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Abstract: Background: Upper urinary tract urothelial carcinoma (UTUC) is the most common
malignancy occurring after kidney transplantation (KT) in Taiwan. The aim of this study was to
investigate the association between native kidney hydronephrosis and UTUC in post-KT patients.
Methods: From 2003 to 2018, we conducted a retrospective cohort study that enrolled 1005 post-KT
patients, 67 of whom were subsequently diagnosed with UTUC. We divided patients into two groups
based on whether or not they had UTUC. Multivariate analysis and Kaplan-Meier plot were used
to evaluate if native kidney hydronephrosis was associated with post-KT UTUC. Results: The total
cohort consisted of 612 men (60.9%) and 393 women (39.1%) with a mean age of 48.2 £ 12.0 at
KT. The mean follow-up time was 118.6 & 70.2 months, and mean time from KT to UTUC was
7.53 years. There was a significant gender difference with a female predominance among the UTUC
patients (73.1% versus 26.9%, p < 0.001). Native kidney hydronephrosis occurred more frequently in
the UTUC group (68.7% versus 4.8%, p < 0.001). Multivariate analysis showed that native kidney
hydronephrosis and female gender were significantly associated with UTUC with odds ratios of
35.32 (95% CI, 17.99-69.36; p < 0.001) and 3.37 (95% CI, 1.55-7.29; p = 0.002), respectively. UTUC in the
post-KT patients also showed aggressive pathological characteristics and a tendency toward bilateral
lesions (41.8%). Conclusions: Native kidney hydronephrosis is significantly associated with post-KT
UTUC patients in Taiwan. Native kidney hydronephrosis may be a deciding factor for standard
nephroureterectomy and bladder cuff excision in selected patients. Nevertheless, almost half of the
patients with kidney hydronephrosis do not present with UTUC at the end of our study.
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1. Introduction

For end-stage renal disease (ESRD) patients, kidney transplantation (KT) is an impor-
tant treatment in renal replacement therapy. With the benefits from advances in medical
procedures and immunosuppressive agent use, long-term overall survival and graft sur-
vival in KT recipients have improved. However, KT recipients are known to have a higher
incidence of de novo malignancy as compared with the general population because of their
use of immunosuppressive agents and chronic inflammatory status. It remains one of the
lingering causes of mortality among KT recipients [1].
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Among different ethnic populations and geographic regions, the types of post-KT
malignancy vary. Skin cancer and lymphoproliferative disorder are frequent post-KT
cancers in Western countries. In contrast, high incidence (3.5~4.1%) of urothelial carcinoma
(UC) in Taiwan has been elucidated before [1-5]. The incidence of upper urinary tract
urothelial carcinoma (UTUC), ranking as the most common form of post-KT malignancy in
Taiwan, is higher than that of urinary bladder urothelial carcinoma (UBUC) [2-5]. Possible
risk factors are the use of Chinese herbs and arsenic in groundwater, and these cases may
represent over one half of the post-KT malignancies found in previous studies [2,4].

Thus, the early detection of UTUC in post-KT patients is an important issue for
improving oncologic outcomes. However, hematuria as a diagnostic basis for UTUC in
post-KT patients has shown disappointing results. To make matters worse, it often delays
diagnosis [6]. Nevertheless, native kidney parenchyma atrophy and native ureter stricture
in post-KT recipients usually preclude diagnostic ureteroscopy (URS) and simultaneous
tissue proof. Periodical renal sonography follow-up is routine for post-KT patients. Kid-
ney hydronephrosis had been reported as a risk factor for developing UTUC in ESRD
patients [7-9]. The role of kidney hydronephrosis in post-KT patients with UTUC has
yet to be well clarified. Therefore, we conducted a retrospective cohort study to compare
post-KT patients with and without native kidney hydronephrosis and their subsequent risk
for UTUC. We also investigated the clinical parameters that were correlated with UTUC
after KT.

2. Materials and Methods

This retrospective cohort study was approved by the Institutional Review Board of
Chung Shan Medical University Hospital (IRB number: C51-20219). We enrolled cases
of patients over 18 years of age with regular medical visit records or lost follow-up for
a known reason, and a systemic examination was carried out to confirm that no malig-
nancy, including UC, had existed before KT. From January 2003 to September 2018, we
retrospectively analyzed 1005 KT patients in our hospital, 67 of whom were subsequently
diagnosed with UTUC. The immunosuppressive agent protocol consisted of a calcineurin
inhibitor (cyclosporine or tacrolimus), mycophenolate mofetil or azathioprine, and steroids
without CD3 monoclonal antibody or anti-thymocyte globulin induction therapy. The
kidney transplantation follow-up protocol at our institution included blood examination,
routine urine and sediment analysis, and urine cytology monthly for 6 months and then
quarterly thereafter. Post-KT renal sonography was performed every 3 months during
the first year, then biannually. Hydronephrosis in a native or graft kidney was defined
based on an image interpretation or documented image report in the medical records.
Patients with kidney hydronephrosis before KT were excluded. Unilateral or bilateral
native kidney hydronephrosis was generally categorized to the hydronephrosis group.
In patients with hematuria or kidney hydronephrosis in native kidneys, we performed
cystoscopy with bilateral retrograde pyelography or URS. Urine cytology was collected
with voiding or washing during URS. Abdominal computed tomography (CT) scan was
performed when the findings from the above-mentioned examinations were inconclusive
or abnormal. Smoking and hypertension histories were obtained from the medical record
documentation. Elderly was defined as age >65 years. Other patient characteristics, such
as diabetes, dyslipidemia, hyperuricemia, hepatitis B virus (HBV), hepatitis C virus (HCV),
and BK virus infection diagnosis, were based on laboratory examinations or serological
tests. A UTUC diagnosis was confirmed by a peer reviewed pathological examination,
and specimens were obtained by initial URS biopsy or subsequent nephroureterectomy.
Once patients had been proved to have UTUC by URS biopsy or suggestive UTUC by
image study, simultaneous bilateral nephroureterectomy and bladder cuff excision were
the standard surgical procedures in our cohort.

Continuous data were analyzed using ¢ tests, and chi-square tests were used to com-
pare the categorical variables in the different groups. Univariate analysis was conducted
and significant risk factors from univariate analysis were put in multivariate analysis.
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Multivariate logistic regression analysis was used to determine the factors significantly
associated with UTUC. Kaplan-Meier curves and log-rank tests were used to compare
the time to UTUC events between the post-KT cohorts with and without native kidney
hydronephrosis. Statistical analysis was performed using SPSS (SPSS for Windows Version
16.0, SPSS Inc., Chicago, IL, USA). A two-tailed p-value of <0.05 was regarded as statistically
significant.

3. Results

The total cohort consisted of 1005 KT patients, including 612 men (60.9%) and
393 women (39.1%), with a mean age of 48.2 &= 12.0 years old at KT (Table 1). The mean
length of follow-up was 118.6 & 70.2 months with 47.1% of patients with >10 years of follow
up. At the end of the study, 82 patients had graft failure and were receiving hemodialysis
(5 patients in the UTUC group and 77 patients in the non-UTUC group). Common systemic
diseases including hypertension, diabetes mellitus, dyslipidemia, and hyperuricemia all
had a prevalence above 50%. For viral infections, HBV and HCV infections were observed
in approximately 31.3% and 19.1% of patients, respectively, and the BK virus infection rate
was around 39%. Hydronephrosis rates were 9.4% and 23.1% in native and graft kidneys,
respectively. There were 84.1% (74/88) unilateral native kidney hydronephrosis cases and
15.9% bilateral native kidney hydronephrosis cases in our cohort.

Table 1. Characteristics of KT patients.

Characteristic Total Population

n =1005
Transplantation age, y/o 48.2 +12.0
Gender
Male 612 (60.9%)
Female 393 (39.1%)
Smoking 168 (22.7%)
Hypertension 648 (64.5%)
Diabetes mellitus 541 (53.8%)
Dyslipidemia 820 (82.0%)
Hyperuricemia 780 (78.0%)
Hepatitis B virus infection 172 (31.3%)
Hepatitis C virus infection 94 (19.1%)
BK virus infection 281 (39.0%)
Native kidney hydronephrosis 88 (9.4%)
Unilateral 74 (84.1%)
Bilateral 14 (15.9%)
Graft kidney hydronephrosis 217 (23.1%)
UTUC diagnosis, age y/o 57.6 £11.3
Average time from KT to UTUC, years 735+ 47

KT, kidney transplantation; UTUC, upper urinary tract urothelial carcinoma.

Table 2 shows the basic characteristics of the KT patients with and without UTUC. A
subsequent 67 patients were diagnosed with UTUC with proved pathological specimens
during the follow-up period. The age of the patients in the UTUC group when they
had undergone KT was older than that of the non-UTUC group (51.03 £ 9.58 versus
47.99 £ 12.08, p = 0.046). The mean age of UTUC diagnosis was 57.6 £ 11.3. The mean
length from KT to UTUC was 7.35 £ 4.72 years. There were more females in the UTUC
group (73.1% females versus 36.7% males, p < 0.001). Smoking histories were obtained
via electronic medical records and showed lower rates in the UTUC group (11.3% versus
23.8%, p = 0.025). Dyslipidemia was commonly noted in the post-KT patients but was more
prominent in the UTUC group (95.5% versus 81.0%, p = 0.003). However, there were no
significant differences for hypertension, diabetes mellitus, hyperuricemia, HBV infection,
HCV infection, or BK virus infection between the two groups. There were 46 cases with
native kidney hydronephrosis, 39 unilateral (84.8%) and 7 bilateral (15.2%), among the
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67 patients in the UTUC group. Native kidney hydronephrosis occurred more frequently
in the UTUC group than the non-UTUC group (68.7% versus 4.8%, respectively, p < 0.001).
However, graft kidney hydronephrosis was not significantly different between groups
(20.9% versus 23.3%, respectively, p = 0.652) (Table 2).

Table 2. Characteristics of KT patients with or without UTUC.

With UTUC Without UTUC

Characteristic "= 67 n =938 p Value
Transplantation age, y/o 51.0£9.6 48.0 =121 0.046
Gender <0.001
Male 18 (26.9%) 594 (63.3%)
Female 49 (73.1%) 344 (36.7%)
Smoking 7 (11.3%) 161 (23.8%) 0.025
Hypertension 41 (61.2%) 607 (64.7%) 0.561
Diabetes mellitus 41 (61.2%) 500 (53.3%) 0.211
Dyslipidemia 64 (95.5%) 756 (81.0%) 0.003
Hyperuricemia 56 (83.6%) 724 (75.6%) 0.253
Hepatitis B virus infection 15 (32.6%) 157 (31.2%) 0.845
Hepatitis C virus infection 3 (9.1%) 91 (19.8%) 0.130
BK virus infection 19 (39.6%) 262 (38.9%) 0.929
Native kidney o o
hydronephrosis 46 (68.7%) 42 (4.8%) <0.001
Unilateral 39 (84.8%) 35 (83.3%)
Bilateral 7 (15.2%) 7 (16.7%)
Graft kidney o o
hydronephrosis 14 (20.9%) 203 (23.3%) 0.652

KT, kidney transplantation; UTUC, upper urinary tract urothelial carcinoma; KT, kidney transplantation.

We conducted a multivariate logistic regression analysis for the significant risk factors
from univariate analysis. As compared with the reference cohort, the group of post-KT
patients with native kidney hydronephrosis had a higher overall risk for UTUC (OR, 35.32;
95% Cl, 17.99-69.36; p < 0.001), and women also showed a statistically higher risk for the
development of post-KT UTUC (OR, 3.37; 95% CI, 1.55-7.29; p = 0.002) (Table 3). Figure 1
demonstrates the comparative trend of native kidney hydronephrosis for UTUC using a
Kaplan-Meier graph and details of log rank test p value < 0.001.

Table 3. Multivariate logistic regression analysis for the association between UTUC and clinical variables.

95% CI
Clinical Variable Coefficient SE OR p Value
Lower Upper
Native kidney 3.56 0.34 35.32 <0.001 17.99 69.36
hydronephrosis

Female 1.21 0.40 3.37 0.002 1.55 7.29
Dyslipidemia 0.91 0.82 2.47 0.272 0.49 12.44
Smoking 0.13 0.54 1.14 0.979 0.40 3.29
Elderly 0.51 0.67 1.66 0.531 0.45 6.17

UTUC, upper urinary tract urothelial carcinoma; SE, standard error; OR, odds ratio; CI, confidence interval.

We also demonstrated the tumor characteristics of the 67 post-KT UTUC patients
based on whether they had native kidney hydronephrosis or not, which can be seen in
Table 4. The UTUC in both groups showed a high-grade and muscle infiltrating mode
(24/46,52.2% versus 16/21, 76.2% > p12). Bilateral UTUC was as high as 41.8% (28/67),
but there was no difference between two groups. UTUC subsequent UBUC recurrence
was 63.0% (29/46) in the native kidney hydronephrosis group and 57.1% (12/21) in the
non-native kidney hydronephrosis group (p = 0.569).
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Figure 1. Kaplan-Meier analysis of cumulative probability of UTUC-free between with or without
native kidney hydronephrosis groups. UTUC-free is statistically significant higher in the group of
without native kidney hydronephrosis.

Table 4. Tumor status in KT patients with UTUC.

With Native Kidney Without Native Kidney

Status Hydronephrosis Hydronephrosis p Value
n=46 n=21
Histologic grade
Grade I, Low grade 4 (8.7%) 0 (0%) 0.143
Grade IL, I1L, High 36 (78.3%) 20 (95.2%) 0.143
grade
Unknown 6 (13.0%) 1 (4.8%)
pT stage
pTis/Ta 5(10.9%) 2(9.5%) 0.867
pT1 13 (28.3%) 3(14.3%) 0.213
pI2 9 (19.6%) 4 (19.0%) 0.96
pT3 15 (32.6%) 12 (57.1%) 0.067
pT4 0 (0%) 0 (0%)
Unknown 4 (8.7%) 0 (0%)
Laterality 0.343
Unilateral 25 (54.3%) 14 (66.7%)
Bilateral 21 (45.7%) 7 (33.3%)
Recurrence UBUC 29 (63.0%) 12 (57.1%) 0.569

KT, kidney transplantation; UTUC, upper urinary tract urothelial carcinoma; UBUC, urinary bladder
urothelial carcinoma.

4. Discussion

Generally speaking, UTUC is relatively rare and accounts for only approximately
2% to 5% of all UC [10]. However, a nationwide analysis of Taiwan has demonstrated
unusually high UTUC (>10%) incidence [11]. Unlike Western countries, UTUC is by far
the most common form of cancer in post-KT patients in Taiwan [1,2]. Same as in previous
studies, our research has revealed that post-KT patients presented with higher incidence
of UTUC. Native kidney hydronephrosis and female gender were significantly associated
with UTUC. We also observed that the UTUC in our post-KT patients had tendency for
bilateral lesions.
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Research has suggested that the urine of patients with ESRD contains toxins that may
induce carcinoma, especially for UC [12]. Most patients with ESRD with or without KT
would have a reduced urine outflow from the native upper urinary tract to the urinary
bladder. Consequently, persistent exposure to toxins may occur in the urinary tract. The
urinary bladder is located downstream in the urinary tract and has a larger surface area
than upper tract. Once patients undergo KT, adequate urine flushes the bladder again. This
may partially explain the higher incidence of UC in post-KT patients with more UTUC than
UBUC. UTUC after KT often demonstrates an extremely aggressive pathological behavior
and frequently goes undiagnosed until an advanced stage. It may result from triggering
by immunosuppressive agents. Our cohort also showed about 60% (40/67) of UTUC
with stage > pT2 and 83% (56/67) with a high-grade presentation (Table 4). Our post-KT
UTUC patients were younger than UTUC patients in the ESRD population and general
population (57.6 & 11.3 versus 62.3 & 11.6 and 67.6 £ 11.2, respectively) [13,14]. Thus, early
detection and subsequent management may help improve oncological outcomes in these
patients. Nevertheless, atrophic and native upper tract stricture makes the diagnosis of
UTUC challenging and often a biopsy is not harvested due to the difficulty in reaching the
lesion of concern. There is low urine efflux from the native upper tract due to ESRD, and
urine cytology can therefore mostly detect a urinary bladder lesion. The value of urine
cytology in detecting UTUC remains controversial. A washing urine cytology examination
still play a role in the standard workup for UTUC; A recent review suggests bilateral upper
tract washing cytology is useful to exclude high-grade UTUC in patients with serially
indeterminate voiding urine cytology specimens and negative cystoscopies [15].

The clinical presentation of UTUC with kidney hydronephrosis is as usual and easy
to understand when kidneys present with continuous urine flush. On the contrary, the
consequence between little or no washing effect in native ESRD with UTUC remains
unclear. Previous studies have also noted that ESRD patients with UTUC had higher
incidence of kidney hydronephrosis [9,16]. There was 68.7% (46/67) post-KT UTUC in
patients presenting with either unilateral or bilateral native kidney hydronephrosis in
our cohort. Our study further showed the strong association between native kidney
hydronephrosis and UTUC in the multivariate analysis (OR, 35.32; 95% CI, 17.99-69.36;
p < 0.001), but graft kidney hydronephrosis did not. Graft kidney hydronephrosis is
mainly caused by surgical complications and most often occurs within the first year after
transplantation [17]. The exact mechanism between native kidney hydronephrosis and
UTUC needs to be elucidated. We have proposed that the functionally long-term disused
upper tract lacks a washing effect, rendering urothelial cells vulnerable to carcinomatous
transition and leading to the blockage of the native upper urinary tract. In addition,
the post-KT immunocompromised status promotes impaired immunosurveillance, the
activation of oncogenic viruses, and has carcinogenic effects [18]. Our data on bilateral
kidney hydronephrosis in UTUC and the bilateral UTUC rate are discordant (7/46 versus
21/46) (Tables 2 and 4). As long as unilateral kidney hydronephrosis prompts obtaining
tissue proof of UTUC, subsequent simultaneous bilateral nephroureterectomy and bladder
cuff excision are performed. Bilateral UTUC is then confirmed, but the lesion of the
latter side is usually too small to cause kidney hydronephrosis on initial presentation. This
consideration may explain the discrepancy between the laterality of kidney hydronephrosis
and UTUC. Consequently, native kidney hydronephrosis is a predictive factor of UTUC
in post-KT patients. Close follow-up and timely intervention are important for post-KT
patients with native kidney hydronephrosis.

There are two compound factors in post-KT UTUC: KT and UTUC. Concerning KT,
sex disparities on cancer incidence and mortality after KT have been noted and assessed
in recent years [19]. It has been described as an up to 20~30% higher risk of cancer for
male and white ethnicity transplant recipients [20]. However, several reports comparing
gender differences in post-transplantation malignancy rates do not support this data [21,22].
Furthermore, women have been described as having a higher risk and ratio than men
for the development of malignancy and KT [1,3,23]. UTUC is a relatively uncommon
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cancer that accounts for approximately 5% of all UC patients, and in Western countries,
men are twice more likely to have UTUC than women [24,25]. However, the female
gender has a higher incidence of UTUC in the general population of Taiwan [5,26,27]. In
agreement with the two previously mentioned post-KT and UTUC studies, we also found
this trend in our cohort (Table 2). Some theories have been proposed to interpret this
phenomenon. It has been reported that a higher percentage of compound analgesic and
Chinese herb use in female KT recipients may contribute to the higher incidence of de novo
UTUC in ESRD patients with or without KT [1,2]. Other factors, such as hormone-related
factors and gender differences in the metabolism of carcinogens, have also been raised
previously [27,28]. However, hormone receptors, including androgen receptor, estrogen
receptor, and progesterone receptor, have been found to be expressed on UTUC cells
without gender differences [29,30]. Postmenopausal women have been reported to have
less favorable oncological outcomes than men in UC [31]. Another study from Taiwan
showed that after adjusting for several risk factors, gender did not appear to be significantly
associated with survival outcomes in either UBUC or UTUC [14].

As compared with ESRD without KT patients, post-KT patients with UTUC have more
aggressive pathological features and possibly worse oncological outcomes [13,16]. Post-
KT patients with native kidney hydronephrosis have clinically presented with persistent
hematuria and inconclusive urine cytology yet fail to obtain adequate tissue proof of
malignancy. Standard nephroureterectomy and bladder cuff excision should be considered
in selected patients. As in previous Chinese and Taiwanese studies [4,32,33], our post-KT
patients also had a tendency for bilateral UTUC lesions (41.8%, 28/67) that was much higher
than in the general population (2.5%) [34]. Most of these cases were initially diagnosed
as unilateral UTUC by URS biopsy or an image study presenting with a unilateral lesion.
Coupled with the high contralateral and bladder recurrence characteristics of UC [34,35],
we have suggested simultaneous prophylactic bilateral nephroureterectomy and bladder
cuff excision in post-KT patients when unilateral UTUC was identified.

The present study had several limitations. First, it was a retrospective cohort study
within only one medical center in Taiwan. Incompleteness of urinalysis, cytology, and
survival data precluded their further analysis and interpretation. However, we collected
more than 1000 cases during our 15-year study period and with a mean follow-up time of
118 months. Second, immunosuppressive agent use is diverse based on different nephrolo-
gist care, which makes analysis difficult. Third, native kidney hydronephrosis was only
diagnosed by one sonogram or CT scan. We did not trace the kidney hydronephrosis
condition during the entire follow-up period. Fourth, not all patient in non-UTUC group
had a pathological diagnosis. Forty-two patients with native kidney hydronephrosis were
considered to have no UTUC. However, UTUC could occur with longer follow-up period
or be too tiny to be identified at that time. Fifth, the causes of ESRD and place of residence
in Taiwan of our subjects were unknown. Chinese herbs and analgesic nephropathy may
lead to more UTUC. So-called blackfoot disease is an endemic disease caused by the intake
of arsenic-contaminated groundwater that has occurred in southern Taiwan. Inhabitants of
the blackfoot disease region have presented with much higher UTUC incidence. This may
skew our interpretation and analysis. Therefore, we have to speculate about our results
using a more conservative explanation.

5. Conclusions

Post-KT patients presented with higher UTUC incidence and the onset was younger
than in general population of Taiwan and Western countries. Post-KT UTUC is charac-
terized with pathologically aggressive and bilateral lesions in the native kidneys. Native
kidney hydronephrosis is strongly associated with UTUC. Failure is common in obtaining
tissue proof of native upper UTUC in post-KT patients due to anatomical and techni-
cal difficulties. Native kidney hydronephrosis may be a deciding factor for standard
nephroureterectomy and bladder cuff excision in selected patients. Nevertheless, almost
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half of the patients with kidney hydronephrosis do not present with UTUC at the end of
our study.
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