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dose (MTD). An expansion cohort was treated at the MTD. 
A total of ten polymorphisms in pharmacokinetic and phar-
macodynamic candidate genes were analyzed and tested 
for association with treatment outcome.
Results  A total of 34 evaluable patients were enrolled. 
The MTD was docetaxel 50  mg/m2, oxaliplatin 100  mg/
m2 plus capecitabine 850 mg/m2 b.i.d. The median number 
of treatment cycles was 6 (range 2–8). Grade ≥  3 toxici-
ties included neutropenia (24  %), leukocytopenia (15  %), 
febrile neutropenia (12  %), fatigue (9  %) and diarrhea 
(6  %). The overall response rate was 45  %; two patients 
achieved a complete response. Median progression-free 
survival and overall survival were 6.5  months (95  % CI 
5.4–7.6) and 11.0 months (95 % CI 7.9–14.1), respectively. 
The polymorphisms ERCC1 354C>T, TYMS 1053C>T and 
rs2612091 in ENOSF1 were associated with severe toxic-
ity; ERCC1 354C>T and ERCC2 2251A>C were associ-
ated with poor progression-free survival.
Conclusion  Docetaxel, oxaliplatin plus capecitabine are 
a well-tolerable, safe and effective treatment regimen for 
patients with advanced cancer of the stomach or GEJ. Pharma-
cogenetic markers in pharmacokinetic and pharmacodynamic 
candidate genes may be predictive for treatment outcome.
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Introduction

Gastric cancer is one of the most commonly diagnosed 
cancers and the third leading cause of cancer death world-
wide. It thereby represents a significant global health 
problem [1]. In Western countries, more than half of the 
patients with gastroesophageal cancer are diagnosed with 

Abstract 
Purpose  The prognosis of gastroesophageal cancer is 
poor, and current regimens are associated with limited effi-
cacy. The purpose of this study was to explore the safety 
and preliminary efficacy of docetaxel, oxaliplatin plus 
capecitabine for advanced cancer of the stomach or the 
gastroesophageal junction (GEJ). Secondary objectives 
included pharmacokinetic and pharmacogenetic analyses.
Methods  Patients were treated in escalating dose lev-
els with docetaxel and oxaliplatin (both on day 1), plus 
capecitabine b.i.d. on days 1–14 every 3  weeks, to deter-
mine the dose-limiting toxicity and maximum tolerated 
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advanced disease. In patients with irresectable, advanced 
disease, treatment options are limited to palliative chemo-
therapy or best supportive care. Multiple single-agent and 
combination chemotherapy regimens have been tested for 
advanced gastroesophageal cancer. A meta-analysis of 
randomized, controlled trials in patients with advanced 
gastroesophageal cancer showed that both chemotherapy 
versus best supportive care, and 5-FU-based combination 
chemotherapy versus single-agent 5-FU provide superior 
overall survival and quality of life, though at the cost of 
increased toxicity [2].

Another anticancer drug that has demonstrated sig-
nificant antitumor activity in gastroesophageal cancer is 
docetaxel [3–6]. A randomized phase 3 trial including 
445 patients with previously untreated advanced gastroe-
sophageal cancer compared the combination of docetaxel, 
cisplatin plus 5-FU (DCF) versus the doublet of cisplatin 
and 5-FU alone. Although DCF appeared superior in all 
efficacy endpoints, severe toxicity also occurred more fre-
quently with DCF, giving reason for concern to introduce 
the DCF regimen for the palliative and neoadjuvant treat-
ment of gastroesophageal cancer [7]. Split doses of doc-
etaxel and protracted continuous infusions of 5-FU have 
been investigated as alternative treatment regimens, with 
the aim of reducing toxicity but maintaining efficacy [8, 9]. 
Epirubicin-containing treatment regimens are also widely 
used, but in comparison with DCF, the latter might be more 
effective [9]. Although initially proven as a significantly 
more effective and tolerable treatment regimen compared 
to older standard treatment regimens, the combination of 
epirubicin, cisplatin and 5-FU has also shown to result in 
significant incidences of severe toxicity [10, 11]. A further 
advantage of a docetaxel-containing regimen over epiru-
bicin is that docetaxel can be combined with trastuzumab 
in HER2-positive tumors without further precautions, 
which is not the case for epirubicin given the overlapping 
cardial toxicity.

Additional important data come from the REAL-2 trial 
[12]. This randomized study showed both non-inferiority 
of oxaliplatin over cisplatin, and non-inferiority of capecit-
abine over 5-FU. In addition, both substitutions resulted 
in a clinically better tolerable treatment regimen, a more 
favorable safety profile and increased patient convenience 
[12]. Because a potential synergy exists between docetaxel 
and capecitabine, presumably mediated through activation 
of thymidine phosphorylase by docetaxel [13], we aimed 
to develop a new, safe, well-tolerable and effective treat-
ment regimen. Here, we describe a phase 1a/1b study in 
which the safety, feasibility and preliminary efficacy of the 
combination of docetaxel, oxaliplatin and capecitabine in 
patients with advanced cancer of the stomach or the gas-
troesophageal junction (GEJ) were explored. In addition, to 
gain more insight into clinical pharmacology of this triplet 

combination, the study also included pharmacokinetic and 
pharmacogenetic analyses.

Patients and methods

Patients

Patients were eligible if they had histologically or cyto-
logically confirmed, irresectable, locally advanced or met-
astatic adenocarcinoma of the stomach or gastroesopha-
geal junction. Further inclusion criteria were as follows: 
no adjuvant chemotherapy within 12 months before study 
registration; measurable or non-measurable, evaluable dis-
ease; age 18  years or older; WHO performance status of 
≤ 2; adequate bone marrow function (i.e., absolute neutro-
phile count ≥  1.5 ×  109/L, platelets ≥  100 ×  109/L and 
hemoglobin ≥6 mmol/L); and adequate hepatic and renal 
function defined as serum creatinine ≤ 1.5 × upper limit of 
normal (ULN), serum bilirubin ≤ 1.5 × ULN and ALAT/
ASAT ≤ 2.5 × ULN. Patients were excluded if they were 
known to have central nervous system or leptomenin-
geal metastases; history of another primary cancer except 
curatively treated in  situ cervical cancer or resected non-
melanoma skin cancer; mental disorders not suitable for 
follow-up; known positive HIV, active hepatitis B or C; 
and women who were pregnant or lactating, or able to con-
ceive but unwilling to practice effective anticonception. All 
patients provided written informed consent before enroll-
ment. The study was approved by the Medical Ethics Com-
mittees of the participating institutions and was conducted 
in accordance with the Declaration of Helsinki and Good 
Clinical Practice guidelines.

Study design

This was a multicenter, open-label, phase 1a/1b and phar-
macological study conducted at the Netherlands Cancer 
Institute and the Medical Spectrum Twente (both in the 
Netherlands). The study was conducted in two phases: 
phase 1a involved dose escalation to determine the dose-
limiting toxicity (DLT) and the recommended maximum 
tolerated dose (MTD); phase 1b involved an expansion 
cohort in which patients were treated at the recommended 
MTD level to further evaluate the safety and to confirm 
the recommended dose for further phase 2 studies. Sec-
ondary endpoints of the study were the preliminary anti-
tumor activity plus pharmacokinetic and pharmacogenetic 
analyses.

The dose escalation part was performed according 
to a standard 3 ×  3 phase I design, using six predefined 
dose levels (Appendix Table 1, online only). Briefly, three 
patients per dose level were recruited and expanded to six if 



1287Cancer Chemother Pharmacol (2015) 76:1285–1295	

1 3

one of three patients experienced DLT. Patient recruitment 
and dose escalation proceeded until DLT was observed in 
two patients at one dose level. The immediately preced-
ing level at which DLT occurred in maximally one out of 
six patients was declared the maximum tolerated dose, and 
the dose recommended for phase 1b. No intrapatient dose 
escalations were allowed. DLT was defined as any of the 
following events related to study treatment and occur-
ring during the first cycle: nausea or vomiting grade ≥ 2, 
neutropenia grade 4 lasting more than 5  days, grade ≥  4 
thrombocytopenia or grade 3 thrombocytopenia with bleed-
ing, or any other toxicity grade ≥ 3 (excluding alopecia), 
all despite best supportive care. Toxicity was graded using 
the National Cancer Institute Common Terminology Cri-
teria for Adverse Events (CTCAE) version 3.0 and was 
assessed at baseline and weekly during the first treatment 
cycle, and thereafter at every cycle. Tumor measurements 
were taken at baseline and every other cycle and were eval-
uated in accordance with the Response Evaluation Criteria 
in Solid Tumors (RECIST v1.1) [14]. Patients with com-
plete response or partial response required a confirmatory 
disease assessment at least 4 weeks later. Progression-free 
survival was defined as time from study registration to 
the date of first documented disease progression or death, 
whichever came first. Overall survival was defined as time 
from study registration to death from any cause.

Study treatment

Docetaxel was administered as a 1-h intravenous infusion 
in a 250 mL 0.9 % NaCl solution on day 1, followed by a 
2-h intravenous infusion of oxaliplatin diluted in 500  mL 
of a 5 % glucose solution. Capecitabine was administered 
orally twice daily on days 1–14 followed by 1  week off 
treatment. Capecitabine was administered within 30  min 
after a meal or snack, maintaining an interval of prefer-
ably 12  h between the morning and evening administra-
tion. Treatment cycle duration was 3 weeks. There was no 
formal limit to treatment duration, but treatment continued 
until the occurrence of disease progression, death, unac-
ceptable toxicity or patient’s request, whichever came 
first. In the protocol, it was foreseen that 6–8 cycles could 
be administered and the number of cycles had to be deter-
mined in the best interest of the patient.

Premedication consisted of dexamethasone 8  mg p.o. 
b.i.d. for three consecutive days starting the day prior to 
day 1 of each cycle. Granisetron 1  mg was given orally 
twice daily on day 1, and magnesium sulfate 1000 mg and 
calcium gluconate 1000  mg were administered intrave-
nously before and after oxaliplatin infusion, respectively. 
Prophylactic hematopoietic growth factors such as granulo-
cyte colony-stimulating factor were not allowed during the 
study.

Pharmacokinetics

Blood was collected in heparin tubes on day 1 of the first 
treatment cycle to determine the pharmacokinetics of 
docetaxel and capecitabine plus its metabolites 5′-dFCR, 
5′-dFUR, 5-FU and FBAL. Blood samples for docetaxel 
were obtained at predose, at the end of infusion and at 6 
and 24  h after start of infusion; capecitabine blood sam-
ples were obtained at predose and at 0.5, 1, 2, 3, 4, 6 and 
8 h after the first morning administration. Plasma levels of 
docetaxel and capecitabine plus its metabolites were deter-
mined using liquid chromatography coupled with tandem 
mass spectrometry as described previously [15, 16]. The 
area under the plasma concentration–time curve (AUC) of 
the individual plasma analytes was calculated as well as the 
maximum plasma concentrations (Cmax), time to reach Cmax 
(Tmax) and apparent elimination half-lives (T1/2).

Pharmacogenetics

A total of ten genetic polymorphisms within candidate 
genes were analyzed in order to address potential causes 
of excessive drug toxicity or differences in (progression-
free) survival. To this purpose, whole blood for DNA anal-
ysis was obtained prior to start of treatment. The follow-
ing polymorphisms were assessed: 313A>G (Ile105Val) 
in glutathione S-transferase P1 (GSTP1) and deletion of 
glutathione S-transferase T1 (GSTT1); IVS14  +  1G>A 
(DPYD*2A), 2846A>T (Asp949Val) and 1236G>A (Glu-
412Glu) within dihydropyrimidine dehydrogenase (DPYD); 
79A>C (Lys27Gln) in cytidine deaminase (CDA); 354C>T 
(Asn118Asn) in the excision repair cross-complementing 
group 1 (ERCC1); 2251A>C (Lys751Gln) in the excision 
repair cross-complementing group 2 (ERCC2); 677C>T in 
methylene tetrahydrofolate reductase (MTHFR); 1053C>T 
in thymidylate synthase (TYMS); and rs2612091 within 
enolase superfamily 1 (ENOSF1). Genotypes were deter-
mined using TaqMan® real-time PCR assays from Applied 
Biosystems (Foster City, CA, USA), using PCR followed 
by Sanger sequencing, or using PCR followed by visualiza-
tion on agarose gel (methods available upon request). All 
polymorphisms were tested for associations with toxicity, 
progression-free survival and overall survival.

Statistical analysis

Descriptive statistics were used for the evaluation of safety, 
efficacy and pharmacokinetic parameters using SPSS sta-
tistics version 17.0. Survival curves were estimated using 
the Kaplan–Meier method. Associations of polymorphisms 
with toxicity were assessed using Fisher’s exact test, and 
associations with survival endpoints using log-rank tests.



1288	 Cancer Chemother Pharmacol (2015) 76:1285–1295

1 3

Results

A total of 37 patients with advanced adenocarcinoma of the 
stomach or gastroesophageal junction were enrolled in the 
study. Three patients were considered not evaluable: one 
due to early withdrawal of consent, and two due to non-
treatment-related death within the first treatment cycle, i.e., 
bacterial meningitis after epidural catheter placement in 
one patient, and witnessed sudden death following ventric-
ular fibrillation in another patient with preexisting coronary 
heart disease and diabetes, and were considered non-treat-
ment related. Table 1 shows the baseline patient character-
istics of all 34 evaluable patients. In total, 15 patients pre-
sented with advanced gastric cancer and 19 patients with 
advanced cancer of the GEJ. All patients had metastatic 
disease. A total of 194 treatment cycles were administered, 
with a median of 6 (range 2–8) treatment cycles per patient. 
Due to toxicity, the dose of docetaxel was reduced in 
6.7 % (95 % CI 2.8–10.6 %) of all cycles, and the dose of 

oxaliplatin was reduced in 7.2 % (95 % CI 3.2–11.2 %) of 
all cycles; treatment cycles with capecitabine were not fully 
completed in 8.8 % (95 % CI 4.8–12.8 %) of all cycles. A 
total of 11.3  % (95  % CI 6.3–16.2  %) of the subsequent 
cycles started with delay: in 6.3 % of the cases as a result 
of toxicity, and in 5.0 % of the cases due to patient desire, 
intermittent illness or logistic reasons. Treatment delays 
were required in 10 patients (29 %).

Phase 1a: DLT and MTD

None of the three patients treated at the first dose level 
presented with DLT. At dose level 2, one of three patients 
developed neutropenia grade 4 for 5  days, which was 
considered a DLT. Therefore, an additional three patients 
were treated at this dose level, in whom no additional 
DLT occurred. Dose escalation then proceeded to dose 
level 3, in which two of three patients experienced DLT: 
one patient with pain grade 3 of hands and feet (no hand-
foot syndrome), and one with fatigue and nausea, both 
grade 3. Given these observations, no additional patients 
were recruited for dose level 3, and dose level 2 (doc-
etaxel 50 mg/m2, oxaliplatin 100 mg/m2 plus capecitabine 
850 mg/m2 b.i.d. on days 1–14) was declared the MTD and 
recommended dose for phase 1b. An additional 22 patients 
were treated at this dose in the expansion cohort.

Safety

Table  2 shows the treatment-related adverse events that 
occurred in 10  % or more of patients. Fatigue was the 
most commonly observed toxicity (94 %) and was severe 
(grade 3) in three cases (9 %). Neuropathy was also com-
mon (85 %), but never exceeded grade 2. In patients suffer-
ing from neuropathy for longer periods of time, treatment 
could be generally continued with modest (25  %) dose 
reductions in oxaliplatin. Diarrhea was noted in 62  % of 
the patients, but was severe (grade 3) in only two patients 
(6 %). As expected, hematological toxicity was more often 
severe: grade 3–4 neutropenia and leukocytopenia occurred 
in 24 and 15 % of the patients, respectively. Febrile neutro-
penia (grade 3) and decreased hemoglobin (grade ≤ 2) both 
were reported in 12  % of the patients. No unexpected or 
fatal toxicities were observed in our study population.

Efficacy

Overall, 31 out of 34 (91 %) patients had measurable dis-
ease according to RECIST and were therefore evaluable 
for response. Two patients achieved a complete response 
(6 %), and in twelve patients (39 %), a partial response was 
confirmed, resulting in an objective response rate of 45 % 
(95 % CI 27–63 %). A total of 14 patients (45 %) had stable 

Table 1   Patient baseline characteristics

WHO World Health Organization

Characteristics n %

No. of evaluable patients 34

Gender

 Male 23 68

 Female 11 32

Race

 Caucasian 32 94

 Asian 2 6

Median age, years 59

 Range 40–77

Median body surface area, m2 2.0

 Range 1.6–2.2

WHO performance status

 0 20 59

 1 13 38

 2 1 3

Primary tumor

 Stomach 15 44

 Gastroesophageal junction 19 56

Stage

 Locally advanced 0 0

 Metastatic 34 100

Prior anticancer therapy

 Chemotherapy 4 12

 Gastrectomy 8 24

 Chemoradiotherapy 3 9

 Radiotherapy to metastatic sites 7 21
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disease, and three (10 %) patients had progressive disease. 
Of the three patients who had no measurable disease, one 
patient experienced clinical benefit of treatment, addition-
ally reflected by a strong decrease in tumor marker CA19.9 
from 712 kU/L at baseline to 24 kU/L (normal value < 37 
kU/L) after completion of six treatment cycles. The 
median progression-free survival and overall survival were 
6.5  months (95  % CI 5.4–7.6  months) and 11.0  months 
(95 % CI 7.9–14.1 months), respectively (Fig. 1a).

Pharmacokinetics

Table  3 provides the pharmacokinetic parameters of doc-
etaxel and capecitabine plus metabolites. These data are 
consistent with data previously reported in literature when 
administered as single agents. No unexpected pharmacoki-
netic interactions were observed, and the data underscore 
that therapeutic drug exposure was achieved [17, 18]. Of 
note, despite the fact that all patients received the same 
dose of docetaxel (50  mg/m2), the average AUC of doc-
etaxel appeared lower for patients in dose level 3 compared 
to patients in dose level 2. The most plausible explanation 
for this observation is most likely a matter of chance, given 

the fact that only 3 patients were included in dose level 3 
compared to 21 patients with pharmacokinetic data in dose 
level 2. Furthermore, the individual AUC values in level 3 
ranged rather widely, as shown by the relatively high coef-
ficient of variation (51 %),

Pharmacogenetics

From 32 of 34 patients (94  %), blood was obtained for 
pharmacogenetic analyses. Since only two patients devel-
oped gastrointestinal toxicity grade ≥  3, association tests 
of polymorphisms with gastrointestinal toxicity (defined 
as diarrhea, stomatitis, nausea or vomiting) were analyzed 
as grade 0–1 versus grade 2–3. Hematological toxicity was 
analyzed as grade 0–2 versus grade 3–4. Table 4 lists the 
associations of polymorphisms with toxicity.

Homozygous variant allele carriers of the polymor-
phisms GSTP1 313A>G and ERCC2 2251A>C experi-
enced severe hematological toxicity significantly more 
often compared to wild-type or heterozygous patients; 
variant allele carriers for CDA 79A>C experienced severe 
hematological toxicity more often than wild-type patients. 
ERCC1 354C>T, TYMS 1053C>T and rs2612091 in 

Table 2   Most common treatment-related adverse events of the combination of docetaxel, oxaliplatin and capecitabine

Dose level Dose level 1 Dose level 2 Dose level 3 Total (all dose levels), n (%)

Number of patients n = 3 n = 28 n = 3 n = 34 (100 %)

CTC grade Grade 1–2 Grade 3–4 Grade 1–2 Grade 3–4 Grade 1–2 Grade 3–4 Grade 1–2 Grade 3–4 Any grade

Any toxicity 3 0 28 12 3 2 34 (100 %) 14 (41 %) 34 (100 %)

Fatigue 3 0 25 2 1 1 29 (85 %) 3 (9 %) 32 (94 %)

Neuropathy 3 0 23 0 3 0 29 (85 %) 0 29 (85 %)

Alopecia 2 – 25 – 2 – 29 (85 %) – 29 (85 %)

Diarrhea 2 0 15 2 2 0 19 (56 %) 2 (6 %) 21 (62 %)

Nausea 2 0 15 0 2 0 19 (56 %) 0 19 (56 %)

Leukocytopenia 2 0 9 5 2 0 13 (38 %) 5 (15 %) 18 (53 %)

Neutropenia 1 0 6 8 1 0 8 (24 %) 8 (24 %) 16 (47 %)

Constipation 1 0 13 0 0 0 14 (41 %) 0 14 (41 %)

Skin toxicity 0 0 14 0 0 0 14 (41 %) 0 14 (41 %)

Lymphocytopenia 1 0 9 1 1 1 11 (32 %) 2 (6 %) 13 (38 %)

Vomiting 1 0 10 0 1 0 12 (35 %) 0 12 (35 %)

Nail changes 1 0 10 0 0 0 11 (32 %) 0 11 (32 %)

Stomatitis 1 0 10 0 0 0 11 (32 %) 0 11 (32 %)

Dysgeusia 1 0 8 0 0 0 9 (26 %) 0 9 (26 %)

Fever 1 0 7 0 0 0 8 (24 %) 0 8 (24 %)

Hand-foot syndrome 1 0 6 1 0 0 7 (21 %) 1 (3 %) 8 (24 %)

Hypoalbuminemia 0 0 8 0 0 0 8 (24 %) 0 8 (24 %)

Pain 0 0 6 0 0 1 6 (18 %) 1 (3 %) 7 (21 %)

Infection 1 0 4 1 0 0 5 (15 %) 1 (3 %) 6 (18 %)

Febrile neutropenia 0 0 0 4 0 0 0 4 (12 %) 4 (12 %)

Anemia 0 0 3 0 1 0 4 (12 %) 0 4 (12 %)
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ENOSF1 were significantly associated with overall severe 
toxicity.

None of the patients was polymorphic for DPYD*2A 
(IVS14 + 1G>A). However, a patient who was treated in the 
expansion cohort proved to be heterozygous polymorphic for 
DPYD 2846A>T. In this patient, capecitabine had to be dis-
continued in the second week of the first treatment cycle, and 
the patient was hospitalized with febrile neutropenia grade 3. 
Despite a 1-week delay and a 25 % dose reduction in capecit-
abine (to 650 mg/m2 b.i.d.) for the second cycle, febrile neu-
tropenia recurred, which again required hospitalization. After 
recovery, an additional four cycles could be completed safely 
at a capecitabine dosage of 500 mg/m2 b.i.d.

The polymorphisms within ERCC1 and ERCC2 were both 
significantly associated with progression-free survival, and a 
trend toward better progression-free survival was observed for 
GSTP1 313A>G homozygous variant allele carriers (Fig. 1b). 
None of the variants was associated with overall survival.

Discussion

The results from this study show that the combination of 
intravenous docetaxel 50  mg/m2 and oxaliplatin 100  mg/

m2 on day 1 plus capecitabine 850 mg/m2 b.i.d. for 14 days 
in 3-week cycles is a safe, tolerable and effective treatment 
regimen for patients with advanced adenocarcinoma of the 
stomach or GEJ. Adverse events that were noted in the 28 
patients treated at the MTD were frequent, as is often the 
case with combination treatment regimens, but remained 
non-severe and well manageable in most patients. Leuko-
cytopenia and neutropenia were the most common hemato-
logical toxicities and were grade ≥ 3 in 15 and 24 % of the 
patients, respectively. Febrile neutropenia occurred in 12 % 
of the patients, which is less than the 29 % that has been 
reported for the combination of docetaxel, cisplatin and 
5-fluorouracil [7]. Furthermore, adequate systemic expo-
sure of the agents was demonstrated by the pharmacoki-
netic analysis. With an overall survival of 11 months, this 
triplet regimen appears a promising basis, and it must be 
noted, however, that as a phase 1a/1b study, any assertions 
as to efficacy should be qualified as being preliminary.

Besides the relatively low incidence of severe toxicity, 
the median number of administered treatment cycles of six 
was rather high, underscoring that the treatment was also 
well tolerated over time. In contrast, another current stand-
ard first-line triplet treatment regimen using epirubicin, cis-
platin and capecitabine reported a median number of only 
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Fig. 1   a Progression-free survival and overall survival in patients 
with advanced cancer of the stomach or gastroesophageal junction 
treated with the combination of docetaxel, oxaliplatin and capecit-

abine. b–d Progression-free survival by the genotypes ERCC1 
354C>T, ERCC2 2251A>C and GSTP1 313A>G, respectively
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two administered treatment cycles [10]. The feasibility of 
this docetaxel, oxaliplatin plus capecitabine regimen is fur-
ther supported by a low incidence of toxicity-related dose 
reductions and treatment delays: In this study, 29 % of all 
patients required treatment delay compared to, for exam-
ple, much higher reported incidences of 58–64 % for DCF, 
53–88 % for ECF, or 60 % for DF [7, 9, 19].

The general prognosis of advanced gastric cancer 
remains poor and underscores the need for new and bet-
ter treatment modalities in which safety and administration 
logistics are of major importance. This triplet regimen has 
shown an attractive safety profile rarely requiring treatment 
delays and is also highly convenient in terms of administra-
tion logistics. No prehydration is indicated for the admin-
istration of oxaliplatin, which is necessary with cisplatin-
containing regimens. Furthermore, the use of protracted 
continuous infusional 5-FU such as used in the FLOT regi-
men [20] is replaced by treatment with oral capecitabine. 
Thereby, the need for ports and pumps for prolonged 5-FU 
administration, which carry a risk of additional treatment 
complications related to the devices such as thrombosis 

and infection, is eliminated. The infusions of docetaxel 
and oxaliplatin can be administered within half a day in an 
outpatient setting every 3 weeks, while oral treatment with 
capecitabine is continued in the patient’s home setting.

Recently, a few other phase 1 and 2 studies have been 
conducted using similar triplet combinations (Table  5); 
however, our study is the first that is supported with phar-
macokinetic and pharmacogenetic analyses.

The recommended doses and administration sched-
ules differ per study; most schedules use 3-week cycles 
and use unsplit dosages of docetaxel and oxaliplatin (i.e., 
administered only on day 1). The PFS and OS are around 
6.5 and 11  months, respectively. The highest overall sur-
vival (for Caucasian patients) was achieved in the study by 
Stein et al. [21], in which relatively high doses of docetaxel 
and oxaliplatin were used. Herein, a response rate of 43 % 
was achieved with a median progression-free survival and 
overall survival of 6.9 and 13 months, respectively. How-
ever, the applicability of this regimen might potentially 
be limited due to the high percentage (30  %) of patients 
that developed grade  ≥  3 diarrhea, probably due to the 

Table 3   Pharmacokinetic 
parameters of docetaxel and 
capecitabine and its metabolites

Cmax maximum concentration, Tmax time to Cmax, AUC area under the concentration–time curve, h hour, 5′-
dFCR 5′-deoxy-5-fluorocytidine, 5′-dFUR 5′-deoxy-5-fluorouridine, 5-FU 5-fluorouracil, CV coefficient of 
variation, FBAL fluoro-beta-alanine

Drug PK parameter Dose level 1 Dose level 2 Dose level 3

n Mean CV (%) n Mean CV (%) n Mean CV (%)

Docetaxel AUC (h*ng/mL) 3 3483 30 21 3902 31 3 2516 51

Cmax (ng/mL) 3 1001 28 21 1175 27 3 782 49

Tmax (h) 3 1.1 6.4 21 1.1 7.3 3 1.0 1.5

T1/2 (h) 3 13 27 21 16 41 3 16 30

Capecitabine AUC (h*ng/mL) 2 3724 7.6 22 4281 31 3 2993 21

Cmax (ng/mL) 2 2681 23 22 3243 65 3 2107 43

Tmax (h) 2 1.6 33 22 1.4 73 3 1.6 32

T1/2 (h) 2 0.4 12 22 0.76 55 3 0.6 38

5′-dFCR AUC (h*ng/mL) 2 6506 6.9 23 8192 30 3 7093 12

Cmax (ng/mL) 2 3342 27 23 3876 45 3 3223 20

Tmax (h) 2 1.6 33 23 1.6 68 3 1.6 32

T1/2 (h) 2 0.7 7.9 23 1.0 35 3 0.9 24

5′-dFUR AUC (h*ng/mL) 2 8260 24 22 7673 29 3 8262 10

Cmax (ng/mL) 2 4538 19 22 4198 53 3 4030 33

Tmax (h) 2 1.6 33 22 1.7 67 3 1.6 32

T1/2 (h) 2 0.6 15 22 0.9 34 3 0.9 27

5-FU AUC (h*ng/mL) 2 682 44 20 381 40 3 565 11

Cmax (ng/mL) 2 429 13 20 409 72 3 279 39

Tmax (h) 2 1.6 33 20 1.5 65 3 1.6 32

T1/2 (h) 2 0.6 17 20 1.0 57 3 1.0 65

FBAL AUC (h*ng/mL) 2 9521 14 22 14,177 31 3 14,830 20

Cmax (ng/mL) 2 2155 7.5 22 2781 28 3 2753 28

Tmax (h) 2 2.6 20 22 2.9 29 3 3.9 20

T1/2 (h) 2 2.3 15 22 2.6 33 3 2.4 13
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relatively high dose intensities [21]. In our study, grade ≥ 3 
diarrhea occurred in only 6  % of patients and appears 
thereby better tolerable.

Although the presented triplet combination has recently 
also been explored by others, this is the first study which 
additionally assessed the pharmacogenetics of the doc-
etaxel, oxaliplatin plus capecitabine combination. This 
analysis revealed several significant associations and, in 
addition, was helpful in explaining severe toxicity for indi-
vidual patients. For example, a patient who was hospital-
ized twice due to severe toxicity showed to be polymorphic 
for DPYD 2846A>T, a variant that is known to result in 

DPD deficiency and thereby in an increased risk of severe 
toxicity. Furthermore, homozygous carriers of the ERCC1 
354C>T variant allele had significantly less severe toxic-
ity, and poor progression-free survival was also reduced. 
ERCC1 is a key enzyme that is involved in the repair of 
interstrand cross-links in DNA and in recombination pro-
cesses, and has been shown to remove platinum-induced 
DNA adducts. Although ERCC1 354C>T (Asn118Asn) is 
a silent polymorphism, it is associated with reduced mRNA 
expression and consequently reduced DNA repair capacity 
[22]. Nonetheless, with regard to its effect on clinical out-
come, inconsistent results have been provided. However, 

Table 4   Associations of genetic polymorphisms with toxicity

ENOSF1 enolase superfamily member 1, DPYD dihydropyrimidine dehydrogenase, CDA cytidine deaminase, TYMS thymidylate synthase, 
ERCC1/2 excision repair cross-complementation group 1/2, MTHFR methylenetetrahydrofolate reductase, GSTP1 glutathione S-transferase P1, 
GSTT1 glutathione S-transferase T1

Genetic polymorphism Gastrointestinal toxicity (n = 32) Hematological toxicity (n = 32) Toxicity overall (n = 32)

Grade 0–1 Grade 2–3 P Grade 0–2 Grade 3–4 P Non-severe Severe P

n (%) n (%) n (%) n (%) n (%) n (%)

ENOSF1 rs2612091

 GG/AG 16 (76) 5 (24) 0.123 16 (76) 5 (24) 1.000 15 (71) 6 (29) 0.027

 AA 5 (46) 6 (54) 8 (73) 3 (27) 3 (27) 8 (73)

DPYD 1236G>A

 GG 19 (68) 9 (32) 0.593 21 (75) 7 (25) 1.000 16 (57) 12 (43) 1.000

 GA 2 (50) 2 (50) 3 (75) 1 (25) 2 (50) 2 (50)

DPYD 2846A>T

 AA 21 (68) 10 (32) 0.344 24 (77) 7 (23) 0.25 18 (58) 13 (42) 0.437

 AT 0 (0) 1 (100) 0 (0) 1 (100) 0 (0) 1 (100)

CDA 79A>C

 AA 15 (79) 4 (21) 0.072 17 (90) 2 (10) 0.038 13 (68) 6 (32) 0.149

 AC/CC 6 (46) 7 (54) 7 (54) 6 (46) 5 (38) 8 (62)

TYMS 1053C>T

 CC 14 (83) 3 (17) 0.062 15 (88) 2 (12) 0.106 14 (82) 3 (18) 0.004

 CT/TT 7 (47) 8 (53) 9 (60) 6 (40) 4 (27) 11 (73)

ERCC2 2251A>C

 AA/AC 19 (70) 8 (30) 0.31 23 (85) 4 (15) 0.009 17 (63) 10 (37) 0.142

 CC 2 (40) 3 (60) 1 (20) 4 (80) 1 (20) 4 (80)

ERCC1 354C>T

 CC/CT 12 (55) 10 (45) 0.106 15 (68) 7 (32) 0.38 9 (41) 13 (59) 0.019

 TT 9 (90) 1 (10) 9 (90) 1 (10) 9 (90) 1 (10)

MTHFR 677C>T

 TT/CT 13 (72) 5 (28) 0.465 16 (89) 2 (11) 0.096 13 (64) 5 (36) 0.072

 CC 8 (57) 6 (43) 8 (57) 6 (43) 5 (36) 9 (64)

GSTP1 313A>G

 AA/AG 19 (65) 10 (35) 1.000 24 (83) 5 (17) 0.011 18 (62) 11 (38) 0.073

 GG 2 (67) 1 (33) 0 (0) 3 (100) 0 (0) 3 (100)

GSTT1

 Not NULL 18 (64) 10 (36) 1.000 20 (71) 8 (29) 0.55 15 (54) 13 (46) 0.613

 NULL 3 (75) 1 (25) 4 (100) 0 (0) 3 (75) 1 (25)
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the outcomes of two recent meta-analyses showed that, in 
line with our study, the variant allele was associated with 
reduced response rate, and poor progression-free and over-
all survival in gastric cancer patients treated with oxalipl-
atin-based chemotherapy [23, 24]. A possible reason for the 
previous inconsistent results might be the fact that besides 
a predictive factor in patients treated with chemotherapy, 
this polymorphism may also have prognostic value in the 
absence of platinum-containing anticancer drugs; due to a 
poorer DNA repair capacity in homozygous variant allele 
carriers, more aggressive tumors may develop through a 
greater susceptibility for genetic aberrations over time, 
thereby resulting in a worse outcome [25].

The ERCC2 2251A>C polymorphism has been associ-
ated with changes in DNA repair capacity [26], and the CC 
genotype showed to be associated with superior overall sur-
vival in esophageal cancer patients treated with platinum-
based chemotherapy [25]. However, also for this polymor-
phism, inconclusive results have been described, and in 
colorectal cancer, a meta-analysis showed poorer clinical 
outcomes in variant allele carriers [27]. A definitive con-
clusion on the predictive effect of chemotherapy in gastric 
cancer is not yet clearly established and is also affected by 
a prognostic component, as, similar to ERCC1, the enzyme 

activity of ERCC2 has shown to affect the natural suscepti-
bility for gastric cancer [28].

GSTP1 is a phase 2 detoxifying enzyme of, amongst 
others, platinum drugs; the GSTP1 313A>G polymorphism 
reduces GSTP1 enzyme activity and thereby increases the 
systemic platinum exposure. Indeed, homozygous variant 
allele carriers experienced more frequently severe hemato-
logic toxicity, and a trend toward superior progression-free 
survival was observed; this is in line with previous studies 
in patients with advanced gastric cancer, which showed 
superior clinical outcome for variant allele carriers of this 
polymorphism [29, 30]. Similarly, we noticed a significant 
association of CDA 79A>C with hematological toxicity, 
which has also been associated with thrombocytopenia in 
NSCLC patients treated with cisplatin and gemcitabine 
[31]. Furthermore, we could confirm the very recently 
described association between polymorphism rs2612091 in 
ENOSF1 and capecitabine-related toxicity [32]. Altogether, 
the pharmacogenetic analysis provided useful data, sup-
porting the conduction of further studies in order to confirm 
their clinical validity.

In conclusion, the combination of docetaxel 50  mg/
m2 and oxaliplatin 100 mg/m2 on day 1 plus capecitabine 
850  mg/m2 twice daily for 14  days in 3-week cycles is a 

Table 5   overview of phase 1 and 2 studies using docetaxel, oxaliplatin plus capecitabine for advanced gastric cancer

Drug doses denote the recommended dose level of the triplet combination

b.i.d. twice daily, d day, PFS progression-free survival, OS overall survival, TTP time to progression, q2w every 2 weeks, q3w every 3 weeks

References Number of 
patients

Ethnicity Type of  
study

Docetaxel Oxaliplatin Capecitabine 
(b.i.d.)

Response  
rate (%)

PFS  
(months)

OS (months)

Deenen et al.; 
current 
study

34 Caucasian Phase 1a/1b 50 mg/m2

day 1
100 mg/m2

day 1
850 mg/m2

d1–14 q3w
45 6.5 11.0

Evans et al. 
[33]

16 Caucasian Phase 1 30 mg/m2

days 1, 8
50 mg/m2

days 1, 8
750 mg/m2

d1–10 q3w
18 – –

Sym et al. 
[34]

21 Korean Phase 1 60 mg/m2

day 1
100 mg/m2

day 1
1000 mg/m2

d1–14 q3w
79 10.6 15.7

Goel et al. 
[35]

21 Caucasian Phase 1 25 mg/m2

day 1, 8
50 mg/m2

day 1, 8
625 mg/m2

d1–14 q3w
29 4.9 (TTP) 8.4

Anderson 
et al. [36], 
Schonne-
mann et al. 
[37]

23 Caucasian Phase 1 50 mg/m2

day 1
100 mg/m2

day 1
625 mg/m2

d1–21 q3w
35 9.4 12.5

Malik et al. 
[38]

14 Caucasian Phase 1 30 mg/m2

day 1, 8
50 mg/m2

day 1, 8
675 mg/m2

d1–14 q3w
57 6.7 10.0

Amarantidis 
et al. [39]

21 Caucasian Phase 1 50 mg/m2

day 1
75 mg/m2

day 1
750 mg/m2

d1–7 q2w
29 – 8.5

Stein et al. 
[21]

70 Caucasian Phase 1/2 35 mg/m2

day 1, 8
70 mg/m2

day 1, 8
800 mg/m2

d1–14 q3w
43 6.9 13.0

Di Lauro 
et al. [40]

48 Caucasian Phase 2 60 mg/m2

day 1
100 mg/m2

day 1
625 mg/m2

d1–21 q3w
52 6.9 12.6

Van Cutsem 
et al. [41]

82 Caucasian Phase 2 50 mg/m2

day 1
100 mg/m2

day 1
625 mg/m2

d1–21 q3w
26 5.6 11.3
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safe, tolerable treatment regimen. Thus far, it appears at 
least as effective as other docetaxel, platinum and fluoro-
pyrimidine triplet combinations for patients with advanced 
cancer of the stomach or GEJ, but is possibly better toler-
ated and more convenient for patients. The presented triplet 
combination is currently being evaluated in a phase 2 trial 
(ClinicalTrials.gov identifier NCT01359397) in combina-
tion with bevacizumab and, in case of HER2 positivity, also 
with trastuzumab.
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