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Abstract

Objectives The primary endpoint in trials of perioperative
systemic therapy for urothelial carcinoma is 5-year overall
survival (OS). A shorter-term endpoint could significantly
speed the translation of advances into practice. We
hypothesized that disease-free survival (DFS) could be a
surrogate endpoint for OS in upper tract urothelial carci-
noma (UTUC) patients treated with radical nephroureter-
ectomy (RNU).

Patients and methods The study included 2,492 patients
treated with RNU with curative intent for UTUC.
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Results  2/3-year DFS estimates were 78/73 %, and the
5-year OS estimate was 64 %. The overall agreements
between 2- and 3-year DFS with 5-year OS were 85 and
87 %, respectively. Agreements were similar when ana-
lyzed in subgroups stratified by pathological stages, lymph
node status, and adjuvant chemotherapy. The kappa sta-
tistic was 0.59 (95 % CI 0.55-0.63) for 2-year DFS/5-year
OS and 0.64 (95 % CI 0.61-0.68) for 3-year DFS/5-year
OS, indicating moderate reliability. The hazard ratio for
DFS as a time-dependent variable for predicting OS was
11.5 (95 % CI 9.1-14.4), indicating a strong relationship
between DFS and OS.
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Conclusions In patients treated with RNU for UTUC,
DFS and OS are highly correlated, regardless of tumor
stage and adjuvant chemotherapy. While significant dif-
ferences in DFS, assessed at 2 and 3 years, are highly
likely to persist in OS at 5 years, marginal DFS advantages
may not translate into OS benefit. External validation is
necessary before accepting DFS as an appropriate surrogate
endpoint for clinical trials investigating advanced UTUC
patients.

Keywords Upper tract urothelial carcinoma -
Disease-free survival - Overall survival - Recurrence -
Surrogacy

Introduction

Radical nephroureterectomy (RNU) with excision of
bladder cuff is the standard of care for patients with high-
risk non-muscle-invasive and those with muscle-invasive
upper tract urothelial carcinoma (UTUC) [1, 2]. Despite its
durable long-term disease control in early-stage patients,
the 5-year overall survival (OS) of patients with non-organ-
confined UTUC is <50 %, and for those with nodal
metastasis, it is only 35 % [3-5]. In patients whose disease
is detected at a point where surgical cure is possible but
risk of disease recurrence remains high (>pT3 and/or
positive lymph node metastasis), adjuvant therapy could
reduce the likelihood of disease recurrence and lead to
long-term improvements in OS [6]. One of the obstacles to
trial accrual is the length of time it takes to reach 5-year
OS, the typical endpoint for trials in urothelial carcinoma.
Based on an analysis of individual patient data from 10
international centers, we previously established that the
endpoint of disease-free survival (DFS), assessed after
2- or 3-year median follow-up, is a valid surrogate endpoint
for 5-year OS in urothelial carcinoma of the bladder [7].
The goal of the current study, using data from 2492
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patients treated with RNU for UTUC at 23 international
centers, was to evaluate whether DFS with 2- or 3-year
median follow-up is an appropriate surrogate endpoint for
OS at 5 years. Moreover, we assessed whether the associ-
ation between hazard ratios (HRs) based on DFS and OS
was different in pathologic subgroups.

Materials and methods
Patient selection and data collection

This was an institutional review board (IRB)-approved
study with all participating sites providing the necessary
institutional data sharing agreements prior to initiation of
the study. A total of 23 international centers provided data,
which was submitted to a computerized databank. After
combining the data sets, reports were generated for each
variable to identify data inconsistencies and other data
integrity problems. Through regular communication, reso-
lution of all identified anomalies was achieved before
analysis. Prior to final analysis, the database was frozen,
and the final data set was produced.

The study population comprised 2,492 patients with
UTUC who underwent RNU between 1987 and 2007. We
excluded patients with a history of muscle-invasive uro-
thelial carcinoma (UC) of the urinary bladder. Surgery
was performed by surgeons according to the standard
criteria for RNU, that is, extrafascial dissection of the
kidney with the entire length of ureter and adjacent seg-
ment of the bladder cuff. The hilar and regional lymph
nodes adjacent to the ipsilateral great vessel were gener-
ally resected if palpable intraoperatively or enlarged on
preoperative axial imaging. The extent of lymphadenec-
tomy performed was at the discretion of individual sur-
geons. No patient had neoadjuvant chemotherapy or
radiotherapy. No patient had distant metastatic disease at
the time of RNU.
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Pathologic evaluation

All surgical specimens were processed according to stan-
dard pathologic procedures at each institution. Tumors
were staged according to the 2002 American Joint Com-
mittee on Cancer—Union Internationale Contre le Cancer
(AJCC/UICC) TNM classification [8]. Tumor grade was
assessed according to the 1998 WHO/International Society
of Urologic Pathology (ISUP) consensus classification [9].

Follow-up regimen

Patients were followed as previously described [10], gen-
erally every 3—4 months for the first year following RNU,
every 6 months from the second through the fifth year, and
annually thereafter. Follow-up consisted of a history,
physical examination, routine blood work, urinary cytol-
ogy, chest radiography, cystoscopic evaluation of the uri-
nary bladder, and radiographic evaluation of the
contralateral upper urinary tract. Elective bone scans, chest
computerized tomography, or magnetic resonance imaging
were performed when clinically indicated.

Disease recurrence was defined as tumor relapse in the
operative field, regional lymph nodes, and/or distant
metastasis. Occurrences of UC in the bladder or contra-
lateral upper tract were not coded as disease recurrence.
Cause of death was determined by treating physicians, by
chart review corroborated by death certificates, or by death
certificates alone [11]. To reduce bias in attribution of
cause of death, only patients who had UC listed in the
death certificate were considered to have died of UTUC for
this study. All patients who were coded as dead of cancer
had previous disease recurrence. Patients who died in the
perioperative period (i.e., within 30 days of surgery) were
censored at the time of death for UTUC-specific survival
analyses.

Statistical analysis

Disease-free survival (DFS) and overall survival (OS) rates
were calculated using the Kaplan—Meier method. DFS was
defined as the duration from RNU to disease recurrence or
death from any cause or loss of follow-up. Recurrence and
survival were analyzed to investigate the individual levels
of association between DFS at 2 years (DFS2) or 3 years
(DFS3) with OS at 5 years (OS5) using Cox proportional
hazards modeling [3, 7, 12]. The kappa statistic was cal-
culated to determine agreement above that expected by
chance. All tests were two-sided with a significance level
set at 0.05. We performed an internal validation by the
leave-one-out method for the three centers contributing the
greatest number of patients (modified jackknife method).
Statistical tests were performed using SAS version 9.2.

Results
Patient characteristics

Median patient age was 69.2 years (range 27-97). There
were 1,681 men (67.5 %) and 811 women (32.5 %).
Overall, 1618 (64.9 %) patients had pT2 or less disease
[pTO = 17 (0.7 %), pTa =527 (21.2 %), pTis = 48
(1.9 %), pT1 = 553 (22.2 %), or pT2 = 473 (19.0 %)],
754 (30.3 %) with pT3 disease, and 120 (4.8 %) with pT4
disease. Of these patients, 597 (24.0 %) were lymph node
negative, 222 (8.9 %) had positive lymph nodes, and 1673
(67.1 %) did not have a lymphadenectomy performed.
Adjuvant chemotherapy was administered to 247 (9.9 %)
of patients.

Outcomes after radical nephroureterectomy

Within a median follow-up of 46 months (interquartile
range 24-79), 659 (26.4 %) patients experienced disease
recurrence, 541 (21.7 %) died of disease, and 884 (35.5 %)
died of all causes. Of the 659 patients who experienced
disease recurrence, 541 (82.1 %) died of disease and 7
(1.1 %) died of other causes.

Two- and 3-year disease-free survival (DFS2/DFS3)
rates were 78/73 % for all patients, 90/87 % for those with
pT2 or less disease, and 55/49 % for those with pT3 or
higher disease (Table 1). Of all disease recurrences, 79 %
were within 2 years and 89 % within 3 years of RNU.
Median time to disease recurrence was 55.8 months for
pT2 or less and 30.8 months for pT3 or higher disease. Of
patients with pT2 or less disease who experienced disease
recurrence, 63.8 % experienced disease recurrence within
the first 2 years versus 85.4 % of those with pT3 or higher-
stage disease (p < 0.0001). Of patients with pT2 or less
disease who experienced recurrence, 81.7 % recurred
within the first 3 years versus 92.8 % of those with pT3 or
higher disease (p < 0.0001). Of patients with pT3 or higher
disease, 43 % experienced disease recurrence within the
first year. Of patients with lymph node-positive disease
who experienced disease recurrence, 93.3 % had disease
recurrence within 2 years and 98.0 % within 3 years. The
5-year OS rate was 64 % for all patients, 76 % for those
with pT2 or less, and 42 % for those with pT3 or higher
disease (Fig. 1).

Association of 2- or 3-year DFS with 5-year OS

Within the first 36 months after RNU, DFS and OS curves
had the same pattern (Fig. 1a). Median time from disease
recurrence to death was 5.9 months (IQR 12). The overall
agreement of DFS2 and DFS3 with OS5 was 85 % (IQR
82-88 %) and 87 % (IQR 85-90 %), respectively.
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Table 1 Baseline patient characteristics and outcomes of radical
nephroureterectomy by stage

Age, median (range) 69.2 (27-97)
Gender
Male 1,681 (67.5 %)
Female 811 (32.5 %)
T stage
pTO 17 (0.7 %)
pTa 527 (21.2 %)
pTis 48 (1.9 %)
pT1 553 (22.2 %)
pT2 473 (19.0 %)
pT3 754 (30.3 %)
pT4 120 (4.8 %)
Adjuvant chemotherapy
Yes 247 (9.9 %)
No 2,245 (90.1 %)
% DFS2 % DFS3 % OS5
Overall 78 73 64
<pT2 90 87 76
TO 89 89 100
Ta 97 95 82
Tis 84 84 76
Tl 92 88 80
T2 82 75 64
>pT3 55 49 42
T3 60 54 46
T4 19 17 11

DFS2 disease-free survival at 2 years, DFS3 disease-free survival at
3 years, OS5 overall survival at 5 years

Agreements were similar when analyzed in patients with
pT2 or less disease [87 % (IQR 82-91 %) for DFS2/0S5
and 89 % (IQR 85-93 %) for DFS3/0S5] (Fig. 1b), and in
those with pT3 or higher disease [80 % (IQR 76-85 %) for
DFS2/0S5 and 83 % (IQR 78-86 %) for DFS3/0S5]
(Fig. 1c). When examining only node-positive disease, the
agreement of DFS2 and DFS3 with OS5 was 88 % (IQR
75-100 %) and 89 % (IQR 78-100 %), respectively. Cat-
egorizing patients by tumor stage revealed that patients
with pT3 or higher disease were much more likely to
experience disease recurrence (Fig. 2). Given the earlier
recurrence and relatively high proportion of disease
recurrence within the first year in pT3 or higher disease, we
also examined the agreement of DFS within the first year
(DFS1) with OSS for this subgroup, which was 77 % (IQR
73-81 %).

There was no difference in the overall agreement rate
when patients were categorized into those who received
adjuvant chemotherapy [DFS2/0S5 87 % (IQR 80-94 %)
and DFS3/0S5 87 % (IQR 79-100 %)] and those who did

@ Springer

not [DFS2/0S5 85 % (IQR 81-89 %) and DFS3/0S5
86 % (IQR 83-90 %)]. The agreement was generally
observed for DFS2 and DFS3 with OS5 at most of the
contributing institutions as shown in Fig. 3. The kappa
statistic was 0.59 (95 % CI 0.55-0.63) for DFS2/0S5 and
0.64 (95 % CI 0.61-0.68) for DFS3/0S5, indicating
moderate agreement. The hazard ratio for DFS as a time-
dependent variable for prediction of OS was 11.5 (95 %
CI 9.13-14.42), indicating a strong relationship between
DFS and OS.

We performed an internal validation by the leave-one-
out method for the three centers contributing the greatest
number of patients (modified jackknife method), which
also supported the strong relationship between DFS and
OS. These three centers were omitted from the analyses
one at a time. The HRs for DFS as a time-dependent var-
iable for prediction of OS for the three analyses were 13.0
(95 % CI 10.2-16.6), 10.8 (95 % CI 8.51-13.7), and 11.5
(95 % CI 9.03-14.7).

Discussion

UTUC is an uncommon and aggressive malignancy. RNU
alone is often insufficient to assure long-term disease
control in patients with UTUC. Multimodal therapy inte-
grating systemic therapy may improve overall survival and
quality of life of patients who have aggressive UTUC [6,
14]. Unfortunately, prospective clinical trials evaluating
novel perioperative therapies require long-term follow-up
in order to demonstrate improvement in OS, the standard
primary endpoint for UC. This endpoint is problematic as it
requires large resources (i.e., trial length) and failure to
allow patients who fail therapy the opportunity to enroll
into sequential trials. Identifying a surrogate endpoint that
can be achieved more quickly than OS could improve trial
design and accrual, leading to a higher rate of and faster
completion of clinical trials [13]. This in turn would allow
more rapid regulatory approval of agents and ultimately
allow effective treatments to reach patients more quickly.
In both colon and bladder cancers, 2- or 3-year DFS have
been shown to be valid surrogate endpoints for 5-year OS
[7, 12].

In an international cohort of 2,493 patients treated with
RNU for UTUC, we found that DFS within a median of 2
or 3 years after surgery was a valid surrogate for OS at
5 years. Since most patients succumb to their disease
recurrence, it has been suggested that extended follow-up
could improve the association of DFS2 and DFS3 with OS.
Moreover, establishing cancer-specific endpoints is
important in UTUC patients as it is a disease of the elderly
in whom competing causes of death take on a greater role
as follow-up duration increases [15].
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Fig. 1 Overall DFS and OS of all patients (a), patients with pT2 or less disease (b), and those with pT3 or higher disease (c) treated with RNU

for UTUC

DFS at 2 and 3 years is the key endpoint regardless of
stage and LN status. Exclusion of adjuvant chemotherapy
did not affect the strength of the association between
DFS2 and DFS3 with OSS5. This overall agreement was
confirmed with subgroup analysis reporting similar
agreements comparing pT1-2—pT3-4 disease, and pNO to
pN+ disease.

Our study is limited by its retrospective and multicenter
nature. An important limitation of this analysis is that it is
based on only 2,492 patients. Analyses of surrogate end-
points with a limited number of patients are known to
suffer from large variability in estimation. This was not the
case in our study, and this cohort represents the largest
cohort of UTUC patients and as such provides the best

available evidence. To control for the impact of single
high-volume center on the results, we performed an inter-
nal validation by the leave-one-out method for the three
centers contributing more than 10 % of the total patients.
Another limitation could lie in the application of our
findings. For example, a trial where the agent being tested
may have such a mechanism of action (delay as opposed to
prevent recurrence), the use of short-term endpoints such as
DFS must be carefully considered. Uncertainty in the
impact of a therapy argues for a longer-term DFS endpoint,
such as 3-year or even 4-year DFS as opposed to 2-year
DFS. In addition, the endpoint must allow adequate time
past the completion of a therapy to assess the delay versus
prevention of recurrence hypothesis.
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Conclusions

In this analysis of 2,492 international UTUC patients
treated with RNU, we found that DFS assessed after 2- or
3-year median follow-up is a valid and appropriate primary
endpoint. Indeed, 2- or 3-year median follow-up results
accurately predicted OS results at 5 years. Interestingly,
this correlation was independent of tumor stage, lymph
node status, and adjuvant chemotherapy. However, while
significant differences in DFS, assessed after 2 or 3 years,
were highly likely to persist in OS after 5 years of follow-
up, marginal DFS advantages may not translate into OS
benefit. These findings together with those in bladder
cancer [6], as well as the lengthy required follow-up and
possible associated confounding for OS, support DFS as a
potentially appropriate endpoint for adjuvant clinical trials
in patients with UTUC treated with RNU. Nevertheless,
external validation is necessary before integration of DFS
as endpoint in clinical trials.
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