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Abstract
Purpose  To evaluate the prognostic value of BRCA1-associated protein-1 (BAP1) expression in upper tract urothelial 
carcinoma (UTUC), as BAP1 mutations have been associated with prognostic implications in urologic and non-urologic 
malignancies.
Methods  We reviewed a multi-institutional cohort of patients who underwent radical nephroureterectomy (RNU) for high-
grade UTUC from 1990–2008. Immunohistochemistry (IHC) for BAP1 was performed on tissue microarrays. Staining 
intensity was graded from 0–3, with BAP1 loss defined as an average intensity of < 1. Clinicopathologic characteristics 
and oncologic outcomes [recurrencefree (RFS), cancer-specific (CSS), and overall survival (OS)] were stratified by BAP1 
status. The prognostic role of BAP1 was assessed using Kaplan–Meier (KM) and Cox regression analysis. Significance was 
defined as p < 0.05.
Results  348 patients were included for analysis and 173 (49.7%) showed BAP1 loss. Median follow-up was 36.0 months. 
BAP1 loss was associated with papillary architecture and absence of tumor necrosis or CIS. On univariable analysis, BAP1 
loss was associated with improved RFS (HR 0.60, p = 0.013) and CSS (HR 0.55, p = 0.007), although significance was lost 
on multivariable analysis (HR 0.71, p = 0.115 and HR 0.65, p = 0.071; respectively) after adjusting for other significant 
parameters. BAP1 expression was not significantly associated with OS.
Conclusions  BAP1 loss was associated with favorable pathologic features and better oncologic outcomes in univariate but 
not multivariate analysis in patients with high-grade UTUC. In contrast to renal cell carcinoma, loss of BAP1 expression 
appears to confer a better prognosis in high-grade UTUC. The role of the BAP1 pathway in UTUC pathogenesis remains to 
be further elucidated.
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Introduction

Upper tract urothelial carcinoma (UTUC) is an uncommon 
genitourinary malignancy, which accounts for approximately 
5% of all urothelial carcinomas [1]. It concurrently occurs 
with bladder cancer in approximately 15% of cases and may 
also present as a hereditary extracolonic manifestation of 
Lynch Syndrome [2].

Radical nephroureterectomy (RNU) with bladder cuff 
excision is the standard treatment for localized UTUC. 
RNU is associated with durable local control and cancer-
specific survivalhowever survival rates decrease dramati-
cally in patients with advanced disease [3]. These patients 
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might benefit from perioperative systemic therapyhowever 
selection criteria beyond classical pathological parameters 
are currently lacking [4, 5]. Several nomograms and tissue/
blood-based biomarkers have been proposed, but none are 
recommended for routine clinical use, given retrospective 
design and small sample size of these studies [1]. Novel 
prognostic biomarkers with high accuracy are needed to 
stratify patients for personalized treatment and follow-up 
since cancer-specific survival (CSS) of patients with UTUC 
improved only marginally over the past three decades [6].

The BRCA1-associated protein-1 (BAP1) is a nuclear-
localized, ubiquitin carboxy-terminal hydrolase, which is 
involved in the removal of ubiquitin from proteins and his-
tone H2A [7]. The BAP1 gene is located on chromosome 
3p21.1 [7]. It acts as a tumor suppressor by binding to the 
wild-type BRCA1-RING finger domain [8]. Its deubiquit-
inating activity enhances growth control of BRCA1, which 
is an essential player in DNA damage repair [8]. BRCA1 
mutations are related to cellular accumulation of chromo-
somal abnormalities and tumorigenesis in many cancers [8]. 
BAP1 also interacts with HCF-1, a protein that binds to the 
histone-modifying complex. During cell division it enhances 
the progression through the G1-S checkpoint and can also 
induce cell death [9, 10].

The significance of BAP1 expression in prognosis and 
survival outcomes has been reported in several malignancies 
such as renal cell carcinoma and uveal melanoma, where loss 
of BAP1 confers worse as well as malignant mesothelioma 
where loss of BAP1 projects favorable prognosis [11–13]. 
Our current knowledge about the role of BAP1 expression 
in UTUC is very limited. However, the presence of DNA 
damage repair mutations (DDR) and microsatelliteinstability 
(MSI) is enriched in UTUC, providing an actionable target 
for systemic therapies [14]. In this multi-institutional study, 
we sought to evaluate the prognostic significance of BAP1 
expression in high-grade UTUC.

Materials and methods

Patient selection and data collection

The previously described study population consisted of 
patients with high-grade UTUC treated with extirpative 
surgery retrieved from the Upper Tract Urothelial Carci-
noma Collaboration [15]. Institutional review board (IRB) 
approval was obtained at each center. Clinicopathologic 
data and pathologic specimens for tissue microarray 
(TMA) construction were available for 753 patients treated 
with RNU between 1990 and 2008. For this study, patients 
with low-grade disease (n = 188), history of neoadjuvant 
therapy (n = 20), muscle-invasive bladder cancer (n = 31) 
and UTUC at the uretero-enteric anastomosis (n = 7) were 

excluded from the study as well as patients without enough 
tumor tissue on TMA (n = 159).

Pathological evaluation and immunohistochemistry

Pathologic specimens were reviewed by experienced 
genitourinary pathologists, blinded to clinical outcomes. 
Tumors were staged according to the AJCC/UICC 2002 
TNM classification and grading was assessed per the 1998 
WHO/ISUP consensus classification [16, 17]. Tumor loca-
tion, tumor architecture, presence of lymphovascular inva-
sion (LVI), tumor necrosis, and concomitant carcinoma 
in situ (CIS) were evaluated in all specimens.

TMAs were created utilizing cores from each formalin-
fixed, paraffin-embedded pathologic specimen. Immuno-
histochemical staining was performed for BAP1 utilizing a 
monoclonal mouse antibody (clone C-4, 1:50, Santa Cruz 
Biotechnology Inc., CA, USA). Slides were analyzed by 
manual read of 2 dedicated genitourinary pathologists. 
Appropriate positive and negative controls were used for 
each run of immunostains and checked for validation.

Nuclear staining intensity of BAP1 was evaluated Fig. 1 
(supplemental) and positive nuclear staining in back-
ground stromal cells and intratumor lymphocytes served 
as internal positive controls. The intensity of staining was 
graded from 0 to 3 and BAP1 loss was defined as average 
staining intensity < 1.

Management and follow‑up

Data accrual for sociodemographic, pathologic and fol-
low-up data was closed before TMA construction. Median 
follow-up time was calculated utilizing patients who did 
not have a reported event of death until data accrual clo-
sure. Operative technique for RNU was not standardized 
across institutions. Use and extent of lymphadenectomy 
based on surgeon discretion. Patient follow-up generally 
occurred every 3 months in the first post-operative year, 
every 6 months in the second year, and once a year there-
after. Follow-up visits consisted of history and physical 
examination, laboratory measurements, urinary cytology, 
cystoscopic evaluation of the lower urinary tract, and 
cross-sectional imaging of the contralateral upper urinary 
tract. Recurrence was defined as locoregional recurrence 
in the renal fossa/pelvis depending on primary tumor loca-
tion or systemic spread. Tumor findings within the bladder 
or the contrary upper urinary tract were coded as second-
ary malignancies. Cause of death was determined by chart 
review or death certificate.
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Statistical

Patients were grouped as ‘BAP1 positive’ and ‘BAP1 loss’ 
following immunohistochemical evaluation. Clinicopatho-
logic variables between the groups were compared using 
independent-sample Mann–Whitney U and Chi-square tests 
and oncologic outcomes [recurrencefree (RFS), cancer-spe-
cific (CSS), and overall survival (OS)] were compared using 
Kaplan–Meier (KM) method stratified by BAP1 status, ana-
lyzed with the log rank statistic. Independent prognostica-
tors of oncologic outcomes (RFS, CSS, OS) were identified 
using univariable and multivariable Cox proportional hazard 
regression models. Harrell’s C indices and the Net Reclas-
sification Improvement (NRI) were calculated as described 
before [15]. All statistical were conducted using SPSS ver-
sion 22.0 (IBM, Armonk, NY). p values are two-sided, with 
statistical significance defined as p < 0.05. Post-hoc power 
analysis was performed using the generated hazard ratios 
(HR) for overall all-cause-mortality, at a significance level 
of 5% (two-sided) using PASS software [18, 19].

Results

Descriptive statistics are shown in Table 1. Median age 
was 70.0 at the time of surgery and median follow-up was 
36.0 months for the patients alive at time of analysis. Lymph 
node dissection (LND) was performed in 24.7% of patients 
with a documented lymph node yield of one or more nodes 
(range 1–24).

Overall, 49.7% of patients showed BAP1 loss and were 
more likely to be male (53.2% vs. 40.6%). pT stage, pN 
stage, lymphovascular invasion and tumor focality were not 
associated with BAP1 status. BAP1 loss was associated with 
more favorable pathological features such as papillary tumor 
(p = 0.002), absence of necrosis and lack of concomitant CIS 
(p = 0.013 and p = 0.007) (Table 1).

At the time of this analysis, recurrence of UTUC was 
noted in 27.9% of patients while death of UTUC and death 
of any cause were recorded in 24.7% and 38.5% of patients, 
respectively. Patients with BAP1 loss had improved RFS 
[144.4 months (95% CI 130.5–158.3) vs. 81.1 months (95% 
CI 70.0–92.2), p = 0.011] and CSS [151.6 months (95% 
CI 138.2–165.0) vs. 103.2 months (95%CI 88.1–118.4), 
p = 0.006] compared to those with positive BAP1 expression 
in KM and a trend towards significance was noted for OS 
[108.6 months (95%CI 92.0–125.2) vs. 83.8 months (95% 
CI 68.6–98.9), p = 0.058] (Fig. 1).

On univariable analysis (UVA), BAP1 loss was associated 
with improved RFS (HR 0.60, p = 0.013) and CSS (HR 0.55, 
p = 0.007) (Table 2a). However the significance of BAP1 
expression was lost for both RFS (HR 0.71, p = 0.115) and 
CSS (HR 0.65, p = 0.071) in multivariable analysis (MVA) 

that adjusted for the effects of clinicopathological parame-
ters (Table 2b). There was no significant association between 
BAP1 status and OS in both UVA (HR 0.72, p = 0.60) and 
MVA (HR 0.87, p = 0.467).

Performance of the MVA models w slightly better with 
addition of BAP1 status. Harrell’s C indices were 0.810 and 
0.813 for RFS, 0.813 and 0.821 for CSS and 0.784 and 0.785 
for OS in the models without and with BAP1 status, respec-
tively. NRI was significant for RFS and CSS (0.05 each) but 
not for OS, with best reclassification in the event group. A 
sample of 348 patients with an overall death rate of 38.5% 
provided a statistical power (β) of 0.906 and 0.509 for HRs 
of 1.8 and 1.4, respectively.

Discussion

BAP1 is a tumor suppressor gene that plays a significant 
role in cell cycle regulation and apoptosis [9, 10]. Its muta-
tion, resulting in BAP1 loss is thought to lead to cellular 
accumulation of chromosomal abnormalities and tumori-
genesis in many cancers [8]. Among genitourinary cancers, 
prognostic significance of BAP1 has been best demonstrated 
in clear cell renal cell carcinomas (ccRCC), where loss of 
BAP1 expression is significantly associated with aggressive 
histopathological features and poor survival outcomes [12, 
20]. Furthermore BAP1 mutant ccRCC, harboring a distinct 
tumor biology has been recently described [21].

In our study, approximately half of patients with high-
grade UTUC were found to have BAP1 loss. BAP1 loss 
was more frequent in male patients although there was no 
survival difference between both sexes. Therefore BAP1 
loss did not appear to be a mutation that selectively affected 
survival of male patients. Interestingly, BAP1 loss rather 
than its positivity was associated with favorable pathologi-
cal features and lower probability of recurrence and cancer-
specific mortality on univariate analysis. Our findings about 
the significance of BAP1 expression in UTUC were most 
consistent with the reported findings in malignant mesothe-
lioma (MM). Farzin et al. reported that BAP1 loss in MM 
was associated with younger age at onset, epitheloid his-
tology and improved median survival (16.1 vs. 6.3 months, 
p < 0.01) [22]. Similarly, BAP1 loss seems to be associated 
with better survival outcomes in intrahepatic cholangiocar-
cinoma [23].

In our study, IHC analysis for BAP1 expression was a 
manually read semiquantative analysis and done via a val-
idated scoring protocol for RCC, due to lack of previous 
reports for UTUC [20]. We did not perform confirmatory 
mutation analysis, but IHC was previously found to be suffi-
ciently accurate for detection of BAP1 loss/inactivation [24]. 
Negative nuclear staining has been shown to correlate well 
with biallelic BAP1 genomic loss in various cancer types 
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Table 1   Association of BAP1 
expression with clinical and 
pathological parameters in 348 
patients treated with RNU for 
high-grade UTUC​

CIS carcinoma in situ, NMIBC non-invasive bladder carcinoma
*Log rank statistic

Variables Total BAP1 expression status p value

Loss Positive

Number of patients, n (%) 348 (100) 173 (49.7) 175 (50.3) –
Median age (Q1–3), years 70.0 (64.0–77.0) 69.0 (64.0–76.0) 70.3 (63.0–78.0) 0.388
Gender, n (%)
 Female 185 (53.2) 81 (46.8) 104 (59.4) 0.018
 Male 163 (46.8) 92 (53.2) 71 (40.6)

Location, n (%)
 Pelvicalyceal 267 (76.7) 143 (82.7) 124 (70.9) 0.009
 Ureteral 81 (23.3) 30 (17.3) 51 (29.1)

Focality, n (%)
 Unifocal 270 (77.6) 129 (74.6) 141 (80.6) 0.179
 Multifocal 78 (22.4) 44 (25.4) 34 (19.4)

Pathologic stage, n (%)
 pTis/pTa 31 (8.9) 12 (6.9) 19 (10.9) 0.386
 pT1 103 (29.6) 56 (32.4) 47 (26.9)
 pT2 57 (16.4) 31 (17.9) 26 (14.9)
 pT3 129 (37.1) 63 (36.4) 66 (37.7)
 pT4 28 (8.0) 11 (6.4) 17 (9.7)

pN stage, n (%)
 pN0 52 (14.9) 20 (11.6) 32 (18.3) 0.091
 pNx 262 (75.3) 139 (80.3) 123 (70.3)
 pN+ 34 (9.8) 14 (8.1) 20 (11.4)

Organ confined, n (%)
 Yes (T stage ≤ 2, N0/x, M0) 185 (53.2) 96 (55.5) 89 (50.9) 0.386
 No (T stage > 2 and/or N+) 163 (46.8) 77 (44.5) 86 (49.1)

Lymphovascular invasion, n (%)
 Absent 250 (71.8) 129 (74.6) 121 (69.1) 0.261
 Present 98 (28.2) 44 (25.4) 54 (30.9)

Architecture, n (%)
 Papillary 286 (82.2) 153 (88.4) 133 (76.0) 0.002
 Sessile 62 (17.8) 20 (11.6) 42 (24.0)

Necrosis, n (%)
 Absent 286 (82.2) 151 (87.3) 135 (77.1) 0.013
 Present 62 (17.8) 22 (12.7) 40 (22.9)

Concomitant CIS
 Absent 275 (79.0) 147 (85.0) 128 (73.1) 0.007
 Present 73 (21.0) 26 (15.0) 47 (26.9)

Previous NMIBC
 Absent 251 (72.1) 133 (76.9) 118 (67.4) 0.875
 Present 97 (27.9) 40 (23.1) 57 (32.6)

Recurrence of UTUC​
 No 251 (72.1) 133 (76.9) 118 (67.4) 0.011*
 Yes 97 (27.9) 40 (23.1) 57 (32.6)

Death of UTUC​
 No 262 (75.3) 138 (79.8) 124 (70.9) 0.006*
 Yes 86 (24.7) 35 (20.2) 51 (29.1)

Death of any cause
 No 214 (61.5) 108 (62.4) 106 (60.6) 0.058*

Yes 134 (38.5) 65 (37.6) 69 (39.4)



2423World Journal of Urology (2019) 37:2419–2427	

1 3

[24]. Pena-Llopis et al. reported that positive and negative 
predictive value of BAP1 IHC in ccRCC tumorgrafts were 
100% and 98.6%, respectively [25].

Recently, multiple genomic characterization studies were 
performed for urothelial carcinoma, however mostly for 
UCB and not UTUC. They show rates of genomic BAP1 
alterations of 7–15% for UCB [26, 27]. In UTUC, Sfakianos 
et al. analyzed somatic mutations and copy number altera-
tions using next-generationsequencing (NGS) in 83 patients 
and reported BAP1 alterations in 4% of patients, although 
they did not analyze rare mutations and epigenetic changes 
[28]. Moss et al. performed whole-exome sequencing of 
DNA, RNA sequencing and protein analysis in 31 snap-fro-
zen UTUC samples, but BAP1 did not make to list of genes 
that had > 10% alteration frequency in their cohort [29]. 
The frequency of BAP1 loss on the protein level detected 
by IHC in our study (49.7%) was notably higher than the 
frequency of BAP1 mutations/alterations reported in those 
studies by genomic sequencing. There are multiple theo-
ries to try to explain this observation. First, a NGS-based 
approach to detect mutations has many obstacles such as 
low DNA quantity from diagnostic biopsies, difficulty in 
processing of FFPE samples and tumor heterogeneity within 
samples which might cause reproducibility and generaliz-
ability issues [30].

Moreover, patients might have had more advanced dis-
ease with unfavorable features in our study (all were high 
grade, almost half were non-organ-confined). Our sample 
size is much larger than in the other studies of BAP1 in 

UTUC (348 vs. 31 and 83therefore the rate of mutations 
might have been underestimated in those studies [28, 29]. 
As DDR-gene alterations and MSI are enriched in UTUC, 
we might expect higher rates of alteration of associated 
genes as well [14]. Further, there no data of how expres-
sion of BAP1 on the protein level in UTUC is driven only 
by the necessity of a genomic mutation, or if dysregulation 
of other pathways might contribute to this discrepancy. , in 
this TMA, the tumor sections utilized were taken from the 
midst of the primary tumor (most aggressive and largest 
lesion), possibly influencing our findings as well.

Urothelial carcinomas show among highest numbers 
of mutations in solid cancers, so additional driver genes 
and their mutations may cause cooperative or antagonistic 
effects and may complement each other during carcinogen-
esis and progression of UTUC. For instance, an antagonis-
tic effect of p53 might have altered the biological effects 
of BAP1 expression in our patients with advanced UTUC 
since p53 expression is associated with high grade/stage 
and its mutation is found in up to 30–60% of UTUCs [31]. 
Rare coincidence of loss of BAP1 and PBRM1, which is 
a tumor suppressor gene and shares the same gene locus, 
was associated with very poor prognosis in ccRCChowever 
we did not find any prognostic value of PBRM1 expres-
sion analysis by itself or in conjunction with BAP1 in our 
cohort (data not shown) [32]. KDM6A mutations can occur 
concomitantly with BAP1 mutationshowever the implica-
tions of a combined loss are largely unknown [26].

Pa�ents 
at risk

Time in months 0 12 24 48 96

BAP1 loss 173 123 95 59 17

BAP1 Posi�ve 175 104 70 35 6

Cumula�ve events

BAP1 loss 0 26 33 39 40

BAP1 Posi�ve 0 35 48 55 57

Pa�ents 
at risk

Time in months 0 12 24 48 96

BAP1 loss 173 131 97 61 19

BAP1 Posi�ve 175 166 76 38 7

Cumula�ve events

BAP1 loss 0 15 26 32 33

BAP1 Posi�ve 0 22 40 48 51

Pa�ents 
at risk

Time in months 0 12 24 48 96

BAP1 loss 173 131 97 61 19

BAP1 Posi�ve 175 116 76 38 7

Cumula�ve events

BAP1 loss 0 21 39 53 56

BAP1 Posi�ve 0 28 52 64 69

(b) (c)(a)

Fig. 1   Recurrencefree (a), cancer-specific (b) and overall (c) survival probability stratified by BAP1 expression for 348 patients treated with 
radical nephroureterectomy for high-grade upper tract urothelial carcinoma
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There are important limitations to our study mostly 
related to its retrospective design in a multi-institutional 
setting without central pathological review. However, all 
staining and interpretation performed by expert genitouri-
nary pathologists (PK, VP), who were blinded to clinical 
outcomes and had special expertise for BAP1 expression 
in RCC [20]. Some of the shortcomings are related to the 
wide range of the study period as well as the retrospective 

nature of the study: e.g. the technique of RNU as well as the 
performance of lymph node dissection was at the discretion 
of the surgeon. Forty-five percent of the whole patient cohort 
had non-organ confined diseasehowever the rate of LND 
was 25% in this study. Although low utilization of LND 
might have hampered exact pathological tumor staging, 
the indication is not always clear upfront due to limitations 
in detection of invasive UTUC at the time of preoperative 

Table 2   Univariable (a) and multivariable (b) Cox regression analyes for prognostication of disease recurrence, cancer-specific and overall mor-
tality of 348 patients treated with radical nephroureterectomy for high-grade upper tract urothelial carcinoma

CI confidence interval, CIS carcinoma in situ, HR hazard ratio, NMIBC non-invasive bladder cancer

Variable Recurrence-free survival Cancer-specific survival Overall survival

HR 95% CI p value HR 95% CI p value HR 95% CI p value

(a) Univariable
 Age 1.04 1.02–1.06 < 0.001
 Multifocality 1.72 1.07–2.78 0.026 1.88 1.12–3.18 0.018 1.83 1.21–2.76 0.004
 pTstage Overall < 0.001 Overall < 0.001 Overall < 0.001
  pTIS/pTa/pT1 – – – – – – – – –
  pT2 2.46 1.09–5.55 0.03 2.69 1.06–6.82 0.037 1.5 0.80–2.82 0.21
  pT3 4.64 2.30–9.34 < 0.001 6 2.70–13.3 < 0.001 3.04 1.81–5.12 < 0.001
  pT4 21.5 9.00–51.4 < 0.001 24.4 8.96–66.6 < 0.001 10.5 4.88–22.5 < 0.001

 pN-stage Overall 0.003 Overall 0.128 Overall Overall 0.196
  pN0 – – – – – – – – –
  pNx 0.89 0.49–1.61 0.697 1.1 0.55–2.20 0.78 1.05 0.61–1.79 0.868
  pN+ 2.18 1.07–4.42 0.031 1.96 0.86–4.45 0.11 1.69 0.84–3.39 0.141

 Lymphovascular invasion 1.16 0.73–1.85 0.525 1.32 0.80–2.18 0.281 1.69 0.84–3.39 0.161
 Sessile architecture 1.83 1.09–3.07 0.022 1.69 0.94–3.07 0.081 1.73 1.06–2.83 0.028
 Necrosis 0.65 0.37–1.16 0.147 0.56 0.28–1.10 0.091 0.87 0.52–1.46 0.604
 Concomitant CIS 1.25 0.74–2.12 0.399 0.89 0.48–1.66 0.894 0.91 0.55–1.52 0.729
 BAP1 loss 0.71 0.46–1.09 0.115 0.65 0.41–2.04 0.071 0.87 0.60–1.26 0.467

(b) Multivariable
 Age 1 0.98–1.02 0.833 1.01 0.99–1.03 0.454 1.03 1.01–1.05 0.001
 Female gender 0.87 0.58–1.30 0.869 0.84 0.55–1.29 0.425 0.98 0.70–1.39 0.928
 Pelvicalyceal location 0.72 0.43–1.21 0.214 0.77 0.44–1.34 0.354 0.81 0.52–1.26 0.344
 Multifocality 1.87 1.22–2.86 0.004 1.9 1.20–3.01 0.006 1.8 1.24–2.61 0.002
 pTstage Overall < 0.001 Overall < 0.001 Overall < 0.001
  pTIS/pTa/pT1 – – – – – – – – –
  pT2 3.09 1.40–6.81 0.005 3.31 1.33–8.23 0.01 1.77 0.96–3.27 0.068
  pT3 6.43 3.35–12.4 < 0.001 7.9 3.72–16.8 < 0.001 4.05 2.54–6.46 < 0.001

 pT4 35.8 12.6–77.0 < 0.001 45.3 19.4–106 < 0.001 18.9 10.3–34.9 < 0.001
 pN-stage Overall < 0.001 Overall < 0.001 Overall < 0.001
  pN0 – – – – – – – – –
  pNx 0.88 0.49–1.56 0.651 1.07 0.55–2.10 0.844 1.02 0.61–1.71 0.944
  pN+ 4.24 2.16–8.31 < 0.001 4.75 2.22–10.2 <0.001 3.13 1.66–5.90 < 0.001

 Lymphovascular invasion 2.64 1.77–3.96 < 0.001 2.94 1.91–4.53 <0.001 2.66 1.88–3.78 < 0.001
 Sessile architecture 3.19 2.07–4.94 < 0.001 3.13 1.98–4.97 <0.001 2.61 1.78–3.84 < 0.001
 Necrosis 1.6 0.98–2.63 0.061 1.69 0.99–2.88 0.055 1.92 1.26–2.92 0.002
 Concomitant CIS 1.77 1.13–2.76 0.012 1.44 0.87–2.37 0.159 1.4 0.93–2.11 0.104
 Previous NMIBC 1.05 0.69–1.59 0.833 1 0.63–1.59 0.992 1.26 0.88–1.80 0.21
 BAP1 loss 0.6 0.40–0.90 0.013 0.55 0.35–0.85 0.007 0.72 0.51–1.01 0.06
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staging. Due to the multi-institutional and multi-national 
setting of the study with many surgeons included, there was 
no exact information about the technique of bladder cuff 
excision. Moreover use of adjuvant chemotherapy (AC) 
was not standardized across the institutions. AC was used 
in only around 30 patientsnevertheless it might have been 
selectively offered to the patients with worst prognosis, best 
performance status and most importantly normal renal func-
tion. However, the use of AC did not alter our findings (data 
not shown).

Median follow-up of 36 months could be considered low 
for such cohort. However, most UTUC patients who experi-
ence a relevant recurrence and subsequent death do so within 
the first years after RNU [33]. Contrary to observed favora-
ble association between BAP1 loss and RFS/CSS, there was 
no such association to OS in our study. Non-cancer-specific 
causes of mortality such as co-morbidities and socioeco-
nomic factors might have been quite diverse due to the 
multi-institutional/national design and might have obscured 
the association between BAP1 loss and OS. The confidence 
intervals of HRs were relatively large, which might be due 
to high variability or sample size of the study. However, 
to evaluate the validity of study findings, we performed a 
post-hoc power analysis and demonstrated that the study 
power reached acceptable levels. Nevertheless, such power 
analysis should be interpreted cautiously since it was con-
ducted on observed insignificant results and performed on 
retrospective cohorts reliant on patients available for evalu-
ation. Moreover, rather than low study power, there might 
actually be a real difference between groups less than the 
hypothesized effect size or no difference at all.

, this is the description of one marker only, and a combi-
nation of markers with analysis of mutations and correlated 
protein expressions might have enhanced the performance 
of the model. However, BAP1 loss is a recognized event in 
carcinogenesis utilized as an individual prognostic marker 
in multiple tumor entitiestherefore, its evaluation for UTUC 
seems reasonable.

Conclusions

This is the first study to demonstrate that BAP1 loss was 
associated with favorable clinicopathological features in 
patients with high-grade UTUC treated with extirpative sur-
gery. Although BAP1 loss was associated with better recur-
rencefree and cancer-specific survival in univariable analy-
sis, it did not emerge as an independent prognostic factor 
after adjustment for other clinicopathologic characteristics. 
Interestingly, our findings seem to parallel those of mesothe-
lioma and intrahepatic cholangiocarcinoma, in which BAP1 
loss confers a better prognosis, contrary to its association 
with poor disease outcomes in several malignancies.

Author contributions  Protocol/project development: AMA, NS, PK, 
VM, LMK. Data collection: AMA, NS, PK, CGW, JAK, AZW, JDR, 
MR, NRL, AH, MR, CB, KB, MEW, AIS, SFS, YL, AB, PK, VM, 
LMK. Data management: AMA, NS, VP, SLW, PK, VM, LMK. Data 
analysis: NS, VP, SLW, YF, VM, LMK. Manuscript writing: AMA, 
NS, LMK. Manuscript editing: AMA, CGW, JAK, AZW, JDR, MR, 
NRL, AH, MR, CB, KB, MEW, AIS, SFS, YL, AB, PK, VM, LMK. 
All authors approved the final manuscript.

Availability of materials and data  All data generated or analyzed during 
this study are included in this published article.

Compliance with ethical standards 

Conflict of interest  We declare that there are no potential competing 
interests in this research.

Ethical standards  This study was conducted according to the Declara-
tion of Helsinki and institutional review board approval was obtained 
at each center participating in this research. An institutional IRB was 
granted through a local ethics committee at each location.

References

	 1.	 Roupret M, Babjuk M, Comperat E, Zigeuner R, Sylvester RJ, 
Burger M, Cowan NC, Gontero P, Van Rhijn BWG, Mostafid 
AH, Palou J, Shariat SF (2018) European Association of Urol-
ogy Guidelines on upper urinary tract urothelial carcinoma: 2017 
update. Eur Urol 73(1):111–122. https​://doi.org/10.1016/j.eurur​
o.2017.07.036

	 2.	 Roupret M, Yates DR, Comperat E, Cussenot O (2008) Upper uri-
nary tract urothelial cell carcinomas and other urological malig-
nancies involved in the hereditary nonpolyposis colorectal cancer 
(lynch syndrome) tumor spectrum. Eur Urol 54(6):1226–1236. 
https​://doi.org/10.1016/j.eurur​o.2008.08.008

	 3.	 Margulis V, Shariat SF, Matin SF, Kamat AM, Zigeuner R, 
Kikuchi E, Lotan Y, Weizer A, Raman JD, Wood CG, Upper Tract 
Urothelial Carcinoma CollaborationThe Upper Tract Urothelial 
Carcinoma C (2009) Outcomes of radical nephroureterectomy: a 
series from the Upper Tract Urothelial Carcinoma Collaboration. 
Cancer 115(6):1224–1233. https​://doi.org/10.1002/cncr.24135​

	 4.	 Porten S, Siefker-Radtke AO, Xiao L, Margulis V, Kamat AM, 
Wood CG, Jonasch E, Dinney CP, Matin SF (2014) Neoadjuvant 
chemotherapy improves survival of patients with upper tract 
urothelial carcinoma. Cancer 120(12):1794–1799. https​://doi.
org/10.1002/cncr.28655​

	 5.	 Seisen T, Krasnow RE, Bellmunt J, Roupret M, Leow JJ, Lip-
sitz SR, Vetterlein MW, Preston MA, Hanna N, Kibel AS, Sun 
M, Choueiri TK, Trinh QD, Chang SL (2017) Effectiveness of 
adjuvant chemotherapy after radical nephroureterectomy for 
locally advanced and/or positive regional lymph node upper tract 
urothelial carcinoma. J Clin Oncol 35(8):852–860. https​://doi.
org/10.1200/JCO.2016.69.4141

	 6.	 Munoz JJ, Ellison LM (2000) Upper tract urothelial neo-
plasms: incidence and survival during the last 2 decades. J Urol 
164(5):1523–1525

	 7.	 Jensen DE, Proctor M, Marquis ST, Gardner HP, Ha SI, Chodosh 
LA, Ishov AM, Tommerup N, Vissing H, Sekido Y, Minna J, 
Borodovsky A, Schultz DC, Wilkinson KD, Maul GG, Barlev 
N, Berger SL, Prendergast GC, Rauscher FJ 3rd (1998) BAP1: 
a novel ubiquitin hydrolase which binds to the BRCA1 RING 

https://doi.org/10.1016/j.eururo.2017.07.036
https://doi.org/10.1016/j.eururo.2017.07.036
https://doi.org/10.1016/j.eururo.2008.08.008
https://doi.org/10.1002/cncr.24135
https://doi.org/10.1002/cncr.28655
https://doi.org/10.1002/cncr.28655
https://doi.org/10.1200/JCO.2016.69.4141
https://doi.org/10.1200/JCO.2016.69.4141


2426	 World Journal of Urology (2019) 37:2419–2427

1 3

finger and enhances BRCA1-mediated cell growth suppression. 
Oncogene 16(9):1097–1112

	 8.	 Deng CX, Wang RH. Roles of BRCA1 in DNA damage repair: 
a link between development and cancer. Hum Mol Genet. 
2003;12(Spec No 1):R113–23.

	 9.	 Ventii KH, Devi NS, Friedrich KL, Chernova TA, Tighiouart M, 
Van Meir EG, Wilkinson KD (2008) BRCA1-associated protein-1 
is a tumor suppressor that requires deubiquitinating activity and 
nuclear localization. Cancer Res 68(17):6953–6962. https​://doi.
org/10.1158/0008-5472.CAN-08-0365

	10.	 Eletr ZM, Wilkinson KD (2011) An emerging model for BAP1’s 
role in regulating cell cycle progression. Cell Biochem Biophys 
60(1–2):3–11. https​://doi.org/10.1007/s1201​3-011-9184-6

	11.	 van de Nes JA, Nelles J, Kreis S, Metz CH, Hager T, Lohm-
ann DR, Zeschnigk M (2016) Comparing the prognostic value 
of BAP1 mutation pattern, chromosome 3 status, and BAP1 
immunohistochemistry in uveal melanoma. Am J Surg Pathol 
40(6):796–805. https​://doi.org/10.1097/PAS.00000​00000​00064​5

	12.	 Joseph RW, Kapur P, Serie DJ, Eckel-Passow JE, Parasramka M, 
Ho T, Cheville JC, Frenkel E, Rakheja D, Brugarolas J, Parker A 
(2014) Loss of BAP1 protein expression is an independent marker 
of poor prognosis in patients with low-risk clear cell renal cell 
carcinoma. Cancer 120(7):1059–1067. https​://doi.org/10.1002/
cncr.28521​

	13.	 Righi L, Duregon E, Vatrano S, Izzo S, Giorcelli J, Rondon-
Lagos M, Ascoli V, Ruffini E, Ventura L, Volante M, Papotti 
M, Scagliotti GV (2016) BRCA1-associated protein 1 (BAP1) 
immunohistochemical expression as a diagnostic tool in malignant 
pleural mesothelioma classification: a large retrospective study. 
J Thorac Oncol 11(11):2006–2017. https​://doi.org/10.1016/j.
jtho.2016.06.020

	14.	 Catto JW, Azzouzi AR, Amira N, Rehman I, Feeley KM, Cross 
SS, Fromont G, Sibony M, Hamdy FC, Cussenot O, Meuth M 
(2003) Distinct patterns of microsatellite instability are seen in 
tumours of the urinary tract. Oncogene 22(54):8699–8706. https​
://doi.org/10.1038/sj.onc.12069​64

	15.	 Krabbe LM, Bagrodia A, Haddad AQ, Kapur P, Khalil D, Hynan 
LS, Wood CG, Karam JA, Weizer AZ, Raman JD, Remzi M, 
Rioux-Leclercq N, Haitel A, Roscigno M, Bolenz C, Bensalah 
K, Sagalowsky AI, Shariat SF, Lotan Y, Margulis V (2015) 
Multi-institutional validation of the predictive value of Ki-67 in 
patients with high grade urothelial carcinoma of the upper uri-
nary tract. J Urol 193(5):1486–1493. https​://doi.org/10.1016/j.
juro.2014.11.007

	16.	 AJCC American Joint Committee on Cancer (2010) Cancer stag-
ing manual, 7th edn. Springer, New York

	17.	 Epstein JI, Amin MB, Reuter VR, Mostofi FK. The World Health 
Organization/International Society of Urological Pathology con-
sensus classification of urothelial (transitional cell) neoplasms of 
the urinary bladder. Bladder Consensus Conference Committee. 
Am J Surg Pathol. 1998;22(12):1435–48.

	18.	 Hintze J (2011) PASS 11. NCSS, LLC, Kaysville. http://www.
ncss.com

	19.	 Luchini C, Veronese N, Yachida S, Cheng L, Nottegar A, Stubbs 
B, Solmi M, Capelli P, Pea A, Barbareschi M, Fassan M, Wood 
LD, Scarpa A (2016) Different prognostic roles of tumor sup-
pressor gene BAP1 in cancer: a systematic review with meta-
analysis. Genes Chromosomes Cancer 55(10):741–749. https​://
doi.org/10.1002/gcc.22381​

	20.	 Kapur P, Christie A, Raman JD, Then MT, Nuhn P, Buchner A, 
Bastian P, Seitz C, Shariat SF, Bensalah K, Rioux-Leclercq N, Xie 
XJ, Lotan Y, Margulis V, Brugarolas J (2014) BAP1 immunohis-
tochemistry predicts outcomes in a multi-institutional cohort with 
clear cell renal cell carcinoma. J Urol 191(3):603–610. https​://doi.
org/10.1016/j.juro.2013.09.041

	21.	 Kapur P, Pena-Llopis S, Christie A, Zhrebker L, Pavia-Jime-
nez A, Rathmell WK, Xie XJ, Brugarolas J (2013) Effects on 
survival of BAP1 and PBRM1 mutations in sporadic clear-
cell renal-cell carcinoma: a retrospective analysis with inde-
pendent validation. Lancet Oncol 14(2):159–167. https​://doi.
org/10.1016/S1470​-2045(12)70584​-3

	22.	 Farzin M, Toon CW, Clarkson A, Sioson L, Watson N, Andrici 
J, Gill AJ (2015) Loss of expression of BAP1 predicts longer 
survival in mesothelioma. Pathology 47(4):302–307. https​://doi.
org/10.1097/PAT.00000​00000​00025​0

	23.	 Misumi K, Hayashi A, Shibahara J, Arita J, Sakamoto Y, 
Hasegawa K, Kokudo N, Fukayama M (2017) Intrahepatic chol-
angiocarcinoma frequently shows loss of BAP1 and PBRM1 
expression, and demonstrates specific clinicopathological 
and genetic characteristics with BAP1 loss. Histopathology 
70(5):766–774. https​://doi.org/10.1111/his.13127​

	24.	 Murali R, Wiesner T, Scolyer RA (2013) Tumours associated 
with BAP1 mutations. Pathology 45(2):116–126. https​://doi.
org/10.1097/PAT.0b013​e3283​5d0ef​b

	25.	 Pena-Llopis S, Vega-Rubin-de-Celis S, Liao A, Leng N, Pavia-
Jimenez A, Wang S, Yamasaki T, Zhrebker L, Sivanand S, 
Spence P, Kinch L, Hambuch T, Jain S, Lotan Y, Margulis V, 
Sagalowsky AI, Summerour PB, Kabbani W, Wong SW, Grishin 
N, Laurent M, Xie XJ, Haudenschild CD, Ross MT, Bentley 
DR, Kapur P, Brugarolas J (2012) BAP1 loss defines a new class 
of renal cell carcinoma. Nat Genet 44(7):751–759. https​://doi.
org/10.1038/ng.2323

	26.	 Nickerson ML, Dancik GM, Im KM, Edwards MG, Turan S, 
Brown J, Ruiz-Rodriguez C, Owens C, Costello JC, Guo G, 
Tsang SX, Li Y, Zhou Q, Cai Z, Moore LE, Lucia MS, Dean 
M, Theodorescu D (2014) Concurrent alterations in TERT, 
KDM6A, and the BRCA pathway in bladder cancer. Clin Can-
cer Res 20(18):4935–4948. https​://doi.org/10.1158/1078-0432.
CCR-14-0330

	27.	 Robertson AG, Kim J, Al-Ahmadie H, Bellmunt J, Guo G, Cher-
niack AD, Hinoue T, Laird PW, Hoadley KA, Akbani R, Castro 
MAA, Gibb EA, Kanchi RS, Gordenin DA, Shukla SA, Sanchez-
Vega F, Hansel DE, Czerniak BA, Reuter VE, Su X, de Sa Car-
valho B, Chagas VS, Mungall KL, Sadeghi S, Pedamallu CS, Lu 
Y, Klimczak LJ, Zhang J, Choo C, Ojesina AI, Bullman S, Leraas 
KM, Lichtenberg TM, Wu CJ, Schultz N, Getz G, Meyerson M, 
Mills GB, McConkey DJ, Network TR, Weinstein JN, Kwiat-
kowski DJ, Lerner SP. Comprehensive molecular characterization 
of muscle-invasive bladder cancer. Cell. 2017;171(3):540–556 
e525. https​://doi.org/10.1016/j.cell.2017.09.007.

	28.	 Sfakianos JP, Cha EK, Iyer G, Scott SN, Zabor EC, Shah RH, Ren 
Q, Bagrodia A, Kim PH, Hakimi AA, Ostrovnaya I, Ramirez R, 
Hanrahan AJ, Desai NB, Sun A, Pinciroli P, Rosenberg JE, Dal-
bagni G, Schultz N, Bajorin DF, Reuter VE, Berger MF, Bochner 
BH, Al-Ahmadie HA, Solit DB, Coleman JA (2015) Genomic 
characterization of upper tract urothelial carcinoma. Eur Urol 
68(6):970–977. https​://doi.org/10.1016/j.eurur​o.2015.07.039

	29.	 Moss TJ, Qi Y, Xi L, Peng B, Kim TB, Ezzedine NE, Mosqueda 
ME, Guo CC, Czerniak BA, Ittmann M, Wheeler DA, Lerner 
SP, Matin SF (2017) Comprehensive genomic characterization of 
upper tract urothelial carcinoma. Eur Urol 72(4):641–649. https​://
doi.org/10.1016/j.eurur​o.2017.05.048

	30.	 Deans ZC, Costa JL, Cree I, Dequeker E, Edsjo A, Henderson S, 
Hummel M, Ligtenberg MJ, Loddo M, Machado JC, Marchetti 
A, Marquis K, Mason J, Normanno N, Rouleau E, Schuuring E, 
Snelson KM, Thunnissen E, Tops B, Williams G, van Krieken 
H, Hall JA, ASBL IQNP (2017) Integration of next-generation 
sequencing in clinical diagnostic molecular pathology laboratories 
for analysis of solid tumours; an expert opinion on behalf of IQN 
Path ASBL. Virchows Arch 470(1):5–20. https​://doi.org/10.1007/
s0042​8-016-2025-7

https://doi.org/10.1158/0008-5472.CAN-08-0365
https://doi.org/10.1158/0008-5472.CAN-08-0365
https://doi.org/10.1007/s12013-011-9184-6
https://doi.org/10.1097/PAS.0000000000000645
https://doi.org/10.1002/cncr.28521
https://doi.org/10.1002/cncr.28521
https://doi.org/10.1016/j.jtho.2016.06.020
https://doi.org/10.1016/j.jtho.2016.06.020
https://doi.org/10.1038/sj.onc.1206964
https://doi.org/10.1038/sj.onc.1206964
https://doi.org/10.1016/j.juro.2014.11.007
https://doi.org/10.1016/j.juro.2014.11.007
http://www.ncss.com
http://www.ncss.com
https://doi.org/10.1002/gcc.22381
https://doi.org/10.1002/gcc.22381
https://doi.org/10.1016/j.juro.2013.09.041
https://doi.org/10.1016/j.juro.2013.09.041
https://doi.org/10.1016/S1470-2045(12)70584-3
https://doi.org/10.1016/S1470-2045(12)70584-3
https://doi.org/10.1097/PAT.0000000000000250
https://doi.org/10.1097/PAT.0000000000000250
https://doi.org/10.1111/his.13127
https://doi.org/10.1097/PAT.0b013e32835d0efb
https://doi.org/10.1097/PAT.0b013e32835d0efb
https://doi.org/10.1038/ng.2323
https://doi.org/10.1038/ng.2323
https://doi.org/10.1158/1078-0432.CCR-14-0330
https://doi.org/10.1158/1078-0432.CCR-14-0330
https://doi.org/10.1016/j.cell.2017.09.007
https://doi.org/10.1016/j.eururo.2015.07.039
https://doi.org/10.1016/j.eururo.2017.05.048
https://doi.org/10.1016/j.eururo.2017.05.048
https://doi.org/10.1007/s00428-016-2025-7
https://doi.org/10.1007/s00428-016-2025-7


2427World Journal of Urology (2019) 37:2419–2427	

1 3

	31.	 Lee JY, Cho KS, Diaz RR, Choi YD, Choi HY (2015) p53 expres-
sion as a prognostic factor in upper urinary tract urothelial carci-
noma: a systematic review and meta-analysis. Urol Int 94(1):50–
57. https​://doi.org/10.1159/00036​0227

	32.	 Varela I, Tarpey P, Raine K, Huang D, Ong CK, Stephens P, 
Davies H, Jones D, Lin ML, Teague J, Bignell G, Butler A, Cho 
J, Dalgliesh GL, Galappaththige D, Greenman C, Hardy C, Jia M, 
Latimer C, Lau KW, Marshall J, McLaren S, Menzies A, Mudie L, 
Stebbings L, Largaespada DA, Wessels LF, Richard S, Kahnoski 
RJ, Anema J, Tuveson DA, Perez-Mancera PA, Mustonen V, Fis-
cher A, Adams DJ, Rust A, Chan-on W, Subimerb C, Dykema K, 
Furge K, Campbell PJ, Teh BT, Stratton MR, Futreal PA (2011) 
Exome sequencing identifies frequent mutation of the SWI/SNF 

complex gene PBRM1 in renal carcinoma. Nature 469(7331):539–
542. https​://doi.org/10.1038/natur​e0963​9

	33.	 Mao Y, Kilcoyne A, Hedgire S, Preston MA, McGovern FJ, 
Dahl DM, Harisinghani M (2016) Patterns of recurrence in 
upper tract transitional cell carcinoma: imaging surveillance. 
AJR Am J Roentgenol 207(4):789–796. https​://doi.org/10.2214/
AJR.16.16064​

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Affiliations

Ahmet M. Aydin1,2 · Nirmish Singla1 · Vandana Panwar3 · Solomon L. Woldu1 · Yuval Freifeld1 · Christopher G. Wood4 · 
Jose A. Karam4 · Alon Z. Weizer5 · Jay D. Raman6 · Mesut Remzi7 · Nathalie Rioux‑Leclercq8 · Andrea Haitel9 · 
Marco Roscigno10 · Christian Bolenz11 · Karim Bensalah12 · Mary E. Westerman1,13 · Arthur I. Sagalowsky1 · 
Shahrokh F. Shariat7 · Yair Lotan1 · Aditya Bagrodia1 · Payal Kapur3 · Vitaly Margulis1   · Laura‑Maria Krabbe1,14

1	 Department of Urology, University of Texas Southwestern 
Medical Center, 5323 Harry Hines Blvd., J8.130, Dallas, 
TX 75390‑9110, USA

2	 Department of Urology, Hacettepe University, Ankara, 
Turkey

3	 Department of Pathology, University of Texas Southwestern 
Medical Center, Dallas, TX, USA

4	 Department of Urology, MD Anderson Cancer Center, 
Houston, TX, USA

5	 Department of Urology, University of Michigan Cancer 
Center, Ann Arbor, MI, USA

6	 Division of Urology, Penn State Milton S. Hershey Medical 
Center, Hershey, PA, USA

7	 Department of Urology, Medical University of Vienna, 
Vienna, Austria

8	 Department of Pathology, Centre Hospitalier Universitaire de 
Rennes, Rennes, France

9	 Department of Pathology, Medical University Vienna, 
Vienna, Austria

10	 Department of Urology, Ospedali Riuniti of Bergamo, 
Bergamo, Italy

11	 Department of Urology, University of Ulm, Ulm, Germany
12	 Department of Urology, Centre Hospitalier Universitaire de 

Rennes, Rennes, France
13	 Department of Urology, Mayo Clinic, Rochester, MN, USA
14	 Department of Urology, University of Muenster Medical 

Center, Muenster, Germany

https://doi.org/10.1159/000360227
https://doi.org/10.1038/nature09639
https://doi.org/10.2214/AJR.16.16064
https://doi.org/10.2214/AJR.16.16064
http://orcid.org/0000-0002-5837-4561

	Prognostic significance of BAP1 expression in high-grade upper tract urothelial carcinoma: a multi-institutional study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Patient selection and data collection
	Pathological evaluation and immunohistochemistry
	Management and follow-up
	Statistical

	Results
	Discussion
	Conclusions
	References




