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Abstract

Context: Superficial radiation therapy is a low energy radiation therapy that is penetrated only within a short distance under the
skin surface, and widely used by dermatologists. This study aimed at investigating the safety and effectiveness of superficial radia-
tion therapy versus other conventional treatments in the treatment of skin diseases.
Methods: The following databases were searched systematically from March 31st, 2017: PubMed, and the Cochrane Library. MeSH
terms and free-text were used for searching the databases. Additional studies were retrieved from a manual search and reference
lists of included studies. Only studies written in English were considered and there was no time limit in the inclusion criteria. The
quality of included studies was assessed using the Oxford centre for evidence-based Medicine (OCEBM) levels of evidence criteria.
Results: In total, 12 studies were included in this review. In total, 1985 patients were examined. Most of the eligible studies (11 out of
12 with 1795 patients) compared the effectiveness outcomes (efficacy, improvement rate, failure rate, clinical improvement, time of
use, recurrence rate, and cosmetic consequences). About half of them (5 out of 12 with 530 patients) compared the safety outcomes
(side effects and the severity of symptoms).
Conclusions: Based on the available evidence, which was not up to date and generalizable, it could be concluded that superficial
radiation therapy had no side effect on the treatment of hand eczema and also had better treatment results and could be used for
hand eczema, yet for other indications, further studies need to be performed. The use this technology along with other methods
may have better consequences for the patients. In order to make better decisions in this area, new studies must be carried out in
various contexts. However, if superficial radiation therapy is licensed to be used in a country, in order to prevent low but serious
side effects, there must be a coherent system with the aim of recording its use for each patient.
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1. Context

One important field of medical radiation physics is
radiotherapy (1). Radiation therapy is the use of high-
energy ionizing radiation to control growth or to elimi-
nate rapidly growing cells (such as cancerous tissues). The
basis of this treatment method is to damage the DNA of the
cell nucleus, which makes it impossible to proliferate and
divide the cell (2). The nature of ionizing radiation used in
radiation therapy is the same as the radiation used in ra-
diology, and the difference in energy is much higher and
the radiation dose rate is higher than the radiation. If radi-
ation is ionized into parts of the body, the DNA of the nu-
cleus of each of the cells exposed to radiation will be af-
fected, with the degree of damage being associated with

the amount of DNA activity at that time. In other words,
more active and progressive cells (such as cancer cells) are
more likely to be injured (3) Although radiation, in addi-
tion to cancer cells, affects healthy cells, most healthy cells
regain their recovery. The goal of radiation therapy is to
eliminate the maximum number of cancer cells with min-
imal damage to healthy tissues (1). The effects of ionizing
radiation in the treatment of other conditions beyond the
control of cell proliferation (e.g. keloid or hyperplasia, etc.)
can also be used (4). In the light of technological advances,
there is a current resurgence in the use of radiation ther-
apy, especially superficial radiation therapy (5).

Superficial radiation therapy uses low energy ioniza-
tion rays in the spectrum of 50 to 150 kVp, and is widely
used by dermatologists (6, 7). This type of radiation ther-
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apy is used for the treatment of benign or malignant skin
lesions over or near the skin surface (3 mm to the skin sur-
face). Hence, it has been introduced as an ideal method
for the treatment of superficial lesions, such as basal and
squamous cell carcinoma, keloid scars, mycosis fungoides,
psoriasis, benign plaques, and other dermatological condi-
tions (8). Superficial radiation therapy can also be used in
the following diseases: benign dermatoses, warts, eczema,
palmoplantar pustulosis, non-melanoma skin cancer, and
basal cell carcinoma (9-20). Some features of superficial ra-
diation therapy, such as delivering low energy kilo-voltage
photons and the advent of more portable machines to em-
ploy in an office-based setting (6, 21) can make this de-
vice popular among physicians. In addition, there are sig-
nificant differences in the depth of tissue penetration be-
tween high-energy devices and surfaces. High-energy de-
vices used in radioactive cancers target internal malignan-
cies and spare the cutaneous structures. In contrast, super-
ficial machines spare the deeper structures and target the
skin, a quality that is ideal for the irradiation and the treat-
ment of cutaneous malignancies (22).

Numerous studies have been done on the many ap-
plications of this technology, and comparing it with
other similar methods (Grenz ray, placebo, surgery, pho-
tochemotherapy, electron beam therapy, and brachyther-
apy) (11-20). The compilation of these studies can help en-
sure the safe use of this technology. In addition, superficial
radiation therapy dose is based on both the size of the tu-
mor and the age of the patient, and radio physicians play a
decisive role in determining these doses (6). During treat-
ment with superficial radiation therapy, acute reactions,
such as erythema and mild discomfort, can be expected
and systemic side effects are rare (23). This study aimed at
systematically investigating the safety and effectiveness of
superficial radiation therapy technology versus other con-
ventional treatments in the treatment of skin diseases.

2. Methods

2.1. Study Design

This systematic literature review was performed based
on the preferred reporting items for systematic reviews
and meta-analyses (PRISMA) protocol in order to assess the
safety and effectiveness of superficial radiation therapy
versus other conventional treatments.

2.2. Search Strategy

The following electronic databases were systematically
searched until March 31st, 2017: PubMed and Cochrane
Library. For identification of additional relevant studies,
manual search and checking reference lists of included

studies was performed. To find related studies, appropri-
ate keywords were searched (“superficial radiation thera-
py”, “superficial radiotherapy”, and “superficial X-ray”) as
MeSH and free-text in databases.

2.3. Inclusion and Exclusion Criteria

Only studies comparing superficial radiation therapy
versus other conventional treatments in the treatment of
skin diseases were eligible for inclusion and further con-
sideration. Moreover, studies written in English and con-
centrating on human samples were considered. There was
no time limit in the inclusion criteria.

2.4. Data Extraction

After identification of studies from databases, dupli-
cate studies were removed. Then the title and abstract of
studies were examined against the inclusion and exclusion
criteria. If the assessment of the full text shown studies
did not meet the inclusion criteria, it was excluded from
further examination. Screening the title and abstract and
content analysis was done by 2 independent reviewers. The
complete studies selection process was reported using the
PRISMA flow chart (Figure 1).

2.5. Quality Assessment

The quality of included studies was assessed using the
Oxford centre for evidence-based Medicine (OCEBM) levels
of evidence criteria (24).

2.6. Outcome Measurement

Effectiveness outcomes: Efficacy, improvement rate,
failure rate, clinical improvement, time of use, recurrence
rate, and cosmetic consequences.

Safety outcomes: Side effects and the severity of symp-
toms.

3. Results

In total, 146 studies were retrieved from searching the
databases. At the beginning of the review, 10 studies were
removed due to duplicates. The title and abstract of the re-
maining studies (136 studies) were reviewed and 111 studies
were removed. The full text of remaining studies (25 stud-
ies) were reviewed and based on the inclusion and exclu-
sion criteria, 13 other studies were removed, and ultimately
12 studies were included in this review (Figure 1). In total,
1985 patients were examined in the included studies. The
characteristics of the included studies are described in Ta-
ble 1.
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Figure 1. Process of the study selection

3.1. Quality Assessment

Based on Oxford centre for evidence-based Medicine
(OCEBM) levels of evidence criteria, 4 studies were graded
at the 1b level, 3 at 2b level, 3 at 4 level, and 2 at 5 level of
evidence (Table 1).

3.2. Effectiveness

Most of the eligible studies (11 out of 12 with 1795 pa-
tients) compared the effectiveness outcomes.

3.2.1. Efficacy

Comparison of efficacy of superficial radiation therapy
in the treatment of hand eczema has better treatment re-
sults than the placebo. The advantage of the treatment by
superficial radiation therapy had the highest value within

6 to 9 weeks after starting the treatment, yet it remained
after 18 weeks. The study showed that patients with hand
eczema that did not show improvement with the ointment
could benefit from a course of superficial radiation ther-
apy (11). Results of comparing the treatment by traditional
superficial radiation therapy versus placebo in patients
with eczema showed that superficial radiation therapy is
better than placebo for the treatment of hand eczema, yet
the efficacy of superficial radiation therapy for feet eczema
was slight. Superficial radiation therapy is recommended
for the treatment of hand eczema that doesn’t respond
to local treatment. Comparing the treatment by superfi-
cial radiation therapy with placebo in patients with palmo-
plantar pustulosis, revealed that superficial radiation ther-
apy had no effect on the treatment of patients with palmo-
plantar pustulosis. In one study, patients with eczema and
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Table 1. Characteristics of Included Studies in This Review

Author(s) Year Country Type of Study Comparator Outcome Disease Patients Level of
Evidencea

Rowell (9) 1973 UK Cohort Control group
without
treatment

Side effect Benign
dermatoses

100 4

Macht (10) 1977 USA Cohort Orthovoltage
therapy unit and
superficial
therapy unit

Improvement
rate, Side effect

Warts 360 4

Fairris (11) 1984 UK RCT Placebo Efficacy, Side
effect

Eczema of the
hands

24 1b

Fairris (12) 1984 UK RCT Grenz and
Placebo

Efficacy Benign localized
dermatoses

47 1b

Fairris (13) 1984 UK Case study Placebo Efficacy Palmoplantar
pustulosis

6 5

Fairris (14) 1984 UK RCT Placebo Efficacy Eczema of the
feet

14 1b

King (15) 1984 UK Case study Placebo Efficacy Chronic palmar
eczema

15 5

Fairris (16) 1985 UK RCT Grenz Efficacy,
Side-effect

Eczema of the
hands

25 2b

Ashby (17) 1989 Australia RCT Surgery Failure rate Non-melanoma
skin cancer

1154 1b

Sheehan-Dare
(18)

1989 UK Case-
Series/Survey

Photochemotherapy Clinical
improvement,
the Severity of
symptoms, Time
of use

Chronic hand
eczema

21 4

Griep (19) 1995 The Netherlands Retrospective
Cohort

Electrotherapy Recurrence rate,
Cosmetic
consequences

Non-melanoma
skin cancer

99 2b

Berridge (20) 1997 UK Cohort Brachytherapy Cosmetic
consequences

Basal cell
carcinoma

30 2b

aBased on the checklist Oxford centre for evidence based Medicine (OCEBM) levels of evidence.

palmoplantar pustulosis were treated with traditional su-
perficial radiation therapy and Grenz ray. Results indicated
that for the treatment of hand eczema, superficial radia-
tion therapy is better than Grenz ray, yet for the treatment
of palmoplantar pustulosis, it did not impact palmoplan-
tar pustulosis (12). Results of a study on the efficacy of su-
perficial radiation therapy in comparison with the placebo
on patients with palmoplantar pustulosis showed no im-
provement in the treated or untreated zones. The results
of this trial indicated that the treatment with traditional
superficial radiation therapy had a low therapeutic effect
or no effect on the treatment of palmoplantar pustulosis.
Its risks seems to be more than its small advantage in the
treatment of palmoplantar pustulosis (13).

Analysis of efficacy of superficial radiation therapy on
feet eczema compared to the placebo demonstrates a sig-
nificant reduction in the mean of eczema grade during 6
weeks of therapy with both methods. This reduction was
maintained during 12 weeks of follow-up. Although, the
improvement rate in superficial radiation therapy was bet-

ter than the placebo, this trend was not statistically sig-
nificant. The superficial radiation therapy seems to have
less effect on feet eczema (14). Superficial radiation ther-
apy in the treatment of chronic palmar eczema compared
to the placebo, showed better treatment results within one
month after starting the therapy, yet this difference was
not significant on the 3rd and 6th month. The benefits of
superficial radiation therapy in chronic palmar eczema do
not result in change of trend of this disease (15). Regarding
the viewpoint of patients, traditional superficial radiation
therapy is more effective than Grenz ray in the treatment
of hand eczema within 3, 6, and 12 weeks after starting the
treatment. On the 18th week, there was no significant dif-
ference between the 2 methods. The results indicated that
superficial radiation therapy in all phases was consider-
ably better. Summary of results showed that traditional su-
perficial radiation therapy is better than Grenz ray in the
treatment of hand eczema. Nonetheless, the superiority
of traditional superficial radiation therapy shows that this
method must be an optional therapy, particularly regard-
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ing the employed patients that threaten their inability, or
are resistant to other common therapies, and require to re-
turn to their workplace soon (16).

3.2.2. Improvement Rate

The mean value of improvement rate in orthovoltage
therapeutic units for superficial therapy calibrated in 100
KV was 89%. In return, the superficial radiation therapy
units calibrated in 100 KV, this rate was 70.3%. This is due to
heavier filtration in the orthovoltage unit. The results in-
dicated that superficial radiation therapy is known as one
of the most efficient, simple, safe and easy methods in the
treatment of warts (10).

3.2.3. Failure Rate

In the treatment of non-melanoma skin cancer, the 5-
year failure rate of surgery compared to superficial radia-
tion therapy was 96% to 90%. When the other effective fac-
tors are taken into consideration (P = 0.01, confidence in-
terval 95%, 1.2 - 4.3), superficial radiation therapy was along
with failure rate 2.3 times more than surgery (17).

3.2.4. Clinical Improvement

The clinical improvement of superficial radiation
therapy of chronic hand eczema was better than pho-
tochemotherapy, 6 weeks after the treatment, yet this dif-
ference was not observed on the 9th or 18th week. Its effect
was at its maximum, 6 to 9 weeks after starting the therapy
(18).

3.2.5. Time of Use

The superficial radiation therapy in the treatment of
hand eczema takes less time in the treatment of hand
eczema than photochemotherapy, and results in quicker
improvement, as well (18).

3.2.6. Recurrence Rate

Results of comparison of recurrence rate in electron
therapy and superficial radiation therapy in the treatment
of non-melanoma skin cancer showed that altogether the
local recurrence was 4.9%. The local recurrence for small tu-
mors after electron therapy and superficial radiation ther-
apy was 2.2% (19).

3.2.7. Cosmetic Consequences

The results of comparison of cosmetic consequences in
electron therapy and superficial radiation therapy in the
treatment of non-melanoma skin cancer showed that elec-
tron therapy has better cosmetic consequences than su-
perficial radiation therapy (19). Comparison of the mean
value of cosmetic consequences for the patients with basal

cell cancer under therapy with superficial radiation ther-
apy was 2.13; only 3 of these patients obtained a score lower
than 2. Mean of this value for the patients under the treat-
ment with brachytherapy was 1.47; none of the patients
gained a score of more than 2. This difference was signif-
icant (20).

3.3. Safety

About half of the eligible studies (5 out of 12 with 530
patients) compared the safety outcomes.

3.3.1. Side Effects

According to a study performed during 1973 on 100 in-
dividuals for investigation of the side effects of superficial
radiation therapy, the only serious long-term side effect of
superficial radiation therapy of skin is skin cancer. Sum-
mary of results indicated that superficial radiation therapy
as an auxiliary therapy is a safe method for the treatment
of benign dermatoses provided that altogether not more
than 1200 rad is given fractionated to each zone of the
skin during lifetime (9). There were no side effects in tra-
ditional superficial radiation therapy compared to Grenz
ray in therapy of hand eczema (16). In review of Orthovolt-
age or superficial radiation therapy on 531 warts, no side ef-
fects were reported (10). Comparing the side effects of su-
perficial radiation therapy with placebo in the treatment
of hand eczema has not been associated with considerable
long-term risk (11).

3.3.2. The Severity of Symptoms

In the treatment of chronic hand eczema, there was no
significant difference in the severity of symptoms between
superficial radiation therapy and photochemotherapy af-
ter 6 weeks, yet superficial radiation therapy resulted in
greater improvement in the severity of symptoms within
9 and 18 weeks (18).

4. Discussion

The present study was performed with the objective of
investigating the safety and effectiveness of superficial ra-
diation therapy versus other conventional treatments in
the treatment of skin diseases. In this review, effectiveness
outcomes (efficacy, improvement rate, failure rate, clinical
improvement, time of use, recurrence rate, and cosmetic
consequences) and safety outcomes (side effects, and the
severity of symptoms) are discussed.

To determine the validity of the results of superficial ra-
diation therapy in the treatment of benign or malignant
skin lesions over or near the skin surface, additional stud-
ies must be done since included studies had been pub-
lished at least 4 decades ago, and most of them (5 out of
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12) were conducted by a group of authors in the same coun-
try (The UK) (11-14, 16). Among the remaining studies, only 3
were conducted in other countries (USA, Australia and The
Netherlands) (10, 17, 19). Clearly, the technology and our
awareness of the disease has changed over the course, thus
for definite statement about the results, more recent stud-
ies are required.

In addition, conflicts of interest have not been stated
in any of the studies, although this is relatively common;
in any case, if there is a conflict of interest, it can be very in-
fluential on the researchers’ reports (25). These issues can
also be acknowledged for other indications.

Superficial radiation therapy is proposed to accelerate
the treatment of hand eczema (16) and to treat those, who
have not responded well to local ointments (11). Based on
the results, in the treatment of hand eczema, superficial
radiation therapy has cautiously better treatment results
than Grenz ray and can be used for hand eczema. How-
ever, the treatment of eczema in other parts of the body
requires more investigation (12, 14). With the considera-
tion of clinical improvement and time of use, superficial
radiation therapy is better than photochemotherapy (18).
Given the failure rate, surgical treatment is preferred in
the treatment of non-melanoma cancer (17). In addition,
in this disease, electron beam therapy and superficial ra-
diation therapy also reduces recurrence rate (19). In treat-
ing different types of cancer (basal cell carcinoma and non-
melanoma cancer), the cosmetic consequences of the pa-
tients’ perspective, electron beam therapy, superficial ra-
diation therapy, and brachytherapy, respectively, had the
best outcomes (19, 20).

During treatment with superficial radiation therapy
(compared to photochemotherapy), the severity of symp-
toms improves (18). In addition, acute complications, such
as redness and mild discomfort are observable, yet the sys-
temic side effects rarely occur (6). The results of this study
also showed superficial radiation therapy had no side ef-
fects on treatment of hand eczema.

Side effects reported in other studies are low but seri-
ous (9-11). To prevent skin cancer as a side effect, it is neces-
sary to track the dose taken by the patient during their life-
time (9). Manage of this issue will be difficult without real
coherence in providing such services. In addition, portabil-
ity of superficial radiation therapy systems to employ in an
office-based setting (6, 21) and providing these services in
several stages of treatment of certain diseases (11, 14), make
this problem even more difficult.

4.1. Conclusions

Based on the available evidence, which is not up to date
and generalizable, it could be concluded that superficial
radiation therapy had no side effect on treatment of hand

eczema, and also has better treatment results and can be
used for hand eczema, yet for other indications, extra stud-
ies need to be performed. Use of this technology along
with other methods, may have better consequences for the
patients. However, in order to make better decisions in this
area, new studies must be carried out in various contexts.
However, if superficial radiation therapy is licensed to be
used in a country, in order to prevent low but serious side
effects, there must be a coherent system with the aim of
recording its use for each patient.

4.2. Limitations

The lack of quantitative analysis of the results, due to
the lack of the same effectiveness criteria in the studies,
was the limitation of the study.
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