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Purpose : To evaluate the treatment results and analyze the prognostic factors of radio-
therapy for skin malignancies.

Materials and Methods : From January 1994 to April 2004, 48 patients with malignant
skin cancer received a complete course of radiotherapy at Changhua Christian Hospital.
There were 22 males and 26 females, between 38 and 94 years old (median: 78 years).
The numbers of patients in stage | to IV were 16, 21, 11, and 0, respectively. The sub-
types of histology were Squamous cell carcinoma (SCC) in 27 patients (56.3%), and
Basal cell carcinoma (BCC) in 21 patients (43.8%). The median tumor size was 3 cm.
Tumors location was predominantly at nose (29.2%), scalp (25%), facial (18.8%), extrem-
ities (8.3%), ear (6.3%), eyelids (4.2%) and others (8.3%). The median radiation dose
and total treatment days were 60 Gy and 48 days.

Results : The patients were followed up until October 2004. The median duration of fol-
low-up was 26 months (range: 5.8 to 118.8 months). The 5-year overall survival and dis-
ease-free survival rate were 56.2 % and 37.8 %, respectively. Treatment failure included
loco-regional relapse (8 patients), and distant metastasis (3 patients). In univariate analy-
sis of variables with log rank test, AJCC stage, histology type and nodal metastasis were
the significant prognostic factors (P < 0.05) for overall survival.

Conclusjon : Radiotherapy is effective in treatment of skin cancers. Our data indicated
that the overall survival, disease-free survival, cosmetic appearance and patient toler-

ance were good and feasible.
[ Therapeut Radiol Oncol 2006; 13(1): 1-9]

Key words: Radiotherapy, Nonmelanoma skin cancer, Pragnostic factors

INTRODUCTION tion [2,12,18,20,22]. Cutaneous squamous cell

carcinoma (SCC) and Basal cell carcinoma

Eplthellal skin cancers are the most com- (BCC), together Commonly called non-
mon malignant tumor among the white popula- melanomatous cancers of the skin, account for
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around 90% of cutaneous malignancies
[2,20,22]. Several treatment modalities are used
in the therapy of these cancers, including surgi-
cal excision, Mohs micrographic surgery,
cryosurgery, curettage electrodessication, and
radiotherapy [2,6,14,17]. However, direct com-
parisons among the available options are lack-
ing. Based on the previous experiences and
available evidence, surgical excision is the
major treatment for most non-melanomatous
cancers of the skin, with cure rates up to 98%
with proper margins [2,7,11,17].

The application of radiation therapy has
been used for skin cancer for nearly a century
[7.9]. Recent developments in the technology of
administering radiation therapy have improved
the efficacy to treat skin cancer with less toxici-
ty. Radiotherapy has an important primary role
in the preservation of normal tissue with better
cosmetic results [5]. Radiation may also be
employed in combination with other modalities
to treat aggressive or recurrent lesions, close
excision margin or in elderly patients who are
unable to tolerate surgery or who have inopera-
ble tumors [2,9,11].

The incidence of skin cancer in Taiwan
was increasing recently. Most of these cases are
related to ultraviolet light exposure from the sun
[3]. The objective of this study is to evaluate the
treatment results and analyze the prognostic
factors of radiotherapy for skin malignancies in
our institute.

METHODS AND MATERIALS

Patients

From January 1994 to April 2004, 48
patients with histologically confirmed basal cell
and squamous cell carcinomas of the skin were
enrolled in this study. The patient population
consisted of 22 males and 26 females between
38 and 94 years old (median: 78 years). There
were 27 patients with squamous cell carcinoma
and 21 patients with basal cell carcinoma.

These patients were separated into 2 arms:
Arm A, a total of 30 patients with previous his-
tory of excision was enrolled. Twenty seven
patients were proved to have positive surgical
margin, with five of them associated with
lymph nodes metastasis. The others 3 patients
were histological proved to have lymph nodes
metastasis with free surgical margin. Arm B,
individuals who refused surgical intervention or
were unfitted for surgery (18 patients). Among
these patients, 3 patients were clinically con-
firmed to have lymph nodes metastasis by CT
scan examination.

Tumors were clinically staged according to
the criteria published by American Joint
Committee on Cancer (AJCC) in 2002 [1].
Sixteen patients had T1 lesions, 19 had T2
lesions, and 13 had T3 lesions. The primary
tumor sites are listed in Table 1.

Treatment

All patients received external beam radio-
therapy. Radiation therapy was delivered with a
linear accelerator with multiple energies.
Electron beam therapy was used in 36 patients
(75%), megavoltage photon beam in 9 patients
(18.8%), and a combination of electron and
photon beam in 3 patients (6.2%). The treat-
ment area was defined as the volume of the
tumor plus microscopic extension; with a mar-
gin of 2 cm. Fractions of 1.8 Gy were delivered
5 days a week over a period of S to 8 weeks for
a total dose of 46 to 77.4 Gy, with a median
dose of 60 Gy.

Table 1. Anatomical Distribution of Skin Cancers

Site No. patients / %
Nose 14/29.2
Scalp 12/25.0
Facial 9/18.8
Extremities 4/83
Ear 3/63
Eyelids 2/4.2
Others 4/83
Total 48 /100
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Follow up

The patients were followed up until
October 2004. All patients had been followed
up for at least 5.8 months and 18 patients
expired during the end of this study. Eight
patients death were related to skin cancer (5
from the local recurrence group and 3 from the
distant metastasis group) whereas the other 10
patients death resulting from other cause. The
time of relapse-free survival was calculated
from the completion of radiation therapy.
Patients were considered relapse-free, if no
evidence of loco-regional disease or distant
metastasis had been found at the last follow-up
visit or death.

Cosmetic results were evaluated according
to pigmentation change, fibrosis or telangectasis
existed. Excellent cosmesis was defined as no
skin pigmentation or no fibrosis. A patient with
slight pigment change or mild to moderate
fibrosis is considered as good cosmesis, poor
cosmesis was defined as severe fibrosis or skin
contracture [5]. Skin reaction was also evaluat-
ed according to RTOG scale of toxicity [7,8].

Statistical analysis

Overall survival and disease-free survival
were the primary endpoint of the analysis.
Survival rate was estimated by using Kaplan-
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Fig 1. Overall survival curve of the patients with
skin cancer (n = 48).

Meier methods, while the log-rank test was
used to analyze differences between multiple
survival curves.

Overall survival was defined as the time
from completion of radiotherapy to death result-
ing from any cause. Patients who were alive were
classified as censored observation at the time of
last follow-up for overall survival. Disease-free
survival was defined as the time from completion
of radiotherapy to local failure, nodal failure,
systemic failure or death resulting from any
cause, whichever occurred first. Patients who got
complete tumor response and were alive without
local failure or systemic failure were classified
as censored observations at the time of last
follow-up for disease-free survival.

RESULTS

The median follow-up time was 26
months (range: 5.8 to 118.8 months). The 5-
year and 8-year overall survival rates were
56.2% and 43.6%, respectively [Fig. 1]. The 5-
year local tumor control rate was approximate-
ly 77.5% {Fig. 2] and the disease-free survival
rate at 5-year was 37.8% [Fig. 3]. In addition,
the 5-year disease-free survival rates for sub-
group, Arm A and Arm B were 40.8% and
32.6% respectively [Fig. 4].
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Fig 2. The local control of patients with skin cancer
(n = 48).
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Disease-free survival
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Fig 3. The 5-year disease-free survival rate.
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Fig 4. The 5-year disease-free survival rates of
Arm A and Arm B were 40.8% and 32.6%,
respectively.

A total of 11 out of 48 patients developed a
loco-regional failure (8 patients) or distant
metastases (3 patients). All of the eleven
patients had a diagnosis of squamous cell carci-
noma. The local control rate for Arm A and
Arm B were approximately 80% and 88.8%
respectively.

Larger lesions tended to have poorer local
tumor control. In the group of patients who suf-
fered from local recurrence, smaller tumors
(size smaller than 3 cm) had a local recurrence
rate of 9.0%, versus a local recurrence rate of
34.6% for larger tumors. Tumor size smaller
than 3 cm exhibited a trend for better tumor

control and overall survival, but there was no
statistical significance.

For the patients who had positive surgical
margin (Arm A), the local recurrence rate was
24.1%. Furthermore, patients that noted to have
lymph nodes metastasis, the local recurrence
rate had increased up to 70.0%. Meanwhile,
among the patients who received definitive
radiotherapy (Arm B), the local recurrence rate
was 11.1%.

Most of the patients included in our study
were proved to have positive surgical margin
but there was no significant influence upon
local tumor control. However, among the
patients who suffered from lymph nodes
metastasis, our results disclosed a statistically
significant impact on overall survival. The
radiation doses delivered also played a major
role in overall survival. Total dose more than
60 Gy yielded a better tumor control rate and
overall survival.

Univariate analysis of prognostic factors
was performed by the log-rank test. The signifi-
cant variables for overall survival included
AJCC stage, histological type and lymph node
metastasis [Table 2]. Cosmetic results [Table 3]
and RTOG toxicity were recorded, too. The
overall treatment-related toxicity of the electron
beam therapy were better than the other treat-
ment modalities [Table 4].

DISCUSSION

Skin cancer is readily diagnosed through
routine physical examination and easily cured
when it is detected early [11]. Adequate treat-
ment at the initial presentation is critical. But, if
an unsuccessful initial treatment is performed, it
may carry a high morbidity and recurrence rate
[14,17]. Multi-modalities are available for the
treatment of non-melanomatous skin cancer.
Among these, surgical excision and radiation
therapy offer equivalent and high cure rates
[17,19]. Various factors will influence the treat-
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Table 2. Effects of prognostic factors on survival

Prognostic No. of 5-yt?ar
survival  P-value
factor cases (%)
Gender
Male 22 69.4 0.419
Female 26 47.5
Histological type
SCC 27 449 0.018
BCC 21 70.7
LN metastases
LN (+) 11 20.2 0.0049
LN () 37 66.24
AJCC stage (2002)
I 16 61.1 0.0043
I1 21 60.5
il 11 28.3
Tumor size
<3cm 29 59.3 0.189
>3cm 19 49.5
Treatment Modality
Photon 7 28.6 0.295
Electron 37 60.4
Mixed beam 4 66.7
Surgical Margin
Margin (+) 27 61.8 0.454
Margin (-) 21 49.4
Smoking
Smoke(-) 31 48.3 0.410
Smoke(+) 17 70.3
Radiation doses
> 60 Gy 25 65.2 0.082
<60 Gy 23 44.06

ment decisions such as size and anatomic loca-
tion of the lesion, involvement of adjacent tis-
sue, depth of tumor invasion, tumor grade, and
the general condition of the patients [14]. Based
on the literatures, surgical intervention is the
treatment of choice for the majority of these
cancers [14,17]. The main goal of the treatment
is complete removal of the primary tumor and
any adjacent lesions that may be involved.

Liu et al. [10] showed a 5-year recurrence
rate of 17% when the lateral margin was posi-
tive, and 33% when the deep margin was posi-
tive. Therefore, while ensuring adequate lateral
excision margins, the surgeon must remain con-
scious of the depth of excision for preventing

Table 3. Cosmetic appearance correlated with the
results of radiation for the nonmelanomatous skin
cancer.

Excellent  Good Poor
Cosmesis Cosmesis Cosmesis
No of the patient 15 24 9

(n=48)

Table 4. Treatment Related toxicities according to

RTOG scale
Electron  Photon Mixed-
beam
Grade 0 9 0 0
Grade 1 18 1 2
Grade 2 4 0
Grade 3 1 2 2
Grade 4 1 0 0
No of patients 37 7 4

treatment failure. Pascal et al. [15] had reported
an excision strategy where the lateral excision
margin versus the deep margin should be in the
ration of 3 to 1. Moreover, the surgeon’s skill
and type of surgical technique may also be relat-
ed to the treatment outcome [14,16,17].

Reynolds et al. [17] had demonstrated the
margins necessary to ensure tumor clearance for
both BCC and SCC. The researchers recom-
mend that surgical excision of invasive SCC
should include subcutaneous fat because 30% of
the tumors extended into this layer [17].
Currently, margins for basal cell carcinoma
range from 2 to 10 mm, and for squamous cell
carcinoma, 4 to 15 mm was recommended
[16,21]. Thomas et al. [21] also concluded that a
4 mm surgical margin should be excised for
optimal treatment results. These figures show
that the likelihood of recurrence is directly relat-
ed to the adequacy of excision.

In addition to the adequate surgical margin,
other relative risk factors associated with tumor
recurrence and metastasis are the size and loca-
tion of tumor. Alam et al. [2] reported that
tumors larger than 2 cm may recur at a rate of
15.7% after excision, whereas for those with
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size of 2 cm or smaller recur at a rate of 5.8%.
Motley et al. [14] also found for larger tumors
and high-risk locations (ear, lip, scalp, and nose)
with wider margin (6 mm or more) should be
removed. Under this condition, in order to
improve treatment outcome, postoperative adju-
vant therapy such as radiation therapy, systemic
chemotherapy or immﬁnotherapy should be
applied [4,22].

Various retrospective studies concluded
that when choosing a treatment modality, it is
important to be aware of the factors that may
influence outcome [14]. Postoperative radio-
therapy, definitive radiotherapy or surgery alone
provides a relatively high rate of tumor control.
Postoperative radiation therapy is indicated for
skin malignancies with close or tumor-involved
surgical margins and lesions that recurred fol-
lowing other treatment modalities [2,7,17]. For
those patients with incomplete resection of the
tumor, involvement of regional lymph nodes,
tumor with perineural invasion, tumor with
potential aggressive or multicentric lesions,
postoperative adjuvant irradiation is strongly
suggested [9,13]. McCord and colleagues [13]
had proved that surgery and radiotherapy pro-
vided a relatively high rate of local control for
patients with perineural invasion. The issue
about prophylactic nodal irradiation was dis-
cussed by Kwan et al. [9]and Alam et al. [2]. In
British Columbia, the first echelon nodes in the
radiation volume for T3 or T4 disease will be
included. Our series showed that for patients
suffering from lymph nodes metastases, up to
70% local recurrence rate was recorded.
Therefore, prophylactic nodal radiation should
be arranged, especially for those patients with
high risk factors.

Definitive radiotherapy is another treat-
ment modality for most of the skin cancer. It is a
useful tool that can be used for elderly patients
with extensive lesions when major surgery may
not be appropriate [23]. Besides, among the
lesions larger than 2 cm, lesions with deep infil-

tration and lesions with involvement of adjacent
structures, in which surgery may result in poor
outcome, radiotherapy is an alternative treat-
ment modality. Furthermore, for small lesions
located over lip, eyelid, ear, or nose, irradiation
may offer an advantage over surgical technique
with respect to cosmetic results and function
[17]. Local tumor control, cosmetic results, and
complication are mainly related to the size of
the primary lesions, tumor location and depth of
invasion. Radiation therapy is very effective in
many situations. The control rate of majority of
skin cancer treated with radiation alone is as
high as 90% or more [7,17,23]

However, in our study the local control rate
of patients who underwent radiotherapy alone
(Arm B) was 88.8%, and that of patients who
received postoperative radiotherapy (Arm A)
was 80%. This result could be explained by sev-
eral risk factors existed among the postoperative
group of patient such as positive margin, lymph
nodes metastasis and more advanced stage.

Another strategy for improving the loco-
regional control is administration of a higher
dose of radiation. According to the guideline of
Mallinckrort Institute of Radiology at
Washington University, for the BCC lesions less
than lcm in size, 40 Gy is appropriate, and for
lesions less than 3 cm or SCC less than 1cm in
size, 45-50 Gy is recommended. For large BCC
and SCC lesions, a total dose of 60 Gy is sug-
gested [11]. Similar with this guideline, our data
reflected that the dose exceeding 60 Gy could
yield a better tumor control.

The adequate margin of irradiation may
improve loco- regional control of patients with
non-melanomatous skin cancer. In our institute,
we used 2 cm or more as the margin of irradia-
tion depending on tumor size and microscopic
invasion. Locke et al. {11] reported that the min-
imum typical margin ranging from 2 to 3 cm
was required.

The earliest applications of radiation thera-
py for skin malignancies were started soon after
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the discovery of x-rays (x-ray machine) and
gamma rays (radioactive isotopes)[5,7].
Superficial x-ray (250 kV) was introduced
thereafter and has been gradually replaced by
electron beams therapy since 1980s [5,7].
Nowadays, various forms of radiation therapy
techniques are available, such as superficial x-
ray, electron beams or megavoltage photon
beams [11]. The electron beams have the advan-
tage of more superficial isodose distribution.
Besides, the electron beam also has less pene-
tration than photon beams, and may be directed
in a more adequate fashion for superficial treat-
ments, while sparing deep tissues and reducing
side effects [4]. Sometimes, bolus is required to
enhance surface dose. The electron beam energy
is selected based on delivering the treatment
dose to the 80 to 90% isodose line. Griep et al.
[5] had concluded that the use of electron beams
is not inferior to superficial x-rays and even bet-
ter for larger tumors. In our institute, most of
the superficial lesions were treated by electron
beam, whereas for bigger or deeper lesions,
mixed beam may be beneficial.

The histological subtype was also found to
be a statistically significant prognostic factor
for local tumor control in our studies. Locke et
al. [11] reported the squamous cell carcinoma
of the skin had a higher incidence of recurrence
(32%) and lymph nodes metastases (13%)
compared with basal cell carcinoma. Demetrius
et al. [4] also described the SCC tumors had
potentially aggressive behavior that spreaded
locally by infiltrating tissues. This tumor
should be considered as high risk, and appro-
priate adjuvant therapy (e.g., lymph node dis-
section and postoperative radiation) should
also be considered.

Tobacco smoking is a risk factor for sever-
al cancers such as the lung, bladder, and cervix,
which has been studied extensively and is well
established [20]. However, the effects of smok-
ing on the development of the skin cancer are
still less well known [9,20]. In our study,

although half of our patients had the history of
smoking, there was no significant statistic
impact on the outcome.

CONCLUSION

Adjuvant radiotherapy was effective in
eradicating microscopic residual tumors and
could yield a good survival outcome for skin
cancer in our study. Lymph node metastasis,
stage, treatment response, local recurrence and
histology type were the significant prognostic
factors that may influence the loco regional con-
trol for skin cancer in our study.
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