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SUMMARY

Penile cancer, which is a very rare neoplasm, is a malignancy that causes devastating physical and psy-
chosocial effects in patients. The aim in penile cancer treatment is to provide optimal organ preservation
without decreasing the oncologic control rate. Cure rates are very high in early stage disease. Brachyther-
apy can be applied in organ-sparing approach in early stage disease. In the majority of the studies,
brachytherapy is applied with an interstitial implant. In the studies in which brachytherapy was applied
with mold, similar results were obtained as in the studies in which implants were applied. Although
LDR was mostly used as the dose rate, successful results were also obtained in studies using PDR and
HDR techniques. It is seen that the Paris system was mostly preferred as dosimeter system. In most of
the studies, a median dose of 60 Gy was applied. In recurrences after brachytherapy, which is a treatment
with a high local control rate, control rates with amputation are quite high. Most of the treatment-related
toxicities can be managed with conservative treatment. Considering literature data, brachytherapy is an

effective and tolerable treatment option in organ-preserving approach in early penile cancer.
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INTRODUCTION

Penile cancer, which is a very rare neoplasm, is a ma-
lignancy that causes devastating physical and psy-
chosocial effects in patients.[1,2] The disease is most
commonly seen in men aged 50-70 years. While
squamous cell carcinoma constitutes the majority of
penile cancers, sarcoma, melanoma and basal cell
carcinoma can be observed more rarely.[2,3] Non-
circumcision, phimosis, obesity, poor penile hygiene,
lichen sclerosis, balanitis, smoking, psoralen UV-A
(PUVA) treatment, human papillomavirus (HPV)
infection, and having a low income level are defined
risk factors for the disease.[2-5] HPV positivity has
been found to be seen in approximately 40-50% of
penile cancer cases. In HPV positive cases, types 16

and 18 are observed to be prominent.[2,3,6,7] The
aim in penile cancer treatment is to provide optimal
organ preservation without decreasing the oncologic
control rate.[8,9] The latest TNM staging of penile
cancer is shown in Table 1.[10] Early diagnosis and
lymph node metastasis status are the main factors de-
termining survival. Cure rates are very high in early
stage disease. Radiotherapy can also be applied in or-
gan-sparing approach in early stage disease. External
radiotherapy or brachytherapy may be preferred as
radiotherapy modality. Brachytherapy, as an invasive
procedure, has a very important place in the manage-
ment of the disease as it is a treatment with a high lo-
cal control rate in early stage disease. The aim of this
study is to review the place, technique, doses and side
effects of brachytherapy in penile cancer.
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Table 1 TNM clinical classification of penile cancer

T - Primary Tumour
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N - Regional Lymph Nodes

Tx Primary tumour cannot be assessed

TO No evidence of primary tumour

Tis Carcinoma in situ

Ta Non-invasive verrucous carcinoma

T Tumour invades subepithelial connective tissue
T1a: Tumour invades subepithelial connective tissue
without lymphovascular invasion or perineural
invasion and is not poorly differentiated
T1b: Tumour invades subepithelial connective tissue
with lymphovascular invasion or perineural invasion
or is poorly differentiated

T2 Tumour invades corpus spongiosum with or without
invasion of the urethra

T3 Tumour invades corpus cavernosum with or without
invasion of the urethra

T4 Tumour invades other adjacent structures

Nx
NO
N1
N2
N3

Mo

M1

Regional lymph nodes cannot be assessed

No palpable or visibly enlarged inguinal lymph nodes
Palpable mobile unilateral inguinal lymph node

Palpable mobile multiple or bilateral inguinal lymph nodes
Fixed inguinal nodal mass or pelvic lymphadenopathy,
unilateral or bilateral

M - Distant Metastasis

No distant metastasis

Distant Metastasis

DIAGNOSIS, STAGING AND TREATMENT OF
PENILE CANCER

Penile cancer often presents as a skin eleviated or ul-
cerated lesion. If there is a penile lesion suggestive of
penile cancer, a detailed anamnesis should be taken
from the patient. Obtaining histologic confirmation
with biopsy is important for planning appropriate
treatment. A detailed physical examination of the
penis and penile lesion should be performed. The lo-
cation, size, morphology and extension of the lesion
should be recorded. In patients with penile cancer,
inguinal examination should also be performed. In
inguinal lymph node examination, the number, na-
ture and laterality of palpable or suspicious lymph
nodes should be noted. MRI is useful to determine
the T stage of the tumor and to understand whether
the disease is suitable for organ-sparing surgery; ul-
trasound can also be performed in patients who can-
not undergo MRI.[8,9,11,12] 20-25% of cNO patients
have occult metastasis. Detection of lymph node me-
tastasis is important both for determining the prog-
nosis of the disease and for determining the appropri-
ate treatment approach. Although PET/CT is a very
valuable imaging method in the detection of lymph
node metastasis, due to the possibility of missing mi-
crometastatic disease, the approach of surgical lymph
node evaluation according to the determined risk
groups has been accepted.[9,13,14] Patients in pTa,
pTis and pT1a G1 stage were classified as low risk and

no surgical staging of the lymph node was necessary
in this group. Patients in pT1la G2 stage were classi-
fied as intermediate risk and the probability of micro-
metastatic lymph node involvement in this group was
found to be 6-8%. Patients at > pT1b stage are classi-
fied as high risk and surgical staging is recommend-
ed for this group of patients. In addition to T stage,
histologic grade and lymphovascular invasion (LVI)
were found to be factors associated with occult lymph
node involvement.[9,15] In c¢NO patients with indi-
cation for surgical staging, dynamic sentinel lymph
node biopsy (DSNB) should be recommended first.
It is reported that the diagnostic accuracy rate is quite
high with inguinal US and biopsy of sonographically
pathologic lymph nodes prior to DSNB. In patients
who cannot undergo DSNB, inguinal lymph node
dissection should be performed.[9,16,17] In cN+ pa-
tients, a biopsy should be taken from the suspected
lymph node to confirm nodal metastasis. In addition,
FDG PET/CT or thoracoabdominal CT should be or-
dered to screen for distant metastasis.

The aim of the treatment is to ensure that the pa-
tient has a functional penis in addition to complete
removal of the tumor without impairing oncologic
control. An organ-sparing approach is recommended
for penile cancers located in the Ta, T1-T2 glans or
prepucta. Penile-sparing surgery, radiotherapy (exter-
nal radiotherapy/brachytherapy) or laser ablation tech-
niques are the treatment approaches that can be chosen
in this patient group. In the patient with invasion of



88

the corpus cavernosum (T3), partial penectomy is rec-
ommended. Total penectomy is recommended for the
patient whose tumor is not suitable for partial ampu-
tation. In patients who do not want surgery or whose
tumors are not suitable for surgery, surgery may be
preferred after chemoradiotherapy or induction che-
motherapy.[9,11,18] Brachytherapy appears to have a
place in the treatment of penile cancer. We aim to re-
view the indications, efficacy, technique, dose-fraction
regimens and safety of brachytherapy in this disease.

BRACHYTHERAPY FOR PENILE CANCER:
INDICATION, TECHNIQUE, DOSE, EFFICACY
AND SAFETY

In a study of 53 patients, patients who underwent inter-
stitial brachytherapy with Ir-192 source were evaluated.
[19] Fifteen of the patients were in T3 stage and 16 were
N+. Forty eight patients received brachytherapy alone
and 5 patients received a combination of brachytherapy
+ external radiotherapy. Eleven patients had local re-
currence and control was achieved with penile amputa-
tion except 1 patient. Fifteen patients developed serious
complications (necrosis, surgical urethral stenosis) and
10 of them underwent partial or total penile amputa-
tion. Complications were found to be associated with
the irradiated area and doses above 65 Gy. Brachyther-
apy was reported to be the first choice in the treatment
of T1-2 penile cancer and it was recommended to keep
the dose below 65 Gy to reduce the complication rate.
In a study of 51 patients, patients who underwent inter-
stitial brachytherapy with Ir-192 source were evaluated.
[20] Six of the patients were in T3 stage and 8 were N+.
Brachytherapy dose ranged between 50-65 Gy (mean
60 Gy). Lymph node positive patients underwent exter-
nal radiotherapy to the lymph nodes after surgery. Fol-
lowing treatment, nodal and/or distant metastasis de-
veloped in 6 patients (12%), 5 of whom were primarily
clinical lymph node positive patients. In 7 patients
(14%), only local recurrence was observed and partial
or total penectomy was performed. It was observed that
6 of these patients continued their lives disease-free
with a mean follow-up of 5.5 years. Nine patients devel-
oped local necrosis and 8 of them underwent partial or
total amputation. Seventeen patients developed partial
urethral stenosis. It was interpreted that interstitial
brachytherapy is a treatment that provides a high local
control rate in T1-2 penile cancer. In addition, it has
been reported that recurrences can be successfully
treated with surgery. In another study, treatment results
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of 15 patients who underwent brachytherapy were eval-
uated.[21] Eight patients had T1, 5 patients had T2, 2
patients had T3 stage and 4 patients had inguinal lymph
node metastasis. Brachytherapy was applied with a sili-
con made mold. Total brachytherapy dose ranged from
32-74 Gy / 1-3 fractions. Local control was achieved in
12 patients (80%). Local control rates by stage were
100% for T1, 80% for T2 and 0% for T3. Amputation
was performed in 3 patients who could not achieve lo-
cal control. One patient had local recurrence and was
salvaged by surgery. In total, penile preservation was
achieved in 11 of 15 patients (73%). In the study with a
median follow-up period of 7 years, there were no seri-
ous complications requiring surgery during the follow-
up period and satisfactory urinary function was
achieved in all patients with preserved penis. It is con-
cluded that brachytherapy with mold is an ideal treat-
ment option in organ-sparing approach in patients
with T1-2 penile cancer. In a study, 23 patients who un-
derwent brachytherapy with Ir-192 source and tempo-
rary interstitial implant were evaluated.[22] In 7 pa-
tients, the primary lesion was in T1 stage and in 7
patients in T2 stage and 9 patients were treated for re-
currence. In the study where the median dose was 50
Gy (40-60), low dose rate (LDR) afterloading system
was used and the Paris dosimetry system was followed
dosimetrically. In the study with a median follow-up
period of 2 years, complete response was observed in 18
of 23 patients at the evaluation 2 weeks after treatment.
During follow-up, 3 patients had local recurrence, 2 pa-
tients had locoregional recurrence and 1 patient had
only groin recurrence. The 8-year local control rate was
found to be 70%. Local control was achieved with par-
tial amputation surgery in 4 of 5 patients with local re-
currence. In 1 of 3 patients with groin recurrence, con-
trol was achieved with bilateral groin dissection +
external radiotherapy. Local control was achieved in 21
of 23 patients at the last follow-up. Most of the recur-
rences occurred within the first year after implantation.
Cosmetic and functional results were reported to be
excellent and meatal stenosis was seen in only 2 pa-
tients. All 2 patients with meatal stenosis were treated
endoscopically. No skin or soft tissue necrosis was ob-
served in any patient. It was concluded that interstitial
brachytherapy with Ir-192 is a treatment modality that
provides organ and function preservation as well as
high local control rate in early penile cancer. In a study
by Kiltie et al.[23] the results of brachytherapy applied
to 31 node-negative patients were evaluated. The me-
dian prescribed dose was 63.5 Gy. It was observed that
the primary tumor was controlled in 80.6% of the pa-
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tients. Except for 1 of the patients with recurrence, con-
trol was achieved with salvage surgery in the others.
5-year disease-free survival was 85.4%, recurrence-free
survival was 57.8%, and local recurrence-free survival
was 75.6%. 1 patient underwent amputation due to ne-
crosis. Urethral stenosis was seen in 44% of patients
with preserved penis and these patients were treated
with dilatation. As a result of the study, it was empha-
sized that Ir-192 implantation treatment in penile can-
cer is a treatment with a high local control rate and sal-
vage surgery may be possible in recurrences. Crook et
al.[24] evaluated the results of interstitial brachytherapy
applied to 30 patients. In 90% of the patients, the pri-
mary tumor was in T1 and T2 stage, 1 patient was in T3
stage and 2 patients were in Tx stage. The majority of
tumors were located in the glans. Treatment was per-
formed with Ir-192 source, LDR in 22 patients and
pulsed dose rate brachytherapy in 8 patients. Planning
was made according to the Paris dosimetry system. The
median prescribed dose was 60 Gy. In the study with a
median follow-up of 34 months, local recurrence was
observed in 4 patients. The 2-year local failure free rate
was 85% and the 5-year rate was 76%. Patients with lo-
cal recurrence were salvaged by penectomy (2 partial).
Four patients with isolated regional recurrence were
salvaged by groin dissection. 2 patients died of meta-
static disease, both patients had moderately differenti-
ated tumors. The rate of regional and/or distant recur-
rence was found to be 50% in patients with intermediate
and poorly differentiated tumors, while none of the
patients with well-differentiated tumors had regional or
distant recurrence. Tumor grade was found to be an im-
portant factor in terms of disease-free survival. Cos-
metic and functional results were reported as good. 2
patients had loss of potency, 3 patients underwent par-
tial penectomy due to dilatation of meatal stenosis and
1 patient underwent partial penectomy due to radiation
necrosis. As a result of the study, it was emphasized that
local control rates of T1 and T2 penile cancer brachy-
therapy were excellent, and considering the risk of re-
gional and distant recurrence of intermediate and
poorly differentiated patients, inguinal lymph node dis-
section was recommended for these patients after
brachytherapy. In a multicenter study by Crook et
al.[25] the results of interstitial brachytherapy applied
to 49 patients were evaluated. 8% of the patients were in
T3 stage and 23 patients received brachytherapy with
PDR technique and 26 patients received brachytherapy
with LDR technique. Four patients had a single plane
implant with a plastic tube technique, and all others
had a volume implant with predrilled acrylic templates
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and two or three parallel planes of needles. The pre-
scribed dose was in the range of 55-65 Gy. 5-year actu-
arial overall survival was 78.3% and cause-specific sur-
vival was 90.0%. The cumulative incidence rate for
never having experienced any type of failure at 5 years
was 64.4% and for local failure was 85.3%. All 5 patients
with local failure were successfully salvaged by surgery;
2 other men required penectomy for necrosis. The soft
tissue necrosis rate was 16% and the urethral stenosis
rate 12%. Of 49 men, 42 had an intact and tumor-free
penis at last follow-up or death. The actuarial penile
preservation rate at 5 years was 86.5%. Brachytherapy
was found to be an effective treatment modality for T1,
T2 and selected T3s. The importance of close follow-up
of these patients is emphasized, since recurrences can
be successfully salvage with surgery. In a study of 144
patients, the results of interstitial brachytherapy applied
to patients with glans localized SCC were evaluated.
[26] Hypodermic or lumbar puncture needles were im-
planted through the glans. Gerbaulet’s glans applicator
was used in the study. This system consists of two
square plates of transparent plastic, 50 mm wide and 2
mm thick. Treatment was performed with LDR tech-
nique and the median brachytherapy dose was 65 Gy
(37-75). The 10-year penile recurrence rate was 20%
and inguinal recurrence rate was 11%. After salvage
treatment, 86% of patients with local recurrence were
in complete remission at the last follow-up. The 10-year
probability of avoiding penile surgery (due to compli-
cations or recurrence) was 72%. The 10-year cancer-
specific survival rate was 92%. Tumor diameters were
found to be associated with the risk of recurrence. The
10-year painful ulceration rate was 26% and stenosis
rate was 29%. Seven patients underwent excision due to
necrosis. Treated volume and reference isodose rate
(0.6 Gy/h and >0.6 Gy/h) were found to be associated
with complications. It was concluded that attention
should be paid to the dose rate in order not to increase
the complication rate. Makarewicz et al.[27] evaluated
the results of brachytherapy applied to 33 patients. In
this study in which 3 patients were in T3 stage and the
remaining patients were in T1 and 2 stages, brachyther-
apy was applied with high dose rate (HDR) technique.
Patients were assigned a dose between 48-54 Gy. In the
study with a mean follow-up of 5 years, 72.7% of pa-
tients achieved complete remission. Five-year disease-
free survival was 75.4% and locoregional control rate
was 78.8%. In this study evaluating the results of
brachytherapy with the HDR technique, the effective-
ness of the treatment in the disease has been proven
once again. In a multicenter study, the efficacy of
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brachytherapy and its effect on sexual function were in-
vestigated.[28] In the study of 47 patients, a mean dose
of 60 Gy was administered to the patients. Five-year
disease-free survival rate was 84% and penile preserva-
tion rate was 66%. It was observed that 58.8% of the
patients who were sexually active before treatment were
sexually active after treatment. It was seen that 94.4% of
the patients who had an erection before treatment also
had an erection after treatment. The study found that
brachytherapy had a low impact on sexual life. In a
study of 76 patients, patients who underwent brachy-
therapy with HDR technique were evaluated.[29] In the
study with a follow-up period of 76 months, 18.4% of
the patients developed local recurrence and 10.5% had
persistent disease after treatment. 5 and 10 year local
control rate was 65.6% and 5-10 year penile protection
rate was 69.5% and 66.9%. G3 and 4 toxicities were not
detected. 1 patient developed urethral stenosis and was
treated with dilatation. As a result of the study, HDR
brachytherapy in penile cancer was found to be an ef-
fective treatment for penile protection. In the study by
Martz et al.[30] the results of intersitial HDR brachy-
therapy applied to 29 patients were evaluated. Adjuvant
or definitive brachytherapy was administered to the pa-
tients and a dose of 35 Gy/9 fractions was defined for
those who received adjuvant treatment and 39 Gy/9 fr
for those who received definitive treatment. T1-2 pa-
tients were included in the study. In the study with a
median follow-up of 6 years, 5-year local recurrence-
free survival was 82%, regional recurrence-free survival
was 82%, metastasis-free survival was 89% and overall
survival was 73%. Penile protection rate was 79.3%.
grade 3 acute skin toxicity rate was 6%, while grade 1-2
acute skin toxicity developed in the remaining 94% pa-
tients. Late skin toxicity was telangiectasia in 17% of
patients and grade 3 necrosis in 10.3% of patients; pa-
tients with necrosis were successfully treated with hy-
perbaric oxygen therapy. Skin appearance, Internation-
al Prostate Symptom Score (IPSS) and International
Index of Erectile Function 5-items (IIEF-5) scores did
not differ significantly between pre and post treatment.
HDR brachytherapy has been shown to be an effective
and safe treatment in the conservative treatment of pe-
nile cancer. In a study of 259 patients by Rozan et al.[31]
the LDR technique was used and local control rate was
85% and cause specific survival was 88% at 5 and 10
years. A study evaluated the results of brachytherapy
applied with the PDR technique.[32] The efficacy and
toxicity results of PDR brachytherapy in the treatment
of penile cancer were comparable to those obtained
with LDR brachytherapy in previous cohorts. A study
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evaluated the long-term effects in patients who under-
went brachytherapy.[19-36] The urinary scores showed
moderate lower urinary tract symptoms. During the
followup, a urethral dilation or self-catheterization had
been necessary in 30% and 13%, respectively. The erec-
tile dysfunction was mild and quality of life was good.
Study’s results showed the moderate impact of brachy-
therapy on functional outcomes. Studies on brachy-
therapy in penile cancer and the results obtained in
these studies are shown in Appendix 1.

When the studies on brachytherapy in penile can-
cer are evaluated, the lack of randomized controlled
trials draws attention. Studies have mostly included
lesions located in the glans. Most patients in the stud-
ies underwent circumcision prior to brachytherapy. In
the majority of the studies, brachytherapy is applied
with an interstitial implant. Iridium wires are used in
interstitial brachytherapy. The number and length of
the wires and the volume of the implant were deter-
mined by the size and thickness of the lesion. In the
studies in which brachytherapy was applied with mold,
similar results were obtained as in the studies in which
implants were applied. Although LDR was mostly used
as the dose rate, successful results were also obtained in
studies using PDR and HDR techniques. Paris system
was mostly preferred as dosimeter system. In recur-
rences after brachytherapy, which is a treatment with
a high local control rate, control rates with amputation
are quite high. Most of the treatment-related toxicities
can be managed with conservative treatment.

According to ESMO-EURACAN guideline, brachy-
therapy has a higher local relapse rate than penectomy
but a lower local relapse rate than external radiothera-
py in penile cancer.[37] Circumcision should be per-
formed before brachytherapy. It is reported that the
5-year local control rate with brachytherapy is 70-90%.
The 5-year penile protection rate was found to be 74%.
It has been reported that patients with <4 cm tumors
are suitable candidates for brachytherapy. In brachy-
therapy, HDR, PDR or LDR can be selected. If LDR or
PDR is preferred, doses of 60-65 Gy, if HDR is to be
applied, 42-45 Gy/12-14 fractions or 35 Gy/9 fraction
regimens should be preferred. There is no difference
between these techniques in terms of patient selection.
Recently, HDR has come into favor due to patient con-
venience, less patient isolation due to lower risk of radi-
ation exposure to staff, and adjustable source dwell time
allowing for dose optimization of the target and nor-
mal tissue.[38] The most common late side effects after
brachytherapy are urethral stenosis and necrosis with a
mean occurrence rate of up to 33% in some series.
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Considering all these data, brachytherapy is an ef-
fective and tolerable treatment option in organ-pre-
serving approach in T1 or T2 and <4 cm penile cancer.

CONCLUSION

In early stage penile cancer, brachytherapy is a toler-
able treatment option that can be applied with LDR,
PDR or HDR techniques and has a high local control
rate in an organ-sparing approach.
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