RIS

Jpn J Clin Oncol 2006;36(3)159-165
doi:10.10931jjcolhyi234

A Multicenter Randomized Controlled Trial io Evaluate the Effect
of Adjuvant Cisplatin and 5-Fluorouracil Therapy after Curative
Resection in Cases of Pancreatic Cancer

Tomoo Kosuge', Takahiro Kiuchi?, Kiyoshi Mukai® and Tadao Kakizoe® for the Japanese Study Group

of Adjuvant Therapy for Pancreatic Cancer (JSAP)

"Division of Hepatobiliary and Pancreatic Surgery, National Cancer Center Hospital, Tokyo, 2University Hospital
Medical Information Network Center, the University of Tokyo Hospital, Tokyo, 3Department of Diagnostic
Pathology, Tokyo Medical University, Tokyo and “National Cancer Center, Tokyo, Japan

Received October 8, 2005; accepted December 19, 2005; published online February 20, 2006

Background: There have been few randomized controlled clinical trials until now to determine the
effectiveness of adjuvant treatments for pancreatic cancer, and the results reported so far are
inconsistent.

Methods: Patients with invasive ductal pancreatic cancer who underwent radical surgery with
clear histological margins at 11 Japanese institutions were enrolled and randomly assigned to
one of iwo groups: surgery-alone group (no further treatment after surgery) and the
surgery + chemotherapy group [two courses of postoperative adjuvant systemic chemotherapy
with cisplatin (80 mg/m?, Day 1) and 5-fluorouracil (500 mg/m?#/day, Days 1-5)]. Patients with a
positive resectional margin or with resected distant metastases were excluded from the trial in
order to minimize the influence of residual cancer.

Resulis: Between 1992 and 2000, 89 patients were randomized into the two arms of the trial
(45 patients to the surgery + chemotherapy arm and 44 patients to the surgery-alone arm). Four
patients in total were found to be ineligible (three in the surgery + chemotherapy group and one
in the surgery-alone group). The baseline characteristics were comparable between the two
groups. Inthe surgery + chemotherapy group, four patients did not receive the adjuvant treatment
because of patient refusal. Toxicity was minor and acceptable among the eligible patients in the
surgery + chemotherapy group. The estimated 5-year survival rates were 26.4% in the surger-
y + chemotherapy group and 14.9% in the surgery-alone group, and the median duration of
survival was 12.5 months and 15.8 months, respectively. The recurrence rates at 5 years
were 73.6 and 80.8%, respectively, inthe surgery + chemotherapy and the surgery-alone groups.
The differences in the survival and recurrence rates between the two groups were not statistically
significant.

Conclusions: Postoperative adjuvant chemotherapy using cisplatin and 5-fluorouracit was safe
and well tolerated; however, no clear survival benefit could be demonstrated.
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INTRODUCTION

Pancreatic cancer is the fifth most common cause of death from
cancer in Japan (1) and the United States (2), and its incidence
is rising. Although radical resection appears to be the only
means to obtain a cure, the 5-year survival rate after potentially
curative resection remains extremely low, in the range of
5-30% (3-5). Therefore, effective adjuvant therapy is
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currently being sought. The Gastrointestinal Tumor Study
Group (GITSG) performed the first multicenter randomized
controlled trial to evaluate the efficacy of adjuvant treatment
(6), and they concluded that adjuvant chemoradiotherapy
prolonged the postoperative survival of patients with
pancreatic cancer. However, the results of a few subsequent
randomized controlled trials (7-10) have been inconsistent,
and further evidence concerning the effectiveness of adjuvant
treatments for pancreatic cancer is awaited. Combination
chemotherapy with 5-fluorouracil (5-FU) and cisplatin was
considered to be a promising regimen for pancreatic cancer
in the early 1990s (11,12). Based on our experience of using
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this regimen in patients with unresectable pancreatic cancer,
we expected that it might prove to be suitable for postoperative
adjuvant treatment (13). In 1992, we initiated a multicenter
randomized controlled trial to evaluate the efficacy of adjuvant
chemotherapy with cisplatin and 5-FU after margin-negative
resection in patients with pancreatic cancer.

METHODS
PATIENTS AND DESIGN

Patients with ductal pancreatic cancer who underwent resec-
tional surgery with histologically clear margins between April
1992 and March 2000 in 11 Japanese institutions were enrolled
for the present study. Patients with other pancreatic and peri-
ampullary neoplasms, such as intraductal papillary mucinous
neoplasm, cystadenocarcinoma and endocrine tumor, were
excluded. Presence of distant metastases, even if they were
resected, and presence of peritoneal seeding were regarded as
criteria for exclusion from the study. After we obtained their
written informed consent, the patients were registered with the
randomization center by fax within 10 weeks of surgery and
were then randomly assigned to one of two groups: the
surgery-alone group and the surgery + chemotherapy group.
They were stratified according to the institution and tumor
stage using the minimization technique. The tumor stage
was determined according to either the fourth or fifth edition
of the UICC TNM classification, depending on the time of
patient registration, and the patients were divided into two
categories for stratification as follows: those with tumor in
stage I or stage I according to the fifth edition (14) [equivalent
to stage I of the fourth edition (15)] were assigned to one group
and the remaining patients were included in the other group.
Resection procedures and the range of dissection were determ-
ined according to institutional policy. Handling and histolo-
gical examination of the resected specimens were carried out
according to the recommendations of the Japan Pancreatic
Society (16). Patients in the surgery-alone arm and those in
the surgery + chemotherapy arm were followed up at 3 month
intervals. Blood tests and imaging by computed tomography or
ultrasound were carried out. Diagnosis of recurrence was made
based on the imaging findings. Treatment after recurrence was
not defined. All data were collected at a central registration
office. Three pathologists performed the pathology reviews
for the first 18 cases; thereafter, institutional histological
diagnoses were relied upon. No external beam radiation was
given to any of the patients. Intraoperative irradiation was
administered on an institution-by-institution basis, and this
was given to all candidates of any institution who opted to
use it. The trial was conducted with the approval of the local
ethics committee at each institution.

ADIJUVANT CHEMOTHERAPY

Chemotherapy was started within 1 week of randomization.
Two courses of treatment with a combination regimen of 5-FU
and cisplatin were administered. Cisplatin was administered at

a dose of 80 mg/m* on the first day of the treatment course;
5-FU was given at a daily dose of 500 mg/m? as a continuous
infusion for the first 5 days of the treatment course. The second
course was repeated 4-8 weeks after the start of the first
course. Toxicity was assessed according to the World Health
Organization (WHO) guidelines (17). The second course was
withheld if toxicity of grade 3 or above severity was observed
or if the patient’s condition did not improve sufficiently to fit
the eligibility criteria for registration within 8 weeks of the
start of the initial course.

STATISTICS

The primary endpoint of the study was the duration of survival.
Duration of survival was calculated from the date of registra-
tion to the date of death due to any cause or was censored at the
latest follow-up. The two treatment arms were also compared
for recurrence rate. Safety analyses were performed based on
data obtained from all the eligible patients who had started
chemotherapy. Efficacy analyses were performed according to
the intention-to-treat principle. Survival curves were drawn
using the Kaplan—Meier technique. Differences in the duration
of survival were compared using a two-sided log-rank test,
with the significance level set at 5%. The prognostic value
of the variables was tested by multivariate analysis using the
Cox proportional hazards model. Assuming an overall 2-year
survival rate of 15% in the surgery-alone arm, the present study
was designed to enroll more than 86 patients in order to detect
an absolute increase by 25% (i.e. 40% survival rate for 2 years)
in the surgery + chemotherapy arm, at a significance level of
5% with 80% power.

RESULTS
PATIENT CHARACTERISTICS

Between April 1992 and March 2000, 89 patients were ran-
domized: 45 patients to the surgery + chemotherapy arm and
44 patients to the surgery-alone arm. Three patients in the
surgery + chemotherapy group and one in the surgery-alone
group were rated ineligible, resulting in 95.5% compliance.
The reasons for ineligibility included resected distant meta-
stases (two cases), histologically positive resection margin
(one case) and severe postoperative complication (one case).
The baseline characteristics of the patients in the two groups
were comparable (Table 1).

TREATMENT DATA

Four patients assigned to the surgery + chemotherapy arm
refused treatment after randomization, and the detailed data
for three ineligible patients were not available. As a result, a
total of 38 patients were evaluated for treatment toxicity. Of
these, 31 patients (81.6% of the patients who received chemo-
therapy) received two courses of chemotherapy, and 7 patients
received only one course of chemotherapy. The reasons for
treatment discontinuation were patients’ withdrawal from the




Table 1. Demographic and clinical data for the patients
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Table 2. Summary of toxicities according to WHO criteria (n = 38)

Surgery + Surgery Grade 1 Grade 2 Grade 3 Grade 4

chemotherapy _alone Nausea/vomiting 15 12 5 0
Gender (M:F) 29:16 21:23 Leukopenia 14 6 2 0
Age (mean =+ SD) 60.8 % 8.1 60.1 + 8.9 Gramulocytopenia 6 5 3 .
Ganeresicodnodsncctomy:others) e PO Torombocyiopenia 7 2 0 0
Intraoperative irradiation (30:0 Gy) 30:15 27:17 Mucositis 1 1 2 0
Location of the tumor 35:9 34:8 Cerdiac 0 0 0 0
(head:body/tail) Hepatic 17 9 3 0
Size of the tumor 35:10 36:8 Renal 3 1 0 0
(<4:=4 cm)
Histological type 24:21 21:23
(papillary and well-differentiated:others)
Nodal involvement 12:23 9:35 Table 3. Sites of recurrence
(present:absent)
pT (pT1-3:pT4) 36:9 33:11 fﬁ;ﬁfgh:mpy fﬂ“;ng:fy
trial (four cases), development of recurrent disease (two cases) ~ Liver 20 22
and unresolving leucopenia (one case). Peritoneum 10 9

Pleura 1 1

ToxiCITY Local recurrence 6 7
One ineligible patient who was suffering from a severe post- Lymph node 3 !
operative complication that was not documented at the time of Lung 1 !
registration died of sepsis after one course of chemotherapy.  Bone 1 1
Minor toxicity was commonly observed, especially nausea and  Skin 0
vomiting, among the 38 eligible patients who actually received  prain 1 0
the adjuvant chemotherapy. In a few patients, toxicities of o . . patients 3 34

grade 3 or higher severity were encountered (Table 2). How-
ever, the toxicities were reversible and resolved with conser-
vative treatment alone in all patients.

RECURRENCE

Seventy-one patients died and 18 patients were alive at the end
of the follow-up period. The median follow-up duration for the
survivors was 44.8 months. The recurrence status remained
unknown in one ineligible patient. Among the remaining 88
randomized patients, 34 (77.3%) in the surgery-alone group
and 32 (71.1%) in the surgery + chemotherapy group
developed recurrence. The recorded sites of recurrence are
shown in Table 3. The liver was the most frequent site of
recurrence for metastasis, followed by peritoneal seeding
and local recurrence, in both groups. There was no significant
advantage of adjuvant chemotherapy in terms of the recurrence
rate (Figure 1). The median time to recurrence was 10.2
months in the 44 patients in the surgery-alone group and
8.6 months in the 44 patients in the surgery + chemotherapy
group. The 5-year recurrence rates were 80.8 and 73.6%,
respectively, in the two groups (P = 0.80).

DURATION OF SURVIVAL

In the randomized patients, the cause of death was recurrent
disease in 63 patients (32 from the surgery-alone group and

with recurrence

31 from the surgery + chemotherapy group), in-hospital death
in 1 patient (from the surgery + chemotherapy group), non-
malignant/non-toxicity death in 5 patients (3 from the surgery-
alone group and 2 from the surgery + chemotherapy group)
and unknown in 2 patients (1 from each group). The duration of
survival was not influenced by adjuvant chemotherapy in
either the randomized or the eligible patients. The survival
curves of all the randomized patients are shown in Figure 2.
The median survival was 15.8 months in the surgery-alone
group and 12.5 months in the surgery + chemotherapy
group, and the 5-year survival rate was 14.9% in the sur-
gery-alone group and 26.4% in the surgery + chemotherapy
group (P = 0.94).

PROGNOSTIC FACTORS

In order to assess the influence of prognostic factors, the
relationship of the outcomes to the following variables were
investigated: gender, age, histological type, size of tumor, tumor
location, pT factor, nodal involvement, type of operative pro-
cedure and administration of intraoperative radiotherapy. Cal-
culation of the correlation coefficients () of pairs of variables
revealed a close correlation for the tumor location and the type of
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operative procedure (- = 0.96), whereas the coefficients for all
the other pairs were less than 0.5. Consequently, ‘operative
procedure’ was excluded from the subsequent multivariate ana-
lysis. The prognostic value of the remaining variables together
with the assigned treatment arm as an additional variable was
tested using multivariate analysis. The significant factors
determined from this analysis were nodal involvement and
the histological type of the tumor (Table 4); the effect of the
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Figure 1. Cumulative recurrence rate. Solid line: surgery + chemotherapy
group; dotted line: surgery-alone group.

Table 4. Multivariate analysis

2 3 4 5 6 7 8 9 10

pT factor was marginal. Consequently, the stage of the disease,
the major determinants of which were the nodal status and the pT
factor, was determined to be a good prognostic indicator.
Patients with tumor in stage I or in stage II according to fifth
edition of the UICC TNM classification survived significantly
longer than those with more advanced disease (Figure 3). The
median survival time in the two groups was 79.7 and 12.6
months, respectively (P = 0.004).
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Figure 2. Cumulative survival rate. Solid line: surgery + chemotherapy group;
dotted line: surgery-alone group.

Variable B SE - P HR 95% CI
Nédal involvement (absent versus present) 1.167 0.348 0.001 3.213 (1.626-6.350)
Histological type (papillary or well-differentiated 0.791 0.273 0.004 2.206 (1.291-3.769)
tubular versus moderately or poorly differentiated tubular)

pT factor (pT1-3 versus pT4) 0.528 0.300 0.078 1.695 (0.942-3.050)
Gender (female versus male) 0.393 0.272 0.148 1.482 (0.869-2.526)
Size of tumor (<4 cm versus =4 cm) 0.166 0.172 0.334 1.181 (0.843-1.654)
Age 0.017" 0.016 0.282 1.017 (0.986-1.049)
Chemotherapy ~0.053 0.254 0.835 0.948 (0.576-1.561)
Intraoperative radiotherapy —-0.280 0.299 0.349 0.756 (0.421-1.357)
Location of the lesion (head versus body or tail of the pancreas) -0.354 0.291 0.224 0.702 (0.397-1.241)

SE, standard error; P, significance; HR, hazard ratio; CI, confidence interval.
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DISCUSSION

Resectional surgery provides the only chance of cure for
patients with pancreatic cancer. However, in most cases the
operation is non-curative, and an extremely high recurrence
rate is observed. Consequently, a number of adjuvant
treatments have been tried in the hope of prolonging survival.
GITSG performed the first randomized controlled trial
to evaluate the effect of adjuvant treatment in a group of 43
patients with pancreatic cancer. They concluded that adjuvant
chemoradiotherapy after curative resection prolonged patient
survival (6). However, subsequent larger studies carried out in

100 - =
90
80
70
60
50 7
40
30
20
10
0 —

Survival Rate (%)

SBannnaswnl

[ S e
2 3 4 5 6 7 8 9 10

Years after Surgery
No. atrisk

Stage Il 18
Stage -1V 71 36

16 10 9 6 & 4 2
13 12 9 6 4 2
Figure 3. Cumulative survival rate categorized by the disease stage according

to the fifth edition of the UICC TNM classification. Solid line: stages I and 1I;
dotted line: stages IlI, IVa and IVb.
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Europe failed to show any evident benefit of adjuvant
chemoradiotherapy (8-10). Similarly, the value of systemic
chemotherapy in an adjuvant setting also remains controversial
owing to the scarcity of convincing evidence. Only three ran-
domized controlled trials have been reported to assess adjuvant
chemotherapy for pancreatic cancer in the literature (Table 5).
Bakkevold et al. (7) claimed that adjuvant combination chemo-
therapy using 5-FU, doxorubicin and mitomycin C (AMF)
prolonged the median survival time in a cohort of postoper-
ative patients with pancreatic or ampullary cancer. However,
their results were not definitive, because there was no detailed
documentation of the data. Takada et al. found no advantage of
adjuvant treatment using mitomycin C and 5-FU in a larger
number of patients (18). Neoptolemos et al. (9,10) conducted a
prospective randomized trial (ESPAC-1) to assess the effects
of two types of adjuvant treatments, namely, chemotherapy
and chemoradiotherapy. They concluded that chemotherapy
alone improved the survival rate and that chemoradiotherapy
may even have had an adverse effect on survival. However,
their conclusion remains a subject of debate because of the
unorthodox and complex design of the study.

In contrast to the ESPAC-1 trial, our study was simple in
design, allowing the comparison of survival between two
patient groups: one group with adjuvant chemotherapy and
the other group without adjuvant chemotherapy. Patients
were stratified according to the institution and stage of the
disease in order to minimize the influence of possible pro-
gnostic factors. Furthermore, patients with a positive histolo-
gical margin were excluded from, the study with the objective
of excluding possible bias introduced by one of the strongest
prognostic factors, the status of the resectional margin (19).
However, this last criterion did interfere with the rapid recruit-
ment of patients. It took almost 8 years to carry out the regis-
tration and randomization of &9 patients. Fortunately, there
have been no remarkable changes in the diagnosis or treatment
of pancreatic cancer during this period, and the trial could be
continued without any major revisions of the protocol. Only
two previous trials have evaluated adjuvant treatment for
patients with RO resection (6,7). Both encountered similar
difficulties and a smaller number of patients were enrolled

Table 5. Randomized controlled trials of adjuvant chemotherapy for pancreatic cancer

Author Year of publication Disorder Chemotherapy Number of cases MST S-year SR (%) Significance
(months)
Bakkevold et al. 1993 PC and AMP (R0) AMF 31 23 "4 NS with generalized
Wilcoxon’s test
Observation 30 11 8
Takada et al. 2002 PC R1) MF 81 NA 115 NS with the log-rank test
Observation 77 NA 18.0
ESPAC 2004 PC (R1) 5-FU + LV 147 20.1 21 P = 0.009 the with
log-rank test
No chemotherapy 142 155 8
Present study PC (RO) FP 45 12.5 26.4 NS with the log-rank test
Observation 44 15.8 14.9

AMTF, doxorubicin + mitomycin C + 5-FU; AMP, ampullary carcinoma; LV, folinic acid; MF, mitomycin C + 5-FU; MST, median survival time; NA, not available;

NS, not significant; PC, pancreatic cancer; SR, survival rate.
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than in the present study. The patient characteristics, especially
the stage distribution and proportion of patients with nodal
involvement, were comparable among these trials.

The present study showed that adjuvant combination chemo-
therapy using 5-FU and cisplatin could be carried out with
acceptable safety, as long as the patients met the eligibility
criteria, although one patient died of sepsis after a single course
of chemotherapy. The monitoring committee, after analysis of
the case data, judged that this particular patient was unsuitable
for enrollment into the trial. According to the recommendation
of the commiitee, part of the study protocol was modified
to clarify some requirements regarding the postoperative
condition of the patients. No serious complications were
encountered after the modification was carried out.

On the other hand, this trial failed to show any significant
benefit of adjuvant chemotherapy in terms of either survival or
recurrence, even though the absolute values of the survival rate
and recurrence rate at 5 years were slightly better in the
patients to whom adjuvant chemotherapy was administered.
1t is possible that a larger number of patients must be examined
to appreciate the statistical significance of the treatment effect.
However, a significant influence of the typical prognostic fac-
tors on survival was confirmed in the present trial. It is possible
that the influence of adjuvant chemotherapy on survival is
much weaker than that of these prognostic factors. Another
possibility is that further courses of chemotherapy might
reinforce the effectiveness of the treatment and allow it to
become evident. However, it must also be considered that
the life expectancy of patients with pancreatic cancer is
extremely short. Adjuvant treatment for pancreatic cancer
would be practical only when its beneficial effect can com-
pensate for the compromised quality of life of the patient
resulting from the treatment. Therefore, a distinct effect
with a short treatment period, besides minimum toxicity,
would seem to be the essential prerequisite of effective
adjuvant chemotherapy. Otherwise, the lifetime spent with
low quality of life can cancel out or even reverse the potentially
beneficial effects of adjuvant treatment.

To conclude, the present trial did not prove that the
regimen can be recommended as adjuvant treatment for
pancreatic cancer.
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Background: The Research Center for Cancer Prevention and Screening program is a one-arm
prospective study designed to evaluate the effect of multiple modalities for cancer screening.
Basic programs consist of screening tests for cancer of the lung, esophagus, stomach, colon,
rectum, liver, gall bladder, pancreas and kidneys, in addition o prostate cancer screening for
males and breast, cervical, endometrial and ovarian cancer screenings for females.
Obijeciive: To investigate the possibility of overdiagnosis, we compared the observed numbers
with expected numbers based on the model.

Methods: We calculated the expected number of cancers on the basis of negative or positive
history of screening tests within the previous year, based on assumed sensitivity and sojourn time.
Observed numbers of screen-detected cases for stomach, colorectal, lung, prostate and breast
cancer were compared with expected numbers.

Resulis: From February 2004 to January 2005, 3786 participants were enrolled in our study. The
overall cancer detection rate was 5.8% (119/2061) for males and 4.1% (71/1725) for females.
No statistically significant difference was found between observed and expected cases for
colorectal cancer screening, gastric cancer screening for females and lung cancer screening
for males. Observed numbers of breast, prostate and lung cancer for females exceeded those
expecied (P < 0.05).

Conclusions: Although cancer screening programs in the present study increased the detection
of potentially curable cancers, these modalities, particularly lung, breast and prostate screening,
might detect cancers which would not necessarily be clinically significant. We should therefore
weigh up benefit and harm for such cancer screening programs.

Key words: cancer screening — detection rate — sensitivity — sojourn time — overdiagnosis

INTRODUCTION

In an attempt to prevent premature death, the Health Service
Law for the Aged introduced cancer screenifig programs in
Japan for all residents over the age of 40 in 1983. Screening for
gastric and cervical cancer was introduced initially, and
colorectal, lung and breast cancer screening programs
followed. At present, five cancer screening programs are
conducted nationwide, and over 25 million people are
screened annually (1). Although the research group for cancer
screening in Japan recommended six cancer screening pro-
grams (2) in 2001, mew modalities for cancer screening

For reprints and all correspondence: Chisato Hamashima, Research Center for
Cancer Prevention and Screening, National Cancer Center, Tsukiji 5-1-1,
Chuo-ku, Tokyo 104-0045, Japan; E-mail: chamashi@ncc.go.jp

have been introduced in several local municipalities without
evaluation by reliable studies. To reduce mortality from a
specific cancer, effective, evidence-based screening should
be conducted and appropriate management of quality assur-
ance is required.

In 2004, the Japanese Government initiated the Third-Term
Comprehensive 10-Year Strategy for Cancer Control, aimed
at reducing the incidence and mortality of cancer in Japan.
The Research Center for Cancer Prevention and Screening
(RCCPS) was established at the campus of the National Cancer
Center, Tokyo, in the same year. Although development of the
new modalities is worthwhile, a systematic approach for the
evaluation of cancer screening programs is required. In order to
investigate the efficacy of cancer screening, programs using
new modalities have been conducted. Variable cancers were
detected in the past year, but might consist of overdiagnosis
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cases. To investigate its possibility, we compared the observed
numbers with expected numbers based on the model.

SUBJECTS AND METHODS
CANCER SCREENING PROGRAMS

The RCCPS Cancer Screening Program is a one-arm prospect-
ive study designed to evaluate the effect of multiple cancer
screening modalities. This is a hospital-based program and
participants are enrolled on a voluntary basis. Age for the target
group was 50 years and over for males and 40 years and over
for females. Exclusion criteria were previous diagnosis of
cancer and followed-up for pre-cancerous disease based on self-
reporting. The research and screening methods were explained
to all participants using written materials and face-to-face
presentations by health-care professionals. In addition, parti-
cipants signed informed consent documents approved by the
National Cancer Center. All participants responded to a ques-
tionnaire concerning life style, smoking, alcohol intake,
nutrition, past history of disease including cancer, family
history and previous investigations within a year. These parti-
cipants will be followed using a questionnaire survey after the
baseline screening year. Follow-up studies include a hospital
survey to investigate medical records of cancer patients detec-
ted by cancer screening and interval cancer rates based on the
participant’s response. In addition, these participants are asked
to attend repeat screening 5 years after the baseline.

Basic programs consisted of screenings for esophageal,
gastric, colon, rectal, lung, hepatic, gall bladder, pancreatic
and renal cancer. Cancer screening modalities were as follows:
gastrofiberscopy (GFS) for the esophagus and stomach; total
colonofiberscopy (TCF) or barium enema (BE) for the colon
and rectum; computed tomography (CT) and sputum cytology
for the lung; and abdominal ultrasonography (US) for the liver,
gall bladder, pancreas and kidneys. The participants could
choose TCF or BE based on their preferences. For males,
prostate cancer screening was performed using an assay of
prostate specific antigen (PSA) serum levels with a cut-off
value of 2.7 ng/ml. For females, a combination of modalities
was performed: two-view mammography (MMG), US and
physical examination (PE) for the breasts, Pap smear for
the cervix, and magnetic resonance imaging (MRI) for the
endometrium and ovaries. Moreover, whole body scanning
using positron emission tomography (PET) with injection of
2.78 MBq/kg fluorine-18-FDG was provided as an optional
investigation. This study was approved by the Institutional
Review Board of the National Cancer Center.

COMPARISON OF OBSERVED AND EXPECTED
DETECTION NUMBERS

Numbers of subjects recruited into the program from February
2004 to January 2005 and observed numbers of detected
cancers were classified by 5-year age group and by gender.
In the questionnaire survey, we collected information on the
following investigations performed within the previous year

as follows: photofluorography, GFS, fecal occult blood test
(FOBT), TCF, BE, chest radiography and MMG. We could
not obtain information regarding previous investigation of '
CT for Iung and PSA because these indicators were lack of
the questionnaire.

Since screening detects cancer in a large prevalence pool,
detection rate is influenced by previous investigations. Sojourn
time (ST) is the duration of the detectable, preclinical phase
of cancer (Fig. 1). The ST depends both on the natural history
of the cancer and performance of screening modalities.
Maximum lead time would therefore be achieved if screening
was performed at the beginning of the ST. Although ST and
sensitivity (SE) vary with age on individual cases, we used
estimated mean values obtained from literatures. For simpli-
city of the present study, we assumed the following conditions:
(i) ST and SE were constant in all age groups and (ii) SE was
constant throughout ST.

We calculated the expected numbers of gastric, colorectal,
lung, prostate and breast cancers in patients. The subjects are
divided into three groups based on the previous history as
follows: (i) subjects with no history of screening, (ii) subjects
with history by the same test and (iii) subjects with history by
the different test. In the first group, given that / represents
underlying incidence and P target population numbers, expec-
ted numbers (E) at prevalence screening, which corresponds
screening without previous investigation, can be derived from
the following formula: E = I x (P/100000) x ST x SE(3). PSA
screening is applicable to this case because previous history
cannot be obtained from the guestionnaire. In the second
group, the expected numbers (Ex) is the sum of incidence
and false-negative cases of previous investigation (Fig. 2).
The sensitivity of modality]l assumed SE1 and ST1 for its
sojourn time. Ex is calculated as follows: Ex = I X (P/100 000) x
(ST1-(ST1-1) x SE1) x SEI. The modality2 was previous
investigation, which is different from the modality of RCCPS
screening program. Similarly, the sensitivity of modality2
assumed SE2 and ST2 for its sojourn time. These cases are
the participants who have a screening history using other
modalities in colorectal, gastric and lung cancer screening.
When participants had history of previous investigation

No . Clinically
detectable Lead ime detectable
cancer (symptomatic)
! cancer
I Sojourn time
< =l
% 2
Period in which cancer is detectable
by screening

Figure 1. A graphical representation of the prognosis of clinical cancer and role
of screening.
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Figure 2. Calculation of expected numbers with previous examination using same modality. RCCPS: Research Center for Cancer Prevention and Screening;

I: Incidence; P: Target population numbers; SE: Sensitivity; ST: Sojourn time.

using modality2, the expected number (Ey) including false-
negative cases of previous screening is as follows: Ey =1 X
(P/100000) x (ST1-(ST2 x SE2)) x SE1 (Fig. 3).

The incidences of gastric, colorectal, lung, prostate and
breast cancer were obtained from estimations calculated by
cancer registries (4), while the ST and SE of breast cancer
screening were assumed based on published reports (3,5-9).
The ST or lead time of prostate cancer screening was determ-
ined from published articles and it ranged from 5 to 15 years
(10-17). In other modalities, SE has been reported without
adjustment for ST (18-20). In the baseline analysis, SE was
assumed as follows: 70% for GFS; 70% for BE; 70% for TCF,
80% for CT; 80% for the combination of MMG, US and PE;
70% for MMG; 70% for PSA; 50% for chest radiography; 50%
for FOBT; and 60% for photofluorography. ST was assumed as
follows: 5 years for GFS; 5 years for BE; 10 years for TCF;
5 years for CT; 5 years for a combination of MMG, US and PE;
4 years for MMG only; and 10 years for PSA screening. In
colorectal cancer screening, ST of immunological FOBT was
assumed to be 2 years [published reports which reported the
range from 2 to 4.70 years using various estimnation models

(21-23)]. The ST of chest radiography is 1 year based on
previous reports (24,25). No references to ST of photofluoro-
graphy could be found; this was assumed to be 3 years in the
present study. We estimated E of detected cancers and com-
pared these with observed numbers (O) to calculate the ratio
O/E. The observed and expected numbers of detected cancer
were compared using the chi-squared test. A sensitivity ana-
lysis was used to assess the effect of varying individual model
parameters during the construction and testing of the models;
this was performed to assess the effects of changes in our
assumptions regarding ST and SE. We conducted a sensitivity
analysis in the cases in which difference of the ratio O/E was
significant.

RESULTS

Table 1 presents the distribution of all participants by 5-year
age group and by gender. From establishment of the study in
February 2003 to January 2004, 3786 participants were
enrolled: 2061 males and 1725 females. In both genders,
most participants (over 25%) were in the 60- to 64-year age
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Figure 3. Calculation of expected numbers with previous examination using different modalities. RCCPS: Research Center for Cancer Prevention and Screening;

I: Incidence; P: Target population numbers; SE: Sensitivity; ST: Sojourn time.

groups. Of participants over 70 years of age, 5.5% (114/2061)
were males and 3.9% (67/1725) were females. Almost 90% of
participants came from the Tokyo metropolitan area and the
seven surrounding prefectures. Regarding colorectal cancer
screening, TCF was performed in 83.6% (1723/2061) of
male participants and 77.8% (1342/1725) of female parti-
cipants, and the remaining 15.4% (317/2061) of male and
19.9% (343/1725) of female participants had BE. PET scans
were performed for 79.0% (1629/2061) of males and 74.3%
(1282/1725) of females. In the first year of the RCCPS pro-
grams, 190 cancers were detected (Table 2). The detection
rate for all cancers was 5.8% (119/2061) for males and
4.1% (71/1725) for females. Approximately twice as many
males as females had undergone TCF within the previous
year (Table 3). In contrast, GFS had been performed in
similar numbers of males and females. The frequency of
MMG within the previous year was 18.5% (317/1712).
Expected numbers of detected cancers were calculated by
classifying participants into groups by screening modalities for

gastric, colorectal, lung, prostate and breast cancer (Table 4).
In males, expected numbers of cancers were as follows: gastric
cancer, 15.3 cases; colorectal cancer, 2.3 cases for BE and
21.9 cases for TCF; Iung cancer, 10.9 cases; and prostate
cancer, 7.0 cases. In females, expected numbers were as fol-
lows: gastric cancer, 3.7 cases; colorectal cancer, 1.1 cases for
BE and 7.6 cases for TCF; lung cancer, 2.4 cases; and breast
cancer, 6.2 cases. For TCF screening, observed numbers were
almost equal. The observed numbers for gastric cancer were
almost two times than expected numbers. But, in females, it
was not significantly different. On the other hand, lung cancer
was observed seven times more often in females but nearly
equal in males. Prostate cancer and breast cancer were both
detected over two times more frequently than expected. On the
sensitivity analysis of prostate, breast and lung cancer screening
for females, expected numbers of prostate and lung cancer
increased in accordance with ST and SE. For prostate cancer
screening, O/E ratio ranged between 5.36 and 16.07 according
to SE values from 30 to 90% when ST was set at 5 years;
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Table 1. Distribution of participants in RCCPS (February 2004-January 2005)
All participants Sex Age
4044 45-49 50-54 55-59 60-64 65-69 70-74 75-19 80 years over All
Male 0 0 311 500 552 554 89 23 2 2061
(%) 0.0 0.0 15.1 24.2 26.8 26.9 4.3 1.1 0.1 100.00
Female 126 156 260 375 429 312 51 14 2 1725
(%) 73 9.0 15.1 21.7 249 18.1 3.0 0.8 0.1 100.00
Examinees within participants
BE Male 0 0 48 69 91 92 13 3 1 317
Female 25 31 46 66 86 717 7 4 1 343
TCF Male 0 0 257 427 488 457 73 20 1 1723
Female 97 121 208 298 337 230 40 10 1 1342
PET Male 0 0 250 405 450 423 78 21 2 1629
Female 78 114 196 276 334 228 41 13 2 1282

BE: barium enema; TCF: total colonoscopy; PET: positron emission tomography.

Table 2. Age distribution of screen-detected cancer and detection rate by screeni

ng modality among the participants in the RCCPS (February 2004-January 2005)

Cancer Modality Sex Examinees Detected numbers (years) Detection
7074 4549 5054 5559 6064 6560 7074 7579 Above 80 Al (%)
Esophagus GFS Male 2040 0 0 0 0 2 5 1 0 0 8 039
Female 1684 0 0 0 0 0 0 0 0 0 0 0.00
Stomach GFS Male 2042 0 0 0 5 11 10 2 0 0 28 1.37
Female 1684 0 1 2 0 1 3 0 0 0 7 042
Colon and recum BE Male 317 0 0 0 1 1 1 1 0 0 1.26
Female 342 0 0 1 1 0 2 0 0 0 1.17
Colon and rectum TCF Male 1723 0 0 3 1 9 10 3 0 0 26 1.51
Female 1342 0 0 4 1 3 6 0 10 15 112
Lung cT Male 2061 0 0 1 2 3 0 1 0 14 0.68
Female 1697 2 1 5 5 1 3 1 0 0 18 1.06
Prostate PSA Male 2042 0 0 1 3 5 12 2 1 0 24 1.18
Breast MMG + US + PE Female 1712 2 3 2 3 2 2 0 1 15 0.88
Others Male 2061 0 0 4 0 4 0 0 0 15 073
Female 1725 1 2 2 2 1 2 1 1 0 12 0.70
All cancer Male 2061 0 0 9 12 35 52 9 2 0 119 5.77
Female 1725 5 7 16 12 8 16 4 2 1 71 4.12

GFS: gastrofiberscopy;
US: ultrasonography; PE: physical examination.

Detected cancers included these cases: multiple cancers at the same organ (5 persons,

observed numbers of prostate cancer always exceeded
expected numbers at any cases if ST was changed from 5 to
15 years. For lung cancer screening for females, O/E ratio
ranged between 6.72 and 12.10 according to SE values
from 50 to 90% when ST was set at 5 years; observed numbers
of breast cancer were three times more than expected at any
cases if ST was changed from 5 to 10 years.

BE: barium enema; TCF: total colonoscopy; CT: computed tomography;PSA: prostate specific antigen; MMG: mammography;

11 cancers) and multiple cancers at multiple organs (6 persons, 13 cancers).

DISCUSSION

The efficacy of reducing mortality rates from cancer has been
established for several cancer screening programs. Based on
these studies, the research group for cancer screening in Japan
recommended the following six cancer screening programs
(2): photofluorography for gastric cancer, fecal occult blood
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Table 3. Proportion of having previous investigations within a year by
screening modalities

Examination Modality Previous examination within a year
Male (%) Female (%)
Stomach XpP 43.5 (887/2040) 30.0 (505/1684)
GFS 28.7 (586/2040) 23.3 (393/1684)
Colon and rectum  FOBT 52.7 (1074/2040)  40.7 (685/1684)
BE 4.9 (99/2040) 3.0 (50/1684)
TCF 15.4 (315/2040) 8.3 (139/1684)
Lung Chest X-ray  73.9 (1524/2061)  62.0 (1052/1697)
Breast MMG - 18.5 (317/1712)

The percentage of previous examination compared males and females using
the chi-squared test.

XP: gastrophotofluorography; FOBT: fecal occult blood test; GFS: gastrofiber-
scopy; BE: barium enema; TCF: total colonoscopy.

PSA: prostate specific antigen; MMG: mammography; US: vitrasonography;
PE: physical examination.

test for colorectal cancer, chest radiography and sputum cyto-
logy for lung cancer, Pap smear for cervical cancer, a com-
bination of physical examination and mammography for breast
cancer, and hepatitis virus markers for hepatocellular car-
cinoma. Recently, the guideline for colorectal cancer screening
has been revised, and chemical and immunological fecal occult
blood tests have been recommended as population-based
screening (20). Both TCF and BE could be introduced in
opportunistic screening as long as well-controlled risk man-
agement is performed. Although these guidelines follow evid-
ence-based cancer screening programs, new modalities which
show no evidence of mortality reduction have rapidly been
disseminated. These new modalities, such PET, CT and
GFS, possess high sensitivity and are therefore anticipated to
detect early cancer; however, while they are useful for cancer
detection, their effectiveness in cancer screening is unclear.
The detection rates in our study were higher than those of
population-based screening (20). There are two possibilities
for this difference. First, for over 70% of participants, it was
the first experience that they were examined by GFS, TCF, BE,
CT and MMG. When screening is initiated, an apparent excess
of diagnosed cancers is inevitable, because in the first round of
screening a large number of cancers that would have occurred
in future are diagnosed earlier. Second, the sensitivity of the
modalities in our study was superior to those of population-
based screening (18-20). Population-based screening pro-
grams have been conducted using chest radiography and spu-
tum cytology for individuals at high risk of lung cancer, while
similar programs using photofluorography for gastric cancer
and immunological fecal occult blood testing for colorectal
cancer have also been performed. Considered these conditions,
we calculated the expected numbers of detected cancers in our
cohort based on assumptions of sensitivity and sojourn time
in several modalities. The difference of observed and expected
numbers could be changed according to use of the data. We

conducted a sensitivity analysis to investigate the robustness
because it was possible that our conclusion would be changed
according to the data used for the analysis. For example, we
used incidence rates obtained from population-based cancer
registries. The incidence rate from cancer registries is the
weighed average of incidence among the population with
and without previous history of screening. These assumptions
might introduce under- or overestimation.

In the cases of prostate, breast and gastric cancer for males
and lung cancer for females, the observed numbers exceeded
expectation and were similar to those expected in the other
cases. High detection rate is a consequence of the screening
itself, i.e. overdiagnosis, especially in prostate and lung cancer
for females. Overdiagnosis has been pointed out and was a
major harm in both screening programs (26). Although the
test was conducted using the same modality for lung cancer
screening, the results were different between males and
females in our study. The difference of two groups might
be explained by the difference of the history of chest
radiography. Strauss et al. (27) state that the overdiagnosis
hypothesis is counter to virtually all known data on the natural
history and .biological behavior of lung cancer. In recent
screening studies, both detection rate and stage I cancer by
CT exceeded that of chest radiography (28,29). For the very
reason, overdiagnosis could be a more serious problem
for CT screening. On the other hand, the cut-off point for
prostate cancer screeming is controversial. PSA value of
4.0 ng/ml is a popular cut-off point for prostate cancer screen-
ing; 2.7 ng/ml was used in the present study. However, only
two cases (8.3%) of the detected prostate cancers exhibited
PSA levels below 4.0 ng/ml. In the European Randomized
Study of Screening for Prostate Cancer, the cut-off PSA
level was changed from 4.0 to 3.0 ng/ml (30). Krumholtz
and colleagnes (31) found a prostate cancer incidence rate
of 22% in patients with 2.6-4.0 ng/ml PSA based on
biopsies of 94 patients with clinical stage Tlc. Recently, the
prevalence of prostate cancer was reported to be 14.9% for
those with PSA values below 4.0 ng/ml (32). Of these tumors,
15% contained Gleason pattern 4, indicating that high-grade
cancer occasionally occurs in the presence of low PSA.
Disagreement exists as to the best cut-off value for PSA.
Greater detection of prostate cancer increases the risk of
overdiagnosis and overtreatment, which can cause erectile
dysfunction and urinary incontinence. The risk of overdia-
gnosis has been reported as more than 48% within a screening
population with a 4-year screening interval (13). Etzioni and
colleagues calculated the overdiagnosis rates of prostate cancer
screening as 29% for whites and 44% for blacks, based on
SEER-Medicare database (14). Men with low-grade prostate
cancer (Gleason score of 2—4) have minimal risk of dying
from prostate cancer during 20 years of follow-up compared
with men with high-grade prostate cancer (Gleason score
of 8-10) (33). On the other hand, Bill-Axelson et al. (34)
reported that radical prostatectomy reduces disease-specific
mortality and overall mortality compared with watchful wait-
ing. Including selection of therapy, the efficacy of prostate
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Table 4. Comparison of the observed and expected numbers of cancer by screening modality

Cancer screening Modality Baseline analysis Male Female
Sensitivity (%) Sojourn time  Observed Expected O/E  P-value Observed Expected O/E  P-value
(years) numbers numbers numbers numbers

Stomach GFS 70 5 28 15.31 1.83  0.0463 7 3.69 190 0.3649
Colon and BE 70 5 4 2.25 1.78 0.4120 4 1.08 370 0.1781
rectum

TCF 70 10 26 21.90 1.19 05610 15 7.64 1.96 0.1427
Lung CT 80 5 14 10.86 1.29 05473 18 2.38 756  0.0021
Prostate PSA 70 10 24 7.00 343  0.0022 - - - -
Breast MMG+US+PE 80 5 - - - - 15 6.22 241  0.0488

The observed and predicted nurnbers of detected cancer were compared using the paired r-test. XP: gastrophotofluorography; FOBT: fecal occult blood test; GFS:
gastrofiberscopy; BE: barium enema; TCF: total colonoscopy; PSA: prostate specific antigen; MMG: mammography; US: ultrasonography; PE: physical examination.

O/E = observed numbers/expected numbers.

cancer screening programs is still unclear. Although the cancer
screening programs in the present study increased the detection
of potentially curable cancers, these modalities might detect
tumors that would not be clinically significant. We should
accordingly weigh up the benefits and harms of cancer screen-
ing using these modalities, and such information should be
given to the participants of our study.

The present study is the first report from the RCCPS and has
several limitations. First, our cohort of around 4000 volunteers
is insufficient to observe reduction of mortality rates from
specific cancer and no comparable group was included.
Second, participants were volunteers who were receptive to
screening by the new modalities. Hence, a self-selection bias
could not be excluded. In the present study, we estimated
expected numbers using a simple model based on approximate
assumptions. However, to estimate correct sojourn time accur-
ately and to modify our model accordingly, lengthy follow-up
is needed. We have started follow-up studies, which include
an annual questionnaire survey of participants and a hospital
survey to acquire information on cancer patients. Information
concerning interval cancer can be obtained through this survey,
and sensitivity and sojourn time of several cancers can be
reinvestigated based on the new model. In addition, we aim
to investigate all participants using the same modalities after
5 years and are planning further programs to evaluate the
accuracy of the screening modalities.
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Y
Urothelial carcinomas are well known to feature multifocal
development in the urinary tract, both synchronously and
asynchronously. This phenomenon can be explained by either
seeding of cancer cells in the urinary tract or field cancerization.

As there are two characteristic morphological patterns of

urothelial carinomas, papillary and riodular, published papers
were here reviewed to understand the development and
progression of urothelial carcinoma regarding mulfifocality tdue
to seeding or field changes with reference to the type of
urothelial carcinoma. From animal experiments using Tats, mice
and dogs treated with A-butyl-N-(4-hydoroxybutyl) nitrosamine,
and froni pathological observation of human cystectomy
specumens on step-sectioning and molecular analysis, nodular
carcmomas appear to either develop via papillary carcinomas or
dé novo Clinical aspects of multifocal tumor development are
outsnde of the scope of this review, although an understanding
;ofcthe ‘mechanisms underlymg muliifocality and the papillary/
nadular morpho!oglcal refationship is imporiant to determine
follow—up strategies for patients treated for primary urothelial
carcinomas and for reconstruction of the urinary tract after
cystectorny. (Cancer Sci 2006; 97; 821-828)

? he urothelium (also known as the fransitional cell
-epithelium) covers the luminal surface of almost the
entire urinary tract, extending from the renal pelvis, through
the ureter and bladder, to the proximal urethra. Typically it is
composed of three to seven layers of cells, that is, basal cells,
intermediate cells and superficial cells. The superficial cells
are large and binucleated, with a flat characteristic shape
leading to the term ‘umbrella cell’. Their luminal surfaces are
covered with an asymmetric unit membrane, which functions
as the permeability barrier between the urine and blood
vessels in the urothelium.®

Worldwide, there are approximately 336 000 new cases of
vrothelial carcinoma and 132000 deaths annually.® The
majority of lesions are bladder carcinomas, and urothelial
carcinomas of the renal pelvis and ureter account for only
approximately 7% of the total.® In Japan and western coun-
tries, more than 90% of bladder carcinomas are urothelial
carcinomas, and squamous cell carcinomas and adenocarci-
nomas are rare. Risk factors include tobacco smoking,
occupational exposure to aromatic amines, consumption of
arsenic-laced water, radiation therapy of neighboring organs
and chemotherapeutic dmgs such as alkylating agents. In
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contrast, in Egypt, where the dominant etiology is schistosomiasis
infection, squamous cell carcinomas are the most prevalent
bladder carcinoma. Here the focus of attention is urothelial
carcinoma in its papillary and nodular forms. Squamous cell
carcinoma and the clinical relevance of metaplasia will not
be covered. ‘

Multifocal development of urothelial
carcinomas

The clinical aspects of multiple urothelial carcinomas need
to be emphasized:*

1 There are’ patients in which lesions in the renal pelvis,
ureter and bladder are observed sxmultaneously (Figs 1a, 2).
2 When standard nephrectomy is performed for renal pelvic
and ureteral carcinomas, approximately ome-third of the
lower ureter is left intact. In this remaining wreter, urothelial
carcinomas develop subsequently in 20-50% of the patients
(Fig. 1b). Consequently, at the present time, the state of the
art surgery for renal pelvic and/or ureteral carcinomas is total
nephroureterectomy,rincluding removal of a small porﬁon of
the bladder with the ureteral orifice (bladder cuff) in the
affected side.

3 Even if total nephroureterectomy is carried out, however,
15-50% of patients exhibit subsequent carciniomas in the
bladder (Fig. 1c).

4 When superficial papillary urothelial carcinomas of the
bladder are fesected transurethrally (TUR), the rate for sub-
sequent development of urothelial carcinomas of a similar
biological nature in the normal-appearing bladder mucosa is
reported to be 50-80% (Fig. 1d).

5 When cystoprostatectomy (i.e. removal of the bladder and
prostate) is carried out for male bladder cancer patients, 4—
17% incidences of urothelial carcinomas in the remaining
urethra have been described® (Fig. l¢). In female bladder
cancer patients, involvement of the urethra is reported to
occur in 1.4-36% of cases.©, -

After surgical treatment of bladder carcinomas, the incid-
ence of subsequent wpper urinary tract carcinomas (of the
renal pelvis or ureter) ranges from 0.7 to 4%.® Most of these
carcinomas are diagnosed 4—6 years after the initial appearance
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Fig. 2. A case of renal pelvig, ureteral and vesical carcinomas who
underwent right nephroureterocystectomy.

of the bladder carcinoma.®® However, the risk is reported to
increase to the level of 6-20% (15-22-fold) if the patients
suffer from vesico-ureteral reflux.?®

‘With upper urinary tract carcinomas, simultaneous bilat-
eral lesions are rare, the estimated incidence being 1-5%.%"
Approximately 2-3% of patients with unilateral upper
urinary tract carcinoma experience subsequent contralateral
upper urinary tract carcinoma.®” These clinical data should
be taken into serious consideration when we decide on
nephroureterectomy or cystectomy and plans for follow up

822

Fig. 1. Clinical findings indicating multifocal
tumor development in the urinary tract.
Black lesions are original tumors and red
lesions are recurrent tumors.

after surgery, and the upper and lower urinary tract and the
contralateral upper urinary tract should be assumed to-con-
stitute a single clinical unit from the renal pelvis to the urethra.

Field cancerization versus clonal expansion

To explain multifocal carcinoma development in the urinary
tract, two theories have been proposed.®*'® The first is field
cancerization, proposed in 1953 by Slaughter et al., which
was based on observations of the multicentric development of
cancers in the oral cavity, with the high impact of carcinogens
and promoting agents being associated with some lifestyle
factors.®® A similar understanding is possible for the urinary
tract as the entire urothelium is exposed to carcinogens
contaminating the urine. The second hypothesis is that multiple
carcinomas in the urimary tract are the result of intraluminal
spread from a single lesion, originating from a single
transformed cell, namely seeding or implantation of cancer
cells at different sites. This phenomenon is also called clonal
expansion of multifocal carcinomas. Debates on multiple
cancer development have been similar for cancers of the
oral cavity,"® respiratory tract,%” head and neck,"® breast,”
ovary® and cervix.®? Recently, strong molecular evidence
has been presented in support of clonal expansion in the
epithelium of oral cavity and respiratory tract cases. {1622
Many urologists and pathologists have supported the field
cancerization hypothesis in the urinary tract, but recent
molecular studies have also pointed to a clonal origin for
most multifocal urothelial carcinomas. Various molecular
analyses have been applied. Sidransky ez al. investigated X-
chromosome inactivation in multiple bladder carcinomas of
four female patients and proved that the same allele of the X-
chromosome was inactivated in all lesions within the single
bladder.® Subsequently, Lunec ez al.®” and Habuchi ez al®
examined patients having heterotopic synchronous or recur-
rent urothelial carcinomas in the bladder or upper urinary
tract. These carcinomas had identical mutation sites and
patterns of p53 gene alteration, indicating the metachronous
carcinomas to be derived from the original carcinoma celis
due to clonal expansion. Habuchi also reviewed the origin of
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multifocal carcinomas of the bladder and upper urinary tract.?®
Other genetic features that can be used to assess clonal origin
are loss of heterozygosity (LOH) and microsatellite alteration
patterns, both commonly used as markers of neoplasia.
Stoehr et al. analyzed primary carcinomas in 14 cystec-
tomy specimens for p53 protein overexpression by immuno-
histochemistry and p53 gene mutation by genomic sequencing.*”
They reported detection of p53-mutant cells in histologically
pormal adjacent or remote mucosa and in preneoplastic
urothelial areas in four patients with invasive bladder carci-
noma, concluding extensive intraurothelial tumor cell spread.
Evidence of a2 monoclonal origin and intraepithelial spread
has also been provided by Simon et ¢l. from comparative
genomic hybridization in 32 bladder tumors originating from
six cystectomy specimens.®® Identical TR53 mutations and
protein overexpression were found in tumors from the same
individual, as well as in mucosal samples from the continuous
areas. The sequence of genomic changes apparently acquired
during progression of bladder carcinomas was highly

complex and varied within each patient and from tumor’

to tumor. Early changes included alterations in —17p, +20p,
-9p, —9q, +2g34-qter, +12q14-q21, +1922-q25, —8p22-pter,
—5q31-qter and +17g. Subsequent tumor progression was
characterized by accumulation of changes in +11g14, -21q,
—5q13-q14, +8922, +10p, —10q22qter and —11p. Cytogenetic
variety in multifocal tumors has also been described in
support of intraluminal tumor seeding.®”

1t is conceivable that widespread p53-mutated cells in the
normial urothelium are generated in the bladder due to carcin-
ogen exposure, and that from these, new tumors later develop
with surrounding normal-appearing mucosa having p53
mutations. However, there is no mechanistic explanation
for the intraepithelial spread of carcinoma cells to remote
normal-appearing mucosa, and it is unrealistic to consider
a mechanism due to cell motility.

Although the clonal theory now dominates in explanations
of multifocality of urothelial carcinomas, there are also
conflicting observations. Cheng et al. collected cancer cells by
microdissection from 18 cystectomy specimens from female
patients and analyzed the X-chromosome-linked human
androgen receptor gene.®” Only 11 of the 18 specimens were
informative, with nine exhibiting non-random inactivation of
the target locus and seven showing different patterns,
indicating field change in these cases. Paiss et al. examined
X-chromosome inactivation in 45 archival or fresh frozen
bladder tumors obtained from 27 female patients using a poly-
merase chain reaction-based procedure.®® Polyclonal patterns
were observed in 16 of the 45 tumors. Stoehr et al. examined
multiple samples from four cystectomy specimens for
LOH at chromosomes 8p, 9p, 9q and 17p and they observed
oligoclonality in two patients.?” Thus, both hypotheses
continue to be discussed, although clonal expansion by
intraluminal spread of primary carcinoma appears the dominant
explanation for multifocality.

Relationship between papillary carcinoma
and nodular carcinoma

Urothelial carcinogenesis has been investigated in various
species of amimal. A particular focus has been on the

Kakizoe

histogenesis of lesions in rats treated with the carcinogen
N-butyl-N-(4-hydroxybutyl) nitrosamine (BHBN).®? Normal
urothelium of rats is composed of two to three layers of
urothelial cells and when BHBN is given in the drinking
water, the mucosal layer becomes hyperplastic at 4 weeks. If
BHBN administration is stopped at this point, mild
hyperplastic mucosal lesion regresses to the normal state.
However, if BHBN treatment is continued, mucosal hyperplasia
progresses 10 papillary growth and papillary carcmomas
develop via papillomas (Fig. 3). Large papillary carcmomas
may occasionally invade the bladder wall. Usually, papﬂlary
carcinomas are multifocal but superficial, indicating bladder
carcinoma in rats to be a good model for human papillary
bladder carcinoma. With progression, urinary bladders become
filled with multifocal urothelial carcinomas and rats die due
to massive bleeding. Papillary carcinomas are always nduced
in rats, irrespective of the strain of animal, the concentration
of BHBN, or the carcinogen, with similar findings being
reported with N-(4-[5-nitro-2-furyl]-2-thizolyl)formamide and
N-methyl-N-nitrosourea.

Urinary bladder carcinogenesis in mice treated with
BHBN in the drinking water originates in the normal mucosa
(composed of two to three layers of urothelium) and progresses
through mild hyperplasia, dysplasia and carcinoma in situ, to
form large nodular invasive carcinomas® (Fig. 4). Bilateral
ureters are frequently obstructed due to invasion of carci-
nomas into the bladder wall, and when advanced, mice
die because of renal insufficiency due to hydronephrosis.
Because of these features, the bladder carcinomas induced by
BHBN in mice offer good models for human nodular inva-
sive bladder carcinoma. Of interest, it has proven impossible
to induce multiple papillary carcinomas in any strain of
mouse, not with any concentration of BHBN nor any other
carcinogen. Thus, there is a clear contrast between the
biological and morphological characteristics of bladder
carcinomas in rats and mice.

Bladder carcinogenesis in female dogs has been studied
extensively by Okajima er al. who used these animals to
periodically observe the surface of the bladder epithelium
directly by cystoscopy.®® They made capsules of BHBN
(80-500 mg/capsule), which were administered once a day.
After 4-5 years, papillary superficial bladder carcinomas
were induced (Fig. 5), and when these were examined by
cystoscopy without further BHBN treatment after more than
10 years, the bladders of the dogs were full of multifocal
papillary carcinomas. When dogs were given 500 mg of
BHBN daily, nodular invasive carcinomas were induced after
approximately 1 year. These findings indicate that bladder
carcinogenesis in dogs can be controlled by the concentration
and period of BHBN administration in terms of the type of
carcinoma (i.e. papillary superficial and nodular invasive
bladder carcinoma). Thus, in the various animal species, rats,
mice and dogs, the relationship between papillary and
nodular carcinomas in the bladder appears to differ.

Morphological and pathological characteristics of human
urothelial carcinomas, mainly bladder carcinomas, are a
combination of papillary (P), papillonodular (PN), nodular
(N) and carcinoma iz situ (C). On careful analysis of cancer-
ous lesions and normal-looking mucosa of 186 cystectomized
specimens by step-sectioning,® we classified 17 as C and 80
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Fig. 3. Histogenesis and progession of papillary carcinomas in rats. (Reproduced with permission from Medical view Co., T. Kakizoe,
Development and Progression of Bladder Cancer, 1995.)

normal

carcinoma

Fig. 4. Histogenesis and progression of nodular invasive carcinoma in mice. (Reproduced with permission from Medical view Co,, T.
Kakizoe, Development and Progression of Bladder Cancer, 1995.)
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