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Abstract
Purpose Nephroureterectomy(NU) remains the gold-standard surgical option for the management of upper urinary tract 
urothelial carcinoma(UTUC). Controversy exists regarding the optimal excision technique of the lower ureter. We sought to 
compare post-UTUC bladder tumour recurrence across the Scottish Renal Cancer Consortium(SRCC).
Methods Patients who underwent NU for UTUC across the SRCC 2012–2019 were identified. The impact of lower-end 
surgical technique along with T-stage, N-stage, tumour location and focality, positive surgical margin, pre-NU ureteroscopy, 
upper-end technique and adjuvant mitomycin C administration were assessed by Kaplan–Meier and Cox-regression. The 
primary outcome was intra-vesical recurrence-free survival (B-RFS).
Results In 402 patients, the median follow-up was 29 months. The lower ureter was managed by open transvesical excision 
in 90 individuals, transurethral and laparoscopic dissection in 76, laparoscopic or open extra-vesical excision in 31 and 42 
respectively, and transurethral dissection and pluck in 163. 114(28.4%) patients had a bladder recurrence during follow-up. 
There was no difference in B-RFS between lower-end techniques by Kaplan–Meier (p = 0.94). When all factors were taken 
into account by adjusted Cox-regression, preceding ureteroscopy (HR 2.65, p = 0.001), lower ureteric tumour location (HR 
2.16, p = 0.02), previous bladder cancer (HR 1.75, p = 0.01) and male gender (HR 1.61, p = 0.03) were associated with B-RFS.
Conclusion These data suggest in appropriately selected patients, lower ureteric management technique does not affect 
B-RFS. Along with lower ureteric tumour location, male gender and previous bladder cancer, preceding ureteroscopy was 
associated with a higher recurrence rate following NU, and the indication for this should be carefully considered.

Keywords Upper tract urothelial carcinoma · UTUC  · Nephroureterectomy · Surgical technique · Recurrence-free survival

Introduction

Upper urinary tract urothelial cell carcinoma (UTUC) is 
rare, accounting for only 5–10% of cases of UC [1, 2] how-
ever is a biologically aggressive disease with a high poten-
tial for recurrence and death [3]: 5-year cancer-specific 

survival (CSS) rates have been described as 86% with ≤ T1 
stage disease, whereas 32% for ≥ T3 stage disease [4]. Radi-
cal nephroureterectomy (NU) with en-bloc excision of the 
ureteric orifice from the bladder wall is the standard curative 
surgical treatment [1]. Although open nephroureterectomy 
(ONU) remains the gold standard for high-risk UTUC [1], 
it is associated with significant morbidity [5]. Laparoscopic 
nephroureterectomy (LNU) and robotic nephroureterectomy 
(RNU) have increasingly been used as minimally invasive 
alternatives, with studies suggesting equivalent oncological 
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outcomes (2- and 5-year recurrence-free survival (RFS), 
CSS and overall survival (OS) [3, 6–12]).

Controversy exists regarding the optimal excision tech-
nique for the management of the lower ureter. While several 
techniques have been considered to simplify lower ureter 
resection, including the pluck technique, stripping and tran-
surethral resection of the intramural ureter, these techniques 
may not have equivalent oncological outcomes to complete 
bladder cuff excision [13–15]. Of the studies comparing 
outcome by different lower-end surgical techniques, there 
has been little heterogeneity in the techniques used [14, 16]. 
We sought to compare the impact of lower ureteric exci-
sion technique along with other patient, tumour and surgical 
factors on oncological outcomes across the Scottish Renal 
Cancer Consortium (SRCC).

Methods

Patients were identified who underwent nephroureterectomy 
for UTUC across the SRCC between 2012 and 2019. Nine 
urology departments offer UTUC management to the Scot-
tish population of approximately 5.5 million people; 8 cen-
tres took part in this study.

Patients with previous or concurrent cystectomy were 
excluded as this removed possible bladder recurrence. In 
addition, patients with incomplete data were excluded from 
the analysis (Fig. 1).

All patients were managed by a local multi-disciplinary 
team (MDT) according to local protocols. Surgical technique 
selected was at the discretion of the institution and surgeon. 
“Upper-end” (i.e., kidney and upper ureter) dissection was 
undertaken by laparoscopic or open approach. No centre 
in Scotland was undertaking robot-assisted NU routinely 
during this time period (one patient underwent RNU at the 

end of the study, and was excluded from analyses for this 
reason). Five definitions for lower-end management were 
agreed prior to data collection by surgical consultants in the 
SRCC, as detailed in Table 1. Nodal dissection was under-
taken where there was suspicion of nodal involvement on 
pre-operative computed tomography (CT) scan, as per con-
temporaneous guidelines. Tumour grade, stage (standardised 
to 2018  8th edition of TNM) and presence of positive surgi-
cal margin were recorded from reports produced by special-
ist Consultant Uropathologist prior to local MDT review. 
Patients were followed up after a review of final pathology 
results at the MDT meeting, with cystoscopic and radiologi-
cal surveillance as per contemporaneous EAU Guidelines.

The primary outcome was intra-vesical (bladder) recur-
rence-free survival (B-RFS). Secondary outcomes were 
extra-vesical pelvic recurrence-free survival (P-RFS), dis-
tant metastatic recurrence-free survival (M-RFS) and overall 
survival (OS).

The impact of surgical technique for the lower ureter 
on B-RFS was assessed by Kaplan–Meier method and 
log-rank test. The impact of surgical technique for the 
lower ureter on primary and secondary outcomes was 
also assessed by unadjusted and adjusted multivariable 
Cox regression. Covariables included in the model were 
T-stage, N-stage, pre-operative diagnostic ureteroscopy, 
whether tumour was uni- or multi-focal, location of the 
most distal tumour, surgical technique for the upper-end, 
whether the surgical margin was positive, administration 
of adjuvant intra-vesical chemotherapy (mitomycin C), 
gender, age, past history of bladder cancer and operating 
centre were included in the model. Adjuvant intra-vesical 
mitomycin C was provided prior to the removal of the 
catheter at 10–14 days post-operatively, in line with the 
protocol used within the ODMIT-C study [17]. Variables 
were assessed for collinearity and excluded if this was 

Fig. 1  Study Consort diagram
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significant, with a high correlation (Pearson rho > 0.5). 
Factors included in the models were on the basis of previ-
ous studies identifying association with tumour recurrence 
[1, 4, 13, 14, 16]. In addition, the associations of T-stage, 
tumour location, upper-end and lower-end surgical tech-
nique with positive surgical margin were assessed using 
logistic regression.

Continuous variables are reported by median and inter-
quartile range (IQR). Discrete variables are reported by 
number and percentage. P values < 0.05 were considered 
significant. All statistical analysis was performed using 
R [18] and RStudio [19]. Kaplan–Meier, Cox-regression 
and logistic regression were performed with the survival 
[20], survminer [21] and finalfit [22] packages. Data were 
collected by individuals within each participating centre 
according to local Caldicott Guardian clearance. Patient 
data were anonymised before collation centrally prior to 
analysis.

Results

Patient characteristics

402 patients were included from 8 centres (Fig.  1). 
Demographic, clinical and pathological data are pre-
sented in Table 2. Median follow-up was 29 months (IQR 
16–54 months). 184 (45.8%) patients had a recurrence dur-
ing follow-up: 114 (28.4%) with intra-vesical recurrence, 29 
(7.2%) with extra-vesical pelvic recurrence and 100 (24.9%) 
patients developed distant metastatic disease. 142 (35.3%) 
patients died during follow-up, of which 91 (22.6%) patients 
died secondary to UC.

Association of patient, tumour and surgical factors 
with bladder‑recurrence free survival

There was no difference in B-RFS between lower-end 
techniques by KM (p = 0.94, Supp Fig. 1). There was a 
significant correlation between T-stage and tumour grade 
(Pearson rho 0.62, p < 2.2e-16). Grade was therefore not 
included in Cox regression models to avoid collinearity. 
The presence of a multifocal ureteric tumour was weakly 
correlated with a history of previous bladder cancer (Pear-
son rho 0.13, p = 0.007); these factors were both included in 
models. T-stage was weakly correlated with N-stage (Pear-
son rho 0.23, p = 3.55e-6); these factors were both included 
in models.

On unadjusted Cox-regression analysis, pTis stage, lower 
ureteric tumour location, preceding ureteroscopy and previ-
ous bladder cancer were associated with B-RFS (Table 3). 
When all factors above were taken into account by adjusted 
Cox-regression, lower ureteric tumour location, preceding 
ureteroscopy, previous bladder cancer and male gender were 
associated with increased risk of B-RFS (Table 3). The sub-
stitution of grade for  stage in the adjusted Cox-regression 
analysis did not alter the factors predictive of outcome (data 
not shown).

Differences in surgical approach to the lower ureter 
by tumour location

The surgical approach to excision of the lower ureter var-
ied significantly according to the location of the most dis-
tal tumour: the lower-end was managed endoscopically for 
82.4% of renal pelvis/calyceal and upper ureteric tumours 
versus 27.8% of mid and lower ureteric tumours (p < 2.2e-
16, Table S1). 43 patients (10.7%) were reported to have 

Table 1  Description of lower ureter management techniques. In cases 
when the tumour involved the mid-ureter or above, the principles of 
early ureteric mobilisation and ligation below the level of the tumour 

during the intra-abdominal phase of the procedure were employed 
whenever possible

Technique Description

Open transvesical excision Open dissection of the distal ureter to bladder. Bladder then opened via a separate incision and intra-mural 
ureter controlled by retrograde dissection of bladder cuff around ureteric orifice after suture ligation

Combined transurethral and laparo-
scopic dissection

Transurethral retrograde resection of ipsilateral ureteric orifice and intramural ureter using diathermy loop 
until fat encountered. Open ureteric orifice sealed with diathermy and resected chips of ureter retrieved 
with Ellick’s evacuator (and sent for Pathological assessment) and bladder catheterised. Laparoscopic 
dissection of kidney and antegrade ureteric dissection to resected end

Laparoscopic extra-vesical excision Laparoscopic dissection of the distal ureter, with distal (intramural) ureter controlled by antegrade dissec-
tion of bladder cuff around ureteric orifice

Open extra-vesical excision Open dissection of the distal ureter, with distal (intramural) ureter controlled by antegrade dissection of 
bladder cuff around ureteric orifice

Transurethral dissection and pluck Transurethral dissection around ipsilateral ureteric orifice using Collin’s knife. Retrograde dissection 
around intra-mural ureter until fat encountered. Ureteric orifice is sealed with diathermy before the blad-
der is catheterised. Kidney and proximal ureteric dissection, with distal ureter excised in continuity by a 
combination of blunt and sharp antegrade dissection until the free end encountered
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Table 2  Demographic, Tumour, 
Pathological and Surgical data 
of individuals included in the 
study

Data represent n (%) unless otherwise stated

Factor Description

Patient
Age Median (IQR), years 71 (64–77)
Gender Female 153 (38.1%)

Male 249 (61.9%)
Smoking status Non 126 (31.3%)

Ex 33 (8.2%)
Current 172 (42.8%)
Unknown 71 (17.7%)

Previous bladder cancer No 309 (76.9%)
Yes 93 (23.1%)

Tumour
Focality Unifocal 362 (90.0%)

Multifocal 40 (10.0%)
Most distal tumour location Calyces/renal pelvis 145 (36.1%)

Upper ureter 88 (21.9%)
Mid ureter 39 (9.7%)
Lower ureter 130 (32.3%)

Pathological
T-stage pTa 178 (44.3%)

pT1 57 (14.2%)
pT2 42 (10.4%)
pT3 105 (26.1%)
pT4 16 (4.0%)
CIS 4 (1.0%)

Grade 1 14 (3.5%)
2 195 (48.5%)
3 189 (47.0%)
CIS 4 (1.0%)

N-stage pN0/Nx 378 (94.0%)
pN + 24 (6.0%)

Positive surgical margin No 359 (89.3%)
Yes 43 (10.7%)

Surgical
Pre-operative URS No 101 (25.1%)

Yes 301 (74.9%)
Upper-end surgical technique Laparoscopic 350 (87.1%)

Laparoscopic converted to open 7 (1.7%)
Open 45 (11.2%)

Lower-end surgical technique Open transvesical excision 90 (22.4%)
Combined transurethral & laparoscopic 

dissection
76 (18.9%)

Laparoscopic extra-vesical excision 31 (7.7%)
Open extra-vesical excision 42 (10.4%)
Transurethral dissection and pluck 163 (40.5%)

Post-operative intra-vesical Mitomycin C No 323 (80.3%)
Yes 79 (19.7%)
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Table 3  Association of Patient, tumour or surgical factors with B-RFS in multivariable Cox-regression analysis

Variable N Unadjusted analysis Adjusted analysis

HR 95% CI P value HR 95% CI P value

T stage
 pTa 178 Ref – – Ref – –
 pT1 57 1.40 0.85–2.30 0.18 1.46 0.87–2.44 0.15
 pT2 42 1.22 0.68–2.20 0.51 0.93 0.49–1.74 0.81
 pT3 105 0.72 0.42–1.21 0.21 0.66 0.37–1.15 0.14
 pT4 16 0.27 0.04–1.92 0.19 0.23 0.03–1.75 0.16
 pTis 4 3.63 1.13–11.60 0.03 1.96 0.56–6.87 0.29

N stage
 pN0/Nx 378 Ref – – Ref – –
 pN + 24 0.65 0.21–2.06 0.47 0.85 0.05–3.50 0.41

Focality
 Unifocal 360 Ref – –
 Multifocal 40 1.60 0.93–2.75 0.09 1.30 0.68–2.48 0.42

Most distal tumour location
 Renal pelvis/calyces 145 Ref – – Ref – –
 Upper ureter 88 1.23 0.72–2.10 0.46 1.34 0.73–2.45 0.35
 Mid ureter 39 1.58 0.84–2.96 0.15 1.45 0.71–2.96 0.30
 Lower ureter 130 1.90 1.21–2.99 0.006 2.16 1.16–3.99 0.02

Ureteroscopy preceding NU
 No URS 101 Ref – – Ref – –
 URS 301 2.54 1.47–4.37  < 0.001 2.65 1.50–4.69 0.001

Upper-end surgical technique
 Laparoscopic 350 Ref – – Ref – –
 Laparoscopic converted to open 7 1.21 0.38–3.83 0.74 1.50 0.41–5.47 0.54
 Open 45 0.86 0.44–1.71 0.68 0.93 0.42–2.06 0.85

Lower-end surgical technique
 Open transvesical excision 90 Ref – – Ref – –
 Combined transurethral & lap dissection 76 0.81 0.44–1.49 0.50 1.57 0.67–3.68 0.31
 Laparoscopic extra-vesical excision 31 0.87 0.28–2.00 0.74 1.21 0.44–3.34 0.71
 Open extra-vesical excision 42 1.08 0.56–2.10 0.81 1.49 0.63–3.51 0.37
 Transurethral dissection and pluck 163 0.94 0.59–1.50 0.79 1.43 0.74–2.75 0.28

Positive surgical margin
 No 359 Ref – – Ref – –
 Yes 43 1.13 0.59–2.18 0.70 1.38 0.66–2.86 0.39

Mitomycin C installation
 No 323 Ref – – Ref – –
 Yes 79 1.36 0.89–2.08 0.15 1.56 0.83–2.93 0.17

Gender
 F 153 Ref – – Ref – –
 M 249 1.32 0.89–1.94 0.16 1.61 1.06–2.45 0.03

Age at operation
 Mean (SD) 69.9 (9.9) 1.00 0.99–1.02 0.68 1.00 0.97–1.02 0.70

Previous bladder cancer
 No 309 Ref – – Ref – –
 Yes 93 1.91 1.29–2.82 0.001 1.75 1.12–2.74 0.01

Hospital
 A 112 Ref – – Ref – –
 B 68 1.39 0.78–2.48 0.27 1.59 0.67–3.79 0.30
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a positive surgical margin. Of those, 25 (58.1%) patients 
had their most distal tumour in the lower ureter, 4 (9.3%) in 
the mid ureter, 8 (18.6%) in the upper ureter and 6 (14.0%) 
in the renal pelvis/calyces. We assessed the association of 
lower-end surgical technique, T-stage, location of the most 
distal tumour and upper-end surgical technique with a posi-
tive surgical margin by logistic regression (and with treat-
ing hospital also included as a covariable in the model). 
On unadjusted analysis, lower ureteric tumour location, T3/
T4 tumour stage, open upper-end surgical technique and 
transurethral dissection and pluck as management of the 
lower-end were significantly associated with positive surgi-
cal margin. Ureteric tumour locations and T3/T4 tumour 
were significantly associated with positive surgical margin 
on adjusted logistic regression (Table S2).

Association of patient, tumour and surgical factors 
with secondary survival outcomes

Reviewing P-RFS, higher T-stages (T2, T3, T4 and Tis), 
upper and lower ureteric tumour location and patient age 
were associated with increased risk of extra-vesical pelvic 
recurrence on adjusted Cox-regression, although with 29 
cases of such recurrence, confidence intervals were wide 
for many of these factors (Table S3). On adjusted analy-
sis, higher T-stages (T2, T3, T4), node-positive disease 
and positive surgical margin were associated with M-RFS 
(Table S4), while higher T-stages (T2, T3, T4), node-posi-
tive disease, multifocal disease, not receiving mitomycin C 
post-operatively and higher age were associated with shorter 
OS (Table S5). On adjusted analysis, undergoing a laparo-
scopic extravesical excision was associated with worse CSS, 
along with higher T-stages (T2, T3, T4), node-positive dis-
ease and having a procedure at Centre G (Table S6).

Discussion

Our results demonstrate that in appropriately selected 
patients, lower ureteric management technique does not 
affect our primary and secondary outcomes of intra-vesical 

or pelvic recurrence rates, metastases free survival or overall 
survival following NU. Interestingly a laparoscopic extraves-
ical excision was associated with worse CSS, though the 
reasons for this are unclear. A prior ureteroscopy was how-
ever associated with a higher intra-vesical recurrence rate 
following NU, along with lower ureteric tumour location, 
previous bladder cancer and male gender. When all factors 
above were considered by adjusted Cox-regression, T-stage, 
N-stage and a positive surgical margin were associated with 
M-RFS. This suggests pathological factors drive the devel-
opment of distant metastases, whereas tumour seeding (from 
manipulation in the form of ureteroscopy or from a more 
distal ureteric tumour) and unstable urothelium ( history of 
previous bladder cancer or multifocal ureteric disease) may 
lead to the development of intra-vesical recurrence.

In contrast to our results, several studies have demon-
strated that the lower-end surgical technique does affect 
intra-vesical recurrence. A large meta-analysis confirmed 
that while there are some conflicting results between indi-
vidual studies, an extra-vesical approach resulted in a higher 
rate of intra-vesical recurrence than either endoscopic or 
trans-vesical excision [23]. Importantly, tumour location 
was less well characterised in that study and this and other 
confounding factors may have biased the analysis. In con-
trast to the meta-analysis results, Walton et al. and more 
recently the ROBUUST collaboration reported that endo-
scopic approaches or transurethral resection of the bladder 
cuff respectively were associated with increased risk of 
intra-vesical recurrence [7, 12]. However, across individual 
studies there was little heterogeneity in lower-end techniques 
with 82.5% undergoing a ‘pluck’ in the ROBUUST study, 
and only 11.6% undergoing endoscopic approaches in the 
study by Walton et al. Encouragingly, the recently published 
study by Veeratterapillay et al. [4] found lower-end surgical 
technique was not associated with intra-vesical recurrence-
free survival, although lower-end technique description was 
limited to endoscopic assisted (67.5% cases), open excision 
with bladder cuff (28.7% cases) and robotic excision (3.8% 
cases) with no further details. We present a large multicentre 
series including a spread of lower-end techniques which are 
well described to allow full interpretation in the context of 

Table 3  (continued)

Variable N Unadjusted analysis Adjusted analysis

HR 95% CI P value HR 95% CI P value

 C 66 1.71 0.99–2.96 0.06 1.48 0.66–3.31 0.34
 D 43 1.42 0.74–2.72 0.29 1.10 0.39–3.15 0.85
 E 31 0.94 0.40–2.19 0.88 0.86 0.28–2.66 0.79
 F 31 0.98 0.44–2.20 0.96 1.15 0.43–3.08 0.78
 G 27 0.61 0.18–2.03 0.42 0.57 0.14–2.25 0.42
 H 24 0.92 0.35–2.43 0.87 1.10 0.32–3.82 0.88
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disease location and stage. As well as the lower-end tech-
nique, we reassuringly demonstrated the consistent finding 
that tumour location, history of bladder cancer and male 
gender were predictors of intra-vesical recurrence [23].

The impact of ureteroscopy on intra-vesical recurrence 
rate following NU has been debated. We add to the growing 
evidence that pre-NU diagnostic ureteroscopy increases the 
likelihood of intra-vesical recurrence. Unfortunately, we do 
not have data on whether a ureteroscopic biopsy was per-
formed or whether a stent was left in situ, which may have a 
greater impact than ureteroscopy alone [24]. Furthermore, 
the relative value of ureteroscopy was not assessed in this 
or previous studies and the risk–benefit needs to be clearly 
considered.

A positive surgical margin could be considered the 
result of advanced disease or because of surgical technique. 
While a positive surgical margin was not associated with an 
increased risk of intra-vesical recurrence in our cohort, it did 
adversely affect metastatic-free survival. Our study reports 
a positive surgical margin rate of 10.7%. To understand 
the interplay between positive surgical margin and lower-
end surgical technique, in the context of tumour stage and 
upper-end surgical technique, we undertook post-hoc logistic 
regression analysis. By this method, we demonstrated that a 
ureteric tumour location and T3/T4 tumour stage were asso-
ciated with positive surgical margin, although reassuringly 
upper end and lower ureteric management techniques did 
not affect this outcome.

As per Katims et  al. [16], perioperative intravesical 
chemotherapy was not found to be protective against blad-
der recurrence in this cohort. This is in disagreement with 
previous RCTs [17, 25]. Despite RCTs being published in 
2011 and 2013, only 19.7% in the current series received 
adjuvant intravesical chemotherapy (26.3% in the Katims 
et al. study [16]). Our study (and that of Katims et al.) were 
therefore potentially underpowered to assess the benefit from 
neoadjuvant chemotherapy on intra-vesical recurrence. The 
reasons for the lack of utilisation of mitomycin are unclear, 
though this varied by unit (with one using in 84% patients, 
and two using in none). Of particular note, while Mitomycin 
C was not associated with a reduction of disease recurrence 
(local or distant) in our cohort, it was associated with better 
overall survival. We speculate that either healthier patients 
were being selected to receive treatment (either actively by 
the surgical teams, or passively as they were more likely to 
recover well from their NU and be deemed fit for mitomy-
cin C), or receiving Mitomycin C was a marker of a patient 
receiving care which best followed current guidelines.

Given the retrospective nature of this study there are a 
number of limitations. It was not possible to assess the deci-
sion-making on the surgical approach for each individual 
patient. Surgical technique did appear to vary significantly 
based on the location of the most distal tumour, suggesting 

surgeons treating tumours of the distal and mid ureter are 
less likely to opt for an endoscopic approach in these cases 
because of a perceived risk of poorer outcomes. In addi-
tion, data were not collected regarding patient co-morbidities 
or general fitness and thus the contribution of factors such 
as hypertension, diabetes and chronic kidney disease to 
increased intra-vesical recurrence could not be confirmed. 
Furthermore, we had insufficient data on smoking history 
to include this as a variable in the Cox regression analysis. 
Extra-vesical pelvic recurrence was relatively rare in this 
cohort (29 cases) and hence the study was underpowered to 
assess the association of factors with pelvic recurrence as 
a single entity (confidence intervals were wide in the Cox 
regression models). Despite these limitations, the study rep-
resents a real-world assessment of practise across Scotland, 
and includes a more heterogeneous sample of management 
techniques for the lower ureter than in previous studies. 
While an RCT is required to demonstrate definitively the 
superiority (or inferiority) of particular techniques, the cur-
rent study suggests surgeons are appropriately selecting 
management technique with their patients.

Conclusions

These data demonstrate that in appropriately selected 
patients, lower ureteric management technique does not 
affect tumour recurrence rate. Diagnostic ureteroscopy was 
associated with a higher recurrence rate following NU and 
the indication for this should be carefully considered. Posi-
tive surgical margin was associated with worse secondary 
outcomes, and the data presented above suggest that ureteric 
tumours and those with T3 or T4 disease were at greatest 
risk. The surgical approach in these cases should be care-
fully considered.
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