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A surgically efficient and cost- 
effective tissue-engineered im-
plant to reconstruct the urethra has 
not yet replaced current surgical 
practice of using autologous tis-
sue grafts. The harvesting of these 
grafts is associated with complica-
tions at the donor site. Cell-based 
approaches have shown progress. 
However, these have been asso-
ciated with high costs and logis-
tical challenges, and have not re-
placed the current gold standard. 
An acellular, off-the-shelf implant 
with good regenerative potential 
is more likely to be used in clinical 
practice than a cellular implant.1 

Though previously attempted, this 
has not shown efficacy to bridge 
large urethral defects and thus has 
failed to translate to clinical prac-
tice. We describe here our journey 
to achieve that objective in urethral 
reconstructive surgery. An im-
portant component for successful 
clinical translation was the estab-
lishment of early working collab-
oration between the bioengineers 
and  urologist to  design a clinically 
relevant implant. This multidisci-
plinary team was from different 
institutions based in Switzerland 
and Malaysia. Collagen was uti-
lized as the foundation biomaterial 
of choice for the engineering of this 
envisioned urethral implant as it is 
a natural biomaterial and the most 
predominant protein in the human 
extracellular matrix. Multiple col-
lagen implants were developed 
over a period of 8 years, all using 
animal-derived collagen as the 
base material. The various implant 
generations underwent in vitro test-
ing, mechanical analyses, electron 
microscopy, and finally bench test-
ing by urologist. In vivo testing was 
done in the rabbit urethral model 
to bridge a 2-cm defect with a tu-
bular graft. In total, 69 male New 
Zealand rabbits were utilized to 
refine the final design, which was 
done both in Lausanne, Switzer-
land, and in Kuala Lumpur, Malay-
sia. Prior to euthanasia, all animals 
were subjected to a contrast void-
ing cystography to look for ure-
thral patency, as done in clinical 
practice. Biopsies of repaired sites 
from euthanized rabbits were sub-
jected to histology and immunohis-
tochemistry. Tubular implants were 
then further tested in a clinically 
relevant defect of 4 cm in the dog 
model. First-generation implants 
did show promising regenerative 
potential, which we have published 
and presented.2,3 Further improve-
ment was done utilizing the data 
obtained to engineer an implant 
that had the best potential for clin-
ical translation. The final proto-

type was implanted in 9 rabbits and  
6 dogs. Rabbits were evaluated at 1, 
3, and 6 months per our established 
protocol, and the dogs were exam-
ined by clinical patency assessment 
and histology up to 16 months.  
These new preclinical data fur-
ther  convinced the  collaborating 
 urologist to proceed with an ap-
plication for a first-in-man clinical 
trial. The incorporation of Rege-
nosca SA in Switzerland in 2019 
initiated the transition from a re-
search product developed in an 
academic setting to a clinical-grade 
product developed and produced 
according to regulatory standards 
(Figure 1).

Approval was subsequently ob-
tained from the Medical Research 
Ethics Committee at University of 
Malaya Medical Centre, Malaysia 

in 2020, for a 5-patient first-in-man 
study to evaluate the implants for 
substitution urethroplasty of distal 
urethral strictures of 3 cm. Following 
the pandemic, the first patients were 
operated on in August 2022 using the 
acellular collagen implant manufac-
tured with Regenosca’s TissueSpan 
technology, employing standard 
surgical technique (Figure 2).

Currently, 2 patients have been 
implanted with the Regenosca 
product bridging urethral defects of 
less than 3 cm. The first 2 patients 
showed good clinical outcome and 
we have initiated patient recruit-
ment for the remaining 3 surgeries. 
The acellular implant may have 
the potential to be an off-the-shelf 
product for substitution urethro-
plasty. Its mechanical properties 
allow surgeons to easily recreate a 
physical conduit while its material 
properties favor tissue regeneration 
in the long term. A manuscript is 
currently in preparation to show 
the preclinical and clinical data. 
Large-scale clinical trials, howev-
er, are required to further confirm 
safety, performance, and clinical 
benefit to patients. �
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Figure 1. Off-the-shelf available implant manufactured in a Good Manufacturing Practice facility for 
urethral reconstruction.

Figure 2. TissueSpan implant utilized in the 
first-in-man urethral reconstruction study in 
August 2022.
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“ These new 
preclinical data 
further convinced 
the collab orating 
urologist to 
proceed with an 
application for 

clinical trial.”


