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Abstract Nd:YAG laser coagulation is possible for su-
perficial tumors of the penis. The value of photodynamic
diagnosis (PDD) and autofluorescence imaging (AF) in
detecting malignant lesions on the penis was evaluated.
Twelve patients with biopsy-confirmed squamous cell
cancer (SCC) of the penis were examined with PDD and
AF. For the PDD and AF the penis was illuminated
with the blue excitation light from a xenon arch lamp.
Biopsies were taken from suspicious lesions detected by
PDD or AF and then treated with Nd:YAG laser co-
agulation. Neoplastic lesions presented with a positive
red fluorescence under PDD or a diminished appearance
under AF. The HPV-analysis was positive in eight of the
12 lesions. Fluorescence diagnosis is used for the detec-
tion of neoplastic lesions. It assists the urologist in de-
tecting neoplastic and preneoplastic lesions, ensuring a
more reliable destruction of all tumor material in penile
sparing surgery.
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Introduction

Penile carcinoma is a devastating diagnosis for the pa-
tient due to the aggressive nature of the disease and the

gold standard of partial or total penectomy. It is a rare
disease in the United States and Europe [10] accounting
for 0.4%–0.65% of all malignancies. In Brazil penile
cancer is responsible for 2.1% of all malignancies and
even reaches up to 17% in some regions due to the
higher prevalence of human papilloma virus (HPV) and
phimotic balanoposthitis [4]. Although it primarily af-
fects men with a mean age of 57 years, up to 16% of
patients are below the age of 40 [5, 6, 13]. Early diag-
nosis and treatment are crucial since the 5 year survival
rate of 66% for patients with organ confined disease is
halved once metastatic spread to the inguinal nodes has
occurred [27]. Superficial tumor stages up to T1 can be
safely treated with penile sparing surgery, avoiding a
mutilating amputation. But the recurrence rates are
higher in comparison with the amputation techniques.
The main reason can be found in the wider resection
margins as well as the elimination of accompanying
occult neoplastic lesions with amputation. In order to
optimize penile sparing techniques, it is necessary to
develop more sensitive methods for the detection of
carcinoma in situ (CIS), potential preneoplastic lesions
such as penile intraepithelial lesions (PENIN) as well as
subclinical high risk HPV lesions. PENIN describes cell
atypia and atypical mitotic figures in the epithelial layer
above the basal membrane. PENIN grade III is identical
with CIS [14]. Additionally, the exact definition of tumor
edges is mandatory to avoid local recurrence. The acetic
acid test (AAT) is the standard test for the diagnosis and
demarcation of subclinical HPV lesions of the outer
genitalia [19]. Good results in identifying malignant and
HPV associated lesions in the urethra and on the penile
shaft by fluorescence diagnosis after application of 5-
aminolevulinic acid (5-ALA) were described in a previ-
ous study [24]. Autofluorescence imaging (AF) is used
for detecting neoplastic lesions in several medical disci-
plines including pulmonology [12] and ENT [3]. The
value of photodynamic diagnosis (PDD) and AF in the
detection of penile cancer was evaluated in a pilot study
and the results of this new techniques were compared
with those of the AAT.
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Material and methods

Twelve patients with biopsy-proven penile cancer were designated
to undergo Nd:YAG laser therapy. Six of these patients were di-
agnosed with CIS. Of the other six patients, two were diagnosed
with T1 G1 and the other four with T1 G2 tumors. Eight of the 12
patients were examined with AAT and PDD, four patients were
additionally inspected with AF. All images were recorded on video
tape for later comparison. All patients were Caucasians between 47
and 68 years old (mean age: 62 years) and had no signs of lym-
phatic or metastatic spread. Depending on tumor stage, patients
underwent clinical examination of the inguinal nodes only in su-
perficial stages up to T1 tumors and for stages T1 and higher
evaluation with CT or MRI scan. A total of 28 biopsies were taken.
At 24 h before the planned operation, all patients underwent acetic
acid mapping of the penis after the application of 5% acetic acid
for 20 min, for later comparison. On the day of surgery, a 1%
solution of 5-ALA and lidocain jelly (Instillagel, Farco Pharma,
Cologne, Germany) was applied to the glans and the shaft of the
penis. A condom was placed to expose the entire epithelium of the
penis to the 5-ALA allowing an even distribution of the agent, as
previously described [24]. 5- ALA, a compound in the heme bio-
synthesis pathway, is intracellularly converted into fluorescent
protoporphyrin IX (PPIX), an agent that selectively accumulates in
tumors [25]. Following excitation with the blue light from a xenon-
arch lamp (Fa. STORZ, Tuttlingen, Germany) with a wavelength
between 375 and 440 nm, PPIX emits fluorescence in the red
wavelength range (peaks at 635 and 705 nm) [26]. The red fluo-
rescence can be visualized with the help of a yellow observation
filter to cut out a large portion of the blue excitation light. The
image can be seen either with the naked eye or a special RBG-
camera (red-blue-green).

Autofluorescence imaging does not require the preoperative
application of 5-ALA. Autofluorescence of the tissue can be visu-
alized after the tissue is excited with the same xenon-arch lamp as
used for the PDD. Instead of a yellow, a green observation filter is
placed on the RBG-camera and the images can be visualized by the
naked eye or through the camera on a video screen. Suspicious
lesions are detected by their diminished autofluorescence appear-
ance in the otherwise even green background of the normal mucosa
(Fig. 1).

In the operation theater, the condom was removed and the
penis inspected under regular white light. Afterwards, the room
lights were dimmed and the penis was illuminated with the blue
excitation light for the PDD. Suspicious penile lesions were de-
tected by their bright red fluorescence. After changing to the green
observation filter, the suspicious lesions were now visualized by
their diminished autofluorescence. The AF and PDD images were

then compared with the images obtained from the AAT performed
the day before. Biopsies were taken from all suspicious lesions that
showed a positive result under any of the described imaging tech-
niques. One biopsy was taken from the tumor margin, being
identified by the red fluorescence and diminished autofluorescence,
respectively. It was send separately for histopathological examin-
ation. Additionally, one biopsy was taken from an area which was
non-suspicious under AAT, AF and PDD. Afterwards the detected
lesions were treated with Nd:YAG laser coagulation (Dornier,
Germering, Germany) in continuous wave mode at 30–50 W con-
sole power in air (k=1,064 nm). The treatment energy was de-
pendent on the size of the lesion with an irradiation time of 100 s
(range: 60–150 s). After treating the lesion, a safety margin of
3 mm around the lesion was coagulated. The laser energy was de-
livered by a 600 lm bare fiber (Dornier, Germering, Germany)
with no tissue contact and a fiber-tissue distance between 0.5 and
1 cm (NA 0.34). The focal spot depended on the fiber-tissue dis-
tance and followed a gaussian intensity profile. The laser treated
areas were ablated with a scalpel and biopsies were taken from the
tumor base. After the laser coagulation, the penis was again ex-
amined with fluorescence diagnosis to check for remaining fluo-
rescence. Laser coagulated areas with residual positive fluorescence
were biopsied and laser coagulated again. All biopsies, before and
after laser treatment, and biopsies from the tumor base were sent
for histopathological examination and HPV analysis. Most insti-
tutions treating penile carcinoma already have a Nd:YAG laser.
For the PDD we used the same xenon-arch lamp as used for PDD
of the bladder. While PDD also needs the application of 5-ALA,
AF is done without 5-ALA. HPV-typing was performed by re-
striction fragment length polymorphism (RFLP) analysis of PCR
products and subsequent hybridization with a generic oligonucle-
otide probe, as recently described by Meyer et al. [20].

Results

All of the lesions which were macroscopically visible
under white light (n=6) were detected with each of the
described imaging techniques, revealing noninvasive
SCC up to T1 (Table 1). The biopsies taken from the
non-suspicious areas (n=12) under AAT, PDD and AF
all presented histopathologically as nonmalignant
squamous cells. In the HPV analysis, the preneoplastic
PENIN lesions as well as the neoplastic squamous cell
cancers were associated with the high risk HPV types 6,
16 or 33 in six of the 12 patients (Table 1).

With the use of the AAT, all PENIN (n=2), bowe-
noid papulosis (BP) (n=2), and CIS (n=6), as well as
eight out of nine subclinical HPV lesions (Table 1) were
identified by the typical whitish demarcation.

After being excited with the xenon-arch lamp all but
one of the histopathologically proven neoplastic lesions
showed a bright red fluorescence (Fig. 2). The HPV in-
fected areas presented with a sharply demarcated posi-
tive red fluorescence as well. One hyperplasia and one
dysplasia also presented as fluorescence positive. After
being excited to emit autofluorescence, all histopatho-
logically proven neoplastic lesions were detected by their
diminished autofluorescence (Fig. 3). Although the HPV
lesions were detected, the AF image missed the sharp
demarcation in comparison with the PDD (Table 1).
The separately taken biopsy of the PDD and AF posi-
tive margin around the lesion proved to be SCC.

Since all imaging techniques were recorded on video
tape, an exact correlation of the three methods was

Fig. 1. Autofluorescence imaging. Diminished autofluorescence in
areas of increased cell layers (tumor) after blue light excitation
(375–440 nm) by a xenon arch lamp
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possible. The results of the AF correlated with the PDD
results in almost all of the cases. In all the cases in which
the results of PDD and AF matched, the lesions were
detected within the same borders. In two patients with
large macroscopic lesions, residual fluorescence was de-
tected after extensive laser coagulation and ablation of
the whole area (Fig. 4). Those areas under white light
which were not suspicious were biopsied again and
proved to be positive for SCC in the histopathological
examination (Fig. 5).

The red laser pilot of the Nd:YAG laser does not
allow the laser coagulation of the lesions under PDD
since the red pilot is camouflaged by the red fluorescence
of the lesions under the excitation light. But the red pilot
can easily be detected during the AF imaging and
therefore an online-controlled coagulation of the suspi-
cious lesions within their exact borders was performed.
The whitish coagulated tissue after laser treatment can-
not be differentiated from the whitish demarcation of the
AAT.

No side effects from the AAT, the PDD or the AF
imaging techniques were observed.

Discussion

The association of penile cancer with preexisting in-
flammatory lesions such as kerotic balanitis, leukoplakia
and especially the high risk human papilloma viruses
(HPV) types 16,18 and 33 are well established [18]. For
benign lesions as well as for premalignant lesions, laser
coagulation is an established form of treatment [22].
While PENIN-lesions, CIS, noninvasive verrucous car-
cinoma (Ta) and T1 tumors can be safely treated with
penile sparing surgery, the recommended treatment for
T2 and higher tumors remains partial or total penecto-
my [15]. Due to good tumor control and adequate cos-
metic results, Nd:YAG laser coagulation has became the
standard form of treatment for superficial penile tumors
up to T1 [7, 23]. Although successful laser coagulation

Table 1. Histopathological results and imaging techniques of the
biopsies from12 patients. Number of biopsies, histopathological
results, HPV types and the corresponding positive (pos) or negative
(neg) results of the three different imaging techniques in comparison

with the results under white light. PDD: photodynamic diagnosis,
AF: autofluorescence diagnosis, HPV: human papilloma virus, BP:
bowenoid papulosis, PENIN: penile intraepithelial neoplasia, CIS:
carcinoma in situ, SCC: squamous cell carcinoma

White light Acetic-acid test PDD AF

Negative Positive Negative Positive Negative Positive Negative Positive

Normal epithelium 12 12 12 4
Condylomata acuminata 1 1 1 1
Hyperplasia 1 1 1 1
Dysplasia 1 1 1 1
Ulcer 1 1 1 1
HPV 6 1 1 1 1
HPV 16 5 1 4 5 2
HPV 33 3 3 3 2
BP 2 2 2
PENIN III 2 2 2 1
CIS 6 6 1 5 6
SCC 1 5 6 6 1

Fig. 3. Same lesion as in Fig. 2 under autofluorescence imaging,
identifying the lesion in the same borders

Fig. 2. Macroscopic squamous cell carcinoma detected with
photodynamic diagnosis with clearly demarcated tumor edge
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has been reported for T2 tumors, the recurrence rates for
invasive tumors suggest that partial or total penectomy
with a safety margin of 2 cm is superior for invasive
tumors [15].

Fluorescence diagnosis after application of 5-ALA is
a sensitive method for the detection of subclinical HPV
lesions on the penile skin. Additionally Schneede et al.
[24] were able to detect flat condylomata acuminata in
the urethra due to their red fluorescence during ureth-
roscopy after the urethral instillation of a 0.1% solution
of 5-aminolevulinic acid. As with bladder cancer,
neoplastic lesions can be visualized by their bright red
fluorescence after excitation with the blue light of a
xenon-arch lamp.

In this report, autofluorescence imaging of the penis
was performed in order to detect premalignant, malig-
nant and HPV infected areas, the results were then
compared with the PDD and the AAT. Since the results
from the three diagnostic detection methods were re-
corded on video, a comparison and critical evaluation of

the results from the histopathological specimens which
were obtained was possible. Special consideration was
given to their value in the assistance of Nd:YAG laser
therapy.

With the use of 5% acetic acid, subclinical HPV as-
sociated and malignant lesions of the penis can be de-
tected under magnification by a whitish demarcation
from their non-suspicious surrounding [19]. While it is a
sensitive test with detection rates of 95% for HPV as-
sociated lesions, the specificity only ranges around 42%
[2]. Due to the unspecific whitening of inflammations or
injuries of the penile epithelium, a discrimination from
neoplastic areas is hardly possible. The sensitivity and
specificity of the AAT for the identification of penile
carcinoma has not been evaluated on larger numbers of
patients and it is not certain if the whitish demarcation is
due to the HPV infection or the neoplastic changes of
the epithelium.

Autofluorescence imaging is already used in the early
detection of lung and gastrointestinal SCC to enhance
the detection of severe dysplasia and carcinoma in situ
[1, 9]. Initial trials with laser induced autofluorescence
(LIF) described a high sensitivity and specificity in the
detection of epithelial lesions in the bladder [17]. An
autofluorescence imaging system for the detection of
malignant lesions in the bladder has recently been
developed [8].

Autofluorescence is described as the tissues own flu-
orescence which can be perceived after the fluoro-
chromes (e.g. flavin or porphyrin) in the submucosa of
the corresponding tissues are excited by a suitable light
source. The intensity of the perceptible AF is dependent
upon the amount of cell-layer above the submucosa and
the number of fluorochromes. The increased prolifera-
tion and decreased apoptotic activity of malignant cells
leads to an increase of cell-layers above the submucosa
resulting in reduced autofluorescence in the observed
areas [8]. (Fig. 2). In our study, the macroscopically
visible malignant lesions produced a clearly diminished
AF (Fig. 3) and were correctly identified as neoplastic
lesions. Additionally, the tumor edges as well as the bi-
opsy-confirmed flat precancerous and malignant lesions
were clearly demarcated by their diminished AF from
the non-suspicious surrounding squamous epithelium of
the penis. The images recorded from the PDD after
application of 5-ALA and the images from the AF de-
tected the suspicious lesions within the same borders.
The whitish demarcated areas recorded from the AAT
corresponded with the images generated by the fluores-
cence methods in location, but the borders of the lesions
did not appear as clear-cut and were often smaller in
diameter. The individual value of the three different
imaging techniques can only be appreciated when ap-
plied to a larger number of patients. PDD has proven to
be a highly sensitive method in detecting neoplastic tis-
sues, but PPIX, although sensitive, has a higher false
positive rate as it accumulates in benign conditions like
condylomata acuminata and infections. While AF has a
higher specificity than PDD, the combination of PDD

Fig. 4. Remaining squamous cell cancer after Nd:YAG laser
coagulation and manual ablation, detected by the red fluorescence
under control PDD

Fig. 5. Exact biopsy of the fluorescence positive lesion described in
Fig. 4
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and AF achieved a better overall specificity in bladder
cancer [8].

As pointed out by Malek [19], various degrees of
PENIN, CIS and HPV associated lesions exist in the
periphery of the visible macroscopic lesion. In penile
sparing surgery these lesions, as well as tumor edges,
may be left behind, building the grounds for recurrent
disease. With penile amputation, the co-existing lesions
are removed as well, keeping the recurrence rates as low
as 20% [16]. Organ sparing surgery on the other hand
has recurrence rates of up to 50%, however, the rate
improves (10–30%) with laser coagulation [24]. Fluo-
rescence diagnosis helps to guide laser therapy, therefore
achieving a complete denaturation of all existing tumor
material. Although the red laser pilot cannot be seen in
the positive red fluorescence of the suspicious lesions,
the light entities can be easily switched from blue to
white using a foot switch [12] allowing the coagulation
results to be checked either during or after the laser
therapy. In our investigation, two patients had large
macroscopic lesions of 2 cm in diameter which were
extensively coagulated with the Nd:YAG laser at 30 W
and afterwards ablated. Under white light, no residual
tumor material was visible after the treatment. Under
PDD on the other hand, a small fluorescence positive
area on the edge of the already coagulated tissue was
identified and proved to be residual SCC in the histo-
logical examination (Figs. 4, 5). Therefore the intraop-
erative performance of a control-PDD helped to detect
leftover neoplastic tissue and allowed a more complete
tumor destruction.

The AAT on the other hand detected suspicious le-
sions as a result of their whitish demarcation compared
to the otherwise normal squamous epithelium. The
thermal energy of the Nd:YAG laser denatures both
malignant and benign tissue equally, leaving the suc-
cessfully coagulated areas showing white. Therefore it is
not possible with the AAT to distinguish intraopera-
tively between successfully laser-coagulated tissue and
residual preneoplastic or malignant areas due to the
similar whitish impression. Consequently, in order to
detect recurrences, the AAT must be repeated once the
wound is completely healed. Additionally AAT is not
very specific and therefore many lesions showing a
whitish demarcation are not malignant in the final his-
topathology, but are benign inflammations. Under AF,
the red light from the red laser pilot becomes absorbed
by the green filter and appears white under the green
impression of the background. A constant monitoring
of the laser coagulation process is therefore possible.
The diminished AF of the suspicious lesions appears
much lighter as the denaturation of the tissue is pro-
gressing, guiding the urologist towards the complete
destruction of all existing neoplastic tissue. Following
the laser coagulation, the AF images were controlled
with PDD and no further red fluorescence was detected.
In contrast to the other imaging techniques, AF imaging
enables the urologist not only to detect and localize
preneoplastic and neoplastic lesions but also permits the

laser coagulation of the suspicious lesions under the
direct impression of fluorescence. This exact localization
of the tumor edge helps to determine the extent of the
safety rim around the lesion which is usually 3 mm. The
safety rim prevents recurrent disease and is largely re-
sponsible for the lower recurrence rates of laser treat-
ment in comparison with excisional organ sparing
techniques [28].

The additional costs for fluorescence diagnosis in-
clude the xenon arch lamp which provides the blue ex-
citation light and the 1% 5-ALA dissolved in Lidocain
jelly.

The combination of fluorescence detection and laser
treatment of penile carcinoma is a promising technique
for the performance of penile sparing surgery. It saves
the patient a mutilating penile amputation but still en-
ables the urologist to perform safe oncologic surgery
with free tissue margins. Additionally, fluorescence di-
agnosis of penile cancer may lower the recurrence rate in
organ sparing surgery by detecting co-existing malignant
lesions on the periphery of the main tumor and by an
earlier identification of premalignant lesions, respec-
tively. Although recurrences have been described more
than 10 years after the initial treatment, patients usually
present within the first 18 months with new or recurrent
lesions. Therefore the patients should be closely fol-
lowed throughout this period [21]. The value of fluo-
rescence diagnosis has to be evaluated on a larger
number of patients in a randomized trial with longer
follow up.

References

1. Abe S, Izuishi K, Tajiri H, Kinoshita T, Matsuoka T (2000)
Correlation of in vitro autofluorescence endoscopy images with
histopathological findings in stomach cancer. Endoscopy 32:
281

2. Barraso R, De Brux J, Croissant O, Orth G (1987) High
prevalence of papilloma virus-associated penile intraepithelial
neoplasia in sexual partners of women with cervical intraepi-
thelial neoplasia. N Engl J Med 317: 916

3. Betz CS, Mehlmann M, Rick K (1999) Autofluorescence
imaging and spectroscopy of normal and malignant mucosa in
patients with head and neck cancer. Lasers Surg Med 25: 323

4. Brumini R (1982) In: Cancer in Brazil: histopathological data
1976–1980. Ministry of Health, Rio de Janeiro

5. Derakhshani P, Neubauer S, Braun M, Bargman H, Heidenr-
eich A, Engelman U (1999) Results and 10-year follow-up in
patients with squamous cell carcinoma of the penis. Urol Int 62:
238

6. Derrick FC, Lynch KM, Kretkowski RC, Yarbrough WJ
(1973) Epidermoid carcinoma of the penis: computer analysis of
87 cases. J Urol 110: 303

7. Ficarra VD, Amico A, Cavalleri S, Zanon G, Mofferdin A,
Schiavone D, Malossini G, Mobilio G (1999) Surgical treat-
ment of penile carcinoma: our experience from 1976 to 1997.
Urol Int 62: 234

8. Frimberger D, Zaak D, Stepp H, Schmeller N, Knüchel R,
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