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Prognostic significance of urothelial carcinoma
with divergent differentiation in upper urinary
tract after radical nephroureterectomy without
metastatic diseases

A retrospective cohort study

Chuan Qin, MS?®, En-Li Liang, MS®>", Zhi-Yong Du, MS®P, Xiao-Yu Qiu, MS®, Gang Tang, MS®®,
Fei-Ran Chen, MS®?, Bo Zhang, MS®P, Da-Wei Tian, PhD*®, Hai-Long Hu, PhD®P, Chang-Li Wu, PhD®P"

\

Abstract N\
To evaluate the impact of urothelial carcinoma with divergent differentiation (UCDD) on the prognosis of patients for primary upper |

urinary tract urothelial carcinoma (UTUC) with pNO/x status treated with radical nephroureterectomy (RNU) and to evaluate the
prognostic value of UCDD in different tumor locations (renal pelvis and ureter).

Data from a total of 346 patients with UTUC who received RNU between January 2012 and March 2016 in the institution were
retrospectively analyzed. Clinicopathological features and prognostic factors age, sex, complaint, height, weight, blood pressure,
tumor grade, stage, smoking status, history of adjuvant chemotherapy, tumor location, history of bladder cancer, tumor necrosis,
degree of hydronephrosis, tumor size, tumor focality, and preoperative anemia were compared between patients with pure UTUC
and patients with UCDD. The endpoints were cancer-specific survival (CSS), overall survival (OS), and intraluminal recurrence-free
survival (IRFS).

Overall, divergent differentiation was present in 50 patients (14.5%). UCDD was related to different tumor location (P=.01),
smoking (P=.04), higher body mass index (P=.02), and advanced tumor grade (P=.01). By Kaplan-Meier analysis, UCDD was
found to be significantly correlated with worse IRFS, CSS, and OS (all P < .01). Multivariate analysis demonstrated that UCDD was
an independent predictor of IRFS (P < .01), CSS (P=.01), and OS (P=.01). However, 40 patients died for various reasons and the
5-year OS rates were 91.9% in UCDD— group and 68.0% in UCDD+ group, respectively. In patients with ureteral tumors, UCDD was
the significant predictor for IRFS, CSS, and OS. However, the prognostic value of UCDD was not observed in pyelocaliceal tumors.

The presence of divergent differentiation is associated with inferior survival. UCDD may identify patients at high risks for poor
prognosis especially in patients with ureteral tumors. As a result, more attention and follow-up should be given to patients with
ureteric urothelial carcinoma.

Abbreviations: CSS = cancer-specific survival, IRFS = intraluminal recurrence-free survival, OS = overall survival, RNU = radical
nephroureterectomy, UCDD = urothelial carcinoma with divergent differentiation, UTUC = upper urinary tract urothelial carcinoma.
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1. Introduction

Upper urinary tract urothelial carcinoma (UTUC) is an
uncommon but potentially fatal disease, which accounts for
approximately 5% of all urothelial malignancies, including renal
pelvicalyceal and ureteric urothelial carcinoma.l!! Although
patients with UTUC generally receive gold standard treatment,
that is, radical nephroureterectomy (RNU) with excision of the
bladder cuff, UTUC remains a malignancy with a high potential
for local and distant recurrence, especially in patients with
advanced disease.'”!

Because of the clinical features of UTUC, comprehensive
recognition of potential prognostic factors is important to
improve therapies. To date, many studies have been conducted to
identify the significant prognostic factors of UTUC.>* Tumor
stage and grade have often been regarded as the basic prognostic
predictors in such cases clinically. Other variables, including
lymphovascular invasion (LVI), multifocality, tumor size, and
lymph node invasion have also been reported as significantly
relevant factors.!>®! It is generally known pure UTUC accounts
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for most tumors. However, urothelial carcinoma with divergent
differentiation (UCDD), aberrant histological differentiation, is a
phenomenon that is well recognized by pathologists.”! In
previous studies, a retrospectively study conducted by Shibing
et al'® demonstrated that UCDD was an independent prognostic
factor for cancer-specific survival (CSS), DFS, and overall
survival (OS) in patients with UTUC on univariate and
multivariate analysis. Moreover, the presence of divergent
differentiation in UTUC has been reported to be a significant
predictor of prognosis in Japanese populations.'”) However, Rink
etal" found that UCDD in UTUC was related to poor prognosis
on univariate analysis but not on multivariate analysis. Thus,
further studies are warranted before UCDD is included in risk
prediction tools.

The aim of the study was to estimate the effect of the presence
and extent of divergent differentiation on oncological outcomes
in patients after RNU in a Chinese population. In addition, the
respective influences of UCDD in pyelocaliceal and ureteral
tumors were also investigated.

2. Patients and methods

2.1. Study population

The present study was conducted upon approval from the
Institutional Review Board of the Second Hospital of Tianjin
Medical University. A total of 517 patients who underwent RNU
for UTUC with intent to cure at the hospital from January 2012
to March 2016 were selected for the retrospective analysis.
However, 161 patients were excluded from the study because of
missing data such as medical reports (n=435), loss of follow-up
(n=>50), lymph node metastasis (n=239), or conservative surgery,
such as segmental ureterectomy and endourological resection of
tumor (n=22). In addition, 10 patients with pure nonurothelial
carcinoma were also excluded, and 5 patients with distant
metastases were also excluded from the study. The inclusion
criteria of clinically disease included pathological stage Ta-T4
without lymph node involvement, and complete surgical
resection without positive margins. Finally, 346 patients without
distant metastasis comprised the current study cohort. No
patients received neoadjuvant chemotherapy and experienced
confirmed lymph node metastasis before surgery.

Clinical and pathological information were retrieved from
patientcharts and electronic medical records. Parameters including
age, sex, complaint, height, weight, blood pressure, tumor grade,
stage, smoking status, history of adjuvant chemotherapy, tumor
location, history of bladder cancer, tumor necrosis, degree of
hydronephrosis, UCDD, tumor size, tumor focality, and preoper-
ative anemia were recorded. However, patients with suspicious
enlarged lymph nodes on preoperative radiology or with
intraoperatively abnormal observations received regional
lymphadenectomy. The extent and number of lymphadenectomies
performed were determined by the surgeon.

2.2. Pathological evaluation

All RNU specimens were processed by genitourinary pathologists
at the hospital based on standard procedures. Tumor stage was
determined according to the 2010 American Joint Committee on
Cancer TNM staging system.['!l Tis, Ta, and T1 tumors were
considered as low-stage UTUC, and accordingly, T2, T3, and T4
tumors were grouped into high-stage UTUC. Tumor grading was
considered under the 2004 World Health Organization grading
system, which is applied in our hospital. Patients who had
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noninvasive papillary urothelial neoplasm with low malignant
potential were regarded as having low-grade papillary urothelial
cancer. Tumor location was defined as either renal pelvis or ureter
based on dominant tumor features, in sequential order of stage,
grade, and size.'®! Tumor size was defined as the maximum
diameter of the tumor.?! History of bladder cancer was defined
as concomitant or previous bladder tumors. Patients were
classified as demonstrating variant UTUC histology if they
presented with UTUC combined with any variant histology.
Most of UCDD was identified in combination with immunohis-
tochemical staining, and final diagnoses for unusual and
problematic slides were achieved by collective consultation with
detailed medical records.

2.3. Postoperative follow-up

Follow-up was performed every 3 to 4 months in the 1st year after
surgery, semiannually for the 2nd and 3rd year, and annually
thereafter, or as clinically indicated. Follow-up included physical
examination, blood laboratory tests, chest radiography, urinary
cytology, and excretory urography of the contralateral upper
urinary tract. Bone scan, chest CT, abdomen CT, or MRI was
performed when clinically indicated following institutional
guidelines. Intraluminal recurrence was defined as recurrence
of tumor in the bladder or contralateral upper urinary tract. The
cause of death was identified by physicians via chart reviews or
death certificates. Most patients who had advanced UTUC died
of widely disseminated metastases. The latest follow-up date was
May 1, 2016.

2.4. Statistical analysis

The chi-squared test and Student # test were used to evaluate the
association between categorical and continuous variables,
respectively. The characteristics between pyelocaliceal and
ureteral tumors were also analyzed. The Kaplan—-Meier method
was used to estimate the impact of UCDD on survival and
intraluminal recurrence. Survival curves were compared using the
log-rank test. The potential prognostic factors containing age,
sex, complaint, height, weight, blood pressure, tumor grade,
stage, smoking status, history of adjuvant chemotherapy, tumor
location, history of bladder cancer, tumor necrosis, degree of
hydronephrosis, UCDD, tumor size, tumor focality, and
preoperative anemia were established by univariate analysis,
and only the significant factors were entered into multivariate
Cox proportional hazard regression models. Hazard ratios with
95% CIs from the Cox model are used, and P<.05 was
considered to represent statistical significance. Statistical analyses
were performed using SPSS version 19.0 (IBM Corp., Armonk,
NY).

3. Results

3.1. Clinical characteristics

Our study population, consisting of 206 (59.6%) men and 140
(40.4%) women, were divided into 2 groups: UCDD (n=350,
14.5%) and pure UTUC (n=296, 85.5%). The demographic and
clinicopathological features of 2 groups are shown in Table 1.
According to our data, the mean age of the patients was 66.61 +
9.897 years and the median follow-up was 21 months (range,
1-56 months; interquartile range [IQR], 10-36 months). The
prevalence of UCDD was significantly higher in patients with
tumor located in renal pelvis (P=.01), smoking (P=.04), higher
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Demographics and clinicopathological characteristics of 346 patients with urinary tract urothelial carcinoma.

Variables Total (n=2346) Pure UTUC (n=296, 85.5%) UCDD (n=50, 14.5%) P

Age, % 462
<67y 184 (53.2) 155 (52.4) 29 (58.0)
>67y 162 (46.8) 141 (47.6) 21 (42.0)

Gender, % .390
Male 206 (59.6) 179 (60.5) 27 (54.0)
Female 140 (40.4) 117 (39.5) 23 (46.0)

Tumor location, % .004
Pelvicalyceal 175 (50.6) 159 (63.7) 16 (32.0)
Ureteric 171 (49.4) 137 (46.3) 34 (68.0)

Tumor side, % .930
Left 175 (50.6) 150 (50.7) 25 (50.0)
Right 171 (49.4) 146 (49.3) 25 (50.0)

Symptom, % .081
Hematuresis 265 (76.6) 231 (78.0) 34 (68.0)
Osphyalgia 32 9.2 27 (9.1) 5 (10.0)
Nonsymptoms 49 (14.2) 38 (12.8) 11 (22.0)

Smoking status, % .044
No 219 (63.3) 181 (61.1) 38 (76.0)
Yes 127 (36.7) 115 (38.9) 12 (24.0)

Hypertension, % .599
No 178 (51.4) 154 (52.0) 24 (48.0)
Yes 168 (48.6) 142 (48.0) 26 (52.0)

Diabetes, % 751
No 278 (80.3) 237 (80.1) 41 (82.0)
Yes 68 (19.7) 59 (19.9) 9 (18.0)

History of bladder cancer, % .656
No 317 (9.5) 272 (91.9) 45 (90.0)
Yes 29 (90.5) 24 (8.1) 5 (10.0)

Hydronephrosis, % .064
None 119 (34.4) 110 (37.2) 9 (18.0)
Mild 110 (31.8) 91 (30.7) 19 (38.0)
Moderate 91 (26.3) 71 (24.0) 20 (40.0)
Severe 26 (7.5) 24 (8.1) 2 (4.0)

BMI, kg/m?, % 018
<25 178 (51.4) 160 (54.1) 18 (36.0)
>25 168 (48.6) 136 (45.9) 32 (64.0)

Tumor stage, % .064
Tis/Ta/T1 258 (74.6) 226 (76.4) 32 (64.0)
T2/T3/T4 88 (25.4) 70 (23.6) 18 (36.0)

Tumor grade, % .002
Low 59 (17.1) 43 (14.5) 16 (32.0)
High 287 (82.9) 253 (85.5) 34 (68.0)

Adjuvant chemotherapy, % .460
No 177 (51.2) 149 (50.3) 28 (56.0)
Yes 169 (48.8) 147 (49.7) 22 (44.0)

Tumor size, % .765
<3.0cm 159 (46.0) 137 (46.3) 22 (44.0)
>3.0cm 187 (54.0) 159 (63.7) 28 (56.0)

Tumor focality, % .888
Unifocal 320 (92.5) 274 (92.6) 46 (92.0)
Multifocal 26 (7.5) 22 (7.4) 4 (8.0)

Tumor necrosis, % .337
Without 328 (96.5) 282 (95.3) 46 (92.0)
With 18 (3.5) 14 (4.7) 4 8.0)

Preoperative anemia, % 737
No 296 (85.5) 254 (85.8) 42 (84.0)
Yes 50 (14.5) 42 (14.2) 8 (16.0)

The values with statistical significance are highlighted by bold font. BMI=body mass index, UCDD = urothelial carcinoma with divergent differentiation, UTUC = upper urinary tract urothelial carcinoma.

body mass index (P=.02), and advanced tumor grade (P=.01).  clinicopathological features are presented in Table 3. Squamous
All clinicopathologic factors between patients with tumors  cell differentiation was the most common variant UTUC
in renal pelvis and ureter were presented in Table 2. Besides,  histology (7.5%), followed by glandular differentiation (2.0%)
associations between variant histological components and  and multiple variant differentiation (2.0%).


http://www.md-journal.com

Qin et al. Medicine (2017) 96:21

Demographics and clinicopathologic characteristics of 346
patients with UTUC according to tumor location.

Medicine

Frequency of urothelial carcinoma with divergent differentiation in
346 patients treated with RNU.

Renal pelvis Ureter
Variables (n=175, 50.6%) (n=171, 49.4%) P
Age, % 678
<67y 95 (54.3) 89 (62.0)
>67y 80 (45.7) 82 (48.0)
Gender, % .010
Male 116 (66.3) 90 (52.6)
Female 59 (33.7) 81 (47.4)
Tumor side, % .041
Left 98 (56.0) 77 (45.0)
Right 77 (44.0) 94 (55.0)
Symptom, % <.001
Hematuresis 156 (89.1) 109 (63.7)
Osphyalgia 8 (4.6) 24 (14.0)
Nonsymptoms 11 (6.3) 38 (22.2)
Smoking status, % .002
No 97 (55.4) 122 (71.3)
Yes 78 (44.6) 49 (28.7)
Hypertension, % .286
No 95 (54.3) 83 (48.5)
Yes 80 (45.7) 88 (51.5)
Diabetes, % 236
No 145 (82.9) 133 (77.8)
Yes 30 (17.1) 38 (22.2)
History of bladder cancer, % .028
No 166 (94.9) 151 (88.3)
Yes 9(.1) 20 (11.7)
Hydronephrosis, % <.001
None 112 (64.0) 7 (4.9)
Mild 38 (21.7) 72 (421
Moderate 17 9.7) 74 (43.3
Severe 8 (4.6) 18 (10.5
BMI, kg/m?, % .054
<25 99 (56.6) 79 (46.2)
>25 76 (43.4) 92 (53.9)
Tumor stage, % 110
Tis/Ta/T1 124 (70.9) 134 (78.4)
T2/T3/T4 51 (29.1) 37 (21.6) .004
UCDD, %
Without 159 (90.9) 137 (80.1)
With 16 9.1) 34 (19.9)
Tumor grade, % .964
Low 30 (17.1) 29 (17.0)
High 145 (82.9) 142 (83.0)
Adjuvant chemotherapy, % .041
No 80 (45.7) 97 (56.7)
Yes 95 (54.3) 74 (43.3)
Tumor size, % <.001
<3.0cm 52 (29.7) 107 (62.6)
>3.0cm 123 (70.3) 64 (37.4)
Tumor focality, % 640
Unifocal 163 (93.1) 157 (91.8)
Multifocal 12 (6.9) 14 8.2)
Tumor necrosis, % 162
Without 163 (93.1) 165 (96.5)
With 12 (6.9 6 (3.5
Preoperative anemia, % 930
No 150 (85.7) 146 (85.4)
Yes 25 (14.3) 25 (14.6)

The values with statistical significance are highlighted by bold font. BMI=body mass index, UCDD =
urothelial carcinoma with divergent differentiation, UTUC =upper urinary tract urothelial carcinoma.

3.2. Oncological outcome

During the follow-up, 52 patients (15.0%) had an intraluminal
recurrence in bladder or contralateral upper urinary tract. The
5-year CSS rate (SD) was 93.9% in the group of pure UTUC and

Urothelial carcinoma Number of Percentage,
histology patients, % %
Pure UTUC 296 (85.5) 100
Variant UTUC histology 50 (14.5)
Squamous cell differentiation 26 (7.5) 18-30
Glandular differentiation 7(2.0) 14-35
Sarcomatoid differentiation 5(1.4) 25-52
Small cell neuroendocrine differentiation 4(1.2 10-22
Plasmacytoid differentiation 1(0.4) 19
Multiple variant differentiation 7(2.0) 36-64

Percentage: percentage of divergent histology observed in the specimen. RNU=radical
nephroureterectomy, UTUC =upper urinary tract urothelial carcinoma.

76.0% in the group of UCDD. Overall, 40 patients died for
various reasons and the 5-year OS rates were 91.9% in UCDD—
group and 68.0% in UCDD+ group, respectively. Patients with
UCDD showed an apparently worse intraluminal recurrence-free
survival (IRFS), CSS, and OS than those without UCDD (all
P <.01, Fig. 1A-C). Univariate and multivariate analysis revealed
that UCDD, advanced tumor stage, and grade were independent
predictors of adverse IRFS, CSS, and OS (all P <.05). Concerning
IRFS, UTUC with history of bladder tumor was the most
important factor to predict intraluminal recurrence (P=.03). In
addition, adjuvant chemotherapy in our study may improve
outcomes of OS in patients with UTUC after RNU (P=.01). The
results of univariate and multivariate analyses for prognosis are
shown in Tables 4-6.

3.3. Effect of UCDD in different tumor locations

In the subgroup of patients with ureteral tumors, UCDD had a
significantly negative impact on IRFS, CSS, and OS (P=.01,
P=.001, and P=.01 respectively, Fig. 2A-C). On univariate and
multivariate analysis, variant UTUC histology, advanced tumor
stage were independent prognostic factors for IRFS, CSS, and OS
(all P<.05, Tables 7-9). Tumor necrosis predicted a worse
prognosis on IRFS (P=.02 Table 7). However, the prognostic
value of UCDD was not observed in pyelocaliceal tumors. UCDD
was not an independent predictor for IRFS, OS on multivariate
analysis in pyelocaliceal tumors. There were no significant
differences in OS and IRFS between UCDD and pure UTUC in
patients with pyelocaliceal tumors (data not shown).

3.4. Pathology and immunohistochemistry

Stained sections in H&E were used to evaluate the presence of
divergent differentiation (Fig. 3A), IHC staining of CKp (Fig. 3B),
P63 (Fig. 3C), and Ki67 (Fig. 3D) were then performed. IHC stain
in these cases was positive for CKp, P63, and Ki67.

4. Discussion

UTUC is relatively rare and the prognosis is worse than that of
bladder cancer. Thus, identifying prognostic factors to predict a
group at high risk of UTUC is crucial to facilitate individualized
therapy and proper surveillance protocol, especially those with
clinically pNO/x status disease. To date, tumor stage and grade
have routinely been used to predict disease prognosis in patients
with UTUC.'3! Also, the role of LVI in UTUC has been
extensively discussed in recent years." 5! In the present study,
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Figure 1. Kaplan-Meier curves for IRFS (A), CSS (B), and OS (C) stratified according to UCDD in 346 patients following RNU of UTUC. CSS =cancer-specific
survival, IRFS=intraluminal recurrence-free survival, OS=overall survival, RNU=radical nephroureterectomy, UCDD =urothelial carcinoma with divergent

differentiation, UTUC =upper urinary tract urothelial carcinoma.

we retrospectively analyzed the data on 346 patients with UTUC
treated with RNU at our institution. We not only confirmed that
UCDD was an independent prognostic factor for CSS, IRFS, and
OS on both univariate and multivariate analysis among patients
with UTUC treated with RNU in this cohort. Furthermore, we
found that UCDD is a more essential factor in ureteral tumors
than in pyelocaliceal ones.

In the study, we reported that UCDD was present in 14.5% of
UTUC specimens, which is similar to the rate of 12% reported by
Sakano et al.”’! The patients with UCDD present with more
aggressive tumor biological features compared to those with

pure UTUC. On the basis of previous reports, some researchers
found an association of variant histology with adverse
clinicopathologic characteristics in patients with bladder cancer
or the upper urinary tract.'®'®7! Similar to the findings of
Shibing et al,'® UCDD was found to be an independent
prognostic factor for CSS, DFS, and OS in patients with UTUC
under univariate and multivariate analyses.® In our study,
UCDD remained an independent risk factor for survival
outcomes on multivariate analysis. However, further studies
are warranted to validate our finding in multiple centers with
diverse patient populations.
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Univariate and multivariate analyses predicting IRFS in 346 patients with UTUC (pNO/X status) after RNU.

Univariable analysis

Multivariable analysis

Variables HR 95% CI P HR 95% CI P
Age (<67 vs >67 ) 0.993 0.575-1.714 .980
Gender (male vs female) 0.731 0.409-1.306 290
Tumor location 1.633 0.940-2.836 .082
Pelvicalyceal
Ureteric
Tumor side (left vs right) 0.809 0.468-1.398 .809
Symptom
Hematuresis 1 Reference
Osphyalgia 0.399 0.096-1.648 204
Nonsymptom 1.181 0.554-2.516 .666
Smoking status (Yes vs No) 0.606 0.332-1.105 102
Hypertension (Yes vs No) 1.187 0.689-2.046 536
Diabetes (Yes vs No) 1.351 0.708-2.576 .362
History of bladder cancer (Yes vs No) 2.824 1.367-5.834 .005 2.297 1.107-4.768 .026
Degree of hydronephrosis (none/mild vs moderate/severe) 1.203 0.917-1.579 183
BMI, kg/m? 1.524 0.879-2.642 134
>25
<25
Tumor stage (Tis/a/1 vs 2/3/4) 2.726 1.579-4.708 <.001 2.030 1.148-3.588 .015
Tumor grade (high vs low) 2.933 1.053-8.170 .039 3.783 1.341-10.793 .012
Adjuvant chemotherapy (yes vs no) 0.975 0.564-1.687 928
Tumor size (>3 vs <3 cm) 1.307 0.747-2.287 .348
UCDD (with vs without) 2.969 1.661-5.306 <.001 2.994 1.624-5.520 <.001
Tumor focality (unifocal vs multifocal) 1.548 0.558-4.294 402
Tumor necrosis (Yes vs No) 2.768 0.996-7.693 .051
Preoperative anemia (Yes vs No) 0.977 0.440-2.168 955

The values with statistical significance are highlighted by bold font including history of bladder cancer, tumor stage, tumor grade, and UCDD. BMI=body mass index, Cl= confidence interval, HR =hazard ratio,
IRFS =intraluminal recurrence-free survival, RNU=radical nephroureterectomy, UCDD = urothelial carcinoma with divergent differentiation, UTUC = upper urinary tract urothelial carcinoma.

Univariate and multivariate analyses predicting CSS in 346 patients with UTUC (pNO/X status) after RNU.

Univariable analysis

Multivariable analysis

Variables HR 95% Cl P HR 95% Cl P
Age (<67 vs >67y) 0.980 0.568-1.691 942
Gender (male vs female) 0.734 0.411-1.311 296
Tumor location 1.647 0.948-2.860 077
Pelvicalyceal
Ureteric
Tumor side (left vs right) 0.818 0.473-1.414 471
Symptom
Hematuresis 1 Reference
Osphyalgia 0.401 0.097-1.659 207
Nonsymptom 1.218 0.572-2.596 610
Smoking status (Yes vs No) 0.602 0.330-1.099 .098
Hypertension (Yes vs No) 1171 0.679-2.017 571
Diabetes (Yes vs No) 1.327 0.696-2.531 .390
History of bladder cancer (Yes vs No) 1.547 0.363-6.604 555
Degree of hydronephrosis (none/mild vs moderate/severe) 1.010 0.702-1.453 .958
BMI, kg/m? 1.615 0.777-3.356 199
>25
<25
Tumor stage (Tis/a/1 vs 2/3/4) 5.156 2.472-10.752 <.001 3.452 1.438-8.290 .006
Tumor grade (high vs low) 5112 1.193-21.903 .028 9.412 2.090-42.386 .003
Adjuvant chemotherapy (yes vs no) 0.661 0.300-1.453 303
Tumor size (>3 vs <3cm) 1.520 0.709-3.260 282
UCDD (with vs without) 4.404 2.117-9.161 <.001 4.358 1.876-10.124 .001
Tumor necrosis (Yes vs No) 5.923 2.374-14.778 <.001 2.107 0.753-5.894 185
Tumor focality (unifocal vs multifocal) 1.592 0.554-4.574 .388
Preoperative anemia (Yes vs No) 1.501 0.565-3.987 415

The values with statistical significance are highlighted by bold font including tumor stage and grade, UCDD. BMI=body mass index, Cl=confidence interval, CSS = cancer-specific survival, HR = hazard ratio,

RNU = radical nephroureterectomy, UCDD = urothelial carcinoma with divergent differentiation, UTUC =upper urinary tract urothelial carcinoma.
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Univariate and multivariate analyses predicting OS in 346 patients with UTUC (pNO/X status) after RNU.

0S
Univariable analysis Multivariable analysis

Variables HR 95% Cl P HR 95% CI P
Age (<67 vs >67 ) 1.399 0.745-2.672 297
Gender (male vs female) 1.028 0.538-1.963 .934
Tumor location 1.311 0.686-2.504 412

Pelvicalyceal

Ureteric
Tumor side (left vs right) 0.520 0.270-0.999 .050
Symptom

Hematuresis 1 Reference

Osphyalgia 0.788 0.239-2.597 .696

Nonsymptom 0.919 0.324-2.613 .875
Smoking status (Yes vs No) 0.652 0.335-1.268 .207
Hypertension (Yes vs No) 1.365 0.730-2.555 .330
Diabetes (Yes vs No) 0.956 0.397-2.297 919
History of bladder cancer (Yes vs No) 2.390 0.832-6.866 .106
Degree of hydronephrosis (none/mild vs moderate/severe) 0.979 0.711-1.346 .894
BMI, kg/m? 1.354 0.726-2.527 .341

>25

<25
Tumor stage (Tis/a/1 vs 2/3/4) 4.235 2.255-7.957 <.001 2.788 1.344-5.784 .006
Tumor grade (high vs low) 4.399 1.336-14.491 .015 5.973 1.748-20.408 .004
Adjuvant chemotherapy (yes vs no) 0.459 0.228-0.926 .030 0.363 0.165-0.797 .012
Tumor size (>3 vs <3cm) 1.188 0.629-2.242 .596
UCDD (with vs without) 3.989 2.115-7.523 <.001 3.209 1.556-6.619 .002
Tumor necrosis (Yes vs No) 4.096 1.702-9.856 .002 2.800 0.989-7.933 .053
Tumor focality (unifocal vs multifocal) 1.214 0.431-3.417 714
Preoperative anemia (Yes vs No) 1.788 0.813-3.929 148

The values with statistical significance are highlighted by bold font including tumor stage and grade, adjuvant chemotherapy, and UCDD. BMI=body mass index, Cl = confidence interval, HR = hazard ratio, 0S =
overall survival, RNU=radical nephroureterectomy, UCDD = urothelial carcinoma with divergent differentiation, UTUC =upper urinary tract urothelial carcinoma.

Among UTUC, tumors in the renal pelvis and ureter may have
different biological characteristics. Chung et al'"®! found that the
thicker anatomic barrier of renal pelvis than ureter can lead to
different consequences, and they suggested that it may be more
reasonable to individually evaluate tumors in different locations.
The prognosis of UTUC is strongly correlated with pathological
stage, especially with invasion of the muscularis.

The gross representation of the tumor is varied according to
divergent differentiations of the tumor such as papillary,
nonpapillary, muscle invasive, nonmuscle invasive, presence
and absence of lymphovascular invasion, presence versus absence
of concurrent carcinoma in situ, etc. They were all included for
microscopic evaluation. Generally, based on the size of tumor,
there were at least 4 paraffin blocks of each tumor, that is, 1cm of
tumor for 1 paraffin block. For other normal part, at least 1
paraffin block is required too.

In this cohort, UCDD and higher tumor stage were indepen-
dent predictor both in univariate and multivariate analysis for
IRFS, CSS, and OS of ureteral tumors. In contrast, UCDD failed
to be independently related to IRFS and OS in pyelocaliceal
tumors. The possible reason is that diverse effect of UCDD in
different location is associated with the thickness of adjacent
barrier. Since the muscular layer of the ureter is much thinner
than in renal pelvis, ureteric urothelial carcinoma is associated
with a poorer outcome than renal pelvic urothelial carcinoma. To
date, UCDD with adverse clinicopathologic characteristics such
as tumor stage and grade is much more easier for cancer cells to
disseminate and get aggressive in ureteral tumors than pyeloca-

liceal ones. If UCDD is present in ureteral tumors, its thinner
muscular wall is easier for invasion. Thus, the presence of
divergent differentiation, particularly in ureteral tumors, is
associated with poorer survival. However, multiple-center
studies are warranted to verify the relationship between the
prognostic value of UCDD and tumor locations.

As it is presented in our cohort that UTUC with small cell
neuroendocrine differentiation was the worst divergent subtype,
all of the patients were diagnosed at an advanced stage, suffering
IRFS or CSS without adjuvant chemotherapy after RNU
during the follow-up. This relationship between the pathological
pattern and poor prognosis was also reported by other studies
for small cell neuroendocrine carcinoma differentiation of
pancreas.!”!

In addition, history of bladder cancer, that is concomitant
or previous bladder tumors, was a significantly independent
predictor for IRFS in patients with UTUC on both univariate and
multivariate analyses. Recently published reports of cancer
survival also confirmed the similar results.***" In the present
study, we found adjuvant chemotherapy was an important factor
to improve OS in patients after RNU. Our oncological outcomes
were in agreement with those of recent study series'?! but not in
accordance with a cohort study in Korea. Largely, this disparity
may be attributed to differences in patients selection and
therapeutic schedules. Besides, there is no standard chemothera-
py regimens and consensus in the world. Notably, in the present
study, we found that tumor necrosis was an unfavorable
prognostic factor for IRFS in ureteral tumors on both univariate
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Figure 2. Kaplan-Meier curves for IRFS (A), CSS (B), and OS (C) stratified according to UCDD in patients with ureteral tumors following RNU. CSS=cancer-
specific survival, IRFS =intraluminal recurrence-free survival, OS = overall survival, RNU =radical nephroureterectomy, UCDD = urothelial carcinoma with divergent

differentiation.

and multivariate analysis. This was also observed by Seisen
et al.l?%!

However, the present study has several limitations. First, the
study design is retrospective and the number of cases is limited.
Second, the nephroureterectomy procedures were conducted by
multiple surgeons at a single tertiary care institution, introducing
both the variability of intraoperative management and extent of
lymph node dissection as well as a significant case selection bias.
Third, the role of UCDD in lymphatic metastasis disease and the
significance of Chinese populations as a predictor of worse
prognosis in this disease process should be evaluated within a
larger-scale investigation for further validation. Meanwhile, we

included all the patients with UCDD as a single group for
analysis; thus, bias owing to heterogeneity may occur. Last, the
limitations of a hospital-based study cannot be ignored, which
may result in the bias of patients selection.

5. Conclusions

In conclusion, we confirmed the imperative role of UCDD in
predicting disease intraluminal recurrence and survival of
patients with UTUC after receiving RNU in China. The presence
of UCDD, particularly in ureteral tumors rather than pyeloca-
liceal tumors, is associated with poorer prognosis. As a result,
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Univariate and multivariate analyses predicting IRFS in patients with ureteral tumor (pNO/X status) after RNU.

IRFS
Univariable analysis Multivariable analysis

Variables HR 95% Cl P HR 95% Cl P
Age (<67 vs >67y) 0.993 0.575-1.714 377
Gender (male vs female) 0.732 0.353-1.521 404
Tumor side (left vs right) 0.842 0.411-1.723 637
Symptom

Hematuresis 1 Reference

Osphyalgia 0.458 0.107-1.951 291

Nonsymptom 0.937 0.379-2.314 .888
Smoking status (Yes vs No) 0.570 0.233-1.394 218
Hypertension (Yes vs No) 0.909 0.444-1.861 794
Diabetes (Yes vs No) 1.307 0.582-2.935 517
History of bladder cancer (Yes vs No) 1.235 0.430-3.547 .694
Degree of hydronephrosis 1.099 0.669-1.805 .709

(none/mild vs moderate/severe)
BMI, kg/m? 1.956 0.914-4.184 .084

>25

<25
Tumor stage (Tis/a/1 vs 2/3/4) 2.732 1.314-5.680 .007 2478 1.191-5.154 .015
Tumor grade (high vs low) 1.943 0.588-6.422 276
Adjuvant chemotherapy (yes vs no) 0.812 0.386-1.707 .583
Tumor size (>3 vs <3cm) 1.405 0.681-2.900 357
UCDD (with vs without) 3.145 1.513-6.534 .002 2.990 1.436-6.224 .003
Tumor necrosis (Yes vs No) 6.634 1.520-28.949 .012 6.223 1.398-27.694 .016
Tumor focality (Unifocal vs Multifocal) 0.355 0.048-2.609 .309
Preoperative anemia (Yes vs No) 0.469 0.112-1.970 .301

The values with statistical significance are highlighted by bold font including tumor stage, UCDD, and tumor necrosis. BMI=body mass index, Cl=confidence interval, HR =hazard ratio, IRFS = intraluminal
recurrence-free survival, RNU=radical nephroureterectomy, UCDD = urothelial carcinoma with divergent differentiation.

Univariate and multivariate analyses predicting CSS in patients with ureteral tumor (pNO0/X status) after RNU.

CSS
Univariable analysis Multivariable analysis

Variables HR 95% CI P HR 95% Cl P
Age (<67 vs >67 ) 0.757 0.261-2.190 .607
Gender (male vs female) 1.214 0.424-3.480 718
Tumor side (left vs right) 0.373 0.117-1.191 .096
Symptom

Hematuresis 1 Reference

Osphyalgia 0.314 0.040-2.460 270

Nonsymptom 0.314 0.041-2.419 .266
Smoking status (Yes vs No) 1.118 0.372-3.356 .843
Hypertension (Yes vs No) 1.122 0.382-3.243 .832
Diabetes (Yes vs No) 0.280 0.037-2.138 220
History of bladder cancer (Yes vs No) 1.753 0.387-7.944 467
Degree of hydronephrosis 1.108 0.535-2.297 782

(none/mild vs moderate/severe)
BMI, kg/m? 2.790 0.873-8.918 .083

>25

<25
Tumor stage (Tis/a/1 vs 2/3/4) 8.346 2.781-25.046 <.001 2.478 1.191-5.154 .015
Tumor grade (high vs low) 1.535 0.340-6.931 577
Adjuvant chemotherapy (yes vs no) 0.887 0.306-2.575 .826
Tumor size (>3 vs <3cm) 1.897 0.661-5.447 234
UCDD (with vs without) 5.029 1.760-14.370 .003 2.990 1.436-6.224 .003
Tumor necrosis (Yes vs No) 0.490 0.049-2.357 .928
Tumor focality (unifocal vs multifocal) 0.421 0.057-2.174 413
Preoperative anemia (Yes vs No) 1.069 0.238-4.798 931

The values with statistical significance are highlighted by bold font including tumor stage and UCDD. BMI=body mass index, Cl = confidence interval, CSS =cancer-specific survival, HR = hazard ratio, RNU=
radical nephroureterectomy, UCDD = urothelial carcinoma with divergent differentiation.
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Univariate and multivariate analyses predicting OS in patients with ureteral tumor (pNO/X status) after RNU.
Univariable analysis Multivariable analysis

Variables HR 95% Cl P HR 95% Cl P
Age (<67 vs >67 ) 0.977 0.387-2.471 .961
Gender (male vs female) 1.449 0.579-3.686 436
Tumor side (left vs right) 0.476 0.178-1.273 139
Symptom

Hematuresis 1 Reference

Osphyalgia 0.241 0.031-1.855 A72

Nonsymptom 0.247 0.033-1.867 .266
Smoking status (Yes vs No) 0.937 0.348-2.518 .897
Hypertension (Yes vs No) 1.296 0.501-3.351 593
Diabetes (Yes vs No) 0.223 0.030-1.673 144
History of bladder cancer (Yes vs No) 2.244 0.637-7.912 209
Degree of hydronephrosis 1.021 0.538-1.936 .950

(none/mild vs moderate/severe)
BMI, kg/m? 2.184 0.819-5.829 119

>25

<25
Tumor stage (Tis/a/1 vs 2/3/4) 4.811 1.900-12.185 .001 3.670 1.397-9.644 .008
Tumor grade (high vs low) 1.436 0.410-5.029 572
Adjuvant chemotherapy (yes vs no) 0.612 0.228-1.645 330
Tumor size (>3 vs <3cm) 1.274 0.491-3.309 618
UCDD (with vs without) 3.884 1.530-9.858 .004 2.771 1.034-7.424 .043
Tumor necrosis (Yes vs No) 0.497 0.055-2.489 914
Tumor focality (unifocal vs multifocal) 0.423 0.064-2.345 .366
Preoperative anemia (Yes vs No) 1.303 0.375-4.527 677

The values with statistical significance are highlighted by bold font including tumor stage and UCDD. BMI=body mass index, Cl=confidence interval, HR = hazard ratio, OS =overall survival, RNU =radical

nephroureterectomy, UCDD = urothelial carcinoma with divergent differentiation.

Figure 3. Stained sections in H&E were used to evaluate the presence of divergent differentiation (A) 3AIHC staining of CKp (B), and P63 (C), Ki67 (D) were then

performed.
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more attention and follow-up should be given to patients with
ureteric urothelial carcinoma.
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