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Abstract
Purpose Higher chronological age has been suggested to
confer worse prognosis in patients with upper tract urothe-
lial carcinoma (UTUC). The aim of the current study was to
test this hypothesis in a large multicenter external valida-
tion cohort of patients treated with radical nephroureterec-
tomy (RNU) while controlling for patient performance
status.
Materials and methods We retrospectively reviewed the
data from 1,169 patients treated with RNU for UTUC.

Age at RNU was analyzed both as a continuous and
categorical variable (<50 years, n = 66; 50–59.9 years,
n = 185; 60–69.9 years,  n = 367; 70–79.9 years,  n = 419;
¸80 years,  n = 132). Median follow-up was 37 months.
Results Actuarial recurrence-free, cancer-speciWc, and
all-cause survival estimates at 5 years after RNU were 69,
73, and 61%, respectively. Advanced age was associated
with female gender, higher ECOG status, higher ASA
score, and a lower probability of receiving adjuvant chemo-
therapy (all P values · 0.02). In multivariable analyses,
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advanced age was associated with decreased recurrence-
free (P = 0.021), cancer-speciWc (P = 0.002), and all-cause
survival (P < 0.001) after controlling for the eVects of
gender, tumor location, number of lymph nodes removed,
tumor grade, stage, architecture, necrosis, and lymphovas-
cular invasion. After addition of ECOG status, age
remained an independent predictor of only all-cause mor-
tality (P > 0.001).
Conclusions We conWrmed that advanced patient age at
the time of RNU is associated with worse clinical outcomes
after surgery. However, ECOG performance status abro-
gated the association. Furthermore, a large proportion of
elderly patients were cured with RNU. This suggests that
chronological age alone is an inadequate indicator criterion
to predict response of older UTUC patients to RNU.

Keywords Age · Prognosis · Urinary tract cancer · 
Urothelial carcinoma · Survival

Abbreviations
ASA American Society of Anesthesiologists Physical

Status ClassiWcation System
ECOG Eastern Cooperative Oncology Group
RNU Radical nephroureterectomy
UTUC Upper tract urothelial carcinoma
UTUCC Upper Tract Urothelial Carcinoma Collaboration

Introduction

Radical nephroureterectomy (RNU) is the gold standard
treatment for high-risk upper tract urothelial carcinoma
(UTUC) [1]. Improvements in perioperative care and
reWnements of surgical technique have made this a safe and
feasible operation for an increasing number of patients [2].
However, the eVectiveness and relative use of RNU in the
subgroup of older patients remains controversial. Being
older at the time of RNU has been shown to be associated
with decreased survival [3]. Potential hypotheses to explain
this Wnding include changes in the biological potential of
the tumor, a decrease in the host’s defense mechanisms, or
diVerences in care patterns in elderly patients [3]. As in
bladder cancer, older patients might deny the opportunity to

receive the most eVective treatment for their disease on the
basis of chronological age alone [4, 5]. In this context, we
evaluated the association of patient age with pathologic and
long-term oncologic outcomes in a large international
cohort of patients treated with RNU for UTUC while
adjusting for the eVect of ECOG performance status. More-
over, we estimated the probability of experiencing disease
recurrence or dying of UTUC within diVerent age groups.

Materials and methods

Patient selection

This study consists of data collected from 11 participating
sites from the Upper Tract Urothelial Carcinoma Collabo-
ration (UTUCC) validation cohort. None of the data from
these patients were included in our previous study [3]. All
centers provided the necessary institutional data sharing
agreements before study initiation. The institutional review
board at each site approved this study. The database was
comprised of 1,169 patients who underwent RNU with ipsi-
lateral bladder cuV resection by multiple surgeons between
1987 and 2009. RNU that was performed by several sur-
geons included an extrafascial dissection of the kidney with
the entire length of ureter and adjacent segment of the blad-
der cuV. The hilar and regional lymph nodes adjacent to
the ipsilateral great vessel generally were resected along
with enlarged lymph nodes if abnormal on preoperative
computed tomography scans or palpable intraoperatively.
Extended lymphadenectomy was not routinely performed.
None of the patients received preoperative chemotherapy or
radiation therapy. None of the patients had invasive bladder
cancer before their RNU. The Eastern Cooperative Oncol-
ogy Group (ECOG) performance status was available in
551 patients prior to RNU [6]. Before Wnal analysis, the
database was frozen and the Wnal data set was produced for
current analysis.

Pathological evaluation

All surgical specimens were processed according to
standard pathological procedures, and all slides were
reviewed by genitourinary pathologists blinded to clinical
outcomes. Tumors were staged according to the TNM clas-
siWcation by the American Joint Committee on Cancer/
International Union Against Cancer. Tumor grading was
assessed according to the 1998 WHO/International Society
of Urologic Pathology consensus classiWcation [7]. Tumor
architecture was deWned as papillary or sessile. Tumor loca-
tion was deWned as pelvic/caliceal or ureteral. In tumors
involving both sites, the location was attributed according
to the index cancer. LVI was deWned as the unequivocal
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presence of tumor cells within an endothelium-lined space,
with no underlying muscular walls [8].

Follow-up regimen

Patients were generally evaluated every 3–4 months for the
Wrst year after surgery, every 6 months from the second
through Wfth years, and annually thereafter. Follow-up
consisted of a history and physical examination, serum
chemistry studies, urinary cytology, chest radiography, cys-
toscopy, and radiographic evaluation of the contralateral
upper urinary tract.

Disease recurrence was deWned as local failure in the
operative site, regional lymph nodes, or distant metastasis.
A recurrence in the bladder was not calculated in the recur-
rence-free survival analysis. The cause of death was deter-
mined by retrospective chart review and corroborated by
death certiWcates. A patient with widely disseminated
metastases at the time of death was categorized as having
died of UTUC. Patients who died within 30 days of surgery
were censored at the time of death for UTUC-speciWc sur-
vival analysis.

Statistical analysis

Fisher’s exact and chi-square (�2) tests were used to evaluate
the association between categorical variables. DiVerences
in continuous variables across categorical variables were
analyzed using the Mann–Whitney U or Kruskal–Wallis
test, respectively. Univariate and multivariable Cox regres-
sion models were used to evaluate time to recurrence,
cancer-speciWc, and all-cause mortality outcomes. Statistical
signiWcance was deWned as P · 0.05. All reported P values
were two-sided. Analyses were performed with SPSS® 17
(SPSS, Inc., Chicago, IL).

Results

Association of age as continuous and categorical variables 
with clinical and pathologic characteristics

The median patient age was 69 years. At the time of RNU,
66 (5.6%), 185 (15.8%), 367 (31.4%), 419 (35.8%), and
132 (11.3%) patients were younger than 50, between 50
and 59.9, between 60 and 69.9, between 70 and 79.9, and
older than 80 years old, respectively. The association of age
at RNU with clinicopathologic characteristics is shown in
Table 1. Higher age was signiWcantly associated with a his-
tory of previous bladder cancer (P < 0.017), tumor location
(P = 0.035), worse ECOG performance status (P < 0.0001),
higher American Society of Anesthesiologists (ASA) Score

(P = 0.001), and female gender (P < 0.001). Adjuvant
chemotherapy was given more commonly to younger
patients (P · 0.018).

Association of age as continuous and categorical variables 
with disease outcomes

The mean follow-up was 38 months (median: 37 months;
range: 1–195 months, interquartile range: 39) for patients
alive at last follow-up. Actuarial recurrence-free estimates at
2, 5, and 10 years after RNU were 75% (standard error
[SE] § 1), 69% (§2), and 65% (§2), respectively. Actuarial
cancer-speciWc survival estimates at 2, 5, and 10 years after
RNU were 82% (§1), 73% (§2), and 65% (§3), respec-
tively. Actuarial all-cause survival estimates at 2, 5, and
10 years after RNU were 77% (§1), 61% (§2), and 34%
(§3), respectively. In univariate analyses, age coded as either
a continuous or categorical variable was signiWcantly associ-
ated with disease recurrence (P values · 0.05), cancer-speciWc
mortality (P values < 0.009), and all-cause mortality
(P values < 0.0001).

In multivariable analyses (Table 2), age coded as a cate-
gorical variable was an independent predictor of disease
recurrence (P = 0.018), cancer-speciWc mortality (P = 0.001),
and all-cause mortality (P < 0.001). Patients 70 years
and older were at increased risk for disease recurrence
and patients 60 years and older were at increased risk for
cancer-speciWc and all-cause mortality. The same was
true for age when analyzed as continuous variable (P =
0.021, P = 0.002, and P < 0.001, respectively). Subgroup
analyses in patients who did not undergo adjuvant chemo-
therapy did not change the statistical signiWcance of these
associations.

Figure 1a shows the proportion of patients who experi-
enced disease recurrence at 3 years after RNU, stratiWed by
age in decades. Patients who were censored before 2 years
were excluded from the analysis to prevent underestimation
of the recurrence probability. The proportion of patients
who experienced disease recurrence by 3 years increased
incrementally with advancing age. The probability of dis-
ease recurrence at 3 years following RNU was 22.4% for
patients under 50 years of age compared to 40.2% for
patients over 80 years of age.

Figure 1b shows the proportion of patients who died from
UTUC at 5 years after RNU, stratiWed by age in decades.
Patients who were censored before 2 years were excluded
from the analysis to prevent underestimation of the survival
probability. The proportion of patients who died from UTUC
by 5 years increased incrementally with advancing age. The
probability of cancer-speciWc death at 5 years following
RNU was 14.3% for patients under 50 years of age compared
to 32.2% for patients over 80 years of age.
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Table 1 Association of age at the time of the radical nephroureterectomy with clinical and pathologic characteristics in 1,169 patients treated for
upper tract urothelial carcinoma

Age (years) as continuous variable Age (years) stratiWed in categories

N. Pts (%) Median Range P value <50 50–59.9 60–69.9 70–79.9 ¸80 P value

All 1,169 (100) 69 30.0–92.0 – 66 (5.6) 185 (15.8) 367 (31.4) 419 (35.8) 132 (11.3) –

Gender

Male 785 (67.2) 68 30.0–92.0 <0.001 48 (6.1) 137 (17.5) 263 (33.5) 265 (33.8) 72 (9.2) <0.001

Female 384 (32.8) 71 36.0–91.0 18 (4.7) 48 (12.5) 104 (27.1) 154 (40.1) 60 (15.6)

ECOG performance status

0 358 (30.6) 66 30.0–90.0 <0.0001 29 (8.1) 78 (21.8) 134 (37.4) 109 (30.4) 8 (2.2) <0.0001

1 and higher 193 (16.5) 73.3 43.0–92.0 4 (2.1) 21 (10.9) 41 (21.2) 84 (43.5) 43 (22.3)

ASA Score

1 and 2 108 (9.2) 69.3 37.3–90.4 0.001 14 (13.0) 17 (15.7) 26 (24.1) 39 (36.1) 12 (11.1) <0.0001

3 and higher 165 (14.1) 72.5 38.4–88.9 7 (4.2) 12 (7.3) 43 (26.1) 71 (43.0) 32 (19.4)

History of bladder cancer

Absent 837 (71.6) 68.1 30.0–92.0 0.017 57 (6.8) 138 (16.5) 258 (30.8) 294 (35.1) 90 (10.8) 0.052

Present 332 (28.4) 70 32.0–88.9 9 (2.7) 47 (14.2) 109 (32.8) 125 (37.7) 42 (12.7)

Procedure type

Open 1,014 (86.7) 69 30.0–91.0 0.40 56 (5.5) 160 (15.8) 328 (32.3) 364 (35.9) 106 (10.5) 0.13

Laparoscopic 155 (13.3) 70.7 37.3–93.0 10 (5.6) 25 (16.1) 39 (25.2) 55 (35.5) 26 (16.8)

Lymphadenectomy performed

No 771 (66.0) 69 30.0–92.0 0.22 35 (4.5) 127 (16.5) 236 (30.6) 282 (36.6) 91 (11.8) 0.13

Yes 398 (34.0) 68.5 33.6–90.4 31 (7.8) 85 (14.6) 131 (32.9) 137 (34.4) 41 (10.3)

Tumor location

Renal pelvis 742 (63.5) 68.8 30.0–92.0 0.29 46 (6.2) 122 (16.4) 232 (31.3) 263 (35.4) 79 (10.6) 0.66

Ureter 427 (36.5) 69.5 32.0–89.0 20 (4.7) 63 (14.8) 135 (31.6) 156 (36.5) 53 (12.4)

pT stage

No cancer 8 (0.7) 68.8 54.6–88.9 0.72 0 (0) 2 (25.0) 5 (62.5) 0 (0) 1 (12.5) 0.68

Ta 265 (22.7) 69 31.0–90.4 17 (6.4) 45 (17.0) 76 (28.7) 98 (37.0) 29 (12.9)

Tis 20 (1.7) 68.4 45.7–77.2 2 (10.0) 4 (20.0) 4 (20.0) 10 (50.0) 0 (0)

T1 274 (23.4) 69 41.1–89.0 11 (4.0) 46 (16.8) 88 (32.1) 99 (36.1) 30 (10.9)

T2 231 (19.8) 69 30.0–92.0 18 (8.7) 36 (15.6) 68 (29.4) 85 (36.8) 24 (10.4)

T3 318 (27.2) 69 33.6–91.0 16 (5.0) 43 (13.5) 107 (33.6) 110 (34.6) 42 (13.2)

T4 53 (4.5) 68 46.2–83.9 2 (3.8) 9 (17.0) 19 (35.8) 17 (32.1) 6 (11.3)

Tumor grade

0 8 (0.7) 68.8 54.6–88.9 0.65 0 (0) 2 (25.0) 5 (62.5) 0 (0) 1 (12.5) 0.40

Low 179 (15.3) 69 31.0–94.4 12 (6.7) 28 (15.6) 53 (29.6) 70 (39.1) 16 (8.9)

High 982 (84.0) 69 30.0–92.0 54 (5.5) 155 (15.8) 309 (31.5) 349 (35.5) 115 (11.7)

Architecture

Papillary 921 (78.8) 69 30.0–92.0 0.001 50 (5.4) 157 (17.0) 287 (31.2) 323 (35.1) 104 (11.3) 0.26

InWltrative 248 (21.2) 69.9 36.0–86.4 16 (6.5) 28 (11.3) 80 (32.3) 36 (38.7) 28 (11.3)

Concomitant carcinoma in situ

Negative 975 (83.4) 69 30.0–92.0 0.09 60 (6.2) 158 (16.2) 309 (31.7) 334 (34.4) 114 (11.7) 0.11

Positive 194 (16.6) 71.7 43.2–41.0 6 (3.1) 27 (13.9) 58 (29.9) 85 (43.8) 18 (9.3)

Tumor necrosis

Absent 882 (75.4) 68.9 30.0–92.0 0.23 50 (5.4) 157 (17.0) 287 (31.2) 323 (35.1) 104 (11.3) 0.26

Present 287 (24.6) 69.7 37.3–89.0 16 (6.5) 28 (11.3) 80 (32.3) 96 (38.7) 28 (11.3)

Lymphovascular invasion

Absent 910 (77.8) 68.5 30.0–92.0 0.054 51 (5.6) 152 (16.7) 290 (31.9) 314 (34.5) 103 (11.3) 0.36

Present 259 (22.2) 70.3 41.0–91.0 15 (5.8) 33 (12.7) 77 (29.7) 105 (40.5) 29 (11.2)

Adjuvant chemotherapy

Negative 1,091 (93.3) 69.1 30.0–92.0 0.18 58 (5.3) 173 (15.9) 333 (30.5) 402 (36.8) 125 (11.5) 0.017

Positive 78 (6.7) 66.6 33.6–89.0 8 (10.3) 12 (15.4) 34 (43.6) 17 (21.8) 7 (9.0)
123
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Overall, 551 patients had ECOG performance status
available. These patients were more likely to be of male
gender (P < 0.001), have tumor located in the renal pelvis
(P = 0.04), undergo laparoscopic RNU (P < 0.001), receive
adjuvant chemotherapy (P = 0.03), have papillary tumor
architecture (P < 0.001), and less likely to have previous
bladder cancer (P = 0.01).

When ECOG performance status was added to the multi-
variable models (Table 3;  n = 551), age was only associ-
ated with all-cause death (P < 0.0001), but not with disease
recurrence (P = 0.766) or cancer-speciWc death (P = 0.357).
ECOG performance status was independently associated
with all-cause death (HR 1.58, P = 0.005), but not with dis-
ease recurrence (HR 1.38, P = 0.101) or cancer-speciWc
death (HR 1.27, P = 0.287).

Discussion

In the present study, we conWrmed that chronological age
coded either as a continuous or a categorical variable was
signiWcantly associated with post-RNU clinical outcomes
[3] after adjusting for the eVect of standard clinical and
pathologic covariates. However, when adjusted for the
eVects of ECOG performance status, age was not associ-
ated with clinical outcomes. Moreover, the large majority

of oldest elderly (deWned as age over 80 years) patients
did not experience disease recurrence and death. We con-
Wrmed that higher chronological age was associated with
increased risk of disease recurrence and mortality after
RNU [3]. Similarly, mortality from urothelial carcinoma
of the bladder has been shown to be higher in the elderly
[9]. The ratio of cancer-speciWc mortality to incidence for
patients in the USA aged 65–69 years is 14 and 18%,
respectively, whereas for patients aged 80–84 years, it is
30 and 37%, respectively [10]. The higher mortality in
the elderly has several possible explanations. In patients
aged <40 years, bladder cancer tends to be well diVeren-
tiated and therefore behaves in a more indolent fashion
[11–13]. While some researchers have observed lower
rates of disease recurrence and progression with better
survival in younger patients [9, 11–17], others have
reported that the natural history of bladder cancer in
younger patients resembles that of older patients [18–22].
DiVerences in outcomes between the elderly and their
younger counterparts might be due to a combination of
relatively more advanced stage at diagnosis (due to social
and/or biological reasons [4]) and the administration of
less aggressive and potentially more eVective therapies in
the elderly.

We found that elderly patients were less likely to undergo
lymphadenectomy, receive adjuvant chemotherapy, and were

Table 2 Multivariable Cox regression analyses predicting disease recurrence, cancer-speciWc death, and all-cause death in 1,169 patients treated
with radical nephroureterectomy for upper tract urothelial carcinoma

Recurrence Cancer-speciWc death All-cause death

HR 95% CI P value HR 95% CI P value HR 95% CI P value

Lower Upper Lower Upper Lower Upper

Age 0.018 0.001 <0.0001

Below 50 1.00 Referent Referent Referent 1.00 Referent Referent Referent 1.00 Referent Referent Referent

50–59.9 1.48 0.75 2.89 0.26 1.68 0.73 3.85 0.22 1.94 0.90 4.18 0.09

60–69.9 1.73 0.92 3.25 0.09 2.46 1.13 5.36 0.02 3.38 1.65 6.94 0.001

70–79.9 1.99 1.06 3.72 0.03 2.71 1.25 5.89 0.01 4.96 2.43 10.12 <0.0001

Greater than 80 2.72 1.37 5.39 0.004 4.21 1.84 9.64 0.001 7.79 3.70 16.42 <0.0001

Stage <0.0001 <0.0001 <0.0001

T0, Ta, Tis 1.00 Referent Referent Referent 1.00 Referent Referent Referent Referent Referent Referent 1.00

T1 1.52 0.73 3.20 0.27 1.13 0.49 2.61 0.77 0.78 0.50 1.23 0.28

T2 3.23 1.59 6.58 0.001 2.94 1.34 6.43 0.007 1.24 0.79 1.93 0.35

T3, T4 4.59 2.27 9.29 <0.0001 4.90 2.26 10.63 <0.0001 1.97 1.27 3.05 0.002

Gender 0.91 0.71 1.17 0.48 0.81 0.61 1.07 0.14 0.91 0.73 1.13 0.39

Lymph nodes positive 2.44 1.76 3.39 <0.0001 2.35 1.63 3.37 <0.0001 2.11 1.51 2.94 <0.0001

Grade 1.26 0.56 2.83 0.58 2.09 0.77 5.73 0.15 1.75 1.07 2.88 0.03

Architecture 1.45 1.11 1.88 0.006 1.39 1.04 1.86 0.02 1.29 1.02 1.65 0.04

Necrosis 1.08 0.82 1.41 0.60 1.06 0.79 1.42 0.72 1.11 0.88 1.41 0.39

Lymphovascular
invasion

1.36 1.05 1.77 0.02 1.35 1.02 1.80 0.04 1.25 0.98 1.60 0.067

Adjuvant chemotherapy 2.19 1.55 3.09 <0.0001 2.19 1.52 3.16 <0.0001 1.87 1.33 2.65 <0.0001
123



478 World J Urol (2011) 29:473–480
more likely to have previous bladder cancer. One reason for
this tendency may be decreased renal function among elderly
patients. In general, elderly patients with multiple comorbidi-
ties are less likely to be candidates for the most aggressive
chemotherapy combinations because of a high risk of signiW-
cant treatment-related morbidity [4]. We and others have
previously shown that lymphadenectomy is potentially cura-
tive in patients with tumor burden and that nodal status is a
signiWcant predictor of cancer-speciWc survival in UTUC
[23]. Therefore, even elderly patients expected to have
pT2–4 disease should undergo lymphadenectomy to improve
staging and having the chance of cure.

Another reason for worse outcomes in patients with
advanced age compared with their younger counterparts
may be the reluctance to perform radical surgery in older
patients with comorbidities [9, 24]. Delay of radical treat-
ment has been shown to result in stage progression and
worse survival in patients with UTUC and bladder cancer
[25, 26]. Timely consideration of deWnitive treatment for
patients with high-risk UTUC seems to be of high impor-
tance, especially in elderly patients [27].

The association of age with worse outcomes is likely due
to worse performance status and higher comorbidities in

elderly patients. Adjustment for the eVect of ECOG miti-
gated the prognostic value of age. This, together with the
Wnding that many elderly patients did well after RNU,
suggests that it is not chronological age but biological age
that determines outcomes after RNU.

There are several limitations in this study. First and fore-
most are the limitations inherent to retrospective analyses.
We are unable to comment on the extent to which patient
age factored into the selection of RNU and/or perioperative
chemotherapy among available treatment options for
patients. The impact of an age-based selection bias on treat-
ment outcomes for UTUC is probably substantial, particu-
larly given the suspected relative underuse of RNU for
elderly patients. The relative underuse of chemotherapy in
older patients in the present series suggests a bias against
adjuvant treatment in our older patients; however, the indi-
vidual reasons for this were not available. A careful analy-
sis of other factors not addressed in the present study, such
as the time from invasive UTUC diagnosis to RNU and the
impact of comorbidities, is needed to have a better under-
standing of the eVect of age on tumor biology and patient
survival. We did not adjust for comorbidities, which would
have been a better measure of patient health than ECOG

Table 3 Multivariable Cox regression analyses including ECOG performance status predicting disease recurrence, cancer-speciWc death, and all-
cause death in 551 patients treated with radical nephroureterectomy for upper tract urothelial carcinoma

Recurrence Cancer-speciWc death All-cause death

HR 95% CI P value HR 95% CI P value HR 95% CI P value

Lower Upper Lower Upper Lower Upper

Age 0.77 0.36 <0.0001

Below 50 1.00 Referent Referent Referent 1.00 Referent Referent Referent 1.00 Referent Referent Referent

50–59.9 1.25 0.47 3.32 0.65 1.45 0.42 4.97 0.56 2.01 0.59 6.80 0.26

60–69.9 1.34 0.53 3.40 0.54 1.88 0.57 6.17 0.30 3.76 1.17 12.12 0.03

70–79.9 1.44 0.56 3.75 0.45 2.37 0.71 7.91 0.16 5.76 1.77 18.74 0.004

Greater than 80 1.90 0.65 5.57 0.24 2.68 0.69 10.41 0.15 6.36 1.79 22.54 0.004

Stage <0.0001 <0.0001 <0.0001

T0, Ta, Tis 1.00 Referent Referent Referent 1.00 Referent Referent Referent ReferentReferent Referent 1.00

T1 1.05 0.29 3.79 0.94 0.72 0.14 3.63 0.69 0.56 0.26 1.23 0.15

T2 3.72 1.12 12.33 0.03 3.60 0.84 15.48 0.09 1.37 0.65 2.86 0.41

T3, T4 4.22 1.29 13.78 0.02 4.92 1.17 20.73 0.03 1.76 0.85 3.62 0.13

Gender 1.36 0.94 1.96 0.10 1.04 0.68 1.61 0.85 1.13 0.81 1.57 0.48

Lymph nodes positive 2.48 1.52 4.04 <0.0001 2.16 1.27 3.67 0.01 2.06 1.26 3.35 0.004

Grade HG vs. LG 1.03 0.26 4.13 0.97 1.65 0.27 9.95 0.58 2.24 0.92 5.47 0.08

Architecture 1.29 0.85 1.96 0.24 1.38 0.87 2.18 0.18 1.38 0.94 2.03 0.10

Necrosis 0.77 0.51 1.16 0.21 0.76 0.48 1.19 0.23 0.86 0.60 1.24 0.42

Lymphovascular 
invasion

2.10 1.40 3.16 <0.0001 2.55 1.63 3.96 <0.0001 2.16 1.49 3.14 <0.0001

Adjuvant 
chemotherapy

2.07 1.28 3.34 0.003 2.06 1.23 3.46 0.01 1.78 1.11 2.87 0.018

ECOG PS 1.38 0.94 2.02 0.10 1.27 0.82 1.96 0.29 1.58 1.15 2.19 0.005
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performance status. Such data have not been systemati-
cally examined and may add to the perspective of
quality-of-life-adjusted relative survival beneWts.

Another limitation is the inherent diYculty in determining
the presence of LVI at the morphological level, with signiW-
cant diVerences between local pathologists and central
pathology review [28, 29]. For example, retraction artefacts
of the surrounding stromal tissue can mimic vascular inva-
sion [30, 31]. Therefore, experts have recommended report-
ing LVI only in unequivocal cases and to make use of
immunohistochemistry if necessary [30, 31]. However, the
use of immunohistochemical staining to identify the vessels
remains controversial (e.g., heterogeneity in the expression
of immunohistochemical markers by diVerent capillary struc-
tures) and not practical for everyday clinical use [32, 33].

Conclusions

While age was associated with disease recurrence and
decreased survival after RNU, advanced age should not be
an exclusion criterion for the aggressive treatment of
potentially curable UTUC. Reluctance to perform radical

treatment, decreased performance of lymphadenectomy,
and underuse of adjuvant chemotherapy are potentially
modiWable risk factors that could lead to improvement of
outcomes in elderly patients. Further research on the epige-
netic and genetic changes that occur with aging may shed
light on the association of age with biologic behavior.

ConXicts of Interest None.

References

1. Scher H et al. (1998) NCCN urothelial cancer practice guidelines.
National Comprehensive Cancer Network. Oncology (Williston
Park) 12(7A):225–271

2. Sun M et al (2010) Management of upper urinary tract urothelial
carcinoma. Expert Rev Anticancer Ther 10(12):1955–1965

3. Shariat S et al (2010) Advanced patient age is associated with
inferior cancer-speciWc survival after radical nephroureterectomy.
BJU Int 105(12):1672–1677

4. Shariat SF, Milowsky M, Droller MJ (2009) Bladder cancer in the
elderly. Urol Oncol 27(6):653–667

5. Nielsen M et al. (2007) Advanced age is associated with poorer
bladder cancer-speciWc survival in patients treated with radical
cystectomy. Eur Urol 51(3):699–706 (discussion 706–708)

6. Oken MM et al (1982) Toxicity and response criteria of the East-
ern Cooperative Oncology Group. Am J Clin Oncol 5(6):649–655

7. Epstein JI (1998) The World Health Organization/International
society of urological pathology consensus classiWcation of urothelial
(transitional cell) neoplasms of the urinary bladder. Bladder consen-
sus conference committee. Am J Surg Pathol 22(12):1435–1448

8. Shariat SF et al (2010) International validation of the prognostic
value of lymphovascular invasion in patients treated with radical
cystectomy. BJU Int 105(10):1402–1412

9. Nielsen ME et al. (2007) Advanced age is associated with poorer
bladder cancer-speciWc survival in patients treated with radical
cystectomy. Eur Urol 51(3):699–706(discussion 706–708)

10. EM M (2008) Urothelial tumors of the bladder. In: Wein AJ, Kavoussi
LR, Novick AC, Partin AW, Peters CA (eds) Campbell-Walsh urol-
ogy. Saunders-Elsevier, Philadeiphia, Amsterdam, pp 2407–2446

11. Benson RJ, Tomera K, Kelalis P (1983) Transitional cell carcinoma
of the bladder in children and adolescents. J Urol 130(1):54–55

12. Fitzpatrick J, Reda M (1986) Bladder carcinoma in patients
40 years old or less. J Urol 135(1):53–54

13. Linn J et al (1998) The molecular characteristics of bladder cancer
in young patients. J Urol 159(5):1493–1496

14. Madgar I et al (1988) Long-term followup of patients less than
30 years old with transitional cell carcinoma of bladder. J Urol
139(5):933–934

15. Witjes J, Debruyne F (1989) Bladder carcinoma in patients less
than 40 years of age. Urol Int 44(2):81–83

16. Resorlu B et al (2009) The prognostic signiWcance of advanced
age in patients with bladder cancer treated with radical cystec-
tomy. BJU Int 103(4):480–483

17. Shi B et al (2008) Relationship between patient age and superWcial
transitional cell carcinoma characteristics. Urology 71(6):1186–1190

18. Johnson D, Hillis S (1978) Carcinoma of the bladder in patients
less than 40 years old. J Urol 120(2):172–173

19. Kurz K, Pitts W, Vaughan EJ (1987) The natural history of
patients less than 40 years old with bladder tumors. J Urol 137(3):
395–397

20. Kutarski P, Padwell A (1993) Transitional cell carcinoma of the
bladder in young adults. Br J Urol 72(5 Pt 2):749–755

Fig. 1 a Proportion of patients with disease recurrence at 3 years
after radical nephroureterectomy (standard error bars shown).
b Proportion of patients with cancer-speciWc mortality at 5 years after
radical nephroureterectomy (standard error bars shown)

A

B

0

5

10

15

20

25

30

35

40

45

50

<50 50-59 60-69 70-79 >80P
ro

p
o

rt
io

n
 o

f 
p

at
ie

n
ts

 w
it

h
 d

is
ea

se
 

re
cu

rr
en

ce
 a

t 
3 

ye
ar

s 
(%

)

Age

<50 50-59 60-69 70-79 >80

Age

0

5

10

15

20

25

30

35

40

45

50

P
ro

p
o

rt
io

n
 o

f 
p

at
ie

n
ts

 d
ea

d
 o

f 
U

T
U

C
 

at
 5

 y
ea

rs
 (

%
)

123



480 World J Urol (2011) 29:473–480
21. Wan J, Grossman H (1989) Bladder carcinoma in patients age 40
years or younger. Cancer 64(1):178–181

22. Yossepowitch O, Dalbagni G (2002) Transitional cell carcinoma
of the bladder in young adults: presentation, natural history and
outcome. J Urol 168(1):61–66

23. Roscigno M et al (2009) Impact of lymph node dissection on
cancer speciWc survival in patients with upper tract urothelial
carcinoma treated with radical nephroureterectomy. J Urol
181(6):2482–2489

24. Prout GR Jr (2005) Age and comorbidity impact surgical therapy
in older bladder carcinoma patients: a population-based study.
Cancer 104(8):1638–1647

25. Nielsen M et al (2007) A delay in radical cystectomy of >3 months
is not associated with a worse clinical outcome. BJU Int
100(5):1015–1020

26. Gore J et al (2009) Mortality increases when radical cystectomy is
delayed more than 12 weeks: results from a surveillance, epidemi-
ology, and end results-medicare analysis. Cancer 115(5):988–996

27. Waldert M et al (2010) A delay in radical nephroureterectomy can
lead to upstaging. BJU Int 105(6):812–817

28. Sesterhenn IA et al (1992) Prognosis and other clinical correlates of
pathologic review in stage I and II testicular carcinoma: a report from
the Testicular Cancer Intergroup Study. J Clin Oncol 10(1):69–78

29. Cheng L et al (2005) Lymphovascular invasion is an independent
prognostic factor in prostatic adenocarcinoma. J Urol 174(6):2181–
2185

30. Lapham RL, Grignon D, Ro JY (1997) Pathologic prognostic
parameters in bladder urothelial biopsy, transurethral resection,
and cystectomy specimens. Semin Diagn Pathol 14(2):109–122

31. Larsen MP et al (1990) Use of Ulex europaeus agglutinin I (UEAI)
to distinguish vascular and “pseudovascular” invasion in transi-
tional cell carcinoma of bladder with lamina propria invasion.
Mod Pathol 3(1):83–88

32. Miyata Y et al (2006) Tumor lymphangiogenesis in transitional
cell carcinoma of the upper urinary tract: association with clinico-
pathological features and prognosis. J Urol 176(1):348–353

33. Straume O, Jackson DG, Akslen LA (2003) Independent prognos-
tic impact of lymphatic vessel density and presence of low-grade
lymphangiogenesis in cutaneous melanoma. Clin Cancer Res
9(1):250–256
123


	Chronological age is not an independent predictor of clinical outcomes after radical nephroureterectomy
	Abstract
	Introduction
	Materials and methods
	Patient selection
	Pathological evaluation
	Follow-up regimen
	Statistical analysis

	Results
	Association of age as continuous and categorical variables with clinical and pathologic characteristics
	Association of age as continuous and categorical variables with disease outcomes

	Discussion
	Conclusions
	Conflicts of Interest
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


