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This phase I study is designed to determine the maximal tolerated dose and the dose-limiting toxicity of docetaxel with
cisplatin and concurrent radiotherapy in patients with unresectable locally advanced gastric adenocarcinoma.

Docetaxel was given once a week with the dosage escalated from 5 mg/m? to 15 mg/m*in increments of 2.5 mg/m? Cisplatin
were administered at 20 mg/m?* once a week. Radiotherapy was delivered to 50.4Gy at 1.8Gy/day. At least three patients were
enrolled at each level. The maximal tolerated dose (MTD) and dose-limiting toxicity (DLTs) was determined. The DLTs were
defined as grade 3 or 4 hematologic and nonhematologic toxicity.

Twenty-one patients with locally advanced gastric adenocarcinoma were enrolled. Grade 1-2 neutropenia and nausea/
vomiting were the most common side effects. The first DLT (grade-3 neutropenia) was observed in one of three patients
at 12.5 mg/m?* docetaxel. Three more patients were enrolled, but DLT was not observed and 6 patients were enrolled into
15 mg/m? group, DLT occurred in 3 patients (1 Grade 3 neutropenia, 1 Grade 4 neutropenia and 1 Grade 3 nausea/vomiting).
Overall tumor response rate was 66.7% with 28.6% complete and 38.1% partial response.

In conclusion, the MTD of docetaxel was 15mg/m? and the recommended dose of docetaxel for Phase II study was
12.5 mg/m*weekly. The docetaxel and cisplatin with concurrent radiotherapy were tolerable and feasible in treating locally

advanced gastric adenocarcinoma.
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Gastric cancer is one of the most common malignant
tumors world widely [1]. Many advances have been made in
diagnosis and treatment of gastric cancer in the last decades
but the prognosis remains disappointing, especially for disease
in advanced stage. Surgical resection offers the only potential
for cure in early stage and operable locally advanced gastric
cancer. However, approximately 20~30% of patients are not
resectable owing to locally advanced and distant metastatic
disease at diagnosis [2]. If untreated or received supportive
cares only, the median overall survival time of these patients
is not longer than six months [3].

Patients with unresectable locally advanced gastric cancer
are candidates for concurrent chemoradiotherapy, which
has shown to be advantageous over radiotherapy alone with
improvements of quality of life and survival [4]. Several new

active agents and regimens have been studied for gastric carci-
noma to improve the responses and survival [5]. Among these
regimens, docetaxel has been investigated and demonstrated
promising both as monotherapy and in combination with other
agents, including cisplatin, 5-fluorouracil or capecitabine, etc
[6-8]. Docetaxel and cisplatin (DC regimen, docetaxel 85 mg/
m? d1 and cisplatin 75 mg/m?* d1, q3w) have been reported to
be active in advanced gastric cancer with 56% response rate
in a multicentric trial [9]. Modified DC regimen (docetaxel
15-30 mg/m? and cisplatin 15-30 mg/m? per week) combined
with concurrent radiotherapy (50Gy) had also been shown
feasible for locally advance esophageal cancer in a phase I trail
published recently [10]. However, its recommended dose of
docetaxel (30 mg/m* per week) is much higher than 7.5mg/m?
reported in another phase I trail using docetaxel and 5-fluor-
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ouracil with concurrent radiotherapy for esophageal cancer
[11]. The feasibility of modified DC regimen combined with
radiotherapy for unresectable gastric adenocarcinoma should
be explored and the optimal dose of the docetaxel in this set-
ting must be determined.

We conducted the phase I trial with escalating weekly doses
of docetaxel which were combined with fixed dose of weekly
cisplatin and concomitant radiotherapy for locally advanced
gastric adenocarcinoma. The maximal tolerated dose (MTD)
of docetaxel defined by this trail is going to be used in further
phase II trial.

Patients and Methods

Patient Eligibility. Eligibility criteria include: (1) histologi-
cally confirmed adenocarcinoma of the stomach; (2) unsuitable
for surgical resection (due to advanced T or N stage, or patient
medically unsuitable for surgery) based on multidisciplinary
opinion; (3) age 18~70 years; (4) Eastern Cooperative Oncol-
ogy Group (ECOG) performance status (PS) of 0~1; (5) life
expectancy of >3 months; (6) adequate organ function--bone
marrow: WBC2>4.0x10°/L, HGB>100g/L, PLT>100x10°/L;
renal: serum creatinine <15mg/L; liver: serum bilirubin level
<15mg/L, serum AST and ALT within 2.5 times the upper
limit of normal; (7) written informed consent. Patients were
excluded at following criteria: (1) pregnant or lactating women;
(2) history of chemotherapy or radiotherapy; (3) synchronous
double cancer; (4) complete gastrointestinal obstruction; (5)
active bleeding; (6) severe concomitant illnesses or medical
conditions. Institutional ethics committee approval was ob-
tained from each participating center.

Chemoradiotherapy plan. The treatment schedule is
outlined in Figure 1. Chemotherapy started on day 1 of ra-
diotherapy. The cisplatin at 20 mg/m* was administered as
60-90 minutes infusion weekly. Docetaxel was infused over
1 h once a week with premedicated dexamethasone (10 mgin-
travenously 30 min prior to docetaxel infusion). Radiotherapy
was delivered using the three-five fields three-dimensional
conformal radiotherapy (3D-CRT) technique. The gross tu-
mor volume (GTV) included the primary tumor and involved
lymph nodes. Total dose of 50.4 Gy was given in 28 fractions
of 1.8 Gy (five fractions per week) with dose prescribed to the
isocenter of 95% of the planning target volume.

Dose levels and treatment modification. The dose
of docetaxel started at 5mg/m? (level 1), and escalated to
15 mg/m?* (level 5) in increments of 2.5 mg/m? at each level.
Three patients were assigned to each dose level. If no DLT
was observed, the next level was opened. If the DLT was
observed in one of three patients, three additional patients
were accrued at this level. If no more DLT was observed,
then the dose was escalated to the next level. If two or more
patients at any dose level experienced the DLT, there was no
further dose escalation.

If the patients experienced grade 4 esophagitis or other
grade 4 radiation toxicities, the treatments including both

d1 ds8 d15 d22 d29 d36 d43

| | | | | | |
Docetaxel 1 4 4 4 4 A

Cisplatin 4 A 4 4 A A
Radiotherapy MAM MMM MMM AMMM MIMMA MM

Figure 1. Treatment schedule of docetaxel and cisplatin with concurrent
radiotherapy.

radiotherapy and chemotherapy were suspended. Treatments
could recommence once reactions had improved to grade
1. Chemotherapy was ceased if grade 3 or 4 hematological
toxicity, other grade 4 non-hematological toxicity occurred
while radiotherapy could continue despite of chemotherapy
modifications.

DLTs and MTD definition. Toxicities were assessed ac-
cording to the National Cancer Institute Common Toxicity
Criteria (NCI-CTC 3.0). Dose-limiting toxicity (DLT) were
defined prospectively as at least one of the followings: (1)
neutrophil count less than 0.5x10°/L or neutrophil less than
1x10°/L with fever; (2) platelet count less than 25x10°/L; (3)
grade 4 radiation stomatitis; (4) any non-stomatitis grade 3~4
radiation toxicity; (5) = grade 3 nonhematologic toxicity. The
maximum tolerated dose (MTD) was defined as the dose level
that induced DLT in more than one-third of patients in a given
cohort. The recommend dose of docetaxel for the phase II
study was determined to that below the level of MTD.

Monitoring procedures and response assessment. Base-
line evaluations were performed one week before study entry
which included the complete history and physical examina-
tion, the PS assessment, the complete blood count, and the
liver and renal function studies. Radiological assessment
included the upper gastrointestinal barium X-ray, and the
computed tomography (CT) scan of the chest and abdomen.
Patients were required to undergo endoscopy with biopsy of
the primary tumor within 4 weeks before study entry.

During treatments, patients were reviewed weekly, their
weight was measured, PS assessed, physical examination and
acute toxicities recorded. Complete blood count and bio-
chemistry measurements were performed weekly. After the
treatment was completed, patients were assessed clinically
(physical examination, body weight and PS) at week 1, 2, and
4. Complete blood count and biochemistry were measured at
week 2 and 4. Patients underwent a chest/abdomen CT scan at
week 4. Follow-up evaluations were performed every 3 months
until patient death or loss to follow-up, which included clinical
examination, assessment of late radiation toxicity and repeated
CT scan and endoscopy. RECIST Version 1.0 was used for as-
sessment of radiographic response.

Results

Patient characteristics. A total of 21 patients were enrolled
from three centers between October 2009 and May 2011. The
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clinical characteristics of the patients are summarized in Table
1. There are 4 female and 17 male, with median age of 61 years
(from 46 to 70 years). The patient PS score was evaluated as 0
and 1in 5 and 16 cases, respectively. There were 10 cases with
severe tumor invasion to adjacent organ (T4), 6 cases with ex-
tensive local nodal disease (bulky N) and 5 cases with both.

Table 1. Patients characteristics

Characteristic Patients (N = 21) %
Age (years)
Median 61
Range 46-70
Sex
Male 17 80.9
Female 4 19.1
Performance status
0 5 23.8
1 16 76.2
Histology
Well differentiated 4 19.1
Middle differentiated 5 23.8
Poor differentiated 12 57.1
Unresectable factors
Severe adjacent invasion (T4) 10 47.6
Bulky nodal metastasis (bulky N) 6 28.6
Both T4 and bulky N 5 23.8
Local symptoms
Incomplete obstruction 2 9.5
Pain 15 71.4
Bleeding 3 14.3

DLT and recommended dose. At least three patients
were treated at each dose group. At the first (5mg/m?), sec-
ond (7.5mg/m?) and third (10mg/m?) docetaxel dose level,
no patients developed DLT. At the fourth level (docetaxel
12.5 mg/m?), three patients were treated and one of them
developed grade 3 neutropenia which required one week
treatment delay. The cohort was then expanded to treat ad-
ditional three patients. None of them developed DLT during
treatments. The dose was then escalated to 15 mg/m?. Three
patients were treated and one of them developed grade 3
neutropenia. When additional three patients were treated
at the same level, two of them presented with DLTs with
one grade-4 neutropenia and one grade 3 nausea/vomiting.
Therefore, level 4 (15 mg/m?) was regarded as the MTD and
the recommended dose of docetaxel for the further phase II
trial was determined to 12.5 mg/m? weekly. Dose levels, pa-
tient enrolled and main specific hematological (neutropenia
and anemia) and non-hematological (nausea/vomiting and
anorexia) toxicities at each level were shown in Table 2.

Overall toxicity. All patients were assessable for toxic-
ity. The hematological and nonhematological toxicities in
all patients encountered are shown in Table 3. Neutropenia
and anemia were the most common hematological toxicities.
90.1% percent of patients (n=19) experienced neutropenia. Of
these, 9 patients (42.9%) had grade 1, 6 (28.6%) had grade 2,
3(14.3%) had grade 3, and 1 (4.8%) had grade 4 neutropenia.
The incidence of anemia was 95.2% with most grade 1-2.

Nausea/vomiting, anorexia, mucositis and fatigue were the
most common nonhematological toxicities. The incidence
of nausea/vomiting was 85.7%, with 11 (52.4%) grade 1, 6

Table 2. Dose escalation level, number of patients enrolled, and toxicity at each level

Toxicity grade (n)
Level  Docetaxel (mg/m?) Patients(n)

0 1 2 3 4 5
1 5 3 Neuropenia 1 2 0 0 0 0
Anemia 1 2 0 0 0 0
Nausea/vomiting 1 2 0 0 0 0
Anorexia 1 2 0 0 0 0
2 7.5 3 Neuropenia 1 2 0 0 0 0
Anemia 0 2 1 0 0 0
Nausea/vomiting 1 2 0 0 0 0
Anorexia 1 1 1 0 0 0
3 10 3 Neuropenia 0 2 1 0 0 0
Anemia 0 1 2 0 0 0
Nausea/vomiting 1 1 1 0 0 0
Anorexia 1 1 1 0 0 0
4 12.5 6 Neuropenia 0 3 2 1 0 0
Anemia 0 4 2 0 0 0
Nausea/vomiting 0 4 2 0 0 0
Anorexia 0 3 3 0 0 0
5 15 6 Neuropenia 0 0 3 2 1 0
Anemia 0 4 2 0 0 0
Nausea/vomiting 0 2 3 1 0 0
Anorexia 0 4 2 0 0 0
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Figure 2. The CT images before (A) and after (B) treatments from representative case. The patient was a 58 years old male with locally advanced gastric adeno-
carcinoma. He received the treatments successfully according to protocol and was assessed as complete response with CT and endoscopic examination.

(28.6%) grade 2, and 1(4.8%) grade 3. 85.7% of patients expe-
rienced grade 1-2 anorexia toxicities and received supportive
parenteral nutrition. There were grade 1-2 mucositis (76.2%),
which was promptly resolved after appropriate support care,
included omeprazole. Fatigue was also frequently found
(76.2%), commonly at grade 1-2.

Treatment Response. Although assessment of tumor
response was not a primary objective of this study, it was
performed in each patient. As patients were evaluable for
radiologic response within the radiation field at 3 months, six
patients achieved complete response (CR), eight patients had
partial response (PR). The within-field response rate was then
66.7% (28.6% CR and 38.1% PR). The response data at differ-
ent level was listed in Table 4. The CT images before and after
treatments from representative case were shown in Figure 2.

Discussion

The management of locally advanced gastric cancer
remains a challenge for both local-regional and systemic
control. 5-FU and/or DDP-based combinations regimen
are still the mainstay of the chemotherapy, used alone or
combined with radiotherapy [12, 13]. On the basis of the
encouraging results observed as monotherapy, combinations
of docetaxel with 5-FU and/or DDP have been investigated
for gastric adenocarcinoma [13]. In present study, for the first
time, we demonstrated that the concurrent administration of
docetaxel, cisplatin and radiotherapy in patients with unre-
sectable gastric adenocarcinoma is also feasible and tolerated.
Although there were hematological and nonhematological
toxicities, no treatment related mortality occurred. Most of
nonhematological and hematological adverse effects were

mild in our study. Alopecia, neuropathy, fluid retention,
and nail change, which are frequently observed in high-dose
docetaxel, did not occur at the treatment doses. Four of six
patients experienced DLT at the docetaxel 15mg/m?* weekly

Table 3. Overall Hematological and non-hematological toxicity

Grade

Toxicity

0 1 2 3 4
Leukocytopenia 2 11 5 3 0
Neutropenia 2 9 6 3 1
Lymphocytopenia 4 10 7 0 0
Thrombocytopenia 7 11 3 0 0
Anemia 1 13 7 0 0
Nausea/vomiting 3 11 6 1 0
Diarrhea 15 3 3 0 0
Anorexia 3 12 6 0 0
Mucositis 5 9 7 0 0
Fatigue 5 11 5 0 0
Dysphagia 8 10 3 0 0
Dehydration 10 9 2 0 0

Table 4. Treatment response at each dose level

Docetaxel Treatment response
Patients(n)

Dose level CR PR SD PD
1 3 0 2 0 1
2 3 1 1 1 0
3 3 1 0 1 1
4 6 2 2 1 1
5 6 2 3 1 0
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level, so 12.5 mg/m* weekly was recommended for the further
phase II/III study.

In order to improve the response and outcome of advanced
gastric carcinoma, triplet chemotherapy regimens were also
explored, including DCF (docetaxel, cisplatin and 5-Fu) and
PCEF (paclitaxel, cisplatin and 5-Fu) regimens. In a phase II trial
comparing DCE ECEF (epirubicin, cisplatin and fluorouracil),
and DC (docetaxel plus cisplatin) regimens for unresectable
and/or metastatic gastric carcinoma, it was shown that DCF
was superior to ECF in RR (36.6 vs. 25.0%) and OS (10.4 vs 8.3
months) with acceptable toxicities [14]. In the phase III study
(V325), it was reported that DCF regimen was effective in
metastatic gastric cancer, with the response rates (RR) of 37%,
a median time to progression of 5.6 months, and a median
survival of 9.2 months [15]. However, the high frequent grade
3-4 neutropenia (82%) and diarrhea (19%) made it intolerable
when used in combination with radiotherapy. In a phase II
trail [16] comparing PCF with PC (paclitaxel plus cisplatin),
grade 3 or higher GI toxicity in the PCF group was 59% at
the interim analysis, which was significantly worse than that
investigated at the other study [17]. The PCF arm was then
closed. At the same time, PC regimen combined with radiation
has been shown feasible and effective in palliative treatment
for unresectable primary advanced or locally recurrent gastric
adenocarcinoma [18]. Based on these findings, doublet but
not the triplet regimen, docetaxel and cisplatin, was used in
present study. Although concurrent chemoradiotherapy with
DC regimen has not been studied in phase II/III trails for
gastric cancer, other phase I trail using paclitaxel and cisplatin
to combine with radiotherapy have shown encouraging results
for gastric and esophageal cancer [10, 18].

When DC regimens are combined with radiotherapy, the
toxicity related to two modalities is still concerned. To improve
the tolerability of concurrent chemoradiotherapy, in present
study the dose was modified. The DDP was fixed to lower dose
compared with study from Ajani et al [19]. Docetaxel was still
given weekly as previous studies [10, 14]. All patients received
effective supportive care, especially nutritional support, which
was very important to maintain the tolerability of the patients
for the combined treatments. In the setting of definitive chemo-
radiotherapy, image guided 3D-CRT and IMRT are warranted
to appropriately protect the critical organs around the tumor,
including small intestines, kidneys, liver and the spinal cord [20].
Typically the target volumes include gross tumor, nodal regions
and structures at risk of involvement. In this study the GTV in-
cluded only the primary tumor and involved lymph nodes, and
the region of draining lymph nodes was not included in CTV.
With this technique, the total dose is slightly improved to 50.4Gy
which is employed in other reports [10, 21]. This dose is slightly
higher as compared with 40 to 45 Gy in other Phase II-III studies
in adjuvant or definitive settings [22, 23]. Its goal is to improve
thelocal controlling as well as optimize systemic therapy without
increase of dose-limiting radiotherapy toxicities.

Concurrent chemoradiotherapy is recommended for pa-
tients with unresectable gastric cancer, which has shown to

be advantageous over radiotherapy alone [4]. Radiotherapy is
effective in controlling symptoms such as obstruction or he-
matemesis for gastric cancer. Cisplatin is a promising partner
of docetaxel because of its established role as a radiosensitiser
and minimal additional myelotoxicity. In addition to cytotoxic
activity, docetaxel acts as an excellent radiation sensitizer, ar-
resting cell-cycles in G2/M-phase, the most radiation-sensitive
phase of the cell-cycle [24]. At the same time, the resistant to
cisplatin and docetaxel is also concerned. Decreased intracel-
lular concentration due to decreased drug uptake, increased
reflux or increased inactivation by sulthydryl molecules such
as glutathione can cause resistance to cisplatin [25]. Mitochon-
drial DNA plays an important role in developing docetaxel
resistance through the reduction of reactive oxygen species
generation by regulating Fo-ATPase [26]. Further understand-
ing of the drug resistance mechanism and its correlation with
radiosensitivity may improve the effect of chemoradiotherapy
for gastric cancer.

In recent years, progresses have been made in understand-
ing the biological pathway and developing the molecular
targeted therapy for gastric cancer. For example, trastuzu-
mab in combination with chemotherapy is becoming the
standard approach for the therapy of advanced HER2/neu-
overexpressing upper gastrointestinal adenocarcinomas [27].
Immunohischemistry of HER-2 is not performed routinely in
this study, but we will incorporate this in phase II study. The
role of targeted therapy combined with chemoradiotherapy
for gastric carcinoma need to be explored in further study.

In conclusion, modified DC regimen as weekly docetaxel
and cisplatin combined with concurrent radiotherapy is
feasible and safe for locally advanced gastric cancer. The
overall response rates were 66.7%. The results are encouraging.
A phase II clinical trial is now underway in term of patient
outcome.
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