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Introduction: Malignant ureteral obstruction (MUO) hinders the management of malignant
diseases. Indwelling stent is a common method to release renal obstruction, but stent failure
with obstruction is frequent. The studies conclude that stent obstruction divides survival by 2
or even 4. We carried out the present study in order to evaluate drainage efficiency and
overall survival by using stents with distinctive degrees of stiffness.

Materials and Methods: We performed an analysis of 156 patients with MUO drainage at
a single institution from June 2009 to June 2019.

Results: Of the 156 patients, 128 (82.1%) died with a mean survival time of 15.3 + 14.4
months after the first ureteral stent procedure (USP). In order to study stent failure and
overall survival, the patients were divided into 3 groups. Group 1 with patients died soon
after only one USP (n=37). Group 2 with patients had more than one USP and no obstruction
(n=41). Patients in Group 3 had more than one USP and at least one stent obstruction (n=62).
During the study period, 556 USPs were analysed separately. The stent failure with obstruc-
tion occurred in 23.0% (128/556) of USP at a mean of 4.4 + 3.6 months. In case of stent
failure, a progressive choice of stents was shaped to overcome each failure by focusing on
the criterion of increasingly stiff stents. Patients in Group 1 died soon at mean of 4.9 + 4.8
months. The mean survival time of patients in Groups 2 and 3 were, respectively, 19.4 + 11.2
and 21.5 + 16.3 months (P = 0.19).

Conclusion: MUO is a serious disease but this study is the first to prevent survival rate from
falling by choosing the stent stiffness suitable for the patient. The active detection of stent
failure has been shown to be essential for preserving survival.
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Introduction

Malignant ureteral obstruction (MUO) caused by malignant diseases may require an
indwelling stent. The mean time from cancer diagnosis to first stent placement has been
reported to be approximately 34 months.' Ureteral obstruction may induce renal fail-
ure, renal colic or pyelonephritis. Chronic renal insufficiency is a barrier to several
therapies, including chemotherapy. Indwelling stent is the common method to release
renal obstructions, but adequate stent insertion across an obstructed ureter does not
necessarily guarantee renal decompression.”* Most studies report an approximately
28% failure rate, which hampers the management of malignant diseases and the need
for repeated stent changes may cause a significant reduction in overall quality of life.*
Moreover, most studies conclude that stent obstruction divides survival by 2 or even 4

or at least deteriorates renal function over time, which may lead to dialysis."*™*
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We carried out the present study in order to evaluate
drainage efficiency and overall survival by using stents
with distinctive degrees of stiffness.

Materials and Methods

From June 2009 to June 2019 in a single institution, a total
of 156 consecutive patients were treated for the discovery
of a MUO. One hundred and fifty patients requiring
indwelling stent for MUO were fitted with commercially
available reinforced ureteral stents. Due to the repetition of
high rate of stent failures with obstruction in patients with
MUO, the progressive and prospective choices of stents
was shaped by a single surgeon (BV) to overcome each
failure by focusing on the criterion of increasingly stiff
stents.

The causes of the extrinsic malignant ureteral compres-
sion were determined by history and radiographic data.
Ureteral obstruction was defined by the presence of renal
colic or renal failure with increased serum creatinine or
hydronephrosis confirmed by computerized tomography or
ultrasound with/without pyelonephritis.

The operation was performed under general or regional
anesthesia and was performed mostly by the same surgeon.
A bladder resection was performed to discover the ureteral
orifice if needed. The ureteral stent was placed in the
kidney under direct vision through the cystoscope and
fluoroscopic guidance. The wire guide was a stiff or an
extra stiff guide (Lunderquist Extra Stiff Wire Guide,
0.89 mm, Cook Medical). In case of tandem insertion,
the tandem stents were pushed simultaneously into the
ureter. No balloon dilation was used. When cystoscopy
with insertion of a retrograde stent failed, the cystoscopy
coupled with percutaneous nephrostomy (PCN) allowed
antegrade stenting.

The efficiency of drainage was confirmed postopera-
tively by regression of pain or renal failure with decreased
serum creatinine, and improvement in the degree of
hydronephrosis.

The patient received a document advising her/him to
perform a renal ultrasound during the 5th and 6th month
for routine oncologic surveillance and to change the stent
every 6 months.

Stent failure was defined as the presence of renal colic
or renal failure with increased serum creatinine or worsen-
ing hydronephrosis during routine oncologic surveillance
with/without pyelonephritis.

A successful stent insertion attempt contributed to one
ureteral stent procedure (USP). Patients with bilateral

stents contributed only one observation to the dataset.
Bilateral stents in the same patient with unilateral or bilat-
eral stent failure were counted as a single stent failure.
There was no selection or exclusion, and all patients were
included, even those with poor performance status.

Double-pigtail stents 8F without holes, such as
Coloplast Vortek Tumor Stents, Bard Angiomed Urosoft
Tumor Stents, Teleflex Medical Tumor Stents, and
Coloplast Neoplex ureteral stents were used in our study.
The progressive choice of stents was shaped to overcome
each failure by focusing on the criterion of increasingly
stiff stents. As the previous study confirmed, the radial
compressive stress of the Teleflex stents (5.4 N.mm™) was
higher than with the Bard stents (around 2.8 N.mm™) and
the Coloplast stents (1.4 N.mm™)."° Obstruction of the
stiffest stent in less than 6 months motivated the switch
to 8F tandem stents.

The data are presented as mean + SD. Data were
analysed using Student t, Fisher exact and Pearson’s Chi-
squared. Kaplan—Meier survival curves were generated to
estimate overall survival and were compared by the Log
rank test. Statistical analyses were performed using soft-

ware R. Values of P < 0.05 were considered significant.

Results

The study population consisted of 156 patients (96 men
and 60 women) with a mean age of 74.6 + 12.6 years. The
malignant disease was progressive in 90.4% (141/156) of
patients. The obstruction was bilateral in 57.7% of cases.
One hundred and twenty-eight patients (82.1%) had pre-
vious chemotherapy or hormonal therapy and 71 patients
(45.5%) had previous radiotherapy.

Of the 156 patients, 128 (82.1%) died with a mean
survival time of 15.3 + 14.4 months after the first USP, and
71 (55.5%) died within a year with a median of 10.5
months.

At the endpoint of our study, 28 patients (17.9%) are
alive with a mean follow-up (range) of 48.8 + 29.6 months
(1-10 years).

The most common causes of malignancy were prostate
cancer (28.6%), followed by bladder cancer (19.3%) and
cervical cancer (14.3%) (Table 1).

Of the 156 patients, 150 were fitted with ureteral stents,
4 by PCN alone, and 2 were not treated for poor perfor-
mance status. The patients drained by PCN alone had
advanced metastatic cancer and died at a mean of 2.7 +
1.2 months after the diagnosis of MUO. The other two
patients died in less than a month.
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Table | Distribution of the Type of Malignancy of the Three Groups

Type of Malignancy Total n (%) Group | (n=37) Group 2 (n=41) Group 3 (n=62)
Prostate cancer 40 (28.6) 10 15 15
Bladder cancer 27 (19.3) 7 14 6*
Cervical cancer 20 (14.3) 2 | | 7%
Colonic cancer 16 (11.4) 6 3 7
Rectal cancer 11 (7.9) 5 2 4
Ovary cancer 8 (5.7) 2 2 4
Pelvic cancer 5(3.6) 0 | 4
Breast cancer 5 (3.6) 2 | 2
Retroperitoneal mass 4 (2.8) | | 2
Gastric cancer 2 (1.4) | | 0
Oesophageal cancer 1 (0.7) 0 0 |
Lung cancer 1 (0.7) | 0 0

Notes: *P < 0.002 versus group 2 and **P < 0.001 versus group 2.

Of the 150 patients fitted with ureteral stents, the retro-
grade stenting by endoscopy was unsuccessful in 15
patients (10.0%) and the
a coupled endoscopic and PCN route. The design of the

stents were inserted by
stent was double-pigtail stents in 99 patients (63.5%) and
JFiI® or customized ureteral
(36.5%).'1:12

During the study period, 12 patients subsequently

stent in 36 patients

underwent ileal conduit urinary diversion (ICUD) and 2,
nephrectomy. Among the patients with ICUD, 3 were
suggested for recurrent ureteral stent obstruction after
radiotherapy for cancer at a mean of 32.7 £ 16.8 months
after the discovery of MUO. Two are alive and one died of
cancer 1 year after the bypass. Nine ICUDs were per-
formed after cystectomy for bladder cancer with MUO at
a mean of 2.3 + 2.1 months after diagnosis. Six out of 9
had neoadjuvant chemotherapy and all but one patient died
at a mean age of 20.0 = 18.0 months. Of the patients who
chose nephrectomy, both patients had cervical cancer and
only one was alive.

In order to study stent failure and overall survival, the
patients were divided into 3 groups. Group 1 with patients
died soon after only one USP (n = 37). Group 2 with
patients had more than one USP and no obstruction (n =
41). Patients in Group 3 had more than one USP and at
least one stent obstruction (n = 62). Figure 1 shows the
flow diagram with procedures and patient’s state.

The 37 patients in Group 1 died at a mean of 4.9 + 4.8
months. The patients had a mean age of 78.3 = 11.2 years,
which was significantly older than the other patients of
Group 2 and 3 (P < 0.01). Only 1 patient had a possibility
of stent failure leading to death.

Among the 103 patients in Groups 2 and 3 who had
a stent change therapy, 62 (60.2%) experienced at least one
stent failure. The mean age between Groups 2 and 3 was
comparable.

Among the 41 patients in Group 2 without stent failure,
four (9.8%) were in remission. At 10 years of follow-up,
33 patients (80.5%) died with a mean survival time of 19.4
+ 11.2 months after discovery of MUO. Patients in Group
2 had bladder cancer (34.1 vs 9.7%, P < 0.002) more often
than those in Group 3. The patients required 153 USPs at
a mean of 3.7 £ 2.0 times per patient with a mean time of
stenting of 7.3 £ 3.2 months.

Among the 62 patients in Group 3 with stent failure, ten
(16.1%) were in remission. At 10 years of follow-up, 43
patients (69.4%) died with a mean survival time of 21.5 +
16.3 months after discovery of MUO. Patients in Group 3 were
more often women (56.4 vs 24.4, P < 0.003) with cervical
cancer (27.4 vs 2.4, P < 0.001) and radiotherapy (64.5 vs
39.0%, P < 0.01) than those in Group 2. The patients required
356 USPs at a mean of 5.7 & 3.9 times per patient with a mean
time of stenting of 5.6 + 3.3 months. The number of USP was
significantly higher than in Group 2 (P <0.002). Among the 19
patients alive, half were fitted with a tandem stent.

Serum creatinine was collected from patients of
Group 3 who had a single episode of stent failure.
Among the 31 values, 11 were missing. At the time of
procedure for stent failure, the mean serum creatinine
was 3.3 + 2.5 mg.dl’". After stent change, renal function
showed an improvement with a mean serum creatinine at
1.8 + 0.9 mg.dl"' (P < 0.009).

During the study period, 556 USPs were analysed
separately. The mean time of stenting was 6.0 = 3.4
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Figure | Flow diagram with procedures and patient’s state.
months. The stent failure with obstruction occurred in  Djiscussion

23.0% (128/556) of USP at a mean of 4.4 + 3.6 months.
Among the patients in Group 3 fitted with the least stiff
stents (Coloplast or Bard stents), 53/62 (85.5%) had at
least one stent obstruction. Among the patients in Group
3 fitted with the stiffest ureteral stents (Teleflex stents), 28/
40 (70.0%) had at least one stent obstruction, while the
obstruction occurred in only 2 of 18 patients (11.1%) with
tandem stents (p < 4.107°). The characteristics of the 150
patients of the three groups are described in Table 2.

Kaplan—Meier analysis showed that the difference in
the survival between Group 1 and both other groups was
statistically significant (Log rank P < 0.0001). Kaplan—
Meier analysis of Groups 2 and 3 showed that patients
with or without stent failure had similar overall survival
during follow-up (Log rank P = 0.19) (Figure 2).

The MUOs are serious events in the development of can-
cer and hinder the management of malignant diseases.”
The patients and the causes of malignancy are heteroge-
neous according to the studies, but the majority of studies
observed that mortality is high from 76.2% to 86.3% over
1 to 10 years of follow-up.””'>'* The mean and median
survival were short from 11.1 to 16 months and 4 to 10.7
months, respectively.®”'*!7 The results of our study
were in agreement with these data.

In our study, ureteral orifice invasion by a bladder
cancer appeared to be associated with poor prognosis,
and neoadjuvant chemotherapy did not prevent the high
90% mortality. In addition, the survival of patients with
bladder cancer and MUO was 20 months, like that of
patients combining other cancers, MUO and stent change
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Table 2 Characteristics of the 150 Patients of the Three Groups. Ten Procedures Followed by lleal Conduit Urinary Diversion Were

Excluded
Number of Patients (%)
Group | (n=37) Group 2 (n=41) Group 3 (n=62) P value

Mean age (years) 783 £ 11.2 754 + 11.7 714 £ 135 0.01*
Gender (men/women) Side 27/10 31/10 27/35 0.003**

Right 10 9 9

Left 8 13 14

Bilateral 19 19 39
Disease progression (%) 37 (100) 37 (90.2) 51 (82.3)
Previous chemotherapy or hormonal therapy (%) 32 (86.5) 32 (78.0) 55 (88.7)
Previous radiotherapy (%) 11 (29.7) 16 (39.0) 40 (64.5) 0.0 1**
Urinary derivation (%) 0 4 (6.5) 0
Survival as endpoint (%) 0 8 (19.5) 19 (30.6)
Survival time after stenting (months) 49+ 48 194 £ 11.2 215+ 163 0.2%*
Serum creatinine (mg/dl"")

At stenting 3 5

After stenting +09 0.009
Number of stent procedures 37 153 356
Mean number of stent
Procedures per patient 1.0 37+20 57 £39 0.002
Overall stent failure (%) 0 0 128 (23.0)

Notes: *Group | versus group 2 and 3. **Group 2 versus group 3.

therapy. Goldfarb et al already observed that for cervical
cancer, MUO was associated with a median survival of
only 3—-6 months and death as endpoint was significantly
more common in the stent with cancer patients compared
to the non-stent with cancer group.'? Ureteral invasion of
bladder cancer can reflect an advanced disease, which
should be considered serious.

Radiotherapy was observed with significantly higher
rates in Group 3 patients with stent failure than in Group 2
patients. Radiotherapy is known for its toxicity on the
ureters. In dogs, Van Kampen et al observed that damage
to the ureters and the risk of hydronephrosis with ureteral
obstruction increased with the dose of radiation.'® Other
authors reported higher rates of obstruction and stent change
of polymeric or metallic stent after radiotherapy.'*'?

To release the kidney obstruction, PCN is a procedure in
which a drainage tube can be placed under sedation, but dis-
lodgement of the tube with recurrent obstruction is common.*
To release the kidney obstruction in case of MUO, most

authors favored retrograde stenting.'®'” Retrograde stenting

failure was consistently described in studies at an average rate
of 12.7% and depended on the severity of tumor invasion of the
bladder orifice. In case of stent failure, the most common
derivation offered to the patient was PCN."'>'*!*2! Among
the 150 patients in our study, the retrograde stenting by endo-
scopy was unsuccessful in 15 patients (10.0%) and the rate of
failure was in agreement with these data. However, performing
endoscopy with simultaneous PCN allowed anterograde stent-
ing in all cases of the retrograde stenting failure.

Most studies reported stent failure with a mean of
28.7% at a mean time of 3.0 months.">"'>!® The results
at the start of our study were in agreement with these data.
However, Figure 2 shows that stent failures decreased at
the end of our study by a particular selection of stiff
reinforced stents and active screening for insidious stent
obstruction.

These obstructions are serious events because over time,
they promote renal failure and can even cause death. Indeed, in
patients with obstructed ureter after radical cystectomy for
bladder cancer, Tombul et al observed that even with active
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Figure 2 Kaplan—Meier analysis of overall survival after stenting in group | (green curve), group 2 (blue curve) and group 3 (red curve). The dotted curve indicates the
decrease in the incidence of stent failure over time. The median time to the occurrence of an event (death or censored) was 2 months with [ICqs 2—6] for group |, 22

months with [ICqs 17-33] for group 2, and 26 months with [ICes 20—41] for group 3.

screening for insidious stent obstruction and regular stent
changes, kidney function deteriorated over time compared to
those who did not develop an obstruction. In addition, dete-
rioration in renal function was even worse in patients with
preoperative hydronephrosis.” Elsamra et al showed that
patients who experienced stent failure had a mean survival
time of 5.8 months, while the unobstructed patients had
a mean of 21.3 months.® In another study, even with tandem
stents, failure reduced survival time from 5.4 to 1.5 months.® In
addition, stent failure may worsen renal failure and Yoon et al
reported higher mortality in renal failure.” Finally, stent failure
may induce infection and Rosenberg et al reported survival
time at 15.3 months and only 11.9 months in case of infection,
and if renal failure was not controlled, the median death
dropped at 37 days." Several authors insisted that urologists
should be actively involved in the management of patients with
MUO to manage stent-related symptoms and monitor for stent
failure or decline in renal function.”"?

Obstruction of the stiffest stent in less than 6 months
motivated the switch to 8F tandem stents. Tandem stents
have been developed as an alternative to single ureteral stents
and the use of tandem stents allowed releasing the renal
obstruction in the case of failure of a single stent, testifying
that the very design of the stent is clearly involved in the
success of drainage.”® The technique of tandem stent was
introduced by Liu et al in 1998. For the authors, the

combination of two ureteral stents increases the stiffness and
reduces the likelihood of kinking from extrinsic forces.*”
However, placing two ureteral stents can be a frustrating
experience, as one stent may push the other during
insertion.” In our study, the tandem stents were pushed simul-
taneously with extra stiff guides. Among the tandem attempts,
only one was unsuccessful. In other studies, tandem attempts
failure was 5% to 27.2%.'*'7?' Several studies showed the
benefits of tandem stents but the stents used were variable, and
the stents were not reinforced. The permeability was more than
80% at 3 months and 50% to 100% at 6 months.®'**'* In our
study, stent failure occurred in only 11.1% of patients fitted
with tandem stents and the results seemed better than in the
other series, but our tandem stents were 8F reinforced stents.
Several authors observed a decrease in overall survival in case
of tandem failure.®® Half of the patients alive in Group 3 were
fitted with a tandem stent. Even with tandem stents, active
clinical and ultrasound screening is crucial to preserve kidney
function and patient survival.”'> Patients who still have stent
failure even with a tandem stent could require a personalized
attitude with a larger and stiffer tube and a higher change
frequency. By using stents with distinctive degrees of stiffness,
patients with or without stent failure had similar overall survi-
val during follow-up. This study is the first to avoid losing
survival by choosing the stent stiffness suitable for the patient.
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Stent-related symptoms have been widely described even
in MUO."*172%23 I patients with MUO, bladder symptoms
may not only be related to the stent itself but also to the pre-
existing bladder disease. Indeed, Goldfarb et al observed that
symptoms in patients with stent and cervical cancer were
higher compared to other patients with stent without cancer.'?
For Rotariu et al, there has been no increase in stent-related
symptoms with tandem compared with those produced by
single stent.”* It has been suggested that changes in the shape
of stents could decrease discomfort.'""'> Many stent designs,
such as biodegradable® or suture stents,'' are described or
commercialized, but it is essential that the stenosis be drained
with a reinforced tube segment for malignant diseases. In
previous studies, the innovative pigtail-suture stent (ie, JFil®)
or a customized ureteral stent with a non-refluxing silicone
end-piece significantly decreased stent-related symptoms.'"-'*
With the JFil®, no inflammation was seen on the ureter wall
around the suture and on the bladder orifice in endoscopy or
histological analysis.''**>® In recent studies including rando-
mization and patient blinding, the results confirmed that suture
stent like JFil® significantly improved patient comfort.””?®
About one third of the patients in our study were fitted with
these innovative stents. The top priority for future stents sui-
table for malignant diseases should be to integrate the impor-
tance of stent stiffness and shape according to the data of our

current knowledge.

Limitations

Our Study Has Several Limitations

First, the heterogeneity of patients who were subjected to
different treatments according to the severity of the disease
and the heterogeneity of MUO with cases with more extensive
or severe ureteral obstruction may be subject to selection bias.

Second, our study was neither prospective nor rando-
mized, but its strategy and its results have evolved over
time thanks to a progressive and prospective choice of
stents, which was shaped by a single surgeon in most
procedures. The large number of stent procedures and
our 10-year-long follow-up have made it possible to obtain
powerful statistical results.

Finally, the choice of the stents was driven by the
increase in stiffness, but this criterion was not necessarily
the factor actually involved in stent failure and MUO.

The mechanisms leading to stent obstruction remain
unknown in this study. It would be useful to know the
constriction degree of ureteral stenosis by determining
whether urine flow can take place through the extraluminal

space between the stent and the ureter wall, or only
through the stent lumen. Among the reinforced stents
selected in the study, the inner diameter of the stent
increased with the stiffness of the stent.'” Thus, the stent
lumen and its preservation may also be essential para-
meters to preserve the flow rate. The stiffness would be
the only means of keeping the lumen intact. Indeed, by
using a mechanical ureteral model, Shilo et al observed
that the lumen of the ureteral stent 8F offered better
patency to colloid solutions than with tandem 7F or
metal stents.”’ The debris accumulation is a possible risk
factor for stent encrustation, suggesting that larger lumen
stents are less likely to become occluded with debris.>*
A study more focused on the specific characteristics of the
stents could clarify the impact of the stent stiffness or the
stent lumen.

Conclusion

MUO is a serious disease, but this study is the first to
avoid losing survival by choosing the stent stiffness sui-
table for the patient. The early and active detection of stent
failure and the use of stiff stents have been shown to be
essential for preserving kidney function and survival. It
would be interesting to assess the impact of stent stiffness
and stent lumen on overall survival in patients with MUO
in a prospective randomized controlled trial.

Abbreviations
MUO, malignant ureteral obstruction; USP, ureteral stent
procedure; ICUD, ileal conduit urinary diversion.
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