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Abstract

Background: There's no consensus about the difference between renal pelvic and ureteral tumors in terms of
clinical features, pathological outcomes, epigenetic biomarkers and prognosis.

Methods: The data of 341 patients with renal pelvic tumors and 271 patients with ureteral tumors who underwent
radical nephroureterectomy between 1999 and 2011 were retrospectively reviewed. The clinicopathologic features,

gene promoters methylation status and oncologic outcomes were compared. Regression analysis was performed to
identify oncologic prognosticators.

Results: Patients with ureteral tumors were relatively older (p = 0.002), and had higher likelihood of pre-operative renal
insufficiency (p < 0.001), hypertension (p = 0.038) and hydronephrosis (P < 0.001), while in patients with renal pelvic
tumors gross hematuria was more prevalent (p < 0.001). Renal pelvic tumors tended to exhibit non-organ-confined
disease (p =0.004) and larger tumor diameter (p = 0.001), while ureteral tumors had a higher likelihood of exhibiting
high grade (p < 0.001) and sessile architecture (p =0.023). Hypermethylated gene promoters were significantly more
prevalent in renal pelvic tumors (p < 0.001), specifically for TMEFF2, GDF15, RASSF1A, SALL3 and ABCC6 (all p < 0.05).
Tumor location failed to independently predict cancer-specific survival, overall survival, intravesical or contralateral
recurrence (all p > 0.05), while gene methylation status was demonstrated to be an independent prognostic factor.

Conclusion: Renal pelvic tumors and ureteral tumors exhibited significant differences in clinicopathologic
characteristics and epigenetic biomarkers. Gene promoter methylation might be an important mechanism in
explaining distinct tumor patterns and behaviors in UTUC.
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Background

Urothelial carcinomas could be located anywhere
throughout the whole urinary tract, e.g. renal pelvis,
ureter, bladder and urethra [1]. Upper tract urothelial
carcinoma refers to renal pelvic and ureteral tumors [2],
with radical nephroureterectomy (RNU) and excision of
the bladder cuff as the standard treatment [3].

Since both ureteral tumors and renal pelvic tumors
originate from the urothelium, they have been tradition-
ally classified as a single entity (UTUC) and managed in
a relatively similar fashion, barring nephron-sparing ap-
proaches for more distally located tumors. In recent
years there have been studies focusing on the impact of
tumor location on prognosis [4-7], though evidence
concerning clinical, pathological and genetic differences
between renal pelvic and ureteral tumors remains scarce
[8].

Microsatellite instability and hypermethylation have
been proposed as key genetic differences between blad-
der cancer and UTUC [9-11], and we recently found
gene promoter methylation status to hold biologic and
prognostic significance in UTUC [12]. In the present
study based on a large cohort of Chinese UTUC pa-
tients, we investigated the difference between renal pel-
vic and ureteral tumors in terms of clinical features,
pathological outcomes, epigenetic biomarkers and
prognosis.

Methods

Patient selection

Review board approve from Peking University First Hos-
pital was acquired and all patients signed the informed
consent to participate into the study. We evaluated con-
secutive Chinese UTUC patients who underwent RNU
from 1999 to 2011 at Peking University First Hospital.
We excluded patients with synchronous bilateral UTUC,
distant metastasis prior to surgery or without complete
follow-up data. Patients without available DNA from the
surgical specimen for analysis of gene promoter methy-
lation status were also excluded. Six hundred and-twelve
patients were finally enrolled for analysis.

RNU including an extravesical excision of distal ureter
by open Gibson incision was performed in all patients.
No patients received neoadjuvant chemotherapy or
prophylactic  post-operative intravesical instillation
(MMC or THP), while adjuvant chemotherapy for high-
risk patients was administered at the treating physician’s
discretion.

Patient evaluation

Computed tomography (CT) or magnetic resonance
imaging (MRI), urological ultrasound, and cystoscopy
were performed in all patients before surgery. Urinary
cytology and ureteroscopy were used to help diagnosis.
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Renal function was assessed by estimated glomerular fil-
tration rate (eGFR) calculated by Chinese population-
specific equation: eGFR(ml/min/1.73m?) = 175 x Scr”
1234 o age'o'179 (x 0.79 if female) [13]. Ipsilateral hydro-
nephrosis was determined pre-operatively.

Patients were categorized into 2 groups (renal pelvis
versus ureter) in the current analysis based on the loca-
tion of the main lesion on pathological specimen (e.g.
the highest tumor stage). Pathological examination was
performed according to standard procedures by a dedi-
cated pathologist. Tumors were staged per the 2002
Union for International Cancer Control (UICC) TNM
classification, and grading was evaluated per the World
Health Organization (WHO) classification of 1973.

DNA extraction and methylation analysis

The procedure of DNA extraction and methylation ana-
lysis has been reported in a previous publication by our
research group [12]. Based on the formalin-fixed
paraffin-embedded tumor samples stored in our center,
DNA samples were obtained and were treated for bisul-
fite transformation. Methylation-sensitive polymerase
chain reaction (MSP) was used to analyze the gene pro-
moters methylation status [14]. We used methylated hu-
man genomic DNA (Qiagen, Hilden, Germany) as
positive control and water blanks with polymerase chain
reaction mixtures as negative control. Based on previous
literatures we did not detect the methylation status of
the gene promoters in matched paracarcinoma tissues
due to the limited methylation rates [15-20].

Follow-up schedule

Follow-up consisted of cystoscopy, chest X-ray, urine
cytology, and serum creatinine every 3 months for the
first 3 years and then once per year thereafter. Abdom-
inal ultrasound or CT/MRI was performed to examine
the contralateral upper urinary tract. Overall survival
(OS), cancer specific survival (CSS), bladder recurrence
and contralateral recurrence were documented and com-
pared by tumor location. Bladder recurrence was defined
as subsequent bladder tumor detected by cystoscopy and
confirmed by pathologic examination, and contralateral
recurrence was defined as urothelial carcinoma found in
the contralateral upper urinary tract. Cause of death was
determined by death certificates, by medical notes or by
the patients’ responsible physicians.

Statistical analysis

Statistical analysis was carried by using R software 1386
2.15.3 (R Foundation for Statistical Computing, http://
www.r-project.org) and SPSS 20.0 (IBM Corp, Armonk,
NY, USA). Categorical variables were tested by the Pear-
son’s test and Chi-square test, while variables with a
continuous distribution were evaluated by the Mann-
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Table 1 Clinical and pathological characteristics of all UTUC patients stratified by tumor location
Tumor location Univariate analysis
All Renal pelvis Ureter Chi-square or Z p value
Patients, no. (%) 612 (100) 341 (55.7) 271 (44.3)
Pre-operative characteristic
Gender, no. (%) 0.160 0.743
Male 340 (55.6) 187 (54.8) 153 (56.5)
Female 272 (44.4) 154 (45.2) 118 (43.5)
Age, no. (%) 4.929 0.027*%
<70 340 (55.6) 203 (59.5) 137 (50.6)
270 272 (44.4) 138 (40.5) 134 (494)
Age, mean + SD 6529+ 11.11 6807 +10.20 -3.173 0.002*
Previous or concomitant 1.931 0.193
bladder cancer, no. (%)
Absent 545 (89.1) 309 (90.6) 236 (87.1)
Present 67 (10.9) 32 (94) 35 (12.9)
Initial complaint, no. (%) 24.205 <0.001*
Absent 84 (13.7) 26 (7.6) 58 (214)
Present 528 (86.3) 315 (924) 213 (786)
Gross hematuria, no. (%) 65.132 <0.001*
Absent 148 (24.2) 40 (11.7) 108 (39.9)
Present 464 (75.8) 301 (88.3) 163 (60.1)
Preoperative renal function, no. (%) 23.703 <0.001*
End-stage CKD (eGFR<15) 34 (5.6) 24 (7.0) 10 3.7)
Moderate CKD (60>eGFR=15) 198 (32.4) 83 (24.3) 115 (424)
Early CKD (eGFR=60) 378 (61.8) 233 (68.3) 145 (53.5)
eGFR, mean + SD 69.69 +30.11 6243 +22.32 —4.329 <0.001*
Side, no. (%) 1.115 0.329
Left 315 (51.5) 182 (53.4) 133 (49.1)
Right 297 (48.5) 159 (46.6) 138 (50.9)
Hydronephrosis, no. (%) 134.680 <0.001*
Absent 273 (44.6) 223 (654) 50 (18.5)
Present 339 (554) 118 (34.6) 221 (81.5)
Multifocality, no. (%) 0339 0.563
Single 472 (77.1) 266 (78.0) 206 (76.0)
Multiple 140 (22.9) 75 (22.0) 65 (24.0)
Smoking, no. (%) 0.050 0.836
No 497 (81.2) 278 (81.5) 219 (80.8)
Yes 115 (18.8) 63 (18.5) 52 (19.2)
Alcohol, no. (%) 0.697 0452
No 539 (88.1) 297 (87.1) 242 (89.3)
Yes 73 (119 44 (12.9) 29 (10.7)
Diabetes, no. (%) 0.249 0.661
No 511 (83.5) 287 (84.2) 224 (82.7)
Yes 101 (16.5) 54 (15.8) 47 (17.3)
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Table 1 Clinical and pathological characteristics of all UTUC patients stratified by tumor location (Continued)
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Tumor location

Univariate analysis

All Renal pelvis Ureter Chi-square or Z p value

Hypertension, no. (%) 4454 0.038*
No 363 (59.3) 215 (63.0) 148 (54.6)
Yes 249 (40.7) 126 (37.0) 123 (454)

Pre-RNU ureteroscopy, no. (%) 20.495 <0.001*
No 536 (87.6) 317 (93.0) 219 (80.8)
Yes 76 (124) 24.(7.0) 52(19.2)

Pathological outcomes

Architecture, no. (%) 40.135 <0.001*
Papillary 479 (783) 299 (87.7) 180 (66.4)
Sessile 133 (21.7) 42 (12.3) 91 (33.6)

Tumor stage, no. (%) 0.094 0.796
Ta-T1 206 (33.7) 113 (33.1) 93 (34.3)
T2-4 406 (66.3) 228 (66.9) 178 (65.7)

Tumor grade, no. (%) 31.628 <0.001*
Gl 19 3.1) 4(1.2) 15 (5.5)
G2 334 (54.6) 218 (63.9) 116 (42.8)
G3 259 (42.3) 119 (34.9) 140 (51.7)

Lymph node status, no. (%) 4014 0.051
NO or Nx 571 (93.3) 312 (91.5) 259 (95.6)
N+ 41 (6.7) 29 (8.5) 12 (44)

Non-organ-confined disease, no. (%) 8257 0.004*
No 412 (67.3) 213 (62.5) 199 (734)
Yes 200 (32.7) 128 (37.5) 72 (26.6)

Tumor size, mean + SD 358+2.15 327 +241 —-3.342 0.001*

Histologic Subtype

Tumor necrosis, no. (%) 0.038 0.901
No 537 (87.7) 300 (88.0) 237 (87.5)
Yes 75(123) 41 (12.0) 34 (12.5)

Squamous metaplasia, no. (%) 0.038 0.878
No 566 (92.5) 316 (92.7) 250 (92.3)
Yes 46 (7.5) 25(73) 21(7.7)

Sarcomatoid metaplasia, no. (%) 0.039 0.843
No 586 (95.8) 327 (95.9) 259 (95.6)
Yes 26 (4.2) 14 (4.1) 12 (44)

Gland-like differentiation, no. (%) 2738 0.119
No 591 (96.6) 333(97.7) 258 (95.2)
Yes 21 34 8(2.3) 13 (4.8)

Presence of CIS, no. (%) 3987 0.071
No 596 (97.4) 336 (98.5) 260 (95.9)
Yes 16 (2.6) 5(1.5) 11 4.1)

UTUC upper tract urothelial carcinoma, CKD chronic kidney disease, eGFR estimated glomerular filtration rate, RNU radical nephroureterectomy, CIS carcinoma in

situ, SD standard deviation, HR Hazard Ratio, CI confidence interval

*Statistically significant
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Table 2 Molecular biomarkers
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All Renal pelvis Ureter Chi-square or Z p value
Patients, no. (%) 612 (100) 341 (55.7) 271 (44.3)
TMEFF2, no. (%) 6.717 0.011*
Unmethylated 346 (56.5) 177 (51.9) 169 (62.4)
Methylated 266 (43.5) 164 (48.1) 102 (37.6)
HSPA2, no. (%) 3172 0.083
Unmethylated 355 (58.0) 187 (54.8) 168 (62.0)
Methylated 257 (42.0) 154 (45.2) 103 (38.0)
GDF15, no. (%) 57.000 <0.001*
Unmethylated 304 (49.7) 123 (36.1) 181 (66.8)
Methylated 308 (50.3) 218 (63.9) 90 (33.2)
RASSF1A, no. (%) 20465 <0.001*
Unmethylated 448 (73.2) 225 (66.0) 223 (823)
Methylated 164 (26.8) 116 (34.0) 48 (17.7)
SALL3, no. (%) 7119 0.008*
Unmethylated 403 (65.8) 209 (61.3) 194 (71.6)
Methylated 209 (34.2) 132 (38.7) 77 (284)
VIM, no. (%) 2.347 0.128
Unmethylated 219 (358 113 (33.1) 106 (39.1)
Methylated 393 (64.2) 228 (66.9) 165 (60.9)
ABCC6, no. (%) 4719 0.037*
Unmethylated 523 (85.5) 282 (82.7) 241 (88.9)
Methylated 89 (14.5) 59 (17.3) 30 (11.1)
CDH1, no. (%) 0.208 0.728
Unmethylated 524 (85.6) 290 (85.0) 234 (86.3)
Methylated 88 (14.4) 51 (15.0) 37 (13.7)
THBST, no. (%) 0.005 1.000
Unmethylated 457 (74.7) 255 (74.8) 202 (74.5)
Methylated 155 (25.3) 86 (25.2) 69 (25.5)
BRCAT, no. (%) 0460 0523
Unmethylated 504 (82.4) 284 (83.3) 220 (81.2)
Methylated 108 (17.6) 57 (16.7) 51(188)
Presence of hypermethylation in any gene, no. (%) 9420 0.003*
Unmethylated 70 (11.4) 27 (7.9) 43 (15.9)
Methylated 542 (88.6) 314 (92.1) 228 (84.1)
Mean methylated genes 371+£233 285+ 219 —4.503 <0.001*
Number of methylated genes, no. (%) 17.202 <0.001*
0-2 254 (41.5) 118 (34.6) 136 (50.2)
3-5 243 (39.7) 145 (42.5) 98 (36.2)
6-10 115 (18.8) 78 (22.9) 37 (13.7)
Number of methylated genes, no. (%) in Ta-1 11.251 0.004*
All 206 (100) 113 (54.9) 93 (45.1)
0-2 95 (46.1) 41 (36.3) 54 (58.1)
3-5 80 (38.8) 49 (434) 31(333)
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Table 2 Molecular biomarkers (Continued)
All Renal pelvis Ureter Chi-square or Z p value
6-10 31 (15.0) 23 (204) 8 (8.6)
Number of methylated genes, no. (%) in T2-4 7318 0.026*
All 406 (100) 228 (56.2) 178 (43.8)
0-2 159 (39.2) 77 (33.8) 82 (46.1)
3-5 163 (40.1) 96 (42.1) 67 (37.6)
6-10 84 (20.7) 55 (24.1) 29 (16.3)
Number of methylated genes, no. (%) in G1-2 18433 <0.001*
All 353 (100) 222 (62.9) 131 (37.1)
0-2 156 (44.2) 80 (36.0) 76 (58.0)
3-5 141 (39.9) 97 (43.7) 44 (33.6)
6-10 56 (15.9) 45 (20.3) 11 (84)
Number of methylated genes, no. (%) in G3 4449 0.108
All 259 (100) 119 (45.9) 140 (54.1)
0-2 98 (37.8) 38 (31.9) 60 (42.9)
3-5 102 (394) 48 (40.3) 54 (38.6)
6-10 59 (22.8) 33 (27.7) 26 (18.6)
*Statistically significant
UTUC upper tract urothelial carcinoma
Whitney U test. Cox regression model was used for sur-
vival analysis, and Kaplan-Meier curves including log-
rank test was employed. A single-sided p value of lower
than 0.05 was regarded as statistical significance.
Results a )

Clinical characteristics

Overall, 612 patients with either renal pelvic tumor (1 =
341; 55.7%) or ureteral tumor (n = 271; 44.3%) were in-
cluded. The median age of the entire cohort of patients
was 68 (interquartile range, IQR: 60-74) years, and 272
(44.4%) were female, with a male:female ratio of 1.25:1.
Previous or concomitant bladder cancer was present in
67 patients (10.9%).

The clinical features are exhibited in Table 1, grouped
by tumor location. Patients with ureteral tumors were
relatively older (p = 0.002), and suffered from high likeli-
hood of pre-operative renal insufficiency (p <0.001),
hypertension (p = 0.038) and hydronephrosis (P < 0.001),
while in patients with renal pelvic tumors gross
hematuria was more prevalent (p < 0.001).

Pathological outcomes

The frequencies of muscle-invasive disease (>pT2) and
lymph node metastasis were comparable between
groups; however, non-organ-confined tumors (>pT3)
were more prevalent in patients with renal pelvic tumors
versus the ureteral tumor counterparts (p =0.004). In
concordance with this observation, sessile architecture
and larger tumor size were more prevalent in patients

Percentage of methylated genes

18.8%
16.7%

TMEFF2  HSPA2  GDF1S  RASSIFA  SLL3 vim ABCCE CDH1 TSHB1 BRCAL

—e—Renal pelvis —e—Ureter

b

Percentage of patients with corresponding number of methylated genes

20.0%

18.0%

16.0% 150%

—e—Renal pelvis —e—Ureter

Fig. 1 Distribution of aberrant methylated genes in renal pelvic and
ureteral tumors (a) and the cumulative numbers of aberrant

methylated genes (b)
A\
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with renal pelvic tumors as well (p <0.001). G3 tumor
grade, however, was present more often in ureteral
tumors (p <0.001). There were no differences in terms
of squamous and glandular differentiation.

Molecular biomarkers

In 542 patients (88.6%) at least one methylated gene
promoter was found, with a mean methylated genes
number of 3.33 £ 2.31. Methylation was present signifi-
cantly more frequently in renal pelvic tumors (Table 2),
particularly with a higher rate of methylated TMEFF2,
GDF15, RASSF1A, SALL3 and ABCC6 (all p <0.05)
(Fig. 1a). The mean number methylated genes in renal
pelvic tumors was 3.71 + 2.33, while in ureteral tumors
was only 2.85+2.19 (p <0.001). Besides many patients
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with ureteral tumors presented with only very few meth-
ylated genes. (Fig. 1b).

In subgroup analysis based on tumor stage, renal
pelvic tumors exhibited more methylated genes both in
non-muscle-invasive and muscle-invasive diseases, while
in subgroup analysis based on tumor grade, the differ-
ence was significant only in lower tumor stages (G1-2).

Oncologic outcomes

The median follow-up duration was 64 months. In all
210 (34.3%) patients died and 187 (30.6%) died second-
ary to urothelial cancer. The cumulative 5-year OS and
CSS rates were 69.1% and 71.4%, respectively. Bladder
recurrence was found in 174 (28.4%) patients, and 32
(5.2%) patients experienced contralateral recurrence.
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By univariate analysis, there’s no relationship between
tumor location (renal pelvis versus ureter) OS (p =
0.104), CSS (p =0.071), bladder recurrence (p = 0.294)
or contralateral recurrence (p = 0.871). (Fig. 2).

Other factors, including tumor stage, presence of
hydronephrosis, and the methylation status of several
genes were proved to be important predictive factors for
survival. (Table 3). On Kaplan-Meier analysis, less cumu-
lative number of methylated genes was correlated with
better CSS, with mean CSS time of 101 months,
79 months and 77 months for patients with 0-2, 3-5
and 6-10 methylated genes, respectively (Fig. 3a).
Though not statistically significant, a trend to higher risk
for bladder recurrence in patients with less number of
methylated genes (p =0.081, Fig. 3b) was found. Besides
the number of methylated genes (as continuous) was
found to affect CSS (HR =1.348, p =0.003) and bladder
recurrence (HR =0.787, p =0.026) in univariate analysis
(Table 3 and 4).

Sub-group analysis demonstrated differences in onco-
logic prognosticators for CSS and bladder recurrence
based on tumor location (Table 3 and 4). Rerunning the
dataset by dividing patients into renal pelvic tumors only
(n =304), ureteral tumors only (n =267) and both renal
pelvic and ureteral tumors (# =41) did not change the
results (Table 5).

Discussions

In a meta-analysis which included 17 studies with 12,094
patients, Wu et al. demonstrated that ureteral tumors
exhibited worse CSS and recurrence-free survival than
renal pelvic tumors based on adjusted HRs; however, no
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such results were noticed in subgroup analysis of
pT3/4 and pN1 tumors, though the authors observed
significant heterogeneity among reported articles [4].
The only corresponding study that additionally
included molecular work was published in 2013, in
which Krabbe et al. found no difference in the
expression of p21, p27, p53, cyclin E, and Ki-67 [8].

Regarding the relatively higher stages of renal pelvic
tumors, Raman et al. suggested that ureteral tumors
tend to be diagnosed earlier due to ureteric obstruction,
and thus were likely to be detected at a lower stage [5].
In the current cohort of patients, more patients with
renal pelvic tumors were diagnosed due to gross
hematuria, while the prevalent presence of hydronephro-
sis could help the detection of ureteral tumors by ultra-
sound in annual regular physical examination in many
patients.

It’s interesting that the presence of sessile architecture
and higher tumor grade was more common in ureteral
tumors, which indicated the higher aggressiveness of
ureteral tumors, as demonstrated in prior studies [4].
The change of DNA methylation status is regarded to be
a key event in transcriptionally repressed regions of the
genome [12]. Hypermethylation is a mechanism for
repression of gene transcription in cancer [9]. Prior
studies on bladder cancer demonstrated aberrant methy-
lation status of some specific gene promoter as a sign of
higher aggressiveness and worse prognosis [11, 15-19].
We similarly found that increased number of methylated
genes appeared to correlate with worse CSS.

Our results demonstrate that renal pelvic and ureteral
tumors, though both belong to UTUC, are not totally

p=0.001
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Table 5 Comparison in patients with renal pelvis tumor only and with ureteral tumor only

Page 13 of 17

Location Comparison between Comparison after
three groups excluding cases in
both locations
All Renal pelvis only Ureter only  Both locations Chi-square p value Chi-square p value
orZ orz
Patients, no. (%) 612 (100) 304 (49.7) 267 (43.6) 41 (6.7)
Pre-operative characteristic
Gender, no. (%) 1.595 0450 0495 0.501
Male 340 (556) 163 (53.6) 151 (56.6) 26 (63.4)
Female 272 (444) 141 (464) 116 (434) 15 (36.6)
Age, no. (%) 5554 0.062 5391 0.023*
<70 340 (556) 182 (59.9) 134 (50.2) 24 (58.5)
270 272 (444) 122 (40.1) 133 (49.8) 17 (41.5)
Age, mean £ SD 65.09+11.32 68.12+1022 66.52+10.79 11.059 0.004* -3.298 0.001*
Previous or concomitant 31791 <0.001% 8.721 0.004*
bladder cancer, no. (%)
Absent 545 (89.1) 286 (94.1) 232 (86.9) 27 (65.9)
Present 67 (109 18 (5.9 35(13.0) 14 (34.1)
Initial complaint, no. (%) 23.992 <0.001* 23.745 < 0.001*
Absent 84 (13.7) 22(72) 57 (21.3) 5(122)
Present 528 (86.3) 282 (92.8) 210 (78.7) 36 (87.8)
Gross hematuria, no. (%) 66.717 <0.001* 65579  <0.001*
Absent 148 (242) 33 (109) 107 (40.1) 8 (19.5)
Present 464 (758) 271 (89.1) 160 (59.9) 33 (80.5)
Preoperative renal function, no. (%) 39.081 <0.001* 29841  <0.001*
End-stage CKD (eGFR<15) 34 (56) 2169 10 3.7) 3(73)
Moderate CKD (60>eGFR=15) 198 (324) 64 (21.1) 112 (41.9) 22 (53.7)
Early CKD (eGFR=60) 378 (61.8) 218 (71.7) 144 (53.9) 16 (39.0)
eGFR, mean +SD 71.30£29.38 62.63 £2232 55.80+31.99 34.160 <0.001* -5.108 < 0.001*
Hydronephrosis, no. (%) 156.085 <0.001* 151.247 < 0.001*
Absent 273 (446) 212 (69.7) 49 (184) 12 (29.3)
Present 339 (554) 92 (30.3) 218 (81.6) 29 (70.7)
Multifocality, no. (%) 156.779 <0.001* 10618 < 0.001*
Single 472 (77.) 266 (87.5) 206 (77.2) 0
Multiple 140 (229) 38 (12.5) 61 (22.8) 41 (100)
Pathological outcomes
Architecture, no. (%) 39.792 <0.001% 39811 <0.001*
Papillary 479 (783) 269 (88.5) 178 (66.7) 32 (78.0)
Sessile 133 (21.7) 35(125) 89 (33.3) 9 (22.0)
Tumor stage, no. (%) 0.160 0.923 0.155 0.723
Ta-T1 206 (33.7) 100 (32.9) 92 (34.5) 14 (34.1)
T2-4 406 (663) 204 (67.1) 175 (65.5) 27 (65.9)
Tumor grade, no. (%) 30.572 <0.001* 28242  <0.001*
G1 1931 403 15 (5.6) 0
G2 334 (546) 214 (704) 115 (43.1) 25 (61.0)
G3 259 (42.3) 106 (34.9) 137 (51.3) 16 (39.0)
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Table 5 Comparison in patients with renal pelvis tumor only and with ureteral tumor only (Continued)

Location Comparison between Comparison after
three groups excluding cases in
both locations
All Renal pelvis only Ureter only  Both locations Chi-square p value Chi-square p value
orZ orz

Lymph node status, no. (%) 3772 0.152 3.769 0.064
NO or Nx 571(933) 278 (914) 255 (95.5) 38(92.7)
N+ 41 (67) 26 (86) 12 (4.5) 3(73)

Non-organ-confined disease, no. (%) 10.339 0.006* 9.592 0.002*
No 412 (67.3) 186 (61.2) 196 (734) 30 (732)
Yes 200 (32.7) 118 (38.8) 71 (26.6) 11 (26.8)

Tumor size, mean + SD 356+ 1.94 3.25+240 3.89+3.39 13.014 0.001* -3695 <0.001*

Methylation status

TMEFF2, no. (%) 6.972 0.031* 6.481 0.011*
Unmethylated 346 (56.5) 158 (52.0) 167 (62.5) 21 (51.2)
Methylated 266 (43.5) 146 (48.0) 100 (37.5) 20 (48.8)

HSPA2, no. (%) 3.398 0.183 3.064 0.089
Unmethylated 355 (580) 167 (54.9) 166 (62.2) 22 (53.7)
Methylated 257 (420) 137 (45.1) 101 (37.8) 19 (46.3)

GDF15, no. (%) 56.507 <0.001* 56310 <0001%
Unmethylated 304 (49.7) 107 (35.2) 178 (66.7) 19 (46.3)
Methylated 308 (50.3) 197 (64.8) 89 (333) 22 (53.7)

RASSF1A, no. (%) 22.562 <0.001* 22341 <0.001*
Unmethylated 448 (732) 197 (64.8) 220 (82.4) 31 (75.6)
Methylated 164 (268) 107 (35.2) 47 (17.6) 10 (244)

SALL3, no. (%) 9.797 0.007* 6.982 0.010%
Unmethylated 403 (658) 188 (61.8) 193 (72.3) 22 (53.7)
Methylated 209 (342) 116 (38.2) 74 (27.7) 19 (46.3)

VIM, no. (%) 3.367 0.186 1819 0.192
Unmethylated 219 (358) 103 (33.9) 105 (39.3) 11 (26.8)
Methylated 393 (64.2) 201 (66.1) 162 (60.7) 30 (73.2)

ABCC6, no. (%) 6.282 0.043* 6.119 0.016*
Unmethylated 523 (85.5) 250 (82.2) 239 (89.5) 34 (829)
Methylated 89 (14.5) 54 (17.8) 28 (10.5) 7(17.0)

CDH1, no. (%) 1.054 0.590 0.116 0.809
Unmethylated 524 (856) 260 (85.5) 231 (86.5) 33 (80.5)
Methylated 88 (144) 44 (145) 36 (13.5) 8 (19.5)

THBST, no. (%) 1.041 0.5%4 0.096 0.772
Unmethylated 457 (74.7) 230 (75.7) 199 (74.5) 28 (68.3)
Methylated 155(253) 74 (24.3) 68 (25.5) 13 (31.7)

BRCAT, no. (%) 2219 0330 0.863 0375
Unmethylated 504 (824) 256 (84.2) 217 (81.3) 31 (75.6)
Methylated 108 (176) 48 (15.8) 50 (18.7) 10 (24.4)

Presence of hypermethylation 8.739 0.013* 8.537 0.004*

in any gene, no. (%)
Unmethylated 70 (114) 24 (79 42 (15.7) 4(9.8)
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Table 5 Comparison in patients with renal pelvis tumor only and with ureteral tumor only (Continued)

Location Comparison between Comparison after
three groups excluding cases in
both locations
All Renal pelvis only Ureter only  Both locations Chi-square p value Chi-square p value
orZ orz
Methylated 542 (886) 28 (92.1) 225 (84.3) 37 (90.2)
Mean methylated genes 370+ 233 283 +£218 385+235 21.900 <0.001* —4431  <0.001*
Number of methylated genes, 20.046 <0.001* 16.108 < 0.001*
no. (%)
0-2 254 (415) 108 (35.5) 135 (50.6) 11 (26.8)
3-5 243 (39.7) 126 (41.4) 97 (36.3) 20 (48.8)
6-10 115 (188) 70 (23.0) 35(13.0) 10 (244)
Prognostic outcomes
“Overall mortality, no. (%) 0.059 0.011* 4547 0.033*
Survive 379 (664) 210 (69.1) 169 (63.3) 23 (56.1)
Death 192 94 (30.9) 98 (36.7) 18 (43.9)
“Cancer-specific mortality, no. (%) 0.059 0.011* 4547 0.033*
Survive 425 (694) 223 (734) 178 (66.7) 34 (58.5)
Death 187 (306) 81 (26.6) 89 (333) 17 (415)
Intravesical recurrence, no. (%) 6.131 0.047* 2.879 0.090
No recurrence 438 (71.6) 228 (75.0) 185 (69.3) 25 (61.0)
Recurrence 174 (284) 76 (25.0) 82 (30.7) 16 (39.0)
2Contralateral recurrence, no. (%) 6.668 0.036* 0610 0.435
No recurrence 580 (94.8) 291 (95.7) 253 (94.8) 41 (87.8)
Recurrence 32(52) 13(43) 14 (5.2) 5(12.2)

CKD chronic kidney disease, eGFR estimated glomerular filtration rate, SD standard deviation

*Statistically significant
“Log-rank test was used

biologically homogenous and might behave differently.
It’s interesting that the rate of hypermethylation was
much more higher in renal pelvis tumors than in the
ureter, but the wureteral tumors exhibited higher
aggressiveness and relatively worse prognosis. What’s
more, it’s notable that on sub-analysis, the number of
methylated genes was a stronger driver for oncologic
outcomes in ureteral tumors. This being said, how-
ever, each gene must also be viewed separately, as the
prognostic effect of gene hypermethylation appeared
to differ by location, further implicating differences in
underlying biology between the two groups.

In a published Meta-analysis ureteral location was
related to higher risk of bladder recurrence [21]. Al-
though no statistical difference was found in our
study, a more distally located tumor within the ureter
could conceivably affect bladder recurrence as seen in
our previous publication [22].The analysis with gene
methylation status didn’t seem to be very informative
for this phenomenon. In a Japanese multi-institutional
study, Tanaka et al. found that the patterns of tumor
spread was related to primary location of the

urothelial carcinoma: patients with ureteral tumors
(especially at middle and lower part) tended to suffer
from local recurrence in the pelvic cavity, while renal
pelvic tumors were associated with higher risk of lung
metastasis [7]. The underlying biological mechanisms
about the differences in the patterns of tumor metas-
tasis corresponding to tumor location remain to be
elucidated in the future.

Our study has several limitations related to the retro-
spective design, and there might be some selection and
recall bias, especially considering some patients were
excluded due to the unavailable extracted DNA for test.
The exact rate and site of distant metastasis and local
recurrence were also incompletely available, which pre-
cluded further analysis concerning difference patterns of
disease recurrence.

Despite these limitations, our study was the first com-
parative study that integrated epigenetic information
with UTUC tumor location, and to our knowledge, the
first study that demonstrated the higher prevalence of
gene promoter hyper-methylation in renal pelvic tumors.
Indeed, future research is warranted to further elucidate
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the role that gene methylation plays in the development
and biology of renal pelvic and ureteral tumors.

Conclusion

Renal pelvic tumors and ureteral tumors exhibited sig-
nificant differences in clinicopathologic characteristics
and epigenetic biomarkers. Gene promoter methylation
might be an important mechanism in explaining distinct
tumor patterns and behaviors in UTUC.
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