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Background: In China, upper tract urothelial carcinoma (UTUC) is less prevalent but more
malignant in males. This study investigates the prognostic factors and causes of gender-based
differences in Chinese populations.

Methods: Between 1999 and 2011, 687 UTUC patients who underwent surgery were utilized
for this study. We evaluated the differences in oncological characteristics, epigenetic biomark-
ers, cancer-specific survival (CSS), bladder recurrence (BR) rate, and contralateral upper tract
recurrence (CUTR) rate. Smoking history, benzene exposure history, and the history of using
aristolochic acid (AA) containing herbs were analyzed in detail.

Results: Compared with male patients, female patients showed poorer renal function, lower
proportions of tumor stage III/IV, and smaller tumor diameters. The CSS in male patients was
lower than that in female patients. Significant gender-related differences were observed con-
cerning various prognostic factors. In female patients, poorer survival rates were attributed to
the primary tumor location in the ureter, large diameter primary tumors, severe chronic kidney
disease, papillary tumor architecture, high tumor stages, positive N status, and methylated
ABCC6 promoters. In male patients, older age, ipsilateral hydronephrosis, large tumor diameters,
sessile tumor architecture, high tumor stages, and methylated TMEFF2 promoters were associ-
ated with higher cancer-specific mortality. AA might be the main cause of these gender-based
differences. The AA-induced UTUC patients presented smaller tumor diameters, lower tumor
stages, fewer positive N statuses, more multifocal tumors, lower methylation indices, and poorer
renal function. Although AA-induced UTUC patients exhibited better survival rates, BR and
CUTR rates were significantly worse.

Conclusion: In China, there exist significant AA-induced differences between male and female
UTUC patients. The bladders and contralateral upper urinary tracts of AA-induced UTUC
patients should be carefully monitored after surgery.

Keywords: upper tract urothelial carcinoma, aristolochic acid, gender difference, oncological
outcomes, China

Background

Upper tract urothelial carcinoma (UTUC) is a malignant tumor differentiated from
ureteral and renal pelvis urothelial epithelial tissue. UTUCs account for 5%—10% of
all urothelial carcinomas and approximately 10% of renal tumors within the USA."?
However, it has been noted that UTUC has a lower incidence in females than in males.
A higher proportion of female UTUC patients in Western populations have higher
tumor stages, higher tumor grades, and lymph node metastasis (LNM) than males.**
The effect of gender on oncological outcomes of UTUC has long been disputed and
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is not considered as an independent prognostic factor that
influences tumor-specific mortality in Western populations.=

However, in our previous studies, the incidence, oncologi-
cal characteristics, chronic kidney disease (CKD) prevalence,
epigenetic biomarkers, and outcomes of tumor were different
in Chinese populations.®!° Gender was a factor that indicated
a significant difference. Unlike Western populations where
the male-to-female ratio of UTUC patients is approximately
3:1, Chinese female UTUCSs have a higher prevalence than
males — though they are less likely to develop worse histol-
ogy outcomes (at higher stages and LNM).> Furthermore,
being male is considered a significant prognostic factor for
poorer survival.’

No study has investigated this gender phenomenon in
Chinese vs Caucasian UTUC patients. We performed this
study to assess the differences in oncological characteristics,
epigenetic biomarkers, cancer-specific survival (CSS), and
bladder recurrence (BR) predictors between Chinese men
and women and further investigated the possible cause of
gender differences in Chinese UTUC patients.

Methods

Patient population

In this study, we obtained data from patients (N=687) patho-
logically diagnosed with UTUC who underwent surgery at
Peking University First Hospital (Beijing, China) between
August 1, 1999, to December 31, 2011. The Institutional Eth-
ics Committee of Peking University First Hospital approved
the study. All patients had signed consent forms before dis-
charge to authorize the future analysis of their medical records.

Procedure

Radical nephroureterectomy or partial ureterectomy (for soli-
tary kidney patients or CKD stage [IV-V patients) procedures
were performed on all members of the study population. When
radiographies were atypical, ureteroscopies with tumor biop-
sies were performed to determine appropriate treatment strate-
gies. Ipsilateral hydronephroses were determined by urinary
ultrasound, magnetic resonance imaging (MRI), or computed
tomography (CT) before surgery. All blood samples were col-
lected before surgery, and estimated glomerular filtration rate
(eGFR) was calculated with a re-expressed Modification of
Diet in Renal Disease formula for the Chinese population.!!
Tumor stages were assessed according to the UICC TNM
2002 classification of malignant tumors.'? Tumor grades were
assessed according to the 1973 classification from the WHO.'
Tumor structures were defined as papillary or sessile. Our
previous study detected 10 genes (ABCC6, BRCA1, CDH1,

GDF15, HSPA2, RASSF1A, SALL3, THBSI, TMEFF2, and
VIM) and found that gene methylation status was related to
the prognoses of UTUC patients.” Our previous study also
described the methylation status detection method of 10 gene
promoters.” These genes were also included within the pres-
ent study. For the followed-up patients, routine urinalyses,
ultrasonographies, MRI/CT, chest X-rays, urine cytologies
(or urine fluorescence in situ hybridization), and cystoscopies
were performed every 3 months in the first 2 years and once
a year after 2 years. As for AA-containing herbs history, we
made a list of AA-containing herbs and inquired whether these
AA-containing herbs were taken one by one. AA-containing
herbs included Long Dan Xie Gan mixture, Guan Xin Su
mixture, Ba Zheng He mixture, Pai Shi mixture, Dao Chi
mixture, Fu Ke Fen Qing mixture, and so on. Furthermore, we
also inquired the time and frequency for using AA-containing
herbs. We also asked patients about the types of traditional
Chinese medicine (TCM) used for long periods of time and
wrote down the name of the said TCM.

Statistical analysis

Patients were divided into two groups according to gender.
Differences between the two groups were analyzed by the
Mann—Whitney U test for nonstandard, normally distributed
continuous variables and grade variables, as well as the chi-
squared test for categorical variables. Univariable log-rank
tests and multivariable Cox regressions were conducted to
evaluate the prognostic significance of each variable with
respect to CSS, BR, and contralateral upper tract recur-
rence (CUTR). A predictive model (nomogram) for CSS
was built for each gender using statistical software R (The
R Foundation for Statistical Computing, Bell Laboratories,
NY, USA). Other statistical tests were performed using SPSS
21.0 software (IBM Corp., Armonk, NY, USA). A P-value
<0.05 was considered significant.

Results

A total of 687 patients pathologically diagnosed with UTUC
were enrolled in our study. The majority of patients were
female (55.5%). When patients were grouped according to
gender, several significant differences emerged (Table 1).
There were fewer smokers (5% vs 34%, P<0.001) and more
aristolochic acid (AA) herb users (14% vs 6%, P<0.001)
within the female cohort. Moreover, in contrast to Western
populations, the Chinese female UTUC patients showed a
lower proportion of individuals with pT3/pT4 (27% vs 37%,
P=0.006). Further, when compared with the male UTUC
patients, the female cohort had smaller tumor diameters
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Table | Patients characteristics

Patients (%) Male (%) Female (%) P-value
N=687 n=306 n=38I
Age 68 (20-90) 68 (20-87) 68 (25-90) 0.59
Tobacco consumption <0.001
Yes 124 (18) 105 (34) 19 (5)
No 563 (82) 201 (66) 362 (95)
AA herbs intake history <0.001
Yes 70 17 (6) 53 (14)
Possible or no 617 289 (94) 328 (86)
eGFR (mL/min) 57.1£1.0 59.2+1.4 55.4+1.4 0.057
Severe CKD 0.003
Yes (eGFR <30 mL/min) 87 (13) 26 (8) 6l (16)
No (eGFR >30 mL/min) 600 (87) 280 (92) 320 (84)
Main tumor location 0.79
Pelvis 380 (55) 171 (56) 209 (55)
Ureter 307 (45) 135 (44) 172 (5)
Multifocality 0.28
Presence 164 (24) 67 (22) 97 (25)
Absence 523 (76) 239 (78) 284 (75)
Ipsilateral hydronephrosis 0.53
Presence 384 (56) 167 (55) 217 (57)
Absence 303 (44) 139 (45) 164 (43)
Ureteroscopy before 0.32
surgery
Yes 86 (13) 34 (1) 52 (14)
No 601 (87) 272 (89) 329 (86)
Radical surgery 0.75
Yes 664 (97) 295 (96) 369 (97)
No 23 (3) I (4) 12 (3)
Main tumor diameter (cm) 3.410.1 3.740.1 3.240.1 0.005
Tumor architecture 0.85
Papillary 530 (77) 235 (77) 295 (77)
Sessile 157 (23) 71 (23) 86 (23)
Tumor stage 0.006
<T2 471 (69) 193 (63) 278 (73)
>T3 216 (31) 113 (37) 103 (27)
Tumor grade 0.79
Gl or G2 389 (57) 175 (57) 214 (56)
G3 298 (43) 131 (43) 167 (44)
N status 0.40
N+ 54 (8) 27 (9) 27 (7)
c<NO or pNO 633 (92) 279 (91) 354 (93)
CIS 0.38
Presence 20 (3) 7(2) 13 (3)
Absence 667 (97) 299 (98) 368 (97)
Methylation status
Methylation index 0.330+0.009 0.328+0.013 0.331+0.012 0.92
ABCCé6 0.034
Methylated 98 (14) 34 (1) 64 (17)
Unmethylated 589 (86) 272 (89) 317 (83)
BRCAI 0.008
Methylated 119 (17) 40 (13) 79 (21)
Unmethylated 568 (83) 266 (87) 302 (79)
CDHI 0.94
Methylated 98 (14) 44 (14) 54 (14)
Unmethylated 589 (86) 262 (86) 327 (86)
(Continued)
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Table | (Continued)

Patients (%) Male (%) Female (%) P-value
N=687 n=306 n=381
GDFI5 0.061
Methylated 343 (50) 165 (54) 178 (47)
Unmethylated 344 (50) 141 (46) 203 (53)
HSPA2 0.43
Methylated 283 (41) 121 (40) 162 (43)
Unmethylated 404 (59) 185 (60) 219 (57)
RASSFIA 0.79
Methylated 183 (27) 80 (26) 103 (27)
Unmethylated 504 (73) 226 (74) 278 (73)
SALL3 0.6l
Methylated 236 (34) 102 (33) 134 (35)
Unmethylated 451 (66) 204 (67) 247 (65)
THBSI 0.49
Methylated 173 (25) 81 (26) 92 (24)
Unmethylated 514 (75) 225 (74) 289 (76)
TMEFF2 091
Methylated 297 (43) 133 (43) 164 (43)
Unmethylated 390 (57) 173 (57) 217 (57)
VIM 0.17
Methylated 434 (63) 202 (66) 232 (61)
Unmethylated 253 (37) 104 (34) 149 (39)

Abbreviations: AA, aristolochic acid; CIS, carcinoma in situ; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; cNO, clinical NO; pNO, pathological NO.

(3.240.1 vs 3.740.1 cm, P=0.005). The female group also had
poorer renal function when juxtaposed to the male group (a
relatively high severe CKD proportion was observed, 16% vs
8%, P=0.003). Finally, the percentages of methylation of the
ABCC6 (17% vs 11%, P=0.034) and BRCA1 (21% vs 13%,
P=0.008) gene promoters were higher in the female cohort.
There were significant gender differences observed in the
oncological outcomes for our study population. For the female
patients, 100 patients (26.2%) died from UTUC (the median
follow-up time, 64 months, range: 3—150), and 123 patients
(32.3%) developed BR after surgery (the median follow-up
time, 52 months, range: 2—139). For the male patients, 125
patients (40.8%) died from UTUC (the median follow-up
time, 66 months, range: 4-144), while 105 patients (34.3%)
developed BR (the median follow-up time, 47 months, range:
2-144). Although no significant difference was observed in
BR (P=0.27), the CSS in the male group was much poorer than
that of the female group (HR=1.71, P<0.001) (Figure 1A).
In the female cohort, the following observations were
associated with poorer survival (Table 2): main tumors
located in the ureter (P<0.001), large main tumor diameters
(>5 cm, P<0.001), severe CKD (P=0.017), papillary tumor
architecture (P=0.023), higher tumor stages (P<0.001), posi-
tive N status (P=0.001), and methylated ABCC6 promoter
(P=0.004). Patients with multifocal tumors (P=0.001),

histories of ureteroscopy (P=0.004), and unmethylated
RASSF1A promoters (P=0.017) had higher rates of BR after
surgery (Table 3). In the male cohort, the following observa-
tions were associated with higher cancer-specific mortality
(Table 2): older age (P=0.002), multifocal tumors (P=0.050),
ipsilateral hydronephrosis (P=0.018), large tumor diameters
(>5 cm, P=0.020), sessile tumor architectures (P=0.007),
higher tumor stages (P=0.001), and methylated TMEFF2
promoters (P=0.012). Patients with histories of ureteroscopy
(P=0.046) and unmethylated RASSF1A promoters (P=0.004)
were associated with higher BR rates (Table 3). For further
analysis, CSS predictive models were also built for both
genders, respectively (Figure 2A-D).

To explore the causes for the observed gender dif-
ferences, we also investigated tobacco exposure and the
intake history of AA herbs, this is owing to the fact that
environmental factors could contribute to the develop-
ment of UTUCs."*"> Although the male smoking rate was
significantly higher (P<0.001), the prevalence was lower
than that of women. There was also no difference in tumor
stage (P=0.52) and CSS (P=0.92) between smokers and
nonsmokers. However, several interesting phenomena were
revealed when we focused on the intake history of AA
herbs (Table 4). A higher proportion of females (75.7%)
reported a history of AA intake. Their renal function was
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Figure | (A) Estimated Kaplan—Meier curve representing cancer-specific survival stratified by gender (P<0.001). Estimated Kaplan—-Meier curve representing (B) cancer-
specific survival (P=0.023), (C) bladder recurrence-free survival (P=0.005), and (D) contralateral upper tract recurrence-free survival (P<0.001) stratified by AA history.

Abbreviation: AA, aristolochic acid.

much poorer (eGFR, 34.3 vs 59.7 mL/min, P<0.001), and
they were less likely to develop worse histology outcomes.
The patients with histories of taking AA herbs were less
positive for LNM (1% vs 9%, P=0.035), had lower tumor
stages (T3 or T4, 14% vs 33%, P=0.001), and had smaller
tumor diameters (2.9 vs 3.5 cm, P=0.004). Multifocal tumors
were also more common (40% vs 22%, P=0.001). Finally,
the A A-associated patients presented better CSS (HR =0.53,
P=0.023) (Figure 1B), higher BR rates (HR=1.67, P=0.005)

(Figure 1C), and higher CUTR rates (HR=9.27, P<0.001)
(Figure 1D) after surgery.

Discussion

Unlike Western patients, our study showed that there were
three typical gender-related oncological features for Chi-
nese UTUC patients. First, the UTUC prevalence in women
(55.5%) was higher than that in men. Second, with a higher
prevalence of severe CKD (16% vs 8%, P=0.003), the female
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Table 2 Prognostic factors for cancer-specific survival after surgery*#

Male Female
Univariate analysis Multivariate Univariate analysis Multivariate
analysis™*# analysis*#
HR (95% P-value HR (95% P-value HR (95% P-value HR (95% P-value
Cl) Cl) Cl) Cl)
Age 1.03 0.002 1.03 0.002 1.00 0.70
(1.01-1.05) (1.01-1.05) (0.98-1.03)
Tobacco consumption 0.77 0.17 0.94 0.77 0.48 0.30 0.58 0.45
(0.52-1.12) (0.63-1.41) (0.12-1.93) (0.14-2.38)
Main tumor location 1.02 0.89 1.28 0.23 222 <0.001
(ureter vs pelvis) (0.72—1.46) (0.86-1.89) (1.43-3.45)
Multifocality 1.15 0.48 1.53 0.050 1.19 0.44 1.60 0.042
(0.78-1.72) (1.00-2.34) (0.77-1.83) (1.02-2.52)
Ipsilateral 1.53 0.022 1.58 0.018 1.29 0.21 1.15 0.59
hydronephrosis (1.06-2.21) (1.08-2.31) (0.86—1.93) (0.70-1.90)
Ureteroscopy before 0.65 0.17 0.73 0.33 0.43 0.023 0.48 0.052
surgery (0.35-1.21) (0.38-1.39) (0.21-0.89) (0.23-1.01)
Main tumor diameter 1.99 0.001 1.62 0.020 3.96 <0.001 3.06 <0.001
(>5 cm vs <5 cm) (1.34-2.95) (1.08-2.43) (2.41-6.53) (1.80-5.20)
Tumor architecture 2.89 <0.001 1.81 0.007 1.23 0.39 0.51 0.017
(sessile vs papillary) (1.99-4.19) (1.17-2.79) (0.77-1.96) (0.30-0.89)
Severe CKD 0.97 0.94 1.22 0.41 1.96 0.031
(0.51-1.86) (0.75-1.99) (1.07-3.61)
Tumor stage (Ta/T1/T2 2.32 <0.001 2.09 0.001 2.57 <0.001 2.63 <0.001
vs T3/T4) (1.63-3.32) (1.38-3.17) (1.72-3.82) (1.63—4.25)
Tumor grade (G3 vs G| 2.38 <0.001 1.31 0.24 0.97 0.88
or G2) (1.67-3.40) (0.84-2.05) (0.65-1.45)
N status (N+ vs cNO or 2.40 0.001 1.25 0.46 2.69 0.001 293 0.001
pNO) (1.43-4.03) (0.70-2.23) (1.50-4.82) (1.54-5.56)
Promoter methylation
status
ABCCé6 0.86 0.66 2.08 0.003 2.20 0.003
(0.43-1.70) (1.29-3.36) (1.31-3.70)
HSPA2 1.51 0.027 0.93 0.72 1.75 0.006 1.06 0.8l
(1.05-2.17) (0.62-1.39) (1.17-2.61) (0.67-1.70)
TMEFF2 1.78 0.001 1.60 0.012 1.68 0.011 1.33 0.19
(1.25-2.54) (1.11-2.30) (1.13-2.50) (0.87-2.05)

Notes: *Variables with a P<0.5 (univariate analysis) were analyzed further in the multivariate Cox regression. #*Variables with a P>0.05 (univariate analysis) (BRCAI, P=1.00
[male], P=0.30 [female]; CDHI, P=0.49 [male], P=0.32 [female]; GDFI5, P=0.52 [male], P=0.26 [female]; RASSFIA, P=0.24 [male], P=0.19 [female]; SALL3, P=0.57 [male],
P=0.28 [female]; THBSI, P=0.097 [male], P=0.80 [female]; VIM, P=0.20 [male], P=0.39 [female]) and variables with low proportion in the overall population (radical surgery,
P=0.74 [male], P=0.33 [female]; Cis, P=0.15 [male], P=0.25 [female]) were not included in the multivariate Cox regression.

Abbreviations: CKD, chronic kidney disease; cNO, clinical NO; pNO, pathological NO.

patients were less likely to develop higher tumor stages than
male patients (HR=0.63, P=0.006). Finally, the CSS of the
female patients (HR=0.59, P<0.001) was better than that of
the male patients. However, it was observed that the predic-
tors for CSS were different between the two gender cohorts.

According to typical epidemiology theories, many envi-
ronmental factors contribute to the development of UTUCs.
Tobacco exposure and occupation-based variables are the
principal risk factors for UTUCs in Western populations. 46
AA contains a set of highly toxic nitrophenolate derivatives
that exhibit powerful mutagenic actions because of their

ability to form covalent bonds with cell DNA. Therefore,
AA is another important risk factor among Balkan endemic
nephropathy patients and Chinese herbs consumers.!”!® In
our study, <3% of the patients had a history of exposure to
benzidine or B-naphthalene; thus, these factors were not likely
to be the main causes of the gender-related differences. We
further investigated the smoking history of the patients and
found very significant differences. The proportion of males
who smoked was much higher than that of females (34%
vs 5%, P<0.001). However, this result was opposite to the
gender distribution in our study cohort — the smoking history
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Table 3 Prognostic factors for bladder recurrence after surgery*#

Male Female
Univariate analysis Multivariate Univariate analysis Multivariate
analysis™# analysis™#
HR (95% CI) | P-value HR (95% CI) | P-value HR (95% CI) | P-value HR (95% CI) | P-value
Age 1.00 0.79 0.99 0.27 1.00 0.71
(0.98-1.01) (0.97-1.01) (0.98-1.01)
Tobacco consumption 0.90 0.63 I.16 0.70
(0.60-1.36) (0.54-2.50)
Main tumor location 1.34 0.13 0.94 0.79 1.44 0.045 1.24 0.26
(ureter vs pelvis) (0.92-1.97) (0.58-1.52) (1.01-2.05) (0.86—1.80)
Multifocality 1.45 0.081 1.21 0.38 2.15 <0.001 1.91 0.001
(0.96-2.20) (0.79-1.87) (1.50-3.09) (1.32-2.76)
Ipsilateral 1.31 0.18 1.32 0.17 1.23 0.27 0.92 0.69
hydronephrosis (0.89-1.93) (0.89-1.95) (0.86-1.76) (0.61-1.38)
Ureteroscopy before 1.84 0.013 1.63 0.046 228 <0.001 1.86 0.004
surgery (1.14-2.97) (1.01-2.63) (1.51-3.44) (1.22-2.84)
Main tumor diameter 0.66 0.15 0.69 0.21 0.73 0.39 0.90 0.77
(>5 cm vs <5 cm) (0.38-1.16) (0.39-1.22) (0.36-1.49) (0.43-1.86)
Tumor architecture 0.67 0.15 0.87 0.67 0.80 0.34 1.12 0.70
(sessile vs papillary) (0.39-1.15) (0.47-1.62) (0.50-1.27) (0.62-2.01)
Severe CKD 0.80 0.54 1.18 0.47 1.38 0.22
(0.39-1.15) (0.75-1.86) (0.82-2.31)
Tumor stage (Ta/T1/T2 0.75 0.18 1.02 0.92 0.58 0.026 0.95 0.87
vs T3/T4) (0.49-1.14) (0.64-1.65) (0.36-0.94) (0.54-1.67)
Tumor grade (G3 vs 0.63 0.031 0.77 0.22 0.63 0.017 0.72 0.09
Gl or G2) (0.42-0.96) (0.50-1.17) (0.44-0.92) (0.49-1.05)
N status (N+ vs ctNO 0.10 0.023 0.13 0.042 0.36 0.08 0.58 0.37
or pNo) (0.01-0.72) (0.02-0.93) ©.11-1.12) (0.18-1.88)
Promoter methylation
status
GDFI5 0.64 0.021 0.8l1 0.32 0.62 0.013 0.69 0.06
(0.43-0.93) (0.54-1.23) (0.43-0.90) (0.48-1.01)
RASSFIA 0.38 0.001 0.43 0.004 0.43 0.001 0.54 0.017
(0.21-0.68) (0.24-0.76) (0.26-0.72) (0.32-0.90)
TMEFF2 0.57 0.010 0.99 0.97 0.78 0.19
(0.38-0.88) (0.61-1.62) (0.54-1.13)

Notes: *Variables with a P<0.5 (univariate analysis) were analyzed further in the multivariate Cox regression. *Variables with a P>0.05 (univariate analysis) (ABCC6, P=0.28
[male], P=0.09 [female]; BRCAI, P=0.6| [male], P=0.96 [female]; CDHI, P=0.22 [male], P=0.27 [female]; HSPA2, P=0.12 [male], P=0.27 [female]; SALL3, P=0.28 [male], P=0.3|
[female]; THBSI, P=0.15 [male], P=0.14 [female]; VIM, P=0.54 [male], P=0.24 [female]) and variables with low proportion in the overall population (radical surgery, P=0.52
[male], P=0.27 [female]; Cis, P=0.38 [male], P=0.88 [female]) were not included in the multivariate Cox regression.

Abbreviations: CKD, chronic kidney disease; cNO, clinical NO; pNO, pathological NO.

of the patients could not be the cause of the gender-related
oncological differences.

The AA history of the patients was consistent with the
oncological gender distribution. Female patients predomi-
nated the AA intake UTUC cohort (53/70, 76%). Due to the
powerful covalent links of AA derivatives with cellular DNA,
the carcinogenicity of AA has been carefully studied. After
metabolic activation, AA binds covalently to DNA to form
aristolactam (AL)-DNA adducts." These lesions could be the
biomarker of exposure to AA and might exist in urothelial
tissues.!” The AL-DNA adducts are associated with mutations

in carcinogenesis genes, such as the TP53 tumor suppressor

gene.” Studies indicate that AA is the cause for this type of
TP53 mutation.?! Preferential A:T-to-T:A transversions in
the TP53 gene were detected in tumor samples from both
Balkan and Taiwanese patients with AA-UTUC.!” Multiple
mutations (KDM6A, LRRK2, etc) eventually induce malig-
nant urothelial carcinomas.'”'#222¢ This could account for the
gender distribution in our study. However, only 70 patients
(11% of total patients) presented an exact AA intake history
in our cohort. Therefore, this factor appears to only partially
influence the observed gender-based differences. However,
it is still believed that the exact AA intake history is the key
cause for the observed gender-based differences for several
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Table 4 Characteristics of AA UTUCs compared with possible/
none AA UTUCs

AA Possible/none P-value
No. (%) AA
No. (%)
Gender <0.001
Male 17 (24) 289 (47)
Female 53 (76) 328 (53)
eGFR (mL/min) 34.313.8 59.7£0.9 <0.001
Severe CKD <0.001
No (eGFR >30 33 (47) 567 (92)
mL/min)
Yes (eGFR <30 37 (53) 50 (8)
mL/min)
Tumor stage 0.001
<T2 60 (86) 411 (67)
>T3 10 (14) 206 (33)
Tumor grade 0.73
Gl or G2 41 (59) 348 (56)
G3 29 (41) 269 (44)
N status 0.035
N+ (1) 53 (9)
cNO or pNO 69 (99) 564 (91)
Main tumor 0.56
location
Pelvis 41 (59) 339 (55)
Ureter 29 (41) 278 (45)
Multifocality 0.001
Presence 28 (40) 136 (22)
Absence 42 (60) 481 (78)
Ipsilateral 033
hydronephrosis
Presence 43 (61) 341 (55)
Absence 27 (39) 276 (45)
Tumor 0.37
architecture
Papillary 57 (81) 473 (77)
Sessile 13 (19) 144 (23)
CIS 0.47
Presence 3(4) 17 (3)
Absence 67 (96) 600 (97)
Main tumor 2.9+0.2 3.510.1 0.004
diameter(cm)
Methylation status
Methylation index 0.254+0.023 0.338+0.009 0.005
ABCC6 0.15
Methylated 6(9) 92 (15)
Unmethylated 64 (91) 525 (85)
BRCAI 0.53
Methylated 14 (20) 105 (17)
Unmethylated 56 (80) 512 (83)
CDHI 0.072
Methylated 5(7) 93 (I5)
Unmethylated 65 (93) 524 (85)
GDFI5 0.080
Methylated 28 (40) 315 (51)
Unmethylated 42 (60) 302 (49)
HSPA2 0.22
(Continued)

Table 4 (Continued)

AA Possible/none P-value
No. (%) AA

No. (%)
Methylated 24 (34) 259 (42)
Unmethylated 46 (66) 358 (58)
RASSFIA 0.11
Methylated 13 (19) 170 (28)
Unmethylated 57 (81) 447 (72)
SALL3 0.033
Methylated 16 (23) 220 (36)
Unmethylated 54 (77) 397 (64)
THBSI 0.10
Methylated 12 (17) 161 (26)
Unmethylated 58 (83) 456 (74)
TMEFF2 0.064
Methylated 23 (33) 274 (44)
Unmethylated 47 (67) 343 (56)
VIM 0.059
Methylated 37 (53) 397 (64)
Unmethylated 33 (47) 220 (36)

Abbreviations: AA, aristolochic acid; CIS, carcinoma in situ; CKD, chronic kidney
disease; eGFR, estimated glomerular filtration rate.

reasons. First, the number of patients with AA exposure was
likely underestimated owing to the high prevalence of TCM
intake history. The compositions of TCM are very complex,
with hundreds of types of herbs, minerals, and animal tissues
— including AA — among the commonly used ingredients.
Furthermore, TCM prescriptions vary among patients, even
for the same disease; most patients do not know the exact
ingredients of these medicines. When the UTUC patient
histories were recorded, a majority of the patients could not
accurately recount a credible history of AA intake because of
the prevalent use of TCMs. In our study, we assigned patients
who could recall long-term (>3 months) uses of exact AA-con-
taining TCM in the AA cohort; other patients were classified
into the possibly using or not using AA group. Therefore, the
actual AA-induced UTUC patient proportion was likely much
higher than reported. Second, the female patients were more
likely to take AA-containing TCMs than the male patients.
According to TCM theory, Caulis aristolochiae manshuriensis
can be used to treat urinary tract infections (the prevalence of
urinary tract infections is much higher in female populations
than in male ones), regulate the menstrual cycle, increase
breast milk production, and reduce the secretion of leucorrhea.
Consequently, this TCM is widely used by Chinese women.
Third, the female UTUC cohort shared a few similar charac-
teristics with the AA-induced UTUC cohort. The severe CKD
proportion was higher, the tumor stage was lower, the tumor
diameter was smaller, and the CSS was higher.
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In addition to the gender-based differences, the AA-
induced UTUCs presented several unique characteristics.
According to the typical pathology of AA diseases, UTUCs
greatly decrease renal function and induce fibroses in the
renal cortex.?>? In our AA-induced UTUCs group, the aver-
age eGFR was only 34.31£3.8 mL/min, and the proportion of
severe CKD (eGFR <30 mL/min) was 47%. More surpris-
ingly, the AA-induced UTUC:s presented lower tumor stages,
smaller tumor diameters, a higher prevalence of multifocal
tumors, lower methylation index, increased CSS rates, higher
BR rates, and greater CUTR rates. In one retrospective study
of UTUC in Balkan endemic nephropathy patients from 1957
to 1986, lower tumor stages predominated in the endemic
settlements.?” Together with our results, this indicated that
UTUC:s caused by AA may have lower malignancies and better
CSS rates. Tumor recurrence was the chief oncological risk
for AA-induced UTUC:s patients. In this cohort, 41 of the 70
patients (59%) exhibited BR or CUTR during the follow-up
period. Moreover, 11 of the 41 patients (27%) presented both
BR and CUTR. Unlike the seeding seeds recurrence theory,
field metastases were likely the main causes of recurrence for

A Aristolochic acid

AL-DNA adducts
in urothelial cells

the AA-induced UTUC patients. Our previous study indicated
that TCM s are used nationwide and might contain nephrotoxic
and carcinogenic toxins, inducing neoplasms of the entire uro-
thelium.? It also indicated that chronic renal insufficiency was
independent risk factor for CUTR.? In addition to inducing
the primary carcinoma, AA may activate oncogenes or inac-
tivate suppressor genes throughout the urothelium, thereby
inducing the growth of new carcinomas in the bladder or the
contralateral upper tract. This pathology could account for the
observed higher multifocal proportion and recurrence rate.
The characteristics of AA-UTUC to “FAME-PIC” have been
summarized in Figure 3.%3

More than 12 years have passed since the Food and Drug
Administration (FDA) of China forbade the use of Caulis
aristolochiae manshuriensis. However, during nationwide
epidemiological cross-section investigations, the issue with
AA-induced UTUCs remained undetected because of the
inaccurate AA intake histories. Even in our single-center
study, the patients could only be divided into an AA-induced
UTUC group and a possible/non-AA-induced UTUC group.
Based on the several unique characteristics identified in the

AA-containing TCMs are widely F
used by Chinese female patients

Tubular necrosis, renal interstitial
inflammation and fibrosis

Extensive mutation (TP53, Progressive decreasing eGFR E
IRRK2, KDMBA, etc) in M
the whole urothelium
Chronic kidney Renal failure (28% of total AA-

disease (CKD)

nephropathy patients)”’

immunosuppression

Upper tract urothelial
carcinoma (UTUC)

Multicenter occurrence
carcinoma (Pan-
urothelial carcinoma)®’

High occurrence rate of
bladder (intravesical)
carcinoma

P I
FAME-PIC

Figure 3 Oncological characteristics of AA-induced upper tract urothelial carcinoma: FAME-PIC.
Abbreviations: AA, aristolochic acid; TCM, traditional Chinese medicine; A, aristolochic acid; F, female; M, mutation; E, eGFR; P, pan-urothelial carcinoma; |, intravesical;

Kidney
transplant

High recurrence rate of
contralateral upper tract
urothelial carcinoma

C

C, contralateral upper tract; FAME-PIC, aristolochic acid- female-mutation-eGFR-pan-urothelial carcinoma-intravesical-contralateral upper tract.
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AA-induced UTUC group, we evaluated the prevalence of
UTUC cases with AA use in patients treated from 1999 to
2011. If AA-containing herbs were regulated, the propor-
tion of AA-induced UTUCs should decrease. Subsequently,
in the overall UTUC population, the gender ratio, renal
function, multifocal proportions, methylation index, tumor
stages, and tumor diameters should also correspondingly
change over time. We chronologically divided our study
patients into five equal groups and analyzed the exact pro-
portion of AA-induced UTUC patients based on these six
factors (Figure 4).

While the methylation index and tumor diameter showed
increasing trends, the gender ratio, eGFR, multifocal propor-
tion, pT1/pT2 percentage, and AA-induced UTUC propor-
tion remained unchanged. These results suggest that cases
of AA-induced UTUC may be declining in China. However,
the proportion of cases with AA-induced UTUC was still
substantial because the eGFR and exact AA-induced UTUC
proportion did not change. As such, AA-induced UTUC
remains to be a serious issue within China. There are approxi-
mately 20 types of AA-containing herbs that are widely used
in China, and the Chinese FDA has only prohibited three of
these herbs. Considering the 0.75 billion TCM clinical visits
and the 6.5 billion US dollars spent on TCM herbs in 2012,3
the reporting of AA-containing TCM intake history for each
UTUC patient should be accurately recorded. To protect renal
function and reduce the prevalence of UTUC, official lists of

prohibited TCM should be extended to all herbs containing
AA. Furthermore, the bladders and contralateral upper tracts
of these patients should be carefully monitored after surgery
because of high recurrence rates. While these practices may
not reduce the overall recurrence of UTUCs, the early detec-
tion and treatment of UTUCs will be beneficial in improving
survival rates.

This study has certain limitations and constraints. First,
the inaccurate AA intake history may have misclassified
likely AA-UTUC patients into the possible/non-AA cohort.
This may negatively affect the accuracy of this study. How-
ever, because all patients in the AA-UTUC cohort supplied
an extremely reliable AA-containing herb intake history, the
results for the AA-UTUC cohort are credible. Second, the
analyzed data were based on a retrospective review of find-
ings at a single center. Third, we evaluated the AA-induced
UTUC:s using an indirect method, potentially reducing the
strength of this study.

Conclusion

In China, female UTUC patients have a higher prevalence
than males and are more likely to have lower tumor stages
and better survival rates. Furthermore, the oncological out-
come predictors between the two genders are quite different.
The main cause of these gender-based differences is attrib-
uted to TCMs containing AA. AA-induced UTUCs remain
prevalent. While AA-induced UTUC patients exhibit lower

—— Female (%) [P=0.59]

Multifocality (%) [P=0.08]

eGFR (mL/min) [P=0.11]

Diameter (mm) [P=0.018]

37.7 —— pT1orpT2 (%) [P=0.32]

- Methylation Index (%) [P<0.001]

= Exact AA patients proportion (%) [P=0.37]
*There were no records of AA-UTUCs before
2002 for its carcinogenicity was
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Figure 4 The trends of oncological characteristics for AA-induced UTUC patients from 1999 to 201 | (patients were divided into five equal groups).
Abbreviations: AA, aristolochic acid; eGFR, estimated glomerular filtration rate; UTUC, upper tract urothelial carcinoma.
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tumor stages and better survival rates, their renal function,
BR, and CUTR are worse than those of patients with other
types of UTUCs.
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