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Urothelial carcinoma of the renal pelvis and ureter
may develop as a manifestation of the hereditary
nonpolyposis colorectal cancer syndrome that is
characterized by mutations in a number of DNA
mismatch repair genes and detectable as microsat-
ellite instability. In this study, we examined micro-
satellite instability and the clinicopathologic fea-
tures of urothelial carcinoma of the renal pelvis (n
� 61) and ureter (n � 53) from 114 consecutive
patients surgically treated from 1985–1992. Clinical
data were obtained through chart review. Matched
normal and tumor DNA was extracted from
paraffin-embedded tissue, and a panel of six micro-
satellite loci was analyzed. The male–female ratio
was 2.8:1 with amedian age of 70 years (range, 28 to
92 y). Microsatellite analysis was successful in 67
tumors, and 21 (31.3%) patients had tumors that
exhibited microsatellite instability. Patients with
microsatellite-unstable tumors were significantly
more likely to have additional nonurologic cancers
(P � .015) including colorectal carcinoma (P � .001)
compared with patients with tumors that did not
exhibit microsatellite instability. In addition, pa-
tients with microsatellite-unstable tumors showed
more colorectal cancers in their family (P � .026)
and were more likely to have higher grade urothe-
lial carcinoma of the upper tract (P � .028). Grade
and stage, but not microsatellite status, were the
strongest predictors of cancer-specific survival. This
study found the highest frequency of microsatellite
instability in upper urothelial tract carcinomas re-
ported to date and highlights upper tract urothelial
carcinoma as a marker of the hereditary nonpol-

yposis colorectal cancer syndrome in some patients.
These findings reinforce the importance of obtain-
ing cancer histories in patients with upper tract
urothelial carcinoma to subsequently identify indi-
viduals with the hereditary nonpolyposis colorectal
cancer syndrome and at-risk relatives for surveil-
lance and management programs.
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Urothelial carcinoma of the upper urinary tract (re-
nal pelvis and ureter) is relatively uncommon, rep-
resenting 5% of all urothelial cancers. During the
last two decades, the incidence of renal pelvic tu-
mors has remained stable, although there has been
a slight increase in the incidence of ureteral cancer
(1). Recently, the distribution of upper tract urothe-
lial carcinomas in the population has shifted to
older patients, females, and non-white individuals.
Similar to bladder carcinoma, smoking and occupa-
tional exposure to arylamines are well-established
risk factors for upper tract urothelial carcinoma ac-
counting for the majority of cases (2). There are also
unusual exogenous carcinogenic factors unique to the
upper urothelial tract, including analgesic nephropa-
thy (3, 4) and Balkan nephropathy (5, 6). The 5-year
cancer-specific survival for upper tract urothelial car-
cinoma in the United States approaches 75%, and
stage and grade are the most powerful predictors of
survival (1). Nephroureterectomy with excision of the
ipsilateral ureteral orifice and bladder cuff en bloc is
the standard treatment, and conservative manage-
ment has evolved through the necessity for renal
preservation in some patients, particularly those with
low-grade and low-stage tumors (7).
There is growing epidemiological and genetic ev-

idence that some carcinomas of the upper urinary
tract develop as a manifestation of the hereditary
nonpolyposis colorectal cancer syndrome (HNPCC;
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8). This syndrome is characterized by germline mu-
tations in a number of DNA mismatch repair genes,
leading to tumor development in a number of or-
gans and detectable as microsatellite instability in
the DNA and loss of immunohistochemical staining
for the DNA mismatch repair enzymes in tumor
tissue (9, 10). Patients with HNPCC can develop a
number of extracolonic tumors, including cancers
of the endometrium, ovaries, stomach, and urinary
tract, particularly urothelial carcinoma of the renal
pelvis and ureter (8, 11). The aim of this study was
to characterize the clinicopathological features, in-
cluding cancer histories, in a well-defined cohort of
patients with urothelial cancer of the upper urinary
tract, and to determine the frequency of microsat-
ellite instability in these upper tract urothelial
carcinomas.

MATERIAL AND METHODS

Patient Characteristics
The study was approved by the Mayo Clinic In-

stitutional Review Board. Patients had to have pro-
vided research authorization to be included in the
study. The study cohort consisted of 114 consecu-
tive patients surgically treated for urothelial carci-
noma of the upper tract (renal pelvis � 61 and
ureter � 53) between 1985 and 1992. Clinical and
epidemiological data were obtained through chart
review without knowledge of the microsatellite sta-
tus. Pathologic features including pathologic stage
(International Union Against Cancer; 12), histologic
grade (World Health Organization; 13) and growth
architecture (papillary versus flat) were verified in-
dependently through microscopic slide review (AH,
HB). The patients were seen for regular outpatient
visits for �7 years, and/or were followed by yearly
questionnaires sent to their primary physician.

Molecular Analyses
Matched normal and tumor DNA was extracted

from paraffin-embedded tissue for the microsatel-
lite analysis as described previously (14). In brief,
10-�m histologic tissue sections were deparaf-
finized and stained with methylene blue for approx-
imately 15 seconds. Tumor cell aggregates were
separated from surrounding stromal cells by micro-
dissection under an inverted microscope at 40�
magnification. The microdissected tissue samples
contained �80% tumor cells. Renal parenchyma
without tumor infiltration, lamina propria, muscu-
laris propria of the ureter, or adipose tissue sur-
rounding ureter or renal pelvis served as the normal
tissue sample. Microdissection using laser micro-
dissection (PALM) was performed in cases where
there was low tumor content, limited normal tissue,

or a large amount of stromal and inflammatory cells
relative to tumor (15). Microdissected tissue sam-
ples were digested overnight with a proteinase
K–containing lysis buffer, and the lysate was further
processed using a standard column-based DNA pu-
rification kit (Qiagen, Hilden, Germany). Microsat-
ellite analysis was performed using a panel of six
microsatellite loci, including five markers of the
reference panel recommended by the National
Cancer Institute (16). In addition to the reference
panel markers (BAT25, BAT26, D2S123, D5S346,
and D17S250), the mononucleotide marker BAT40
was used, because in our experience, it is the most
sensitive and specific for microsatellite instability
among 31 markers used in colorectal cancer, and
the primer sequences have been described previ-
ously (17). PCR amplifications were performed with
100 ng of purified genomic DNA in a final volume of
20 �L in an MJ Research Thermocycler (PTC100; MJ
Research, Watertown, MA) and the polymerase
chain reaction (PCR) products were electropho-
resed through gels containing 6.7% polyacrylamide
and 50% urea. Microsatellite instability was defined
by the presence of novel bands after PCR amplifi-
cation of tumor DNA that were not present in the
PCR products of the corresponding normal DNA.
Tumor samples were included in the microsatellite
analysis only if at least five microsatellite loci could
be analyzed. All gels were evaluated independently
by two observers (AH, WD). A tumor was classified
as microsatellite unstable if more than one of the
six panel markers showed instability. Each paired
sample was analyzed at least twice to verify the
results.

Statistical Analyses
Cancer-specific survival was estimated by the

method of Kaplan and Meier (18) and compared
between patients with various tumor stages and
histologic grades, and between patients with
microsatellite-stable and -unstable tumors by the
exact log-rank statistics (StatXact; 19). Because the
number of deaths was relatively small (n � 33),
exact P values were computed for the log-rank sta-
tistics. The frequencies of events in the patient his-
tories and family histories were compared by the
Fisher exact test using the StatXact software pack-
age statistics (19). All P values resulted from two-
sided tests.

RESULTS

Clinicopathological Characteristics
The study cohort consisted of 114 consecutive

patients with surgically resected urothelial carci-
noma of the upper urinary tract (renal pelvis and
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ureter). Sixty-one (53.5%) patients had urothelial
carcinoma of the renal pelvis, and 53 (46.5%) had
urothelial carcinoma of the ureter. Eighty-four
(73.7%) patients were male, and 30 (26.3%) were
female (ratio 2.8:1). The median age was 70 years
(range, 28 to 92 y). Eighty-three patients (72.8%)
were smokers, with an average of 1.2 � 0.54 packs
per day and 34 � 13.3 years of smoking. The male–
female ratio in smokers and nonsmokers was sig-
nificantly different (7.3:1 and 0.55:1, respectively; P
� .0001). Clinicopathological features and the fre-
quency of microsatellite instability did not differ
between smokers and non-smokers. Sixty-six
(57.9%) patients had a positive family history of
cancer (at least one first-degree relative affected
with a malignancy), and 17 (14.9%) patients had
two or more first-degree relatives diagnosed with
cancer. Only one patient was clinically recognized
having HNPCC, but genetic testing had not been
performed in any patient. The frequency of micro-
satellite instability did not differ among patients
with one or more than one first-degree relative with
cancer (Table 1). Only six (5.3%) patients had a
positive family history of urothelial cancer, and all
six patients presented with microsatellite-stable tu-
mors. The distribution of histologic grade, patho-
logic stage, and growth pattern is shown in Table 2.
The distribution of time to death according to tu-
mor location, histologic grade, and pathologic stage
as estimated by the method of Kaplan and Meier
(18) is shown in Fig. 1A–C.

Microsatellite Analysis
Microdissected tissue samples yielded amplifi-

able DNA for a complete microsatellite analysis

from both tumor and normal tissue in 67 (58.8%)
patients. Unsuccessful microsatellite analysis in the
remaining tumor samples was a result of the lack of
sufficient amounts of normal tissue or failure to
amplify at least five microsatellite loci. Clinicopath-
ologic parameters including tumor location, gen-
der, age, histologic grade, pathologic stage, and
growth pattern did not differ between successfully
amplified tumor samples and nonamplified tu-
mors. Microsatellite analysis revealed 21 patients
(31.3%) with tumors that exhibited microsatellite
instability (more than one of six consensus markers
unstable in at least five successfully amplified loci;
Fig. 2). Forty-six (68.7%) patients had micro-
satellite-stable tumors. Among those 46, 11 patients
had tumors that showed instability in only one of
six markers. These patients were subsequently
combined into the microsatellite-stable group for
further analyses. The distribution of gender, age at
diagnosis, smoking history, and location of tumor
was not different between patients with
microsatellite-stable and microsatellite-unstable
urothelial carcinomas of the upper urinary tract.
Likewise, survival time distributions were not sig-
nificantly different between these two cohorts (Fig.
3). The number of patients with more than one
additional cancer in their medical history was sig-
nificantly greater in the microsatellite-unstable
group compared with in the microsatellite-stable
group (P � .015; Table 3). Likewise, the number of
patients with a history of colorectal carcinoma or
family history for colorectal carcinoma was signifi-
cantly greater in the microsatellite-unstable group
compared with in the microsatellite-stable group (P
� .001 and P � .026, respectively; Table 3). Analysis
of histologic grade and pathologic stage in patients
with microsatellite-stable and microsatellite-
unstable urothelial carcinomas of the upper urinary
tract revealed significantly fewer patients with
Grade 1 tumors in the microsatellite instability co-
hort (P � .028, Table 4).

DISCUSSION

It is well known that tumor grade and stage in
urothelial cancers of the upper urinary tract are
powerful predictors of patient outcome (7). Grade
and stage are closely related, and the vast majority
of World Health Organization Grade 1 (of 3) urothe-
lial carcinomas are noninvasive, whereas the ma-
jority of higher grade tumors show invasion into the
lamina propria or muscle layer (7). Previous studies
at the Mayo Clinic showed that survival in patients
with low-grade urothelial cancers of the upper uri-
nary tract is identical to age-matched controls (20),
whereas survival of patients with higher grade tu-
mors correlated with advanced stage and was sig-

TABLE 1. Patients with Microsatellite Stable or

Microsatellite Unstable Urothelial Carcinomas of the

Upper Urinary Tract: Positive Family History of Cancer

Group

One
First-Degree

Relative,
n (%)

Two or
More

First-Degree
Relatives,
n (%)

All patients (n � 114) 66 (58) 17 (15)
Microsatellite-stable tumors (n � 46) 19 (41) 8 (17)
Microsatellite-unstable tumors (n � 21) 13 (62) 2 (10)

TABLE 2. Distribution of Histologic Grade, Pathologic

Stage, and Growth Pattern in Patients with Urothelial

Carcinomas (n � 114) of the Upper Urinary Tract

Variable Subcategory

Histologic Grade 1 2 3
19 54 41

Pathologic Stage Ta 1 2 3 4
68 13 10 21 2

Growth papillary solid
96 18

All data are n.
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FIGURE 1. Distribution of time to death according to tumor location (A), histologic grade (B), and pathologic stage (C) among patients with
urothelial carcinomas (n � 114) of the upper urinary tract as estimated by the method of Kaplan and Meier (18).
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nificantly lower than patients with low-grade tu-
mors and control patients (21, 22). In our study,
there was no difference in cancer-specific survival
between patients with renal pelvic and ureteral
cancers (Fig. 1A). Similarly, all other clinical and
pathological parameters did not differ between pa-
tients with renal pelvic and ureteral tumors. Thus,
our clinicopathological analysis was performed on
the entire set of 114 patients. Our analysis confirms
the survival differences related to histologic grade
and pathologic stage (Fig. 1B–C). The cancer-
specific survival according to pathologic stage
showed a clear separation of the survival curves
between patients with pTa tumors and pT1/T2 tu-
mors, and pT3/4 tumors (Fig. 1C). The prognostic
impact of invasive growth makes accurate patho-
logic staging critical to predicting patient outcome

as other modalities are not appropriate for staging
(23–25).

Patients with HNPCC can develop carcinomas of
multiple organs including the upper urinary tract.
In the colon, HNPCC-related carcinomas occur in
younger patients and are more commonly right
sided, poorly differentiated, and with unusual his-
tological characteristics, including increased num-
bers of intratumoral lymphocytes (26). Cancer-
specific survival of patients with HNPCC-related
carcinomas or carcinomas with microsatellite in-
stability is better than that of patients with sporadic
colorectal cancer when matched for stage (27, 28).
In our study, we found a lower frequency of low-
grade urothelial cancers in patients with microsat-
ellite instability, but there was no difference in ei-
ther age or survival between patients with
microsatellite-stable and microsatellite-unstable
urothelial cancers. However, the study cohort is
small, and analysis of survival and specific morpho-
logic features of upper-tract urothelial carcinoma
related to microsatellite instability and HNPCC will
require additional analysis with larger numbers of
patients. Interestingly, similar observations as ours
have been made in patients with endometrial can-
cers and HNPCC (29). In other studies, microsatel-
lite instability in urothelial carcinomas of the uri-

FIGURE 2. Analysis in a patient with a microsatellite-unstable tumor
using six microsatellite markers (BAT25, BAT26, BAT40, D2S123,
D5S346, D17S250). Arrows mark the backshifts in the tumor DNA in
four of six investigated markers. N, normal DNA; T, tumor DNA.

FIGURE 3. Distribution of time to death among patients with
microsatellite-stable (A) and microsatellite-unstable (B) urothelial
carcinomas of the upper urinary tract as estimated by the method of
Kaplan and Meier (18).

TABLE 3. Patients with Microsatellite-Stable or Microsatellite-Unstable Urothelial Carcinomas of the Upper Urinary

Tract: Additional Lifetime Malignancies and Cancer History

Variable
Microsatellite-Stable Tumors

(n � 46), n (%)
Microsatellite-Unstable Tumors

(n � 21), n (%)

No. additional lifetime malignancies
Urothelial cancer only 12 (26) 3 (14)
One 11 (24) 4 (19)
Two or more 4 (9) 7 (33)*

Positive colon cancer history
Family 5 (11) 7 (33)**
Own 1 (2) 6 (29)***

* P � .015.
** P � .026.
*** P � .001.
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nary bladder is reported to be rare in superficial
tumors but more common in invasive tumors (30).
However, we did not find a difference in the distri-
bution of pathologic stage in between patients with
microsatellite-stable and microsatellite-unstable
tumors.

At least two types of genetic instability have been
demonstrated in cancer cells; one characterized by
a high frequency of chromosomal aberrations and
the other by mutations in DNA sequences resulting
from defects in the DNA mismatch repair system
and associated with microsatellite instability (31).
The DNA mismatch repair system provides normal
cells with a high level of protection against muta-
tions arising during DNA replication. It consists of
several proteins encoded by multigene families,
consisting of hMSH2, hMSH3, hMSH6, and hMLH1,
hPMS1, and hPMS2 (16). Their inactivation results
in a large increase in spontaneous mutability and a
direct oncogenic effect with the expression of a
“mutator phenotype” (32). Microsatellite instability
is reflected in alterations in the patterns of poly-
morphic, short, tandem-repeat segments (micro-
satellites) dispersed throughout the human ge-
nome. Studies indicate that microsatellite instability
reflects an underlying genomic instability resulting
from inactivation of both alleles at a DNA mismatch
repair gene locus (9, 33). Some urothelial carcinomas
develop as a manifestation of HNPCC, characterized
by germline mutations in a number of these DNA
mismatch repair genes. There is a 14-fold–increased
risk of urothelial cancer of the renal pelvis and ureter
in patients with HNPCC (8). Previous studies of mic-
rosatellite instability in bladder cancer have shown
mutation frequencies that are generally very low (33–
35). Because sporadic tumors of the renal pelvis, ure-
ter, and bladder share the same risk factors, it is
unclear why the risk of bladder cancer is not in-
creased in patients with HNPCC. Similarly it is un-
clear why patients with HNPCC develop carcinoma at
a few specific organ sites or why microsatellite insta-

bility unrelated to HNPCC is more common in certain
tumor types. Interestingly, the frequency of microsat-
ellite instability in our study (31.3%) is the highest
reported to date in a cohort of consecutive surgically
treated patients with urothelial carcinoma of the up-
per urinary tract. Differences in the reported frequen-
cies of microsatellite instability in various tumors may
be in part caused by methodological differences.
Studies may examine patient cohorts that differ in
their distribution of grade and stage, or the panel of
microsatellites selected may differ. Recent descrip-
tions of microsatellite instability in other extracolonic
cancers have also differed significantly from earlier
reports partly because of the interpretation and defi-
nition of microsatellite instability. Our study involved
consecutive patients, and a selection bias toward var-
ious grades and stages seems unlikely. The successful
DNA preparation and amplification of microsatellite
loci in only 67 of 114 tumor samples is unlikely to
have influenced our results because all tumor and
patient characteristics in amplified and not amplified
tumor samples were not different. Because of the
clinical importance of the microsatellite assay, a num-
ber of guidelines recently have been introduced for
improving its reliability (16), including suggested ref-
erence panel markers. Using the reference panel, mi-
crosatellite instability is defined as having instability
in two ore more markers. Tumors with only one un-
stable repeat are considered not to have microsatellite
instability because it may be a chance occurrence and
not a result of a mutation in a DNA repair gene (36).
In addition to problems in the selection of DNA mark-
ers, other parameters can obscure the accurate eval-
uation of a tumor sample for microsatellite instability,
such as large amount of normal cells in tumor sam-
ples, poor DNA preparation, and variations in the
interpretation of gel band patterns.

Male patients predominated in our study cohort
of consecutive patients, with a male–female ratio of
2.8:1, suggesting as has been demonstrated in pre-
vious studies that cigarette smoking is a significant
contributor to the development of upper tract
urothelial carcinoma. The complex mixture of can-
cer initiators and promotors in cigarette smoke,
such as N-nitrosamines, polycyclic aromatic
amines, and benzo(a)pyrene are thought to be im-
portant exogenous factors in the carcinogenesis of
urothelial carcinoma (37, 38). The number of smok-
ers in the studied cohort (73%) was high, with a
substantial average amount of pack-years, and this
supports the known association of smoking and
tumors of the urinary tract. Accordingly, the male–
female ratio in smokers and nonsmokers differed
significantly (7.3: 1 and 0.55: 1, respectively). Smok-
ing increases the risk of both bladder cancer and
upper urinary tract cancers (39), and active smokers
have an approximately 3-fold higher risk of urinary
tract cancer than nonsmokers, whereas the risk for

TABLE 4. Distribution of Histologic Grade and

Pathologic Stage in Patients With Microsatellite-Stable

and Microsatellite-Unstable Urothelial Carcinomas of the

Upper Urinary Tract

Variable
Microsatellite-Stable

Tumors
(n � 46), n (%)

Microsatellite-Unstable
Tumors

(n � 21), n (%)

Histologic grade
1 13 (28) 1 (5)a

2 21 (46) 13 (62)
3 12 (26) 7 (33)

Pathologic stage
Ta 33 (72) 14 (66)
1 5 (11) 1 (5)
2 5 (11) 2 (10)
3 3 (6) 4 (19)
4 0 0

a P � .028.
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former cigarette smokers remains 2-fold elevated
(40). Uchida et al. (30) reported a somewhat higher
rate of microsatellite instability in tumors from
smokers. However, no relationship of cigarette
smoking with microsatellite instability was found in
our study.

We found that 58% of all patients to have at least
one first-degree relative with cancer, and 15% of pa-
tients had two or more first-degree relatives with can-
cer. These rates did not differ between patients with
microsatellite-unstable tumors and patients with
microsatellite-stable tumors (Table 1). There were sig-
nificantly more patients in the microsatellite-unstable
group who had two or more additional malignancies,
whereas the rates of only one additional neoplasm
and the prevalence of additional urothelial cancers
did not differ between microsatellite-unstable and
microsatellite-stable patients (Table 3). In contrast,
the rate of colon cancer in either the patient or family
was significantly greater in patients with microsatel-
lite instability (Table 3).

The two major causes of urothelial cancer, ciga-
rette smoking, and occupational exposure to
arylamines, have been recognized for 4 decades (2).
Other environmental risk factors unique to the up-
per urothelial tract, such as analgesic nephropathy
(3, 4) and Balkan nephropathy (5, 6), have been
identified, and recent reports point to polluted ar-
tesian well water (41) and Chinese herbs (42) as
causative agents. Comparatively little is known
about genetic predispositions in urothelial cancers
(43). Numerous case reports document the cluster-
ing of urothelial carcinoma in families (44), several
of which demonstrate an extremely early age of
onset of disease, but the underlying genetic mech-
anisms remain elusive (45). Our study showed a
high frequency of microsatellite instability (31.3%)
in consecutive surgically treated upper urothelial
tract carcinomas, the highest frequency reported to
date, highlighting such tumors as an important part
in the clinical spectrum of microsatellite instability
and HNPCC. In such patients, the cumulative risk
for urothelial carcinomas of the upper urinary tract
is relatively low, although a subset of HNPCC fam-
ilies may be exposed to a much higher risk. Despite
recent advances in the understanding of the molec-
ular genetic basis of HNPCC, it remains difficult to
identify patients with HNPCC before the develop-
ment of malignancies. As yet nothing is known of
the clinical impact of screening patients with upper
tract urothelial carcinoma for HNPCC. Likewise, the
potential clinical benefit of screening for upper uri-
nary tract cancers in patients with the HNPCC syn-
drome is unknown. Certainly, patients who develop
colorectal cancer and upper tract urothelial carci-
noma might be candidates to be screened for the
possibility of HNPCC.

Our findings reinforce the importance of obtain-
ing comprehensive patient and family histories of
cancer in patients with urothelial carcinoma of the
renal pelvis and ureter. Subsequent identification
of HNPCC individuals enables the patient and at-
risk relatives to benefit from targeted surveillance
and management programs.
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