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ARTICLE
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Jani Saunavaarac, Pekka Taimend, Roberto Blanco Sequeirosb and Peter J. Bostr€oma

aDepartment of Urology, University of Turku and Turku University Hospital, Turku, Finland; bDepartment of Diagnostic Radiology, University
of Turku and Turku University Hospital, Turku, Finland; cDepartment of Medical Physics and Nuclear Medicine, University of Turku and
Turku University Hospital, Turku, Finland; dInstitute of Biomedicine and Department of Pathology, University of Turku and Turku University
Hospital, Turku, Finland

ABSTRACT
Purpose: Locally advanced prostate cancer can cause bladder outlet obstruction, gross hematuria and
frequent hospitalization. While these complications are commonly treated by palliative transurethral
resection of the prostate, the improvement is often insufficient. The purpose of this study was to
evaluate the safety and feasibility of MRI-guided transurethral ultrasound ablation as an alternative pal-
liative treatment option (pTULSA) for men suffering from symptomatic locally advanced pros-
tate cancer.
Methods: This prospective, phase one study included 10 men in need of palliative surgical interven-
tion due to urinary retention and gross hematuria caused by locally advanced prostate cancer.
Patients were followed for 1 year at 3-month intervals. Time without catheter, time without hematuria,
reduction in hospitalization time, and adverse events were measured.
Results: Ten patients with locally advanced prostate cancer were enrolled, all having continuous cath-
eterization due to urinary retention and nine had gross hematuria before treatment. At 1 week post-
pTULSA five patients were catheter-free. At last follow-up catheter-free and gross hematuria-free rates
were 70% and 100%, respectively. Average hospitalization time from local complications reduced from
7.3 to 1.4 days in the 6 months before and after pTULSA. No>Grade 2 treatment related adverse
events were reported, with all five being urinary tract infections.
Conclusions: pTULSA appears safe and feasible for palliative ablation of locally advanced prostate can-
cer. The therapy seems to accomplish long-term hematuria control, can relieve bladder outlet obstruc-
tion in selected patients, and seems to reduce the burden of hospitalization due to local
complications.
Trial Registration Number: NCT03350529
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Introduction

Many men develop locally advanced prostate cancer (LAPCa),
either from a late diagnosis or as a recurrent disease after
primary therapy. These patients may suffer from bladder out-
let obstruction (BOO), urinary tract infections (UTI) and gross
hematuria. The objective of palliative LAPCa management
involves local disease control, relieving local symptoms,
reducing hospitalization and improving quality-of-life
(QoL) [1].

To relieve local symptoms the current gold standard is
palliative transurethral resection of the prostate (pTURP).
However, pTURP carries notable surgical and anesthetic risks
which increase with age [1–5] and may exclude those who
cannot discontinue anticoagulants. Other interventions
include androgen deprivation therapy (ADT), radiation

therapy (RT) [6,7] and palliative radical surgery [8], each with
their own set of challenges. There is currently an unmet
need for minimally invasive palliative treatments for men
with local symptoms arising from LAPCa, particularly those
who are at an advanced age, have increased burden of
comorbidities and have low performance status [9,10]. MRI-
guided transurethral ultrasound ablation (TULSA) is one such
possibility. Combining MRI treatment planning and real-time
temperature monitoring, TULSA generates conformal ultra-
sound ablation in the prostate via a transurethral ultrasound
catheter. Previous TULSA studies have demonstrated onco-
logical efficacy among men with localized PCa with a favor-
able safety profile and low impact on QoL [11–13].

The primary objectives of this study were to evaluate the
safety and feasibility of palliative TULSA (pTULSA) as an
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alternative local therapy for treating gross hematuria and/or
urinary retention in patients with LAPCa.

Materials and methods

Study design

This was an investigator-initiated, prospective, non-random-
ized, single-arm, and single-center Phase-I study evaluating
the early stage safety and feasibility of TULSA as a palliative
intervention for LAPCa (NCT03350529). For this reason, only
10 patients were enrolled, and no comparative arm was
used. The study protocol was approved by the ethics com-
mittee of the Hospital District of Southwest Finland and writ-
ten informed consent was obtained from all participants. The
trial was performed in accordance with the principles of the
Declaration of Helsinki.

Patient eligibility and selection

Study patients were identified for this study by the
Department of Urology at the Turku University Hospital. The
patient selection included those patients presenting with
either primary or radiorecurrent LAPCa (with or without
metastasis) that were referred to the urological outpatient
clinic or admitted to the hospital due to local complications.
A life expectancy greater than 3 months was required. Local
complications that required palliative treatment included

ongoing/recurrent gross hematuria and/or urinary retention
requiring continuous catheterization, which were not resolv-
ing by conservative or medical treatment.

Description of the intervention

Treatment was delivered using TULSA (TULSA-PRO, Profound
Medical Inc., Mississauga, Canada). A detailed description of
the intervention is described in our previous study assessing
TULSA for lesion-targeted ablation of localized PCa [11]. Due
to the heterogeneity of the study participants, the treatment
approach was dependent on the individual disease character-
istics. If visible, the ablation was targeted to the dominant
tumor section compressing and/or invading the prostatic
urethra, otherwise the objective was to debulk the prostate.
As more experience was obtained, any tissue obstructing the
bladder neck was also targeted, regardless of if a tumor
was present.

Follow-up and assessment

Follow-up visits occurred at 1week, 3, 6, 9 and 12months.
Safety was assessed by recording adverse events at every fol-
low-up visit using Clavien Dindo Classification for Surgical
Complications. Preparations were made at study onset to
systematically collect QoL and functional questionnaires, as
well as uroflowmetry measurements at each follow-up visit.
However, due to the poor health of the study population,
many items were missing and therefore omitted from the
overall feasibility assessment. Instead feasibility was assessed
by examining if pTULSA was able to treat gross hematuria
and/or BOO. Time without catheter, time without hematuria
and any reduction in hospitalization time were all assessed
post-pTULSA. Catheter removal and an initial voiding trial
was performed 1 week after pTULSA. At least one cystoscopy
was performed to assess the treatment effect and patency of
the urethra.

Results

Patient characteristics

Ten patients were treated with pTULSA between November
2017 and June 2019. The characteristics of the study popula-
tion are presented in Table 1. The median (range) time inter-
val between the initial PCa diagnosis and pTULSA was
30months (4–194). All patients were Caucasians. Half of the
patients presented with clinical T4 tumors, while the other
half had T3 tumors. Four patients with T4 tumors had direct
invasion of the tumor in the bladder neck and/or posterior
bladder wall. Individual pre-treatment prostate MRI images
are presented in Supplementary Figure S1.

Prior to pTULSA, six patients had undergone external
beam RT combined with 2–3-year ADT, while the other four
patients were treated only with ADT. At enrollment eight
patients had metastatic disease, five of which had castration-
resistant PCa. The median (range) age, CCI-score, ECOG PS,
baseline PSA and prostate volume were 76.5 years (60–81),

Table 1. Patient characteristics at baseline.

Parameter Value

Median age, year (range) 76.5 (60–81)
ECOG performance status, % (n)
1 40% (4)
2 40% (4)
3 20% (2)

Median PSA, ng/mL (range) 18.5 (0.23–140)
Median prostate volume, ng/mL (range) 35 (12–213)
Radiological tumor stage, % (n)
T3 50% (5)
T4 50% (5)

Median CCI (range) 10.5 (5–15)
CRPC, % (n)
Yes 50% (5)
No 50% (5)

Primary cancer treatment, % (n)
ADT 40% (4)
RadiationþADT 60% (6)
Docetaxel 10% (1)

Continuous catheter, % (n)
Yes 100% (10)

Documented metastatic disease, % (n)
Yes 80% (8)
No 20% (2)

Urinary tract infection, % (n)
Yes 80% (8)
No 20% (2)

pTURP before pTULSA, % (n)
Yes 30% (3)
No 70% (7)

Anticoagulation, % (n)
Yes 40% (4)
No 60% (6)

ECOG: Eastern Cooperative Oncology Group; PSA: prostate-specific antigen;
CCI: Charlson comorbidity index; CRPC: castration-resistant prostate cancer;
ADT: androgen deprivation therapy; pTURP: palliative transurethral resection
of the prostate.
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10.5 (5–15), 2 (1–3), 18.5 ng/mL (0.23–140) and 35 cc
(12–213), respectively.

Local symptoms and complications prior to pTULSA

Prior to pTULSA all patients had continuous indwelling cath-
eterization due to urinary retention. Nine patients also had a
history of recurrent and/or ongoing gross hematuria. Three
patients had a pTURP performed 6 months prior to receiving
pTULSA, all of which were unsuccessful. The baseline median
(range) post-void residual volume (PVR) from eight patients
was 393mL (300–1000). Two patients with large retention
were unable to void spontaneously so PVR was not possible.
Two patients had hydro nephrosis.

Study intervention

pTULSA was technically feasible in every study patient with a
mean ablation time of 37min (range ¼ 16–58) and targeted
ablation volume of 30.6 cc (range ¼ 12–84). No difficulties
with device instrumentation were encountered. Two patients
had a suprapubic catheter (SPC) during pTULSA, while the
others did not have urinary drainage during the procedure,
receiving a transurethral catheter afterwards. One patient
was discharged on the treatment day, and another patient
on the second postoperative day. The rest (n¼ 8) were dis-
charged on the first postoperative day. The average (range)
hospitalization time was 28.6 h (12–48).

Safety and treatment related morbidity/toxicity

Two Grade 2 and three Grade 1 adverse events were
recorded according to Clavien Dindo Classification of
Surgical Complications, all related to UTI. Two patients were
hospitalized requiring intravenous administration of antibiot-
ics, while the remaining UTI resolved without hospitalization
on oral antibiotics alone. No grade 3 or higher adverse
events were recorded, with no rectal injury or fistula. Further,
there was no need for blood transfusions and there was no
perioperative mortality.

Feasibility of pTULSA

Catheter removal at 1 week post-pTULSA was successful in
five patients with a median (range) PVR 113mL (82–151).
Two patients had their SPC removed at 3 and 9 months after
sufficient evidence of adequate bladder emptying was dis-
played. Figure 1 demonstrates the temporal evolution of
catheterization for all study patients at baseline and after
pTULSA. Three patients underwent pTURP after pTULSA
because of persistent BOO. At the last follow-up visit 70% (7/
10) of the study patients were catheter-free, five patients
after pTULSA alone and two patients after additional pTURP.
One of the three patients undergoing post-TULSA pTURP
had no improvement on BOO and continued clean intermit-
tent catheterization (CIC). Two patients remained continu-
ously catheterized after pTULSA (Table 2).

Due to an initial conservative treatment approach around
the bladder neck, three of the first four patients treated had
persistent BOO after pTULSA. Once the treatment plan was
modified to always target the bladder neck no additional
patients underwent a pTURP after pTULSA. Those three
patients underwent a pTURP targeted to the bladder neck 3
months after pTULSA, with varying success. The first patient
was catheter-free the first 3 months after pTULSA but devel-
oped rising PVR and underwent a pTURP, shortly thereafter
discontinuing catheterization. The second patient, who had
2.5 l urinary retention at baseline, remained catheterized after
pTULSA. He underwent a pTURP and eventually discontinued
catheterization at 9 months post-pTULSA. The third patient
improved to CIC after pTULSA, but later underwent a pTURP
due to retention, which was unsuccessful in relieving the
symptoms. No catheterization improvement was recorded for
two study participants, one of them refusing catheter
removal due to sedentary condition caused by rapidly pro-
gressing disease. Individual treatment plans are presented in
Supplementary Figure S2.

Gross hematuria ceased in all study patients at 1 week
post-pTULSA, continuing without occurrence of gross hema-
turia (10/10) until the last follow-up visit (Table 2).
Comparing the 6months preceding pTULSA to 6months
after the average hospitalization, time (range) due to local
complications decreased from 7.3 days (0–20) before pTULSA
to 1.4 days (0–7) after pTULSA.

Figure 2 describes a successful pTULSA case. A 65-year-
old male with metastatic and castration-resistant LAPCa, suf-
fering from unresolved urinary retention and recurrent gross
hematuria, underwent pTULSA. From 1 week until 12month
follow-up the patient survived free of catheter and
gross hematuria.

Discussion

This is the first study evaluating TULSA for treatment of local
symptoms and complications due to LAPCa in a palliative
setting. We are not aware of any other prospective studies
that used therapeutic ultrasound to treat gross hematuria
and/or urinary retention in men with LAPCa. We were able
to ablate bulky tumors, some of which infiltrated into the
bladder neck and further into the bladder wall.

Catheter removal was successful for five patients at 1
week post-treatment and 50% of patients were free of cath-
eter at 1 year without any subsequent pTURP intervention.
The relief of anatomical obstruction after TULSA is slower
compared to TURP because tissue ablated by TULSA grad-
ually disappears by sloughing of necrotic tissue into the urin-
ary tract and eradication of ablated necrotic tissue via the
hematogenic route. Recent studies have reported that, des-
pite an initial increase in prostate volume as a result of ther-
mal injury derived inflammation, at 3 weeks the prostate
volume starts to decrease [11]. This suggests that anatomical
obstruction relief is obtained gradually, which should be con-
sidered when defining the duration of post-TULSA catheter-
ization. The earlier than expected benefit observed for these
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five patients may be due to the alleviation of functional
obstruction.

In LAPCa, hematuria can be related to BOO or direct inva-
sion of PCa into the urinary tract, which is difficult to man-
age and can require repeat hospital admissions. Previous RT
may also cause radiation urethritis or cystitis which may
result in bleeding, and the ongoing use of anticoagulants
compounds this risk. Prostate arterial embolization has been
used to treat hematuria in a variety of prostatic diseases
with reported clinical successes between 83 and 100% [14].
In one small LAPCa-specific study the authors reported a
67% clinical success rate for the treatment of hematuria [15].
Palliative RT has also been used to treat hematuria in LAPCa,
where it was demonstrated that 67% of patients showed
clinical resolution of 3months [6]. In the current study, recur-
ring/ongoing gross hematuria ceased for all nine patients
who had this symptom before pTULSA, with the added
benefit pTULSA can also potentially alleviate BOO in an out-
patient setting with a relatively short hospitalization time.

There are some inherent advantages of TULSA compared
to existing surgical interventions to relieve hematuria and
BOO caused by LAPCa. During TURP prostatic tissues are

resected which may potentially cause tumor spillage and sys-
temic tumor dissemination [16,17]. Alternative surgical treat-
ment options including palliative prostatectomy and
cystoprostatectomy with urinary diversion may be offered,
however, due to their technical complexity, are only available
at highly experienced centers and for patients with good
performance status [8,18]. Non-surgical options including
ADT or other systemic therapies can achieve notable
response in metastasis, but rarely affect the prostate itself
[18]. TULSA in contrast is a minimally invasive technology
which enables bloodless incision-free ablation of prostatic tis-
sue, with an ablation pattern that is customized to each
patient’s specific anatomical and functional needs. The real-
time MRI image-guidance aspect of TULSA offers accurate
visualization of the underlying pathology, while still allowing
the user to monitor safety.

Limitations of this study included small sample size and
non-randomized setting. On the other hand, there is overall
limited data in the topic of local palliative intervention in
PCa and recruitment is challenging. The study of palliative
interventions also includes challenges in measuring validated
efficacy outcomes in a patient population with rapidly

Figure 1. Temporal evolution of catheterization before and after pTULSA.

Table 2. Feasibility of pTULSA.

Catheter-free %, n (n¼ 10)�
At baseline Last follow-up
0% (0) 70% (7) catheter-free

10% (1) intermittent catheter
Gross hematuria-free %, n (n¼ 10)�
At baseline Last follow-up
10% (1) 100% (10)

Hospitalization days within 6 months, average, range (n¼ 10)��
Before pTULSA After pTULSA
7.3 (0–20) 1.4 (0–7)

�until last follow up (6, 9 or 12months) or to end-of-life; ��6months before and after pTULSA or to end-of-life.
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declining health. We therefore focused on time without cath-
eter, time without hematuria, and hospitalization reduction.

pTULSA appears safe and feasible for palliative ablation of
LAPCa. Long-term control of hematuria was demonstrated,
hospitalization was reduced and in certain cases pTULSA
relieved lower urinary tract obstruction. More robust data is
needed to confirm the efficacy of pTULSA in LAPCa.
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