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been suggested that flavopiridol is an attractive
agent for the treatment of esophageal cancer.®
However, the potential value of flavopiridol as a
radio-sensitizer for esophageal squamous cell car-
cinoma has not been clarified. Flavopiridol induces
the highly radio-sensitive G/M phase of the cell
cycle and inhibits several molecular factors that
determine the sensitivity of tumor cells to radiation,
such as EGFR and Bcl-2, so it seems to be a poten-
tial radiation sensitizer,

Several Phase I and Phase II trials have shown
some evidence of the anticancer activity of this
agent. However, flavopiridol has been reported to
show dose-limiting toxicities of severe diarrhea and
vascular thromboric events,"' including myocardial
infarction, transient neurological ischemic attacks,
deep vein thrombosis and pulmonary embolism."
Thus, flavopiridc! is thought to be too toxic for
clinical use as a single agent.

In the present study, we investigated the in vitro
effect of flavopiridol alone and the in vitro radie-
sensitizing effect of Jow-dose flavopiridol on esophageal
squamous cell carcinoma cell lines.

MATERIALS AND METHOQDS
Cell lines

The TES8, TES and KE4 cell lines, were derived from
squamous cell carcinoma of the esophagus. TES
and TES were obtained from the Cell Resource
Center for Biomedical Research Institute of Develop-
ment, Aging and Cancer at Tohoku University,'®
while KE4 was kiadly provided by Professor Kyogo
Ito (Department of !mmunology, Kurume Univer-
sity School of Medicine, Fukuoka, Japan). These
cell lines were maintained in RPMI 1640 medium
supplemented with 10% heat-inactivated fetal bovine
serum and penicillin, and incubated at 37°C in an
atmosphere of 5% CO,.

Materials

Flavopiridol was obtained from Aventis Pharmaceu-
ticals Inc. {Bridgewater, NJ). A 10-mg/mL stock
solution was prepared in 0.05 mol/L acetic acid
and stored at 4 C. This solution was further diluted
in medium and used at final concentrations ranging
from 0.01 nmol/L to 400 nmol/L.

In vitro proliferation assay

Growth inhibition was determined by the 3-[4,5-
dimethylthiazol-2-y1])-2,5-diphenyl-tetrazolium bromide
(MTT) assay. Cells were cultured in RPMI 1640
medium at 1 x 10" cells/well in 96-well plates for 24
or 48 h at 37 C with flavopiridol (0.01-400 nmol/L)
or medium alone as the control. The plates were

centrifuged at 1200 x g for 5 min and then washed
with 150 pL of PBS and centrifuged again. After
removing the supernatant, MTT (20 pL of a 0.5-
mg/mL solution in PBS) was added to each well.
After 4 h of incubation at 37°C, the cells were lysed
with 150 pL of DMSO and the absorbance of each
well at 560 and 655 nm was measured by a microplate
reader (Bio-Rad, Richmond, CA). The mean
absorbance of five wells was used as an indicator of
relative cell growth.

Morphological examination

The apoptotic effect of flavopiridol was determined
morphologically by fluorescence microscopy after
labeling with Hoechst 33342 (Sigma Chemical Co.,
St. Lows, MO). After 48 h of exposure to flavopiridol
(0.05 nmo!l/L or 300 nmol/L), cells were collected
by trypsinization, washed in PBS and centrifuged
twice at 2000 x g for 10 min each time. The pellet
was resuspended in 50 pL of PBS and 10 pL of
Hoechst 33342 was added. A 10-pL aliquot of the
suspension was placed on a microscope slide, covered
with a 22-mm? coverslip and examined under UV
spectrum. Apoptosis was characterized morpholo-
gically by detection of condensed chromatin and
fragmented nuclei.

Western blotting

Whole cell lysates {150 pg) obtained after 48 h of
exposure to flavopiridol (0.05 nmol/L and 300
nmol/L) and control cell lysates were prepared for
Western blot analysis. Proteins were resolved by
SDS-PAGE and transferred to Immobilon-P mem-
branes (Millipore, Danvers, MA). Nonspecific binding
was blocked by incubation with Tris-buffered saline
(TBS) and 5% non-fat dried milk. The membranes
were probed with mouse monoclonal antibodies
specific for Rb, cyclin D1 and Bcl-2 (PharMingen,
San Diego, CA). A secondary horseradish peroxidase-
conjugated antibody (Cappel) was applied for 1 h,
followed by incubation with enhanced chemilu-
minescence reagents (Amersham, Buckinghamshire,
United Kingdom). The level of expression of each
target protein was quantified using a densitometric
scanning system (Fuji Film, Tokyo, Japan).

Flow cytometric analysis

Cells (2.5 x 10° cells) were incubated with or
without flavopiridol (0.05 and 300 nmol/L) for 48 h.
After removal of the supernatant and dead cells,
the viable cells were collected, washed with cold
PBS, treated with 250 pL of 0.2% Triton X and
250 pL of 1% RNase A, and stained with 50 pg/mL
propidium iodide (PI). Then the cell cycle distribution
(DNA content) was determined by flow cytometry
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with a FACScan (Becton Dickinson, San Jose, CA),
with the Cell Quest (Becton Dickinson) and ModFit
LT programs (Verity Software House, Inc., Topsham,
ME) being used for analysis.

Colony-forming assay

The combined effect of radiation and flavopiridol
was determined by a colony-forming assay. Cells
(2.5 x 10°) were incubated with or without 0.05
nmol/L flavopiridol for 48 h and then were har-
vested by trypsinization and centrifugation. Cells were
irradiated at a dose rate of 1.4 Gy/min to a total
dose of 2-10 Gy using an X-ray unit (Hitachi: 140
kV, 4 mA, 0.1 mm Al filter). Then the cells were
plated (1 x 10° cells) in 60 mm petri dishes and
colony formation was assessed after incubation for
12 days. Colonies were fixed with 96% methanol,
stained with 2% Giemsa solution and counted to
assess clonogenic survival. The Student’s -test was
used for the comparison of the cell survival data,

RESULTS

Flavopiridol inhibits the proliferation of esophageal
cancer cells

To determine whether or not flavopiridol could
inhibit the cell growth of esophageal cancer cells,
TES8, TE9 and KE4 cells were incubated with or
without 0.01-400 nmol/L flavopiridol for 24 or
48 h and cell growth was evaluated by MTT assay.
Growth inhibition was observed in all of the cells
exposed to each concentration of flavopiridol during
the first 24 h of incubation (Fig. 1A) and it was
shown that flavepiridol caused dose-dependent and
time-dependent inhibition of cell growth. The ICs,
values at 48 h were approximately 110 nmol/L
(KE4), 250 nmel/L (TE8) and 200 nmol/L (TE9)
(Fig. 1B). In contrast, there was no obvious further
growth inhibition of all three lines at the concentra-
tions of 0.01-10 nmol/L from 24 h to 48 h (Fig. 1).

These results showed that flavopiridol could
potently inhibit the growth of esophageal squamous
cell carcinoma cells in vitro. Based upon these find-
ings, we selected a concentration of 300 nmol/L
that caused significant growth inhibition and a
concentration 0.05 nmol/L that caused no obvious
inhibition for subsequent experiments.

Flavopiridol induces apoptosis of esophageal cancer
cells

To determine whether inhibition of the growth of
esophageal cancer cells (TE8, TE9 and KE4) by
flavopiridol was attributable to apoptosis, the cells
were incubated with or without 0.03 or 300 nmol/L
flavopiridol for 48 h, and were subjected to fluo-
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Fig. 1 Flavopiridol treatment inhibits the growth of esophageal
cancer cells relative to control. Cells were incubated with or
without 0.01-400 nmcl/L flavopiridol for 24 or 48 h. Growth
inhibition in the presence and absence of flavopiridol was
assesszd at the designated times by the MTT assay. Results are
representative for one of three independent experiments:

{A) after 24 h treatment; (B) after 48 h treatment. (Bars, £ SD.}

rescence microscopy after staining with Hoechst
33342, At a concentration of 300 nmol/L, high levels
of Hoechst 33342 fluorescence were observed in all
three lines and there was an increase of cells with
nuclear fragmentation and chromatin condensation.
In contrast, the cells incubated at 0.05 nmol/L
showed low levels of Hoechst 33342 fluorescence
similar to control cells (Fig. 2).

Expression of cyclin D1 and Rb decreases after
exposure to a low dose of flavopiridol

To investigate whether the cell cycle and apoptotic
factors were affected by flavopiridol, cyclin D1, Rb
and Bcl-2 were detected by Western blotting in
cells incubated with or without 0.05 or 300 nmol/L
flavopiridol for 48 h. At a concentration of 300 nmo¥/L,
Rb and cyclin D] protein levels were decreased
below control levels in TER, TE9 and KE4 cells. In
addition, Bcl-2 protein was decreased in KE4 cells.
At a concentration of 0.05 nmol/L, Rb, cyclin D1
and Bcl-2 protein levels were slightly decreased to
below control levels in KE4 cells, while, Rb and
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Fig. 2 Fluorescent microscopy of cells incubated with or without flavopiridel. Cells were stained with Hoechst 33342 as described

under ‘Materials and methods’.

KEA4

amtd D05 nM X0 M

Rb EE——-

Cyelin D1 RN

-

TES TE9
comnd KOS nM N6 RN toektol G0N Ad WX RNy
A
——- W

Fig. 3 Western blot analysis of cyclin D1, Rb and Bcl-2 protein expression by KE4, TES and TE9 cells incubated for 48 h with or

without flavopiridol.

cyclin D1 were sl.ghtly decreased in TES cells. The
levels of Rb, cyclin D1 and Bcl-2 protein were all
unchanged in TE9 cells after treatment with 0.05
nmol/L flavopiridol (Fig. 3).

Flavopiride! induces cell cycle arrest at G,/M and
G, in esophageal cancer cells

The effect of favopiridel on the cell cycle
distribution of TES, TE9 and KE4 cells is shown in
Table 1. Consistent with the previously demon-
strated inhibition of cell growth, exposure to 300
nmol/L flavopiridol caused G, arrest, manifested
by a decrease of GJ/M and S cells in the cultured
TESR, TE9Y and K4 cell lines. In contrast, exposure
to 0.05 nmol/L favopiridol caused G,/M arrest in
TES, TES and K.E4 cells. These results indicated

that 0.05 nmol/L flavopiridol, which had no obvious
effect on growth or apoptosis, was able to cause cell
cycle arrest at the highly radio-sensitive G,/M
phase.

Flavopiridol increases the effect of radiation on
esophageal cancer cells

To determine whether or not flavopiridol had a
radio-sensitizer effect on esophageal cancer cells,
cells were incubated with a concentration of 0.05
nmol/L for 48 h before irradiation. Then, cells were
incubated for 12 days after irradiation and viability
was determined by a clonogenic assay. It was found
that 0.05 nmol/L flavopiridol showed a synergistic
effect on radiation in TE8, TE9 and KE4 cells
(Fig. 4).
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DISCUSSION

This study obtained two novel findings. First,
experimental evidence showed that combined
treatment with low-dose flavopiridol enhanced
radiation killing of esophageal cancer cell lhnes.
Second, it was suggested that cell cycle progression
may be arrested in G,/M phase after exposure of
esophageal cancer cells to a low dose of flavopiridol
{(0.05 nmol/L}, while cell cycle arrest in G, phase
occurs after exposure to a high dose of flavopiridel
(300 nmol/L}. In other words, our results raised the
possibility that the cell cycle of tumor cells could
be controllable by the flavopiridol treatment
schedule.

Table 1 Effect of flavopiridol on the cell cycle

Cell cycle distribution

Cell line % Gy/G, %S % G,/M
TES
Control 57.7 22.5 19.8
0.05 nmol/L 50.8 20.3 289
300 nmol/L 82.7 18.2 15.1
TES
Control 574 17.9 24.7
0.05 nmol/L 510 18.0 31.0
300 nmol/L 73.8 8.0 18.2
KE4
Control 445 249 30.6
0.05 nmol/L 40.0 25.2 348
300 nmol/L 80.6 4.4 15.0
Ruadiation e (Sy) fadianon goss ((iy}
6 2 4 & 8 1 6 2 4 B B 10
- \"T\.M: P
H o § a
£ o NI BN
g £ -\\ .
N, § ES
(55 \z n LI ‘\\
o KE< Fasau * —— TES Fadikon ot
B KELEA J - TEGF«R :
LIHE 434l
Aadiazion dose (Gy)

o1 » '\\

Suiviving lraction

0.cr

Fig. 4 TES, TEY and KE4 cells were irradiated (2-10 Gy) and
viability was investigated with or without flavopiridol treatment.
Exposure to flavopiridol for 48 h resulted in significant radio-
sensitization compared with untreated control cells. Bars, £ SD.
(Significantly different to control (Student’s -test): *P < 0.05,
**P<0.0L)

It is unclear why flavopiridol arrests some cells
in G, phase and other cells in Gy/M phase or both,
yet the inhibition of cdks may play a key role in
cell cycle arrest. Flavopiridol was reported to demon-
strate potent inhibition of cell cycle progression
at concentrations below 300 nmol/L,"” while 200~
300 nmol/L is the median steady-state concentra-
tion range that was achieved in clinical trials using
the recommended dose of flavopiridol.' It has been
shown to mediate either G, phase or G,/M phase
arrest with a progressive decrease of the S phase
fraction in several cancer cell lines, including those
derived from prostate, esophageal, lung and breast
cancer.**'®'® In the present study, we demonstrated
that flavopiridol mediated G, phase arrest of
esophageal squamous cell carcinoma cell lines when
used at a concentration of 300 nmol/L. In contrast,
G,/M phase arrest was found in other esophageal
cancer cell lines.® Consistent with the initial inhibi-
tion of cell growth, flavopiridol-treated cells show
an increase of the cell populations in sub G,
phase,'® and it has been reported that such cells
are actually dying of apoptosis.?' In the present
study, there was no obvious increase of the sub G,
population at a concentration of 300 nmol/L in all
three cell lines, because only surviving cells were
analyzed and floating cells which may have under-
gone apoptosis due to flavopiridol treatment were
discarded before analysis. In fact, total cells fadherent
plus floating cells) showed an increase of sub G,
populations after flavopiridol exposure (data not
shown).

The effect of flavopiridol on cdks has been inves-
tigated and the ICs, of cdks is 20-400 nmol/L.532%
Inhibition of these kinases is related to the intracel-
lular concentration of flavopiridel, therefore the
intracellular concentration (determined by the dose
and treatment schedule), may determine whether
G, phase or G/M phase arrest occurs. In this study,
48 h of exposure to flavopiridol could achieve dual
cell cycle arrest (both G, .4 G/M phases) by
changing the drug concentration. The value of flavo-
piridol as a radio-sensitizer would be greater if the
cell cycle could be modulated as required.

Because a low dose of flavopiridol caused arrest
at G/M which is the most radio-sensitive phase, we
investigated whether flavopiridol could enhance the
effect of radiation. The combination of flavopiridol
and radiation was not reported to demonstrate sig-
nificant activity against bladder cancer,'* however,
cells were irradiated before exposure to flavopiridol.
Assuming that flavopiridol pretreatment before
irradiation could mediate G,/M arrest, this combi-
nation therapy would increase the effect of radia-
tion. Recently, Raju et al. showed that treatment of
ovarian carcinoma cells with 50-300 namol/L flavo-
pirido]l augments their radio-sensitivity by accu-
mulating cells in G/M phases of the cell cycle.® In
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the present study, a low dose of flavopiridol treat-
ment enhanced tte radio-sensitivity of esophageal
cancer cells, Interestingly, 0.05 nmol/L flavopiridol
did not exhibit zny inhibitory activity itself, yet
synergistically enhanced the radio-sensitivity of the
esophageal cancer cell lines. Since 0.05 nmol/L flavo-
piridol did not markedly increase the percentage
of cells in Gy/M phase, the occurrence of G,/M
arrest does not seem to be a sufficient explanation
for enhanced radio-sensitivity. Progression to G,/M
phase is thought to be regulated by cdkl/cyclin B
and cdkl/cyclin A, and the ICy of cdkl/cyclin B is
approximately 30-400 nmol/L.* Because inhibi-
tory activity of favopiridol on cdks could not be
expected at such low concentrations, another mech-
anism could moculate the effects of flavopiridol-
radiation interaction.

In the present study, flavopiridol decreased cyclin
D1, Bcl-2 and Rt protein expression by esophageal
squamous cell carcinoma cells. Bcl-2 expression
renders tumor cells resistant to apoptosis and is
correlated with radio-resistance and recurrence in
patients with squamous cell carcinoma of the head
and neck.”®” Flavopiridol was reported to induce a
decrease of Bcl-2 expression in leukemia cell lines.”
In contrast, no obvious decrease of Bcl-2 was detected
in esophageal cancer after flavopiridol treatment.?
In the present study, 0.05 nmol/L flavopiridol only
decreased Bcl-2 expression in KE4 cells, so a
decrease of Bcl-2 expression cannot explain why
flavopirido] enhanced the effect of radiation. There
was no correlation between the cytotoxic action of
flavopiridol and the decrease of Bcl-2 expression in
several cell lines.*®® Although the mechanism of
flavopiridol-induced antiproliferative activity in
relation to Bcl-2 expression has not been fully elu-
cidated, it is intriguing that the IC, for KE4 cells
was far lower than those of the other cell lines.
Likewise, the relationship between radio-sensitivity
and a decrease of cyclin D1 and Rb expression due
to 0.05 nmol/L flavopiridol is unclear. The mecha-
nism of action for flavopiridol plus radiation
remains as a matter to be investigated further.

Decreases of cyclin D1, Rb and pl07 expression
may be an essential part of the mechanism by
which flavopiridel induces cytotoxity in esophageal
cancer, although the cytotoxity of flavopiridol is
independent of the expression of pRb, pl6é and
p53.2 In this study, consistent with the initial inhibi-
tion of cell growth, exposure to flavopiridol at 300
nmol/L decreased cyclin D1 and Rb expression in
all three lines.

Cyclin D1 has been reported to show over-
expression in several cancers and this is associated
with a poor prognosis.®?° Over-expression of cyclin
DI has also beer: reported in esophageal cancer.’*
Amplification of cyclin D1 has been demonstrated
to be a useful marker for predicting the outcome

and distant metastasis in patients with squamous
cell carcinoma of the esophagus.® It is suggested
that a decrease of cyclin D1 over-expression may be
useful in the treatment of esophageal cancer and
premalignant esophageal lesions,” so flavopiridol
may be helpful in the clinical management of
esophageal cancer. However, treatment with fla-
vopiridol sometimes causes side-effects such as
severe diarrhea, vascular thrombosis and neutro-
penia."~'**-3 For clinical purposes, a lower concen-
tration of flavopiridol should be used, so combination
with radiation may be more efficacious for the
treatment of esophageal cancer. Flavopiridol is a
strong radio-sensitizer and may achieve extended
therapeutic use in the future, It will be effectively
achieved at a low concentration of flavopiridol,
which causes few side-effects. Moreover, flavopiridol
shows cytotoxicity for esophageal cancer cell lines
irrespective of the histology and tumor suppressor
gene status,® indicating that the combination of
flavopiridol and radiation may be useful for all
esophageal cancer patients. In this study, only one
treatment protoco] was tested, so further investiga-
tions are required to explore the most effective
treatment schedule to maximize the effect of flavo-
piridol combined with radiation.

In conclusion, these results suggest that combined
treatment with low-dose flavepiridol can enhance
radiation killing of tumor cells and this therapy
may be promising for treatment of esophageal cancer.
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Phase I study of the combination of nedaplatin, adriamycin and S-fluorouracil
for treatment of advanced esophageal cancer

M. Hirag, K. Fujitani, T. Tsujinaka
Department of Surgery, Osaka National Hospital, Osaka, Japan

SUMMARY. This trial was conducted to determine the maximum-tolerated dose, principal toxicity, and
recommended dose (RD) for the phase II study of the combination of nedaplatin (NED), adriamycin (ADM),
and 5-fluorouracil (5-FU) in patients with advanced esophageal cancer. Patients with previously untreated esoph-
ageal cancer were eligible if they had performance status 0-1, were 75 years or younger and had adequate
organ function, The dose of NED, the key anticancer platinum complex drug, was increased from 60 to 70,
and 80 mg/m’ on day 1. ADM and 5-FU were administered at fixed doses (30 mg/m? on day 1, and 700 mg/m?
on days 1-5). The dose-limiting toxicities of NED were neutropenia and severe diarrhea, and its maximum-
tolerated dose and RD were 70 mg/m* and 60 mg/m?, respectively. There were four responders among the six
patients administered the RD. The present study thus revealed combination chemotherapy with NED, ADM,
and 5-FU to be active and well-tolerated and to warrant phase II study.

KEY WORDS: cancer, chemotherapy, esophagus, nedaplatin, phase L

INTRODUCTION can exert synergic effects with 5-FU.* Moreover, it

was reported that the combination of NED and
Esophageal cancer has a poor prognosis. In recent  5-FU yielded a 54% response rate among patients who
years, several strategies including presurgical chemo-  had previously been treated with CDDP.S

therapy, either alone or with radiotherapy, and Combination chemotherapy with 5-FU, adriamycin

chemoradiotherapy without surgery have been used  (ADM), and CDDP (FAP) has been reported to be

in attempts to improve the prognosis. useful in the treatment of advanced gastric cancer,
Cisplatin (CDDP)-based combinations have  esophageal cancer and other tumors.™®

been reported to yield high response rates and,' Based on these findings, we planned a phase I and

among the various combinations tested, that with 5-  II study of the combination of NED, ADM, and 5-
fluorouracil (5-FU) has proved to be a most effective, ~ FU for treatment of previously untreated advanced
safe and standard regimen.? However, because CDDP  esophageal cancer. The main purpose of the present
itself has substantial toxicity, including renal and gastro-  study was to determine the maximum-tolerated
intestinal toxicity, newer platinum analogs have  dose (MTD), principal toxicity, and recommended
been developed. (Glyconate-O,0) diammineplatinum  dose (RD) for the phase II study.

(II) (Nedaplatin, hereafter NED), a second-generation

platinum complex developed in Japan, is designed :

to reduce the adverse effects of CDDP and to fur-  PATIENTS AND METHODS

ther improve its antitumor effect.® It was reported
that the response rate for NED as a single agent
was 42.9% in a phase II study, with little toxicity = Between Januvary 2003 and June 2003, 12 patients
observed.* It has been shown in vitro that NED  with advanced esophageal cancer cared for in Osaka
National Hospital were enrolled for the study.
Disease staging was performed according to the
guidelines for the clinical and pathologic studies on

Eligibility criteria

gddress COFreSfpgndencc 601 kDr %°?°hi§°HHi“‘.°’!Mle’ ” carcinoma of the esophagus of the Japan Society
epartment o urgery, Usaka Nationa osplta , &-1- - 9 - . . .

Hoenzaka, Chuouku, Osaka, 5400006, Japan. for Esophageal Diseases. Patlent.s with histologically
Tel/Fax: + 81 6 6946 5660, Email: hiraom@cnh.go.jp proven stage IIT or IVa or b disease who had not
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previously received chemotherapy, radiotherapy or
surgical treatment were eligible for this study. Other
eligibility criteria were: age between 20 and 75 years;
Eastern Cooperative Oncology Group (ECOG)
performance status of 1 or (; a measurable lesion;
life expectancy of 3 months or longer; adequate bone
marrow function (white blood cell [WBC] count
from 3000 to 12 000/uL, neutrophil count of 1500/
1L or more, hemoglobin level of 8.0 g/dL, and platelet
count level of 100 000/uL or more), acceptable renal
function (serum creatinine levels less than 1.5 mg/
dL and creatinine clearance rate of 50 mL/min or
more) and hepatic function (total serum bilirubin
level less than 1.5 mg/dL, AST and ALT levels less
than or equal to two and one-half times the upper
limits of the normal ranges), and normal ECG.
Patients were excluded if they had active infection,
severe heart disease, pregnancy, active synchronous
carcinoma, intersritial pneumonia or pulmonary
fibrosis, peripheral neuropathy, pleural effusion or
ascites, symptomatic brain metastasis, syndrome
of inappropriate secretion of ADH (SIADH), or
severe drug allergy. Written informed consent was
obtained from all patients.

Treatment protocol

ADM (30 mg/m?) vras diluted with 100 mL of normal
saline and administered as an intravenous drip
infusion over 60 min on day 1. 5-FU (700 mg/m?)
was diluted with saline and administered as an
intravenous drip continuously from day 1-5. NED
was diluted with 500 mL of normal saline before
injection and given as an intravenous drip infusion
over 60 min on day 1. This chemotherapy regimen
was repeated every 4 weeks and given for at least
1 cycle for phase [ and for more than 2 cycles for
phase II study.

MTD and dose-limiting toxicity

Three dose levels of NED were chosen for investiga-
tion: step 1, 60 mg/m?; step 2, 70 mg/m% and step 3,
80 mg/m% The dose of NED was increased on the
basis of toxicity during the first cycle of chemotherapy.
No dose escalaticn was permitted for individual
patients. Decision on MTD was made on the basis
of dose-limiting toxicity (DLT) events that occurred
during the first cvcle of chemotherapy. DLT was
defined as follows: (1) a WBC count less than 1000/
UL or neutrophil count less than 500/uL; (2) grade
3 febrile neutropenia; (3) a platelet count less than
25 000/uL; (4) any grade 3 non-hematologic toxicity
that met NCI-CTC, except for alopecia, fatigue and
nausea/vomiting. At least three patients were enrolled
at each dose step. If DLT was observed in one
patient, three add:tional patients were accrued. If
DLT was observed in two or more of the initial

patients or three or more of the six patients, patient
accrual was discontinued and the dose level was
considered the MTD, Once the MTD was determined,
the previous dose level was chosen as the recommend
dose (RD3).

Toxicity and evaluation of response

Toxicities were assessed and graded according to
NCI-CTC (National Cancer Institute Common
Toxicity Criteria Version 2.0, 1999), A total of 21
courses were given. The median number of courses
given per patient was two (range, 1-3). The World
Health Organization criteria were used to define the
following: complete response (CR), the disappearance
of all known disease for at least 4 weeks; partial
response (PR}, 50% or more decrease in total tumor
load of the lesions estimated by two observations
no less than 4 weeks apart; no change (NC), no
significant change for at least 4 weeks, which includes

‘stable disease, estimated decrease of less than 50%,

and lesions with estimated increase of less than 25%;
and progressive disease (PD), appearance of any new
lesions not previously identified or estimated increase
of existing lesions by 25% or more.

RESULTS
Patient characteristics

Twelve patients were enrolled from January 2003.
All patients could be assessed for toxicity (Tables 1
and 2). The study population included 11 men and
one woman, with a mean age of 65 years (range,
46-74). Seven patients had performance status ‘0°,
and five patients ‘1’. The histologic diagnosis of 12
patients was squamous cell carcinoma of the esophagus.
Four patients had stage III disease, three patients
stage IVa discase, and five patients stage IVb disease.
Moreover, four patients underwent esophagectomy
after the combination chemotherapy.

Table1 Dose-escalation scheme and dose limiting toxicity
(DLT) in the first cycle of chemotherapy

Dose Nedaplatin No. of Total no. Patients
level {mg/m?) patients of courses with DLT
1 60 6 11 1

2 70 6 g 2

Table2 Patient characteristics

Total no. of patients (level 1/level 2) 12 (6/6)

Sex, M/F 11/1

Age, years (range) 65 (46-74)
Stage, HHI/IVa/IVb 4/3/5
Performance status, 0/1 775
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Table3 Hematologic and nonhematologic toxicities by dose level in the first cycle

Dose No. of Nausea/ Elev. of  Elevation of
level  patients Neutropenia Thrombocytopenia Anemia vomiting Diarrhea creatinine transaminase
Grades of toxicity 1234 1234 1234 1234 1234 1234 1234
No. of patients 1 1121 0¢10 3210 2000 0000 0000 0000
with each grade 2 6 2111 0000 4100 3000 1010 1000 0000

DLT, MTD and RD as judged from toxicity

A total of 20 courses were given (Table 1). The median
number of courses given per patient was two (range,
1-3). Administration of NED was started at
60 mg/m?, and increased to 70 mg/m?, which was
determined to be the MTD. The RD of NED was
60 mg/m?*. DLTs were myelosuppression, especially
neutropenia and grade 3 diarrhea during the first
course (Table 1). Leukocytes and neutrophils reached
a nadir in 9-22 days (median, 17 days) after the first
administrations of NED, and 3 or 4 days (median,
3 days) were required for recovery from the nadir to
3000/mm’® leukocytes. Grade 4 neutropenia occurred
in two patients, and G-CSF was administered for
4 days to one of them. Platelet count reached & nadir
in 7-20 days (median, 15 days) after the first adminis-
tration, and 0-14 days (median, 7 days) were required
for recovery from the nadir to 100 000/mm? (Table 3).

Nausea was the most frequent non-hematologic
toxicity, and was grade 1 and transient. Moreover,
only one patient, at the second step, had grade 3
non-hematelogic toxicity diarrhea. Neither hepatic,
cardiac or renal functions were impaired in any of
the patients (Table 3).

Antitumor effects by dose of the first step of
NED (60 mg/m?) were follows: four patients achieved
PR and two patients were NC, among six patients
who were assessed for RD at the first step.

DISCUSSION

Patients with advanced esophageal cancer rarely benefit
from chemotherapy. Several types of combination
therapy have been employed, but the reported objective
response rates have been only 15% with CDDP and
bleomycin, 42% with CDDP and mitomycin,"
29% with CDDP, bleomycin and vindesine,'? and
35-60% with CDDP and 5-FU.>™" Cure is not
possible and the prognosis of esophageal carcinoma
remains unsatisfactory.

We designed the present study to determine the
MTD, principal toxicity and RD of combination
chemotherapy with NED, ADM and 5-FU (NAF)
for advanced esophageal carcinomas,

The CDDP and 5-FU combination (FP) has been
considered the standard regimen for patients with
esophageal cancer, and investigators have reported

response rates of 60% for resectable or localized
tumors,'* and 36% for recurrent, metastatic, or bulky
unresectable carcinoma.'* The most frequent toxic-
ity of FP was gastrointestinal, and included nausea
and vomiting.

Furthermore, combination chemotherapy with
5-FU, ADM and CDDP {(FAP) has been reported to
be useful in the treatment of advanced gastric
cancer, esophageal cancer and other carcinomas.”™
Gisselbrecht et al. reported that the FAP regimen
was administered to 21 patients with advanced esoph-

‘ageal cancer,’ seven of them had an objective response

{CR: 2, PR: 5), with no severe myelosuppression or
nephrotoxicity observed.

NED, a novel second-generation platinum com-
pound, has shown superior antitumor activity and
less renal and gastrointestinal toxicity than CDDP
in some preclinical and clinical studies.* With NED
and 5-FU combination chemotherapy, a response
rate of greater than 60% in assessable patients was
achieved with a duration of 7 months (range 3-37)
for advanced esophageal cancer.”® Moreover, it was
reported that a combination of NED and 5-FU yielded
a 54% response rate among those who had previ-
ously been treated with CDDP? In a phase II study
of the combination of NED and 5-FU for meta-
static squamous cell carcinoma of the esophagus,
the overall response rate was 40% and the median
survival time was 8.9 months. This phase II study
showed that grade 4 neutropenia and thrombocyto-
penia occurred in 2-7%, and grade 3 diarrhea and
nausea occurred in 2% and 12%, respectively. This
combination therapy was previcusly found to be
safe and active.” Our study showed that the combi-
nation of NED, ADM, and 5-FU was also gener-
ally well-tolerated and attractive.

A phase II study of combination chemotherapy
with NED, ADM, and 5-FU for advanced esophageal
cancer should be planned at the recommended dose.

References

1 Leichman L, Berry B T. Experience with cisplatin in treat-
ment regimens for esophageal cancer. Semin Oncol 1991; 18;
64-72.

2 Ajani A J. Contributions of chemotherapy in the treatment
of carcinoma of the esophagus: results and commentary.
Semin Oncol 1994; 21: 474-82.

3 Totani T, Acno K, Komura M. Synthesis of (Glycolato-0,0)
diammine platinum (II) and its related complexes. Chemistry
Letters 1986; 4: 429-32.



250 Diseases of the Esophagus

4 Taguchi T, Wakui A, Nabeya K er al A phase II clinical

study of cis-diammine glycolato platinum, 254-S, for gas-

trotntestinal carcers. Jpn J Cancer Chemother 1992; 19

483-8.

Furukawa 8, Yoshida T, Tukuda M et o/ Experimental study

on combination chemotherapy with platinum compounds and

5-fluorouracil. Jpn J Cancer Chemother 1989; 16: 419-22.

Fuwa N, Kodaira T, Kamata M er af. Phase I study of com-

bination chemotherapy with 5-FU and nedaplatin. Am J

Clin Oncol (CCT) 2002; 25. 565-9,

Gisselbrecht C, Calvo F, Mignot L et al. Fluorouracil,

adriamycin, and cisplatin (FAP): combination chemotherapy

of advanced esophageal carcinoma, Cancer 1983; 52: 974~

1.

Wagener D J'T, Yap S H, Wobbes T er al. Phase II trial of

S-fluorouracil, adriamycin and cisplatin (FAP) in advanced

gastric cancer. Cancer Chemother Pharmacol 1985; 15: 86—

7.

9 Japanese society for esophageal diseases. Guide Lines for
the Clinical and Pathologic Studies on Carcinoma of the
Esophagus, 9th edn. Tokyo: the Society, 1999.

10 Coonley C J, Ba ns M, Hilaris B, Chapman R, Kelsen D P.
Cisplatin and beomycin in the treatment of esophageal
carcinoma, 2 final report. Cancer 1984; 54: 2351-5.

L

L=

-~

(=]

1t

12

13

Engstrom P F, Lavin P T, Klaassen D J. Phase II evaluation
of mitomycin and cisplatin in advanced esophageal carcin-
oma. Cancer Treat Rep 1983; 67: Ti3-15,

Dinwoodie W R, Bartolucci A A, Lyman G H, Velez-Garcia
E, Martelo O J, Sarma P R. Phase II evaluation of cisplatin,
bleomycin, and vindesine in advanced squamous cell
carcinoma of the esophagus: a southeastern cancer Study
Group trial. Cancer Treat Rep 1986; 70: 267-70.

Kies M §, Rosen 8§ T, Tsang T K er al. Cisplatin and 5-
fluorouracil in the primary management of squamous esoph-
ageal cancer, Cancer 1987; 60: 2156-60.

lizuka T, Kakegawa T, Ide H er gl Phase Il evaluation
of cisplatin and 5-fluorouracil in advanced squamous cell
carcinoma of the esophagus: a Japanese esophageal oncology
group trial. Jpn J Clin Oncol 1992; 22: 172-6.

Yoshicka T, Gamoh M, Shineha R ef al A new combination
chemotherapy with cis-diammine-glycolatoplatinum (nedapl-
atin) and 5-fluorouracil for advanced esophageal cancers.
Intern Med §999; 38: 844-8.

Muro K, Ando T, Nishimaki A ef al. A phase II study of
nadaplatin and 5-fluorouracil in metastatic squamous cell
carcinoma of the esophagus: The Japanese clinical oncology
group (JCOG) trial (JCOG 9905). Proc ASCO 2003; 22:
1112,



mNE WIS 005518 53

LY T ESETAEE 12+ 2 Nedaplatin/Adriamycin/5-FU (NAF) &
BEFIEELE D Phase 1 Study

¥R RE B AE i FEe

{Jpn J Cancer Chemother 32(1): 53-56, January, 2005)

Phase I Study of the Combination of Nedaplatin (NED), Adriamycin (ADM), and 5-Fluorouraci! (5-FU) (NAF) for
Treatment of Unresectable Advanced Esophageal Cancer: Motohiro Hirae, Kazumasa Fujitani, Toshimasa Tsujinaka
(Dept. of Surgery, Osaka National Hospital)
Summary

Background: Esophageal cancer has a poor prognesis, Several strategies including chemotherapy (CDDP+5-
FU), either alone or with radiotherapy, have been used to improve the prognosis. However, since CDDP itself has
substantial toxicities, including renal and gastrointestinal toxicities, newer platinum analogues, such as nedapiatin
{NED) have been developed, and it is of interest to test this new platinum analogue in a combination chemother-
apy. Methods: We conducted a phase I-1I study using a combination of NED (3 levels, 60-80 mg/m?® on day 1),
ADM (30 mg/m? on day 1), and 5-FU (700 mg/m? on day 1-5) for treatment of previously untreated advanced
esophageal squamous cell carcinoma. Cycles were repeated every 28 days. The objectives were to determine
dose-limiting toxicity (DLT), maximum-tolerated dose (MTD), recommended dose (RD) for a phase II study,
and to determine antitumor etfects. Results: Phase I:12 patients (pts) (male/female=11/1) were evaluable. The
median age was 65 {range 46-74), PS 0/1=7/5. At level 1, 1 pt developed DLT (grade 4, neutropenia). At jevel
2, 2 pts developed DLT {(grade 4 neutropenia and grade 3 diarrhea). Level 2 (70 mg/m?) was determined as the
MTD, and a level 1 dose (80 mg/m?) was recommended. Phase I1: 7 pts (male/female=4/3) are at RD of level
1 at the present time. Median age 62 (range 46-75). The median number of cycles on phase II study at RD was
2 (range 1-3). 4 PRs were obtalned. The response rate was 57.1%. Median survival time (MST) was not reached
at the time. Conclusions: This combination therapy appears to be highly effective and generally well tolerated for
advanced esophageal cancer. Key words: Nedaplatin, Esophageal cancer, Phase 1 -1I (Received May 1, 2004/
Accepted Jul. 7, 2004)

EE 4Hbhbhid, NED/ADM/5-FU #HBR2 & (NAF 81 BB L, FETRSTRTHEAERICN T 2 first-line
LT, IOHBEEREOZEEB L UESEORMEHE L 2. keydrug TH 5 NED 28R LT\ &, step2: 70 mg/
m* T 2 1) dose limiting toxicity (DLT) (grade 4 Mzt L grade 3 FEMEPHY) MR Ul step 2 £ EATBE,
step 1 @ 60 mg/m*% NED O#EE SR E LTz, grade 1 OBL - BHASBR LS WIEMBEEETH D, grade 1 0B HMEI
step2 T BB LY, THRTHEENCERLE, £/, stepl TO grade 4 iFhEREP 0 DLT #5100 & G-CSF % {E 5
Lz, MEDSIHERTHLME -7 NED 60 mg/m?, ADM 30 mg/m? day 1, 5-FU 700 mg/m?/8 day 1~5 ¢354
AR EERS L L REE TORIETOENER STI% L RELERSG LN TED, BLhDEEY regimen &
LT+ TE S,

DELUEBLUAMMORHNEENC I OREET-
fo10, BERE T L T2, first-line NAF #2041
4Ebhbhiz, FRETRALETAURBEEXHL EMAL, NED % key drug & LickRkOERER,
L T nedaplatin (NED), adriamycin (ADM), BX U BREOER*{RE TS, 2, HEETROEIMBEL
. 5-fluorouracil (5-FU) ¥ @ NAF §tF#t: (NAF #1E) T, BIETRES N HERR, BREes 288

iU ®ic

% T 540-0006 ARTHREEMNR 2-1-14 * BUTKENERREAARER T > 5 — - S8
YE RE 0385-0684/05/ ¥500/83/ICLS
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BIURSEETHEL, REAMED feasibility 2885
DT, UFRIRNLYy—IRBiTARLYh, BE
iS55 A 74 —AF -3y b EBTHET
Tw3, BTORRKIE, SEEREHRNEIRICED
%,

.84 #

20034£1 B 5 2004 ££3 A2 TOWM, HRHESH
Bl & U B 222 L e dliERE O 2 WiIRETIRTEEE
TRERT RS, REVIRTEETAERC R, T4 b
LSz T4, N4 ML, R ERRENO2
SR E R REELS R Y AREBLED SN SE
Ol FTEHAEAEBEER L, £ 20 BELE 75 8L
TF, performance status (PS):0~1 (ECOG #3). +
Dy, BE B FHEZEL, BEEOLTVWEEE
HNEIZHET, 28, HREEPRAEEOFH O
HEET B,

REMCA T 2 mmbERE L LTD FAP (5-FU/
ADM/CDDP) #iBiFE: R 5 R/ X T T h 50mg/
body, 100 mg/body, 1,000 mg/body (day 1~5 £z
THED EREI N T Y, 4R, NED 058X NED
B ToEELSRNM10mg/m THEZ ER2ERL,
60 mg/m* & HE—18 5] L L7, ADM, 5-FU 0B ERR
Z2h¥h 30 mg/m? (day 1), 700 mg/m? (day 1~5§F
el 1 HERIZIZAEE L, 5-FU i 5 BEOR
Ef5rL, RESRELTHRLE, TOBERELT
NED i cisplatin (CDDP) & D-BifEFNE Wz H, 5-
FU DR EM LR s+ LR, BEDQOL 2% i
T2 TH5,

n k% &

ADM 30 mg/m? day 1, 5-FU 700 mg/m?/H day 1~5
OESEESET A L zREL, key drug Th S
NED O EREUT IR+ 2, step 1: 60 mg/
m?, step 2: 70 mg/ra?, step 3:80 mg/m?, step 1 & D
ESEBAIAL, & step O3 — AT dose limiting tox-
icity (DLT) ORFBAESFTHEL, MTRRLERET
5B step #8712, 1) B—RE5R step D 3 FIC
DLT »3® s &, RO step KT 2) 36
1z DLT BRBd oGS 3IFEmL6fET
% (@:BnED 3Flic DLT 25580 s h i vwi&icil,
X0 step WBATT 2, @ BINERD 3 141 DLT 2
Foentifgil, TOoREEstep EBAMAR
(MTD) £+ 2). MTD 385 L 7: 05, MTD X D 1 B2
PSRV S R step & RD (#5LER) -T2, 12
DLT ERBLUTO L 5D Th 5, O grade 4 DEMIRR

BefbSt

Tablel Patient characteristics on phase

I study
Total number of patients 12
{step 1/step 2) {6/6)
Sex (M/F) 11/1
Age (years) 65 (46-74)
Stage (HI/IV a/IV b) " 4/3/5
Performance status 7/5

(0/1)

D& RFPEREDMBHIE, QB CUEDORBMEMNED
grade 3 OFFRERED LI, @ 25, 000/mm’AKiH D M)
REY, @FL B, RETR BEFBLIURELZR
. grade 3 A LOFEMEBEHE SN HRAL HFE, FiLIEE
Bz & 2VAD 2 3—ALLETY, BI2—ATORSR
EIfER i X D BREAKRLRDLY (FHAHME).

HIHEE LT, BIMATRES NI ERAR, FEIC
BB M 3 /- » Simon @ minimax
design K2 {Evs, HERFSERNE % 50%. BIEEE 0% LT
(@=0.05, £=0.20), EELEEHHE 40 FREL
1. FHERZEIC 3 2ERPRAEEIR (BRI RER)
B X UERIE 0 FEIE WHO criteria i - 7z

m # %

HMIEIBHE 1A, M1 G0 12 F (FEEE 65
B, 4674 58) H1 Bk (Table 1), #EfFTE & PS & Table
1 2BBENTY, Hstep6FF>Tstep2 2 THE,
step 1 7181 DLT (grade 4 DiFPEREED), step2 T
2F@ DLT {grade 4 D3R4 & grade 3 OTHI)
HE Oz step 2 & MTD, stepl @ 60 mg/m?% NED
ORGSR L Ul (Table 2), $FPIREA O nadir 12
REFIBE»S9~2H (PRELTAH) T, BEK
3~4 GBBELL, grade 1 OB - EHEE S S e
WEMETHD, grade 1 OEFEMIL step 2 T 1 FUEEAL
7ods, TARUEFHRERL, £/, stepl TO grade
S IFPERF D @ DLT EF D A G-CSF 2 ER L, &
T, TR O TR, NED O3t AR % step 1 O 60
mg/m*k L, MEDLZATH (BiE4H, M35
(FHER 62 58, 46~T4 %) 2B}, M7 - AHhxR
fEi22,(1~3) T, PR4F, NC3ffirhry, REET
DFELHFEIL 57.1% TH o7 (Table 3), LFFHAR bIBEF
FTHS, '

v % ¥

ME, FHFEORL HREBROES, FHEES
FEROMMEZ ¥ OBES TRIEMSEOEREAUI LT &
DEFE LY, REETRERPERAERIEARLL
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Table2 Hematologic and nonhematologic toxicities by dose level in the first cycle on phase I

Thrombocy- Nausea/ Elevation of Elevation of

Dose No.of Neutropenia . Anemia " Diarrhea e .
step patients topema vomiting creafinine  transaminase
1 2 3 4 1234 1234 12134 1234 1234 12314
1 € 1121 0010 3210 20400 00 0 0 ¢ 0 00 00 90 0
2 6 2111 0000 4100 3000 1010 1 000 0 000

Table 3 Phase I study on going
No. of

Pt# Gender Age TNM Stage Response Evaluable sites
courses

1 F 70 T4 IVa 2 PR Main tumor

2 M 54 H1 IVb 2 PR Liver

3 M 46 M1 (brain) IVb 3 NC Brain

4 M 74 T4 Va 2 NC Main tumor

5 F 68 T4, M1 (lung) IVbH 2 PR Main tumor, Lung
6 M 60 H1 Vb 2 NC Liver

7 F 61 T4 IVa 1 - PR Main tumor

TFETRTH 2, 1980 ERUBOHELEITRERSH
RREBIHT EFRERREL 2 L, HATOEY
Ei 2~ FOFAREL Y bEWI LIRFBELTLS,
LY, BMizxT 28184556 ADM & 5-FU L OtH»
HEFsiodt, 19834 £ CDDP B LI, £h % key
drug L LSRG ARENPLLERDMREDITTE
fe¥, 1987 SELMR AR DM M IEE L oo /e 5-
FU/CDDP (FP) iX, 1992 4E Japanese Esophageal
Oncology Group (JEOG) Tfi- 1 ETSERENEK
L7 FP Bt OB IBERARII T L T OPRETED &
n, bYEEIBSWTHREREBERE L > T EY, FRF
iz ADM & CDDP O#t R Rz 2 THHES N2 X
54D, ADM, 5-FU iz CDDP #5027 3 XA O
b2 FAPREOHENRBEFZEANBEILTYL
2%, LinL, keydrug T2 CDDP OB #ELHLR
B Y ORIERBMEWI Y, QOL DREBELHELZ AT
3,

NED Rb¥ETHREEN 72 F-5HETHD,
BATiTh e S IAEER R RRR T CDDP FERIEIA vl
BEASRZ bVEELTWRZ LMRAN, BURELE
B (GIIarss, 2880, FERSY o280
HEWETME, 27, CODPIicH&L, BEH
Dz, HEBEREOEK LEL, BED QOL mELH
HT5 2., —%, NED © DLT 3584 (53 k4,
M/MEEA)TH D, MTD it 120 mg/m*TH -7, NED
HATOBNBEERARICB D 2B o 2 3285
251.7% (15828 B65h T3, 8512, NED/
5-FU Bt EBATRN 2 6 b HRAMRHITHEE L
TLUE", NED/5-FU BRBREDORFLBENEATY

Z10, B L FRRIC FP Sl s S h 2T
BRI B AHEYTR, NED+5-FU i CDDP+5-
FU & H#r U TEEIZIZRE T/t 2 o 3EE 1
mnt, BEM L BHoBCREESEY LS
shtTw3,

¥/, ADM #inA7: FAP/N BEDQEKS OBET
13, TEEITAEE (N BB XU T 4) ot
L, fFelRIEEh R 50% (FP #8£ 5,9%) T, Tk 929%
(FP 8tk 47%), RZE 73% (FP #iE25%) Lk, »ir
D BIFLEMSEB S h, BT grade 2~3 O MR
S EOREREBDLTHECHEMRTIRIRZ L, »T
NYRFNCHNTETH oL L E RT3,

taxane REIZ 7z new regimen & TT V>3 2 mid,
RIEFEOFERRA L L THEICIE FP B Thn T
BY, BORTIZ0~60% OBEHSREIN TV B9
3, JEOG i2EBiF 3 study TRZEZE 33% (CR 145+
PRIIGI/ENTHD, FRETEHLIER TS 7. U
E&p, gEbhbhiz, NED/ADM/5-FU R &
(NAF fti5) wEBL, VBRTEETRERCNT 2
first-line & LT, COHBALERZORSLES L UED
HORMEHEL .,

NED 60 mg/m? ADM 30 mg/m? day 1, 5-FU 700
mg/m?/H day 1~5 O S MaE F RS 5% L
fo, BEX TOBINERRTORNERRIST.I%THD A
FakERBE LN, grade § OMTEHE A 5 iz 28,
R AAIERIRETH D, CDDPicaA LA L5 4
LS, BEMRBLAE o, STE, Beis
LU QOL OmEH S LA TE 3 regimen X Bbh 3,
BRETERELBEFPNREETNTH 24, 2%
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