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Abstract

Sections

Since 2006, five penis transplants have been performed worldwide.
Mixed outcomes have beenreported, and two of the five penile
transplants have required explantation. However, the long-term
outcomes have been encouraging when compliance isimplemented,
whether standard induction and triple therapy maintenance, or single
therapy maintenance. Follow-up monitoring of transplant recipients
has enabled a synthesis of technical considerations for surgical success
and has shown stable leukocyte counts and renal function after a
donor bone-marrow-based immunomodulatory regimen followed

by tacrolimus monotherapy as long as 3 years post-transplant, as well
as continuous nerve regeneration of penile allografts 3 years post-
transplant. Areas of uncertainty include the ethics of donor-recipient
colour mismatch, surveillance for sexually transmitted infections

and how to optimize patient compliance. Questions also remain with
respect to the long-term immunological sequelae of penile tissue,
functional outcomes, psychosocialimplications and patient selection.
Patient counselling should be modified to mention the possibility of
long-term improvementin nerve regeneration and sufficient renal
function with single-therapy maintenance, and to build alongitudinal
dialogue and partnership between the patient and the multidisciplinary
care teamregarding the risks of sexually transmitted infection instead
of surveillance.
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Key points

e Since 2006, five penile transplantations have been completed
worldwide. Results are mixed: allograft wound-healing problems
are common, all transplants have required subsequent surgical
intervention and two have required explantation.

o Various surgical techniques have been used to reestablish continuity
of the urethra and muscular corpora. Transplants forgoing direct tunica
albuginea and corpus spongiosum repair maintained good urethral
and ejaculatory function; one case that excluded direct corpora
cavernosa repair was explanted before restoration of erectile function.

o Data suggest that the dorsal penile artery alone is adequate for
adequate penile allograft perfusion; however, five unique vascular
anastomotic techniques have been described.

o Lifelong immunosuppression remains a challenge, with acute
rejection events occurring in all long-term transplant recipients.
Conversely, nerve regeneration seems to keep improving as long
as 3 years postoperatively in this setting.

o Patient compliance, periodic screening and longitudinal holistic care
are critical factors in optimizing long-term outcomes. Telemedicine
and committed resource allocation to penile vascularized composite
allotransplantation (VCA) patients were essential during the COVID-19
pandemic and could be used in future.

o The outcomes of the existing cases have enabled evidence-based
modifications to be made to the Baltimore Criteria for ethical penile
transplantation.

Introduction

Thefirst penis transplant was reported in2006 and a total of five penis
transplants have been performed since that time' . The unique, chal-
lenging surgical considerations required for successful transplantation
have been mostly elucidated, but questions remainin terms of the long-
termimmunological sequelae of penile tissue viability, functional out-
comes, psychosocialimplications, long-termtransplant care, patient
satisfaction and patient selection. Indeed, these considerations have
contributed to mixed outcomes in some cases: two of the five penile
transplants have required explantation, all have reported vascular con-
gestionand/or haematomarequiring surgical intervention, and all but
one patient have reported some degree of allograft tissue necrosis>*”.
Substantial advances have been made in the first 15 years of this field,
but many questions remain.

Penile loss is devastating for patient quality of life, with severe
psychosocial and physical consequences® ™. The inability to partake
in acts such as voiding urine while standing and sexual intercourse
adversely affects patient self-esteem and their ability to maintain
social relationships®'%'2, To address this unique challenge, traditional
reconstructive options use the principles of free-tissue transfer, which
involves taking a patient’s native tissues from another part of their
body, harvesting these tissues with a distinct artery and vein to perfuse
the entire tissue segment adequately, safely reshaping this tissue seg-
ment to appear and function asaneophallus, and using microvascular
surgical techniques to connect this newly fashioned penile substitute

to recipient arteries, veins, nerves and the urethra for perfusion and
functional restoration™", These traditional reconstructive principles
have yielded satisfactory results, but limitations persist, including
donor site morbidity, neo-urethral fistulae formation at the neophal-
lus and neo-urethral stricture’'*. Furthermore, no substitute tissue is
capable of truly replacing native penile tissue and its unique proper-
ties — reconstructed tissue offers poor erogenous sensation and the
unique erectile capacity of penile corporatissue can only be mimicked
using a prosthesis”. Insome patients, even traditional reconstruction
isnot feasible owing to severe injury patterns that leave limited tissue
toborrow fromtherest of the body to create the neophallus'®?°. These
limitations have been the impetus for advancing penile transplantation
asan alternative approach to reconstruction.

Penile transplantation is a type of vascularized composite
allotransplantation (VCA), whereby transplantation of tissues from
donor torecipient is made as acomposite unit (such as alimb, face or
penis), including tissue components such as skin, subcutaneoustissue,
muscle, fat and bone>?"?2, VCA offers patients the unique benefit of
receiving a transplant that cannot be convincingly reconstructed by
other means, such as aface, arm or penis. By replacing ‘like-with-like’,
reconstructive transplantation can achieve alevel of restored normalcy
that cannot be matched by other means, and which functions as origi-
nally designed®. This principle has been demonstrated over the past
20 years through face, arm, uterine and penile transplantation®*°,

Although >100 upper extremity and almost 50 face transplants
have been performed to date, only five penis transplants have been
performed since the first was completed just over 15 years ago: one
inGuangzhou (Fig.1), Baltimore (Fig. 2) and Boston (Fig.3), and twoin
Cape Town (Fig. 4). The limited number of procedures performed,
along with the paucity of longitudinal outcomes reported for these
patients, have made it challenging to elaborate on the indications
that currently exist”, to optimize technical considerations for sur-
gical success, and to monitor postoperative health functionally,
immunologically and psychosocially.

Inthis Review, we consider patient selection, surgicalmethods and
technical outcomesto optimize and reproduce surgical, sexual, urinary
and psychological outcomes, as well as discuss ethical dilemmas and
the future of penile transplantation. Furthermore, analysis of the tech-
niques and outcomes of these five procedures enables us to suggest
updates to the Baltimore criteria for successful penile transplantation.

Patient selection and Baltimore Criteria

Patient selection criteria for penile transplantations remain poorly
defined. Although the global experience has offered considerable
insight for success, additive findings offering guidance on rigorous
patient selection were limited in the early clinical reports of penile
transplantation’™.

To address these limitations, our group previously produced
ethical guidelines for penile allotransplantation, dubbed the Balti-
more Criteria?® (Box 1). These criteria did not inform the worldwide
experience of penile transplantation, but rather considered previ-
ous challenges and successes to suggest best practices. They offer
guidance in terms of indications for transplant, consent and privacy,
postoperative concerns and institutional requirements. However, the
worldwide experience diverges from the original Baltimore Criteriaand
so evidence-based modifications to the Baltimore Criteria are offered
here, based on these experiences (Box 1).

The first penis transplant, performed in Guangzhou, China, has
elicited criticism for the paucity of psychological screening provided,
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Fig. 1| Technique employed in the Guangzhou penile transplant. The patient
originally presented with all native vascular structures intact. In this procedure,
the dorsal penile arteries, superficial dorsal vein, and deep dorsal vein of the

transplant were anastomosed to the equivalent recipient vessels. The transplant
was explanted after 2 weeks owing to psychological rejection. DDV, deep dorsal
vein; DPA, dorsal penile artery; SDV, superficial dorsal vein.

which ultimately resulted in explantation of the graft on postopera-
tive day 14 at the request of the patient’s wife*>*°, Rigorous screening
for psychological well-being and social support is a key facet of the
original Baltimore Criteria. With regard to optimized graft cosme-
sis, the second patient from Cape Town is notable for being the only
recipient of acolour-mismatched allograft — the donor was white and
the recipient was Black®’. Although this patient ultimately required
explantation owing to non-compliance with immunosuppressive
regimens, skin-tone mismatch was not determined to be a factor in
this decision®’.

Several procedures have demonstrated divergence fromthe recipi-
ent-donor age guidelines of the Baltimore criteria, whichrecommend
amaximum 5-year age discrepancy between donor and recipient. The
first Cape Town patient was 21 years old at the time he received an
allograft from a 36-year-old, brain-dead donor — a much larger age
differential than the maximum 5 years recommended by the original
Baltimore criteria’. Although the Baltimore criteria do not offer an
explanation for this age differential, it encourages the selection of
a physiologically matched graft, with further consideration of ethi-
cal and biological barriers to using an immature graft from a donor

under 16 years of age®®. The recipient from Boston was 64 years old
with a history of penile cancer treated with partial penectomy, who
underwent rigorous psychosocial screening and received an allograft
from a 27-year-old brain-dead donor with no known genitourinary
history 4 yearslater. The age discrepancy was 37 years rather than the
Syearsrecommended by the Baltimore criteria, but the patient has had
an excellent clinical course**.. The Baltimore recipient was a 30-year-
old man with a history of genitourinary trauma caused by a wartime
improvised explosive device (IED) 8 years before transplantation. He
was also screened rigorously for psychosocial and clinical clearance,
and received a donor allograft from a donor within 5 years of his age
with an excellent clinical course.

Given these findings, we propose evidence-based modifications
to the Baltimore Criteria for patient selection (Box 1). First, recipi-
ents should be adults suffering substantial penile loss secondary to
traumatic or oncological aetiologies or from congenital anomalies
such as ambiguous genitalia or severe micropenis, as is often seen
in individuals with exstrophy-epispadias complex. In the setting of
trauma, at least 6 months of recovery time should be allowed before
intervention, mirroring published recommendations for face and
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hand transplantation®*, In settings of prior malignancy, transplant-
sustaining immunosuppression may cause cancer recurrence, and a
prolonged remission period consistent with very low risk based on
the most current evidence available should be required®**. No wait-
ing period is needed for treatment of congenital ambiguous genitalia
inadults.

Second, recipients should be seeking a reconstructive outcome
that can only be provided by penile tissue: that is, spontaneous erec-
tions, capacity for penetrative intercourse without an implant, and
penile function and cosmesis that parallels a native penis. These
patients should not be candidates for traditional reconstructive modal-
ities owing to substantial tissue loss at potential donor sites (such as
forearm skinand neurovasculature used for radial forearm free flap) or
otherreasons such as previous failed attempts at reconstruction (such
as graft-, flap-, or prosthesis-based approaches)***.

FV b
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Fig.2| Technique employed in the Baltimore penile transplant. The patient
originally presented with obliterated native deep penile arteries and cavernous
arteries owing to animprovised explosive device detonation. The transplant
included bilateral external pudendal arteries and veins. The left and right dorsal
penile arteries of the transplant were anastomosed to the recipient left and
rightinferior epigastric arteries, respectively. The superficial dorsal vein of the
transplant was anastomosed to the recipient’s right inferior epigastric vein,
whereas the deep dorsal vein was anastomosed to the recipient’s left inferior
epigastric vein. The transplant left external pudendal artery was supplied by

Third, patients and their support systems (for example, their
spouse or partner) must undergo rigorous assessment and education
and meet their VCAteam’s psychological, social and clinical inclusion
criteria. Consideration of cultural differences in societal regard for
penile loss and subsequent availability of social support are crucial
considerations. For example, whereas patients who have experienced
penileloss can be ostracized following botched circumcisionin South
Africa, an American veteran might instead be appreciated as a hero
who made a great personal sacrifice for their country®. Thus, cultural
interpretations of penile loss are likely to exert differentinfluenceson
apatient’s self-image and suicide risk.

Finally, the deceased donor must have a viable, functional graft,
but does not require strict age proximity to the recipient. Although
skin-tone matching considerations are strongly recommended, if
the patient and VCA team feels that a mismatch is outweighed by the

Y,
H IEA FV

FA

ananastomosis between the supplying left transplant femoral artery and the
recipient femoral artery. Likewise, the transplant left external pudendal vein
drains to the left greater saphenous vein, which was anastomosed to the left
recipient greater saphenous vein. This transplant maintains good long-term
outcomes. DDV, deep dorsal vein; DPA, dorsal penile artery; EPA, external
pudendal artery; EPV, external pudendal vein; FA, femoral artery; FV, femoral
vein; GSV, greater saphenous vein; IEA, inferior epigastric artery; IEV, inferior
epigastric vein; SDV, superficial dorsal vein.
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potential benefits of transplantationto theindividual, proceeding with
transplantation should be considered.

Surgical approach and technical outcomes

Technical considerations, operative decisions, and perioperative out-
comes have differed across previously performed penile VCAs (Table 1).
Allpeniletransplantsincluded the following steps: urethral anastomo-
sis, dorsal penile nerve coaptation, penile soft tissue reapproximation
and vascular anastomosis.

Penile soft tissue and urethra

All cases created the anastomosis of the urethraaround a Foley catheter
for structural support during healing. Although the Boston group’s
anastomosis included spatulation to attenuate urethral stricture
risk®**’, no other group performed spatulation, and no strictures
have beenreported to date in any of the patients. Normal voiding was
reported as early as postoperative day (POD) 10 by the Guangzhou
team, postoperative week (POW) 3 by the Boston team, POW 5 by the
Baltimore team after an unsuccessful attempt at Foley removal due
to urinary retention on POW 3, and for the first Cape Town patient by

Vein graft

Fig. 3| Technique employed in the Boston penile transplant. The patient
originally presented with obliteration of the native dorsal penile arteries. The
transplant cavernous arteries were anastomosed to the equivalent recipient
vessels. The right external pudendal artery of the transplant was anastomosed
to therecipientright femoral artery, although this failed. The right dorsal penile

postoperative month (POM) 3, after formation of aurethrocutaneous
fistulaon POD 8.

The tunica albuginea is a fibrous layer of connective tissue that
envelops both the corpus spongiosum and the corpora cavernosa®.
Penile erection is achieved when corpora cavernosal arteries dilate,
causing the corporacavernosato expand and compress the penile veins
against the tunica albuginea®’. The corpus spongiosum surrounding
the urethraachieves comparatively less tumescence owingtoathinner
surrounding layer of tunica albuginea, and undergoes compression
by the ischiocavernosus and bulbocavernosus muscles just prior to
ejaculation*. Inall cases, the penile corporawere reapproximated via
direct repair of the corpora muscle and/or the tunica albuginea. The
Cape Town group and Baltimore group repaired all corporamusclein
addition to the tunicaalbuginea, whereas the Boston group excluded
tunica albuginea repair. None of these groups has reported urethral
or ejaculatory complications. All transplants that addressed direct
corporacavernosamuscle repair demonstrate good long-termerectile
function, whereas the only transplant that did not, performed by the
Guangzhougroup, was explanted before restoration of erectile capac-
ity could be assessed. The Cape Town, Boston and Baltimore groups

artery of the transplant was successfully anastomosed to the recipient superficial
femoral artery via areversed distal leg vein graft. Finally, the deep dorsal vein of
the transplant was anastomosed to its equivalent recipient vessel. This transplant
maintains good long-term outcomes. CA, cavernous artery; DDV, deep dorsal
vein; DPA, dorsal penile artery; FA, femoral artery.
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Fig. 4| Technique employed in the first Cape Town penile transplant. The
patient originally presented with obliteration of the native dorsal penile arteries,
superficial dorsal vein and deep dorsal vein, owing to botched circumcision.
Theleftand right dorsal penile arteries of the transplant were anastomosed

to therecipient left external pudendal artery and left inferior epigastric artery,

respectively. The deep dorsal vein of the transplant was anastomosed to the
recipientinferior epigastric vein. After 2 years and 8 months, half of the flap was
lost owing to rejection, which was later reversed and reconstructed with skin
grafts. DDV, deep dorsal vein; DPA, dorsal penile artery; EPA, external pudendal
artery; IEA, inferior epigastric artery; IEV, inferior epigastric vein.

used tadalafil differently to facilitate the return of erections. The Cape
Town group began tadalafil treatment 1 week postoperatively and
administered 5 mg for 3months, the Boston group began tadalafil treat-
ment1week postoperatively and administered 2.5 mgfor an unknown
duration, and the Baltimore group began tadalafil treatment 2 weeks
postoperatively, which is still ongoing’~. Although the rate of return
of erectile function was inconsistently reported between groups, the
influence of tunica albuginea repair, tadalafil treatment and the psy-
chological state of the patients cannot be definitively stated based on
the currently available evidence.

Penile blood supply and innervation

The penile blood supply is robust and characterized by many intrinsic
collaterals — three pairs of arteries originate fromthe internal puden-
dal artery: the dorsal penile arteries (DPAs), cavernous arteries (CAs)
and the bulbourethral arteries (BAs)*'. The DPA supplies the penile
glans and shaft, and has small, proximal branches that also supply
the urethra and corpus spongiosum, with vascular redundancy from

the BA*. The CA supplies the corpora cavernosa*’. In addition to these
vessels, the external pudendal artery (EPA) supplies the proximal penile
skin and the lower half of the scrotum®. The deep dorsal vein (DDV)
provides essential drainage of the penis***.

For transplantation, the DPAs and DPVs are essential for inflow
and drainage; all transplant groups included anastomosis of these
vessels. However, the need for arterial anastomoses beyond the DPAs
is unclear — the penile replantation literature suggests that the DPA
aloneisadequate for functional restoration*’, and that some necrosis
of the penile skinis to be expected**.

The dorsal penile nerve branches from the pudendal nerve to
innervate the skin of the penis*. All transplants were coapted directly
from recipient to donor nerve except for the Boston group’s, which
included a cadaveric acellular nerve graft that was needed to make up
anerve length deficit. All cases (except the Guangzhou group’s trans-
plant, which was explanted by POD 14), reported a successful return
of normal erogenous and tactile sensation at varied times. The first
Cape Town and Baltimore patients reported normal penile sensation at
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POM 7and 12, respectively, although the Baltimore patient continued
to have diminished sensationin the lower half of the scrotum and part
of the abdominal allograft tissue, and the Boston patient reported
sensation at the proximal half of the penis by POM 6, with complete
return of sensation by 2 years after the operation.

With respect to erection and sexual function, the Baltimore,
Boston and the first Cape Town patients reported some degree
of functionby POM 12, with the first Cape Town patient reporting some
function as early as POW 3 and penetrative intercourse by POW 5. The
Baltimore patient had partial spontaneous erections at POM 6 and full
erections by POM 12, and the Boston patient had partial erections by
6 months and continued, improved erection and sexual function aslate
as 3 yearsafter surgery. Although the second Cape Town patient did not
reportinitial erection data, sexual function returned and was present
for 2 years before the onset of complications requiring explantation.

Synthesis of technical outcomes

Overall, combined outcomes from all groups suggest that urethral
spatulationis notrequired to avoid stricture-related sequelae; the dor-
sal penile nerveis areliable coaptationsite for achieving erogenous and
tactile sensation of the penis and, in the setting ofimmunosuppressed
patients, regeneration can be seen as late as 3 years postoperatively;
the corpus spongiosum does not need to be reapproximated for a
penile transplant to function normally, but the corpora cavernosaare
needed torestore erectile function; and finally, that the DPA isadequate
for general perfusion, but including the EPA might protect against
even partial skin necrosis. Available follow-up reports to date suggest
that assessment of vessel patency is reassuring as late as 3 years after
surgery.

Box 1

Immunosuppression

Thelimited number of penile transplants performed make it challeng-
ing to draw conclusions about an ideal immunosuppressive regimen.
The Cape Town team has not reported the immunological regimen
of their second penile transplant, and the transplant performed by
the Guangzhou team lacks long-term data owing to graft removal on
POD 14. However, the long-term outcomes of the remaining three
patients are encouraging when compliance is implemented.

Induction and maintenance

Several induction and maintenance protocols have been used for
patients who have received a penile transplant (Fig. 5). Various
combinations of drugs have been reported for immunosuppressive
induction, including antithymocyte globulin (ATG) or a monoclo-
nal antibody, ATG with steroids, or this combination with or without
mycophenolate mofetil (MMF). ATG is a mixture of nonspecific anti-
lymphocyte immunoglobulins and is the most widely used T cell-
depleting therapy in the USA®. ATG has been associated with reduced
solid organ graft rejection rates, permitting earlier steroid withdrawal
and shorter hospital admission*®, and is widely used in hand and face
VCA*. Maintenance after solid organ transplantation often includes
acalcineurininhibitor and mycophenolate mofetil, with or without a
steroid*®. This approach arose from results of the Symphony trial,
which investigated renal transplant function and rejection in the
setting of various immunosuppression regimens and drug dosages.
Symphony concluded that an tacrolimus-based triple therapy regimen
offered the highest graft survival rate (90%) and lowest acute rejec-
tion rate (14%) at 3 years, while preserving glomerular filtration rate
(GFR) with minimal drug dosages***°. These results gave rise to the

The Baltimore Criteria for ethical penile transplantation: original
and evidence-based modifications for patient selection

Original selection criteria

1. Recipients should be adults who have suffered traumatic
(following >6 months of recovery) or oncological (with 5year
remission) substantial phallus loss, or were born with ambiguous
genitalia, and for whom other reconstructive options are infeasible
or unacceptable to the patient.

2. Candidates must have passed clinical, physical and psychological
assessment, and are seeking to achieve return of function
(aesthetic, urinary and sexual).

3. Deceased donors (aged 16-65years) should be matched for age
(within 5years) and skin tone when possible, with a healthy and
functioning potential graft.

Suggested evidence-based modifications to selection

criteria

1. Recipients should be adults suffering substantial penile loss
secondary to traumatic (following >6 months of recovery) or
oncological (with remission period consistent with very low risk
based on the most current evidence available) aetiologies or

from congenital anomalies such as ambiguous genitalia or severe
micropenis as is often seen in exstrophy-epispadias complex
(no waiting period needed).

2. Candidates should be seeking a reconstructive outcome that can
only be provided by penile tissue: that is, spontaneous erections,
capacity for penetrative intercourse without an implant, and penile
function and cosmesis that parallels a native penis.

3. Candidates and their support systems (such as their spouse or
partner) must undergo rigorous assessment and education and
must meet their vascularized composite allotransplantation (VCA)
team'’s psychological, social and clinical inclusion criteria. Cultural
differences in societal regard for penile loss and subsequent
availability of social support are crucial considerations.

4. The deceased donor must have a viable, functional graft, but
does not require strict age proximity to recipient. Although
skin-tone matching considerations are strongly recommended,
if the patient and VCA team feels that a mismatch is outweighed
by the potential benefits of transplantation to the individual,
proceeding with transplantation should be considered.
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standardized triple therapy for VCA maintenance using tacrolimus,
MMF and steroids®.

Triple therapy maintenance has led to varied outcomes in penile
VCA. Only the first South African patient presented with renal toxicity,
which arose 7 months after transplant and was managed with tacroli-
mus dose adjustment. However, 1 month later the patient contracted
twoinfectionssecondary to supratherapeuticimmunosuppression: an
infected suprapatellar bursa and a foot lesion infected with phaeohy-
phomycosis. The patient from Boston experienced grade I rejection on
POD 28, which was managed using intravenous methylprednisolone,
and who was admitted on POD 32 with grade Ill rejection, which was
successfully managed with steroids and an ATG taper, then on POD 44
for tacrolimus toxicity with hyperkalaemia. No other rejection episodes
have beenreportedin any of the transplant recipients.

Mixed haematopoietic chimerism

Mixed haematopoietic chimerismis a state in which haematopoietic
stem cells from twoindividuals can coexist in the bone marrow, resulting
intolerance of both host and donor tissues®*. The Baltimore approach
uses adonor bone marrow-based immunomodulatory regimen followed
by tacrolimus monotherapy instead of conventional triple therapy pro-
tocolin all of their VCA recipients®. In this protocol, bone marrow was
harvested from the penile donor and infused into the recipient 14 days
after the transplant to introduce a second donor antigen stimulus and
cause exhaustion and deletion of anti-donor T cells within the recipi-
ent®. Asexpected with this regimen, mixed haematopoietic chimerism
waslow and transient, peaking at 8% in POW 4, withundetectablelevels
in later assays’. At the time of writing, this patient continues success-
ful maintenance immunosuppression with tacrolimus monotherapy,

Nature Reviews Urology | Volume 20 | May 2023 | 294-307

302


http://www.nature.com/nrurol

Review article

with stableleukocyte counts and renal function (Fig. 6). However, acute
rejections have been observed inthe Baltimore penis transplant patient
despite good compliance, characterized by inflammatory cellinfiltration

and minor local cellular destruction of the transplanted tissue (Fig. 7).
The cause of these episodes is unclear; however, the patient has since
recovered and has been doing well to date.
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Fig. 6 | Leukocyte counts and renal functionin the Baltimore patient after
the operation. a, White blood cell count and absolute neutrophil count during
initial postoperative admission. Counts were highest in the early postoperative
weeks, followed by resolution to normal ranges. Early peaks were associated with
ahaematoma evacuation on postoperative day 1and arejection-like episode
on postoperative day 8. The peak on postoperative day 22 is associated with
local inflammation at the time of biopsy; however, no evidence of rejection

on histology was observed. b, White blood cell count and absolute neutrophil
countafter initial discharge. The peak at 19.6 months coinicides with treatment
ofablotchy rash on asuprapubic portion of the transplant with clobetasol. Skin
biopsy at 27.4 months revealed Banff grade Il rejection requiring solumedrol

500 mgV for 2 days. Peaks at 30.7 months and 36.7 months occurred at the time
of two osteointegration sessions. ¢, Blood urea nitrogen and creatinine during
initial postoperative admission. Blood urea nitrogen fluctuates at or above the
normal range and creatinine is maintained within the normal range; this holds true
evenduringa period of urinary retention during postoperative week 3.d, Blood
urea nitrogen and creatinine after initial discharge. Creatinine grossly remains
within normal limits. Blood urea nitrogen varies widely despite good urinary
function throughout the long-term postoperative course. e, Glomerular filtration
rate (GFR) during initial postoperative admission, showing maintenance within
normal range with occasional fluctuations. f, GFR after initial discharge, showing
maintenance within normal range with occasional fluctuations.
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Long-term outcomes, compliance and ethics

As experience with penile transplantation grows, new questions and
uncertainties arise. As the current number of transplants performed
remains very small, long-term data are sparse.

Thefirst penile transplant was performed in Guangzhou in 2006,
but no long-term data are available as it was explanted 14 days later
owing to psychological rejection from both the patient and his wife,
as well as patient agitation from considerable postoperative swelling
and disfigurement of the penis’.

The first Cape Town patient received a transplant in December
2014 and was able to impregnate his partner 3-4 months after sur-
gery. Theteam did notreportany issues of rejection until 2018 (ref. 7).
Non-compliance with theimmunosuppressive regimen was reported,
although a second pregnancy was reported in 2020 (ref. 7). However,
in 2021 the patient acquired several sexually transmitted infections
(STIs), which, incombination with non-compliance, were complicated
by urethral stricture and partial allograft necrosis and loss. Even so, the
transplant remains attached to date.

The second Cape Town patient was a Black male who received
atransplant from a white donor in April 2017 — the only skin-tone

Ve P i hot S Y2 LAN

Fig. 7| Tissue histology in the Baltimore patient. a, March 2018:

4x magpnification shows Banff grade I/l rejection. b, March 2018:

10x magpnification demonstrates mild perivascular infiltrate of lymphocytes
and vacuolar change to basilar keratinocyte cytoplasm. ¢, March 2019:

4x magnification shows no signs of rejection and normal biopsy appearance.

mismatch of the penile transplants to date®’. We note that the patient
reported no concerns about the mismatch and declined tattooing for
skin-tone matching, citing such poor quality of life after penile loss
that he stated in a published interview that he would be content with
a penile transplant that was “white, or...pink or purple. | will settle
for anything™. The team reported good sexual function until the end
of 2019, at which point he began to experience episodes of rejection
accompanied by severe pain that was refractory to plasma exchange,
followed by graft necrosis and, ultimately, explantation in October
2021 (ref. 7). The Cape Town experience brought to light the issues
surrounding rigorous patient screening to optimize compliance,
skin-tone matching and longitudinal screening for STIs.

The Boston patient received a transplant in 2016, and had one
acuterejection episode at 28 days after surgery, but has otherwise been
stable ontriple therapy. The Baltimore patient received a transplantin
2018 and has had intermittent episodes of acute rejection (Fig. 2). Even
so, both patients maintain excellent form and function currently®-¢,
and emphasis hasbeen placed on the surprising degree of nerve regen-
eration thathas beenobserved aslate as 3 years after transplantin the
Boston patient. This response has also been demonstrated in upper
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d, March 2019:10x magnification shows no signs of rejection and normal
biopsy appearance. e, June 2020: 4x magnification demonstrates multifocal
areas of moderate perivascular and periadnexal lymphocytic inflammation.
f,June 2020: 40x magnification demonstrating focal regions of dyskeratosis
(circled).
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extremity transplant surgery, suggesting that nerve healing in the
setting ofimmunomodulation is promising®. The Baltimore patient’s
renal function continues to be good on single therapy, although close,
continual monitoring is warranted.

The future of penile transplantation

The American Society of Reconstructive Transplantation metin Novem-
ber2021to discuss global updates on VCA and provide expert opinion
on future directions®. With respect to penile VCA, the most promis-
ing realization is that penile VCA is unequivocally the gold standard
for penile reconstruction when considering functional and aesthetic
outcomes and — as is the case in other forms of VCA being treated
with calcineurin inhibitors — nerve function continues to improve in
patients aslate as 3 years after surgery, warranting patient counselling
that some nerve regeneration in this setting could be expected years
later. The subjects of greatest concernincluded the inability to biopsy
penile tissue owing to limited tissue availability, which means that skin
changes mustberelied upon to monitor rejection, and the concern for
STl prevalence. Given the immunosuppressive regimen VCA patients
required to prevent transplant rejection, STIs have the potential to
become severe before being detected and can have devastating seque-
laeto the transplant and patient. As such, close monitoring and patient
counselling are essential.

Key considerations for optimal penile transplant outcomesinclude
resources to expedite sexual function and satisfaction following trans-
plantation, with special consideration of erogenous sensation, erection
and ejaculation. Such considerations mightinclude early initiation of
PDES5 inhibitors (within 1 month of surgery), counselling to manage
expectations and psychological sequelae and, potentially, sex ther-
apy for the patient and their respective partners*’. Men often display
avoidance of sexual behaviours or resistance to penile rehabilitation
treatments, and several studies have found psychological counselling
and couples-based therapy to improve expectation management,
treatment compliance and sexual satisfaction®®®,

VCA and the media

Interactions between VCA teams and the media must always be con-
scientious and thoughtful. VCA is an exciting, novel field and hence
media coverage of patient outcomes and technical progress can be
sensationalized and/or misinterpreted. Multidisciplinary VCA teams
and patients must avoid being drawn into communications where con-
troversial statements can be made or misquoted and, crucially, these
parties must not be misrepresented or exploited. The privacy of the
family and patient should be prioritized despite their participationin
widely publicized advancesin VCA. However, advancing the field of VCA
will require educating the publicabout what is possible via transparent
communications aboutadvances and short-term and long-termresults,
and the media will undoubtedly have a key role in this process. These
communications should focus on what modern medicine can offer
patients, rather than individual accolades for medical teams.

COVID-19 and penile transplantation

Reallocation of health-care resources has beenacommon theme dur-
ing the initial and sustained responses to the COVID-19 pandemic.
The conversion of entire sections of hospitals to exclusively manage
patients with COVID-19 and the concomitant redeployment of health-
care staff was a common practice at many institutions. Considering
these pressing needs, many VCA programmes, including our own in
Baltimore, were temporarily shut down to address resource limitations.

For penile transplantation, this translated into substantially longer
periods of time taken to identify and screen potential donors, and no
VCA of any kind has been performed at our institution since the begin-
ning of the COVID-19 pandemic, although at the time of writing, our
resources have beenreallocated and our VCA programme reinstated.

Importantly, performing any kind of VCA — including a penis
transplant — requires tremendous amounts of resources even before
the actual transplantation is performed. The pool of available penile
donorsremains very small, as VCA donation requires specific permis-
sion that is separate from donor consent as designated by a driver’s
licence or donor authorization card, instead requiring the approval of
the deceased donor’s authorized representative®. From willing organ
donors, genitourinary organs areamong the least likely to be donated;
only 61% of men were willing to donate their penis, versus 81% willing
to donate alimb®. Identifying a donor with a healthy penis who is HLA-
matched to therecipientand has asimilar skintone can be challenging,
asabout 86% of prior VCA donors from the USA were white?**%, As such,
patient screening and identification of an optimal donor often take very
long periods of time and can be frustrating for both the patientand VCA
team. However, attempting to expedite this processis potentially dis-
astrous and jeopardizesthetransplant success for all parties involved,
as shown by preventable measures that resulted in penis transplant
failure in the published cases (such as lack of rigorous preoperative
psychosocial screening inthe explanted Guangzhou case). Thus, even
considering the diminished resources and prolonged waiting periods
consequent to COVID-19, our institution has not modified our stringent
screening criteria for penile transplantation.

Withrespect to the Baltimore penis transplant patient’s follow-up
care, although the COVID-19 pandemic resulted in shutdown of outpa-
tient clinicservicesfor abrief period, therise of telemedicine has been
especially valuable for remote monitoring the penile allograft. Skin
changesthatare appreciable on gross examination are characteristic of
early acute rejection in VCA®; thus, any suggestion of an acute rejection
episode canbe easily triaged remotely and addressed quickly. Indeed,
the Baltimore patient had several telemedicine visits during the first
two waves of the COVID-19 pandemic in the USA, some of which were
reassuring and one that demonstrated some mild erythema. On the
basis of telemedicine triage, a clinic visit for biopsy and admission for
intravenous steroid treatment was initiated with total resolution of
symptoms (R.J.R., unpublished work).

Any centre that aspires to offer penile transplantation as a
reconstructive option for patients requires substantial institutional
commitment and support. Such support is especially pertinentin a
post-COVID-19 world, where resource allocation is a valid concern. In
our experience, an institutional commitment to support an agreed-
upon number of VCA procedures as well as all aspects of postopera-
tive care is an essential part of establishing a penile transplantation
programme. Without such a commitment, we do not believe that
establishing a penile transplantation programme is feasible.

Conclusions

Penile transplantationis areconstructive modality that offers the gold-
standard option for penile reconstructions, asit cannot be matched by
conventional approaches. However, questions remain about patient
selection, immunosuppressive regimens and optimizing compliance.
From an operative standpoint, inclusion of the external pudendal
artery for transplant perfusion seems to be uniquely protective of
soft tissue viability and is essential to the success of the procedure.
Finally, when considering the need for STl surveillance, we do not
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believe that surveillance is required, but rather an ongoing dialogue
with patients about the unique aspects of STl presentationin VCA and
the unique consequences of transplant failure. Thus, for the first time,

we are able to provide comprehensive evidence-based recommenda-
tions to guide future penile transplantationin the form of an updated
Baltimore Criteria.

Published online: 10 January 2023
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