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AFP-Producing Gastric Cancer
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Figure 6. An abdominal computed temography (CT) scan afier 6 courses of irinetecan {CPT-11} and mitomycin C (MMC) re-
vealed the disappearance of the tumor in the antrum (black arrows) {4) and lymph node swelling at #16 (black arrow) (B).
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Figure 7. Patient’s clinical course afier admission to cur department. CEA: carcinoembryonic antigen,
AFP: alpha fetoprotein, TS-1: 8-1 (tegafur * gimeracil - oteracil potassium), CPT-11: irinotecan, MMC;:

mitomycin C.

was chosen in the present case because Yamao et a} reported
that this therapy was effective against advanced gastric can-
cer, and there was little cross-resistance with 3-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-
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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 inhibitery 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 1st 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; .CDDF/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 metastatic
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-
dictive 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. Even 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. Shiraa, P.M. Hoff, A. Olusu, P.J. Lochrer, 1. Hyodo, S. Wadler, R.G. Wadleigh, P.J. (FDwyer,
K. Mure, Y. Yamada, N. Boku, F. Nagashima, and J.L. Abbruzzese

A B S T R-A C T

-Purpnse

To compare the efficacy, toxicities, and pharmacokinetics of an oral regimen consisting of uracilftegafur
(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 enrolied in concurrent
nonrandomized phase 1 trials. UFT 300 mg/m?#/d and leucovorin 75 mg/d were administered orally tor 28
days followed by a 7-day rest period. The total daily dose of each drug was divided info tnree equal
doses. Treatment was repeated every 5 weeks until disease progresson. Blood samples tor the
pharmaceokingtic study were obtained atter the initial dose on day 1 of the first course.

Results

The response rate for the Japanese patients and the patients in the United States was 36.4% (95% Cl,
22.4% to 52.2%) and 34.1% {95% Cl, 20.5% to 49.9%), respectively. The only major toxicity was
diarrnea, and other toxicities were mild in both populations. The incidence of grade 3 or-higher diarrhea
in the Japanesc and Americans was 9% and 22%, respectively. Although the area under the curve and
maximum congentration of uorouracil were found ta be slightly higher in the Japanese patients than the
patients in the United $tates, and area under the curve-adiusted body surtace area appeared to be
comparable between the two groups.

Conclusion :

The efticacy and pharmacokingtic parameters of UFT and LV are comparable m Japanese and American
patients; hawever, a difference in taxicity profile, specifically diarrhea, was nated. Tnis oral regimen of
UFT and LV is considered to have similar activity against metastatic colorectal cancer and 10 have
acteptable 1oxicity in patients in both cauntries.

J Chn Oncol 22:3466-3474

worldwide, and the median survival time of
patients with melastalic colorectal cancer
trealed with supportive care alone is ap-
proximalely 4 1o 6 months.' Systemic che-
motherapy has recenlly been shown to
prolong survival time, and median survival
limes now range from 17 1o 21 months.”’
Combination of irinatecan with flu-
arouracil (FU/leucovorin (LV) as a first
line wreatmenl (or metastatic disease has

Ay

Colovectal cancer is the second most fre-
quenl cause of cancer deaths in the United
States and most European countries, and ils
incidence has recently heen increasing in Ja-
pan, where the number of deaths atiributed
1o cotorectal cancer now ranks third after
lung cancer and gaslric cancer. Colorectal
cancer is therefore a iajor health problem



UFT/LV for Colorectal Cancer in US and Japan

produced a survival benefit,”" but recently there has been
concern aboul the toxicity of the weekly bolus combina-
tion.* A randamized cooperative group study has yielded
preliminary dala that supports the continued role of intra-
venous(IV) EU and LV as the backbane of treatment for
metastatic colorectal cancer.”

Uracil/tegafur (UFT) is a preparation composed of
tegafur and uracil in a molar ratio of 1:4, Tegafur is 2
prodrug of FU and is mainly converted 1o FU in the Jiver.”
In preclinical studies, the coadministration of uracil with
tegafur enhanced the antitumor activity achieved with lega-
fur alone. Uracil strongly inhibits the degradation of FU 10
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
hiochemically, and has heen 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 [or treatment of colorectal cancer, and administra-
tion schedules of UFT and oral LV were developed in phase
I 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 (rial in advanced colorectal cancer showed that
oral UFT/LV compared [avorably with IV FU/LV in terms
of toxicity and patient’s preference, and that il prolonged
FU exposure to alevel comparable to the exposure achieved
with continuous IV FU administration.'?

The results of two large phase 11l studies on the
UFT/LV regimen in Weslern countries were reported re-
cently and demonstrated similar survival between 1V
FU/LV and UFT/LV in Weslern palients with meiastatic
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 aclivity in a variety of solid lumaors.'®
Although several dosage regimens of UFT alone have been
lried in colorectal cancer in Japan, there have heen few
studies on Lhe combination of UFT plus LV in Japan.

We conducted the present study lo delermine whether
ithe results of these phase 111 studies could be extrapolated 1o
Japanese palients. 1f it showed equality of efficacy, safely,
and pharmacokinetics in both fapanese and American pa-
lients, then the results of the Western phase 111 trials could
be extrapalated to lapanese patients. This study was de-
signed as an idenlical nonrandomized phase 11 analysis o
evaluate the impact of ethnic factors on the efficacy and
safety of a particular dosage and dose regiimen in American
and Japanese patients. The end point of the sludy was
estimation of (he efficacy, safely, and pharmacokinelic pa-
rameters of UFF/LV in American and Japanese patients
with previously untreated metastatic colorectal cancer.
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Patient Selection

Patients had to be either Japanese or American nationals. The
patients entolled ar the Japanese sites had to have been horn in
fapan and have lived more than 75% of their life in Japan, includ-
ing the 2 years before enrollment. Patients enrolled at the US sites
had 1o have heen horn in the United States and have lived more
than 75% of their life there, including the 2 years before enroll-
ment. Patients in both counrties were entered into the study only if
they fulfilled the following eligibility criteria: (1) histologic confir-
mation of colorectal carcinema, (2) inoperable metastatic disease
or recurrent metastatic disease after surgery, (3) measurable le-
sions, {4) age = 20) years but = 75 vears, (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 befare enroliment), (7) adequate hone
marrow function {absolute granulocyte count = 1,500/l and
platelet count = 100,000/ L), (8) adequate Liver function (serum
bilirubin level 1.5 mg/dL and serum transaminase levels = 160
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-day rest period. The total daily dose was divided into three doses
administered orally every 8 hours (at approximately 7 an, 3 pu,
and 11 pm). UFT {Taiho Pharmaceutical Ltd, Tokyo, Japan) was
supplied in the form of 100-myg capsules (100 mg tegafur). 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 morning and the lower doses in the
evening. Leucovorin {Ledersle Laboratories, Wayne, NJ) was sup-
plied as 25-mg tablets and administered orally at a 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 hefore 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 repeated every 5 weeks until disease
progression or severe toxicity was ohserved. Patient compliance
was verified hy counting the remaining pills ar the end of each
course of treatment, Treatment was imterrupted for grade 3 or
higher granulocyropenia or thromhocytopenia, or grade 2 10 4
nonhematologic toxicity, If treatment was discontinued because
of a grade 2 nanhematolugic toxicity, UFT and LV were resumed
at the same doses when the toxicity had completely resolved.
Whenever grade 3 or 4 toxic effects oceurred, the UFT dose was
reduced by 50 mg/m?/d in subsequent courses, but the dose of LV
remained at 75 mgfd.

Evaluation

Patients were evaluated by appropriate investipations, in
chuding physical examination, chest x-ray, and compured 1omo-
graphic scans of the abdomen and chest, betore entry inta the
study to determine the extent of discase. A complete hlood ccll
caunt, hiver function tests, renal function tests, and urinalysis were
performed at least once every 2 weeks daring treatment. Appro-
priate investigations were repeated as necessary ty evaluate the
sites of marker fesions before every course or every nther course
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.
The tumor response of the lestans was evaluated according to
WHQ criteria.’” National Cancer Institute commeon 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 at 0.25,0.5,1, 1.5, 2,3, 5,and § hours
atter 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 hiquid chromotography (HPLC) assay
with ultraviolet detection based on the method reported by
Muranaka ct 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

puhlished previously for FU?" and was modified to include simul-
taneous quantitation of uracil as reported by Muranuka et al.'” LV
and &-methyl tetrahvdrofolate (5-MTHF) were determined by
validated HPLC methods that were madifications of methods
reported previously.®*™* LV and 5-MTHF were extracted from
plasma as deseribed 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 KH,PO, [pH 23]
mohile phase B, 25 mmol/l, KH.PQ, [pI1 2.3]), and 5-MTHF was
resolved from enduogenous interference by isocratic HPLC with a
mobile phase consisting of 5% acetonitrile-50% methanol in 25
mmol/L KH,PO, (pH 2.3). Bath LV and 5-MTHF were detected at
310 nm.*

For FT, FU, and uracil, the standard curves were linear
(R? > 0.991} over the concentration range of 50to 20,000, 1 10 5,
and 20 1o 5,000 ng/ml., respectively. Based on the analysis of
quality controf samples, the accuracy was —{1.9% to 3.4% and the
inter- and intrarun precision was 6.0% to 7.9% of the assays for
FT:5.7% ta 11.0% and 2.0% to 8.6% for FU; and 2.8% to 8.0% and
1.2% to 8.7% for uracil, For bath LV and 5-MTHF, the standard
curves were linear { R? = 0.992) over the concentration range of 50
10 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-MTHT, respectively.

The plasma concentration-time data following administra-
tion for five analyses were analyzed by a noncompartmental
method using the computer program WINNentin (version 3.1;
Pharsight Co., Apex, North Carolina). The peak plasma cuncentra-
tion (C,,,,<) and the time to reach the peak concentration (T,,,,.)
were recorded directly from the experimental abservations, The
arca under the plasma concentration-time curve (AUC) from time
o 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 hy log-linear regression of at least three
data points, which yielded a minimum mean square error. The
absolute value of K was usced to estimate the terminal half-life (t,,,)
according to the formula t,,, = In2/K. AUC from time 0 to
infinity, AUC,,...» was determined by summing the arcas from
time 0 &0 the time of the last measured concentration, calculated
using conventional trapezoidal and Jog-trapezoidal methods, and
the extrapolated arca. ‘The extrapolated arca was determined by
dividing the final concentration by the slope of the terminal log-
linear phase. Since aterminal log-linear phase was not identified in
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a minority of the patients, the 1,,, and AUC,, ;,, values of these
patients could not be calculated.

Statistical Methods

Response rates of metastatic colurectal cancer berween 16.6%
to 21.5% for UFT alone and hetween 18% and 43% for UFT plus
LV have been reported in sume phase 11 studies. The sample size in
this study was calcuiated hased on a target activity level of 31.5%
and minimuwm activity level of 20%, to ensure the lower limir 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-
sored at the close out date if progressive disease was not observed.

The equivalence of AUC and C,,, in analyses was concluded
if the 90% C) with a power of 80% for difference of logarithmic
means between Japanese and American patients was entirely
within the range of ~0.36 to (.36,

This trial was approved by the institutional review baard of the
chinical oncology program at all hospitals participating in this study.

Eighty-nine patients with advanced metastatic colorectal
carcinoma were enlered anto the Lrial beiween November
1998 and September 2000. Forty-four patients were entered
in Japan, and all were assessable for toxicity and response.
Forly-five patients were entered in the United States, and
44 were assessable for response. One patient in the
United States was judged ineligible because no target
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 Uniled States (hereafter,
“American patienis”) had received FU-based adjuvant che-
motherapy, The characteristics of the 88 eligible Japanese
and American patients were matched 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 palients was larger (mean: American,
1.92 m’; Japanese, 1.57 m?), the median actlual daily dose of
UFT received 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 hoth countries.

Response

All 44 Japanese patients had measurable lesions. Four-
teen patients had a partial response, and lwo patients had a
complete response {respanse rale, 36.4%; 95% CI, 22 4% 1o
52.2%; Tahle 3). Two patients were not assessable because
of early withdrawal due (o toxicity. The response rate by
metastatic site was 35% (six of 17 patients} in the lung, 30%
{eight ol 27 patients) in the liver, and 18% (two of 11|
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Table 1. Characlenslics of Eligible Patients

Japan United States
in = 44} tn = a4)"
No. of No. ol
Palients % Palients ¥
Age, years
Meclian 59 €0
Range 2673 4488
Sex
Male 25 59 29 66
Female 18 19 15 34
PS ECOG)
0-1 42 95 44 100
2 2 5 0 0
Primary kesions
Colon 24 h5 34 77
Reclal 20 45 10 23
‘Prior therapy R
. Surgery 43 .08 44 100
Adjuvanl chermotherapy g 11 10 23
Radiotherapy o] 0 4 9
Olhers 1 2 2 6
Body surface area, m?
Muan 1.57 192
Range 1.181.82 1.53-263

Abbreviations: PS, perllormance slatus; ECOG, Eastern {ooperalive
Ongalogy Group

"Racefethnicity: white palients, 30 [88%}; 1nspanic panents, tour (9%);
black patients, 10 {23%}

patients) in the lymph nodes. Of the 44 American palients
with measurable metastatic lesions, 15 patients had partial
responses, and there were no complete responses {response
rale, 34.1%; 95% CIl, 20.5% to 49.9%; Table 3). Three
patients were not evaluated because of early withdrawal
due 1o toxicity, early death as aresull of disease progres-
sion, and a targel 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.

Table 3. Objeclve Response
Japan [niled Stales
{n = 44) {n =44
Complete response 2 ]
Partial response 14 15
Stable disease " 18
Progiessive disease 15 ’ g
Nol assessabie 2’ 3
Overall reSponse rate 1611 15/44
W 361 341
5% I 224160622 20510498

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, 19to 512
days) among the American patients.

Toxicity

Forty-four Japanese patients and 45 American palients
were assessable {or 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 hematologic
toxicities in the American patients wasalmost the sameasin
the Japanese palients, the incidence of all grades of throm-
bacytopenia 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 palients
{9.1%). Five American patients exhibited grade 3 or 4 de-
hydration due to diarchea, All-grade and grade 3 and 4
nauses and vomiling 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/
mucosilis occurred more often in the Japanese patients
(34.19% and 4.5%, respectively} than in the American pa-
tients {17.8% and 0%, respectively). Hand-loot syndrome

Tabla 2 Bouy Sutlace Area and UFT Dose
Japan United Statas
n = 44; {n = 44}
N ot Patiems lon
Daily Dose of U Divican! Dastion Nao. ol No. ol Pharmiacokinelic
BSA m?) {rig)) Imgg Palicms Y Fatients % Study it = 43) kA
BSA = 1.49 400 200-100-100 16 34 0 Q 0 -0
165 = [BSA =83 o] 200 200100 26 by 17 39 15" 42
§.84 = BSA = 2,16 BOO 200 200-200 3 7 20 EE] 19 a4
217 = BSA=2h 100 300200 200 [ 0 5 i q 9
251 = BSA BOD 300 300 200 0 0 2 5 2 5
Abbreviations, UM vracilfegalut; BSA, body surlace area
'Ore panert who wab judged nehgible Decause no largel enors were aviilable, was added Ton pharmactaknelc analysis
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Table & loxicity
Japan United Stales
(n = 44} in = 4b}
All Grades  Grade Al Grades Grade
(%) 3/ (%) 1%} 344 (%)
Anemia 47.7 415 311 2.2
Neutrapenia 341 Q) 222 0
Thrombocytopenia 88 23 A 0
Diarrhea 386 91 6839 22.2
Nausea 295 0 64.4 44 -
Vomiting 182 4] 311 4.4
Slomatitis/mucositis 341 45 17.8 i
Hand loot syndrome 0 0 22 0
Bilirubin 58.1 45 a8.7 A4
AST 386 23 308 6.6
ALT 386 45 333 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 palients discontinued the
UFT/LV regimen because of grade 3 hyperbilirahinemia,
grade 4 elevation of AST/ALT, and grade 2 transient cere-
bral ischemia that was judged to have no relation to the
drug. One American patient discontinued 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 Loxicities.
These patients were able to continue Lreatment after a tem-
parary 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
(959%) were given at 75% or more of the protocol-defined
dose of UFT among the American patients. There were no
treatment-relatec deaths. This regimen was well tolerated
and could he repeated as planned in both countries.

Pharmacokinetics

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

For each parameter, the 90% Cls for difference ol log-
arithmic means hetween japanese patients and American
patients are shown Table 6. The AUC.y pouy and Cy.,
for each compound, excepf for LV, were nol equivatent

an

with a power of 80% between the countries. The mean
AUC, ¢ houws ad 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 houss 214 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 AUC, 4 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; oy 20d Gy for
5-MTHE, 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 patientis receiving 400 to 6(H mg as the
total daily dose). We therefore examined the AUC af 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 UFT on day
| of the Arst course. In the group with a BSA from 1.50 to
1.83m”, the AUCs of the | 8§ American patients were distrib-
uted from 31.0 ng - h/mL to 494.1 ng - h/ml, 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 Lo 2.16 m*, a similar
tendency was observed. The distrihution ofthe AUCs for
FU were similar among palients 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 comparabie between Japa-
nese and American patients.

Two large phase 111 studies were recenily performed to
compare an oral regimen of UFT and 1LV with canvenlional
intravenous FU/LV therapy in patients with previously un-
treated metastatic colorectal carcinoma.'™"” In hoth 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-
iries only, and thus we conducted Lthe present siudy Lo
determine whether the resulls of those phase 111 studies
could be extrapolated Lo Japanese patients. The significance
of this studylies in its comparison hetween patients living in
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Table 5. Pharmacokinetic Parameters Alter Administistion of UFT and LY

ALICy an tngh/mL} Conan NG/l T v 1) Ly (0}
FT
Japan )
Mean 41,0632 9,158.7 " 08 6.5
S0 10,376.9 1,910 0.4 18 -
No. of available palients ' a4 a4 . 44 44
United States ’ .
- Mean ) 23,857.8 . 5,470.7 ’ 1.3 54
sD T 7,469.2 20137 1.0 13
No. cf available palients : 43 43 . 43 40
Uracil '
Japan )
Mean . 5.989.5 6.867.2 08 0.2
sD : ’ 3.2651 37723 04 01
No. of available patients 44 44 44 39
United States :
Mesn 3.6106 34092 12 02
D 32187 3.306.3 0.8 01
No. of available patienls 39 43 13 ' 24
FU
Japan
Mezn _ : 2231 7450 07 : 03
sD : 154.8 192.6 3.4 "N}
No. of available patients 44 44 44 44
United States i o '
Mean - : 164.0 162.2 1.1 0.6
SD 118.4 164.2 0a. 08
No. of avaitable patients a3 13 43 a1
Lv
Japan
Mean - 2.659.8 47386 22 . 7.0
SD 1.156.5 2149 086 19
Ne. of available patienls 414 44 44 44
Uniled States
Mean . 22412 436.3 23 77
SD 942.2 2931 1 . 26
No ol available palients 12 43 13 32
5-MTHF
Japan .
Mean 2.046.7 468:0 ' 2.3 31
5D BBa.Y 193.0 09 1.4
No. of available patiznts 43 © a4 44 36
United Slates :
Mean 1,498.5 3378 28 3.8
SD . 544.8 116.4 1.7 1.3
No. of svailable patients 37 43 a3 26

Abbreviations: UFT, wracilftlegalur, LY, leucovorin; AUC, area under the cuive; C, ., maximum concentralion; T,,.. 10K 10 maximam concentration; t,,,
all life; F1, tegalur. SO, slandard deviation: MU, lluorouracil;, 5-MTHD, B methyl Levahydrololate

two different countries, nol in comparisons between pa-
tients ol different races. Thisis the only trialin the literature
to compare the efficacy, loxicily, and pharmacokinetics of
UFT/LV hetween patients in two different countries.
 The response ratein this trial was 36.4% in the Japanese
patients and 34.1% in the American patients. The palient
characteristics in bath groups were almostidentical, and the
response rates were very similar, suggesling no difference
helween Japanese and American patients in regard 10 the

WAL LT Y

efficacy of a combination of UFT and LV. These response
rates are also compatible-with the results (response rate,
18% o 43%) of other phase 11 studies of UFT/LV for colo-
rectal cancer in Western countries,"™'#2*% The response
rales in this trial and other phase 11 trials of UFT/LV were
generally higher than with UFT alone in metastatic colorec-
tal cancer in lapan {21.5%; 14 of &5 patients)'® and he
United Kingdom (16.6%; six of 36 palients).”™ Hawever, the
doses, schedules, eligibility criteria, and response criteria in Lhe

3qn
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Tabla 6 90% CI Ior Difference in Logarithmic Means of
Each Pharmacokingtic Parameter Belween Japanese
and Patients in the Uniled States

PK Parameier Difference From

Compound trgrhyfl) Logarithmic Mean 90% CI

FT AUCq 0.5678 0.4B01 to 0.6756
Conas 0.5677 0.4529100.6825

FU AUC, Q.3906 012931006518
Conan 0.7193 0.372210:1.0664

Uracil AUCoy 0.7588 0.4515 10 1.0680
C ot ' 1.0602 0.714510 1.4060

[RY AlUCag 01795 0.0265100.3324
Croas 0.1665 =(.0143100.3472

6-MTHF AUCog 0.2762 0.1250100.4275
Crnen 0.2899 0.1528100.4270

Abbreviations: PX, pharmacokirelic; FT, tegafur; AUC, area under the
curve; Cpap,. Maximum concentration; FU, flucrouracil; LV, levcovorin,
5 MTHF, & melhyl letrahydrolalale )

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

The incidence and degree of toxicity did not differ
much between (he countries, except for gastrointestinal
toxicities and thrombocylopenia. The incidences of all
grades of diarrhea, nausea and vomiling, and grade 3/4
diarrhea were higher in the American patients than in the
Japanese patients. McCollum et al*® have reported that
treatment-related loxicity differs between the black and
white patients receiving FU-based treatment, with while
patients experiencing statistically significantly higher rates
of diarrhea, nausea and vomiting, and stomatitis. The same
tendency, except for stomatitis, was also observed among
American patients in the present study. in particular, for
diarrhea, the incidence of grade 3/4 diarrhea was 29% (nine
of31 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 refleclion 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.
Furthermore, a difference in the incidence of thrombocyto-
peria hetween the two countries was observed in the
present study, although McCollum et al*" reported no dif-
ference in thrombocytopenia according Lo race. However,
in our trial, the grade was 1 for all American patients in
which the incidence of thrombocylopenia was higher.
Moreover, the mean nadir of thrombocyles between the
countries did not differ (Japanese patients, 189,000/ul;
American patients, 198,000/uL). Therefore, no significant
difference in thromhocytopenia 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 resulis of the other phase Il
trials of UFT/LV. ! 3323027

The mean AUC and C,,,, of FT and wracil 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 alsa slightly higher in
the J[apanese patients than the Americant 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 thal the mean AUC value of FU on day 8
after administration of oral UFT 300 mg/m?*/d plus oral LV
90 mg/d o European patients was 113 umol/l. > min
(244.8 ng'h/mL). The actual values for the mean AUC of FU
obtained in those studies are similar 1o 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 * 154.3
ngh/ml) in the present trial. Bolus intravenous FU has
been reported to result in a significantly higher AUC and
C .., of FU, indicating higher FU expasure than with oral
UFT, and large phase 11l studies have confirmed higher
toxicity and equal eficacy of intravenous FU in comparison
to oral UFT.'*'* These findings indicate that high FU expo-
sure may not be necessary for tumor response, bul 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 lwo countries having
almost the same pharmacokinetic profile could notheiden-
tified, except for the possibility of racial influences.

5-MTHF is a metabolic product of LV, and 5-MTHF
and LV are known to enhance the antiturnor activity of FU.
Qur 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 is reg-
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 higherin the Japanese patients than in the American
palients, AUC-adjusted BSA appeared to be comparable
between Lhe countries. This oral regimen of UFT and LV
was considered to have similar activity against metastatic
colorectal cancer and to have acceplable toxicily in patients
in both countries.

Authors’ Disclosures of Potential
Conflicts of Interest
The authors indicated no potential conflicts of interest.

1. Schenthauer W. losen t, Komek GV, et
al Randomized comparison ol cominnalion che
muolherapy plus supportive care with supportive
care alone in patients with metasiatic colorectal
cancer BMJ 306.752- 755, 1993

2. Douillard JY, Cunningharn O, ¢l al lonote
can combined with lluorbulacil compared waith
Huorouracil alone as lirst line reatment for met
astalic colorectal cancer A muliicentre randonm
ized tial. Lancel 3551041 1047, 2000

3. Tournigand C, Louvel G, Quinaux E, e1 al
FQLIIRI [oflowed by FOUFOX versus FOLEOX
followerd by FOLEIRL in metastatc coloreclal
cancer (IMCRCY Final resuits ol a phase 11 study
Fioc Am Soc Clin Oncol 20 124a, 2007 labsi
191}

4. Saliz L, Cox J, Blanke C, el al' linotecan
plus Nuorouracit and lescovotin 101 Miclastatic
colotectal cancer N Engl J Med 343.906-914,
2000

5. Sargent D, Niedawieeki O, O Coneell M,
¢l al Becommendation (or caution wath minole
car, luatouracil, s leucoverir Tor coloecial
carcer N Engl J Medd 345 141 115, 200°

6. Goldbeag RM. Maortor B2 Sagent D) et
al  NAr4 Quabplatin (oxalt or CPT1 <1+
S ilvorouracit (50 Uleucovone: (LY or oxal
CP1 7 i advanced cokneclal carcer (CREO)Y
Tl Lestcly ard tesporse data e a G e

WL LT

aroun sludy Proc Ara Soc Clin Oncol 21 1284,
2002 (ahst 511}

1. Toick: H, Akiyoshi F, Miralo Y. el al
Comparative swudies on the melsholism cl
2-{tetrabydiofuyl) 5uorouracii and 5 fluerouracil
Gann 62.553 $60, 1977

8. Fujii S, Katano S, lkenaka K. el al Sludies
on coadministration ol uracit o1 cytosing on anti
wmor atlivity of FT-207 or 5 FUF derivatives Jpn
J Cancer Chemnther 6:377 384, 1979

& Pagdur 11, Lassere ¥, Diaz Canton L. el al:
Phase | tials of wacil tegalur {UFT) using 5 and
28 days adnimsiration schedoles. Demaonslia
lion of schedule-dependent toxiciies Anticancoe!
Drugs 7728 733, 1996

10. Muggras FM Wu X_ Spicer D. et al Phase |
and plarmacokinetic siudy of oral U514 comln
natior of the 5 Fuoouract prodiug 1egalur a1l
waal Chn Cancer Res 21161 1457, 1986

11. Pezdue R, Lassere Y, Rhades V, et al
Phase (1 study of uracil and tegafur plus ordl
leucovonn: An ellective oral regimen in (be ieal
meet ol retasiabe colosectal carcer J Chin
Oncol 12 2296 2300, 1994

12 Salte LB, Lescheman: 6 roung CWY, ol al
A Ixed tato combsoatior of crac! and Hoata
UT 1 with fow dose leucovonr Cancenr /b 182
185, 199

13. Bomer MM, Scholisk I, de Wit B e al
Patwents prelerense and pharmacokinenes of oral
modulaled TR vorses s travenous fluorourac

and levcovonn A andonused grossover thal in
atvanced coloreclal cancer Ew ) Cancer 38
319-3568. 2002

14, Douilfard JY. totl PM, Skilings JR. el al:
Mullicenter phase Il study ol uracilftegalur and
oral leucovorin versus Nuorouracil and leucovorin
in pauents with previously untreasted metastatic
colorectal cancer J Clin Oncol 20:3605 3616,
2002

15, Carpuchael J, Popiela 1, Radstone D, el al:
Randomized comparalive: study of Llegalurfuracil
and oral leucovorin versus parental fluorouracil
and leucovonn in patienls with previously un
treated metasiatic colatectal cancer J Glin Oncol
2013617 3627, 2002

16, Ota K. [agucts 1, kimura K Report on
nationwide puoled data and cohor! investigation
o UFT phase 11 stogy. Canger Chemolher
Pharameol 22 333 338 1988

17, Miller &, Voogstaien B, Straguel M, el &l
Reporting results of cancer Yealmenl  Cancer
47.207-214, 18981

18. Nalional Cancer Insttute: Commor Toxag
iy Criteria b floien.cance govhecpontivg/ e 3
blenl

19. Marenakas 1 Uinera Y, Yoshuda K ol al
Iugh pressure haurd chiomalographic deterr
ratior  of  legaln (2 detiabydio 2 luranyll 5
Muerouracilt and vracihie biologasl iodtenals afte
oAl adranstation of uracil plus tegalue 0 Ftam
Sei 69 1296 1300 1380

3473



20, Anderson LW, Parker RS, Collins JM, el al
Gas  chiomaipgtaphic-mass speclrometns
mgthod for rouiing monitoring ol & fluorouract i
plasma ol palients receiving low-level protiacted
nlusions J Chiomatogr $81-195 201, 1992

21. Lienne MC, Speziale N, Milano (i HPLC
of folinic  acid diaslereoisamers andd
Y methylletrabydrofolale in plasma Clin Chem
398266, 1993

22 Bulz S, Frckel G, Wollrom £, et al- high
performance liquid chromatographic determina
ton ol metholrexate.  7-hydromelhotiexale.
5 methylletiabydrofolic scid and tolivic atid in
serum and cerebrospinal {luid. J Chromatogr B
Biomed Appl 661-109 118, 1994

23. Gunzalez Baron M, Feliu J, de Ya Gandata |,
el al: Elficavy of oral tegalur modulation byuraci!
and leucovorin i advanced colorectal cancer A
phase 1l study Eur J Cancer 31422152219, 1895

1]

Shirao et al

24, Gongalez Baron M, Feln. ) Garca
Giton €, el al' UF 1 modulated with leucovorin in
advanced colorectal cancer  Oncopaz expern
ence Oncology 51.24 29, 1597 suppl 1)

25. fely J. Gonzales Baton M, Espinosa E, gl
al: Uracil and legatur modulated with leucovorin.
An eflective regimen with low woxicity for he
Irgatiment of coloreclal cancer Cancer 79 1884
1889 1997

26. Abad A, Navarro M, Sastre J, et al A prelm
mary 1eporl of @ phase I8 rial UT T plus oral felinic
acid as therapy for metastalic colorectal cancer in
older patignts Spanish Grewp for 1he Treatment of
Gastrointestingl Tumars (TTd Groupd Oncology
{Huntingt) 1153 57, 1997 {suppl 10

2% Sanchiz t. Milla A Tegatu-uracil (UF1)
plus [oinic acid in advanced rectal cancer Jpn
4 Chin Oneol 24:322 326, 1964

28 Malik A1A, lalhot . Clatke Pl el al
Phase If sist of UF 1 in advanced coloreclal and
gastnie cancer B ) Cancer €2 1023 1025,
1380

29, MeCollum AD, Catalano PJ. haller DG, et
al Quicomes and loxicity in Alncan-American
and Caucasan palicnls in randomized adjuvant
chemotherapy Irial lor colon cancer. J Natl Can
cer Inst §4.1160 1167, 2002

30, Meropol NJ. Sonnichsen 0S, Birkholer
MJ. el al- Binavailability and phase |l sludy of oral
UFT plus leucovorinin patients with relapsed or
refractory colorectat cancer Cancer Chemother
Pharmacol 43.221 226, 1999

3. Damle B, Ravandi T, Kaul S, et 4l Effect of
food on the aral hioavailability of UF1 and leuce
votin.in cancer patisnts  Chin Cancer Res 7517
523, 200

Inems sl nF Cnme v



e

Sournal of Gastroenzerology and Heparology (2004) 19, 643-647

GASTROENTEROLOGY

Complement regulatory proteins

in normal human esophagus and
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Abstract

Background: Altered expression of three complement regulatory proteins, decay-accelerating factor
(CD55), membrane cofactor protein (CD46) and homologous restricrion factor 20 (CD59) has been
identfied in human gastrointestinal malignancies, but their expression in esophageal cancer has not been
described. Therefore the purpose of the present paper was 1o study the distribution of these proteins in

human normal and malignant esophageal mucosa.
Methods and results: In the normal esophageal

mucosa, CD55 predominantly stained om 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, CD50 was broadly distributed on the cell membrane in all layers. In the
esophageal squamous cell carcinoma, CD55 staining was intense in the stroma bur was negligible i the
cancer cells. In contrast, CD46 and CD59 stained almost uniformly on the rumor cell membrane. There
was & significant difference in the intensity of the staining of CD55 and CD46 among celis in various
layers of normal esophageal mucosa and esophageal carcinoma cells, but not in the staining of CI»59.
Sinilar expression patterns of the three complement regulatory proteins in carcinoma cells and in
normal epithelium in the basal and parabasal cell layers were observed.

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

squamous cell carcinoma.
© 2004 Blackwell Publishing Asia Pty Lid

Key words: CD59/ homologous resmiction factor 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 rumor cells as host defense mechanisms. Among
the humoral factor-mediated responses, the comple-
ment system is a major effector pathway. The comple-
menst systern has classically been irplicated as a defense
against infecton by microorganisms and parasites,
but it also participates in host immune responses o
cancer.! Cancer cells as well as normal host cells

express membrane-bound molecules that regulate
complement zctivation to protect the cells from com-
plement-mediated damage.”'” Among these molecules,
decay-accelerating factor (CD35) inhibits the formarion
of C3/C5 convertases and promotes their catabo-
tism;'*!® membrane cofactor protein (CD46) is a cofac-
tor for factor I-mediated cleavage of C3b and C4b;'
and homologous restriction factor 20 (CD59) inhibits
the formarion of terminal complement complex by pre-
venting the binding of C9 to C5b-8.""1* We and others
- have previously found altered expression of these com-
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plement regutatory proteins in gastrointestinal epithelial
cells in verious pathological conditions including malig-
nant transformation.®'%%1%% However, their expression
in normal esophagus and esophageal carcinoma has not
been described except for that of CID55 in the normal
esophagus.® In the present study, we immunochis-
tochemically examined the dismribution of CD355,
CD46 and CD59 in normal human esophageal mucoesa
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 ¢arcinoma.
Of the 15 cancers, four were histologically well differ-
entiated, 10 were moderately differentiated and one was
poorly differentiated. The tumor, node, metastasis
(TINM) stage of the esophageal cancers™ was srage ITB,
n = 2; stage III, n = 8; stagé IVA, n = 3; and stage IVB,
» = 2. Endoscopic biopsy specimens of normal-appear-
ing esophageal mucosa were obtained from eight
pazients who underwent diagnostic endoscopy for gas-
rointestinal symproms (two wommen and six men, mean
age: 56 years). Histologicaily normal mucosa was
obrained also from the uninvolved portons of surgically
resected esophagus from 17 patients who underwent
esophageal resection for esophageal sguamous cell
carcinoma (Three women and .14 men, mean age:
60 years), The study was conducted according to the
guidelines of the Declaration of Helsinki and with the
approval of the local ethical committee. Informed con~
sent was obtained from each patient.

JImmunohistochemistry

The tissue specimens were fixed in a periodare-lysine-
paraformaldehyde fixative™ and cryostat sections 6 pm
thick were stained using an indirect peroxidase-labeled

antibody method. The following monoclonal antibodies

diluted with phosphate buffered saline (PBS) contain-
ing 1% bovine serum albumin (Sigma Chemical, St
Louis, MQ, USA) were used as primary antibodies:
1C6 antibody to CD55 (IgG1 isotype);”® J4-48 anti-
body to CD46 (IgGl isorype, Immunotech, Marseille,
France);? and 1F5 antibody 1o CD59 (IgG1 isotype, a
gift from Prof. Hidechika Okada, Nagoya Ciry Univer-
sity, School of Medicine, Nagoya, Japan).'® As negarive
controls, normal mouse IgG1 (Dako, Glastrup, Den-
mark} and PBS were used instead of the primary anti-
badies. 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 annmouse immunoglobuling, prepared as
described,? for 1 h at 20°C. After washing with PBS,
the sections were reactad with 50 mmol/L Tris-HCI
buffer. pH 7.6. containing 0.02% 3.3'-diaminobenzi-
dins and 0.005%, hvdrogen peroxids. The stained sec-
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tions were counterstained with merthyl green or Mayer’s

hematoxylin, dehydrated with butanol or ethanol and

mounted in Canada balsam (Sigma Chemical).
Tissues of colon cancer and normal colonic mucosa

were used as conrrol tissues for the immunochistochem-.

ical sraining; staining of colon cancer cells was evaluared

for 2 positive control for CD55 and CD59 staining,”-

and staining of normal colonic epithelial celis was eval-
uated for CD46 staining.»® The expression of the
zntgens in the normal and neoplastic epithelia was
evaluazed blindly according to an arbitrarily defined
score: 2+, specific staining was comparable to the stain-
ing of the control colonic tissue; 1+, specific staining
was detectable but in less than that of the positve con-
trol; and —, faint or no antigen was detectable.

Statistical analysis

Correlation between expression of the complement reg-
ulatory proteins and histology of esophageal tissues was
analyzed by using )’ test for independence. ‘

RESULTS
Normal human esophagus

In the normal esophageal mucosa, marked differences
among the patterns of expression of CD55, CD46 and
CD59 were observed. CD55 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
littte or no staining {(Fig. 1a). A reversed pamern of
expression was observed for CD46, which was most
intensely stained on the cell membrane in the basal and
parabasal cell layers, and the smaining progressively
decreased toward the superficial cell layer (Fig. 1b). In
conrrast to the resmicted expression of CD55 and
CD46, CD59 was broadly diswibuted and intensely
stained on the cell membrane in all layers (Fig. 1c). In
the underlying stromal compartment, these comple-
ment regulatory proteins were stained throughout stro-
ma! cells and vessels (Fig. 1}. Additionally, CD55
exhibited fibrillar staining in the stroma (Fig. 1a). No
apparent difference of the expression of the-three com-
plement regutatory proteins was noted berween normal-
appearing esophageal mucosa obtained by endoscopic
biopsy from patients without esophageal cancer, and
histologically normal mucosa obtained 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-
latorv proteins were apparent. CD35 staining was
intenss in The stroma but was negiigible or oniy focaliv
pres=ntin the cancer ¢elis (Fig. Zay. In the areas of kere-
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Figure 1 Tmmunchistochemical 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 expressed mainly
on the basal/parabasal cell layers and the staining progressively decreases toward the superficial cell layer. (c) CID59 was broadly
distributed and intensely stained on the cell membrane in all layers.

Figure 2 Immunohistochemical localization of complement regulatory proteins in esophageal squamous cell carcinema. (&)
CDS55 staining is intense in the stroma but is negligivle or only focally observed in the cancer cells, (a, insert) In areas of the kera-
tinization, CD55 staining is observed along Jamellar structures in the curside area of the keratin, which seem o be flatrened kera-
fimized cancer cells. (&) In contrast, CD446 is stained almost uniformly and intensely on the tamor cell membrane, whereas its
staining in the stroma is weak. (c) CD59 staining is observed uniformly in the cancer ¢cell membrane, and the sToma is also

stzined almost to the same degree as in cancer cells.

tinization, CD55 staining was observed along lamellar
structures in the outside area of the keratin, which
seemed to be flattened keratinized cancer celis (Fig. 2a,
insert). In contrast to CD55 staining, CD46 staining
was almost uniform and intense on the tamor cell mem-
brane, whereas in the stroma it was weak (Fig. 2b).
CD59 staining was present uniformly on the cancer cell
membrane, and the stroma was also stained almost t©
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 partterns 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 berween the staining intensity of the three
complement regulatory proteins and the histological
ype or the TNM stage of esophageal cancers (dara not
shown).

DISCUSSION

In the present study we defined the immunohistochem-
ical distribution of the complement regulatory proteins,
CDS55, CD46 and CD59 in normal esophageal squa-
mous epithelium and esophageal squamous cell carci-
noma. Although the expression of CD55 in the normal
esophageal mucosa has been reported,® the precise dis-
ribudon of CD55 and the expression of CD46 and
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Table ! Expression of complement regulatory proteins in normal esophageal mucosa and esophageal squamous cell carcinoma

- I+ 2+ " Total ¥* test
CD55 .
Normal Superficial layer 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
Prickie layer 17 5 3 25
Basal, parabasal layer Q 8 17 25
Carcinoma Carcinoma cell o 2 13 15 P <0.0001
CD59 : .
Normal Superficial layer ] 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 control colonic tissue; 1+, specific staining was detectable but less
intense than that of the positive contralj -, 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 CD55 was
present in the superficial and prickie cell layers, whereas
CD46 predominantly stained in the basal and parabasal
cell layers. In contrast, CD5% was broadly distributed
throughout the squarnous epithelial layers. In the
esophageal squamous cell carcinoma, carcinoma cells
retained the expression of CD46 and CD59, but CD55
expression wag greatly reduced.
Several studies have described the expression of these
complement regulatory proteins in the skin®*™° and
uterine cervix,>>*? which, like the esophagus, are cov-
ered with stratified sguamous epithelium. In the normal
skin epidermis, & somewhat different pattern of expres-
sion from that in the esophagus has been noted; CD5%
was mainly present in the basal cell layer, and conilict-
ing results have been reported on the distribution of
CD55.625293 In conrrast, the reported parterns of
cxpressmn 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 normazl ectocervical 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 pauerns of expres-
sion of CD55 and CD46 in the squamous epithelivm of
the ectocerviz are believed tc be related to cellular
maturity,* and this may be the case aiso in the squa-
mous epithelium of the esophagus. CD59 staining was
broadly distributed throughout the squamous epithe-
linwm in the ectocerviz,?? as in the esophagus, and a
developmental gradient of exprassion was not observed.
In the esophageal sguamous cell carcinoma, we
found that cancer cells were almost devoid of CD35
staining, whereas CD446 and CD39 uniformly stained
on the plasma membrane of cancer cells. These findings
mighr indicate that esophageal carcinoma celis are resis-

rant 10 complement-mediated immune attack by regu-
lating complement activaton at the level of C3
convertases and preventng the formaton of the
cytolytic membrane attack complex {(i.e. C5b-9), but
further studies such as staining for complement depo-
sition are needed to clarify this issue.

Reduction .of CD55 expression in esophageal squa-
mous cell carcinoma is in accordance with findings in
squamous cell carcinoma of other t:ssues, 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 (i.e, CD55 was nega-
tive but CD59 and CD46 were positive). The epidermnis
of skin is slightly different from other organs covéred
with squamous epithelium because of the presence of a
horny cell layer with keratinizaion; this anatomical dif-
ference might be one of the factors that account for the
difference of expression pattern of the complement reg-
ulatory proteins between skin and other tissues in both
normal and malignant conditions.
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Letters to the editor

Pneumocystis carinii pneumonia in
patients with ulcerative colitis

Pneumocystis carinii pneumenia (PCP) causes pneumonia i
jmmunocompromised patients suffering from diseases such as
leukemia, malignant lymphoma, and other cancers, and those
treated  with  corticostercids and/or  immunosuppressive
agents. However, it has rarely been reported in patients with
ulcerative colitis (UC). We report three patients with UC who
developed PCP during corticosteroid and/or azathioprine (AZA)
administration. o '

Case 1 was a 26-year-old woman with an 8-month history of
ulcerative colitis. She had hematochezia, and colonoscopy showed
severe pancolitis. She had a blood transfusion and was treated
with prednisolone. at a dose of 60mg/day. Her disease was unre-
sponsive to therapy with prednisolone. AZA at 100mg/day was
added. Her symptoms improved gradualty, but AZ A was stopped
on the day 34 after the beginning of administration because of
leukocytopenia. The foliowing day she had 2 high-grade fever.
Laboratory data were as follows: white blood call count (WBC),
2500/mm?; lymphocyte count (Ly), 650/mm>; hemoglobin (Hb),
10.3 g/dl; and platelet count (Pit), 24.1 X 10*/mm?. Arterial bleod
gases in room air were: pH 7.44, PCO,, 36.0mmHyg, and PO,,
56.0mmHg. The CD4/CD$§ ratio in peripheral blood was de-
creased, at 0.5. X-ray and computed tomography {CT) of the
chest reveaied bitateral “ground-glass” shadows (Fig. 1).
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Case 2 was z 68-year-old woman with an 1l-year history of
left-sided ulcerative colitis. She presented with acute colitis. We
started pulse steroid therapy. The response was excellent and she
entered the remission stage on clinical tests, She developed a high
fever 2 days after the start of maintenance therapy with predniso-
lone at a dose of 7.5mg/day. Laboratory data were as follows:
WBC, 6200/mm*, Ly, 990/mm? Hb, 10.5g/d]; and P1t,35.9 X 104
mm®. Arterial blood gases in room air were: pH 747, PCO,,
32,7mmHg: and PO,, 70.0mmHg. The CD4/CD8 ratio in peripb-
eral biood was narmal (1.1). Chest X-ray and CT showed bilateral
“ground-glass” shadows. :

Case 3 was a 29-year-old man with a 4-month history of
ulcerative colitis. He presented with acute colitis exacerbation.
Colonoscopy showed total colitis. We changed the corticosteroid
from prednisotone, 40mg/day, to betamethasone, 4mg/day. AZA,
100 mg/day, was added and the response was satisfactory. Then
we began to reduce betamethasone gradually, to 1.5mg/day. His
clinical course was excellent and he was discharged. Four months
later, he was readmitted with a high fever. Laboratory data were
as follows: WBC, 3400/mm?, Ly, 880/mm™ Hb, 11.0 g/dl; and Plt,
15.6 % 10%mm?. Arterial blood gases in room air were: pH., 7.39,
PCO,, 41.0mmHg; and PO, 91.0mmHg. Chest X-ray was nor-
mal, but chest CT revealed faint “ground-glass” shadow in the
right lung (Fig. 2).

In all three patients, polymerase chain reaction (PCR) for
detection of P. cerinii in sputa was positive, and we diagnosed
PCP. Cytomegalovirus antigen in peripheral blood was negative
in all the patients. After the diagnosis of PCF, they were treated

Fig. 1. A Chest X-ray shows interstitial shad-
ows in bilateral middle and lower lung fields. B
Chest computed tomography (CT1 reveals dif-
fuse “ground-glass™ opacity n bilateral lung
fields. with a small amount of pleural effusion.
Both images are from case 1. taken on the
same dav
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with intravenous trimethoprim-sulfamethoxazole (TMP-SMX)
and improved quickly. '

The symptoms of PCP worsen without appropriate therapy. As
chest X-rays are often normal, as shown in our case 3, or show a
faint ground-glass shadow, chest CT is very useful for detecting
abnormalities at the early stage of PCP.! This modality usually
reveals bilateral diffuse ground-glass opacity. Diagnastic identifi-
cation of P. carinii is based on the microscopic detection of the
organism in pulmonary materials. However, it is difficult to do
such an invasive examination as bronchoscopy when the patient's
condition is worsening. Noninvasive diagnosis of P. carinii infec-
tion using PCR of patient’s sputa is of great benefit.

For the prevension of PCP in patients with UC who are re-
ceiving immunosuppressive therapy, prophylactic treatment with
TMP-SMX should be considered ™ Administration of predniso-
lone, at more than 16 mg/day over a 2-months period? or at 20 mg/
day over a 4-weeks period} is suggested as the indication for
preveniive therapy. In the present case report, we have described
three patients with UC who developed PCP during immunosup-
pressive therapy; one patient received pulsed steroid therapy, and
two received AZA together with corticosteroids. Thus. we believe
that prophylaxis has to be carried cut in UC patients receiving
immunosuppressive therapy with high doses of corticosteroid, as
well as in those receiving combination therapy with certicoster-
oids and immunosuppressants such as AZA, considering the
benefit of such prophylaxis and the high mortality of PCP.
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Fig. 2. A Chest X-ray shows almost normal

findings. B Chest CT shows faimt “ground-

glass” opacity in the right jung. Both images
B  are from case 3, taken on the same day
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A pregnant patient with fulminant
hepatic failure was found to carry a novel .
missense mutation in the

argininosuccinate synthetase gene

Classical citrullinemia (CTLN1; OMIM no. 215700) caused by
mutations of the argininosuccinate synthetase (ASS; EC6.3.4.5)
gene on chromosome 9g34 differs from adult-onset type I1
citrullinemia (CTLNZ; OMIM no. 603471), which is caused by
mutations of citrin encoded by SLC25413 on chromosome
7q213. Plasma citrulline/arginine levels enable the distinction of
CTLN1 (2500 = 1040/58 = 3lnmoliml) from CTLN2 with
liver-specific ASS deficiency (521 = 290/232 = 167 nmoi/ml).
To date, 50 ASS mutations have been identified in CTLN1
patients, and differences among races have been noted,! Most
CTLN1 patients are reonatal- or infantile-onset. but some adult-




Increased serum concentrations and surface
expression on peripheral white blood cells of decay-
accelerafing factor (CD8J) in patients with active

ulcerative colitis

CHIHO MAKIDONO, MOTOWO MIZUNO, JUNICHIROU NASU, SAKIKO HIRAOKA, HIROYUKI
OKADA, KAZUHIDE YAMAMOTO, TEIZO FUJITA, and YASUSHI SHIRATOR!

OKAYAMA, MATSUYAMA, and FUKUSHIMA, JAPAN

Inflammeatory stimuil induce expression and release of decay-accelerating facior
(DAF), a complement-regulatory protein present on peripheral-blood colls. There-
fore, In ulcerative colltis (UC), an influammatory colonic disease in which activated
leukocytes are involved, DAF may be released from leukocytes into the circulation.
In this study we compared serum DAF concentrations and surface DAF expression

on peripherai-blood cells |

n patients with UC with disecse activity, Peripheral-blood

samples were obtained from 60 patients with UC (30 with active and 30 with inactive
disease) and 19 healthy volunteers. Serum DAF concentrations were determinod by
means of immunoassay, and surface DAF expression on blood cells was examined
with the use of fiow cylometry. Serum DAF concentrations in patients with active
disease (mean 48.6 ng/ml) were significantly higher than those in patients whose
disease was in remission (33.3 ng/mL; P = .0003) and those in heclthy controls (32.3
ng/mL; P = .0007). surface DAF expression on neutrophils, CD14+ monocytes, and
subsets of lymphocytes in patients with active UC was significantly increased com-
pared with that in patients with UC In remission and in heaithy confrols. The in-
creased sorum DAF concentrations and surface DAF expression on leukocyte frac-
fions in patients with active disease foll to significantly lower levels when the disegse
had gone into remission after medical therapy. Serum DAF concenirations are
increased in UC patients in relation to disease activity. The likely source of Increased
DAF concentrations Is peripheral-blood leukocytes that have been activated as
part of the UC disease process. ¢J Lab Clin Med 2004;143:152-8)

Abbrevighons: DAF = decay-accelerating factor; FTC = flucrescein isothiocyanate; HRP =
horseradish peroxidase; IL = interieukin; SCR = short consensus repeat; TNF = tumor necrosis

factor: UC = ulcerative colitis; WBC = white blood cell

ltered regulation of cell- and humoral factor—
mediated immune responses against intestinal
constituents may play a role in the develop-
ment of UC.! The complement system is a major ef-
fector pathway in humoral factor-mediated immunity,
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and we have previously shown the activation and deg-
radation of complement in mucosal lesions of active
UC.2 Autologous complement activation is regulated
by complement-regulatory proteins to protect host
cells. One of these proteins, DAF (CD55), is a glyco-
sylphosphatidy] inositol-anchored protein that inhibits
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Table 1. Characteristics of UC patienfs and confrols

uc
Tetal Active - Remission Hedtthy controls
Characteristics (n =60y {(n = 30 {n =30 =19
7 Age yrl* 39.0 = 2.0(14-74) 38,2 = 2.5(14-62) 39,8 = 3.1 (14-74) 358 = 1.8(27-58)
Sex (M/F) 3z/28 14/16 1812 11/8

Age at diagnosis (yr”
Duration of disease {yr)*
Location of disease

31.8 = 1.8(8-71
7.2 = 0.9 (0-30)

31.3 =2.2(13-59)
6.7 = 1.3 (0-30}

322 = 3.0(8-71)
76 = 1.3(0-26)

Proctitis 8 (13%;} - 3(10%) 5 (17%)
Left-sided colitisT 21 (35%) 13 {43%) B (27%)
Pancoiitis 31 (52%) 14 {47%) 17 (56%)

“Derta expressed as mean = SEM (rangea).
tinflommation up to the splenic fiexure,

the formation and promotes the catabolism of C3 and
C5 convertases.’ We have found that DAF expression
is markedly increased in the inflamed mucosa of uc
patients* and that DAF is released into the stools of
patients with active UC.5 In the regulation of DAF
expression, we have shown that inflammatory cyto-
kines Ii.-4 and IL-15 markedly enhance the expression
and release of DAF from culured HT29 intestinal
epithelial ‘g:t:lls_.6 ‘These inftammatory cytokines also
activate polymorphonuclear leukocytes (neutrophils),
and activated neutrophils express increased amounts of
DAF molecules on their surfaces.” In addition, both
resting and stimulated neutrophils have released DAF
into culture supernatants.® Therefore DAF may be re-
Jeased from activated leukocyte into the circulation in
patients with active UC. In this study, we examined
serum DAF concentrations and cell-surface expression
of DAF on peripheral-blood cells in patients with UC in
relation to the severity of disease activity.

METHODS

Patients and study design. Peripheral-blocd samples
were obtained from 60 patients with UC (28 women, 32 men;
mean age 39 years, age range 14-74 years) and 19 healthy
voluntzers {8 women, 11 men; mean age 36 vyears, range
27-59 vears). The diagnosis of UC was based on history,
clinical symptoms, and endoscopic and histologic findings.
Thirry-one patients had pancolitis, 21 had left-sided colitis,
and eight had proctitis. Disease activity was graded on the
basis of clinical features and laboratory data in accordance
with the criteria of Truelove and Witts™'0 by 2 gastroenter-
ologists (MM and HO) who had no knowledge of the DAF
levels in serun and on the surfaces of peripheral-blood cells
of the patients under evaluation. Remission was defined as 2
mild degree or better of clinical activity, without hematoche-
zia: or berrer, WBC counts were not used in the evaluation,
Thirty patients had active diszase (19 moderate. 11 severe),
and 30 had colitis in remission when blood samples were
obrained. The patients” characterislics are presented in Table L.

Serum samples were kept frozen at —80°C until use. We also
obtained heparinized blood samples from 14 patients with
active UC (11 moderate, 3 severe), 13 patients with inactive
UC, and 14 healthy volunteers for the analysis of surface
expression of DAF on blood cells by means of flow cytom-
etry. We obtained blood samples from 7 patients with active
UC when their disease went into remission after medical
wrearment. Two of the 7 were women and 5 were men (mean
age 31 years, range 14-44 years); 6 had pancolitis and 1 had
left-sided colitis; the colitis was severe in 2 and moderate in
5.

The study was conducted in accordance with the guidelines
of the Declaration of Helsinki. Qur local ethics committee
approved the study protocol. The objective of the study was
explained to each patient before the smdy, and written in-
formed consent was obtained from each patient.

Determination of serum DAF profein. Serum samples
were diluted with phosphate-buffered saline solution contain-
ing 1% bovine serum albumin (Sigma-Aldrich, St Louis, Mo),
0.05% Tween 20, and 1 mmol/L phenylmethylsulfonylfiuo-
ride with increased NaCl concentration (0.4 mol/L) to reduce
nonspecific reactions as described.!! Details of the immuno-
assay for the measurement of DAF have been de-
scribed. 511 In brief, buman DAF was purified from pooted
human erythrocyte stroma, and mouse monoclonal antibodies
to DAF were prepared.’® Two of the mouse monoclonal
antibodias (1gG,), clones 1C6 and 4F11, were used. The 1C6
antibody is directed to the active site on the DAF molecule
(ie. SCR 3), and the 4F11 antibody recognizes SCR4.'® The
106 monoclonal antibody was labeled with HRP as de-
seribed.}” The wells of microtiter plaies were coated with
4F11 monoclonal anti-DAF, and serially diluted serum sam-
ples were added to the wells. After washing, HRP-labeled
1C6 anti-DAF was added. After further washing, bound 1C6
antibody was detected with 2.2'-azino-di-3-ethylbenzo-thia-
zoline-6-sutfonic acid as substrate, Oplical densities at 415

. nm were méasured with an automated ELISA plate rsader. A

calibration curve was obtained from several dilutions of
known guantities of purified DAF. and the concentrations of
serum DAF were calculated, Samples were anaivzed in du-
plicate.



