
Abstract
Objective The objective of this study is to evaluate the effi-
ciency of SOD applied topically in oncologic patients af-
fected by acute radiodermatitis.
Materials and method This study includes 57 patients who
showed a dermatitis grade 2 or superior; they were admin-
istered SOD ointment b.i.d. (40 mg, weekly) and follow-up
continued for 12 weeks.
Results At the end of radiotherapy, 77.1% of the patients
ameliorated completely or partially, and at the end of the
12-week period 100% of patients were free of toxicity. No
acute toxicity relapses were reported. Response time re-
duced during radiotherapy, as well as the treatment time at
the end of it.
Conclusions The employment of SOD topically is efficient
in the treatment of radiodermatitis, which is an acute side
effect of radiotherapy.

Keywords Superoxide dismutase · Radiodermatitis ·
Orgotein · Topical route

Introduction

The employment of radiotherapy in the treatment of malign
tumours has always implied the involvement of healthy tis-
sue next to the tumour. The effect that ionising radiation has
on the water molecules of tissues is well known [1]; it is pro-
duced by the hydrolysis of water molecules into superoxide
radicals from oxygen (O2, HO–), where they have the ability
to trigger inflammatory processes on the tissues affected [2–4].

In a natural manner, the organism tries to counteract the
effect of oxygen-free radicals by the action of different en-
zymes; endogenous superoxide dismutase is one of the
most important enzymes [5]. The main problem of endoge-
nous SOD is that it acts intracellularly [6, 7], so it cannot
cross the cell membrane to eliminate free radicals from the
extracellular liquid.

The utility of the SOD enzyme is widely demonstrated
both for the treatment of inflammatory processes related to
side effects of radiotherapy [8–13] and other processes
triggered by oxygen-free radicals [14–17].

As the skin is the entrance of external radiations during
the treatment of all tumours, radiodermatitis is regarded as
one of the side effects that occurs more frequently and af-
fects people both by the pain it produces and the aesthetic
effect it has.

The objective of this study is to test the efficiency of
SOD administered topically in the treatment of acute radio-
dermatitis, as well as its ability to prevent the interruption
of radiotherapy treatments.

Material and methods

Patients
The study includes 57 patients with acute radiodermatitis
grade 2 or superior, according to RTOG [18] and EORTC
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[19] scales on acute toxicity, who underwent external ra-
diotherapy (ERT) at the Servicio de Oncología Ra-
dioterápica del Hospital Central de la Defensa (Radiothera-
py Oncology Department at the Central Military Hospital).

Of this group of 57 patients, 52.5% (30) were males
and 47.4% were females; the average age was 60.33 years
(range, 31–87).

Tumour localisation: 31 patients (54.4%) showed head
and neck tumours, 27 patients (29.8%) breast cancer and 9
patients (15.8%) diverse tumour localisations (prostate,
rectum or ovary tumours).

Oncologic treatments comprised surgery, previous
chemotherapy or concomitant with ERT and all patients
underwent ERT (Table 1).

ERT administered to patients is that specified in proto-
cols for each case, where it varies between 50 and 66 Gy
with conventional fractioning from 180 to 200 cGy per ses-
sion, five sessions a week for 5–7 weeks.

SOD treatment

SOD administration is based on a galenic formulation in
the form of an ointment, polyethylene glycol (PEG 4000),
which is added to a superoxide dismutase solution (4
mg/ml) that is obtained from a commercial formulation of
orgotein and benzylic alcohol 2% that acts as a preserva-
tive agent. The total amount of preparation administered
weekly is 40 mg in two daily applications. SOD treatment
begins when cutaneous toxicity reaches grade 2 or superi-
or, and it ends when normality is restored (grade 0), or at
the end of the 12-week period after treatment started. Max-
imum time of treatment is established at 12 weeks accord-
ing to EORTC rules for acute toxicity periods.

Evaluation criteria

The adequate evaluation of effect evolution is established
by a revision calendar: V0 represents basal visit (when tox-
icity was diagnosed); V1, first week after treatment; V2,
two weeks later; V3, three weeks later; V4, 8 weeks later;
and V5, 12 weeks after SOD treatment started. The treat-
ment comprised non-parametric statistical tests to deter-
mine significant differences of toxicity in each visit and
differences among frequencies and mean values χ2 was de-
termined by Friedman’s ANOVA, which was used to com-
pare proportions; other trials included nonparametric tests

for determining Wilcoxon sign-rank on 2-way data, and
Mann–Whitney test for independent samples.

Results

Fifty-seven patients were assessed in the first visit (V0): 43
(75.4%) showed toxicity grade 2 and 14 patients (24.6%)
showed toxicity grade 3.

At V1, one week after SOD treatment, 16 patients
(28.1%) showed toxicity grade 1, 37 patients (64.9%)
showed grade 2 and 4 patients (7%) showed grade 3.

At V2, two weeks after treatment, 11 patients (19.3%)
showed total remission of acute toxicity (grade 0), grade 1
was observed in 30 patients (52.6%) grade 2 in 14 patients
(24.6%), and 2 patients (3.5%) still showed grade 3 (Fig. 1).

At revision V3, four weeks had elapsed under SOD
treatment, that is to say, 2 weeks from the previous revi-
sion; therefore patients who showed toxicity grade 0 in V2
were out of pharmacological treatment during this period.
We report 37 patients (64.9%) showing grade 0, 15 patients
(26.3%) showing grade 1, 4 patients (7%) showing grade 2
and 1 patient (1.8%) showing grade 3 (Fig. 2).
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Table 1 Summary of oncologic treatments

CHMT-T
Total

No Previous Concomitant

Previous surgery No Count (% of total) 6 (10.5) 4 (7.0) 8 (14.0) 18 (31.6)
Yes Count (% of total) 22 (38.6) 10 (17.5) 7 (12.3) 39 (68.4)

Total Count (% of total) 28 (49.1) 14 (24.6) 15 (26.3) 57 (100.0)
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Fig. 1 Evolution of toxicity at V1 and V2



At V4, eight weeks of follow-up had already elapsed.
Three patients did not attend their visits and could not be
accounted for, while 54 patients were still under assess-
ment. From this group, 51 patients (89.5%) showed toxici-
ty grade 0 and the remaining 3 patients (5.3%) showed
grade 1 (Fig. 3). Evolution of toxicity grades from the time
treatment began is shown in Table 2.

At the final visit (V5), 2 more patients did not attend
the visits established by the calendar. At this last revision,
at the end of a period of 12 weeks, we observed that no
signs of acute toxicity were observed in the group of 52 as-
sessable patients, so their grade was 0.

Al in all, a 77.1% value was obtained at the end of ra-
diotherapy (17.5% for total response and 59.6% for partial
response); no worsening of the condition was observed at
the end of the 12-week period –this would represent the
period of acute toxicity– so toxicity remission was com-
plete.

As for radiodermatitis and its evolution during treat-
ment, no significant differences were found with regard to
sex, age, tumour localisation and existence or otherwise of
other oncologic treatments.

In our study, our patients received radiotherapy treat-
ment for an average time of 7.45 weeks. In this period, pa-
tients received topical treatment with SOD for 7.45 weeks.
The time needed for continuing the treatment against toxic-
ity at the end of radiotherapy was 2.1 weeks. Figures re-
garding evolution of patients from toxicity diagnosis to end
of radiotherapy are listed in Table 3.

We must bear in mind that the average time for toxicity
signs to remit was 2.22 weeks (Fig. 4), so amelioration be-
gan when the patients were still under radiotherapy treat-
ment. The average time for total remission of toxicity was
4.58 weeks. Figures on the evolution of toxicity from the
beginning of treatment to the end of the 12-week period are
listed in Fig. 5.
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Fig. 3 Evolution of toxicity between the 4th and 8th weeks

Table 2 Evolution of toxicity since the start of SOD treatment

Visits
RTOG

Total
0 1 2 3

V0 43 (75.4%) 14 (24.6%) 57
V1 16 (28.1%) 37 (64.9%) 4 (7%) 57
V2 11 (19.3%) 30 (52.6%) 14 (26.4%) 2 (3.5%) 57
V3 37 (64.9%) 15 (26.3%) 4 (7%) 1 (1.8%) 57
V4 51 (89.5%) 3 (5.3%) 54a
V5 52 (91.2%) 52a

aThree patients did not attend visits at V4 and V5



Discussion

The use of radiotherapy for the treatment of tumours is
more and more successful in the healing of this condition.
Limitations of the treatment are mainly determined by the
side effects that ionising radiations produce.

Although radiodermatitis is not the main side effect of
radiotherapy, it is the most frequent. It leads to tissue dam-

age and triggers pain. Pain may force patients to give up
treatment, with the result that they alter the treatment
planning and recovery. Some authors [20] think that hy-
gienic measures may be employed and toxicity under
grade 3 may be endured without medication during the ra-
diotherapy period. For cases with a higher grade, they sug-
gest discontinuation of the treatment and treatment of tox-
icity with corticoids.

The results we obtained demonstrate that toxicity
may be controlled while patients undergo radiotherapy
treatments. Hygienic measures make toxicity remission
possible in 4–6 weeks once radiotherapy has ended. The
data we have obtained proves that this period of time
may be reduced to 2.1 weeks as soon as radiotherapy has
ended.

Bibliographic revisions indicate there are no studies on
acute radiodermatitis treated topically with SOD. Some
prevention studies [21] on patients treated systemically re-
veal there are no differences between the group treated
with SOD and the group treated without it.

Topical application has always been the method used on
chronic toxicities [22–24], in cases where lesions are late and
treatment periods are long –6 months– and results in amelio-
ration vary between 40% and 92%; this includes those pa-
tients who meliorated and those who healed completely.

The results we have obtained are very similar to those
from the centre of Valencia and collaborators [25, 26],
where the use of SOD systemically for the treatment of
acute toxicity yielded a value of 92% among patients
who meliorated partially and those who meliorated com-
pletely.
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Table 3 Evolution of patients from V0 to end of ERT

RTOG end of RT Total

0 1 2 3

Initial RTOG 2 Count (% of total) 7 (12.3) 25 (43.9) 11 (19.3) 43 (75.4)
3 Count (% of total) 3 (5.3) 5 (8.8) 4 (7.0) 2 (3.5) 14 (24.6)

Total Count (% of total) 10 (17.5) 30 (52.6) 15 (26.3) 2 (3.5) 57 (100.0)

Fig. 4 Evolution of a patient in the RTOG 2 in the first week of treatment
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Conclusions

We can conclude, after the analysis of the results, that this
pharmacologic topical route developed for administering
SOD is effective. This topical treatment has proved it can
control radiotherapy toxicity while it is being administered;
it shows a 77.1% of response at the end of radiotherapy
(17.5% of total response and 59.6% of partial response).
No worsening of the condition is observed at the end of the
12-week period –the period of acute toxicity– and the re-
mission of toxicity is total.

Topical SOD reduces the time of toxicity remission during
radiotherapy; it also reduces the time that toxicity takes to disap-
pear after treatment. No relapses of acute toxicity are produced.

Topical SOD does not require hospitalisation, not even
outpatient treatment in a healthcare centre, as patients may
administer it themselves at home. This improves the quali-
ty of life of oncologic patients. Besides, this topical route
is not an aggressive one.

Therefore, we can conclude that the topical administra-
tion of SOD is an effective alternative for the treatment of
radiodermatitis.
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