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1. Introduction

Background: We investigated whether a stage shift occurs during long-term repeated screening for lung

.cancer with low-dose helical computed tomography (LDCT) in a high-risk cohort.

Methods: A total of 2120 subjects (mean age, 63 years; 87% male and 83% smokers) were continuously
recruited and underwent repeated screening with LDCT from 1993 through 2004.
Results: Nineteen lung cancers were detected at baseline examinations (prevalence cancers), and 57 lung
cancers were detected at subsequent examinations (incidence cancers). For both prevalence cancers and
incidence cancers, adenocarcinoma (74% and 63%, respectively), especially invasive adenocarcinoma (42%
and 23%, respectively), was the most common histological diagnosis, and stage IA was the most common
pathological stage (58% and 79%, respectively). The detection rate of incidence cancers other than bronchi-
oloalveolar carcinoma became significantly higher after 5 years of LDCT examinations (r=0.50, P=0.020).
Moreover, both the percentage of cancers of stage II-IV and tumor size became significantly lower for
invasive adenocarcinoma after 5 years of LDCT examinations (r=—0.77, P=0.007 and r=—0.60, P=0.029,
respectively).
Conclusions: Repeated screening for more than 5 years might demonstrate the efficacy of LDCT screening
for lung cancer through an adenocarcinoma-specific stage shift.

© 2009 Elsevier Ireland Ltd. All rights reserved.

X-ray films or sputum cytological examination has failed to reduce
lung-cancer mortality rates in randomized, controlled trials [2-6].

Lung cancer is considered as an appropriate disease for screen-
ing because it is the leading cause of cancer death worldwide,
symptomatic disease is generally lethal, localized disease can be
managed curatively, and high-risk cohorts can be defined on the
basis of tobacco consumption {1]. However, screening with chest

Abbreviations: CT, computed tomography; LDCT, low-dose helical computed
tomography; BAC, bronchioloalveolar cell carcinoma; ALCA, Anti-lung Cancer Asso-
ciation,
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Low-dose helical computed tomography (LDCT) is a promising
screening method because a higher percentage of asymptomatic,
X-ray-invisible, or stage 1A lung cancers (mostly adenocarcinoma)
are found with baseline or repeated computed tomography (CT)
examinations than with conventional screening methods {7-11}.In
fact, according to the results of the International Early Lung Cancer
Action Program, the 10-year survival rate for all patients with lung
cancer was 80% regardless of stage or treatment {12]. If the can-
cer was in clinical stage I and was promptly resected, the 10-year
survival rate was 92%. However, because large, randomized, con-
trolled trials of LDCT screening are still in progress {13,14], whether
LDCT screening reduces lung-cancer mortality rates rernains uncer-
tain. Although mortality data are needed to determine whether
LDCT screening is effective, indirect evidence for a possible mor-
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tality reduction can be obtained from a “stage shift,” an increase in
the detection rate of putatively curable early-stage lung cancers and
a concomitant decrease in incurable late-stage cancers, leading to
a decrease in the lung-cancer-specific mortality rate [15], which
can be used as a surrogate endpoint even in a nonrandomized,
uncontrolled trial.

Results of many single-armed, uncontrolled trials of annual
screening with LDCT have been published [12,16-22). However,
none of these trials has documented a stage shift, perhaps because
the number of lung cancers detected with repeated screening was
too small (range, 4-35 cancers) or because the duration of repeated
screening (range, 1-4 years) was too short. Thus, to determine
whether a true stage shift occurs, a longer-term LDCT study with a
larger number of detected lung cancers is required.

Furthermore, studies performed to date have not considered the
effect of histological classification on the stage shift. Recent LDCT
trials suggest that an increase in early-stage lung cancer might
not be accompanied by a decrease in late-stage lung cancer (i.e.,
overdiagnosis) [15] and that the presence of localized bronchi-
oloalveolar cell carcinoma (BAC) and mixed adenocarcinoma with
BAC component might reflect overdiagnosis bias, although adeno-
carcinoma without BAC component behaves as aggressively as do
other non-small cell carcinomas [23].

In the present study, on the basis of an update of the Anti-lung
Cancer Association (ALCA) project [16}], we investigated whether a
stage shift occurs when lung cancers are stratified by histological
subtype during long-term repeated LDCT screening for lung cancer
in 3 high-risk cohort comprising mostly male smokers in their 60s.

2, Patients and methods
2.1. Study population

From September 1993 through August 2004, LDCT screening
was performed semiannually by the ALCA in Tokyo. The ALCA is
a for-profit organization established in 1975 to thoroughly screen
for lung cancer in dues-paying participants. Because the partic-
ipants are continuously recruited from members of the general
population 40 years or older with a history of smoking (>20
pack-years) or a single episode of hemoptysis within the past 6
months, most participants are male smokers in their 60s. Written
informed consent was obtained from each participant at baseline
CT screening.

2.2, Screening procedures

Screening was performed as described previously [16]. Briefly,
at baseline screening a simple questionnaire about smoking his-
tory and symptoms was completed, and LDCT, chest radiography
(posterior-anterior position), and sputum cytological examina-
tion pooled for 3 days were performed. Participants were invited
twice a year by mail after the baseline screening to repeat the
same screening procedures. The CT scanner (TCT-900S Superhe-
lix, Toshiba Medical, Tokyo, Japan) was used under the following
conditions: 120kVp, 50 mA, 10-mm collimation, 1 rotation of the
X-ray tube per second, and a table speed of 20 mm/s (pitch, 2:1).
Image construction was performed with 180° linear interpolation
at 1-cm intervals. All CT images were examined by 2 of 7 readers
(radiologists or thoracic physicians).

2.3. Evaluation of detected lung cancers

The staging and the histological classification of detected lung
cancers were performed according to the International System for
Staging Lung Cancer [24] and the World Health Organization lung
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tumor classification system [25], respectively. Cancers were classi-
fied as adenocarcinoma, squamous cell carcinoma, other non-smalf
cell carcinoma, or small cell carcinoma. Moreover, adenocarcinoma
was subclassified on the basis of the histological growth pattern
as localized BAC, mixed adenocarcinoma with BAC component,
and adenocarcinoma without BAC component (invasive adenocar-
cinoma).

Lung cancers detected at baseline screening were considered
“prevalence cancers,” whereas those newly detected at subsequent
repeated LDCT screening examinations were considered “incidence
cancers.” Furthermore, lung cancers diagnosed outside our semi-
annual LDCT screening procedure within a screening interval were
defined as “interval cancers,” whereas those diagnosed outside our
screening procedure after a period longer than the screening inter-
val (due to refusal by ALCA participants) were not classified as
“interval cancers.” The presence or absence of interval cancers was
confirmed through questionnaire when participants were invited
twice a year by mail after the baseline screening to repeat the same
screening procedures.

Excluded from analysis were 6 cases of hilar lung cancer detected
on sputum cytological examinations or on evaluation of hemoptysis
but not with LDCT.

2.4. Statistical analysis

Statistical P values for the differences in percentages and means
were evaluated with the x? test and the t-test, respectively. Sur-
vival curves were estimated with the Kaplan-Meier method, with
survival time defined as starting from when microscopic evidence
for malignancy was first obtained to the date of death or Novem-
ber 25, 2005, whichever came first. Differences in survival rates
between groups were evaluated with the log-rank test. Multivariate
Cox proportional hazards model analysis was performed to iden-
tify significantly independent prognostic factors for overall survival.
Linear regression analysis with the least-squares method was per-
formed for the relationships between groups. All calculations were
performed with Stat View 5.0] software (SAS Institute Inc., Cary,
NC). P values less than 0.05 were considered to indicate statistical
significance.

3. Results
3.1. Characteristics of participants

During the study period, 20,113 LDCT scans were performed for
2120 ALCA participants (mean age, 63 years; 87% male and 83%
smokers), and 76 peripheral lung cancers were detected. Partic-
ipants underwent LDCT screening a median number of 7 times
(range, 1-22 times; Fig. 1A); a median number of 3 lung cancers
were detected in each ordinal screening (range 0-9; Fig. 1B); a
median of 3.5 years had passed since a participant’s baseline screen-
ing (range, 0-10.5; Fig. 1C); and a median of 0.5 years had passed
since a participant’s previous screening (range, 0-10.0; Fig. 1D).
Of the 2120 ALCA participants, 243 (11%) underwent only base-
line LDCT screening, 753 (36%) underwent repeated LDCT screening
for more than 5 years, and 322 (15%) underwent repeated LDCT
screening for more than 10 years.

3.2. Comparison of results between baseline and subsequent
LDCT screenings

The characteristics of all participants and of participants who
underwent at least 1 subsequent LDCT screening examination are
shown in Table 1. No significant difference was observed between
these groups in terms of age, sex, or smoking status at baseline.
However, the detection rate of lung cancer was significantly higher
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Fig. 1. Characteristics of repeated LDCT screening. (A) Distribution of the number of times participants underwent repeated LDCT screening (X axis indicates the number
of LDCT examinations, and Y axis indicates the number of participants in each ordinal screening). (B) Distribution of the number of lung cancers detected in screening
examinations grouped by ordinal number (X axis indicates the number of LDCT examinations, and Y axis indicates the number of lung cancers detected in each ordinal
screening.). (C) Distribution of years since participants had undergone baseline screening (X axis indicates years since baseline screening, and Y axis indicates the number of
participants in each ordinal screening period). (D) Distribution of years since participants had undergone previous screening (X axis indicates years since previous screening,
and Y axis indicates the number of participants in each ordinal year since previous screening).

at baseline screening (0.90%: 19 prevalence cancers in 2120 partic-
ipants) than at repeated screenings (0.32%: 57 incidence cancers in
1877 participants; P<0.001).

The characteristics of 76 patients with lung cancers detected at
screening examinations are summarized in Table 2. The 19 patients
with prevalence cancers and the 57 patients with incidence can-
cers did not differ in age, sex, or smoking status. However, both the
percentage of positive chest X-ray films (53% vs. 16%, P=0.004) and
tumor size (24 mm vs. 17 mm, P=0.018) were significantly less in
patients with incidence cancers than in patients with prevalence
cancers. Although neither histological diagnosis nor pathological
stage differed significantly between patients with prevalence can-
cers and those with incidence cancers, in both groups of patients
adenocarcinoma (74% and 63%, respectively), especially invasive
adenocarcinoma (42% and 23%, respectively), was the most com-
mon histological diagnosis and stage IA was the most common
pathological stage (58% and 79%, respectively).

Table 1
Characteristics of participants.

2 Fixed at baseline screening,

Survival rates were compared between patients with prevalence
cancers and those with incidence cancers. The 5- and 10-year sur-
vival rates were 84.5% and 84.5%, respectively, in patients with
incidence cancers (n=57) and were 68.7% and 38.1%, respectively, in

Table 2
Clinicopathological characteristics of patients with screening-detected lung cancer.

BAC: bronchioloalveolar cell carcinoma.
¢ Fixed at baseline screening.
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patients with prevalence cancers (n=19). No significant difference
was observed between the groups (log-rank test, P=0.208). Mul-
tivariate analysis with the Cox proportional hazards model found
that only pathological stage (P=0.006) was an independent prog-
nostic factor for overall survival. The risk of death in patients with
stage lI-IV disease was increased 8.26-fold (95% confidence inter-
val, 1.85-37.03). In contrast, age, sex, smoking status, tumor size,
histological subtype (presence of BAC component), and screen-
ing type (baseline vs. repeated) were not independent prognostic
factors.

No interval lung cancers were detected outside our semiannual
LDCT screening procedure within a screening interval. However, 3
lung cancers were detected outside our screening procedure after
a period longer than the screening interval. For these 3 lung can-
cers, the histological classification and stage, screening period from
baseline to previous screening, and time since previous screen-
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ing, respectively, were: invasive adenocarcinoma, stage IV, 5 years,
and 4 years; squamous cell carcinoma, stage IA, 3.5 years, and 5
years; and other non-small cell carcinoma, stage II, 5 years, and
1.5 years.

3.3. The presence of an increased detection rate, a stage shift, and
a size shift

The detection rate of all 57 incidence cancers was positively cor-
related with the duration of repeated screening (r=0.50, P=0.020)
but remained uncorrelated if the duration of repeated screening
was 5 years or less (Fig. 2A). In contrast, the detection rate of local-
ized BAC showed a weak negative correlation with the duration
of repeated screening (r=-0.38, P=0.086). Other histological sub-
types, including invasive adenocarcinoma, showed no significant
‘correlations.
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Fig. 2. Relationship between the duration of repeated screening and characteristics of incidence lung cancers. Correlations between the duration of repeated screening and
the detection rate (A), the proportion of stage II-IV disease (B), and tumor size (C) were evaluated according to histological subtypes. L-BAC, localized bronchioloalveolar

carcinoma; AD, adenocarcinoma.
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Fig. 2. (Continued).

Although the percentage of stage II-IV disease among all 57 inci-
dence cancers was not correlated with the duration of repeated
screening (r=-0.12, P=0.630), the percentage of stage II-IV dis-
ease among invasive adenocarcinoma was negatively correlated
with the duration of repeated screening (r=-0.77, P=0.007) but
remained uncorrelated if the duration of repeated screening was
5 years or less (Fig. 2B). In contrast, the percentage of stage II-IV
disease among both localized BAC and mixed adenocarcinoma with
BAC component remained 0% regardless of the duration of repeated
screening. Neither squamous cell carcinoma (r=-0.12, P=0.767)
nor small cell carcinoma (r=-0.67, P=0.999) showed a significant
correlation between the percentage of stage II-IV disease and the
duration of repeated screening.

Similarly, although tumor size among all 57 incidence can-
cers was not correlated with the duration of repeated screening
(r=-0.12, P=0.630), the tumor size of invasive adenocarcinoma
was negatively correlated with the duration of repeated screening

- (r=-0.60, P=0.029) but remained uncorrelated if the duration of
repeated screening was 5 years or less (Fig. 2C). In contrast, other
histological subtypes showed no significant correlations.

4. Discussion

In the present study involving 10 years of semiannual LDCT
screening in a continuously recruited cohort comprising mostly
male smokers in their 60s, increased detection rates were observed
for lung cancers other than localized BAC. Moreover, both a stage
shift and a size shift were observed for invasive adenocarcinoma of
the lung. This report is, to our knowledge, the first to document the
significance of long-term repeated screening for lung cancer with
LDCT in a high-risk cohort.

Recently, Bach et al. have demonstrated that screening for lung
cancer with LDCT may not meaningfully reduce the risk of advanced
lung cancer or death from lung cancer [26]. Their conclusion was
based on a model predicting deaths from lung cancer applied to
3 studies of LDCT screening in asymptomatic population at risk
for lung cancer [20-22]. However, most importantly, the screening
period of each of the 3 studies was less than 5 years. If each screen-
ing period had been 5 years or longer, Bach et al. might have instead
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confirmed a decrease in the lung-cancer-specific mortality rate. The
screening period is important for other cancers for which the effi-
cacy of screening has already been demonstrated; for example, the
period of screening with fecal occult blood for colorectal cancer
has been shown to be the important factor in a large randomized,
controlled trial [27]. The initial protocol of the study specified 5
years of screening; however, the Policy and Data Monitoring Group
recommended that screening be reinstituted because of the lack
of statistical power regarding the mortality rate through 5 years of
screening in the population. Screening then continued for 10 years,
resulting in the finding of a lower mortality rate in screened sub-
Jjects. Furthermore, meta-analysis of 8 randomized, controlled trials
of screening mammography has demonstrated a statistically signif-
icant reduction in mortality rate among women aged 40-49 years
at entry through screening for 10 years [28]. In particular, in 1 of
these studies, the mortality rate from breast cancer was similar in
screened group and the control group during the first 8 years but
then became lower in screened group after 8 years [29). There-
fore, the efficacy of repeated screening for lung cancer might be
demonstrated only with a long screening period.

To determine whether LDCT screening can reduce the mortal-
ity rate from lung cancer, a large, randomized, controlled trial has
been started in the United States (National Lung Screening Trial)
[13). In this trial, 50,000 subjects at high risk for lung cancer were
randomly assigned to undergo screening with chest radiography
or LDCT at baseline and then annually for 2 additional years with
annual telephone follow-up thereafter. Accrual was completed in
February 2004, and final analyses are scheduled to be completed in
2009. In addition, a Dutch-Belgian randomized trial (NELSON trial)
comparing CT screening with no screening at baseline and then
2 repeated screenings within 3 additional years in almost 20,000
subjects at high risk for lung cancer should be completed by 2010
[14]. However, if only long-term, repeated LDCT screening produces
a stage shift, these 2 trials of short-term, repeated LDCT screen-
ing might fail to show any benefit. In fact, we should note that
the detection rate of incidence lung cancers of all types remained
unchanged if the duration of repeated screening was 5 years or less.
Furthermore, neither a stage shift nor a size shift in invasive ade-
nocarcinoma occurred if the duration of repeated screening was 5
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years or less. Therefore, considering our present findings that the
detection rate of incidence lung cancers in a cohort of mostly male
smokers increased after 5 years of repeated LDCT screening and that
the stage shift was observed for at least invasive adenocarcinoma
after long-term, repeated LDCT screening for 5 years, we believe
that proving the efficacy of LDCT screening would be difficult if the
screening period is less than 5 years.

In the present study both a stage shift and a size shift were
observed for invasive adenocarcinoma of the most common histo-
logical diagnosis. Considering direct evidence exists for a stage-size
relationship in LDCT screen-diagnosed lung cancers [30], the fact
that the stage shift was followed by a simultaneous size shift sup-
ports the occurrence of a stage shift in invasive adenocarcinoma.
However, we wonder why this phenomenon was observed for only
invasive adenocarcinoma. This question is difficult to answer, con-
sidering that invasive adenocarcinoma behaves as aggressively as
do other non-small cell carcinomas. A possible explanation might
simply be that the number of incidence lung cancers detected in
our study lacks sufficient statistical power. However, some ade-
nocarcinomas have higher volume-doubling times, grow more
slowly, and are, therefore, diagnosed more easily at an early stage;
another explanation could be length-time-biased sampling inher-
ent to single-armed, uncontrolled trials. Thus, large, randomized,
controlled trials on the basis of long-term repeated screening will
be necessary to answer this question.

In the present study, we have performed semiannual LDCT
screening to detect aggressive, fast-growing lung cancers at an
early stage. However, no interval lung cancers were detected
in our screening population. On the other hand, an interesting
phenomenon is shown by the characteristics of 3 patients with
lung cancers detected outside our screening procedure after a
period longer than the screening interval. These lung cancers were
detected after the patients had stopped undergoing semiannual
LDCT screening because no abnormality was observed during the
screening periods, which were 3.5 years in 1 patient and 5 years in
2 patients. Therefore, these facts suggest the efficacy of long-term
repeated LDCT screening for more than 5 years.

We have several concerns about our study. The first concern is
that, in addition to the stage shift caused by long-term repeated
screening, we estimated the efficacy of long-term repeated screen-
ing could also be shown indirectly if the overall survival of patients
with incidence cancers would be significantly longer than that
of patients with prevalence cancers. So, we compared baseline
screening with subsequent screening. However, multivariate Cox
proportional hazard model analysis showed that the screening type
(baseline vs. repeated screening) was not an independent prognos-
tic factor for overall survival. A possible reason for this finding is
the small number of participants and, therefore, the small num-
ber of deaths from lung cancer in both groups. Thus, larger studies
involving larger numbers of participants are needed to investigate
whether the overall survival of patients with incidence cancers is,
in fact, significantly longer than that of patients with prevalence
cancers because of the efficacy of long-term repeated screening.
A second concern is that the partial-volume effect might affect
the ability of screening CT images to demonstrate small nodules
because only thick-section screening CT with image construction
at 1-cm intervals was available during the screening period. There-
fore, in a second ALCA study still in progress we have performed
both chest radiography and LDCT to evaluate the detection power
of LDCT in terms of the partial-volume effect. A third concern associ-
ated with long-term semiannually repeated LDCT screening is thata
large number of healthy persons would be exposed to radiation and
have an increased risk of radiation-induced lung cancer, although
the risk of radiation-induced cancers other than lung cancer would
be far lower [31,32]. According to one estimate, LDCT screening at
a rate of 1.5 examinations per year would induce 4.5 lung cancers
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per year in 100,000 persons aged 60-70 years [33). According to
another estimate, annual LDCT screening would induce approxi-
mately 6.7 lung cancers per year in 100,000 persons if male current
smokers aged 60 years undergo annual screening until age 75 years
with a compliance rate of 50% [34]. In contrast, because our pop-
ulation with a median age of 64 years undergoes LDCT screening
twice a year, the risk of radiation-induced malignancy would be
slightly higher. However, assuming that our semiannual screen-
ing yielded 57 lung cancers in 1877 participants during a median
follow-up period of 3.5 years, the yearly incidence of lung cancer
in 100,000 participants would be 868. Furthermore, because the 13
incidence invasive adenocarcinomas detected with the benefits of
a stage shift and a size shift in our study suggest an incidence of 198
cancers per year per 100,000 persons, which is far larger than that
of radiation-induced lung cancers, we maintain that semiannually
repeated LDCT screening is beneficial despite the potential harm of
the radiation exposure.

In conclusion, we have demonstrated that both a stage shiftand a
size shift occur for invasive lung adenocarcinoma during long-term
repeated LDCT screening in a high-risk cohort. Long-term repeated
screening for more than 5 years might disclose the potential efficacy
of LDCT screening for lung cancer as the truth has been disclosed
for other types of cancers, including colorectal cancer and breast
cancer.
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Abstract

Background. We investigated the long-term outcome of
upper urinary tract transitional cell carcinoma (TCC) after
surgery.

Methods. The study population comprised 114 surgically
treated patients with upper urinary tract TCC treated at
Jikei University Hospital between March 1990 and Decem-
ber 2004. All these patients underwent radical surgery
without any type of neoadjuvant therapy. Patterns of failure
and patient survival were compared with clinicopathologi-
cal parameters.

Results. The 5- and 10-year overall survival (OAS) rates for
the patients were 85% (95% confidence interval [CI], 81%-
89%) and 76% (95% CI, 69%-83%). To date, 19 patients
(16.7%) have experienced distant or lymph node metastasis
at a mean of 13.3 months following surgery (range, 1 to 50
months). The site of the primary tumor did not affect patient
survival (P >0.05). Both lymphovascular involvement (LVI)
and positive lymph nodes were found to have poor progno-
sis in univariate analysis (P = 0.004 and P < 0.0001). Multi-
variate analysis indicated pathological stage and bladder
recurrence (bladder recurrence being a better prognostic
factor) to be independent predictors of metastasis-free sur-
vival, but not of OAS or cause-specific survival (CSS).
Conclusion. Pathological stage and bladder recurrence
were found to be the predictors of metastasis-free survival
in this study. Further searching for reliable biomarkers
is needed to accurately predict the prognosis of this
malignancy.
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Introduction

Transitional cell carcinoma (TCC) of the upper urinary
tract is relatively uncommon. It is estimated that renal
pelvic TCC accounts for approximately 5% of all urothelial
tumors in the United States.'? Ureteral TCC is even less
common than renal pelvic TCC, by a ratio of 1:3 to 1:4.>*
In Japan, in 2000, renal pelvic and ureteral carcinomas
accounted for 0.2%-0.3% of all malignant neoplasms,
respectively.’

The limited number of patients with upper urinary tract
tumors makes the organization of randomized, prospective
trials unlikely. There have been a few studies which have
systematically analyzed patterns of relapse and the influ-
ence of potential prognostic factors such as extent of surgery,
adjuvant chemotherapy, and pathological findings. **° Ret-
rospective review of data is thus of the utmost importance
to determine potential prognostic factors and the role of
adjuvant therapy.

We reviewed our experience with patients surgically
treated for upper urinary tract TCC to define patterns of
failure and prognostic factors, as well as the role of adjuvant
chemotherapy.

Patients and methods
Patients

The study population comprised 114 surgically treated
patients with upper urinary tract TCC treated at Jikei Uni-
versity Hospital between March 1990 and December 2004.
All these patients underwent radical surgery without any
type of neoadjuvant therapy.

Preoperative evaluation and treatment

All patients underwent pretreatment evaluation with urine
cytology, chest X-ray, intravenous pyelography, retrograde
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pyelography, computerized tomography or magnetic reso-
nance imaging scan of the abdomen, and bone scanning.
Clinical stage was determined according to the 2002 version
of the unified tumor node metastasis (TNM) system."
Tumor extent and grade was determined histologically by
board certified pathologists according to the General rule
for clinical and pathological studies on renal pelvic and ure-
teral cancer.”

Initial treatment of all patients was surgery. Nephroure-
terectomy with removal of a bladder cuff was conducted in
110 patients. Lymph node dissection of the hilar and regional
nodes adjacent to the ipsilateral great vessel or sampling
biopsy was implemented in patients who had enlarged
nodes on preoperative examination or were suspected of
having enlarged nodes on intraoperative examination. The
remaining 4 patients underwent radical nephrectomy under
the diagnosis of renal cell carcinoma without lymph node
dissection. But their final pathology revealed TCC.

Adjuvant therapy was conducted postoperatively in 44
patients (38.6%). The therapy was implemented at the dis-
cretion of the attending physician based on the pathological
findings; cisplatinum-based systemic chemotherapy was
used in 29 patients, fluorouracil-based chemotherapy in 13,
and chemo (cisplatinum-based, systemic) -radiation therapy
in 2 patients.

Follow up and endpoints

After surgery, patients were evaluated at 3- to 6-month
intervals, by urine cytology, cystoscopy, and imaging studies,
including chest X-ray, abdominal ultrasonography, com-
puted tomography scans, and bone scanning. Recurrence
was defined clinically as the appearance of new lesions on
any of these studies. Causes of death were determined
based on hospital records and/or death certificates. Patterns
of failure and patient survival were compared with clinico-
pathological parameters.

Statistical analysis

The ¥’ test was used to evaluate the relationship between
comparisons of variables, with P < 0.05 as significant. Sur-
vival curves of the patients were compared using the
Kaplan-Meier method and analyzed by the log-rank test;
the level of significance was again set at 5%. Cox propor-
tional hazards models were used to assess the hazard ratio
(HR) with the 95% confidence interval (95% CI) in univari-
ate or multivariate analysis. All statistical analyses were
conducted using StatView 5.0 (SAS Institute, Cary, NC,
USA)

Results

Patient characteristics

The mean (+ SD) follow-up period of the 114 patients was
479 + 36.5 months after surgery (Table 1). The male-to-

Table 1. Demographic data of patients with transitional cell carcinoma
of the upper urinary tract

No. of patients %
Sex
Male 91 79.8
Female 23 202
Age (years; mean + SD) 64.4+90
Follow-up (months; mean * SD) 479 +£36.5
Location
Pelvis 58 50.9
Ureter 46 40.4
Both 10 8.8
Laterality
Right 53 46.5
Left 61 535
Pathological stage
pTis 1 0.9
pTa 13 114
pT1 28 246
pT2 22 19.3
pT3 45 395
pT4 5 4.4
Grade
G1 4 35
G2 53 46.5
G3 57 50.0
LVI
Positive 35 389
Negative 55 61.1
NA 24
Nodal status
Positive 8 7.0
Other 106 93.0

NA, not available; LVI, lymphovascular invasion

female ratio was 4:1, with the mean age being 64.4 + 9.0
years.

Clinicopathological findings

The primary tumor was located in the renal pelvis, ureter,
or both in 58 (50.9%), 46 (40.4%), and 10 patients (8.8%),
respectively. No bilateral tumors were found, with left-side
predominance in 61 patients (53.5%) and right in 53
(46.5%).

Pathological stage was distributed as pTis in 1 patient
(0.9%), pTa in 13 (11.4%), pT1 in 28 (24.6%), pT2 in 22
(19.3%), pT3 in 45 (39.5%), and pT4 in 5 patients (4.4%).
Pathological grade was distributed as G1 in 4 patients
(3.5%), G2 in 53 (46.5%), and G3 in 57 (50.0%). Eight
(7.0%) patients were found to have metastatic lymph nodes.
Lymphovascular invasion (LVI) was diagnosed as positive
in 35 patients (38.9%; 35/90), negative in 55 patients (61.1%;
55/90), and unknown in 24 patients.

Detailed clinicopathological findings according to the
site of the tumor (renal pelvis vs ureter) are shown in Table
2. Of these upper urinary tract tumors, a more advanced
pathological stage (2pT3) was found in the renal pelvic
than in the ureteral tumors, 58.6% vs 28.3% (P = 0.002),
respectively. No difference was found in tumor grade.
LVI was more frequent in pelvic tumors (48.9% vs 24.3%;
P =0.02)
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Table 2. Clinicopathological findings according to the site of primary tumor

Renal pelvis Ureter P value
Age (years; mean + SD) 64.2 + 8.7 66.5+7.7 NS
Sex
Male 45 39 NS
Female 13 7 NS
Follow-up (months, mean + SD) 45.6 £33.5 49.9 +38.4 NS
Laterality
Right 23 26 NS
Left 35 20 NS
Pathological stage 0.002
pT=<2 24 33
pT=23 34 13
Grade NS
G1,2 32 21
G3 26 25
LVI 0.02
Positive 22 9
Negative 23 28
Bladder recurrence 25 25 NS
Distant metastasis 8 7 NS
Adjuvant therapy 19 18 NS

LVI, lymphovascular invasion; NS, not significant

Recurrence and patient survival

The 5- and 10-year overall survival (OAS) rates for the
patients were 85% (95% CI, 81%-89%) and 76% (95% CI,
69%—-83%).

Bladder recurrence was found in 54 patients (47.4%)
during follow-up (renal pelvic tumor: 25 patients; ureteral
tumor: 25 patients; pelvic with ureteral tumor: 4 patients).
Mean time to bladder recurrence was 9.1 months (range, 1
to 43 months). Local recurrence occurred in 1 patient with
pelvic tumors. Those with bladder recurrence fared better
in terms of survival than those without recurrence (5- and
10-year cause-specific survival [CSS], 96% vs 83% and 96%
vs 83%; P = 0.02). Distant metastasis or lymph node metas-
tasis occurred in 19 patients (16.7%; paraaortic lymph node
in 8, liver in 5, bone in 5, lung in 3, Virchow node in 1,
intraperitoneal in 1; with some patients having multiple
recurrences). Mean time to metastasis was 13.3 months
(range, 1 to 50 months).

During the study period, 18 patients (15.8%) died from
all causes combined (renal pelvic tumor: 7 patients; ureteral
tumor: 8 patients; pelvic with ureteral tumor: 3 patients).
Cancer was the cause of death in 11 patients (9.6%), at a
mean time of 12.6 months following surgery (range, 4 to 27
months). The site of the primary tumor did not affect patient
survival (Fig. 1; P > 0.05).

Higher-stage and -grade tumors had poor CSS, as illus-
trated in Figs. 2 and 3 (P = 0.005 for pathological stage;
P =0.02 for G1, 2 vs G3). The 5- and 10-year OAS and CSS
for patients with <pT2 and >pT3 disease were 90% (95%
CI, 86%-95%) vs 78% (95% CI, 71%—-84%; 5-year OAS;
P =0.02) and 82% (95% CI, 74-91%) vs 67% (95% CI,
55-78%; 10-year OAS, P = 0.02), and 96% (95% CI, 94~
99%) vs 80% (95% CI, 74-92%; 5-year CSS, P =0.005) and
96% (95% CI, 94-99%) vs 80% (95% CI, 74-86%; 10-year
CSS , P = 0.005), respectively. These figures for patients
with <G2 and G3 disease were 91% (95% CI, 87-96%) vs
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Fig. 1. Kaplan-Meier curve of cause-specific survival stratified by
tumor location. NS, not significant

78% (95% CI, 72-84%; 5-year OAS, P = 0.03) and 83%
(95% CI, 74-86%) vs 69% (95% CI, 59-79%; 10-year OAS,
P =0.03), and 96% (95% CI, 94-99%) vs 81% (95% CI,
76-87%; 5-year CSS, P =0.02) and 96% (95% CI, 94-99%)
vs 81% (95% CI, 76-87%; 10-year CSS, P = 0.02), respec-
tively. Both findings of LVI (Fig. 4) and positive lymph
nodes were found to have a poor prognosis (P = 0.001 and
P < 0.0001). The 5- and 10-year OAS and CSS rates for
those with negative and positive LVI were 96% (95% CI,
94-99%) vs 713% (95% CI, 65-82%; 5-year OAS, P =0.01)
and 87% (95% CI, 77-96%) vs 73% (95% CI, 65-82%;
10-year OAS, P = 0.01), and 98% (95% CI, 96-100%) vs
76% (95% CI, 68-84%; 5-year CSS, P = 0.001) and 98%
(95% CI,96-100%) vs 76% (95% CI, 68-84%; 10-year CSS,
P =0.001), respectively.
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ological stage
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Fig. 3. Kaplan-Meier curve of cause-specific survival stratified by
tumor grade

Results of univariate analysis

To date, 19 patients (16.7%) have experienced distant or
lymph node metastasis at a mean of 13.3 months following
surgery (range, 1 to 50 months). Table 3 tabulates the results
of univariate analysis of the effect of each parameter on
patient outcome. Grade, stage, LVI, nodal involvement,
and bladder recurrence were found to be predictors of
metastasis-free survival (MFS), CSS, and OAS (P < 0.05).
Age was found to be predictive of CSS and OAS (P < 0.05).
Adjuvant therapy failed to show a predictive value for any
of these outcomes.
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Fig. 4. Kaplan-Meier curve of cause-specific survival stratified by Iyrﬁ-
phovascular invasion (LVI)

Table 3. Results of univariate analysis of clinicopathological variables
to predict patient outcome after radical surgery for transitional cell
carcinoma of the upper urinary tract

OAS

MFS CsS
Sex 0.69 0.42 0.29
Age (<59 vs 6069 vs 270) 0.16 0.01 0.04
Location 0.16 0.38 0.39
Grade (G1,2 vs G3) 0.01 0.02 0.03
Pathological stage (pT <2 vs pT 2 3) 0.003 0.005 0.02
LVI 0.01 0.001 0.01
Positive nodal status <0.0001 <0.0001 <0.0001
Adjuvant therapy 0.32 0.72 0.85
Bladder recurrence 0.04 0.02 0.01

MFS, metastasis-free survival; CSS, cause-specific survival; OAS
overall survival; LVI], lymphovascular invasion

>

Results of Cox proportional hazards multivariate analysis
for survival

The Cox proportional hazards regression model, including
age, gender, site of primary tumor, grade, pathological
stage, LVI, nodal involvement, finding of bladder recur-
rence, and adjuvant therapy indicated pathological stage (P
=0.04 pT <2; HR, 0.078 [95% CI, 0.006-0.975]) and bladder
recurrence (P = 0.01 bladder recurrence(-); HR, 10.36
[95% CI, 1.57-68.46]) to be independent predictors of MFS
(Table 4).

Discussion

Stage, tumor grade, size, multifocality of TCC, and exis-
tence of carcinoma in situ are currently the most useful
findings for making therapeutic decisions and evaluating
prognosis in bladder cancer patients. However, the paucity
of data in TCC of the upper urinary tract makes accurate
prediction more challenging.
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Previous retrospective studies indicated stage, grade,
LV], and lymph node status to be prognostic for patient sur-
vival. & Hong et al." reported the 5-year disease-specific
and recurrence-free survival rates were 98% and 94% in the
absence of LVI (P =0.0005), and 70% and 60% in the pres-
ence of LVI (P = 0.0007), respectively, in patients without
lymph node involvement or stage T4 disease (Ta-T3NOMO;
n=62). In multivariate analysis, LVI was the only significant
predictor of recurrence-free survival, and no factor was sig-
nificant for disease-specific survival. On the other hand,
Kikuchi et al.” found LVI, pathological T stage, and tumor
grade to be independent predictors of disease-specific sur-
vival in multivariate analysis. They could stratify patients
into low-risk (grade 1 or 2, LVI-negative, stage pT2 or
lower), high-risk (any tumor grade, LVI-positive, stage pT3
or greater), and intermediate-risk (all others) groups with
significant differences in survival. Though LVI was a signifi-
cant predictor of metastasis and patient survival in univari-
ate analysis, in our study, our multivariate analysis indicated
pathological stage and bladder recurrence (bladder recur-
rence being a better prognostic factor) to be independent
predictors of metastasis-free survival (MFES), but these
factors were not independent predictors of OAS or CSS
(statistics processing of OAS and CSS was impossible
because each factor affected the other). This finding (patho-

Table 4. Results of multivariate analysis of clinicopathological vari-
ables to predict patient outcome after radical surgery for transitional
cell carcinoma of the upper urinary tract

MFS
Sex 0.95
Age (<59 vs 60-69 vs 270) 0.48
Location 0.27
Grade (G1,2 vs G3) 0.12
Stage (pT <2 vs pT 2 3) 0.04
LVI 0.90
Nodal status 0.22
Adjuvant therapy 0.12
Bladder recurrence 0.01

MES, metastasis-free survival; LVI, lymphovascular invasion
Statistical processing was impossible for OAS and CSS because each
factor affected the other
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logical stage or bladder recurrence was not an independent
predictor of OAS or CSS) may be due to the relatively few
such events in our study. These findings thus need further
validation and more investigation. The reason why patients
with bladder recurrence had a better prognosis than bladder
recurrence-free patients is not clear. Hasui et al.”” suggested
a potential role of vascular invasion in the prediction of an
unfavorable outcome in patients with upper urinary tract
cancers. Such morphological findings may be a manifesta-
tion of a more aggressive phenotype of this malignancy.

The location of the primary tumor in upper urinary tract
carcinoma has been suggested to be predictive of prognosis
by some®’ and questioned by others.’ Park et al."° found
pelvis and ureteral TCC not to be the same disease in terms
of invasion and prognosis. Ureteral TCC was found to be
associated with a higher local or distant failure rate than
renal pelvis TCC. Hall et al.,* however, showed that tumor
location did not affect recurrence and CSS in a Cox propor-
tional hazards regression model. In our study, tumor loca-
tion was not found to be a predictor of patient outcome,
either (P > 0.05; Fig. 1).

Table 5 shows a summary of clinical series of TCC of the
upper urinary tract with patient populations of more than
100. Though pathological stage was universally found to be
a significant prognostic factor, the value of other clinico-
pathological parameters was inconsistent among studies.

In circumstances in which conservative resection is per-
formed, postoperative therapy is considered. In bladder
cancer, three randomized trials have suggested that
adjuvant systemic chemotherapy after radical cystectomy
improves relapse-free survival compared with that in
patients undergoing surgery alone.'*® But the role of adju-
vant therapy in TCC of the upper urinary tract is not well
established. Ozsahin et al.’ failed to show any benefit of
postoperative radiation therapy in a multicenter retrospec-
tive study. Brookland and Richter” reported that the inci-
dence of local recurrence was lower, but that of distant
failure was about the same with postoperative radiation
therapy. Adjuvant chemotherapy may have a role,
because good objective responses have been observed in
palliative settings.”®*' Adjuvant therapy was not found to be

Table 5. Summary of clinical series (patient populations of more than 100) of transitional cell carcinoma of the upper urinary tract

Authors No. of patients Follow-up (months) % Survival Prognostic factors
Corrado et al.® 127 1to 172 OAS 5Y, 67; 10Y, 52 Stage
Grade
DNA ploidy
Hall et al.? 252 Median, 64 CSS 5Y Tafis, 100 Age
T1,91.7 Stage
T2,72.6 Surgical procedure
T3, 40.5
Ozsahin et al.’ 126 Median, 39 OAS 5Y, 29; 10Y, 19 Stage
Residual tumor
Tumor location (pelvis vs ureter * pelvis)
Kikuchi et al.”? 173 Median, 43 CSS 5Y, 72.3; 10Y, 65.1 Stage
Grade
LVI
Present study 114 Median, 39 OAS 5Y, 84.8; 10Y, 76.0 Stage

Bladder recurrence

CSS, cause-specific survival; OAS, overall survival; LVI, lymphovascular invasion; Y, year
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an independent predictor of MFS, CSS, or OAS in the
present study. Because the true impact of adjuvant therapy
for TCC of the upper urinary tract will not be known until
a well-designed randomized study is accomplished, its appli-
cation must be balanced between its expected efficacy and
its adverse events.

Noninvasive, highly accurate diagnostic tests capable of
predicting the probability of disease recurrence and pro-
gression have long been desired in the field of urologic
oncology. Further efforts need to be made in searching for
new, more powerful biomarkers in TCC of the upper urinary
tract. The development of treatment algorithms based on
upcoming evidence will lead the way to defining the place
of multimodal therapy such as radical surgery together with
adjuvant therapy. Further study is warranted.

Conclusion

In univariate analysis of patients with TCC of the upper
urinary tract, pathological stage and grade, lymph node
status, and LVI were found to be significant predictors of
patient survival. Multivariate analysis indicated pathologi-
cal stage and bladder recurrence to be predictors of MFS.

Further research is needed to investigate new bio-
markers that will accurately predict the outcome of this
malignancy.
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