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Abstract
AIM
To investigate the feasibility of preoperative docetaxel, 
cisplatin and capecitabine (DCC) in patients with res-
ectable gastric cancer.

METHODS
Patients with resectable gastric cancer fulfilling the 
inclusion criteria, were treated with 4 cycles of docetaxel 
(60 mg/m2), cisplatin (60 mg/m2) and capecitabine (1.875 
mg/m2 orally on day 1-14, two daily doses) repeated 
every three weeks, followed by surgery. Primary end 
point was the feasibility and toxicity/safety profile of DCC, 
secondary endpoints were pathological complete resection 
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rate and pathological complete response (pCR) rate.

RESULTS 
All of the patients (51) were assessable for the feasibility 
and safety of the regimen. The entire preoperative 
regimen was completed by 68.6% of the patients. 
Grade Ⅲ/Ⅳ febrile neutropenia occurred in 10% of all 
courses. Three patients died due to treatment related 
toxicity (5.9%), one of them (also) because of refusing 
further treatment for toxicity. Of the 45 patients who 
were evaluable for secondary endpoints, four developed 
metastatic disease and 76.5% received a curative 
resection. In 3 patients a pCR was seen (5.9%), two 
patients underwent a R1 resection (3.9%).

CONCLUSION 
Four courses of DCC as a preoperative regimen for 
patients with primarily resectable gastric cancer is highly 
demanding. The high occurrence of febrile neutropenia 
is of concern. To decrease the occurrence of febrile 
neutropenia the prophylactic use of granulocyte colony-
stimulating factor (G-CSF) should be explored. A curative 
resection rate of 76.5% is acceptable. The use of DCC 
without G-CSF support as preoperative regimen in 
resectable gastric cancer is debatable.

Key words: Gastric cancer; Preoperative chemotherapy; 
Docetaxel; Capecitabine

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The use of the combination of docetaxel, 
cisplatin and capecitabine in resectable gastric cancer has 
resulted in a high curative resection rate of 77%, although 
it also resulted in a high rate of febrile neutropenia, and in 
treatment related mortality.
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INTRODUCTION
Although declining, gastric cancer is still ranking in the 
top 5 of incidence and mortality rates of malignancies 
in Europe[1]. Loco-regional and metastatic recurrence 
rates are high and prognosis remains poor, with a 5-year 
survival rate of 20%-31% for stage Ⅰ-Ⅲ disease[2]. 
Surgery is still the cornerstone of treatment for gastric 
cancer, although survival can be improved by adding 
perioperative treatment. In 2006, the results of the 
MAGIC trial were published showing that perioperative 
chemotherapy with epirubicin-cisplatin-5-fluorouracil 

(FU) (ECF) improved survival compared to surgery 
alone (5-year survival 36% vs 23%, respectively). 
Although most patients assigned to the perioperative 
chemotherapy tolerated the preoperative chemotherapy 
well, only 55% of them started the postoperative 
chemotherapy due to postoperative complications 
with only 42% of the patients completing the entire 
regimen[3]. These results demonstrate the problems 
encountered with the perioperative approach, i.e., 
many patients do not complete the full number of post-
operative chemotherapy cycles. 

In an attempt to increase efficacy and tolerability 
of chemotherapy regimen in gastric cancer other 
cytotoxic agents have been explored. The combination 
of docetaxel, cisplatin and fluorouracil has shown to be 
effective in advanced gastric cancer with reported overall 
response rates of 37%-43% and an acceptable safety 
profile[4-6]. Capecitabine, an orally substitute of 5-FU, 
offers a clear advantage in terms of convenience and 
safety without compromising efficacy[7]. The combination 
of cisplatin and capecitabine showed an overall response 
rate of 46%-54.8% in advanced gastric cancer[8,9]. 
In addition, in a phase Ⅱ study using preoperative 
docetaxel, capecitabine and cisplatin in initially locally 
advanced unresectable gastric cancer a R0 resection 
could still be achieved in 63% of the patients with an 
acceptable toxicity (febrile neutropenia 4%, no treatment 
related mortality)[10]. 

Taking these promising results into consideration we 
decided to conduct a one arm phase Ⅱ trial investigating 
the feasibility of 4 cycles of preoperative chemotherapy 
with docetaxel, cisplatin and capecitabine in patients with 
resectable gastric cancer, followed by a standardized 
gastric resection and lymphadenectomy. 

MATERIALS AND METHODS
Patient selection
Inclusion criteria were histologically proven gastric 
cancer [including gastro-oesophageal junction/cardia 
carcinoma (Siewert 2 and 3[11])], stage Ⅰb-Ⅳa (6th TNM 
classification), WHO performance state 0-1, age ≥ 18 
years and adequate hematologic, renal and hepatic 
function. All patients signed an informed consent and 
were expected to comply with treatment, management 
of toxicity and scheduled follow-up. Exclusion criteria 
were non-resectability, previous or current malignancies, 
other serious illness or medical conditions, known 
hypersensitivity to any of the chemotherapies used, 
contraindication for the use of corticosteroids, use of 
immunosuppressive or antiviral medication, and pregnant 
or lactating women. A certified ethics committee 
(METOPP) and the institutional review board at each 
centre approved the protocol. Screening included a 
history and physical examination, structural assessment 
of malnutrition, oesophagoduodenoscopy, blood sampling 
and CT scan of the chest and abdomen. Evaluation CT-
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scans were performed after the second and fourth cycle 
of chemotherapy.

Treatment
Chemotherapy: Preoperative chemotherapy was 
administered for four cycles. Based on the described by 
Sym et al[10], each 3-wk cycle consisted of docetaxel 60 
mg/m2 Ⅳ infusion and cisplatin 60 mg/m2 Ⅳ infusion on 
day 1, and capecitabine 1.875 mg/m2 orally on days 1-14 
divided into two daily doses (DCC). Prior to each cycle a 
full physical examination was performed, and a full blood 
count and chemistry was obtained. The neutrophil count 
had to be ≥ 1.5 × 109/L and the platelet count ≥ 100 
× 109/L. Dose reductions and delays were predefined 
for granylocytopenia, thrombocytopenia, and non-
hematological toxicity. Secondary use of growth factors 
was not part of the protocol. Any adverse event was 
collected and registered according to Common Toxicity 
Criteria (CTC, version 3). A serious adverse event (SAE), 
defined as an event that is either fatal, life-threatening, 
requiring or prolonging hospitalization or resulting in 
persistent or significant disability or incapacity, was 
reported to the study coordination centre, and evaluated 
by the principle investigators. Furthermore, these SAE’s 
were reported to the central medical ethics committee. 

Surgery and pathology: Patients were scheduled 
for surgery approximately four to six weeks after the 

last cycle of chemotherapy. A (partial) gastric resection 
and a standardized lymphadenectomy, the so-called 
D1extra lymphadenectomy specified to tumour location 
was performed by a local surgeon specialized in 
gastrointestinal surgery, assisted by a surgeon of the 
study team. The D1extra lymphadenectomy is a newly 
defined dissection in which lymph node stations 1-10 
and/or 12 (according to the Japanese Classification[12]) 
prone to metastases[13] are removed. 

Evaluation and outcome
The primary endpoint of this feasibility study was 
the toxicity and safety profile of 4 courses of DCC in 
patients diagnosed with primary resectable gastric 
cancer. The secondary endpoint of this study was the 
determination of pathological complete response (pCR) 
and pathological resection rate (R0). The results, e.g., 
numbers and proportions of patients reaching the 
primary and secondary endpoints, will be evaluated 
using describing statistical analyses. 

RESULTS
Patient characteristics
Between November 2008 and November 2012, 53 
patients from five participating hospitals were included in 
the study. Two patients were classified by the monitoring 
committee as having distal oesophageal cancer instead 
of gastric cancer and were therefore excluded from the 
study. In Table 1 the patient characteristics are outlined. 
The median age was 64 years (range 34-84), and 75% 
of the patients exhibited an WHO performance state of 
0. One patient having a WHO performance state of 2, 
as re-assessed later on, was not excluded because of an 
intention-to-treat protocol.

Feasibility
All 51 patient started preoperative chemotherapy. In 
total, 35 patients completed 4 cycles of chemotherapy 
(68.6%). In Table 2 the feasibility results are outlined. A 
total of 169 cycles of chemotherapy were administered. 
The percentage of intended dose delivered in the 
intention-to-treat group was 78%-79% for each drug, 
calculated as the percentage of dose delivered in 
patients eligible for chemotherapy (deceased patients 
were excluded). Reasons for dose reduction and 
discontinuation were treatment related toxicity, including 
two deaths and a tumour related bleeding in two patients 
(Figure 1).

Safety
All patients were evaluable for safety. Grade Ⅲ/Ⅳ 
toxicity is summarized in Table 3. The most common 
grade Ⅲ/Ⅳ toxicity was febrile neutropenia and 
diarrhea occurring in 10.1% and 9.5% of the cycles, in 
respectively 31% and 25% of patients. There were 3 
chemotherapy related deaths, resulting in a mortality 
rate of 5.9%. In two patients, treatment-related death 

Table 1  Patient characteristics at baseline

Characteristics No. of patients %

Age, yr
  Median 64
  Range 34-84
Age, category
  < 50 yr 5 9.8
  50-59 yr 8 15.7
  60-69 yr 22 43.1
  70-79 yr 15 29.4
  > 80 yr 1 2
Sex
  Male 36 70.6
  Female 15 29.4
WHO performance status1

  0 37 72.5
  1 13 25.5
  2 1 2
Clinical T stage2 

  T1 5 9.8
  T2 12 23.5
  T3 21 41.2
  T4 2 3.9
  Unknown 11 21.6
Clinical N stage2

  N0 16 31.4
  N1 19 37.3
  N2 4 7.8
  N3 2 3.9
  Unknown 10 19.6

1WHO: World Health Organization;  2TNM classification.
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was infection concomitant with grade Ⅲ/Ⅳ neutropenia. 
One patient died after refusing further therapy of an 
initially successful treatment of febrile neutropenia. 

Efficacy
Of the remaining 48 patients, 3 patients were con-
sidered non-evaluable for the secondary endpoints 
because of major protocol violation (one patient was 
operated one year after completion of the preoperative 
regimen due to myocardial infarction, one patient 
switched to another chemotherapy regimen, and one 
patient was operated in a non-participating hospital). Of 
the remaining 45 patients 39 patients underwent a R0 
resection. Two patients developed distant metastases 
assessed prior to surgery, two patients had peritoneal 
carcinomatosis diagnosed during explorative surgery 
and two patients had a R1 resection. Thus, 76.5% 
of the intention to treat population and 86.7% of the 
evaluable patients had a R0 resection with curative 
intend. The surgical results are described elsewhere. A 
pCR was reported in 3 patients (5.9%). 

DISCUSSION
Overall survival of gastric cancer after a curative resection 
can be improved with perioperative chemotherapy 
as shown in the MAGIC trial. The additional benefit 
of perioperative ECF on survival is probably for the 
larger part attributed to the preoperative part of the 
treatment[3]. Postoperative chemotherapy in this 
patient category is challenging since a high percentage 
of the patients is not fit enough or willing to start and 
complete the full postoperative part of the regimen[3]. 
To improve the adherence and increase the benefit 
of preoperative chemotherapy in resectable gastric 
cancer we designed this phase Ⅱ study investigating 
the feasibility of a preoperative regimen of four cycles 
of docetaxel, cisplatin and capecitabine. To increase 

the efficacy of the preoperative regimen, we replaced 
epirubicin by docetaxel, since docetaxel containing 
combination regimens have shown to be feasible and 
have good response rates in locally-advanced and 
metastatic gastric cancer[4-6]. In our trial however, four 
courses of DCC as a preoperative regimen showed to be 
highly demanding for patients with primarily resectable 
gastric cancer. Only sixty-eight percent of the patients 
completed all 4 cycles of DCC, the other patients 
discontinued mainly due to treatment related toxicity. In 
comparison with results from other trials this percentage 
is rather low. In a German phase Ⅱ trial investigating 
the same regimen as perioperative chemotherapy, 
with a higher dosage of docetaxel of 75 mg/m2, 94% 
completed all three preoperative cycles[14]. In the MAGIC 
trial, 86% completed the intended three preoperative 
cycles of ECF[3]. In a French trial the rate of patients 
completing two cycles of preoperative chemotherapy 
was 87%[15], while in an Italian study the rate of 
completing 4 preoperative docetaxel based cycles was 
74%[16]. Four cycles of preoperative DCC chemotherapy, 
therefore, might be too demanding whereas 86% and 
76% of the patients in our study completed 2 and 3 
cycles respectively which is comparable to the results 
described above. On the other hand, completing 
postoperative chemotherapy is even more difficult. In the 
aforementioned Italian study feasibility of preoperative 
chemotherapy was compared to the feasibility of the 
same regimen as postoperative chemotherapy. The 
rate of completing 4 postoperative cycles was 34% in 
this arm[16]. In the previous mentioned German and 
MAGIC trials only 53% and 42% respectively completed 
the postoperative scheme[3,14]. Although the rate of 
completing all 4 cycles was relatively low in our study, 
the intended delivered dose was reasonable with 
percentages of 78 for all drugs individually[7,14]. Accurate 

Table 2  Feasibility: Treatment cycles delivered

No. of patients %

Cycles received 
  1 51 100
  2 44 86.3
  3 39 76.5
  4 35 68.6
Percentage of intended dose delivered (per 
evaluable patient, ITT)1

  Docetaxel 78.90
  Cisplatin 78.70
  Capecitabine 78.30
Percentage of intended dose delivered in 
patients receiving 4 courses (n = 34)
  Docetaxel 92.90
  Cisplatin 92.90
  Capecitabine 91.60

1ITT: Percentage of dose delivered of all four courses divided by the amount 
of patients who could have received the full course.

Table 3  Grade 3-4 adverse events related to chemotherapy

Toxicity No of patients % No of cycles %

Hematologic
  Anemia 3 5.9 3 1.8
  Neutropenia 25 49 32 18.9
  Febrile neutropenia 16 31.4 17 10.1
Non-Hematologic 
  Gastro-intestinal
  Anorexie 8 15.7 10 5.9
  Constipation 1 2 1 0.6
  Diarrhea 13 25.5 16 9.5
  Dysphagia 1 2 1 0.6
  Mucositis 6 11.8 6 3.6
  Nausea 5 9.8 5 2.9
  Vomiting 5 9.8 8 4.7
Constitutional
   Fatigue 4 7.8 4 2.4
   Hand-foot syndrome 4 7.8 6 3.6
Neurosensory
   Hearing impairment 1 2 1 0.6
   Neuropathy 2 3.6 2 1.2
Renal impairment 3 5.9 3 1.8

Dassen AE et al . Preoperative DCC in gastric cancer
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monitoring and early intervention in case of deterioration 
is imperative to prevent a high amount of patients failing 
to complete a full chemotherapy regimen.

Treatment related mortality was 5.9% being 
comparable to mortality rates reported in literature 
(0%-6%)[4,5,7,17]. Febrile neutropenia occurred in 10% 
of all cycles (vs 2%-15% found in other trials[4,5]), being 
the cause of death of at least two of three patients. The 
prophylactic or secondary use of G-CSF was not part 
of the protocol as no data were available at the time of 
the study design about the interaction between G-CSF 
and capecitabine in case of simultaneous administration. 
In theory, the proliferative activity of bone marrow 
after the administration of G-CSF might increase the 
myelotoxicity of capecitabine. In literature, only scarce 
data are known about the simultaneous use of G-CSF 
and capecitabine. In a phase Ⅱ trial in breast cancer, 
the use of pelfilgastrim was evaluated in a small subset 
of patients receiving docetaxel and capecitabine based 
chemotherapy regimen. Minimal grade Ⅲ/Ⅳ neutropenia 
and no febrile neutropenia was observed[18]. In one phase 
Ⅱ trial in metastatic gastric cancer with a comparable 
DCC regimen as in our study, patients were treated 
successfully with G-CSF in case of febrile neutropenia 
and no toxicity related deaths were reported[19]. The 
use of G-CSF as primary or secondary prophylaxis for 
(febrile) neutropenia in a docetaxel and capecitabine 
based chemotherapy scheme is therefore promising, and 
should be further investigated. 

Other main toxicities we encountered were grade 

Ⅲ/Ⅳ hand-foot syndrome, diarrhea and anorexia. 
The rate of hand-foot syndrome of 7.8% in this study 
is acceptable compared to other studies[7-10,17]. Many 
patients with gastric cancer experience difficulties with 
eating. With addition of the toxicity of chemotherapy 
gastric cancer patients are prone to anorexia and weight 
loss. It is therefore imperative to monitor their intake and 
weight to be able to act in time when this is deteriorating. 
A dietician should be consulted and enteral feeding 
should be started in an early phase[20]. 

In gastric cancer, clinical tumour staging faces several 
difficulties. The current imaging modalities have low 
sensitivity rates for T- and N-stage[21]. It is therefore 
difficult to clinically assess the efficacy of chemotherapy 
in these patients. In literature, many modalities have 
been used to determine response rate[4,7,15], which makes 
it difficult to compare ORRs. In our study, we therefore 
only determined pathological response rate. A pCR was 
found in 3 patients (5.9%) which is lower than expected 
looking at other studies investigating DCF or DCC in 
gastric cancer in which pCRs of 6.1%[10], 11.7%[16] and 
13.7%[14] are reported. On the other hand, in the MAGIC 
trial using ECF as a treatment regimen no pCR was 
seen[3]. 

Thirty-nine (76.5%) patients received a R0 resection. 
This is in line with rates found in the MAGIC trial 
(69.3%)[3], although it is lower compared to other trials 
using a docetaxel based regimen in which a R0 resection 
was achieved in 84%[15], 85%[16], and 90.2%[14] of 
patients. The long-term effects of this docetaxel based 

Chemotherapy 
related death n  = 1

Completed chemotherapy n  = 35

Received chemotherapy n  = 51

Enrolled n  = 53

Ineligible n  = 2

Not completed chemotherapy n  = 16

Chemotherapy related death n  = 2

Gastric bleeding n  = 2

Non-evaluable n  = 3 

Proceeded to surgery n  = 14

Adverse events n  = 12

Total number of evaluable patients n  = 45 

Figure 1  Flow diagram of enrolled patients.
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scheme and protocolized D1extra lymphadenectomy 
have to be awaited. 

In conclusion, in our study the benefits defined as 
R0 resection and complete pathological response rates 
of four cycles of DCC are lower than expected, although 
the effects on long-term results have to be awaited. 
Moreover, this is coupled with a high percentage of grade 
Ⅲ/Ⅳ toxicity, especially febrile neutropenia. The use of 
simultaneous G-CSF and capecitabine should be further 
investigated to decrease toxicity-related non-adherence 
and mortality. According to the results of this study, 
the use of DCC without G-CSF support as preoperative 
regimen in resectable gastric cancer is debatable. 
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Survival rates for resectable gastric cancer are still poor. Resection is the 
cornerstone of treatment, though the addition of perioperative chemotherapy 
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a survival benefit. Only 42% of patients completed the postoperative regimen 
consisting of epirubicine, cisplatin and capecitabine. Other regimens have been 
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with cisplatin and capecitabine, leading to promising results.
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At the time of study design, this was one of the first phase Ⅱ studies to 
investigate the feasibility of a docetaxel based regimen in resectable gastric 
cancer. Although the R0 resection rates were high, it was accompanied by a 
high rate of febrile neutropenia which resulted in a mortality rate of 5.9%. 

Applications
The combination of docetaxel, cisplatin and capecitabine could be used as 
a (neo)adjuvant regimen in the setting of resectable gastric cancer, although 
the role of granulocyte colony-stimulating factor (G-CSF) to prevent febrile 
neutropenia should be investigated.

Terminology
Docetaxel can cause neutropenia. In case of an infection, this can be fatal 
complication. G-CSF could prevent the development of neutropenia, thereby 
preventing this major complication.
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feasibility of three-drug regimen of preoperative chemotherapy of gastric cancer, 
composed by cisplatin, capecitabine and docetaxel. It is a well-conducted study.
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