Table 1. Response rate and pathological complete response rate of patients with esophageal cancer treated with

neoadjuvant or induction chemotherapy

Reference Regimen - Cases, n Response  Pathological
(first author) ‘ rate, % complete response
rate, %

Schlag [7] cisplatin/5-FU ‘22 50 -
Roth [8] cisplatin/vindesine/bleomycin 19 47 -
Kelsen [9] cisplatin/5-FU - 233 19 25
Law [10] cisplatin/5-FU 74 C - 6.7
Ancona [11] “cisplatin/5-FU" 48 - 12.8
Igaki [4] cisplatin/5-FU 164 37.8 24

. Shimakawa {12] cisplatin/adriamycin/5-FU - 27 55.6 74
Miyata [13] - cisplatin/adriamycin/5-FU 74 63.5 41
Current study 60.8 11.1

docetaxel/cisplatin/5-FU 51

esophageal cancer. As shown in table 1, many of the series
on preoperative chemotherapy also used FP as their che-
motherapeutic regimen [4, 7, 9-11]. However, it has not
been established that FP is the best regimen for induction
or neoadjuvant chemotherapy for patients with esopha-
geal cancer. The major problem of this regimen is that the
response rate is not high enough. The response rate of this

regimen for advanced or metastatic esophageal cancer is -

reported to be less than 40% [14]. In a neoadjuvant set-
ting, it has been reported to be 19-50% (table 1). These
results indicate that FP may be underpowered as induc-
tion chemotherapy.

Recently, several regimens of combination chemo-
therapy for esophageal cancer have been reported such as
cisplatin/paclitaxel [15], cisplatin/CPT-11 {16}, and cispla-
tin/gemcitabine [17). However, the efficacy of these regi-
mens as induction chemotherapy has not yet been report-

ed. On the other hand, triplet chemotherapy, which con-

sisted of an addition of another drug to FP, has been
focused. Adriamycin in addition to FP (FAP) has been
reported as a candidate for neoadjuvant regimen for
esophageal cancer. The response rate of FAP has been re-
ported to be as high as 55.6 and 63.5%, while pathologic

complete response rate was not so high (7.4 and 4.6%) [12,.

13].

The only drug which has been proven to have an ad-
ditional effect to FP by a randomized control trial is
docetaxel. Docetaxel combined with FP (DCF) is now
considered to be one of the standard regimens for gastric
or esophagogastric adenocarcinomas [18). DCF has also

been reported to be effective as iiduction chemotherapy

for head and neck squamous cell carcinoma, which has
biologically similar features as esophageal squamous cell
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cancer [19]. Therefore, DCF is considered to be one of the
most promising regimens of induction chemotherapy for

Vesophageal cancer.

Adverse Events of DCF

A major problem of the DCF regimen is considered to
beits high degree of adverse events. Especially high-grade
neutropenia and febrile neutropenia are potentially life-
threatening events. As shown in table 2, among patients
who were treated with the original DCF regimen for gas-
tric cancer, grade 3/4 neutropenia and febrile neutropenia
was observed in 82 and 29%, respectively [18]. Similarly,
grade 3/4 neutropenia was observed in 83% of patients
who were treated with DCF as induction chemotherapy
for head and neck cancer, while febrile neutropenia was
seen in 12% [19]. Although it is unclear why the difference

.in rate of febrile neutropenia is observed between these

two studies despite the similar rate of high-grade neutro-
penia, it may depend on the difference in site.of cancers
or condition of the patients. In order to reduce the tox-
icities, several modified regimens have been attempted
(table 2) [20-25]. In many of these modified regimens, ef-
forts have been focused on reducing dose of docetaxel per

.admiinistration. There are a few regimens which used ox-

aliplatin instead of cisplatin [23, 24]. Owing to ‘these
modifications, both high-grade neutropenia and febrile
neutropenia have been reduced, although there is no
comparative study on the effectiveness.
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Table 2. Rate of grade 3/4 neutropenia and febrile neutropenia in patients treated with DCF or modified regimens

Ref&mce Regimen Target Phase Cases,n  Grade 3/4 Febrile
(first author) neutropenia  neutropenia-
% %
Van Cutsem [18]  D: 75 mg/m? day 1 gastric cancer 1 221 8 29
C: 75 mg/m? day 1
F: 1,000 mg/m? days 1-5 '
Posner [19] ~ D:75 mg/m?day 1 head and neck cancer m 225 83 12
C: 160 mg/m? day 1
F: 1,000 mg/rn? days 1-5 |
Park [20] D: 50 mg/m? day 1 gastric cancer I 47 68 26
C: 80 mg/m? day 1
, F: 1,200 mg/m? days 1-5
Lorenzen [21] D: 40 mg/m?days 1,15,29  gastric cancer Il 60 22 5
C: 40 mg/m? days 1, 15,29
F: 2,000 mg/m? weekly _
Tebbutt [22] D: 30 mg/m? days 1, 8 esophagogastric cancer  1II 9 - 4
C: 60 mg/m? day 1 ‘
F: 200 mg/m? days 1-5 »
Ajani [23] D: 50 mg/m? day 1 gastroesophageal cancer 11 36 - 0
0: 85 mg/m? day 1
_ F: 2,200 mg/m? days 1-2 _
Al-Batran [24] . D: 50 mg/m?day 1 gastroesophageal cancer 11 53 48 2
‘ 0: 85 mg/m? day 1
F:2,600 mg/m? day 1
Overman (25) D: 20 mg/m? weekly esophagogastric cancer  retrospective 95 4 0
C: 20 mg/m? weekly
F: 350 mg/m? weekly
Currentstudy  D:60 mg/m?day'1 esophageal cancer I - 51 843 15.7

C: 6 mg/m? days 1-5
F: 350 mg/m? days 1-5

D = Docetaxel; C = cisplatin; F = 5-fluorouracil; O = oxaliplatin.

DCF for Esophageal Cancer

There are a few studies that demonstrated the efficacy
of DCF for patients with squamous cell carcinoma of the
esophagus. On the other hand, induction chemotherapy
using DCF for patients with esophageal cancer has never
been reported. One of the reasons is that docetaxel has
been graded as a second-line drug for tumors refractory
to FP in Japan. A modified DCF (mDCF) regimen has
also been reported as a second-line chemotherapy for pa-
tients with cisplatin-pretreated refractory esophageal
cancer [26]. In the study, the regimen’ consisted of 60
mg/m? of docetaxel on day 1, given intravenously, 500 mg/
day of 5-FU on days 1-5 as a 24-hour continuous intrave-

Induction Chemotherapy with DCF for
Node-Positive Esophageal Cancer

nous infusion, and 10 mg/day of cisplatin, given intrave-
nously on days 1-5. Although all of the patients assigned
in the study had already received prior chemotherapy,
they tolerated the mDCF well. Moreover, the response rate
of the modified regimen was 35%, which was one of the
highest rates as a second-line chemotherapy.

Efficacy of mDCF as Induction Chemotherapy for -
Esophageal Cancer

We have tried to figure out the efficacy and toxicity
of mDCF as induction chemotherapy for patients with
node-positive esophageal cancer. We used the regimen

Digestion 2011;83:146-152 149
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Fig. 1. Representative imaging of FDG-PET before (a) and after
(b) induction chemotherapy. a Numerous tumors with FDG ac-
cumulation are observed in the neck, mediastinum and abdomen
before chemotherapy. b FDG accumulation has disappeared after
induction chemotherapy.
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Fig.2.Changesin SUV duringinduction chemotherapy in the primary esophageal tumors. Significant decrease
in SUV was observed by induction chemotherapy, irrespective of the staging.

according to the above-mentioned modified regimen. As
shown in table 2, the regimen consisted of 60 mg/m? of
docetaxel on day 1, given intravenously, 350 mg/m? of
5-FU on days 1-5 as a 24-hour continuous intravenous
infusion, and 6 mg/m? of cisplatin, given intravenously
on days 1-5. After two courses of chemotherapy, the re-
sponse was evaluated by RECIST v1.0. The response rate
of this regimen was 60.8%, which was comparable to that
of FAP. Moreover, the pathological complete response
rate was higher than those of the other regimens. There
was no patient with progressive disease during two cours-
es of induction chemotherapy. ~

Recently, the usefulness 6f *F-deoxyglucose positron
emission tomography (FDG-PET) in determining the ef-

150 Digestion 2011;83:146-152

fect of chemotherapy or CRT for several kinds of malig-
nancies has been reported [27]. The standardized uptake
value (SUV) in FDG-PET has been reported to reflect the
biological activity of tumors and therefore response to
treatment can be estimated by changes in the SUV. Rep-
resentative imaging of FDG-PET before and after induc-
tion chemotherapy with mDCF is shown in figure 1. Mul-
tiple nodules with uptake of FDG were observed in the
neck, mediastinum and abdomen, suggesting esophageal
cancer with extended lymph node metastases (fig. 1a).
After two courses of mDCEF, uptakes of FDG have disap-
peared (fig. 1b). A complete response was achieved by
CRT after the induction chemotherapy in this case.
Changes in SUV. of the primary esophageal tumors by
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induction chemotherapy are shown in figure 2. A de-
crease in SUV was observed in 46 of 51 patients (90.2%).
When we look at the changes in SUV in each clinical
stage, a decrease in SUV was observed in 8/8 (100%),
14/16 (87.5%), and 23/26 (88.5%) in stage IIB, Il and IV,
respectively. These results indicate that the mDCEF regi-
men is highly effective as induction chemotherapy for pa-
tients with node-positive esophageal cancer, irrespective
of the staging.-

Toxicity of mDCF as Induction Chemotherapy for
Esophageal Cancer

On the other hand, hematologic toxicity of this regi-
men was still severe, although non-hematologic adverse
events were mild enough to carry out two courses of che-
motherapy without any delay in all 51 cases. The major
problem is febrile neutropenia observed in 15:4% of the
patients, as shown in table 2. Although the rate was al-
most 10% less than that of the original DCF regimen for
gastric cancer and there was neither treatment-related
death nor delay in the treatment, further efforts to reduce
the harmful toxicity are needed. As the severe neutrope-
niais probably dependent on a dose of docetaxel, the sim-

plest way to reduce the toxicity is to reduce the dose of
docetaxel, whereas the dose reduction may have a risk to
negatively affect the efficacy. Recently, the significance of
secondary prophylaxis agains febrile neutropenia has
been reported when chemotherapy with a high risk of
neutropenia was performed. As the duration of neutro-
penia induced by docetaxel is short, and rapid recovery

‘'of neutrophil is usually observed within a few days, sec-

ondary prophylaxis may be useful in the DCF regimen.

Conclusions

Induction chemotherapy may be beneficial for pa-
tients with advanced esophageal cancer. DCF can be a
candidate for the regimen of induction chemotherapy be-

cause of its high antitumor activity. A mDCF regimen is

tolerable as induction chemotherapy, although an ade-
quate care for febrile neutropenia is needed.
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Accidental cisplatin overdose has been occurring with an increasing frequency due to expanding usage of the agent. However, the
optimal strategy to treat such patients remains to be established. Here, we report a case of large cisplatin overdose, successfully
managed by plasma exchange, intravenous hydration, granulocyte colony-stimulating factor (G-CSF) administration, and other
supportive care. A 67-year-old man with esophageal carcinoma received a large cisplatin overdose of 240 mg/m?, when he received
adjuvant therapy following subtotal esophagectomy. On day 4, he experienced frank cisplatin toxicities and emergency plasma
exchange was initiated. With 7 cycles of plasma exchange, the cisplatin concentration decreased from 2,350 to 110 ng/mL. Severe
bone marrow suppression with high fever ensued on day 10, which was successfully treated with G-CSF and antibiotics. Despite
moderate hearing sense reduction, he recovered without significant complications. Immediate plasma exchange with hydration

and other care was efficacious in quickly lowering cisplatin concentrations.

1. Introduction

Cis-diamminedichloroplatinum (II) (cisplatin) represents
one of the most widely used and effective antineoplastic
agents. The heavy metal platinum causes interstrand cross-
linking of DNA, thereby preventing tumor cell proliferation
[1]. Preclinical data suggest that cisplatin has a steep dose-
response relationship for ovarian cancer and other tumors
[2]. However, despite vigorous intravenous hydration and
mannitol treatment, acute nephrotoxicity and chronic renal
damage often occur after administration of therapeutic doses
of cisplatin, 100 to 120 mg/m? per one cycle of chemotherapy
[3]. In particular, higher doses of cisplatin due to acciden-
tal overdose have been reported to cause nephrotoxicity,
neurotoxicity, ototoxicity, gastrointestinal disturbances, and
severe myelosuppression [4]. Although there are reports
describing that patients receiving massive cisplatin overdose
were successfully rescued [4-8], the optimal strategy to treat
overdosed patients remains to be established.

Here, we report a 67-year-old man who suffered an
accidental cisplatin overdose of 240 mg/m?. Although the

patient was left with moderately reduced sense of hearing, he
ultimately recovered without significant complications with
plasma exchange combined with intravenous hydration, G-
CSF administration, and other supportive care.

2, Case Report

A 67-year-old man was diagnosed with stage II esophageal
carcinoma (T1IN2MO0). Endoscopic examination showed a
white plaque lesion spreading from 35 to 37cm from
incisors after spraying of Lugol’s iodine solution. No spread
beyond the adventitia was apparent with both computed
tomography (CT) and positron emission tomography exam-
inations. However, metastatic lymph node involvements
in regions I and III were noted. Histopathology revealed
well-differentiated squamous cell carcinoma. He underwent
subtotal esophagectomy and was diagnosed to be at post-
operative stage 1Ila (pT3N3MO0). He subsequently received
postoperative adjuvant chemotherapy. The patient was put
in a treatment protocol consisting of cisplatin 80 mg/m?* on
day 1 and 5-fluorouracil (5-FU) 800 mg/m? from days 1 to 5.
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However, he was inadvertently administered with cisplatin
80 mg/m? plus 5-FU 800 mg/m? for consecutive 3 days,
which fell upon Saturday, Sunday, and a national holiday in
Japan. On day 4, which was Tuesday, the patient complained
that he had hearing difficulty, and the cisplatin over-
dose was noted, and further chemotherapy was disrupted
(Figure 1(a)). The patient was immediately transferred into
a laminar flow clean room. Ototoxicity, nonoliguric renal
failure, hepatic dysfunction, and acute pancreatitis were
identified. Laboratory test revealed his BUN of 40.2 mg/dL,
creatinine 1.99mg/dL (175.9puM/L), AST 251U/L, ALT
229 U/L, total bilirubin 0.6 mg/dL, amylase 178 U/L, and
LDH 445 U/L. Hemodialysis and detoxification with sodium
thiosulfate (STS) were performed on the same day and
emergency plasma exchange was implemented on day 5
(Figure 1(a)).

His plasma and urine total platinum concentrations were
examined with flameless Zeeman atomic absorption spec-
trophotometry using Simultaneous Multielement Atomic
Absorption Spectrometer 6000 (PerkinElmer. Inc., MA,
USA). His plasma cisplatin concentration was 2,350 ng/mL
after a cycle of hemodialysis and treatment with STS.
On days 5 through 19, the patient underwent plasma
exchange seven times and his plasma cisplatin concentration
decreased to 110 ng/mL (Figure 1(a)). It was noted that his
plasma cisplatin concentration was abruptly decreased after
2 cycles of plasma exchange; however, despite daily plasma
exchange conducted, an increase of cisplatin concentration
was observed twice, on days 8 and 10 (Figure 1(a)).

His cisplatin excretion in urine was 4.8 mg/day on day 6.
Of note, on day 15, when his plasma cisplatin concentration
dropped below 180 ng/mL, cisplatin excretion in his urine yet
persisted from 1.5 mg/day to 1.8 mg/day. On day 12, severe
leukocytopenia occurred and the administration of granu-
locyte colony stimulating factor (G-CSF) was implemented.
Leukopenia was noted on days 10-13 with WBC counts
of ~2,000/mL and slowly worsened afterward. On day 14,
he developed high fever with infectious focuses unknown
and his granulocyte counts were of ~10/uL, which persisted
over 3 days despite the G-CSF administration (Figure 1(a)).
Administration of broad-spectrum antibiotics (vancomycin
and meropenem) was begun and his fever resolved by day
21. The patient was kept on fasting until day 19 because of
mucositis that was thought to have resulted from cisplatin
overdose and bacterial infection.

After undergoing seven cycles of plasma exchange, his
creatinine levels fell to 1.8 mg/dL (159.1 pM/L) and his cre-
atinine clearance got stabilized at 35 mL/minute. His serum
levels of AST, ALT, and amylase were 240 U/L, 280 U/L, and
527 U/L, respectively, as examined on day 5; however, they
became normal by day 10. He slowly recovered from his
initial hearing loss, and after a month he subjectively did
not perceive distinct ototoxicity. However, when his auditory
acuity was evaluated, a significant acuity reduction was noted
at high frequency ranges. His left/right auditory acuity levels
were 20/35, 40/30, 30/30, 60/55, and 80/75 dB at 500, 1,000,
2,000, 4,000, and 8,000 Hz (normal auditory acuity levels are
between 0-20dB at each range: the greater the value, the
more compromised the hearing acuity).
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His general conditions slowly but steadily improved
without any further life-threatening complications arising
from the cisplatin overdose and he was transferred into
a general ward on day 28. Then, he was discharged later
because of the eating disorders due to an esophageal
stricture.

3. Discussion

Toxicities of cisplatin include emesis, nephrotoxicity, neu-
rotoxicity, hearing loss, visual impairment, cholestasis, gas-
trointestinal disturbances, and bone marrow suppression
[2]. The most serious complication is nephrotoxicity, which
may result in irreversible renal failure [9, 10]. Patients inad-
vertently receiving less than 300 mg/m? of cisplatin report-
edly often recover, whereas overdoses exceeding 400 mg/m?
frequently result in death [2-7, 9, 11] (Table 1). As the
toxicity of cisplatin is dose-dependent, early elimination of
the drug from plasma should be critical in the management
[12].

Reportedly, most of the platinum in the blood plasma
is bound to proteins within a few hours after intravenous
administration [4, 13]. The binding of cisplatin to proteins
reduces urinary excretion of platinum and causes deposition
of platinum in tissues. Binding of cisplatin to proteins and
enzymes is generally believed to be the cause of its side effects,
especially ototoxicity and nephrotoxicity. The protein-bound
form cisplatin cannot be removed by hemodialysis [2, 4,

'8, 14, 15]. Thus, hemodialysis is not effective in removing

the protein-bound platinum; however, plasma exchange has
been thought to be efficacious in treatment of cisplatin
overdose. Indeed, in the present case, the plasma cisplatin
concentration was as high as 2,350 ng/mL after one cycle
of hemodialysis on day 4, while the plasma cisplatin con-
centration had decreased to 360 ng/mL after two cycles of
plasma exchange (Figure 1(a)). Paradoxically, an increase
of plasma cisplatin concentration was observed twice, on
days 8 and 10 despite of daily plasma exchange conducted.
These results suggest that cisplatin deposited in tissues and
intracellular cisplatin [2, 6] were being continuously released
to plasma. It is noteworthy that afterwards his plasma
cisplatin concentration slowly but constantly decreased.
It is argued as to how many cycles of plasma exchange
are required to sufficiently decrease cisplatin to nontoxic
levels. Therefore, we believe that early and continuous
plasma exchange is useful in the management of cisplatin
overdose.

A number of thiols, including N-acetylcysteine, ST'S, and
mesna, all of which bind to circurating reactive cisplatin
derivatives, have been studied as chemoprotectants [7, 9].
These protectants are given before or during the administra-
tion of cisplatin.

In the present case, STS was administered on day 4;
however, the efficacy of the administration in the present
case is unclear [11]. Erdlenbruch et al. demonstrated that
STS administrated 70 hours after an overdose had an effect
in improving renal functions [7]. Nevertheless, there is no or
little evidence that chemoprotectants can reverse hearing loss
[16]. Moreover, it is of note that the use of chemoprotectant
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FiGURe 1: Plasma cisplatin concentrations, leukocyte counts, Ccr values and platinum clearance values. (a) An open diamond and arrow heads
denote for dialysis and plasma exchange, respectively. (b) Note that cisplatin clearance approximately correlated with Ccr. WBC: white blood
cell, G-CSF: granurocyte-colony-stimulating factor, Ccr: creatinine clearance.

TaBLE 1: Selected literature of cisplatin overdose; PE: plasma exchange; HD: hemodialysis. STS: sodium thiosulfate.

Authors Dose of cisplatin Treatment Outcome

Schiller et al. 480 mg/m? PE, HD Alive, irreversible hearing loss
Chu et al. 280 mg/m? PE,HD Alive, irreversible hearing loss
Lagrange et al. 205 mg/m? HD Alive

Jung et al. 300 mg/m? PE Alive
Sheikh-Hamad et al. 400 mg/m? N-acetylcysteine Dead

Choi et al. 400 mg/m? PE, HD Alive
Erdlenbruch et al. 360 mg/m? STS Alive

Charlier et al. 750 mg/body PE, HD, N-acetylcysteine Dead

Hofmann et al. 225 mg/m? PE Alive

Our patient 240 mg/m? PE, HD, STS Alive

alone may impose overload to the kidney of patients since the
elimination of cisplatin mostly occurs through the kidney,
whose functions may have already been compromised by the
toxicity of the agent.

As shown in Figure 1(b), the platinum clearance of
the patient, which was calculated as platinum excreted per
minutes divided by plasma platinum concentration, approxi-
mately correlated with creatinine clearance (Ccr). Significant
amounts of platinum were excreted in the urine. While the
plasma cisplatin concentration was as low as <180 ng/mL,
the amounts of cisplatin excreted into urine were persistently
>1.5mg/day after Ccr was improved. Thus, in removing
cisplatin as quickly as possible, sufficient hydration should
be continued and Ccr levels should be cautiously monitored
even after plasma cisplatin concentrations became appar-
ently within or close to normal ranges.

In the present case, we withheld the use of G-CSF until
day 12, when the patient developed leucopenia. It is argued
as to whether the administration of G-CSF should be imple-
mented as soon as cisplatin overdose is revealed [6]. It is
possible that stimulating hematopoietic cells to proliferate in
the presence of toxic agents results in more substantial dam-
age of such cells. It is known that certain anticancer agents
such as cytarabine exert greater toxicity to granulocytes
and granulocytic tumor cells when used with G-CSF [17].
Antiviral activity against human immunodeficiency virus of
a nucleoside analogue, azidothymidine, is also potentiated
in macrophages/monocytes when such cells are stimulated
by granulocyte-macrophage-colony stimulating factor (GM-
CSF) [18]. Another reason we withheld the use of G-CSF in
the present case was that the patient had sufficient numbers
of granulocytes and no signs of infections for a week after
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cisplatin overdosing, and we thought the administration of
G-CSF was unnecessary. Indeed, G-CSF was started on day
12, when the patient had developed substantial leucopenia
when his plasma platinum concentration had decreased from
its peak to 210 ng/mL.

Upon cisplatin overdose, the attempt of immediate,
continuous, and sufficient removal of the drug is an
important factor for the management of the overdose. In
the present case, adverse events resulting from the overdose
were successfully treated with vigorous plasma exchange
combined with G-CSF administration and other supportive
care. In order to prevent the recurrence of such an accident,
it cannot be overemphasized that rigorous check systems and
careful monitoring are essential when patients are treated
with cytotoxic therapeutics.
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Abstract

Purpose The central venous access port (CV-port) system
was examined in a series of colorectal cancer (CRC)
patients.

Methods One hundred and one CRC patients underwent
chemotherapy with the 5-fluorouracil 4 oxaliplatin
(FOLFOX) or 5-fluorouracil + irinotecan regimen. The
complications of the CV-port system were retrospectively
assessed.

Results The CV-port system was placed in a total of 101
patients. The patients received a total of 1035 courses of
these regimens. Eight complications occurred in the 101
patients (7.9%). The complications included three instan-
ces of catheter rupture, two thrombotic events around the
catheter, and three infections at the site of the port or
catheter. The complications were identified after a median
of nine courses (range 6-16) and 135 days after the
placement of the CV-port system. Sixiy-six of the 101
patients switched their regimen from FOLFOX to another
regimen, and 4 of these 66 patients (6.1%) experienced
complications associated with the CV-port system. There
were 25 subjects who were admitted to the hospital
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emergency wing during the chemotherapeutic regimens,
and 4 of these patients (16%) had complications associated
with the CV-port system.

Conclusions The complications of the CV-port system
occurred at a defined rate, therefore the early diagnosis and
the appropriate treatment to address these complications is
crucial.

Keywords Colorectal cancer - Qutpatient chemotherapy -
Central venous access poit - Complication - Pinch-off

Introduction

Completely implantable port systems were first introduced
in the early 1980s. A variety of anticancer agents have
been administered while using the devices without diffi-
culty, and the patient acceptance of this system is excel-
lent [1]. Late complications may occur, including catheter
rupture and embolization, venous thrombosis, pocket
infection, and port-related bacteremia. However, these
devices have a long working life and a low rate of patient
complications, and are of great value to patients who
require long-term or cyclic intravenous ireatments [2].
These data support the increasing use in current oncologic
medical practices. The gastrointestinal division originally
used the central venous access port (CV-port) system,
either for administering chemotherapy to patients with
gastric cancer, to provide nourishment to patients with
short bowel syndrome, or for the treatment of patients
with other conditions. The CV-port system has been
extensively used since its introduction in colorectal cancer
(CRC) patients receiving the 5-fluorouracil + oxaliplatin
(FOLFOX) or S5-fluorouracil + irinotecan (FOLFIRI) +
bevacizumab [3] chemotherapy.
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Patients and metheds
Patients and chemotherapeutic regimens

One hundred and three CRC patients underwent FOLFOX
or FOLFIRI chemotherapy between April 2005 and March
2008 at our institution. One hundred and one of the 103
patients (98%) underwent CV-port system placement. Two
patients could not receive the CV-port, because one paiient
had a mechanical valve and the other experienced difficulty
in the placement of the CV-port. The 101 remaining
patients (range 27-82 years of age, with a median age of
62 years) underwent chemotherapy for unresectable meta-
static CRC, and also underwent adjuvant chemotherapy
following hepatectomy. The regimens consisted of the
modified FOLFOX-6 (m-FOLFOX 6), FOLFOX-4, or
FOLFIRI regimens. The regimens consisted of a continu-
ous infusion of 5-fluorouracil (5-FU) using a portable
disposable pump, which was manufaciured by Baxier
(Deerfield, IL, USA).

Ports and routes of access to the central vein
and maintenance of ports

Central venous access ports were placed by surgeons in the
CRC patients. An indwelling catheter was inserted from the
right subclavian vein at the lateral side using diagnostic
imaging guidance and fluoroscopy to confirm that the
catheter was placed in the superior vena cava. The ports
were placed at the jugular vein or the inguinal vein if the
surgeon experienced difficulty placing it in the subclavian
vein. All 101 patients had a single-lumen Groshong 8-F
catheter and an MRI-Port (CR Bard, Summit, NJ, USA)
implanted. The first one or two courses of the regimen were
administered while the patients were hospitalized in order
to monitor any adverse events. The CV-port was put in
place, and the patients were educated about the chemo-
therapy. After one or two courses of chemotherapy in the
hospital, the patients underwent chemotherapy every
2 weeks as outpatients. Their ports were punctured by a
doctor with a Huber-pointed needle. The doctor confirmed
whether there was redness, swelling, or pain around the
port, and confirmed that the natural drip was smooth before
the patient was connected to the pump. The state of the
catheter was regularly checked with chest X-rays every
3 months. The needle was removed without a saline flush
after chemotherapy by the patients themselves or their
family doctor.

The frequency and types of complications involving
CV-ports and catheters were retrospectively evaluated. We
also examined the instances of emergency hospital outpa-
tient admission during chemotherapy and the reasons for
changing to other regimens. The purpose of the present

2} Springer

study was to demonstrate the placement methods and
maintenance of the CV-port sysiem for preventing and
identifying late complications.

Results

A total of 101 patients underwent the FOLFOX regimen,
and a total of 750 courses were administered (median 8
courses per patient). Forty of the 101 patients also received
the FOLFIRI regimen, and a total of 270 courses were
administered (median 6 courses). An overall total of 1035
courses were administered (median 10). Eight patients had
central vein access port and catheter complications (7.9%).
The complications associated with the central vain access
port and catheter occurred at a median of 9 courses (range
6-16) and at a median time of 135 days after putting the
CV-port system in place (Table 1).

Table 1 Complications of the central venous access port and catheter

Total Patients with
patients complications
Number of patients 101 8
Sex, male/female 66/35 6/2
Age, median (range) 62 (27-82) 69 (65-81)
Courses of chemotherapy, 10 (1-25) 9 (6-16)

median (range)

Fig. 1 Pinch-off syndrome and fracture of the catheter. The catheter
was transected between the clavicle and the first rib (arrowhead), and
the tip of the catheter was wedged into the pulmonary artery (arrow)
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Fig. 2 A case of thrombosis around the site of the catheter (fibrin-
sheath formation). a Contrast medinm was injected from the bilateral
median veins; however, the contrasting effect was not seen in the
right subclavian vein, and it was concluded that a collateral pathway
had developed. b There was no outflow of contrast media from the
catheter tip, and a light contrasting effect was observed around the
catheter

The incidents involved catheter pinch-off syndrome
(POS) and fracture of the catheter (n = 1, Fig. 1), throm-
bosis around the catheter (n = 2, Figs. 2, 3), the connec-
tion portion of the port and catheter coming off (n = 1,
Fig. 4), the flexure of the catheter (n = 1, Fig. 5), and the
infection of the site of the port or catheter (n = 3)
(Table 2).

Sixty-six of the 101 patients changed their regimen
from FOLFOX to other regimens. Thirty-seven subjects
were switched because of progressive disease (56.1%), 22
patients switched due to an adverse event (33.3%), and
4 patients were switched because of complications asso-
ciated with the CV-port system (6.1%). The adverse
events included peripheral neuropathy in 13 patients
(19.7%), allergy in 5 patients (7.6%), and myelosuppres-
sion, interstitial pneumonia, and one patient’s request
(Table 3).

There were 25 patients admitted to the emergency depart-
ment during the FOLFOX or FOLFIRI chemotherapeutic

Fig. 3 Cases of thrombosis in the internal jugular vein. a The tip of
the catheter was detected in an internal jugular vein and there was
thrombosis around the catheter (arrow), as observed on contrast
computed tomography. b Thrombosis in the internal jugular vein
improved (arrow) after 5 months of warfarin treatment

Fig. 4 Port connector rupture, connection portion coming off. The
catheter was wedged into the pulmonary artery (arrow). The catheter
was not fractured, and the rupture was judged to be caused by the
catheter separating from the port connector

regimen, and 3 of 25 patients (12.5%) had adverse effects

including pyrexia with neutropenia, severe anorexia, and
acute exacerbation of interstitial pneumonia. However,
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4 subjects (16.7%) required an emergency hospital admis-
sion due to complications associated with the CV-port sys-
tem (Table 4).

Fig. 5 Flexure and obstruction of the catheter. The catheter was bent
in the subcutis (arrow), not in the subclavian vein, and was therefore
manually repositioned

Discussion

FOLFOX or FOLFIRI regimen administration with a
continuous infusion of 5-FU may be switched to a com-
bination of an oral anticancer drug, such as S-1 or cape-
citabine, with irinotecan or oxaliplatin (IRIS, XELOX,
etc.) [4-6]. However, the FOLFOX and FOLFIRI regimens
are administered to CRC patients because there is a large
amount of evidence indicating the efficacy, safety, and
teasibility of these regimens.

Complications have been associated with the long-term
placement of a CV-port and catheter [7-10]. The current
series demonstrated complications in 8 of 101 patients
(7.9%). The frequency of complications that occurred in
association with the CV-port system during the chemo-
therapeutic treatment of outpatients in the present study
was consistent with past reports. Several CRC patients
required hospitalization for complications associated with
the catheter. Furthermore, the complications of the CV-port
and catheter caused some patients to change to another
regimen (6.1%) or to require emergency treatment (16.7%).
Outpatient chemotherapy was safely performed for the

Table 2 Summary of complications of central venous access-ports or catheters, excluding three patients with a catheter infection

Age (years)/sex Chief complaint Complication

Treatment

T1/E (9 Pain around the port Pinch off syndrome
Fracture of the catheter
68/M (5) Pain around the port Thrombosis
Fibrin sheath formation
62/M (9) Right neck pain Thrombosis, dislocation
Right internal jugular vein
73/M (11) Swelling around port Port connector rupture
Connection portion coming off
81/M (13) Poor infusion Flexure of the catheter

Bent in subcutis

Extraction of the catheter by interventional radiology
Change to IRIS regimen

Extraction of the catheter

Change to IRIS regimen

Extraction of the catheter

Anticoagulant and change to the IRIS regimen
Extraction of the catheter by interventional radiology
Catheter replacement

Repositioning: stretch the catheter out

IRIS regimen: combination therapy of S-1 and irinotecan

* Courses of chemotherapy in parentheses

Table 3 Reasons for changing

from the FQLFOX regimen (o Reason (n = 66) Number Percentage I/\\dgezl (a};::a.rs) i;:/); g?;if:g]::apy
another regimen
Progressive disease 37 56.1 61 24/13 8
Adverse events 22 333
Peripheral neuropathy 13 19.7 63 10/3 10
Allergy 5 7.6 55 2/3 10
Myelosuppression 2 3.0 58 2/1
Interstitial pneumonia 1 1.5 75 1/0 8
Patient’s request 1 1.5 44 0/1
FOLFOX 5-flaorouracil + Complication of CV-port system 4 6.1 69 31 12
oxaliplatin, CV-port central Others 3 45 61 271 10

venous access port
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Table 4 Emergency hospital adimissions during FOLFOX or FOLFIRI
chemotherapy

Reason (n = 25) Number Percentage
Progressive disease 9 36
Adverse events 3 12
Peripheral neuropathy 0 0
Allergy 0 0
Myelosuppression 0 0
Interstitial pneumonia 1 4
Pyrexia with the neutropenia 1 4
Severe anorexia L 4
Complication of CV-port system 4 16
Surgical site infection 2 8
Others 7 28

FOLFOX 5-fluorouracil + oxaliplatin, FOLFIRI 5-fluorouracil +
irinotecan, CV-port central venous access port

majority of cases in our hospital. However, some issues
remained, such as the occurrence of complications asso-
ciated with the CV-port system, which led to changes to
either another treatment regimen or to emergency hospital
admission. These complications associated with the port
and catheter included three instances of catheter rupture
and embolization, venous thrombosis, and infection. We
herein discuss the placement methods, the appropriate
maintenance of CV-ports, and the measures taken to
address these complications when they occur.

Catheter rupture and embolization

Pinch-off syndrome occurs when the CV access devices
placed via the subclavian vein become obstructed due to
thrombosis, impingement against a vein wall, or com-
pression between the clavicle and the first rib. Luminal
narrowing and complete catheter fracture occur in
approximately 1% of catheter placements [11]. One case of
catheter pinch-off was experienced at our institution during
the study period. The patient did not report an active
exercise history, but the subject had a small physique,
weighed 45 kg, and was 145 cm in height. A catheter tip
measuring 5 cm in length caused an embolus to a pul-
monary artery. The catheter was withdrawn with a snare
from the right inguinal vein by a radiologist. A puncture
point is important to avoid pinch-off points. The catheter
should be preferentially placed on the lateral side of the
subclavian vein or in the internal jugular vein to avoid a
pinch-off point [12]. Peripheral arm ports have been
implanted in some CRC patients with no incidences of
catheter POS [13]. The supraclavicular technique provides
the best results with regard to the percutaneous introduc-
tion of large-bore central venous catheters [14]. At our
institution, the most general approach from the right

subclavian vein is the first choice of a puncture. There are
no reports of cases that have an increased tendency to have
pinch-offs, but we perform a puncture from another por-
tion; namely, the right supraclavian vein or left subclavian
vein, not the right subclavian vein, due to the fact that
patients who actively exercise or have a small physique
may experience POS.

Port connector rupture is usually caused by the method
used to place the CV-port device. The method for con-
necting a port and catheter varies with the CV-port device,
and the surgeon must confirm the type of CV-port device
and the method used to ensure a proper connection.

Venous thrombosis

Catheter-related central venous thrombosis (CRCVT)
occurs at a rate of 12-66% [15, 16]. In a prospective study,
CRCVT was observed in 63 of 95 (66%) patients; however,
it was symptomatic in only 4 of 63 (6%) of these patients
[15]. There is no prognostic marker for venous thrombotic
complications [16]. Three recent clinical trials investigated
the effects of prophylactic anticoagulation with either low
molecular weight heparin or low dose warfarin in cancer
patients who had central venous devices [17-19]. However,
these studies did not support the routine use of prophylactic
anticoagulation in cancer patients with venous catheters to
prevent catheter-induced thrombosis. Based on these
results, routine anticoagulation is not recommended [20].
Anticoagulant administration just after the placement of the
CV-port system is not used in our hospital. Two thrombosis
cases were detected at our institution during the study
period. These patients were diagnosed by injecting contrast
media from the port and median vein on the port insertion
side. The IRIS regimen (a combination therapy of the oral
anticancer drug S-1 and irinotecan) was administered for
the current patient series when the CV-port could not be
replaced due to thrombosis. In the present study, throm-
bosis improved after the administration of anticoagulant
therapy. Both patients had the CV-port system put in place
again, and the FOLFOX regimen was restarted.

Infection

A diagnosis of a catheter-related infection might be diffi-
cult in the absence of local signs of inflammation [21].
Routine device removal is not recommended for most
patients. Empirical antibiotics are administered when the
patient presents with sepsis or septic shock. Port systems
must be removed in case of a persistent relapse of infection
after antibiotic treatment, at signs of port or catheter tunnel
infection, for unstable patients, or after the development of
systemic complications [22, 23]. However, CRC patients
undergoing perioperative chemotherapy have had highly
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invasive surgery, and the general opinion is that these
guidelines do not apply to most of these patients. A high
fever after CRC resection is usually attributable to an
infection at the surgical site or an infection of the CV-port
system. In our hospital we experienced a patient who
demonstrated complications associated with a biliary
fistula after hepatectomy, who continued to have a high
fever after antibiotic treatment. The CV-port system was
withdrawn, but no bacteria were detected on the catheter.
However, we thought that the CV-port system should be
withdrawn in such a case, contrary to popular opinion.

In conclusion, the management of the CV-port system is
an important factor in the administration of chemotherapy to
outpatients with CRC. We have described proper CV-port
system placement and have summarized a recent report
about the tendencies of port complications. We have also
explained measures that were used to treat the complications
in our experimental cases. The chemotherapeutic treatment
of outpatients with the CV-port system is therefore best
performed when the physicians are aware of these compli-
cations and how to best treat patients for CV-port compli-
cations without compromising their anticancer treatment.
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Abstract

Background The purpose of this study was twofold: (1) to
compare S-1 with infusional 5-fluorouracil (FU) to deter-
mine which would be a better partner of paclitaxel (PTX),
and (2) to compare a concurrent strategy with a sequential
one, the latter strategy being the one that is widely used in
Japanese general practice.

Methods The 161 eligible patients were randomized
into four arms to receive the following regimens: A
(sequential), intravenous 5-FU at 800 mg/m” for 5 days
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every 4 weeks followed by weekly PTX at 80 mg/mZ; B
(sequential), S-1 at 80 mg/m” for 4 weeks and 2-week
rest followed by PTX; C (concurrent), intravenous 5-FU
at 600 mg/m”* for 5 days and weekly PTX at 80 mg/m”
every 4 weeks; and D (concurrent), S-1 for 14 days and
PTX at 50 mg/m” on days 1 and 8 every 3 weeks. The
primary endpoint was the overall survival (OS) rate at
10 months.

Results The ten-month OS rates in arms A, B, C, and D
were 63, 65, 61, and 73%, respectively. The OS was best in
the concurrent S-1/PTX arm, with a mean survival time of
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15.4 months, but no significant ditfference was observed
between the four arms. Response rates were higher in the
concurrent arms than in the sequential arms.

Conclusion Our study did not show sufficient prolonga-
tion of survival with the concurrent strategy to proceed to a
phase-IIT trial; however, the sequential arms showed sur-
vival comparable to that in the concurrent arms, with less
toxicity. In patients who are ineligible for cisplatin
(CDDP), sequential treatment starting with S-1 and pro-
ceeding to PTX would be a good alternative strategy,
considering quality of life (QOL) and the cost-benefits of
an oral agent as first-line treatment.

Keywords Advanced gastric cancer - Paclitaxel - S-1 -
Sequential chemotherapy - Concurrent combination
chemotherapy - Randomized phase-II trial

Introduction

Gastric cancer is the second most common cause of cancer-
related death worldwide [1]. Most patients (except those
from northeast Asian countries) present with advanced,
inoperable, or metastatic disease, and the 5-year survival
rate is approximately 10—~15%. Palliative chemotherapy for
advanced disease improves survival as compared with the
best supportive care [2—4]. Despite the innumerable efforts
of investigators in various countries to test various che-
motherapeutic and immunotherapeutic agents and combi-
nation regimens, there has been little progress in the
therapy for patients with advanced gastric cancer.
Probably because there is less evidence regarding the
treatment of gastric cancer compared to that of other
malignancies, the standard treatment for gastric cancer
differs from country to country, although most of the
“standard” regimens do not have sufficient evidence.
Moreover, the insurance systems in most western countries
approve only first-line treatment, and in these countries,
doublet or iriplet therapies could be the standard choice,
while some countries, including Japan, approve second-
and greater-line strategies, where we can choose not only
concurrent but also sequential sirategies. Reflecting these
historical and social circumstances, “standard” treatment
for gastric cancer shows wide variety, with some confu-
sion. In Japan, the evidence-based standard regimen
involved continuous infusion of 5-fluorouracil (5-FU) only
(JCOG9205) before the results of the Japan Clinical
Oncology Group (JCOG) 9912 and SPIRITS trials had
been obtained [5-7]. After the results of SPIRITS trial were
shown, S-1 plus cisplatin (CDDP) has been accepted as the
standard first-line treatment for patients with good condi-
tion, but S-1 without CDDP was also widely used in gen-
eral practice. This means we still need an alternative

@ Springer

strategy, whose sequence starts from a fluoropyrimidine
(infusional 5-FU or oral S-1) with or without other agents.

As for candidates as the fluoropyrimidine partner, some
potent agents have been approved for gastric cancer in the
past two decades. One of the promising agents was pac-
litaxel (PTX) [8], which had shown beneficial results in
single use or concurrent use with a fluoropyrimidine [9-
12]. However, these studies were conducted as single-arm
phase I-II trials. Hence, the choice between sequential and
concurrent strategies for fluoropyrimidine and PTX
remains unclear.

We therefore planned a randomized phase-Il trial to
compare the following four treatment regimens: A,
sequential 5-FU monotherapy followed by PTX mono-
therapy; B, sequential S-1 monotherapy followed by PTX
monotherapy; C, concurrent 5-FU plus PTX [11]; and D,
concurrent S-1 plus PTX [12]. The purpose of the study
was twofold: (1) to compare S-1 with infusional 5-FU to
determine which was the better partner of PTX, and (2) to
compare a concurrent strategy with a sequential one, the
latter strategy being the one that is widely used in Japanese
general practice.

Patients and methods

The detailed study design and protocol treatment of this
study has already been described by Morita et al. [13].
Below we outline a summary of the methodological issues
in this study with the protocol (informed consent form) that
was amended after the SPIRITS trial.

Eligibility criteria

Patients more than 20 years of age with histologically
confirmed non-resectable advanced or recurrent gastric
cancer were eligible. Patients who had undergone prior
anti~tumor therapy (except for surgery and postoperative
adjuvant chemotherapy) were excluded. Patients had to
have adequate renal, hepatic, hematologic, and cardiac
function, with an Eastern Cooperative Oncology Group per-
formance status (PS) of 0—1. Patients had to be able to take
food via the oral route to be considered for enrolment in the
study.

The protocol was approved by the Institutional Review
Board (IRB) of each institution, and written informed
consent was obtained before treatment. Participating
investigators were instructed to send an eligibility criteria
report to the data center operated by the non-profit orga-
nization Epidemiological and Clinical Research Informa-
tion Network (ECRIN). Eligible patients were registered
and then randomized to receive either of the four treatment
regimens (A, B, C, and D), using a centralized dynamic
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randomization method with the following balancing fac-
tors: measurable disease according to criteria set by
Response Evaluation Criteria in Solid Tumours (yes/no);
disease type [inoperable advanced/postoperative recurrent
(with postoperative chemotherapy)/postoperative recurrent
(with no postoperative chemotherapy)]; PS (0/1); perito-
neal metastasis based on diagnosis with images (yes/no);
age (<75 years/>75 years), and institution. Information
regarding the necessary follow-up examinations and che-
motherapy schedule was then sent from the ECRIN data
center. The accrual started in December 2005 and was
continued for 3 years.

Projected treatments

Based on previous trials, we adapted four promising regi-
mens for this selection design trial [13]. Patients in arm A
received sequential therapy with intravenous (i.v.) 800 mg/
m?* 5-FU daily for 5 days every 4 weeks until progression,
followed by PTX 80 mg/m” on days 1, 8, and 15 every
4 weeks. Patients in arm B received sequential therapy
with 80 mg/m? of oral S-1 daily for 4 weeks and 2-week
rest after the administration (iotal of 6 weeks per single
course) until progression. This was followed by PTX, uti-
lizing the same administration dose and schedule as that in
arm A’s second-line PTX. Patients in arm C received a
combination therapy with 600 mg/m* 5-FU (i.v.) daily for
5 days from day 1 and infusion of 80 mg/m* PTX on days
8, 15, and 22 every 4 weeks. Patients in arm D received a
combination therapy with 80 mg/m? oral S-1 for 14 days
from day 1 and infusion of 50 mg/m* PTX on days 1 and 8
every 3 weeks. In the sequential treatment arms A and B,
the administration of 5-FU or S-1 monotherapy was dis-
continued if the following were observed: (1) disease
progression or occurrence of new disease; (2) grade-4 non-
hematological toxicities evaluated according to the Com-
mon Terminology Criteria for Adverse Events version 3.0;
(3) adverse events causing patients to refuse treatment or
causing a clinician o discontinue treatment; (4) increase in
the tumor markers carcinoembryonic antigen (CEA) and/or
cancer antigen (CA) 19-9 in two or more consecutive
measurements or symptomatic progression (e.g., cancer
pain and dysphagia). An irinotecan-containing regimen
was recommended for use in case further lines of treatment
were to be given.

Follow-up

Disease progression and occurrence of new disease were
examined using radiographs, computed tomography (CT)
or magnetic resonance imaging (MRI) of the abdomen, and
thoracic CT and measurements of the tumor markers CEA
and CA19-9. These examinations were performed at

baseline and at least every 4—5 weeks during treatment.
Blood tests and symptom checks were performed before
treatment and at least every 2 weeks during treatment. In
cases where therapy was discontinued owing to toxicity,
clinicians followed up patients until they recovered from
the effects of toxicity.

Study design and statistical methods

The primary aim of this study was to compare treatment
regimens A-D in terms of the primary endpoint of the
10-month overall survival (OS) rate. In addition, OS and
treatment failure curves were constructed as time-to-event
plots using the Kaplan—Meier method [14]. Time-to-event
curves were compared using log-rank tests and the hazard
ratio (HR) estimated by Cox regression models [15]. The
prevalence of grade-3 or grade-4 adverse events was
compared between the treatment arms. Calculation of the
sample size required 40 patients in each arm to assure 80%
probability in order to select the best treatment arm [16] as
long as the true expected 10-month OS rate exceeded that
of any other arm by at least 15%. The total number of
patients to be accrued was set at 160.

Protocol amendment after SPIRITS trial

After the results of the SPIRITS trial were publicized,
standard first-line therapy in Japan shifted from mono-
therapies with 5-FU or S-1 to an S-1/CDDP combination.
The protocol committee of the present trial discussed this
issue and decided not to change the protocol treatments,
because none of the treatment arms has actually been
shown to be inferior to the S-1/CDDP combination.
Instead, all patients who became candidates for accrual in
the trial after the results of the SPIRITS trial were publi-
cized were to be informed of the novel standard treatment
in Japan, using a newly compiled explanatory note, and
they were to be offered the alternative of receiving the
combination therapy instead of participating in the trial.
Each participating institution agreed on the use of the
newly compiled explanatory note without correction in the
study protocol itself, and case recruitment was re-started
after the IRB approval of the amendment was obtained.

Results

A total of 161 patients were enrolled in the trial from
December 2005 to November 2008. The numbers of
patients in arms A, B, C, and D were 40, 40, 41, and 40,
respectively. Two patients in arm A and two in arm C
declined therapies before the start of the assigned treat-
ment. Therefore, 38, 40, 39, and 40 patients in arms A, B,
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C, and D, respectively, were considered to be eligible for
evaluation (Fig. 1). Initial patient characteristics in the four
arms were well matched (Table 1). The median age was
67 years (range 40-90 years).

Survival

The ten-month OS rates predeiermined as the primary
endpoint were 63, 65, 61, and 73% in arms A, B, C, and D,

Group A 5-FU __,i PTX k

‘g 5-FU
4 containing
A Grosp fi 5-FU+PTX egimen |
§
concurrent
- K
o ol S1APTX 4

S-1 containing
regimen

Fig. 1 CONSORT diagram that accounts for all patients. 5-FU
5-fluorouracil, PTX paclitaxel

respectively. Although concurrent therapy with S-1 plus
PTX demonstrated the best survival benefit among the four
arms, the difference in OS rates between the arms with
highest (D) and lowest (C) rates was less than the prede-
termined criterion (i.e., 15%). Kaplan-Meier survival
curves did not show a significant difference between the
four arms (Fig. 2). The survival rates in the sequential (A,
B) and concurrent {(C, D) arms were almost identical
(p = 0.93) (Fig. 3a). In addition, no difference in survival
was observed between the 5-FU-containing regimens (arms
A and C) and the S-1-containing regimens (arms B and D)
(p = 0.83) (Fig. 3b).

Time to treatment failure (TTF)

In arms A and B, TTF was calculated by the addition of the
prior 5-FU or S-1 treatment period and the sequential PTX
period. Median TTF values were 213, 222, 177, and
189 days in arms A, B, C, and D, respectively. No differ-
ence was observed between the four arms. However,
Kaplan—Meier TTF curves for sequential and concurrent
regimens showed better TTF in favor of sequential treat-
ment compared with concurrent treatment (HR 0.71, 95%

Table 1 Patient characteristics

Treatment arm Arm A Arm B Arm C Arm D
5-FU-PTX S-1-PTX 5-FU+PTX S-14PTX
n =138 n =40 n=39 n =40
Gender
Male 25 (65.8%) 28 (70.0%) 28 (71.8%) 32 (80.0%)
Female 13 (34.2%) 12 (30.0%) 11 (28.2%) 8 (20.0%)
Age (years)
Median 67.0 68.0 67.3 66.6
Range 48-79 51-81 40-82 47-90
74< 31 (81.6%) 33 (82.5%) 31 (79.5%) 31 (77.5%)
<75 7 (15.4%) 7 (17.5%) 8 (20.5%) 9 (22.5%)
Performance status
0 29 (76.3%) 27 (67.5%) 25 (64.1%) 28 (70.0%)
1 9 (23.7%) 13 (32.5%) 14 (35.9%) 12 (30.0%)
Stage
Non-resectable, no previous 31 (81.6%) 33 (82.5%) 32 (82.1%) 32 (80.0%)
chemotherapy
Recurrent after curative 2 (5.3%) 1 (2.5%) 3 (7.7%) 3 (7.5%)
surgery, adjuvant chemotherapy (+)
Recurrent after curative 5(13.2%) 6 (15.0%) 4 (10.3%) 5 (12.5%)
surgery, adjuvant chemotherapy (-)
Peritoneal metastasis
Yes 9 (23.7%) 13 (32.5%) 5 (12.8%) 10 (25.0%)
No 29 (76.3%) 27 (67.5%) 34 (87.2%) 30 (75.0%)
Measurable disease
Yes 19 (50.0%) 23 (57.5%) 17 (43.6%) 20 (50.0%)
5-FU 5-fluorouracil, PTX No 19 (50.0%) 17 (42.5%) 22 (564%) 20 (50.0%)
paclitaxel
@_ Springer
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Table 2 Tumor response rates

Treatment n (With CR PR 3D PD Response
arm/agent measurable rate (%)
lesion)
A
5-FU 17 0 5 8 4 29.4
PTX 17 0 2 10 5 11.8
B
S-1 20 1 4 105 25.0
PTX 14 i L 10 2 143
C
5-FU+PTX 13 0 9 2 2 69.2
D
S-1 4+ PTX 19 1 7 o 42.1

CR complete response, PR partial response, SD stable disease, PD
progressive disease

confidence interval [CI] 0.50-1.02, p = 0.06). A difference
in TTF was not observed between the 5-FU-containing and
S-~1-containing regimens.

Response rates

The overall response rates in patients who had measurable
disease are summarized in Table 2. Response rates were
higher in the concurrent arms than in the sequential arms.
The 5-FU and PTX combination regimen showed the best
response rate among the four arms.

Toxicities

All patients could be assessed for hematological and non-
hematological toxicities (Table 3). Ten of 78 patients
(12.8%) who received sequential therapy and 26 of 79
patients (33.0%) who received concurrent therapy showed
grade-3 or grade-4 neutropenia. With respect to hemoglo-
bin decrease, 21 patients (26.2%) with the S-1-containing
regimens showed grade-3 or grade-4 adverse events,
whereas only 8 patients (10.4%) with the other regimens
showed adverse events. No difference was observed in
non-hematological toxicity.

Compliance
Compliance with S-1 treatment was inferior to that with

5-FU treatment. The median numbers of courses accom-
plished in the first- and second-line treatment of the
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