
Abstract. Background/Aim: Although high response rates
using the doublet-chemotherapy of oxaliplatin and irinotecan
as well as its combination with cetuximab in advanced
gastric cancer were shown in previous trials, time to
progression was short, suggesting acquired chemotherapy
resistance. Patients and Methods: Sequential chemotherapy
(oxaliplatin and irinotecan followed by docetaxel) combined
with bevacizumab was investigated in the GASTRIC-3 trial.
Patients achieving at least stable disease were continued on
maintenance bevacizumab. Results: Objective response rate
was available in 33 patients: Complete response (CR)
12.1%, partial response (PR) 39.4%, stable disease (SD)
27.3%. Median time to progression was 7.0 months
(95%CI=5.0-11.0) and median overall survival was 11
months (95%CI=9.0-15.0). Of note, two patients continue to

receive bevacizumab maintenance therapy for more than 5 
years with ongoing CR. Conclusion: Combining sequential
chemotherapy with oxaliplatin/irinotecan and docetaxel with
bevacizumab followed by bevacizumab maintenance is
feasible and clinically active in advanced gastric cancer. 

Gastric cancer is still one of the leading causes of death from
intestinal neoplasias. Survival of patients with gastric cancer
is poor with an overall 5-year survival rate of less than 20%,
and gastric cancer should be viewed as systemic disease even
at early stages. Second-generation treatment regimens show
a response rate between 21% and 27% with a median
survival of 6 to 8 months (1). However, chemotherapy has
shown to provide a significant benefit in the quantity and
quality of life over best supportive care alone. Whilst no
combination treatment regimen is recognized as standard for
gastric cancer, continuous infusion of 5-Fluorouracil (5-FU)
or oral 5-FU prodrugs combined with cisplatin or oxaliplatin
is currently considered as reference treatment worldwide in
HER-2 negative gastric cancer (2). Several agents have
recently emerged as potential new options for advanced
gastric cancer. The triple combination of 5-FU with cisplatin
or oxaliplatin and docetaxel is one of the most effective
treatments but shows considerable toxicity (3).
Two cytotoxic compounds with different mechanisms of

action and lack of cross-resistance between them have been
proven clinically active in the treatment of advanced
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colorectal cancer patients: irinotecan and oxaliplatin. The
synergism between topoisomerase I inhibitor and platinum
salts has been shown to be due to the stabilisation of DNA
platinum adducts, when cells were exposed to the
topoisomerase I inhibitor after the platinum compound.
Furthermore, the clinical experience with both drugs as
single agents and in combination has shown a non-
overlapping toxicity profile.
The combination of oxaliplatin 85 mg/m2 q2w with

irinotecan 125 mg/m2 q2w was well tolerated and no dose-
limiting toxicity was reported from several phase II trials (4-
6). This schedule was chosen for the present study. Analysis
of 40 assessable patients in the phase II study
(AGMT_GASTRIC-1) showed that this regimen was
generally well tolerated and feasible in an outpatient setting.
Frequently reported adverse events (more than 20%) were
grade 1 or 2 and included neutropenia, thrombocytopenia,
anaemia, nausea, diarrhea (20% grade 1, 7% grade 2),
alopecia, polyneuropathy (7% grade 2, no grade 3) and hand-
foot syndrome. Only 2 out of 40 patients experienced grade
3 toxicity (anaemia and reversible renal failure). Thirty-six
patients were assessable for response with a more than 50%
tumor reduction in 6 of 13 (46%) patients (4). In view of the
favourable response rates and toxicity profile, we considered
this regimen to be ideal for further assessment in
combination with a molecular targeting agent. 
Median time to progression in the GASTRIC-1 trial was

5.3 months. Resistance to irinotecan/oxaliplatin therefore
must occur prior to this time point. In the presented
GASTRIC-3 trial, chemotherapy is switched after three
months to docetaxel, a very effective drug in gastric cancer
(3) with a different mode of action compared to oxaliplatin
and irinotecan. An upfront triple chemotherapy combination
however would substantially increase toxicity (3), therefore,
a sequential approach was chosen.
Bevacizumab is a monoclonal antibody directed against the

vascular endothelial growth factor (VEGF), a major mediator
of angiogenesis. In gastric cancer first results of feasibility
and activity of bevacizumab in combination with irinotecan
and cisplatin have been presented (7) but primary endpoints
in phase III trials have not been reached (8). These data
however have not been published at the time of initiation of
the AGMT_GASTRIC-3 trial. Since chemotherapy alone
shows only minor improvement in overall survival in this
entity the combination of chemotherapy with biologicals is
warranted. In our preceding GASTRIC-2 trial we investigated
irinotecan/oxaliplatin in combination with cetuximab in 51
patients with inoperable gastric cancer. Efficacy however was
not increased compared with the historic control group in
unselected patients (5). The consequent development of
AGMT GASTRIC trials enables historical comparisons and
could therefore be important for hypothesis generation in
upcoming randomised phase II/III trials.

Patients and Methods

This is a non-randomised, multicentre, open-label, single-arm phase II
study in patients with histologically proven, inoperable, locally
advanced or metastatic gastric cancer. Eligible patients had received no
previous chemotherapy or immune therapy for inoperable disease but
prior perioperative chemotherapy or adjuvant chemo/ radiotherapy were
allowed. Patients received oxaliplatin 85 mg/m2, irinotecan 125 mg/m2
and bevacizumab 5 mg/kg for three cycles (one cycle comprises of two
applications every other week) followed by docetaxel 50 mg/m2 and
bevacizumab 5 mg/kg for a further three cycles (one cycle comprises
of two applications every other week). Patients achieving at least stable
disease were continued on maintenance bevacizumab until disease
progression or unacceptable toxicity.
Assessment of response was performed according to the RECIST

2.0 criteria. Response was assessed every 12 weeks and at the end of
study, always in comparison with screening status and last staging.
The statistical analysis was performed on the intention-to-treat

population. Progression-free (PFS) and overall survival (OS) were
analysed using the Kaplan-Meier method. Beside the estimated
survival rates, median times were reported for both PFS and OS.
Response rates and the proportion of patients with side effects were
given as absolute and relative frequencies. No statistical testing was
applied. All analyses were performed descriptively.
The study was approved by the ethics committee of the

provincial government of Innsbruck on June 22, 2009 (protocol
number: UN 3578), and by the respective ethics committee of each
of the participating centers. All patients had given their written
informed consent.
The trial was sponsored by Arbeitsgemeinschaft Medikamentöse

Tumortherapie (AGMT). Roche and Sanofi-Aventis provided
financial support, but had no input or influence on statistical
analysis, data interpretation or writing of the manuscript. All authors
took final responsibility for the interpretive analyses and agreed to
submit the manuscript for publication.

Results

Between Sep 2009 and Mar 2012, 42 patients were screened
for eligibility and 40 have been enrolled (Figure 1). Two
patients did not meet inclusion criteria.
During induction treatment 14 patients discontinued

prematurely for reasons other than progression (Figure 1).
Two patients are still receiving bevacizumab maintenance
therapy. Table I summarises the baseline characteristics of
the trial cohort. 
The median age of patients was 63 years. At the time of

trial entry, 65% of patients were in a good overall health
with an ECOG performance score of 0.
At the time of data cut off (August 19, 2016) the median

observation time was 11.5 months (IQR=6.25-19.0).
Fourteen patients completed six cycles of induction. The
median number of induction cycles per patient was 5.0
(IQR=2.5-6.0), the median number of maintenance cycles
was 6.0 (IQR=3.0-12.5).
Evaluation of objective response rate was available in 33

of 40 patients, 7 patients discontinued before first response
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assessment for reasons other than progression. Four patients
(12.1%) showed a complete remission (CR) and 13 patients
(39.4%) showed a partial remission (PR). Nine patients
(27.3%) had at least stable disease (SD) after three cycles.

Median time to progression was 7.0 months (95%CI=5.0-
11.0) and median overall survival was 11 months
(95%CI=9.0-15.0) (Figure 2). Two patients are still receiving
bevacizumab in continuing CR after more than 5 years of
treatment. 
Second-line treatment was applied in 23/34 patients (four

patients already died during induction, Table II).
Overall, the combination of oxaliplatin/irinotecan and

docetaxel with bevacizumab was well tolerated.
Nevertheless, 12 patients discontinued due to drug-related
toxicity. No treatment related deaths were reported.
Frequently reported adverse events (at least 20% of

patients) were gastrointestinal disorders, polyneuropathy,
fatigue, neutropenia, hypokalaemia, hypertension and
decreased appetite (Table III). Bevacizumab-associated side-
effects were rare: Grade 2 proteinuria occurred in three
patients, arterial hypertension in 10 patients. One patient
suffered from grade 3 gastric perforation and in three
patients impaired wound healing was reported.

Discussion
First-line chemotherapy in inoperable or metastatic gastric
cancer has shown a moderate, but significant improvement
in overall survival and in some extent an improvement in
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Figure 1. CONSORT flow diagram.

Table I. Patient demographics and baseline characteristics.

Baseline characteristics                                                        

Age (years, median, range)                                         63 (26-83)
Gender
   Male                                                                       30/40 (75.0%)
   Female                                                                   10/40 (25.0%)
Body weight (kg, median, range)                              52 (38-122)
ECOG PS 
   0                                                                             26/40 (65.0%)
   1                                                                             12/40 (30.0%)
   Missing                                                                   2/40 (5.0%)
Disease duration (days, median, IQR)                       31 (9-239)
Prior chemotherapy                                                  12/40 (30.0%)
Metastatic disease
   Single*                                                                   26/40 (65.0%)
   Multiple                                                                 14/40 (35.0%)

*Liver metastases in 11 patients, peritoneal metastases in 7 patients,
lymph node metastases in 2 patients, lung metastases in 2 patients,
ascites in 2 patients and other metastatic sites in 2 patients.



quality of life when compared to best supportive-care alone
(2). A metaanalysis has confirmed this effect (9) and has
shown that combined chemotherapy of at least two
substances is superior to monochemotherapy (HR=0.83).
Triple chemotherapy is even more effective but also more
toxic. This treatment therefore is limited to fit patients and/or

symptomatic patients in need of a rapid response (2, 10).
Two randomised trials showed that oxaliplatin can substitute
cisplatin without compromise in clinical efficacy and a
different toxicity profile as well as some improvements in
therapy application (11, 12). We, therefore, selected a
sequential approach to reduce toxicity as compared to triple
therapy. At time of initiation of the GASTRIC-3 trial, the
data from the randomised phase III AVAGAST trial were not
available (8) and addition of bevacizumab was highly
promising in different tumor entities. In terms of the primary
endpoint of overall survival, the results of the AVAGAST
trial were not significant and the trial is therefore a formally
negative trial. However, secondary endpoints (progression-
free survival (PFS) and response rates (RR)) were significant
in favour of the bevacizumab-combination. The anti-
angiogenic approach furthermore prooved effective in two
different phase III trials in second line treatment utilising
ramucirumab (13, 14). Our data support further development
of anti-angiogenic therapy since toxicity was tolerable and
response rate as well as OS and PFS were promising given
the fact that the patients treated showed unfavorable
characteristics. All patients suffered from metastatic disease
and almost one third of patients had received prior adjuvant
or neoadjuvant chemotherapy. As compared with our
historical control (4) the number of patients with CR, the
overall response rate as well as PFS could be increased
suggesting a higher efficacy of the approach investigated. A
limitation of this trial is the fact that it remains unclear if the
effect observed is achieved by the addition of bevacizumab
or the switch in chemotherapy backbone.
Of special interest, however, is the fact that two patients

still respond to treatment during bevacizumab maintenance
therapy. Both patients showed a complete remission by
radiographic assessment. One patient however still has viable
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Figure 2. Kaplan–Meier estimates of progression-free survival (A), and overall survival (B).

Table II. Further treatment after progression.

Further treatment after progression                                  Patients*

5-FU/capecitabine based                                                        10
Taxane based                                                                          11
Oxaliplatin/irinotecan reinduction                                           9
Other                                                                                         2

*Eight patients had more than one treatment.

Table III. Incidence of adverse events, occurring in at least 20% of
patients.

Patients with adverse events        Grade 1-2         Grade 3          Grade 4

Diarrhea                                         22 (55.0)          5 (12.5)               0
Nausea                                           22 (55.0)           1 (2.5)                0
Abdominal pain/discomfort          22 (55.0)           1 (2.5)                0
Polyneuropathy                             20 (50.0)           1 (2.5)                0
Fatigue                                           17 (42.5)           1 (2.5)                0
Vomiting                                        16 (40.0)           1 (2.5)                0
Neutropenia                                    7 (17.5)            2 (5.0)           4 (10.0)
Hypokalaemia                                7 (17.5)            2 (5.0)            1 (2.5)
Hypertension                                 10 (25.0)                0                     0
Decreased appetite                         8 (20.0)                 0                     0



tumor residues in subsequent gastroscopy biopsies
underscoring the fact that bevacizumab monotherapy at least
in this patient can control the disease. Arterial hypertension
grade 2 observed during bevacizumab-treatment in this
patient may be interpreted as a positive predictive factor for
response to bevacizumab (15, 16). 
A complete molecular workup of 295 chemotherapy naïve

gastric adenocarcinomas has recently been published as part
of the cancer genome atlas (17). By mutational analysis,
analysis of methylation, amplification, mRNA, microRNA,
and the proteome four different gastric cancer categories
were defined. The Epstein-Barr virus associated subtype, the
hypermutated subtype, the genomically stable subtype and a
subtype with chromosomal instability. These subtypes might
be important in the future to better predict not only prognosis
of cancer patients but also response to certain treatments.
Therefore, in-depth molecular workup was performed in the
two long time responders analysing the coding sequence of
315 cancer-related genes and introns from 28 genes often
rearranged or altered in solid tumors (FoundationOne®, MA,
USA). Unfortunately, no conformance could be elucidated.
One patient showed a chromosomally instable subtype, the
other patient was genomically stable.
In summary, more effort should be put into patient

selection and identification of predictive markers.
Unfortunately, our data could not elucidate a set of promising
markers. The data, however, show that the sequential therapy
of oxaliplatin, irinotecan in combination with bevacizumab
followed by docetaxel in combination with bevacizumab
followed by bevacizumab maintenance is feasible and active
in patients suffering from metastatic gastric cancer. Two
patients even showed long-term tumor remission for more
than five years. Further evaluation of biomarkers is ongoing
in order to eventually better characterise patients who are
likely to respond to this therapeutic approach.
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