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AFPEGC even if lymph node swelling is not seen on diag-
nostic imaging, as in the present case. As to therapy, 10 of 24
patients in Table 1 received surgical resection and adjuvant
chemotherapy. The remaining 14 patients were treated with
surgical operation and without chemotherapy. Among the 24
patients, in only the present case EMR was used to remove
the tumor (Table 1).

In the present case, the serum AFP level was within nor-
mal limits. There have been only 5 cases of seronegative
AFPEGC, including our case in Table 1. In the present case,
although the histological diagnosis of the resected tumor was
moderately-differentiated adenocarcinoma, the tumor had
abnormal cells with clear cytoplasm and hyperchromic round
nuclei. These pathological findings were the clues to the di-
agnosis of AFPGC. We speculate that seronegative AFPEGC
means AFPGC that is diagnosed before serum AFP eleva-
tion. Because there were some cases whose resected speci-
men proved to be AFPGCs after postoperateive serum AFP
elevation, although the serum AFP levels were normal before
operation (2, 4, 5). However, it is important that physicians
consider the possibility of AFPGC in the pathological study
before operation or immediately after operation. Because the
prognoses of the patients whose resected specimen proved to
be AFPGCs after recurrence were poor as Umekawa (3) or
Suganuma (4) reported. Although the tumor is an early gas-
tric cancer, AFPGC tends to show liver metastasis, ‘blood
vessel invasion or lymphatic vessel invasion and often recurs
in the liver or lymph nodes after operation. Thus we think
that adjuvant chemotherapy is necessary for AFPEGC even
if the serum AFP level is not so high. If such patients are di-
agnosed as AFPGC before operation of immediately after
operation, they are able to undergo adjuvant chemotherapy
- quickly. But the efficacy of adjuvant chemotherapy is not
proved although there are some reports describing the pa-
tients with AFPGC treated with adjuvant chemotherapy (1,
5, 7). Moreover, a standardized chemotherapy for AFPGC
has not been established yet. Shimada et al recently reported
two cases with AFPGC with liver metastases successfully
treated with irinotecan (CPT-11) (100 mg/body) plus low-
dose cisplatin (10 mg/body) and described that this combina-
tion might be worth trying as first line chemotherapy for this
disease (11). We also recently reported a case with
unresectable AFPGC considered to have achieved complete
response (CR) by CPT-11/mitomycin C chemotherapy (12).
Further studies on the effective chemotherapy for AFPGC
are certainly required. It is important to determine the neces-
sity of adjuvant chemotherapy for AFPEGC individually at
the moment because several cases that did not undergo
adjuvant chemotherapy have been reported. After all, no ad-
ditional chemotherapy was performed in the present case be-
cause this patient refused adjuvant chemotherapy. We shonld
be attentive to recurrence and carefully follow the serum
AFP level; this patient will undergo chemotherapy if the

serum AFP level-increases. We should be aware of the clini-
cal presentation of seronegative AFPEGC, and physicians
must always consider the possibility of AFPGC in the patho-
logical study of gastric carcinoma.

In conclusion, we report a case of seronegative AFPEGC
treated with EMR and additional surgery. Although the
tumor invasion was limited to the submucosal layer and there
was no apparent finding of lymph node swelling by the diag-
nostic imaging, additional surgery revealed lymph node me-
tastasis. The patient has been under close periodic observa-
tion, and there has been no evidence of disease for 3 years
after surgery.
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0O CASE REPORT O

Unresectable Alpha Fetoprotein-producing Gastric
Cancer Successfully Treated with Irinotecan and
Mitomycin C after S-1 Failure

Ken HIRAO, Shoji HIRASAKI, Takao Tsuzuki, Takeshi KAITWARA and Ichinosuke HYODO

Abstract

Diagnostic imaging of a 70-year-old woman revealed
widespread lymph node swelling and pyloric stenosis due
to alpha fetoprotein-producing gastric cancer. Second
line chemotherapy of irinotecan and mitomycin C was
administered after S-1 failure. After 6 courses of 2nd line
chemotherapy, pyloric stenosis was improved, and lymph
node swelling disappeared. This patient has been alive
without disease for more than 3 years since 2nd line che-
motherapy began and for more than 4 years since her
first admittance to our hospital. Second line chemother-
apy may have contributed to the favorable clinical out-
come in this patient.

(Internal Medicine 43: 106110, 2004)

Key words: gastric cancer, survival time, second line che-
motherapy, complete response, anticancer drugs

Introduction

Alpha fetoprotein (AFP)-producing gastric cancer
(AFPGC) accounts for only 2-9% of gastric cancer (1). In
such patients, liver metastases are often noted (2), or the
tumor has progressed to advanced gastric cancer at the time
of diagnosis. Few of these patients survive for a long period
if they are treated with chemotherapy. Recently, novel anti-
cancer drugs such as S-1 and irinotecan (CPT-11) are used
for the treatment of advanced gastric cancer. S-1, in which
tegafur is combined with modulators, showed high response
rates for gastric cancer in recent phase II studies (3, 4).
Chemotherapy with CPT-11 and mitomycin C (MMC) was
introduced for patients with advanced gastric cancer at our
institution in 1999. CPT-11 is expected to be a promising
antitumor drug against unresectable gastric cancer that is re-

sistant to prior therapy (5). However, this combination ther-
apy has rarely achieved a complete response (CR) in patients
with unresectable gastric cancer.

Herein, we report a patient diagnosed as unresectable
AFPGC and treated with 1st chemotherapy of S-1, who sur-
vived without recurrence for more than 3 years after being
treated with 2nd line chemotherapy with CPT-11 and MMC.

Case Report

The patient was a 70-year-old woman, 151 cm tall and
weighing 49.0 kg. She visited our hospital for further evalua-
tion of abdominal fullness in June 1999. She had been in
good health, and no specific family or past medical history
was noted. Her body temperature was 36.6°C with blood
pressure at -110/66 mmHg. Her radial pulse rate was 72
beats/min and regular. She had peither anemia nor jaundice.
A neurological examination revealed no abnormal findings,
and there was no lymphadenopathy.

Laboratory tests showed a red blood cell count of 409x
10%/ul, a white blood cell count of 7,200/pl, and a platelet
count of 22.6x10%/ul. Hemoglobin concentration was 12.7
g/dl. The levels of hepatic and biliary enzymes such as
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP), leucin aminopeptidase
(LAP), y-glutamyltranspeptidase (y-GTP), and lactate dehydro-
genase (LDH) were normal. A test for C-reactive profein
revealed a level of 0.14 mg/dl (NR <1.0 mg/dl). On renal
function tests, blood urea nitrogen and creatinine levels were
normal. Serological studies for hepatitis B and C viruses
were negative. Regarding tumor markers, carbohydrate anti-
gen 19-9 was negative, however, carcinoembryonic antigen
(CEA) and AFP were high at 137.7 ng/ml (normal =35
ng/ml) and 26.1 ng/ml (normal =10 ng/ml), respectively.

Barium meal examination (Fig. 1) and endoscopic exami-
nation (Fig. 2) revealed pyloric stenosis due to advanced gas-
tric cancer of type 3. A diagnosis of moderately differentiat-
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Figure 1. Barium meal examination of the stomach before che-

motherapy revealed a large tumor in the antrum (black ar-
rows).

Figure 2. Endoscopic examination revealed advanced gastric
cancer of type 3 and pyloric stenosis.

ed adenocarcinoma was made by the pathological examina-
tion of biopsy specimens obtained from the lesion. Immuno-
histological studies were carried out for biopsy specimens
and cancerous lesions represented a positive immuno-
histochemical reaction for AFP (Fig. 3). Examination by

internal Medicine Vol. 43, Na. 2 (February 2004)

Figure 3. Microscopic findings of the biopsy specimen obtained
from the tumor of the antrum. Histological findings of biopsy

specimens showing
fetoprotein (x50).

positive immunoreaction for alpha

computed tomography (CT) showed a large tumor, about
Sem in diameter, in the antrum (Fig. 4A) and lymph node
swelling at the #3, 4d, 6, 7, 11, and 16 according to the
Japanese classification of gastric carcinoma (6), which was
suggestive of lymph node metastasis (Fig. 4B). She was di-
agnosed as having advanced AFPGC. The final diagnosis
was T3, N3, MO and stage IV according to the Japanese clas-
sification of gastric carcinoma (6). At that time a curative op-
eration was considered to be impossible. Gastrojejunal
bypass surgery was performed to avoid obstruction.
Thereafter she received three courses of chemotherapy con-
sisting of S-1 [100 mg/body/day, every day (day1-28), p.o.).
She had grade 1 nausea as an adverse reaction during S-1
chemotherapy (7). Though the primary lesion was reduced in
size by 70% and was considered as “No Change” (NC), the
metastatic lymph nodes were reduced to 30% of their origi-
nal size and judged to be “Partial Response” (PR) after 2
courses of treatment. After 2 courses of S-1 therapy, serum
level of CEA was decreased to 29.9 ng/ml, however, AFP
level was increased to 80.5 ng/ml. She received 3 courses of
S-1 therapy in total. However, after 3 courses, the lymph
nodes enlarged again. Serum levels of CEA and AFP had
reached 196.9 ng/ml and 130.2 ng/ml, respectively in
December 1999. The patient underwent 2nd line chemother-
apy with a 90-minute infusion of CPT-1] 150 mg/m® LV.
day 1, and bolus infusion of MMC 5 mg/m* LV. day 1, re-
peated every 2 weeks, followed by 6 courses of chemother-
apy. Endoscopic examination after 6 courses of chemo-
therapy revealed an improvement of pyloric stenosis (Fig. 5),
and disappearance of type 3 gastric cancer and lymph node
swelling (Fig. 6). After chemotherapy, serum levels of AFP
and CEA were decreased to the normal range (AFP: 2.3
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Figure 4.
(CT). (A) The abdominal CT revealed a large tumor, about 5
cm in diameter, in the antrum (white arrows). (B) Lymph node
swelling at #16 according to the Japanese classification of gas-
tric carcinoma was seen (white arrow).

Images of the abdominal computed tomography

ng/mi, CEA; 2.2 ng/ml). Her clinical course is shown in Fig,
7. She appeared to have CR after 6 courses of chemotherapy.
She had grade 3 leukopenia as an adverse reaction during 6

courses of chemotherapy (7). She underwent an additional 3,

courses of CPT-11/ MMC chemotherapy (MMC 5 mg/ body)
and a further 5 courses of CPT-11 alone in succession in the
_outpatient clinic. Second line chemotherapies were com-
pleted by January 2001 and additional therapy was not per-
formed. She has been under close periodic observation, and
there has been no evidence of disease for more than 3 years
since 2nd line chemotherapy commenced. And she has been

alive for more than 4 years since her first admittance to our
hospital.

108

Figure 5. Endoscopic examination after 6 courses of irinotecan
(CPT-11) and mitomycin C (MMC) revealed the disappearance
of advanced gastric cancer.

Discussion

Generally, the prognosis for AFPGC is poor because in
such patients, liver metastases are often noted at the time of
diagnosis (2, 8). Even if the tumor is early gastric cancer,
AFPGC have a tendency to cause liver metastasis, blood ves-

-ge] invasion, or lymphatic vessel invasion (9). In the present

case, she was diagnosed as unresectable because of wide-
spread lymph node metastases.

Various combination regimens of chemotherapy have
been reported for the treatment of gastric cancer and these
include 5-fluorouracil (5-FU), doxorubicin, MMC, metho-
trexate, leucovorin, and cisplatin (10). The combined use of
cisplatin, 5-FU and epirubicin had been reported to be effec-
tive for AFPGC (8), however, a standardized treatment has
not been established. Recently, nove} anticancer drugs such
as §-1, CPT-11, paclitaxel and docetaxel are used for the
treatment of advanced gastric cancer. S-1 is a new oral-agent
combining of tegafur, a prodrug of 5-FU; 5-chloro-2, 4-
dihydroxypyridine (CDHP), an inhibitor of 5-FU catabolism;
and potassium oxonate (Oxo), an inhibitor of 5-FU-induced
diarrhea (11). In the 2 independent phase II studies con-
ducted in Japan, S-1 showed high response rates of 49% and
449 (3, 4). Thus, S-1 was reported to be effective in patients
with advanced gastric cancer, and it has been approved for
use in the treatment of advanced gastric cancer in Japan. In

the present case, the patient showed partial reniission (PR)

after 2 courses of chemotherapy with S-1. However, after 3
courses, the disease progressed. CPT-11 is a derivative of
camptothecin, a topoisomerase-l inhibitor with marked
cytotoxic activity (12). Futatsuki et al reported that the over-
all response rate was 23.3% and the response rate was 16.1%
for the patients who had received prior chemotherapy in the
late phase 11 study (5). Second line therapy with CPT11/MMC

internal Medicine Vol. 43, No. 2 (February 2004)
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Figure 6. An abdominal computed tomography (CT) scan after 6 courses of irinotecan (CPT-11) and mitomycin C (MMC) re-
vealed the disappearance of the tumor in the antrum (black arrows) (A) and lymph node swelling at #16 (black arrow) (B).

(ng/ml)
250 f  TS-1 CPT-11/MMC l__l
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Figure 7. Patient’s clinical course after admission to our department. CEA: carcinoembryonic antigen,
AFP: alpha fetoprotein, TS-1: S-1 (tegafur - gimeracil * oteracil potassium), CPT-11: irinotecan, MMC:

mitomycin C.

was chosen in the present case because Yamao et al reported
that this therapy was effective against advanced gastric can-
cer, and there was little cross-resistance with 5-FU based
regimens (13). The present patient achieved CR after 6
courses of CPT-11/MMC chemotherapy. Second line therapy
with CPT-11/ MMC was very effective, and well tolerated in
the present case. To our knowledge, there have been no
reports describing the effectiveness of CPT-11/MMC chemo-

Internal Medicine Vol. 43, No. 2 (February 2004)

therapy for AFPGC. We speculate that one of the reasons
why the present case achieved CR was that liver metastasis
was not seen at the diagnosis although widespread lymph
node metastases were seen. The other reason might be that
we tried to treat this patient with MMC. Takahashi showed
that a combination of MMC and AFP antibody has an appre-
ciable inhibitory effect on AFPGC tumor growth (14).
Moreover. as to CPT-11. Shimada et al recently reported two
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cases with AFPGC with liver metastases successfully treated
with CPT-11 (100 mg/body) plus low-dose cisplatin (10
-mg/body) and described that this combination might be
~worth trying as Ist line chemotherapy for this disease (15).
Thus, both CPT-11 and MMC may have promising
antitumor activity against AFPGC. Further studies on the ef-
fectiveness of CPT-11/MMC chemotherapy for AFPGC are
certainly necessary. '

There have been several case reports of advanced gastric
cancer in which CR was achieved after first or 2nd line che-
motherapy with different regimens; .CDDP/5-FU, 5-
FU/adriamycin/MMC, MMC/5-FU/OK-432 (16), and S-
1/CDDP (17). Recently, Shimada et al (18) described that
CPT-11/low-dose CDDP regimen was recommended as a
promising 2nd line-chemotherapy for patients with merastatic
gastric cancer resistant to 5-FU and 2 of their 21 patients

achieved CR. However, the number of patients who achieved

CR after 2nd line chemoptherapy was too small to make pre-
dictve analysis on effectiveness of 2nd line chemotherapy
for gastric cancer patients in terms of age, sex, clinical stage,
and microscopic and pathological features of gastric cancer.
A large-scale control study 1s necessary in order to address
the type of 2nd line chemotherapy and clinical outcome in
patients with advanced gastric cancer. ,

To date, 17 patients with unresectable gastric cancer have
received CPT-11/MMC chemotherapy at our institution. A
phase II study of CPT-11/MMC chemotherapy is being con-
ducted as the second line chemotherapy by Japan Clinical
Oncology Group from which data should be analyzed. As
with the present patient, there are some patients -with
unresectable gastric cancers who live for a long time, al-
though such cases are very rare. Yamao et al (13) noted that
1 of 30 their patients who received 2nd line chemotherapy of
CPT-11/MMC achieved CR. Thus, further studies on the
combinations, administration method, and efficacy of the
chemotherapies with novel drugs for advanced gastric cancer
are necessary.

In conclusion, we report a patient with -unresectable
AFPGC that survived for more than four years after chemo-
therapy. Bven in the 2nd line chemotherapy, CPT-11/MMC
may contribute to the improvement in the prognosis of pa-

tients with unresectable gastric cancer, and this combination
therapy is promising.
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Comparison of the Efficacy, Toxicity, and
Pharmacokinetics of a Uracil/Tegafur (UFT) Plus Oral
Leucovorin (LV) Regimen Between Japanese and
American Patients With Advanced Colorectal Cancer:
Joint United States and Japan Study of UFT/LV

K. Shirao, P.M. Hoff, A. Ohtsu, P.J. Lochrer, 1. Hyodo, S. Wadler, R.G. Wadleigh, P.J. O’'Dwyer,
K. Muro, Y. Yamada, N. Boku, F. Nagashima, and J.L. Abbruzzese

Purpase
To compare the efficacy, toxicities, and pharmacokinetics of an oral regimen consisting of uracil/tegafu

(UFT) and leucovorin {LV) between Japanese patients and patients in the United States with previously
untreated metastatic colorectal cancer.

Patients and Methods

Forty-four Japanese patients and 45 patients in the United States were enrolled in concurrent
nonrandomized phase Il trials. UFT 300 mg/m#/d and leucovorin 76 mg/d were administered orally tor 28
days followed by a 7-day rest period. The total daily dose ot each drug was divided into three equal
doses. Treatment was repeated every 5 weeks until disease progression. Biood samples for the
pharmacokinetic study were obtained atter the initial dose on day 1 ot the first course.

"Results

The response rate tor the Japanese patients and the patients in the United States was 36.4% (95% Ci,
22.4% to 52.2%) and 34.1% (95% Cl, 20.5% to 49.9%), respectively. The only major toxicity was
diarrhea, and other toxicities were mild in both populations. The incidence of grade 3 or-higher diarrhea
in the Japanese and Americans was 9% and 22%, respectively. Although the area under the curve and
maximum concentration of tluorouracii were found to he slightly higher in the Japanese patients than the

patients in the United States, and area under the curve-adjusted body surface area appeared to be
comparable between the fwo groups.

Conclusion

The efficacy and pharmacokinetic parameters of UFT and LV are comparable in Japanese and American
patients; however, a difference in toxicity profile, specifically diarrhea, was noted. This oral regimen of
UFT and LV is considered to have similar activity against metastatic colorectal cancer and to nave
acceptable toxicity in patients in both countries.

J Clin Oncol 22:3466-3474.

wotldwide, and the median survival time of
patients with metastatic colorectal cancer
treated with supportive care alone is ap-

Colorectal cancer is the second most fre-

quent cause of capcer deaths in the United
States and most European countries, and its
incidence has recently been increasing in Ja-
pan, where the number of deaths attributed
to colorectal cancer now ranks third after

lung cancer and gastric cancer. Colorectal
cancer is therefore a major health problem

proximately 4 to 6 months.' Systemic che-
motherapy has recently been shown to
prolong survival lime, and median survival
limes now range from 17 to 21 months.”"
Combination of irinotecan with flu-
orouracil (FU)/leucovorin (LV) as a frst-
line treatmenl for metastatic disease has



UFT/LV for Colorectal Cancer in US and Ja‘pan

produced a survival benefit,>* but recently there has been
concern about the toxicity of the weekly bolus combina-
tion.” A randomized cooperative group study has yielded
preliminary data thal supparts the continued role of intra-
venous(TV) FU and LV as the backbone of treatment for
melastatic colorectal cancer.”

Uracil/tegafur (UFT) is a preparation composed of -

tegafur and uraci] in a molar ratio of 1:4. Tegafur is a
prodrug of FU and is mainly converted to FU in the liver.”
In preclinical studies, the coadministration of uracil with
tegafur enhanced the antitumor activity achieved with tega-
fur alone. Uracil strongly inhibits the degradation of FU to
2-fluoro-beta-alanine, thereby increasing the concentra-
tion of FU in plasma without increasing the toxicity result-
ing from 2-fluoro-beta-alanine.” LV is used to modulate FU
biochemically, and has been widely adopted for the treat-
ment of advanced colorectal cancer. Given the extensive use
of LV with FU, the combination of UFT with oral LV was
assessed for freatment of colorectal cancer, and administra-
tion schedules of UFT and oral 1.V were developed in phase
] and 11 studies.” " Those studies showed that the combi-
nation was very effective against metastatic colorectal can-
cer and had an acceptable safety profile. A randomized
cross-over trial in advanced colorectal cancer showed that
oral UFT/LV compared favorably with IV FU/LV in terms
of toxicity and patient’s preference, and that it prolonged
FU exposure to a level comparable to the exposure achieved
with continuous IV FU administration."?

The results of two large phase 111 studies on the
UFT/LV regimen in Western countries were reported re-
cently and demonstrated similar survival between IV
FU/LV and UFT/LV in Western patients with metastatic
colorectal cancer.'™'® UFT was developed in Japan and is
commonly used there, and the Japanese experience has
demonstrated that UFT is well tolerated and displays evi-
dence of antitumor activity in a variety of solid tumors.'®
Although several dosage regimens of UFT alone have been
tried in colorectal cancer in Japan, there have heen few
studies on the combination of UFT plus LV in Japan.

We conducted the present study to determine whether
the results of these phase IT} studies could be extrapolated to
Japanese patients. I{ it showed equality of efficacy, safety,
and pharmacaokinetics in both Japanese and American pa-

tients, then the results of the Western phase 111 trials could -

be extrapolated to lapanese patients. This study was de-
signed as an identical nonrandomized phase I1 analysis to
evaluate the impact of ethnic factors on the efficacy and
safety of a particular dosage and dose regimen in American
and Japanese patients. The end point of the study was
estimation of the efficacy, safety, and pharmacokinetic pa-
rameters of UFT/LV in American and Japanese pabients
with previously unfreated metastatic colorectal cancer.
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Patient Selection

Patients had to be either Japanese or American nationals. The
patients enrolled at the Japanese sites had to have heen born in
Japan and have lived more than 75% of their life in Japan, includ-
ing the 2 years before enrolbment. Patients enrolled at the US sites
had to have heen born in the United States and have lived more
than 75% of their life there, including the 2 years before enroll-
ment. Patients in both countries were entered into the study only if
they fulfilled the following eligibility criteria: (1) histologic confir-
mation of colorectal carcinoma, {2) inoperable metastatic disease
or recurrent metastatic disease after surgery, (3) measurable le-
sions, (4) age = 20 years but = 75 years, (5) performance status
{PS) = 2 on the Eastern Cooperative Oncology Group (ECOG)
scale, (6) no prior chemotherapy for advanced disease (prior ad-
juvant chemotherapy for colorectal cancer must have been com-
pleted at least 6 months hefore enrollment ), (7) adequate bone
marrow function (absolute granulocyte count &= 1,500/pl and
platelet count = 100,000/ L), {8) adequate Liver-function (serum
bilirubin level 1.5 mg/dL and serum transaminase levels = 100
U/L), (9) adequate renal function (serum creatinine level = 1.5
mg/dL), (10) no other severe medical conditions, (11} no other
active malignancies, (12) no pregnant or breast-feeding women,
and (13) provision of written informed consent.

Treatment Schedule

The dose of UFT was 300 mg/m*/d for 28 days followed by a
7-dayrest period. The total daily dose was divided into three doses
administered .orally every 8 hours (at approximately 7 am, 3 M,
and 11 pm). UFT (Taiho Pharmaceutical Ltd, Tokyo, Japan) was
supplied in the form of 100-mg capsules (100 mg regafur). The
daily dose of UFT was rounded up or down to the nearest 100 mg.
If the capsule dose could not be divided equally, the highest dose
was administered in the moining and the lower doses in the
evening. Leucovorin (lederle Laboratories, Wayne, NJ) was sup-
plied as 25-mg tablets and administered orally ara dose of 73 mg/d.
The total daily dose was divided equally into three doses adminis-
tered concurrently with UFT. Patients consumed no food for an
hour before and after taking the drugs. A course of therapy was
defined as 28 consecutive days of treatment followed by a 7-day
rest period, and courses were Tepeated every 5 weeks until disease
progression or severe toxicity was observed. Patient compliance
was verified by counting the remaining pills at the end of each
course of treatment. Treatment was interrupted for grade 3 or
higher granulocytopenia or thrombocytopenia, or grade 2 to 4
nonhematologic toxicity. If treatment was discontinued because
of a grade 2 nonhematologic toxicity, UFT and LV were resumed
at the same doses when the toxicity had completely resolved.
Whenever grade 3 or 4 toxic cffects occurred, the UFT dose was
reduced by 50 mg/m¥/d in subsequent courses, but the dose of LV
remained at 75 mg/d. :

Evaluation

Patients were evaluated by appropriate investigations, in-
cluding physical examination, chest x-ray, and computed toma-
graphic scans of the ahdomen and chest, before entry into the
study to determine the extent of disease. A complete hlood cell
count, liver function tests, renal function tests, and urinalysis were
performed at least once every 2 weeks during teatment. Appro-
priate investigations were repeated as necessary to evaluate the
sites of marker lesions hefore every course or every other coursc.
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The tumor response of the lesions was evaluated according to
WHO criteria.’” National Cancer Institute common toxicity
criteria were applied to evaluate the toxicity of this therapy.'™
The eligibility and suitability of the subjects for assessment and
their response to treatment were reviewed extramurally.

Pharmacokinetics

On day 1, blood specimens were obtained immediately be-
fore drug administration and a1 0.25,0.5, 1, 1.5, 2, 3, 5, and § hours
after drug administration. They were collected in heparinized
tubes and centrifuged in a refrigerated centrifuge, and the plasma
obtained was frozen at —20°C until analysis.

Concentrations of tegafur (FT') were determined by a vali-
dated high-performance liquid chromotography (HPLC) assay
with ultraviolet detection based on the method reported by
Muranaka et al.’® A validated gas chromatographic-mass spectro-
metric assay method was used to quantitate FU and uracil in the
plasma samples. The assay method used was based on a method
published previously for FU*® and was modified to include simul-
taneous quantitation of uracil as reported by Muranuka etal.' LV
and 5-methyl tetrahydrofolate (5-MTHF) were determined by
validated HPLC methods that were modifications of methods
reported previously.?>** LV and 5-MTHF were extracted from
plasma as described by Etienne et al*’'; however, LV was resolved
from endogenous interference by gradient HPLC (mobile phase A,
40% acetonitrile-50% methanol in 25 mmol/L. XH,PO, {pH 2.3}
mobile phase B, 25 nunol/L KH,PO, [pH 2.3]), and 5-MTHF was
resolved from endogenous interference by isocratic HPLC with a
mobile phase consisting of 5% acetonitrile-50% methanol in 25
mmol/L KH,PO, (pH 2.3). Both LV and 5-MTHF were detected at
330 nm.*

For FT, FU, and uracil, the standard curves were linear
(R? > 0.991) over the concentration range of 50 to 20,000, 1 to 5,

and 20 to 5,000 ng/m)., respectively. Based on the analysis of =

quality control samples, the accuracy was ~0.9% to 3.4% and the
inter- and intrarun precision was 6.0% 1o 7.9% of the assays for
FT:5.7%to 11.0% and 2.0% to 8.6% for FU; and 2.8% 10 8.0% and
1.2% 10 8.7% for uracil. For hoth LV and 5-MTHEF, the standard
-curves were linear (R? > (.992) over the concentration range of 50
to 2,000 ng/ml; the accuracy was 1.5% to 3.0%, and the inter- and
intrarun precision was 5.9% to 8.7% of the assay for LV, and 1.8%
to 3.3% and 4.5% to 7.8% for 5-MTHPF, respectively. '
The plasma concentration-time data following administra-
tion for five analyses were analyzed by a noncompartmental
method using the computer program WINNonlin (version 3.1;
Pharsight Co, Apex, North Carolina). The peak plasma concentra-
ton (C,,..) and the time to reach the peak concentration (T ()
were recorded directly from the experimental observations. The
area under the plasma concentration-time curve (AUC) from time
0to T, AUC,.,» where T'is the time of the last measurable concen-
tration, was calculated by the trapezoidal method. No weighting
factor was used, and the slope of the terminal phase of the plasma
profile, K, was determined by log-linear regression ot at least three
data points, which yielded a minimum mean square error. The
absolute value of K was used to estimate the terminal half-life (¢, ,,)
according to the formula 1, = In2/K. AUC from time 0 to
infinity, AUC,,_,,» was determined by summing the arcas from
time 0 to the time of the last measured concentration, calculated
using conventional trapezoidal and log-trapezoidal methods, and
the extrapolated arca. The extrapolated area was determined by
dividing the final concentration by the slope of the rerminal log-
linear phasc. Since a terminal fog-linear phase was not identified in
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a minotity of the patients, the t,,, and AUC,,, values of these
patients could not be calculated.

Statistical Methods

Response rates of metastatic colorectal cancer hetween 16.6%
to 21.5% for UFT alone and between 18% and'43% for UFT plus
LV have been reported in some phase I] studies: The samplesize in
this study was calculated based on a target activity level of 31.5%
and minimum activity level 0f 20%, to ensure the lower limit of the
90% C1, and thus the number of patients required in each country
was 44. Time to progression was measured from the start of
treatment to the date of progression. Progression time was cen-
soted at the close out date if progressive disease was not observed.

“The equivalence of AUC and C,,,,. in analyses was concluded
if the 90% CI with a power of 80% for difference of logarithmic
means between Japanese and American patients was entirely
within the range of —0.36 to 0.36.

This trial was approved by the institutional review board of the
clinical oncology program at all hospitals participating in this study.
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Bighty-nine patients with advanced metastatic colorectal
carcinoma were entered onto the irial between November
1998 and September 2000. Forty-four patients were entered
in Japan, and all were assessable for toxicity and response.
Forty-five patients were entered in the United States, and
44 were assessable for response. One patient in the
Uniled States was judged ineligible because no largel
lesions were available. The 44 patients in the United
States consisted of 30 white patients, four Hispanic pa-
tients, and 10 black patients.

The characteristics of the eligible patients are listed by
country in Table 1. Almost all patients in both groups had
good performance status. Almost all patients in both groups
had undergone surgery, and five (11%) Japanese patients
and 10 (23%) patients in the United States (hereafier,
“American patients”) had received FU-based adjuvant che-
motherapy. The characteristics of the 88 eligible Japanese
and American patients were maiched for age, sex, perfor-
mance status, and prior therapy.

The actual daily doses of UFT according to body-
surface area (BSA) are shown in Table 2. Because the mean
BSA of the American patients was larger (mean: American,
1.92 m*; Japanese, 1.57 m?), the median actual daily dose of
UFT veceived by the American patients was 600 mg, as
opposed to 500 mg by the Japanese patients. The median
number of courses of treatment was four in both countries.

Response

All 44 Japanese patients had measurable Jesions. Four-
teen patients had a partial response, and two patients had a
complete response (response rate, 36.4%; 95% Cl, 22.4% 1o
52.2%; Table 3). Two patients were not assessahle because
of early withdrawal due to toxicity. The response rate by
metastatic site was 35% (six of 17 patients) in the lung, 30%
{eight of 27 patients) in the liver, and 18% (two of 11
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Tabie 1. Characieristics of Eligible Patients

Japan United States
(n = 44) n = 44}
Nou. of No. of
Patients ) Patients %
Age, years
Median . 59 ’ 60
Range 2673 44.88
Sex
Mate 26 59 28 66
Femaie 18 41 15 .34
PSECOGI : .
01 Co -42 95 44 100
2 2 8 0 0
Primary lesions
Colon 24 55 34 77
Rectal 20 45 10 23
‘Prior therapy ) . L
, Surgery 43 .88 44 100
‘Adjuvant chemotherapy 5 T 0 w23
Radiatherapy ~ o 0 4 9
Others 1 2 2 5
Body surface area, m” .
Mean 1.57 1.92
Range 1.18:1.92 1.53-2.63

Abbreviations; PS, performance status; ECOG, Eastern Cooperative
Oneology Group

“Race/ethnicity: white patients, 30 (68%); Hispanic patients. lour (9%);
black patients, 10 (23%). .

patients) in the lymph nodes. Of the 44 American patients
with measurable metastatic lesions, 15 patients had partial
responses, and there were no complete responses (response
rate, 34.1%; 95% CI, 20.5% to 49.9%; Table 3). Three
patients were nol evaluated because of early withdrawal

due to toxicity, early death as a result of disease progres-.

sion, and a target lesion that was too small. The response
rate by metastatic site was 71% (five of seven patients} in
the lung, 24% (eight of 34 patients) in the liver, and 25%
(two of eight patients) in the lymph nodes.

Tahte 3. Objeclive Response
Japan United States
n= 44) n= a4
Complete response 2 0
Partial response 14 15
Stable disease 1 18
Progressive disease 15 ’ g
Not assessable 2 !
Overall response rate 16/44 15/44
% 36.4 341
95% Cl $ 22410522 20.5 w0499

The median time to progression at the close of this trial
(August 2001) was 127 days (range, 21 to 703+ days)
among the Japanese patients and 142 days (range, 19t0 512
days) among the American patients.

Toxicity -

Forty-four Japanese patients and 45 American patients
were assessable for toxicity. Table 4 shows the highest grade
of toxicities during all treatment courses according to pa-
tient. Although the incidence of grade 3 and 4 hematclogic
toxicitiesin the American patients was almost the sameas in
the Japanese patients, the incidence of all grades of throm-
bocytopenia was higher in the American patients thanin the
Japanese patients. Diarrhea occurred in 38.6% of the Japa-
nese and 68.9% of the American patients (P = .006). The
incidence of grade 3 and 4 diarrhea was also higher in the
American patients (22.2%) than in the Japanese patients
(9.1%). Five American patients exhibited grade 3 or 4 de-
hydration due to diarrhea. All-grade and grade 3 and 4
nausea and vomiting were higher in the American patients
than in the Japanese patients. However, the incidences of
the grade 3 or 4 toxicities were not high, even among the
American patients. All-grade and grade 3 or 4 stomatitis/
mucositis occurred more often in the Japanese patients
(34.1% and 4.5%, respectively) than in the American pa-
tients (17.8% and 0%, respectively). Hand-foot syndrome

Tahle 2. Body Suriace Area and UFT Dose

Japan United States

h (n = 44) in = 44)

No. of Patients for

Daily Dose of UF] Divided Doses No. ol No. of Pharmacokinetic
BSA (rm#) {mg) {mg} Patients % Patients % Study (n = 43) Y
BSA = 1.49 400 200-100-100 15 34 0 0 0 -0
16 = BSA = B3 500 200-200-100 26 58 17 39 iN 42
1.84 = BSA = 2,16 600 200-200-200 3 7 20 45 19 44
217 = BSA = 24 700 300-200-200 0 o 5 T 4 9
251 = BSA 800 300-300-200 0 0 2 5 2 5

Ahbreviations. UL, urscilftegalur;, BSA, body: siniace area

'One patient, who was judged ineligible because no lagel izsions wers available, was added for phamacolnehe analysis

W 00Ty
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Table 4. Toxicity
Japan tnited Stales
{n = 44) (n = 45)
All Grades Grade All Grades Grade
{%} 3/4 (%) (%) 3/4 (%)
Anemia 47.7 45 311 2.2
Neutropenia 341 0 22.2 0
Thrombocylopenia 6.8 2.3 311 0
Diarrhea 386 891 68.9 22.2
Nausea 295 0 64.4 4.4
Vomiting 18.2 0 311 4.4
Stomatitis/mucosius 34.1 4.5 17.8 0
Hand-foot syndrome 0 0 2.2 0
Bilirubin 58.1 45 a6.7 4.4
AST 386 23 30.6 5.6
ALT .38.6 45 33.3 0

was rarely observed in either group. The incidence of grade
3 and 4 abnormal bilirubin and AST and ALT values was
almost the same in both groups (2.3% to 5.6%).

Almost all grade 3 or 4 toxicity occurred before the end
of the second course of treatment. All 14 patients (Japan,
three patients; United States, 11 patients) in both. countries
who exhibited any grade 3 and 4 toxicity were hospitalized
for treatment. Two Japanese patients discontinued the
UFT/LV regimen because of grade 3 hyperbilirubinemia,
grade 4 elevation of AST/ALT, and grade 2 transienl cere-
bral ischemia that was judged to have no relation to the
drug. One American patient disconlinued treatment be-
cause of grade 3 diarrhea with dehydration. However, it was
not deemed necessary to discontinue treatment in any of
the other patients who experienced grade 3 or 4 toxicities.
“These patients were able to continue treatment after a.tem-
porary interruption or decrease in the dose of the drug. Of
the 193 courses administered, 183 {95%) were given al 75%
or more of the protocol-defined dose of UFT among the
Japanese patients. Of the 221 courses administered, 210
(95%) were given al 75% or more of the protocol-defined
dose of UFT among the American patients. There were no
reatment-related deaths. This regimen was well tolerated
and could be repeated as planned in both countries.

Pharmacokinetics

Blood specimens for pharmacokinetic analysis were
available from 44 patients in Japan and 43 patients in the
United States, and a summary of the results along with the
numbers of patients available for each parameter is pro-
vided in Table 5. A patienl was judged nonassessable for
pharmacokinetic analysis if three or more blood specimens
were missing,

For each parameter, the 90% Cls for difference of log-
arithmic means hetween Japanese palients and American
patients are shown Table 6. The AUCy poun a0d Co,
for each compound, except for LV, were not equivalent
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with a power of §0% between the countries. The mean
AUCq 4 houss a0d Cyyy for FT and uracil in the Japanese
patients tended to be higher than in the American patients.
The same tendency was also observed with regard to FU,
which is an active form of UFT (Table 5). The mean
AUC, 4 hours and C,,., of FU in the Japanese patients were
1.36 and 1.6} times as large as in the American patients. The
plasma FU over time curves of both groups are shown in
Figure 1. The mean AUCyy pours and C,,,, for LV were
similar between the countries. The plasma LV over time
curves of the Japanese and American patients are shown in
Figure 2. Furthermore, the mean AUC_y 1,4, and Cyy, for
5-MTHEF, which is a metabolic product of LV, also tended
to be higher in the Japanese patients than the American
patients (Table 5).

Data was obtained from blood specimens collected
during the § hours after a single dose of UFT/LV in the
morning on day 1. As shown in Table 2, the total daily dose
of UFT was decided according to the patient’s BSA, but the
morning dose of UFT was not (the morning dose of UFT
was the same in all patients receiving 400 to 600 mg as the
total daily dose). We therefore examined the AUC of FU
according to BSA (Fig 3). The subjects consisted of 81
patients (Japanese, 44 patients; American, 37 patients) who
were administered 200 mg as the initial dose of URT on day
1 of the first course. In the group with a BSA from 1.50 to
1.83 m*, the AUCs of the 18 American patients were distrib-
uted from 31.0 ng - h/mL to 494.1 ng - h/mlL, and the AUCs
of the 26 Japanese patients (52.2 to 418.2 ng - h/mL) were
distributed within the American patients’ range. In addi-
tion, in the group with a BSA from 1.84 to 2.16 m-, a similar
tendency was ohserved. The distribution of the AUCs for
FU were similar among patients from both countries
within the same BSA range. The AUCs of uracil- and
LV-adjusted BSA also showed the same findings between
the countries. Therefore, the pharmacokinetic parame-
ters of UFT/LV appear to be comparable between Japa-
nese and American patients.

2 i)

Two large phase 11 studies were recently performed to
compare an oral regimen of UFT and LV with conventional
intravenous FU/LV therapy in patients with previously un-
treated metastatic colorectal carcinoma.'™*” In both trials,
the oral UFT/LV provided a safer, more convenient alter-
native to the standard bolus intravenous FU/LV regimen
for metastatic colorectal cancer and resulted in similar sur-
vival. These large trials were performed in Western coun-
tries only, and thus we conducted the present study lo
determine whether the results of thase phase Il studies
could be extrapolated (o Japanese patients. The significance
of this studylies inits comparison between patients living in
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Table §. Pharmacokinetic Parameters Alter Administration of UFT and LV

AUC.gn (ngh/mb) Croms. ing/miL} Teree 1) Ly (B
FT
Japan
Mean | : 41,063.2 9,158.7 0.8 65
sSD 10,376.8 19101 0:4 R
Nao. of available palients ' 44 44 44 44
United States )

“Mean ) : 23,857.8 ..5,470.7 1.3 54
Sh ’ 7:469:2 '2,013.7 1.0 - 1.3
No. of available patlients . 43 43 43 40

Uracil
Japan
Mean 5,989.5 6,867.2 0.8 0.2
sD 32651 37723 04 01
No. of available patients 44 44 44 39
United States
Mean 3.610.6 3,409.2 1.2 0.2
sSD 3.218.7 33053 0.8 01
No of availabie patients 39 43 413 24
FU
Japan : .
Mean _ 2231 .245.0 07 , 03
SD ’ ©154.8 1926 : . 04 0.1
No.-of -available patients 44 44 ) -44 44
United States ) ) '
Mean 164.0 162.2 1.1 06

-SD 1184 164.2 0.9 08

No. of available patients ' a3 ‘43 ) 43 1
Lv ’
Japan
Mean 2,659.8 473.6 22 . 7.0
sD 1.166.5 214.0 086 1.9
No. of available patients a4 44 44 44
United States '
Mean - 22402 436.3 2.3 77
S0 942.2 2931 1 2.6
No. ol available palients 42 43 a3 28
5-MTHF
Japan .
Mean ©2,0487 4680 o . 2.3 3.1
sb 3897 183.0 0.9 1.4
No. of available patients a3 44 a4 36
United States ' .
Mean 1,488.5 337.8 238 3.9
SD . . 544.9 116.4 1.7 1.3
No. of available patients 37 43 43 26

Abbreviations' UFT, uracilfiegalur, LV, leucovorin; AUC, area under the cuive; ‘C,‘.,M, raximurmn concentration; 1,.,.. time
half-life; F1. tegalur, SD. standard deviation; FU. fluorowracil; 5-MTHE, S-methyl tetrahydrololate

to maximum concentration; Ly

two different countries, not in comparisons between pa-
tients of different races. This is the only trial in the literature
to compare the efficacy, toxicity, and pharmacokinetics of
UFT/LV hetween patients in two different countries.

The response rate in this trial was 36.4% in the Japanese
palients and 34.1% in the American patients. The patient
characteristics in both groups were almostidentical, and the
response rates were very similar, suggesting no difference
hetween Japanese and American patients in regard to the

B 001

efficacy of a combination of UFT and LV. These response
rates are also compatible with the results (response rate,
18% to 43%) of other phase II studies of UFT/LV for colo-
rectal cancer in Western countries.""'**% The response
rates in this trial and other phase 11 trials of UFT/LV were
generally higher than with UFT alone in melastatic colorec-
tal cancer in Japan (21.5%; 14 of 65 patients)'® and the
United Kingdom (16.6%; six of 36 patients).*® However, the
doses, schedules, eligibility eriteria, and response crileria in the

an
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Table 8. 80% CI lor Diference in Logarithrnic Means of
Esch Pharmacokinetic Parameler Between Japanese
and Palients in the United Stales

PK Parameter Difference From

Compound hgrh/mb) Logarithmic Mean 90% Ct
FT ] AUCpy 0.5678 0460710 0.6756
: Conax 0.5677 0.4529 10 0.6825
FU AUCqy 0.3906 01293 t0.0.6518
C o ’ 0.7193 0,3722 101.0664
Uracil AUCqhg 0.7588 -0.4515 lo'1.0680
Crrmn ©1.0802 .0.7145 (o 1.4060
LV AUCquq 01795 0.0265'10 0.3324
Cran -0.1665 ~0.0143 10 0.3472
B-MTHF AUCqg 0.2762 --0.1260100:4275
Crnax 0.2899 0.1528100.4270

Abbreviations: PK, pharmacokinetic; FT, tegafur; AUC, ares under the
curve; C ... maximum concentration; FU. fluorouracil; LV, leucovorin,
&5-MTHF, §-methyl tetrahydrofolate

trials differed, rendering a comparison of efficacy difficult.
Nevertheless, the data support addition of the effect of LV 1o
UFT, the same as with FU and LV, and this additiona) effect
appears to be the same in different countries.

The incidence and degree of toxicity did not differ
much between the countries, except for gastrointestinal
toxicities and thrombocytopenia. The incidences of all
grades of diarrhea, nausea and vomiting, and grade 3/4
diarrhea were higher in the American patients than in the
Japanese patients. McCollum et al*’ have reported that
treatment-related toxicity differs between the black and
white patients receiving FU-based treatment, with white
patients experiencing statistically significantly higher rates
of diarrhea, nausea and vomiting, and stomatitis. The same
tendency, except for stomatitis, was also observed amang
American patients in the present study. In particular, for
diarrhea, the incidence of grade 3/4 diarrhea was 29% (nine
of 31 patients) in the white patients, 0% (zero of 10 patients)
in the black patients, and 25%(one of four patients) in the
Hispanic patients. This difference in the incidence and de-
gree of diarrhea between the japanese and American pa-
tients in our study may be a reflection of racial/ethnic
differences, although this has not been verified. However,
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diarrhea was manageable with antidiarrheal drugs or by
temporary interruption of UFT/LV, and few patients in
either group had to cease treatment because of diarrhea.
Furthermare, a difference.in the incidence of thromhocyto-
penia hetween the two countries was observed in the
present study, although McCollum et al*” reported no dif-
ference in thrombocytopenia according to race. However,
in our trial, the grade was 1 for all American patients in
which the incidence of thrombocytopenia was higher.
Moreover, the mean nadir of thromhocytes between the
countries did not differ (Japanese patients, 189,000/ ul,;
American patients, 198,000/pL). Therefore, no significant
difference in thrombocytopenia was apparent between the
countries. UFT administration is only rarely complicated by
hand-foot syndrome,"*"'* and similarly was rare in both
groups in this trial. Although some differences in toxici-
ties in both countries were ohserved in this trial, the
incidence and degree of toxicities in both countries were
mostly consistent with the results of the other phase I1
trials of URT/LV. 133327

The mean AUC and C,,, of FT and uracil in the
present study were slightly higher in the japanese patients
than the American patients, and the AUC and C,,,,, of FU,
which is an active form of UFT, were also slightly higher in
the Japanese patients than the American patients. The mean
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AUC values of FU in two other studies designed adminis-
tering UFT 200 mg plus LV 30 mg in Western patients were
96.0" and 118 ng'h/mL,*' respectively.-Moreover, Borner
et al'! reported that the mean AUC value of FU on day 8
after administration of oral UFT 300 mg/m?/d plus oral LV
90 mg/d to European patients was 113 mmol/L > min
(244.8 ng'h/mL). The actual values for the mean AUC of FU
obtained in those studies are similar to.our data in Ameri-
can patients (164.0 * 118.4 ng - h/mL) and similar to the
results obtained in the Japanese patients (223.]1 & 154.8
ng'h/mL) in the present trial. Bolus intravenous FU has
been reported to result in a significantly higher AUC and
Cina of FU, indicating higher FU exposure than with oral
UFT, and large phase ITI studies have confirmed higher
toxicity and equal efficacy of intravenous FU in comparison
to oral UFT.'*** These findings indicate that high FU expo-
sure may not be necessary for tumor response, but may
translate into toxicity.

We performed an analysis of covariance on the AUC of
FU adjusted for certain characteristics- (BSA, UFT dose,
performance status, complications) and found that the
most significant factor was BSA (P = .0029). Because the
dose of UFT administered in the pharmacokinetic study
was not decided according to BSA, we examined the AUC of
FU according to BSA. The result was that the distributions
of the AUCs of FU were similar among patients in both
countries in the same BSA range. Therefore, the AUCs of
FU are thought to be comparable between Japanese and
American patients. However, the reasons for the difference

in diarrhea between the patients in the tw o countries having
almost the same pharmacokinetic profile could notbeiden-
tified, except for the possibility of racial influences.

5-MTHF is 2 metabolic product of LV, and 5-MTHF
and LV are known to enhance the antiturnor activity of FU.
Our results also showed a slightly higher AUC and C,,, of
LV and 5-MTHF in the Japanese patients than in Amer-
ican patients. Meropol et al’® has reported that there is
no interaction between UFT and LV and that the plasma
concentration of FU is unaffected by LV. This finding
may suggest that the plasma concentration of FU isreg-
ulated by uracil, not LV, through inhibition of dihydro-
pyrimidine dehydrogenase.

The results of the present study indicate that UFT/LV is
equally active in Japanese and American patients. However,
a difference in toxicity profile, especially diarrhea, was
noted. Although the AUC and C,,, of FU were found to be
slightly higher in the Japanese patients than in the American
patients, AUC-adjusted BSA appeared to be comparable
between the countries. This-oral regimen of URT and LV
was considered to have similar activity against metastatic
colorectal cancer and to have acceptable toxicity in patients
in both countries.
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Complement regulatory proteins in normal human esophagus and
' esophageal squamous cell carcinoma

I{IMiHIRO SHIMO,* MOTOWO MIZUNO,* JUNICHIROU NASU,* SAKIKO HIRAOKA
CHIHO MAKIDONO,* HIROAKI OKAZAKI,* KAZUHIDE YAMAMOTO,*
HIROYUKI OKADA,* TEIZO FUJITA? AND YASUSHI SHIRATORI*

*Deparimenz of Medicine and Medical Science (Medicine 1), Okayama Universizy Graduate School of Medicine
and Dentistry, Okayama and *Department of Biochemistry, Fukushima Medical College, Fukiishima, Fapan

Abstract

Background: Altered expression of three complement regulatory proteins, decay-accelerating factor
(CD55), membrane cofactor protein (CD46) and homologous restriction factor 20 (CD59) has been
identified in human gastrointestinal malignancies, but their expression in esophageal cancer has not been
described. Therefore the purpose of the present paper was 10 study the distriburion of these proteins in

human normal and malignant esophageal mucosa.

Maethods and vesults: In the normal esophageal mucosa, CD55 predominantly stained on the cell
membrane of squamous epithelium in -the superficial and prickle cell layers, whereas CID46 most
intensely stained on the cell membrane in the basal and parabasal cell layers. In contrast to this reciprocal
expression of CD55 and CD46, CD59 was broadly distributed on the cell membrane in all layers. In the
esophageal squamous cell carcinoma, CD55 staining was intense in the stroma but was negligible in the
cancer cells. In contrast, CD46 and CD59 stained almost uniformly on the tumor cell membrane. There
was a significant difference in the intensity of the staining of CD55 and CD46 among cells in various
layers of normal esophageal mucosa and esophageal carcinoma cells, but not in the staining of CD59.
Similar expression patterns of the three complement regulatory proteins in carcinoma cells and in
normal epithelium in the basal and parabasal cell layers were observed.

Conclustons: These observarions on the expression of the three complernent regulatory proteins would
help understanding of the host immune responses involving the complement system against esophageal

squamous cell carcinoma.
© 2004 Blackwell Publishing Asia Pty Ltd

Key words: CD59/ homologous restricton facror 20, complement regulatory proteins, decay-acceler-
ating factor, esophageal squamous cell carcinoma, membrane cofactor protein.

INTRODUCTION

The development of malignant tumors elicits cell-medi-
ated and humoral factor-mediated immune responses
against tumor cells as host defense mechanisms. Among
the humoral factor-mediated responses, the comple-
ment system is a major effector pathway. The comple-
ment system has classically been implicated as a defense
against infection by microorganisms and parasites,
but it also partcipates in host immune responses to
cancer.””® Cancer cells as well as normal host cells

express membrane-bound molecules that regulate
complement activation to protect the cells from cotn-
plement-mediated damage.*”* Among these molecules,
decay-accelerating factor (CD55) inhibits the formarion
Of C3/C5 convertases and promotes their catabo-
lism;'*** membrane cofactor protein (CD46) is a cofac-
tor for factor I-mediated cleavage of C3b and C4b;'e
and homologous restriction factor 20 (CD59) inhibits
the formarion of terminal complement complex by pre-
venting the binding of C9 to C5b-8."* We and others
have previously found altered expression of these com-
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plement regulatory proteins in gastrointestinal epithelial
cells in various pathological conditons including malig-
nant transformarion. %3192 However, their expression
in normal esophagus and esophageal carcinomsa has not
been described exceprt for that of CD55 in the normal
esophagus.® In the present study, we immunohis-
tochemically examined the dismribution of CD55,
CD46 and CD59 in normal human esophageal mucosa
and esophageal squamous cell carcinoma.

METHODS
Tissues

Tissue specimens were .obtained from 15 patients (two
women and 13 men, mean age: 60 years) who had sur-
gically resected esophageal squamous cell carcinoma.
Of the 15 cancers, four were histologically well differ-
entated, 10 were moderately differentiated and one was
poorly differentiated. The tumor, node, metastasis
(TINM) stage of the esophageal cancers® was stage IIB,
n = 2; stage III, » = 8; stageé IVA, n = 3; and stage IVB,
n = 2. Endoscopic bigpsy specimens of normal-appear-
ing esophageal mucosa were obtained from eight
partients who underwent diagnostic endoscopy for gas-
trointestinal symptoms (two women and six men, mean
age: 56 years). Histologically normal mucosa was
obrained also from the uninvolved portions of surgically
resected esophagus from 17 patients who underwent
esophageal resection for esophageal squamous cell
carcinoma (three women and 14 men, mean age:
60 years). The study was conducted according 1o the
guidelines of the Declararion of Helsinki and with the
approval of the local ethical committee. Informed con-
sent was obtained from each patient.

-Immunohistochemistry

The tissue specimens were fixed in a periodate—lysine—
paraformaldehyde fixative® and cryostat sections 6 [m
thick were stained using an indirect peroxidase-labeled

antibody method. The following monoclonal antibodies .

dilured with phosphate buffered saline (PBS) contain-
ing 1% bovine serum albumin (Sigma Chemical, St
Louis, MO, USA) were used as primary antibodies:
1C6 antbody to CD55 (IgG1 isotype);'® J4-48 anti-
body to CD46 (1gG1 isotype, Immunotech, Marseille,
France);* and 1F5 antibody to CD59 (IgG1 isotype, 2
gift from Prof. Hidechika Okada, Nagoya Ciry Univer-
sity, School of Medicine, Nagoya, Japan).'® As negarive
controls, normal mouse IgGl1 (Dako, Glostrup, Den-
mark) and PBS were used instead of the primary antu-
bodies. The sections were incubated with each of the
primary antibodies for 2 h at 20°C.

Afrer washing with PBS, the sections were reacted
with horseradish peroxidase-labeled Fab' fragments of
rabbit antmouse immunoglobulins, prepared as
described,® for 1h at 20°C. After washing with PBS,
the sections were reacted with 50 mmol/L Tris-HCl
puffer. pH 7.6. containing 0.02%. 3.3'-diaminobenzi-
dine and 0.005%, hvdrogen peroxide. The stained sec-

K Shimo et al.

. tions were counterstained with methyl green or Mayer’s

hemaroxylin, dehydrated with butanol or ethanol and
mounted in Canada balsam (Sigma Chemical).
Tissues of colon cancer and normal colonic mucosa
were used as control tissnes for the immunohistochem-
ical staining; staining of colon cancer cells was evaluated

for a positive control for CD55 and CD59 staining,’-

and staining of normal colonic epithelial cells was eval-
uated for CD46 staining.®'® The expression of the
antigens in the normal and neoplastic epithelia was
evaluated blindly according to an arbimarily defined
score: 2+, specific staining was comparable 1o the stain-
ing of the contrel colonic tssue; 1+, specific staining
was detectable but in less than that of the positive con-
trol; and —, faint or no anrigen was detecrable.

Statistical analysis

Correlation between expression of the complement reg-

aulatory proteins and histology of esophageal rissues was

analyzed by using %* test for independence.

RESULTS .
Norrﬁal human esophagus

In the normal esophageal mucosa, marked differences
among the patterns of expression of CD55, CD46 and
CD59 were observed. CID55 was intensely stained on
the plasma membrane of cells of squamous epithelium
in the superficial and prickle cell layers in all cases,
whereas cells in the basal and parabasal cell layers had
little or no staining (Fig. 1a). A reversed pattern of
expression was observed for CD46, which was most
intensely stained on the cell membrane in the basal and
parabasal cell layers, and the sraining progressively
decreased toward the superficial cell layer (Fig. 1b). In
contrast to the reswricted expression of CD55 and
CD46, CD59 was broadly distributed and intensely
stained on the cell membrane in all layers (Fig. 1c). In
the underlying stwromal compartmment, these comple-
ment regulatory proteins were stained throughour stro-
mal cells and wvessels (Fig.l). Additonally, CD55
exhibited fibrillar staining in the swroma (Fig. 1a). No
apparent difference of the expression of the three com-
plement regulatory proteins was noted between normal-
appearing esophageal mucosa obtained by endoscopic
biopsy from patients without esophageal cancer, and
hisrologically normal mucosa obrtained from the unin-
volved portions of surgically resected esophagus from
esophageal cancer patients.

Esophageal squamous cell carcinoma

In the esophageal squamous cell carcinoma, differences
in the staining patterns of the three complement regu-
jatorv proteins were apparent. CID55 staining was
Intense 1 tne sToma out wags negligible or only focallx
present in the cancer cells (Fig. 2at. In the areas of kere-
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Figure 1 Immunchistochemical localization of complement regulatory proteins in normal esophageal epithelium. In the normal
epithelium, (a) CD55 is stained predominantly on the superficial and prickle cell layers, whereas (b) CD46 is exxpressed mainly
on the basal/parabasal cell layers and the staining progressively decreases toward the superficial cell layer. {¢) CID59 was broadly
distributed and intensely stained on the cell membrane in all layers.

" Figure 2 {mmunohistochemical localization of compiement

CD55 sraining is intense in the stroma bur is negligible or only

tinizarion, CD55 staining is observed along lamellar structures in

regulatory proteins in esophageal squamous cell carcinoma. (&)
focally observed in the cancer cells. (a, insert) In areas of the kera-
the ourside area of the keratin, which seem 10 be flattened kera-

tnized cancer cells. (b) In contrast, CD46 is stained almost uniformly and intensely on the tumor cell membrane, whereas its
staining in the sroma i§ weak. (c) CD59 staining is observed uniformly in the cancer cell mernbrane, and ‘the stroma is also

stained almost to the same degree as in cancer cells.

tinizaton, CD55 staining was observed along lamellar
structures in the outside area of the keratin, which
seemed to be flartened keratinized cancer cells (Fig. 23,
insert). In contrast to CD55 staining, CD46 staining
was almost uniform and intense on the tumor cell mem-
brane, whereas in the swoma it was weak (Fig. 2b).
CD50 staining was present uniformly on the cancer cell
membrane, and the stroma was also srained almost 10
the same degree as in Cancer cells (Fig. 2¢).

The intensity of the staining of the complement reg-
ulatory proteins in normal esophageal epithelium and
esophageal carcinoma is summarized in Table 1. There
was a significant difference in the intensity of the stain-
ing of CD55 and CD46 among cells in various layers of
normal mucosa and carcinoma cells, but not in the
staining of CD59. Similar expression patterns of the
three complement regulatory proteins in carcinoma

cells and in normal epithelium in the basal and para-
basal cell layers were observed. There was no apparent
correlation between the staining intensity of the three
complement regulatory proteins and the histological
type or the TNM stage of esophageal cancers (data not
shown).

DISCUSSION

In the present study we defined the imrmunochistochem-
ical distriburion of the complement regulatory proteins,
CD55, CD46 and CD59 in normal esophageal squa-
mous epithelium and esophageal squarnous cell carci-
norna. Although the expression of CD55 in the normal
esophageal mucosa has been reported,® the precise dis-
tribution of CD55 and the expression of CD46 and
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Table 1 Expression of complement regulatory proteins in normal esophageal mucosa and esophageal squamous cell carcinoma

- 1+ 2+ - Toral ¥? test
CD55 .
Normal Superficial layer -0 7 18 25
Prickle layer 1 23 1 25
Basal, parabasal layer 25 0 0 25
Carcinoma Carcinoma cell . 14 1 0 15 P <0.0001
CD46
Normal Superficial layer 20 4 1 25
Prickle layer : 17 5 3 25
Bagal, parabasal layer 0 8 17 25
Carcinoma Carcinoma cell 0 2 13 15 P <0.0001
CD59 ‘ - .
Normal Superficial layer 0 3 22 25
Prickle layer 1 5 19 25
Basal, parabasal layer 0 6 19 : 25
Carcinoma Carcinoma cell 0 0 15 © 15 NS

2+, specific staining was comparable to the staining of the conwol colonic tssue; 1+, specific staining was detectable but less
intense than that of the positive control; ~, faint or no antigen was detectable; NS, not significant.

CD59 have not been described. We found that CD55
and CD46 had a restricted distribution, and CID55 was
present in the superficial and prickle cell layers, whereas
CD46 predominantly stained in the basal and parabasal
cell layers. In contrast, CD59 was broadly distribured
throughout the squamous epithelial layers. In the
esophageal squamous cell carcinoma, carcinoma cells
retained the expression of CD46 and CD59, but CD55
expression was greatly reduced.

Several studies have described the expression of these
complement regulatory proreins in the skin®***° and
urerine cervix,?? which, like the esophagus, are cov-
ered with stratified sguamous epithelium. In the normal
skin epidermis, a somewhart different pattern of expres-
sion from that in the esophagus has been noted; CD59
was mainly present in the basal cell layer, and conflict-
ing resulrs have -been reported on the distribution of
CI»55.62%%3 In contrast, the reported patterns of
expression of the three complement regulatory proteins
in the normal ectocervix®?®® are almost the same as
those we have observed in the esophageal mucosa. In
the normal ecrocervical squamous epithelium, CD55
has been found in superficial and intermediate squa-
mous epithelial cells, whereas CD46 was present pre-

- dominantly in immature cervical epithelium (i.e. basal
and parabasal cells). The reciprocal patrerns of expres-
sion of CD55 and CD46 in the squamous epithelium of
the ecrocervix are believed to be related 1o cellular
marturity,>* and this may be the case also in the squa-
mous epithelium of the esophagus. CD59 staining was
broadly distribured throughout the squamous epithe-
lium in the ecrocervix,®*?? as in the esophagus, and a
developmenrtal gradient of expression was not observed.

In the esophageal squamous cell carcinoma, we
found that cancer cells were almost devoid of CD55
staining, whereas CD406 and CD59 uniformly stained
on the plasma membrane of cancer cells. These findings
might indicate that esophageal carcinoma cells are resis-

1ant 1o complement-mediated immumne attack by regu-
lating complement activation at the level of C3
converrases and prevenung the formation of the
cytolytc membrane attack comple}x (i.e. C5b-9), but
further studies such as staining for complement depo~
sition are needed to clarify this issue.

Reducrion -of CD55 expression in esophageal squa-
mous cell carcinoma is in accordance with findings in
squamous cell carcinoma of other- tissues, except for
squamous cell carcinoma of human skin.*® Cutaneous
squamous cell carcinoma has been reported to express
CD55, whereas squamous carcinoma. cells of the
cervix’?? and lung® reportedly have the same expres-
sion pattern as in the esophagus (1.e. CD55 was nega-
tive but CD59 and CD46 were positive). The epidermis

of skin is slightly different from other organs covered

with squamous epithelinm because of the presence of a
horny cell layer with kerarinizaion; this anaromical dif-
ference might be one of the factors that account for the
difference of expression pattern of the complement reg-
ularory proteins berween skin and other tissues in both
normal and malignant condirions.
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