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Summary

Design: Clinical evidence from a few experimental and randomized trials have implicated the
possible benefit of cytokines in prevention and healing of radiation induced mucositis. This
pilot study was undertaken to assess the effectiveness of Granulocyte-Colony Stimulating Fac-
tor (G-CSF) on healing of radiation induced moist desquamation of the skin. Rationale for the
study: intervention with exogenous growth factors along with conventional treatment prac-
tices may stimulate faster skin healing and help the patient in resuming normalcy at the ear-
liest. Materials and Methods: Twenty three patients with established grade Ill moist desquama-
tion of skin at the site of radiation and during the course of their radiotherapy were recruited for
this study. Patients were administered a single dose of Granulocyte-Colony Stimulating Factor
(G-CSF - Neupogen® (Filgrastim)) 300 pg subcutaneously at the periphery of the wound as
a single session. The rate of skin healing was documented as a function of time from D1 (day of
Filgastrim instillation) to the number of days required for complete healing/re-epithelization of
the open skin wound. Results: There was a rapid response and decreased severity of the grade
Il radiation skin reactions, which extrapolated to an early resumption of radiotherapy treat-
ment. Twenty patients (86%) showed healing of their wounds within 10 days which was nota-
bly faster than the expected 2 to 3 weeks anticipated for the severity/grade of the skin reaction.
Thirteen patients (56.5%) showed a remarkably rapid response of healing within 5 days. No
significant side effects were experienced after the single dose was administered. The mean du-
ration to resolution of moist desquamation was calculated as 6.65 *+ 4.73 days. Among the as-
sociated parameters, only location of lesion and depth of skin reaction significantly affected the
rate of healing. Superficial epidermal erosions showed excellent response with 4.53 + 2.07 days
of re-epithelization & healing (p < 0.001) compared to deep dermal exposure. The results are
suggestive of a promising role of G-CSF in the management of Grade lll radiation induced skin
reaction (moist desquamation).This concept requires structured randomized trials to establish
significance of benefit. Conclusion: G-CSF appears to promote wound healing; this cytokine has
the potential to favorably modify the healing process of radiation induced moist desquama-
tion of the skin. This study demonstrates that this dreaded side effect of radiotherapy can by
managed in a very simple, convenient and cost effective way, without toxicity & intervention.
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Souhrn

Cil studie: Klinické dikazy z nékolika experimentalnich a randomizovanych studii naznacily mozny pozitivni vliv cytokint na prevenci a ho-
jeni mukozitidy vyvolané ozarovanim. Tato pilotni studie byla provedena s cilem zhodnotit U¢innost faktoru stimulujiciho kolonie granulocytt
(G-CSF) na hojeni vinké deskvamace kize vyvolané radiaci. Oddvodnéni studie: intervence exogennimi rstovymi faktory spolu s konven¢nimi
|é¢ebnymi metodami mUze vyvolat rychlejsi hojeni klize a pomoci pacientim co nejdiive znovu nabyt normalniho stavu. Materidl a metodo-
logie: Do studie bylo zafazeno 23 pacientd, u nichz byla v prdbéhu ozafovani prokazéna v misté ozareni vlhka deskvamace klze stupné lIl.
Pacientim byla do okraje rany subkutanné podana jedna davka 300 pg faktoru stimulujiciho kolonie granulocyt(i (G-CSF - Neupogen®
(filgrastim)). Rychlost hojeni byla zaznamenéna jako funkce ¢asu ode dne D1 (den podani filgastrimu) do poctu dnd potiebnych k uplnému
zhojeni/reepitelizaci oteviené kozni rany. Vysledky: Byla zjisténa rychla odpovéd a snizeni zadvaznosti koznich reakci na ozareni stupné IIl; toto
se odrazilo v ¢asném znovuzahajeni radioterapie. U dvaceti pacientd (86 %) doslo ke zhojeni ran do 10 dnd, coz bylo vyrazné rychlejsi nez 2 az
3 tydny, které byly ocekavéany na zdkladé zavaznosti/stupné kozni reakce. U tfinacti pacientt (56,5 %) doslo k vyznamné rychlejsi odpovédi se
zhojenim béhem 5 dnU. Po podani v jedné davce nebyly zaznamenény zadné vyrazné nezadouci ucinky. Priimérna doba do zhojeni vlhké de-
skvamace byla spoctena na 6,65 + 4,73 dne. Z dalSich sledovanych parametrd mély na rychlost hojeni vliv pouze misto poskozeni a hloubka kozni
rany. Pfi 4,53 + 2,07 dne do reepitelizace a hojeni prokézaly povrchové epidermalni eroze v porovnénis hlubokymi dermalnimi ranami (p < 0,001)
skvélou odpovéd. Vysledky naznacuji slibnou roli G-CSF v 1é¢bé koznich reakci vyvolanych radiaci (vihké deskvamace) stupné lll. Stanoveni miry
vyznamnosti pfinosu tohoto konceptu vyZaduje provedeni strukturovanych randomizovanych studii. Zdvér: Zda se, ze G-CSF podporuje hojeni
ran. Tento cytokin ma kapacitu pozitivné ovlivnit proces hojeni vihké deskvamace vyvolané ozarenim. Tato studie prokazuje, Ze tento obavany

nezadouci Ucinek radioterapie muze byt zvladnut velmi jednoduchou, pohodinou a ndkladové efektivni cestou, bez toxicity a intervence.

Kli¢cova slova

G-CSF - cytokiny — kiiZze - radioterapie — dermatitida — rany — poranéni — karcinom hlavy a krku - filgrastim

Introduction
Radiotherapy (RT) remains the mainstay
of treatment in most solid malignancies,
especially for head and neck and cervical
cancers. Other cancers require RT as an in-
tegral part of their adjuvant treatment re-
gimens. The RT dose required to treat mo-
derately sensitive histology exceeds the
tolerance limits of skin integrity. RT indu-
ced skin reactions, manifesting between
the 5th and 10th week of treatment. Delay
and interruption at this part of treatment
hold a high risk of compromising the
cure of malignancy. Prolonging the over-
all treatment time has a documented ad-
verse effect on the radiocurability of head
and neck and cervical cancers [1-3].

Radiation skin reactions are inevi-
table consequence of intense radiothe-
rapy. Clinical experience confirms that
moist desquamation reactions in the ir-
radiated skin are distressing and painful
to the patient, but sometimes this con-
dition can be extremely difficult to ma-
nage. More than 80% of patients expe-
rience skin reactions of various grades,
approximately 80-90% of patients ex-
perience erythematous reactions and
around 2-15% of patients experience
moist desquamation [4,5].

Skin reactions can range from mild
erythema, through dry desquamation

(dry, flaky or scaly skin) to confluent
moist desquamation, where blistering,
peeling and sloughing of the skin occur.
The most severe stage of necrosis is ra-
rely seen nowadays.

The skin is composed of two main la-
yers: the epidermis (superficial layer) and
the dermis (deep layer). Skin homeosta-
sis is normally achieved by new cells for-
med in the basal layer of the epidermis.
Repopulation of the entire epidermis
takes approximately 4 weeks, although
this process can be shorter during he-
aling. The basal layer of the epidermis
proliferates rapidly, so it is particularly
sensitive to radiotherapy. lonising ra-
diation essentially damages the mitotic
ability of clonogenic or stem cells within
the basal layer, thus preventing the pro-
cess of repopulation and weakening the
integrity of the skin. Moist desquama-
tion occurs when clonogenic cells in the
basal layer are sterilised, thus rendering
cells unable to repopulate in time to re-
place the damaged tissue.

Consequently, the epidermis beco-
mes broken, and it was found that basal
cell loss began once the radiation dose
reached 20-25 Gy; maximum deple-
tion of basal cells occurred when the pa-
tient had received a dose of 50 Gy. Small
areas of moist desquamation tend to

heal from the basal layer, whereas large
areas of broken epidermis require cells
to migrate from the surrounding epider-
mis. Healing becomes visible as islands
of epidermal cells expand and reform in
central and peripheral regions of des-
quamation [6-9].

There is very limited data and much
conflicting evidence as how skin reac-
tions should be prevented or what are
the optimal methods to treat them when
they occur. Wound healing is a com-
plex programmed sequence of mole-
cular processes, such as cell migration,
angiogenesis, provisional matrix synthe-
sis, collagen deposition etc. Growth fac-
tors and cytokines are considered can-
didate therapeutics because they are
synthesized and stimulate cells required
for tissue repair (eg. platelet, macropha-
ges, endothelial cells, keratinocytes and
fibroblasts) [10-12]. The possible role of
exogenous cytokines (G-CSF) in chro-
nic wound healing and management of
oral mucositis has been studied in detail
in a few randomized trials, showing po-
sitive and inconclusive benefit [12,13].
The role of cytokines, such as G-CSF,
a hematopoietic growth factor, has been
investigated in mucosal protection du-
ring cytotoxic chemotherapy [14,15].
More importantly, the risk of stimulating
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tumor growth by cytokines has been va-
lidated by a few studies [16]. However,
further evidence may be required before
this can be verified. In this pilot study, we
have attempted to extrapolate what has
been found in chronic wound healing
and mucositis to the management of
moist desquamation of the skin to pro-
mote radiation induced wound healing.

The objectives of the study is to assess
the effectiveness of Granulocyte- Colony
Stimulating Factor (G-CSF - Neupogen®
(Filgrastim)) on healing of radiation in-
duced moist desquamation

Materials and Methods

In this study, 1,070 patients receiving
radiotherapy on Telecobalt machine
per year were included. Twenty-three
(2.14%) patients presented with docu-
mented confluent moist desquama-
tion, grade lll radiation induced skin re-
action (RTOG/EORTC) were recruited for
the study after they signed the informed
consent form. The treatment was deli-
vered using conventional fractionation
and telecobalt gamma rays.

The evaluated parameters inclu-
ded: base line patients’ characteris-
tics, site of lesion, primary tumor, RT
dose at which the moist desquama-
tion developed, characteristics of the
skin wound (superficial dermal expo-
sure, deep dermal exposure), the size
(length vs width in cms) and area (cm?)
of skin moist desquamation was noted;
all patients were treated with a uni-
form GCSF treatment protocol. The
rate of skin healing was documented
as a function of time from D1 (day of
Filgastrim administration) to the num-
ber of days required for complete hea-
ling/re-epithelization of the open skin
wound. The above parameters were in-
dependently accessed by 3 radiation
oncologist, and the data were corro-
borated and analyzed.

Filgastrim Treatment Protocol
Step 1: Aseptic precautions were taken
during the procedure - injection of a sin-
gle dose of 300 ug of Filgrastim was ad-
ministered,subcutaneously in the unirra-
diated normal skin around the periphery
of the moist desquamation (2 or 4 quad-
rant zones).

Step 2: Proper wound care was advi-
sed - air drying and rest to the part of
the body that is affected for 2 to 3 days,
mainly to prevent skin fold from rubbing
against the exposed skin and aggrava-
ting the lesion and to clothes from stic-
king to the exposed skin wound.

Step 3: Sprinkling of Neosporin® —
antibiotic powder (contains Neomycin &
Polymixin B sulfates & Bacitracin zinc)
ever 6 hours was advised (instructions
were not to touch the exposed skin with
cotton swab or apply ointments).

Step 4: Appropriate oral antibiotics
(such as Amoxicillin & Cloxacillin for
7 days or Ciprofloxacilllin with or with-
out Tinidazole) when necessary were
given to patients

Step 5: Analgesic & anti inflammatory
drugs: oral Ibuprofen if subject is sym-
ptomatic for 1-2 days.

Statistical Analysis: Student’s test
(two-tailed for independent groups)
and ANOVA were used to find the sig-
nificance of number of days needed for
healing with respect to various risk fac-

tors; regression analysis was used to find
predictors for prognosis to heal after
treatment.

Results

The mean ages of the subjects were
48.39 (+ 10.39) years. Majority of the sub-
jects were females 20 (87%) and 3 (13%)
males. Sixteen patients (70%) developed
RTOG Gr Il moist desquamation of the
skin in the fifth week of treatment with
external radiotherapy dose equal to or
less than 50 Gy (> 40 Gy). Four patients
(17.4%) had observed reactions only du-
ring the 6th week of treatment. Body
site wise, the distribution of the desqua-
mation were on the pelvis (11 patients,
47.8%), thorax (8 patients, 34.8%) and
head & neck (4 patients, 17.4%). As for
the distribution of cancer site in subjects
developing moist desquamation, most
often the reactions were seen in subjects
receiving RT for cervix and breast cancer,
mainly due to skin fold and rubbing of
tight clothes against the skin as obser-
ved clinically (Tab. 1). At presentation,
the size of the confluent skin desqua-

Tab. 1. Cancer site wise distribution of subjects developing moist desquamation.

Cancer (Ca) Number %
site wise distribution (n=23)

1. Ca cervix 7 304
2. Ca breast 8 34.8
3. Ca endomettrium 2 8.7
4. Ca larynx 3 13.0
5. Ca oropharynx 1 43
6. Cavagina 1 43
7.Carectum 1 43

Tab. 2. Shows the maximum size and area of the confluent skin desquamation.

Maximum length (cm)
upto5

6-10

>11

mean + SD

AREA (sqcm)

upto 10

11-20

> 21

mean + SD

Number (n = 23)

16
4
3

%
69.6
17.4
13
548 +4.07 cm

52.2

26.1

21.7
18.04 £ 25.72 sqcm

Klin Onkol 2012; 25(3): 199-205

201




GRANULOCYTE-COLONY STIMULATING FACTOR (G-CSF) ACCELERATES HEALING OF RADIATION INDUCED MOIST

~
Tab. 3. Response to GCSF treatment protocol in terms of number of days required
to heal with respect to various clinical factors.
Number of D
Risk factors Levels amberol Days P value
Mean = SD
30-40 5.00 + 3.00
agein years 41-50 5.64 +£2.87 0.175
>50 9.43+£7.02
male 1433 +8.14
sex 0.001**
female 5.50 +2.87
pelvis 5.36+3.20
site thorax 5.63+2.77 0.025*
head & neck 12.28 +7.85
up to 40 3.00+1.41
RT dose 41-50 6.88 £ 4.60 0.531
>50 7.40£5.98
| - upto5 6.62 +5.35
ength of skin 6-10 6.56 + 2.65 0.991
reaction (cm)
>11 7.00 £4.58
£ okl upto 10 5.50+4.44
area of skin 11-20 9.50 + 5.65 0.234
reaction (sqcm)
>21 6.00 + 3.54
. superficial epidermal
depth of skin involvement L RiReA < 0.001**
reaction
deep — dermal exposure 12.67 +5.13
_ /
Tab. 4. Number of days required to heal completely from the time of single dose of
Neupogen (Filgrastim) 300 pg injection.
Number of days required to heal Number (n = 23) %
up to 5 days 13 56.5
6-10 days 7 304
> 11 days 3 13.1
mean = SD 6.65 *+ 4.73 days
\_ %

Fig. 1. Shows a female patient who completed 50 Gy in 25 fractions radiotherapy for
a breast cancer presented with grade Ill moist dequmation in the axillary fold (Superfi-
cial dermal exposure) (1A). The patient was referred to us for cytokine therapy. The skin
ulceration healed in the next 4 days after GCSF injection (1B).

mation in terms of maximum transverse
diameter was 5.48 + 4.07 cm and area
18.04 + 25.72 cm? (Tab. 2). Seventeen
(74%) of the subjects had superficial der-
mal exposures, and 6 patients (26%) pre-
sented with deep dermal exposure.

A summary of response assessment
to GCSF treatment protocol in terms of
number of days required to heal com-
pletely is presented in Tab. 3. Positive re-
sponse was assessable in all 23 patients.
There was a rapid reduction in severity
of Grade Il reaction in 13 (56.5%) pa-
tients, who were able to reassume their
treatment within 5 days. These patients’
wound had dried, and complete re-epi-
thilisation was evident. Overall, 20 pa-
tients (87%) had better and faster hea-
ling than anticipated for the severity and
grade of reaction, and only 3 (13%) pa-
tients required more than 10 days for
healing. The mean duration to resolution
of moist desquamation was calculated
as 6.65 + 4.73 days (Tab. 4). Notably, with
site specific evaluation, the rate of hea-
ling was more rapid for pelvis and tho-
rax (Tab. 3): with mean number of days
required to heal 5.36 £ 3.2 and 5.63 £
2.77 days, respectively, when compa-
red to head and neck sites. As expected,
the depth of dermal exposure was the
other significant parameter: deep lesions
took a longer time to heal. It was obser-
ved that deep dermal exposures requi-
red three times as long to heal (12.67 +
5.13 days) than superficial lesions (4.53 +
2.07) days (p < 0.001). This was the most
significance parameter observed in this
study (Graph 1). Age did not prove a sig-
nificant factor in delayed healing. The
rapid rate of healing of moist desquama-
tion with this novel technique has been
illustrated by case studies (Fig. 1-3).

Figures 1-3 show photographs of indi-
vidual cases of patients who presented
with superficial and deep dermal expo-
sure moist desquamation. These patients
were treated with a single subcutaneous
dose of G-CSF and complete re-eiptheli-
zation and healing of the moist desqua-
mation was observed within 1 week.

Discussion

A number of factors influence the seve-
rity, onset and duration of radiation skin
reactions. In general, moist areas of the
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Fig. 2. Shows a female patient who com-
pleted radiotherapy 50 Gy in 25 fractions
5 fractions per week, for Cancer Cervix.
She presented with grade Il moist des-
quamation of the skin with deep dermal
exposure. The patient was referred to us
for cytokine therapy. 2A: before cytokine
injection, 2B: day 2, 2C: day 3, 2D: day 4,
2E: day 5. Shows complete healing.

76,5

percentages

0

up to 5 days

6-10 days
K number of days required to heal Y,

W sup. epdermal invol. ® deep

50 50

0

> 11 days

Graph 1. Number of days required to heal after G CSF injection to promote wound
healing in superficial and deep skin wounds.

body or those that contain skinfolds are
more likely to be affected, such as area
under the breast, axilla, head and neck,
perineum and groins [17].

Intrinsic factors may also play a part,
including the baseline characteristics
of the patient in terms of general skin
condition, nutritional status, age, gene-
ral health, co-morbid disease and eth-
nicity. Extrinsic factors, including the
dose, energy and fractionation regime
(i.e. those prescribed by the radiation
oncologist), also affect the degree of ex-
perienced skin reaction. Although the
skin-sparing effect of modern linear
accelerators ensures that the maximum
dose of radiotherapy is reached below
the basal layer of the skin, certain treat-

Fig. 3. Fig. 3A shows a 55-year-old male on treatment with external radiotherapy for

ment techniques will increase the likeli-
hood of the skin receiving a dose indu-
cing a visible reaction [18].

The pathogenesis of radiation indu-
ced moist desquamation occurs when
clonogenic cells in the basal layer are
sterilized thus rendering cells unable to
repopulate in time to replace the dama-
ged tissue; consequently, the epider-
mis becomes ulcerated. The basal cell
loss begins once radiation dose reaches
20-25 Gy, and the maximum depletion
of basal cells occurs when the patient
has received a dose of 50 Gy. This would
infer an expected Grade Il skin reaction
around the 4th to 5th week of treatment.
This observation held true in our study
where 16 (70%) patients developed

.

a head and neck malignancy with grade Il moist desquamation that had developed
in the 5th week of treatment and was treated with GV paint for 1 week without any re-
sponse and the wet skin moist desquamtion persisted and the patient was referred to
us for cytokine therapy. Fig. 3B shows the same patient with remarkable resolution of
lesion by day 5 after a single dose of GCSF injection. He was able to reassume radio-
therapy within a week.
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moist desquamation during this period.
Skin care for the management of moist
desquamation varied from local appli-
cation of steroid cream/Gentian violet
to the systemic administration of stero-
ids. The evidence to support the use of
wound care products is scarce and rema-
ins an area of considerable controversy.
Many of the currently accepted practi-
ces have their limitations and even disa-
dvantages. For example, steroid creams,
although useful in reducing the discom-
fort of inflammation and itching, do not
reduce the duration of moist desqua-
mation. The pathogenesis of mucositis
is very similar to that of desquamation.
More extensive work has to be done in
prevention and management of this
condition. Notably, this is where the role
of cytokines was first evaluated for the
management of radiation reaction. Va-
rious studies evaluating the role of cyto-
kines as a topical agens and their syste-
mic use were published [19-23].

Granulocyte macrophage colony sti-
mulating factor influences proliferation
and differentiation of stem cells and re-
gulates several functions in mature leu-
kocytes, macrophages and dendritic
cells in sub-dermis and dermis [23,24].
It has been documented to reduce mor-
bidity associated with burns and to sig-
nificantly reduce the healing period.
G-CSF has also been evaluated for the
healing of chemotherapy induced mu-
cositis [25,26]. Therefore, we conside-
red it appropriate to evaluate its role in
the healing of radiation induced moist
desquamation.

The aim of this study was to evaluate
the possible role of G-CSF in accelerating
the healing of established moist desqua-
mation. Of the 23 evaluated patients,
22 patients had Gr lll moist desquama-
tion mostly occurring in the 4th to 5th
week of radiation treatment. This study
differs from retrospective series using
G-CSF for radiation mucosites in seve-
ral ways. Firstly, we used a single bolus
injection of 300 pug opposed to daily
graded injections used in other trials.
The injection used in our study was deli-
vered atthe unirradiated periphery of the
wound with the intention of stimulating
a more local reaction. The advantage of
this approach would be its cost effective-

ness, patient compliance and avoidance
of toxicity. In fact, none of patients de-
monstrated expected toxicity, such as
anaphylaxis, skin reaction, fever or bone
pain. The study confirms the hypothe-
sis of the benefit of cytokines in wound
healing by demonstrating an accelera-
ted time to heal. It was observed that at
head and neck sites: although the me-
dian length of reaction (5.33 £ 5.77 cms)
was only 25% of the median length of
reaction in the chestwall (19.57 cm) and
pelvic sites (20.11 cm), the number of
days to heal was nearly 3 times as long,
12.28 + 7.85 days versus 5.36 + 3.20. This
was an interesting observation as one
would not expect such a discrepancy
with a richer skin vasculature in the head
and neck region. Skin biopsy would pro-
bably shed more light on pathogenesis
of this phenomenon. The most signifi-
cant comparative evaluated parameter
was the depth of skin involvement/da-
mage. As expected, deeper lesions took
longer time to heal, 12.67 + 5.13 days,
when compared to superficial epidermal
reactions, 4.53 £ 2.07 days. This finding
was the most significance (p < 0.001)
(Tab. 1). However, even these lesions he-
aled at least one week earlier than simi-
lar deep reactions in historical control.
Although age was also evaluated, it did
not prove to be a significant parameter
in determining the rate of healing.

Various methods have been advoca-
ted to enhance the healing process of
radiation therapy induced moist skin
reaction. In a study using hydrocolloid
occlusive dressing (Duoderm), 20 pa-
tients were shown to have mean heal-
ing time of 12 days [27]. With amnion as
a biological dressing, a study of 14 pa-
tients, the median of duration of ulcer
healing was 7 days, requiring median of
4 dressings [28]. For hydrogel dressing,
the median time to healing was 12 days
but for GV paint, the median time to
healing was 30 days [29]. GM-CSF(Mielo-
gen®) impregnated gauze with steroid
cream, significantly decreased and pre-
vented radiation skin reactions and also
promoted healing of GlI/Ill skin damages
(4.58 £ 2.93 days versus 6.16 + 1.91 days
for steroid cream alone [30].

Several studies previously examined
the ability of GM-CSF to modify radia-

tion induces mucositis. Five randomi-
zed controlled trials of GM-CSF reported
promising symptomatic improvement
in pain and erythema [26,30-32]. How-
ever, unlike our study, the reduction of
duration of mucositis was not as sig-
nificant. Neither was the impact of
reduction in duration of treatment
interruption.

Studies dealing with the use of cytoki-
nes in resolving skin desquamation are
much more limited [31,33]. Our litera-
ture review did not reveal any other stu-
dies that have used this novel method
of single dose of G-CSF. The authors feel
the novel method of single subcutane-
ous infiltration is more cost effective pa-
tient friendly method with a proven be-
nefit. The biological implications, mode
of delivery, hypothesis and interven-
tion with exogenous growth factors that
may stimulate healing is worth further
evaluation.

Conclusion

Radiation induced skin reactions re-
main a significant problem for pati-
ents undergoing radical radiation the-
rapy. Wide variations in practice exist
in the management of moist desqua-
mation of the skin. There is a need for
more organized research into skin and
wound care products, both to prevent
and to manage radiation induced skin
reactions.

The commonly available Granulo-
cyte-Colony Stimulating Factor (G-CSF -
Neupogen® (Filgrastim) appears to pro-
mote wound healing. This cytokine has
the potential to favorably modify the he-
aling process of radiation induced moist
desquamation of the skin. If used judi-
ciously, it may eventually improve the-
rapeutic ratio by avoiding treatment
interruption and possibly allow dose es-
calation. Without the need for any phy-
sical intervention and hospitalization for
wound management. Our study has de-
monstrated that this dreaded side ef-
fect of radiotherapy can by managed in
a very simple, convenient and cost effe-
ctive way, without toxicity. Further syste-
matic and planned studies are required
to evaluate optimal dosage, schedule of
treatment and confirm the mechanism
of action.
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