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Introduction

Penile squamous cell carcinoma (SCC) is a rare but 
critically damaging malignancy. Traditionally, the mainstays 
of therapy had been radical surgery with total or partial 
penectomy. However, this traditional strategy has often 
led to poor cosmetic results, difficulty in urinating while 
standing, and sexual dysfunction in many men. Negative 
impacts were subsequently reported in the quality of life for 
these men and their partners. The modern age has given 
rise to a paradigm shift in the management of this cancer, 
with an increased emphasis on organ-sparing approaches 
without compromising oncologic control (1). These 
approaches avoid radical surgery where possible. The field 
has advanced beyond arguments that these attempts to spare 
the penis compromise patient survival in the face of such a 
potentially fatal disease.

A retrospective review of 1,000 patients noted that 
although 27 percent of those who underwent penile-

sparing surgery had local recurrence at 5 years follow up 
compared to almost 4 percent of those who underwent 
partial penectomy, there was no significant different in 
survival (2). Indeed, another smaller study of 63 patients 
found that this difference in local recurrence rates was again 
seen specifically for T1 tumors, with 31 percent recurrence 
rate for penile-sparing techniques versus 0 percent for 
conventional amputation at 5 year follow up, but there was 
no difference in overall survival. Those patients who were 
found to recur were able to undergo salvage local resection 
of residual SCC (3).

When  pen i l e  amputa t ion  cannot  be  avo ided , 
developments in reconstructive techniques bolster the 
ideal that patient quality of life is a fundamental treatment 
goal after curative intent by way of sparing penile tissue 
whenever appropriate (4). This report aims to present these 
recent developments to the discerning urologist looking 
to fine-tune an individualized approach to diagnosing and 
managing penile SCC. The reader will find these advances 
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in reconstruction for penile cancer essential to the patients 
and their partners’ successful outcomes in navigating this 
potentially morbid disease.

Epidemiology of penile cancer

Penile cancer remains a rare disease with high rates of morbidity 
and mortality, predominantly occurring in men greater than 
60 years old with an estimated 26,000 cases diagnosed annually 
around the globe (5). The vast majority of penile cancer, up 
to 93 percent is histologically SCC (6). Prognosis with penile 
cancer is largely affected by stage, grade and lymph node 
involvement at the time of diagnosis (7).

Trends in penile cancer incidence vary geographically 
over different populations with highest incidence in some of 
the developing countries (8). In Western European countries 
and the United States, penile cancer accounts for a small 
percentage of overall malignancy, with incidence ranges 
from 0.3 to 1.0 per 100,000, age standardized, whereas 
penile cancer constitutes 6–10 percent of malignancy in 
developing countries in Asia, Africa and South America (5,9). 
In a study of penile cancer incidence in the Netherlands, 
spanning 60 years, penile incidence increased over time (8). 
However, in the US and Finland, decreased incidence in 
penile cancer was noted (6,7,10) with rates varying by race 
and ethnicity. In the US studies, Goodman and others used 
the Surveillance, Epidemiology and End Results database to 
analyze trends, noting higher rates of penile cancer among 
Hispanic men compared to other ethnic groups. There was 
no difference in incidence between whites and blacks (6). 
The downward trend in US incidence is speculated to be 
due to convergence of circumcision rates among younger 
men of all races and ethnicities in the past few decades. 
Black men older than 80 years old had a significantly higher 
rate of penile cancer and low rates of circumcision, which 
was common in the 1940s and 1950s (6). In Finland, the  
24-year study of differences in incidence rates of male 
genital cancers showed no clear association between penile 
cancer incidence and social class variation. Smoking, which 
is a consistent risk factor for penile cancer, was more 
prevalent among lower social classes (10).

Common known risk factors for penile cancer include 
increasing age, tobacco use, lack of neonatal circumcision, 
especially those with poor penile hygiene, phimosis, chronic 
inflammatory conditions including balanitis and lichen 
sclerosis, treatment with ultraviolet A photochemotherapy, 
and human papillomavirus (HPV) status, with the two most 
consistently reported risk factors being lack of neonatal 

circumcision and HPV status (11-13). A Medline review of 
articles outlining penile cancer risk factors, published from 
1966–2000, showed a threefold decreased risk of penile 
cancer development in those neonatally circumcised (14). 
Self-reported condyloma was associated with three to five-
fold increase in penile cancer. Cervical cancer in the wife 
was not associated with an increased risk of penile cancer in 
the husband (14).

Sexually transmitted human papilloma viruses are 
implicated in multiple malignancies including penile 
cancer, specifically oncogenic HPV strains 16, 18, 31 and 
33. An estimated 36 to 50 percent of penile cancers are 
attributable, at least in part to HPV infection (15,16). 
In a systematic review of HPV prevalence in invasive 
penile cancer, over 1,200 patients were analyzed. HPV 
prevalence was 47.9 percent, ranging from 22.4 percent 
to 66.3 percent over subtypes. HPV16 prevalence was 
highest at 30.8 percent, followed by HPV6 at 6.7 percent 
and HPV18 at 6.6 percent (17). A large case series 
analyzing HPV positivity showed 70 to 100 percent 
of penile intraepithelial neoplasia cases were HPV 
positive, whereas only 40 to 50 percent of invasive penile 
cancer cases were HPV positive, suggesting alternative 
pathways for development of invasive disease (14).  
Prevention of HPV infection is of utmost importance, and 
the Gardasil 9 valent vaccination is now widely available, 
protective against 9 of the most commonly found strains.

Cost

Due to the rarity of the disease, there is little data on the 
cost of penile cancer treatment. Keeping et al. reported on 
the annual economic burden of penile cancer treatment 
between 2006 and 2011 using European Association of 
Urology penile cancer treatment guidelines. Their analysis 
of mean annual cost of treating invasive penile cancer was 
£3,737 per inpatient and £1,051 per outpatient, total mean 
annual costs of £2,442,020, and follow up and full treatment 
course averages between £7,421 and £8,063. The latter was 
consistent with estimated treatment costs for bladder and 
prostate cancers (18,19). Although it is a rare disease, the 
economic burden of treatment is significant, speaking to the 
importance of education, patient awareness and prevention.

Non-surgical treatment modalities

Non-surgical treatment modalities for penile cancer include 
topical medications, laser ablation and radiotherapy which 
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should be reserved for non-invasive disease including 
carcinoma in situ (CIS), which is comprised of clinical 
variants, including Bowenoid papulosis, Erythroplasia of 
Queyrat, Bowen Disease (20), with Ta and selective T1 
tumors (21). Penile tissue preservation is important for 
psychological well-being and sexual function in penile 
cancer (22). These non-surgical therapies are reserved for 
superficial lesions. Invasive disease should be treated with 
surgical excision.

Topical therapies

Topical therapies are a mainstay of initial therapy for CIS, 
including topical chemotherapy with 5-fluorouracil (5-FU) 
5 percent cream and immunomodulation with imiquimod 
(IQ) 5 percent cream as first- and second-line therapies, 
respectively. Topical therapy is appealing because it is cost 
effective and is easily delivered in an ambulatory setting 
with generally tolerable local side effects (23). Alnajjar and 
others used topical 5-FU as treatment of CIS of the penis 
in 44 men and achieved a 57 percent complete response 
(CR) and a 13.6 percent partial response, with overall  
70.6 percent response rate, on 34-month follow up (23). In 
1976, Goette treated 7 men with erythroplasia of Queyrat 
successfully using 5-FU with no recurrences on 70 month 
follow-up, establishing 5-FU as an effective treatment (24). 
Data supporting IQ use is mainly from case reports and case 
series. Most treatment schedules are 5 times weekly for 4 to 
6 weeks (22). Deen and others performed review of available 
literature pertaining to topical IQ therapy for CIS of the penis. 
The regimens varied widely from one to three times per week, 
with treatment course ranging from 11 days to 24 months.  
They found amongst all studies a CR of 63 percent, 
comprising 30 of 48 patients, partial response of 8 percent, 
which consisted of 4 patients, and no response in 29 percent, 
or14 patients (25). Due to the heterogeneity of studies using 
IQ, it is difficult to draw firm conclusions about its efficacy.

Photodynamic therapy

Photodynamic therapy has been used successfully in a case 
series of 11 patients with 100 percent response rate, with 
CR in 9 of 11 patients and partial response in the other two 
patients (26).

Laser therapy

Laser therapies include neodymium: yttrium aluminium 

garnet (Nd:YAG) laser coagulation and carbon dioxide 
(CO2) laser vaporization. The carbon dioxide laser has 
fallen into favor in recent years over the Nd:YAG because 
of its more superficial effect on penile tissue. The Nd:YAG 
laser penetrates to 3–4 mm, causing generally larger 
cosmetic defects and less effective cell death at the surface 
level (27).

For either modality, laser excision of the lesion is 
performed followed by tumor bed coagulation with a  
3–5 mm margin of healthy tissue in pT1 patients and 0.5 
to 1 centimeter margin in pT2 patients. Tewari and others 
successfully treated 32 patients—pT1 in 25 and pT2 in 
7 patients—with Nd:YAG laser coagulation of penile 
cancer with good post treatment cosmesis, penile tissue 
preservation, and with micturition in the standing position 
preserved in all patients. There were no deaths, and two 
patients progressed after laser treatment requiring more 
invasive therapies (27). In one series, 19 patients with CIS 
of the penis were treated from 1986 to 2000 with either 
carbon dioxide laser or Nd:YAG laser with success and with 
at least 5 year follow up. All patients achieved a CR with 
5 recurrences within 5 years that were successfully treated 
with another round of the CO2 laser vaporization. Only 1 
patient progressed to invasive SCC requiring penectomy 
and node dissection (28).

The pulsed-dye laser is a newer non-ablative laser that 
has shown efficacy in 5 patients with CIS over a 2-year 
period through photothermal and phototoxic effects on 
cancer cells. All 5 patients achieved a CR, confirmed by 
control biopsy in 4 out of 5, with minimal to no residual 
scarring or hyperpigmentation and no recurrences on 
follow up, with range 16 to 41 months (20).

Torelli et al. achieved a CR in 6/10 patients with HPV-
positive CIS of the penis treated with topical imiquimod 
followed by carbon dioxide laser therapy. There were no 
relapses at 26-month follow up. Two of ten patients had 
stable disease, and two of ten had disease progression, 
ultimately requiring total penectomy. Neither of these 
patients had HPV-positive disease (29).

A word on margins

Traditionally, the recommended resection margin was 1 
to 2 centimeters, but this has been challenged in recent 
years due to the trend toward less invasive approaches and 
tissue conservation for psychological health. Per the 2005 
European guidelines, the generally accepted margin for 
penile cancer is 5 mm, especially for low-grade tumors (30).
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In 2000, Agrawal and others examined 64 penile SCC 
tumors, noting maximum proximal histologic extension of 
no more than 5 mm for tumor grades 1 and 2 and no more 
than 10 mm for tumors grade 3, concluding 10 mm margin 
for grades 1 to 2 and 15 millimeter margin for grade 3 as 
adequate (31). Minhas and others published on 51 cases 
of penile cancer showing that the traditional 2 centimeter 
margin was unnecessarily large. In their series, 48 percent 
of the margins were measured within 10 millimeters from 
the tumor edge, and 90 percent of the margins were less 
than 20 millimeters from the tumor edge. On follow up, 
only 4 percent developed local tumor recurrence requiring 
additional surgery (32). Additionally, Philippou and others 
reported on 179 penile cancer patients, finding the distance 
between the excised margin and tumor to be between 0 to 
5 millimeters in greater than 60 percent of cases. Smaller 
margins allowed for greater tissue preservation, and anyone 
with positive margin underwent further resection. At 5-year 
follow-up, the smaller margin did not jeopardize oncologic 
control with a disease specific survival of 91.7 percent for 
those with any local recurrences. They noted a need for 
aggressive tumor resection and strict follow up for patients 
with adverse pathologic features including lymphovascular 
invasion and higher tumor stage or grade (33). This vigilant 
approach is key for all practicing physicians treating penile 
cancer. Surgeons should maintain a high level of suspicion 
for tumor recurrence with close follow up and appropriate 
patient counseling on recurrence risk.

Moh’s surgery

Moh’s micrographic surgery (MMS), first introduced in 
1985, is a penile-sparing technique typically used for low 
grade, distal lesions (34). It involves fresh frozen sections, 
reviewed intraoperatively by a surgeon or pathologist, until 
a negative microscopic margin is achieved. MMS allows 
for assured cancer eradication while preserving maximal 
tissue and function—issues of upmost importance in this 
cancer type. The technique requires nuanced expertise and 
is mostly performed in high volume centers with skilled 
specialists.

In the original 1985 study by Mohs et al., the 5-year 
overall cure rate was 68 percent, with 81 percent for distal 
lesions of the glans or prepuce, and 57 percent for shaft 
lesions. They noted excellent functional urinary and sexual 
outcomes (34). A follow up 5-year study showed local 
cure rate of 94 percent and 5-year overall cure rate of 74  
percent (35). More recently, Shindel and others reviewed 

33 patients with CIS to T3 disease, with 63 percent having 
CIS, undergoing MMS with average of 58-month follow-
up (36). They noted 32 percent local recurrence rate, 
successfully treated with repeat MMS in seven of eight 
patients. Of the largest early case series, recurrence rates 
after MMS ranged from 26 to 32 percent (34,35,37), and 
traditionally, MMS has been used to treat low grade, distal 
penile tumors because of this.

Recent literature argues for MMS use for invasive penile 
SCC (38). Machan and others reported using MMS to treat 
44 penile cancers ranging from CIS to invasive SCC, with 
an overall combined recurrence rate of 11.1 percent, much 
lower than previously reported. Of the ten patients with 
primary invasive SCC, there were no local recurrences. 
Their explanation for higher recurrence rates using MMS 
in penile cancer were twofold. The contoured anatomy of 
the penis and elasticity of the tissue poses an extra challenge 
for identifying positive margins. Also, HPV infections of 
cells are not unidentifiable to the naked eye or detectable 
histologically at time of MMS, and it is believed that these 
cells, while negative at the time of resection, undergo 
malignant transformation later (38). Complications of MMS 
typically involve glans disfigurement and urethral meatal 
stenosis (39).

While the landscape for its use for invasive SCC 
remains debatable, MMS provides high cure rates and 
tissue conservation as an alternative to partial or radical 
penectomy for low grade and distal tumors.

Glans resurfacing

Glans resurfacing (Figure 1) is a technique that first 
developed in the management of lichen sclerosis, but has 
since been adapted to the management of penile CIS (41). 
Resurfacing entails the removal of the glanular epithelium 
and the subepithelial tissue down to the underlying 
spongiosum, followed by its replacement with a graft, 
usually split thickness skin graft (STSG) (42). Total glans 
resurfacing is the typical strategy employed, in contrast 
to partial glans resurfacing. In total glans resurfacing, the 
glans is pre-marked in quadrants. Then, sharp dissection 
of the glans epithelium and subepithelial tissue peels the 
specimen off the corpus spongiosum, starting at the meatus 
and extending to the coronal sulcus of each quadrant, 
followed by deep biopsies of underlying spongiosum 
(40,43). Partial glans resurfacing, on the other hand, treats 
solitary CIS lesions comprising less than half the glans, with 
removal of only the local epithelial and subepithelial tissue 
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of the concerning lesion, with clearly negative margins 
and accompanying peripheral and deep biopsies (40). In 
both total and partial glans resurfacing, the denuded glans 
is typically covered with STSG, usually from the thigh. 
Alternative graft materials have been reported for use in 
glans resurfacing for penile SCC, with one group reporting 
use of testicular tunica vaginalis with good graft take (44).

The need for an effective bridge between less invasive 
therapies like laser and topical therapy versus more radical 
approaches to achieve oncologic control while maximizing 
quality of life is important, as up to one-third of patients 
with penile CIS have underlying invasive SCC (45). The 
outcomes data for glans resurfacing seem to suggest it as 
a viable bridge for these patients with glanular CIS. One 
study demonstrated that total glans resurfacing has a 4.5 

percent recurrence rate at a median 40-month follow up, 
while another smaller study demonstrated no recurrence 
with glans resurfacing at mean 15-month follow up (46,47).

A more recent British report on outcomes of both total 
and partial glans resurfacing in the setting of penile CIS 
noted overall recurrence rate of 4 percent over a 29-month 
period, though there was a 48 percent positive surgical 
margin rate, with 28 percent needing further surgery (40). 
Notwithstanding, the cosmetic results of glans resurfacing 
are noted to be similar to those achieved with laser therapy, 
with one study demonstrating close to 95 percent STSG 
complete take with median 5 out of 5 aesthetic scores 
(28,48). One study noted that all patients who were sexually 
active before total glans resurfacing became sexually active 
again by 6-month follow-up (49). When placed head-to-
head against the more radical approach total glansectomy 
for CIS, a Swedish study of 27 patients demonstrated that 
glans resurfacing, like glansectomy, did not lead to disease 
recurrence at median 16-month follow up (50).

Partial penectomy, including glansectomy

Data suggest that up to 80 percent of penile SCC lesions 
occur distally at the glans or prepuce, and as such, patients 
with these locally confined lesions who have favorable stage 
and grade are considered good candidates for penile-sparing 
surgery (51). Specifically, the urologist should consider 
glansectomy for these limited lesions as opposed to more 
radical proximal amputation.

Advanced techniques for glanular reconstruction after 
glansectomy include using STSG. This technique is 
performed after glansectomy by first taking the remaining 
penile shaft skin, which is fixed to the underlying corporal 
bodies in a way that creates a shape similar to that of a glans 

Figure 1 A step-by-step guide for glans resurfacing. (A) In glans resurfacing, the glans quadrant of interest is first demarcated; (B) the 
epithelium and subepithelium of the quadrant of interest are carefully removed from the corpus spongiosum; (C) split thickness skin graft is 
used to cover the defect (40).

Figure 2 The final result of reconstruction of the neo-glans with 
split thickness skin graft after glansectomy (52).

A B C
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from the exposed corporal heads, and leaving the distal  
2 cm for placement and fixation of the STSG (Figure 2). 
The STSG is usually obtained from the thigh and tailored 
to fit the neo-glans, usually suturing the graft above 
Bucks fascia as opposed to below, unless oncologic control 
necessitates deeper dissection to the tunica albuginea. Graft 
take can be reduced in the setting of deeper dissection, 
likely due to the avascular quality of the tunica (52,53).

One group demonstrated that glansectomy with 
reconstruction using STSG had a 4 percent recurrence 
rate at 27-month mean follow up, with 51 percent of 
all patients in the study having T2 disease. The group 
also demonstrated that this penis-sparing technique can 
be applied in treating recurrence after prior radiation 
therapy, with good cosmetic and oncologic outcomes (54). 
Glansectomy can even be applied for patients with more 
advanced disease. A recent series studied patients with 
higher stage lesions who underwent glansectomy with 
reconstruction using STSG and found a local recurrence 
rate of 9 percent. This study’s cohort had a cancer-specific 
mortality of 11 percent over a median 41-month follow 
up, including patients with advanced disease, consisting 
of 56 percent T2 and 11 percent T3 disease (52). Of 
note, predictors of recurrence after glansectomy include 
perineural invasion, CIS, positive margins, and high grade 
SCC (55).

The role that glansectomy plays in the penile cancer 
management toolbox cannot be overstated. Patient 
shame from having a smaller penis size and absence of 
glans contributed to sexual abstinence in more than 
half of patients treated with partial penectomy in one  
study (56). However, penile amputation proximal to the 
glans cannot be avoided in certain cases, keeping in mind 
the aforementioned primary goal of oncologic control with 
the sometimes competing goal of quality of life: sexual and 
urinary function along with cosmesis.

Primary closure is an option preferred by some surgeons 
due its relative ease, involving directly suturing one end 
of the residual glans to the other, and often involving a 
conical appearance of the glans (57). This method has 
been described to have comparatively poor cosmetic and 
functional outcomes, with deformed and scarred appearance 
of the glans and dislocation of the urethral meatus with 
resultant urinary stream splitting and dribbling reported as 
complications (58).

The preputial  f lap is  a  viable option for glans 
reconstruction for superficial glans cancer that has been 
demonstrated to have better performance in orgasmic function, 

intercourse satisfaction, and overall satisfaction compared 
to primary closure (58). The procedure is performed by 
mobilizing adjacent shaft skin to cover small glanular defects. 
Furthermore, benefits over STSG reported by Yang and 
colleagues include increased sensitivity for orgasmic function 
due to preserved nerve endings, maximal subcuticular tissue 
to fill glanular defects, matching color of the flap to the glans 
compared to thigh or forearm donor sites, and the relative 
simplicity of having only one surgical site as opposed to having 
both the donor and recipient sites (58).

Covering the glanular defect with a urethral flap has also 
been described as a good option. Belinky and colleagues 
describe a one-stage technique of mobilizing the pendulous 
urethra down to the penoscrotal junction, spatulating the 
ventral end, and taking an approximately 2 centimeter distal 
segment to advance over and cover the distal tips of the 
corpora cavernosa. In a small study, their group described 
no neomeatal stenosis or flap necrosis, but there was a 
10 percent rate of ventral curvature, which did not affect 
penetration for intercourse (59).

Though buccal mucosal graft has been reported to be 
used as a graft material to cover these glanular defects, 
authors like Palminteri and colleagues prefer not to use it 
due its better application in moist, not dry, environments. 
They cited findings of graft desquamation in some of their 
patients for which the buccal graft was used in two-stage 
resurfacing (60).

Numerous techniques have been described as adjuncts to 
partial penectomy to prevent the appearance of the residual 
penis as a stump to optimize both cosmetic and functional 
outcomes, in an effort to avoid the need for total penectomy 
for reasons of short stump length alone. These techniques 
include suprapubic lipectomy, penile suspensory ligament 
division, augmentation corporoplasty with incisions and 
grafting of the corpora, and ventral phalloplasty (61). 
Ventral phalloplasty in particular has been offered by 
Carrion’s group first as an option to maximize patients’ 
perception of penile length in the setting of prosthetic 
surgery, and then in the setting of partial penectomy for 
malignancy. The technique is performed by delineating and 
excising the redundant skin of the penoscrotal web and then 
longitudinally reapproximating the incision in a Heineke-
Mikulicz fashion to reconstruct the raphe (62).

Total penectomy

Total penectomy may not be avoidable if the patient has 
high grade T1 disease, T2 or greater disease, or if partial 
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penectomy leaves a penile stump that is too short (1). In this 
context, organ-sparing obviously cannot be achieved, but 
some advances in reconstructive techniques have provided 
improved quality of life for the men afflicted by these 
advanced forms of penile SCC (57).

Numerous advances in the arena of total penile 
reconstruction after amputation have been made since the 
first reports of it in practice at the beginning of the last 
century with the use of abdominal wall pedicles (63). These 
initial cases were often done for traumatic amputation, but 
the field developed further in the setting of female-to-male 
gender reassignment surgery. These advances translated to 
application for reconstruction after penectomy for SCC. 
The newer approaches’ success has been predicated on the 
emergence of reliable operative microscopy and associated 
techniques, employing staged strategies with use of grafts 
and rotational flaps (64,65). Specifically, the most common 
technique for neophalloplasty employed in modern times 
is the radial artery free flap (RAFF), with the second most 
common technique being the anterolateral thigh flap. 
There have been multiple other methods reported, using 
tissue from the scapula or lattisimus dorsi, thoracodorsal 
artery free flap, fibula, and even rotational flaps from the 
abdomen, groin, and thigh (66-68).

RAFF (Figure 3A,B) requires dissection of the hairless 
medial aspect of the forearm to be used for the neo-
urethra, which is tubularized over a catheter. This tube is 

wrapped by another flap to create a tube-within-a-tube 
configuration. A neo-glans is created with a skin flap or 
graft. This neo-phallus is then anastomosed using the 
microscope, conventionally requiring a good connection of 
the urethra, radial to femoral artery, cephalic to saphenous 
vein, and antebrachial to ilioinguinal nerve. The placement 
of a penile prosthesis and further sculpting of the glans 
is usually performed in a second stage (71-73). In a study 
of 287 patients, 41 percent had urologic complications. 
Of these patients, 72 had fistula, most of which closed 
spontaneously, and 21 had urethral strictures, most of which 
required secondary or tertiary urethroplasties (69).

An alternative to the RAFF reported by some is the thigh 
flap. The anterolateral thigh flap is taken with anterolateral 
thigh perforators, preserving femoral nerve branches, and 
then tubularized, passed deep to the rectus femoris and 
sartorius and then through a subcutaneous tunnel to the 
perineum (Figure 3C). One of the posited benefits of the 
thigh flap over RAFF and other techniques is the more 
likely pigmentation color match with the perineum. The 
defect at the donor site requires a STSG (70).

One-stage radial and fibial osteocutaneous flaps are 
also often used in penile reconstruction, with the central 
radial or fibial bones being used to maintain rigidity for 
intercourse (74). However, there have been reports of 
decreased penile rigidity with time, with the neophallus 
often not being rigid enough for sexual intercourse. Some 

Figure 3 Two options for neo-phallus creation include the radial artery free flap and the anterolateral thigh flap. (A) Radial artery free flap 
shown intraoperatively, still partially attached to forearm; (B) radial artery free flap after transfer to the pubic area for neo-phallus creation; (C) 
anterolateral thigh flap markings prior to neo-phallus creation (69,70). 

A

B
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reasons for this discrepancy include soft tissue resorption 
and bone resorption over time. Kim’s group applied 
numerous corrective measures with some success, using 
techniques such as fat injection, artificial dermis grafting, 
silicone rod insertion, or autogenous rib bone cartilaginous 
graft for phallic tip augmentation (75).

Both semirigid and inflatable penile prostheses are 
sometimes placed to provide rigidity to the neophallus and 
allow for the patient to engage in penetrative intercourse. 
However, these implantations are inherently complicated 
due to lack of native tunica or corpora that would have 
otherwise provided protection from extrusion, infection, 
and mechanical dysfunction (76). Infection rate was cited at 
12 percent, with 8 percent extrusion rate, in the literature 
for female-to-male transgender patients who received an 
implant after neophallus creation (77).

Zuckerman’s group reviewed outcomes in patients 
who received a penile prosthesis at an average of over  
4.5 years after initial neophallus reconstruction, with 
implants placed via bilateral incisions over the ischial 
tuberosities. The reported explantation or revision rate 
in his series of 31 patients receiving either inflatable 
or semirigid penile prostheses was 23 percent, with 
postoperative complications including infection and 
erosion, and over 80 percent of patients were sexually active 
after prosthesis placement (78). A study of 130 patients 
who underwent RAFF followed by implant placement 
showed that 45 percent of these patients required revision 
or explantation surgery (69). It is suggested to wait at least 
a year after RAFF neophalloplasty to place the penile 
implant due to improved sensitivity (79). Advances in the 
development of better prosthetics in general understandably 
inspire further innovation in the use of implants in the 
neophalloplasty setting.

Penile transplant

The penile transplant is a technique that has found some 
limited utility, with recent reports of successful transplants 
in the US and elsewhere. The South African group of 
van der Merwe and colleagues first reported a successful 
cadaveric penile transplant with good functional and 
cosmetic outcomes. This first case required a 9-hour 
surgery, requiring two reinterventions, one for arterial 
thrombus and another for infected hematoma and proximal 
skin necrosis. The recipient reported satisfactory sexual 
intercourse 5 weeks after the transplant (80). Cetrulo’s 
group describe the first successful penile transplant in 

the US, with amputation of the donor allograft at the 
pubic bone to maximize corporal and urethral length with 
bilateral fasciocutaneous flaps harvested with external 
pudendal vessels. Microscopic anastomoses were performed. 
Reintervention was required twice for hematoma evacuation 
and eschar debridement, but ultimately the patient achieved 
satisfactory functional and cosmetic outcomes (81).

Tissue engineering

The field of tissue engineering has provided some 
inspiration for neophallic reconstruction that could be 
applied in the future. Numerous groups have investigated 
growing corporal smooth muscle cells into structures 
resembling the corpora that could potentially be used as 
penile substitutes, employing scaffolds such as polyglycolic 
acid and decellularized cadaveric corpora, with some success 
in animal studies (82). Cell sheet tissue engineering was 
used to create bioengineered urethras, with adipose-derived 
stem cells, oral mucosal epithelial cells, and oral mucosal 
fibroblasts tubularized into 3-centimeter segments with 
good long-term viability in a canine model (83). These 
advances in the field are a few examples of the potential to 
create new phalluses more akin to the native organs lost at 
penectomy than the currently available alternatives.

Conclusions

There is a spectrum of potential loss of penile tissue in the 
treatment of the potentially devastating diagnosis of penile 
SCC, ranging from small excisions of the glanular tumors 
to total penectomy. Yet advances in the field of penile 
reconstruction have answered the need for a corresponding 
spectrum of options to optimize both functional and 
cosmetic outcomes. As the field continues to evolve in the 
years to come, providers and patients can lean on hope in a 
better future for management of this disease.
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