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Abstract: Urothelial carcinoma (UC) predominantly arises in the bladder, but upper tract urothelial carcinomas
(UTUCs) comprise 5-10% of cases. Patients with end-stage renal disease (ESRD) are at increased risk for UC, and
erythropoiesis-stimulating agents (ESAs) are frequently used to manage anemia in ESRD. However, ESA use in
cancer patients raises concerns about tumor progression and survival outcomes. This study aimed to assess the
impact of ESA use on tumor recurrence, cancer-specific survival (CSS), and overall survival (OS) in patients with
ESRD and early-stage UC. We analyzed data from the Chang-Gung Research Database (CGRD) in Taiwan, including
850 patients with ESRD and non-muscle-invasive bladder cancer (NMIBC) and 492 patients with ESRD and local-
ized UTUC. The ESA group was compared to a non-ESA cohort, and inverse probability of treatment weighting (IPTW)
was applied to minimize selection bias. Kaplan-Meier curves and log-rank tests were used to evaluate bladder re-
currence-free survival, CSS, and 0S. In NMIBC patients, ESA use did not significantly affect bladder recurrence-free
survival, CSS, or OS. Similarly, ESA use in localized UTUC patients did not increase the risk of bladder recurrence
or negatively impact CSS and 0S. However, UTUC patients treated with ESA demonstrated a significantly increased
risk of contralateral recurrence (P < 0.001). The use of ESA in patients with ESRD and early-stage UC appears safe
regarding bladder recurrence, CSS, and OS, but clinicians should remain vigilant for contralateral recurrence in
localized UTUC. These findings provide valuable insights into the complex management of anemia in patients with
concurrent ESRD and UC, emphasizing the need for tailored clinical monitoring in this high-risk population.
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Introduction

Urothelial carcinoma (UC) is a malignancy of
the urinary tract lining epithelium. Approxima-
tely 90%-95% of UC cases arise in the urinary
bladder. The remaining 5%-10% of cases are
upper tract urothelial carcinomas (UTUCs), whi-
ch refer to malignancies that originate from the
renal calyceal system to the distal ureter [1-3].
In Taiwan, UC is commonly observed in pa-
tients with end-stage renal disease (ESRD) [4,
5]. Reported risk factors include analgesic

abuse [6], groundwater containing arsenic [7],
ingestion of Aristolochia-based herbal medi-
cines [8], and compromised immune status [9].

In addition to urothelial malighancies, anemia
is an important complication in patients with
ESRD. Many studies have shown that anemia
adversely affects the survival and quality of life
(QOL) of patients with ESRD or cancer [10-12].
Anemia is also associated with a diminished
response to chemotherapy or radiotherapy in
patients with malignancies [13]. Reduced lev-
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els of erythropoietin (Epo), an essential hor-
mone that regulates red blood cell (RBC) for-
mation, may be one of the possible mecha-
nisms leading to anemia [14, 15]. The introduc-
tion of erythropoiesis-stimulating agents (ESAS)
has reduced the need for blood transfusion
and improved QOL [11, 16, 17]. However, some
studies have demonstrated that ESA use is
associated with decreased survival in patients
with chronic kidney disease (CKD) and malig-
nancies [18], especially during the active can-
cer phase [19, 20], and with an increased risk
of cancer progression or recurrence [21, 22].

In clinical practice, physicians face the dilem-
ma of using ESA in patients with ESRD and
concurrent cancers. Without ESA treatment,
patients may experience fatigue, reliance on
transfusion therapy [23], transfusion-related
iron overload, or infections [16]. However, ESA
use has raised concerns about the risk of can-
cer progression or recurrence. Guidelines spe-
cifically addressing the use of ESA in patients
with simultaneous ESRD and cancer are still
lacking [24, 25]. Several studies have demon-
strated that ESA treatment increases the risk of
thrombotic vascular adverse events [26, 27],
and is associated with increased mortality in
certain cancers, such as head and neck or
breast cancers [20, 28-30]. Nevertheless,
there is a notable gap in the literature regard-
ing the impact of ESA use in patients with ESRD
and UC.

Given the lack of evidence and the need for
guidance in clinical practice, we analyzed data
from the multi-medical institutional Chang-
Gung Research Database (CGRD) in Taiwan.
This study aimed to investigate the effects of
ESA on tumor control and recurrence in pa-
tients with ESRD and early-stage UC, providing
valuable insights into the nuanced interplay
between ESA treatment and cancer outcomes
in this specific patient population.

Materials and methods
Data source: the CGRD

The CGRD is a de-identified database updated
annually with medical records from Chang Gung
Memorial Hospital (CGMH). CGMH, comprising
two medical centers and five local hospitals,
is the largest healthcare delivery system in
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Taiwan, providing approximately 10%-12% of
the healthcare services under the Taiwan
National Health Insurance (NHI) program [31].
The Taiwan NHI is a compulsory, single-payer
health insurance system that covers over 99%
of the population [32]. The CGRD contains
detailed diagnoses, prescriptions, and labora-
tory test results from both inpatient and outpa-
tient settings.

Study population

Between January 2005 and June 2022, 6265
patients with bladder cancer who underwent
transurethral resection of bladder tumors
(TURBT) and 2831 patients with UTUC who
underwent radical nephroureterectomy (RNU)
were enrolled in this study. We excluded pa-
tients with muscle-invasive or metastatic blad-
der cancer, advanced UTUC, or those who did
not meet the diagnostic criteria for ESRD. A
total of 850 patients with ESRD and non-
muscle-invasive bladder cancer (NMIBC) who
underwent TURBT and 492 patients with ESRD
and localized UTUC who underwent RNU were
included. Computed tomography (CT) was per-
formed preoperatively in all patients to assess
the presence of concurrent lymph nodes or dis-
tant metastases. This study was approved by
the Institutional Review Board of the Chang
Gung Memorial Medical Center (IRB number:
202201112B0).

Follow-up protocol and definition of oncological
event

All UC specimens were histologically confirm-
ed by genitourinary pathologists. Tumors we-
re staged according to the American Joint
Committee on Cancer tumor-node-metastasis
(TNM) classification system. The follow-up pro-
tocol included postoperative cystoscopy every
3 months and annual abdominal CT to assess
the lymph node status and tumor recurrence.
Bone scans, chest CT, and magnetic resonance
imaging (MRI) were performed when clinically
indicated. Metastasis was defined as local fail-
ure at the operative site, distant sites, or
regional lymph nodes. Bladder and contralat-
eral recurrences were considered separately in
recurrence-free survival analysis. The cause of
death was determined through chart reviews
or examination of death certificates. Cancer-
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N = 8062 - Total patients with bladder cancer

L - e Total patients with bladder cancer
N = 6265 underwent TURBT
L - * ESRD patients with bladder cancer
N = 1355 underwent TURBT

¢ ESRD patients with NMIBC
L N = 850 underwent TURBT without missing
value for IPTW

Figure 1. Flow chart for patient selection: non-muscle-invasive bladder can-

cer (NMIBC).

specific death was defined as death due to con-
current UC metastasis or progressive disease.

Early stage of NMIBC

Abdominal imaging, including upper urinary
tract imaging, was performed prior to TURBT.
All treatment protocols followed the National
Comprehensive Cancer Network (NCCN) guide-
lines. Because the management of NMIBC dif-
fers from that of MIBC, we only recruited
patients with NMIBC for this study. Data on
recurrence and progression of bladder cancer
requiring cystectomy, metachronous UTUC tre-
ated with RNU, cancer-specific survival (CSS),
and overall survival (OS) were recorded.

Early stage of localized UTUC

RNU with bladder cuff excision was performed
for the upper urinary tract tumor as the stan-
dard treatment modality [33]. Cystoscopy and
abdominal imaging were conducted preopera-
tively. All treatment protocols adhered to the
NCCN guidelines. We only recruited patients
with localized UTUC with pathological stages
Ta, Tis, T4, or T2. Data on bladder recurrence,
bladder cancer requiring cystectomy, meta-
chronous contralateral UTUC requiring RNU,
CSS, and OS were recorded.

ESRD and ESA use

The diagnosis of ESRD was confirmed through
chart review or evidence of persistent dialysis.
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Types of ESAs included in the
ESA group were epoetin alfa,
epoetin beta, and darbepoetin
alfa. Patients who had never
used ESAs were classified as
the non-ESA group.

Statistics

Descriptive statistical analysis
results of continuous variables
are reported as means and
standard deviations, while cat-
egorical variables are summa-
rized as n (%). To address sys-
tematic differences between
the ESA and non-ESA groups,
we applied inverse probability
of treatment weighting (IPTW).
The propensity score was cal-
culated using logistic regression to model ESA
use during the baseline period, based on age
at the index date, body mass index (BMI),
Charlson Comorbidity Index (CCI) score, sex,
and T stage.

The algorithm combines weighted estimates
from several parametric and nonparametric
prediction models based on their predictive
accuracy, creating an overall propensity score
estimate to enhance the robustness of the
analysis. Post-weighting balance of covariates
between the treatment groups was assessed
using standardized mean differences (SMD),
with an imbalance defined as an SMD > 0.1.

Kaplan-Meier curves and log-rank tests were
used to compare OS, CSS, and recurrence-free
survival rates of bladder recurrence (BR) or
contralateral recurrence (CR) between the ESA
and non-ESA groups. All statistical tests were
two-tailed and conducted at a 5% significance
level using R version 3.6.3.

Results

Use of ESA in patients with ESRD and NMIBC
did not affect BR, CSS, or OS

A flowchart of the patient selection process
is shown in Figure 1. Table 1 illustrates the
association between ESA use and clinical as
well as pathological characteristics before and
after IPTW matching. Of the 850 patients, 477
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Table 1. Clinical characteristics of patients before and after inverse probability of treatment weighting

(IPTW) in NMIBC

Study population before IPTW (n = 850)

After IPTW match

Variables Non-ESA ESA Standardized Non-ESA ESA Standardized
(N=477) (N=373) difference (N=849.6) (N=846.4) difference

Follow up (mean + SD) 58.99 + 43.98 55.70 £ 40.72 0.078 60.85 + 45.05 54.35 +40.53 0.152
Age (mean + SD) 70.78 £ 11.56 65.92 +11.31 0.425 68.64 +11.95 68.43+11.19 0.018
CCl scores (mean + SD) 7.67 +3.36 8.23+3.24 0.169 793 +3.44 7.98 + 3.06 0.015
Gender-Male (%) 347.0 (72.7) 188.0 (50.4) 0.472 538.1(63.3) 533.0 (63.0) 0.007
T stage (%) 0.082 0.003

1 302.0 (63.3) 240.0 (64.3) 543.6 (64.0) 540.3 (63.8)

A 165.0 (34.6)  129.0 (34.6) 291.6 (34.3)  291.6 (34.4)

IS 10.0 (2.1) 4.0(1.1) 14.5 (1.7) 14.6 (1.7)
Hb (mean + SD)* 12.03+2.14 10.71+1.80 0.664 12.00+2.13 10.76 £1.79 0.629
BR (%)* 168.0 (35.2) 142.0 (38.1) 0.059 300.3(35.3) 311.6(36.8) 0.031
BR times 0.166 0.217

0 254.0 (53.2) 191.0 (51.2) 4545 (53.5) 446.3 (52.7)

1 67.0 (25.1) 56.0 (24.5) 185.4 (21.8) 218.7 (25.8)

2 25.0 (9.4) 26.0 (11.4) 85.7 (10.1) 109.8 (13)

3 32.0(12.0) 17.0 (7.4) 124 (14.6) 71.7 (8.5)
Cystectomy (%)* 53.0(11.2) 54.0 (14.5) 0.101 109.9 (12.9) 107.3 (12.7) 0.008
Nephroureterectomy (%)* 30.0 (6.3) 63.0 (16.9) 0.336 63.8 (7.5) 124.1 (14.7) 0.229
CSS (%)* 49.0 (10.3) 40.0 (10.7) 0.015 89.2 (10.5) 89.5 (10.6) 0.003
0S (%)* 91.0 (19.1) 78.0 (20.9) 0.046 155.7 (18.3)  176.9 (20.9) 0.065

IPTW, inverse probability of treatment weighting; NMIBC, non-muscle-invasive bladder cancer; ESA, Erythropoiesis-stimulating agents; SD, stan-
dard deviation; BMI, body mass index; CCI, Charlson Comorbidity Index; Hgb, hemoglobin; BR, bladder recurrence; CSS, Cancer specific survival;

0S, Overall survival. *Observations endpoint without IPTW-adjusted.

(56.1%) were in the non-ESA group and 373
(43.9%) in the ESA group. The mean follow-up
periods for the non-ESA and ESA groups were
58.99 + 43.98 months and 55.70 + 40.72
months, respectively. Age, CCl scores, sex, and
T stage were balanced using IPTW (SMD < 0.1
for all variables after IPTW matching).

The overall 2-, 5-, and 10-year bladder re-
currence-free survival estimates in the non-
ESA group were 98.8% (97.8%-99.9%), 97.8%
(96.2%-99.3%), and 93.6% (89.6%-97.7%), re-
spectively. Similarly, the overall 2-, 5-, and
10-year bladder recurrence-free survival esti-
mates in the ESA group were 96.1% (94.0%-
98.2%), 92.6% (89.4%-95.9%), and 85.9%
(80.0%-92.2%), respectively. ESA use did not
increase the risk of progression to cystectomy.
Figure 2A shows no significant difference in
bladder recurrence-free survival rates bet-
ween the groups, either after IPTW matching
(weighted log-rank test, P = 0.365) or before
IPTW matching (unweighted log-rank test, P =
0.317).
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The overall CSS estimates at 2, 5, and 10
years in the non-ESA group were 95.6% (93.6%-
97.6%), 90.5% (87.4%-93.7%), and 82.1%
(76.7%-87.8%), respectively. The correspond-
ing estimates for the ESA group at 2, 5, and
10 years were 95.4% (93.1%-97.7%), 89.6%
(85.9%-93.4%), and 79.9% (73.5%-86.8%), re-
spectively. Figure 2B shows no significant dif-
ference in CSS between the groups, either after
IPTW matching (weighted log-rank test, P =
0.594) or before IPTW matching (unweighted
log-rank test, P = 0.635).

The overall OS estimates at 2, 5, and 10 years
in the non-ESA group were 93.4% (91.0%-
95.8%), 84.4% (80.7%-88.3%), and 68.1%
(61.7%-75.1%), respectively. The corresponding
estimates at 2, 5, and 10 years for the ESA
group were 93.0% (90.3%-95.8%), 81.2%
(76.5%-86.1%), and 60.8% (52.8%-69.9%),
respectively. Figure 2C shows no significant
difference in OS between the groups, either
after IPTW matching (weighted log-rank test,
P =0.117) or before IPTW matching (unweight-
ed log-rank test, P = 0.293).
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Use of ESA in patients with ESRD and localized
UTUC did not affect BR, CSS, or OS, except for
CR

A flowchart of the patient selection process is
shown in Figure 3. Table 2 illustrates the asso-
ciation between ESA use and clinical as well as
pathological characteristics before and after
IPTW matching. Of the 492 patients, 249
(50.6%) were in the non-ESA group, and 243
(49.4%) were in the ESA group. The mean fol-
low-up periods for the non-ESA group and ESA
groups were 69.44 + 43.06 months and 74.39
+ 44.72 months, respectively. Age, CCl scores,
sex, and T stage were balanced using IPTW
(SMD < 0.1 for all the above variables after the
IPTW matching).
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For UTUC, bladder and contralateral recurrenc-
es were considered separately to analyze the
recurrence-free survival rate. The overall 2-, 5-,
and 10-year bladder recurrence-free survival
estimates in the non-ESA group were 76.7%
(71.4%-82.4%), 67.2% (61.1%-73.9%), and
54.2% (45.8%-64.2%), respectively. Similarly,
the overall 2-, 5-, and 10-year bladder recur-
rence-free survival estimates in the ESA group
were 80.9% (76.0%-86.2%), 68.7% (62.6%-
75.4%), and 64.5% (57.4%-72.3%), respec-
tively. Figure 4A shows no significant diffe-
rence in bladder recurrence-free survival rates
between the groups, either after IPTW match-
ing (weighted log-rank test, P = 0.196) or be-
fore IPTW matching (unweighted log-rank test,
P =0.223).
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N = 5272 . Total patients with UTUC

L N = 2831 °Total patients with UTUC

underwent nephroureterectomy

L N = 1268 °ESRD patients with UTUC

93.8%), and 75.5% (68.1%-
83.8%), respectively. Figure
4D shows no significant differ-
ence in OS between the gr-
oups, either after IPTW match-
ing (weighted log-rank test, P =
0.532) or before IPTW match-
ing (unweighted log-rank test,
P = 0.966).

underwent nephroureterectomy

L N=492 ° ESRD patients with localized UTUC

Discussion

In our study, we found that the
use of ESAs did not increase

underwent nephroureterectomy

without missing value for IPTW

Figure 3. Flow chart for patient selection: localized upper urinary tract uro-

thelial carcinoma (UTUC).

The overall 2-, 5-, and 10-year contralateral
recurrence-free survival estimates in the non-
ESA group were 99.6% (98.8%-100.0%), 97.7%
(95.5%-100.0%), and 95.9% (92.6%-99.3%),
respectively. Notably, the overall 2-, 5-, and
10-year estimates for contralateral recurrence-
free survival in the ESA group were 93.4%
(90.3%-96.7%), 87.6% (83.1%-92.4%), and
76.1% (68.7%-84.3%), respectively. Figure 4B
shows a significant difference in contralateral
recurrence-free survival rates between the
groups, either after IPTW matching (weighted
log-rank test, P < 0.001) or before IPTW match-
ing (unweighted log-rank test, P < 0.001).

The overall CSS estimates at 2, 5, and 10 years
in the non-ESA group were 96.5% (94.2%-
98.9%), 90.6% (86.7%-94.8%), and 85.7%
(80.5%-91.3%), respectively. The overall esti-
mates at 2, 5, and 10 years in the ESA group
were 96.1% (93.6%-98.6%), 95.0% (92.1%-
97.9%), and 91.5% (87.1%-96.1%), respectively.
Figure 4C shows no significant difference in
CSS between the groups, either after IPTW
matching (weighted log-rank test, P = 0.188)
or before IPTW matching (unweighted log-rank
test, P = 0.126).

The overall OS estimates at 2, 5, and 10 years
in the non-ESA group were 95.2% (92.5%-
98.0%), 87.8% (83.4%-92.5%), and 70.6%
(62.5%-79.8%), respectively. The overall esti-
mates at 2, 5, and 10 years in the ESA group
were 94.4% (91.5%-97.4%), 89.5% (85.4%-
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the risk of bladder recurrence
and had no significant impact
on CSS and 0S in patients with
ESRD, both in NMIBC and lo-
calized UTUC. Among patients
with NMIBC, there was no increase in the risk
of cancer progression to cystectomy. However,
the use of ESAs in patients with ESRD and
localized UTUC carries an increased risk of
contralateral recurrence. Early clinical trials
revealed that the use of ESA was associated
with an increased risk of cancer progression or
recurrence [20, 21]. These early trials of ESA
use in cancer patients indeed adopted large
ESA doses to attain high hemoglobin (Hgb) tar-
gets. In addition, early studies suggested that
the effect of large doses of ESAs on survival
varied according to the type or stage of malig-
nancy [20, 29, 30, 34]. In a nested case-control
study of 4574 dialysis patients whose Hgb
was maintained at levels recommended by the
KDIGO anemia guidelines, only a higher dose of
ESA (> 70 g/week) was associated with a high-
er risk of cancer [35]. In Taiwan, the upper limit
of ESA prescription set by the NHI program
was 100 mcg/month. Therefore, the patients
enrolled in this study were not exposed to the
high ESA doses reported in the literature. The
lower dose of ESA used in our study might part-
ly explain why the risk of cancer recurrence did
not increase.

At the molecular level, the erythropoietin recep-
tor (EpoR) has been reported in many normal
cells and tissues, as well as in various types of
tumor cells [15, 36]. One of the potential mech-
anisms for cancer progression associated with
ESA use in malignancy [37] is the binding of
ESAs to EpoR in tumor cells [38]. Higher EpoR

Am J Cancer Res 2024;14(11):5389-5399
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Table 2. Clinical characteristics of patients before and after inverse probability of treatment weighting
(IPTW) in localized UTUC

Study population before IPTW (n = 492) After IPTW match

Variables Non-ESA ESA Standardized Non-ESA ESA Standardized
(N =249) (N=243) difference (N=495.6) (N=488.2) difference

Follow up (mean * SD) 69.44 + 43.06 74.39 £ 44.72 0.113 70.20 £42.90 73.23+44.41 0.069
Age (mean + SD) 69.16 + 10.58 66.11 + 10.63 0.287 67.53 +10.87 67.49 + 10.39 0.004

CCl scores (mean + SD)  7.20+3.65  7.99 + 3.38 0.224 766+3.75  7.70+3.20 0.011
Gender-Male (%) 127.0 (51.0)  79.0(32.5) 0.382 204.2 (41.2)  201.8 (41.3) 0.003
T stage (%) 0.138 0.017

1 121.0 (48.6) 126.0 (51.9) 249.7 (50.4)  242.9 (49.8)

2 82.0(32.9) 68.0(28.0) 150.1(30.3)  151.3(31.0)

A 43.0(17.3)  43.0 (17.7) 85.8 (17.3) 84.8 (17.4)

IS 3.0(L.2) 6.0 (2.5) 9.9 (2.0) 9.2 (1.9)
Hb (mean + SD)* 11.78+ 1.83 10.18 + 1.67 0.909 11.72 (1.76)  10.20 (1.68) 0.882
BR (%)* 83.0(33.3)  72.0(29.6) 0.080 169.2 (34.1)  143.0(29.3) 0.105
CR (%)* 6.0 (2.4) 37.0 (15.2) 0.464 18.2 (3.7) 69.1 (14.1) 0.374
Cystectomy (%)* 10.0 (4.0)  48.0(19.8) 0.501 21.9 (4.4) 93.1(19.1) 0.467
Nephroureterectomy (%)* 249.0 (100.0) 243.0 (100.0)  <0.001 495.6 (100.0) 488.2(100.0)  <0.001
CSS (%)* 27.0 (10.8) 18.0 (7.4) 0.120 54.0 (10.9) 37.0 (7.6) 0.115
0S (%)* 46.0 (185) 510 (21.0) 0.063 87.1(17.6)  108.6 (22.3) 0.118

IPTW, inverse probability of treatment weighting; UTUC, upper urinary tract urothelial carcinoma; ESA, Erythropoiesis-stimulating agents; SD, stan-
dard deviation; BMI, body mass index; CCI, Charlson Comorbidity Index; Hgb, hemoglobin; BR, bladder recurrence; CR, contralateral recurrence;

CSS, Cancer specific survival; 0OS, Overall survival. *Observations endpoint without IPTW-adjusted.

expression has been linked to poorer overall
survival [39]. The activation of EpoR is associ-
ated with the stimulation of tumor prolifera-
tion [40, 41], decreased apoptosis [42], and
increased resistance to cancer therapy [23,
43]. According to Belda-Iniesta et al. [44], EpoR
expression tends to be positive in advanced
bladder tumors. This may explain why the use
of ESAs did not increase the risk of bladder
recurrence, CSS, or OS in the early stages of
bladder cancer in our study.

In the context of localized UTUC, our find-
ings were consistent with those observed in
NMIBC, indicating that the use of ESAs does
not increase the risk of bladder recurrence,
CSS, or 0S. However, in contrast to patients
with early-stage bladder cancer, those with
localized UTUC have an elevated risk of contra-
lateral recurrence. Unlike bladder cancer, the
expression of the EpoR in UTUC is not well
documented, and the role of EpoR in UTUC
remains largely unknown. The reported risk
factors for contralateral recurrence in patients
with initial unilateral UTUC receiving RNU in-
clude multiple tumors, advanced CKD, and an
elevated WBC count [45]. Our results highlight
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ESA as a risk factor for the contralateral recur-
rence of localized UTUC in patients with ESRD.
Based on our findings, clinicians should be
alert when monitoring the contralateral urinary
tract. This vigilance is crucial to prevent any
recurrence that may arise.

Early clinical trials in cancer patients demon-
strated that higher target Hgb levels were asso-
ciated with increased tumor progression and
higher mortality [20, 21]. Regulatory authorities
in the United States and Europe have suggest-
ed that ESAs should be limited to those pa-
tients with cancer when Hgb level is < 10 g/dL
and avoided when Hgb level of > 12 g/dL [37,
46]. Among most malignancies, current trials
using optimal ESA doses for CKD have shown
no increase in the risk of cancer progression
[13]. The mean Hgb level in the ESA group was
approximately 10 g/dL, which was lower than
that in the non-ESA group. The lack of normal-
ization of Hgb levels may be associated with
good OS in our patients.

Our study has several limitations. First, it was a
retrospective study. Second, only Asian individ-
uals were included, which may limit the general-
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Figure 4. Kaplan-Meier estimates for survival rate between non-ESA and ESA group either after or before inverse
probability of treatment weighting (IPTW) match in patients with ESRD and localized UTUC. A. Bladder recurrence-
free survival. B. Contralateral recurrence-free survival. C. Cancer-specific survival. D. Overall survival. Numbers
along x axis are the numbers of patients remaining in the risk set at each time point.

izability of our findings, as UC behavior can vary
across ethnicities [3]. Third, some studies have
suggested a dose-dependent relationship bet-
ween ESAs and patient outcomes. The lack of
precise ESA dosing in our study may have intro-
duced some errors.

In conclusion, our findings provide reassurance
regarding the use of ESAs in patients with ESRD
and early-stage UC when appropriately admin-
istered. However, clinicians should remain vigi-
lant regarding the contralateral recurrence of
localized UTUC.
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