuously  delivered  as  anticancer
therapy.
Methods:  Clinical  records  of three  patients  affected  with gastrointestinal  cancer  refractory  to  standard
treatments,  who  had  received  a combination  of  high-dose  rabeprazole  and  metronomic  chemotherapy
were  reviewed.
Results: The  first  case,  a  78-year-old  man  was  treated  for lung  metastasis  from  colon  adenocarcinoma.
The  second  case,  a 73-year-old  man  was treated  for  metastatic  rectal  cancer  to the liver. The third  one, a

68-year-old  man,  underwent  the  combination  regimen  for colon  cancer  with  lung,  liver  and  peritoneal
metastases.
Conclusions:  Despite  the  failure  of  previous  standard  chemotherapy  for metastatic  disease,  good  clinical
outcome  was  shown  in these  patients  treated  with  an  unconventional  association  of  high-dose  PPIs and
metronomic  chemotherapy.

©  2016  Editrice  Gastroenterologica  Italiana  S.r.l.  Published  by Elsevier  Ltd.  All  rights  reserved.
. Introduction

Extracellular acidity in cancer microenvironment has a piv-
tal role in the invasion, metastasis and drug resistance [1].
acuolar H+-ATPases (V-ATPases) are proton exchangers that gen-
rate the pH gradient across both the plasma and intracellular
rganelles membranes by a net consumption of ATP. Enhanced
-ATPase activity is shown in tumour cells compared with their
on-transformed counterparts [2]. Moreover, the expression of V-
TPases in chemo-resistant cancer cells is increased, and induced
y chemotherapeutic agents [3]. High-doses of proton pump

nhibitors (PPIs) have been demonstrated, both in vitro and in vivo
xperiments, to inhibit V-ATPase activity, modulate tumour acidi-

cation and restore chemotherapeutic sensitivity in drug-resistant
ancer cells [4–6]. PPIs have already been tested in clinical
tudies to increase the sensitivity to chemotherapy [7–9]
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0189 Rome, Italy. Fax: +39 0633776663.

E-mail address: rsfalcone@libero.it (R. Falcone).

ttp://dx.doi.org/10.1016/j.dld.2016.08.126
590-8658/© 2016 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All
while several trials are presently ongoing (NCT02595372 and
NCT01748500).

It has been reported that cytotoxic chemotherapeutic agents can
be redirected to an endothelial cell target by changing their dose
and frequency of administration [10]. This so termed ‘metronomic’
chemotherapy has lately been recognized as multitarget therapy
[11]. Metronomic capecitabine (mCAP) has proved to be a mod-
erately active, well-tolerated regimen as salvage chemotherapy in
patients with metastatic gastro-intestinal cancer [12,13].

2. Patients and methods

Clinical records of three patients affected by gastrointestinal
cancer refractory to standard chemotherapy and target therapy,
treated at our Institute between 2013 and 2015 with a combination
of high-dose PPIs and metronomic chemotherapy were reviewed.
According to an experimental protocol (EudraCT Number: 2013-

001096-20), all patients provided a written informed consent
to participate and protocol approval of the Sant’Andrea Hospital
Ethics Committee was obtained. Treatment consisted of rabepra-
zole 1.5 mg/kg bid, three days a week associated with capecitabine
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500 mg/daily, continuously until disease progression or unaccept-
ble toxicity. Tumour response was determined according to the
esponse Evaluation Criteria in Solid Tumours (RECIST), version
.1. The severity of adverse events was graded according to CTCAE
.4.03.

. Results

.1. Case report 1

The first case refers to a 78-years old man, who  had under-
one left colectomy for a large bowel adenocarcinoma of the
igma (AJCC 2010 classification: Stage I, pT2, N0 (0/13), G1). A
hole-body CT scan, performed eight months after surgery (on
arch 2012), showed a nodule (diameter: 4 cm)  in the VIII seg-
ent of the liver. The colic origin of the tumour was  confirmed

y biopsy. According to an integrated multidisciplinary approach
 sequence of chemotherapy and surgery was decided. The patient
nderwent chemotherapy with leucovorin (400 mg/m2 iv), 5-
uorouracil (400 mg/m2 iv bolus plus 2400 mg/m2 over 46 h by
ontinuous infusion) and irinotecan (180 mg/m2 iv) (mFOLFIRI)
lus bevacizumab (5 mg/kg iv), repeated every 14 days, for 8 admin-

strations. Although hepatic disease progression at the restaging
T scan occurred after four months of chemotherapy, liver surgery
as performed according to segmentectomy. Histology confirmed

he diagnosis of metastatic adenocarcinoma (k-RAS wild-type for
odons 12, 13) while no signs of residual disease were recorded at

 further postoperative CT scan. A complementary chemotherapy
ith a combination of leucovorin (400 mg/m2 iv), 5-fluorouracil

400 mg/m2 iv bolus plus 2400 mg/m2 over 46 h by continuous infu-
ion) and oxaliplatin (85 mg/m2 iv) (mFOLFOX6), repeated every 14
ays, for 12 administrations was delivered. A dose reduction was
pplied for the occurrence of severe hematologic (G4 neutropenia)
nd neurological toxicity (G3). A close follow-up was  continued
ntil the appearance of solid nodules at lungs a year later. Based on
he previous kRAS evaluation, a target therapy with panitumumab
6 mg/kg iv, every two-weeks) was delivered. After 3-months ther-
py, a further disease progression, revealed by CT scan, occurred
t lung with increased number and size of the multiple nodules.
atient was offered the participation to a no-profit randomized
rotocol with mCAP plus high-dose rabeprazole. Therapy was  car-
ied on for 19 months without radiologic signs of progressive
isease but the growth of a pulmonary nodule (28 mm × 24 mm
s. 22 mm × 13 mm),  which was successfully controlled by stereo-
actic radiation (total dose: 50 Gy in 5 fractions). The treatment
as stopped for further progressive disease at the lung. Notewor-

hy, patient maintained a good performance status and quality of
ife over the whole treatment period. The maximum toxicity was
3 hand-foot syndrome (HFS), lasting 20 days and resolved with

emporary drug discontinuation, application of topical urea (40%)
ream and oral corticosteroid treatment. Presently, the patient is
n treatment with regorafenib (160 mg/daily for 3 weeks every
onth). The duration of OS from the first diagnosis of metastatic

isease to the last observation was 51 months.

.2. Case report 2

The second case consists of a 73-years old man, suffering from
eripheral arterial disease. On Jun 2008, after a prolonged period of
onstipation, he underwent recto-sigmoid resection with laparo-
copic approach and a protective colostomy for adenocarcinoma

AJCC 2010 classification: Stage III, pT3 pN1(3/28) R0 V1, G3). Due to
omorbidities including impaired renal function, he just underwent
djuvant radiotherapy (total dose 50.4 Gy) over 5 weeks associ-
ted with 5-fluorouracil (225 mg/m2/day). Clinical monitoring was
Disease 48 (2016) 1503–1505

carried out for 3 years without signs of recurrent disease. On  Nov
2011, radiological images revealed two lesions at the VIII segment
of the liver, with increased glucose uptake at a PET scan. The diag-
nosis of wild-type k-RAS (codons 12 and 13) liver metastases was
histologically confirmed. A first line chemotherapy with mFOLFIRI
plus cetuximab (400 mg/m2 iv loading dose followed by 250 mg/m2

weekly) was  performed for 3 months. Maximum toxicity was  G2
diarrhoea. For progressive disease at liver previous regimen was
replaced with mFOLFOX-6 plus bevacizumab. After 6-months ther-
apy a partial response was achieved and maintenance therapy with
bevacizumab alone continued for further 8 months. Treatment was
interrupted because patient underwent resection of the femoral
artery plus femoro-femoral bypass. Restaging of the disease by CT
scan showed a new lesion (diameter: 18 mm)  in the segment VIII of
the liver, treated with stereotactic radiotherapy (total dose: 45 Gy).
When further disease progression occurred at liver, patient was
offered the inclusion in the experimental protocol with high-dose
rabeprazole plus mCAP. Having signed the informed consent, he
started the combination regimen on November 2014. After a 6-
months treatment, the CT scan confirmed a stable disease. Toxicity
was mild only consisting of G1 diarrhoea. The duration of OS from
the first diagnosis of metastatic disease to the last observation was
55 months.

3.3. Case report 3

A 68-year-old male was diagnosed with colic adenocarcinoma
(AJCC 2010 classification: stage IIB, pT4 pN0 G2) after hav-
ing undergone right hemicolectomy in January 2011. Adjuvant
oxaliplatin-based chemotherapy was delivered after surgery. On
November 2012 a total body CT scan revealed relapse of disease
at pelvis and lungs. A K-RAS mutation (codon 12) was  identi-
fied in the primary tumour, thus the patient underwent first-line
chemotherapy with mFOLFIRI-bevacizumab from January to July
2013. Because a partial response was  achieved, a maintenance ther-
apy with bevacizumab alone was carried on for an additional year.
After a CT scan had revealed disease progression at lung, liver and
peritoneum, the patient was proposed to entry in the experimen-
tal protocol with high-dose rabeprazole plus mCAP. After three
months of therapy a CT scan showed marked regression of lung
metastases and partial response of the abdominal disease. The
patient kept treatment on for 13 months without signs of pro-
gressive disease, only suffering from G1 HFS. For the appearance of
symptoms and signs of bowel occlusion, patient underwent rectal
resection for recurrent adenocarcinoma, on October 2015. Postop-
erative CT scan also revealed liver disease progression, therefore
patient was candidate to a treatment with regorafenib. The dura-
tion of OS from the first diagnosis of metastatic disease to the last
observation was  36 months.

4. Discussion

Acidosis of the tumour microenvironment is a key factor for
the development of multidrug-resistance and can promote tumour
invasion through remodelling of the extracellular matrix [1]. Sev-
eral preclinical and clinical studies have shown that PPIs can
modulate the tumour acidification and restore the sensitivity to
chemotherapy in drug-resistant cancer cells [4,6] (Table 1). More-
over, it has been reported that to gain anti-tumour effects, they
need to be delivered discontinuously and at high dosages because
acidic microenvironment is necessary for their transformation into

active molecules [5]. Rabeprazole, which displayed a preeminent
non-enzymatic metabolism, has both low potential for drug inter-
actions and a pharmacokinetics that is rather independent from
inter-individual variations linked to polymorphisms of CYP2C19
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Table  1
Preclinical and clinical studies investigating high-dose PPIs in anticancer therapy.

Trial code/Ref. Study
design

Tumour
type

Patients (N) Chemotherapy Proton pump inhibitors

Ferrari et al., 2013 [7] Phase II Osteosarcoma 98 Metrotrexate (12 mg/m2 iv)
Cisplatin (120 mg/m2 iv)
Doxorubicin (75 mg/m2 iv)

Esomeprazole (60 mg/day p.o.)
in two days prior to
chemotherapy

Brana  et al., 2014 [8] Phase I Solid
tumours

24 Doxorubicin (60 mg/m2 iv on
d1, every 3 weeks)

Escalating doses of
pantoprazole (80,160, 240 and
360 mg iv) prior to
chemotherapy

Wang  et al., 2015 [9] R Phase II Breast
cancer

94 Docetaxel (75 mg/m2 iv on d1)
followed by cisplatin
(75 mg/m2 iv on d4), every 21
days

Weekly intermittent (3 days
on, 4 days off) esomeprazole
(80 mg  p.o. bid vs. 100 mg  p.o.
bid) beginning on d1,
maintained up to maximum 66
weeks

NCT02595372 Phase II TNBC Anthracycline and taxane
containing chemotherapy

Omeprazole (80 mg  p.o. bid)
beginning 4–7 days prior to
chemotherapy and continuing
until surgery
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NCT01748500 Phase II CRPC 

NBC: triple negative breast cancer; CRPC: castration refractory prostate cancer; R:

nd CYP3A4. On the basis of this rationale an experimental protocol
as been set up. In this phase II study about 60 consecutive patients
re randomly assigned 1:1 to mCAP with or without high-dose
abeprazole [14]. In order to detect possible interactions between
abeprazole and capecitabine, the evaluation of capecitabine phar-
acokinetics will also be provided. Indeed, the knowledge of

harmacokinetics parameters of MCT  is thought to be fundamen-
al for the development of better computational model for future
linical studies [15].

Here we have reported 3 cases of patients treated with the
ombination of high-dose rabeprazole and mCAP for metastatic
olorectal cancer, refractory to standard chemotherapy and target
herapy. One out 3 patients showed a partial response, the remain-
ers stable disease; PFS was 19, 7 and 13 months in case 1, 2 and 3
espectively. This was a remarkable clinical outcome if we consid-
red that far lower PFS values are reported in clinical trial including
omparable patients’ setting [16,17]. Another interesting remark in
uch reported cases was the good tolerability of the combination,
hich is a fundamental requisite for putative palliative regimens.

In conclusion, despite the failure of previous standard regimens
or colorectal cancer, a prolonged PFS was shown in these patients
reated with the unconventional association of high-dose PPIs and

CAP.
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