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Abstract
A non-blinded three armed study of the effect of Aloe vera, Essex and no lotion on erythema was performed. The erythema
is an effect of radiotherapy treatment in breast cancer patients. The study required testing of objective methods for
measuring the erythema. The chosen experimental methods were Near Infrared Spectroscopy, Laser Doppler Imaging and
Digital Colour Photography. The experimental setup was made in such a way that in parallel with testing the effect of the
lotions there was also a test of the sensitivity of the instruments. Fifty women were selected consecutively to participate in
the study. They were all subjected to treatment with high-energy electrons (9-20 MeV) after mastectomy, 2Gy/day to a total
dose of 50 Gy. Measurements were performed before the start of radiotherapy and thereafter once a week during the course
of treatment. Aloe vera and Essex lotion were applied twice every radiation day in selected sites. The increase in skin redness
could be monitored with all techniques with a detection limit of 8 Gy for Digital Colour Photography and Near Infrared
Spectroscopy and 18 Gy for Laser Doppler Imaging. In clinical practice our recommendation is to use Digital Colour
Photography. No significant median differences were observed between the pairs no lotion-Essex, no lotion-Aloe vera and
Essex-Aloe vera for any of the techniques tested.

Breast cancer is the most common cancer form

among women in Sweden with more than 6 800 new

cases discovered in 2003 (www.cancerfonden.se). In

the developed countries more than 50% of all cancer

patients will be treated with radiotherapy [1]. The

wanted effects of the treatment are failure of mitosis,

cell death, apoptosis and damage to the target cells

although normal tissue is affected as well [1,2] There

are, however, some negative consequences that are

divided into acute and late effects [1]. Thus, up to

95% of the patients treated with external radio-

therapy will experience some form of skin reaction

due to the radiosensitivity of the skin [3,4]. The

exact mechanism for erythema induced by ionizing

radiation is not known, but an intrinsic cellular

radiosensitivity is suggested [4].

The extent of erythema is often assessed with

visual inspection, which implies that there is a risk

that subjective factors interfere with the evaluation.

Furthermore, the absence of a universal skin reac-

tion rating scale makes it difficult to compare results

from different studies [5]. Thus, two different

grading systems were used in a trial investigation

on the toxicity of Aloe vera gel in the management of

radiotherapy induced skin reactions. The methods

were ARSI scale (Acute Skin Reaction Index) and

RTOG (Radiation Therapy Oncology Group) and

the comparison gave different results [6].

Some general recommendations for skin care are

prevalent i.e. it is advised not the rub the skin and to

keep it clean and dry. These have some value but

there is no established consensus on how to treat

skin reactions and therefore treatment policies vary

between centres [7].

The high incidence of skin reactions among

patients undergoing radiotherapy has led to an
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interest in investigating methods to minimise and

treat side effects. In some earlier randomised trials

concerning non-steroid creams [8�12] only sucral-

fate and hyaluronic acid have shown statistically

positive effects [10,13]. Boström et al. recommend

the use of a potent topical steroid together with an

emollient cream [14], which showed a significantly

more effective result than just the emollient cream.

Essex lotion is a commonly recommended

and used product at radiotherapy departments in

Sweden. However, to our knowledge there are no

investigations on its capability to reduce radiother-

apy induced erythema. The effect of using Aloe vera

based products in the treatment of erythema has

been investigated with somewhat contradicting re-

sults [15]. A randomized, controlled and double

blind trial involving 194 women undergoing radio-

therapy for breast cancer was performed by Williams

et al., no significant reduction in erythema was

observed with Aloe vera gel as compared to a

placebo [16]. Similar results were obtained when

Aloe vera was compared with Aqueous cream in a

phase III study involving 225 breast cancer patients

who were treated with tangential fields after partial

resection [17].

In another randomized, controlled study involving

70 patients, Olsen et al. [18] compared Aloe vera gel

and mild soap versus using mild soap alone in

preventing radiotherapy induced erythema. It was

concluded that the application of Aloe vera gel on

the irradiated skin provides a protective effect at

cumulative dose larger than 27 Gy. Another study

concludes that hydrophilic substances such as Aloe

vera gel or vegetable oils that are high in essential

fatty acids are as effective as mild steroid creams

such as 1% hydrocortisone in reducing severe

reactions [15].

Three different objective measurements Near

Infrared spectroscopy, Laser Doppler Imaging and

Digital Colour Photography are suggested in this

paper for objective classification of erythema. The

technical details of these methods including statis-

tical analysis of the data are described elsewhere

[19]. In the present paper the potential of the

objective methods to measure increase in erythema

compared to non-irradiated skin is investigated.

Once the first goal is reached, the methods can

also be used to try to differentiate between the lotion

treatments. In clinical practise patients are often

recommended to use Essex lotion to reduce skin

reactions during radiotherapy. This treatment can be

expensive for the patients and therefore more knowl-

edge is needed for a well-founded recommendation.

Thus the main goal of the present paper is to use

the objective methods in determining whether Essex

lotion or Aloe vera could reduce the intensity of the

erythema in acute radiation dermatitis and to find a

scientific recommendation for the patient.

Material and methods

Clinical background

Fifty female patients with breast cancer who had

undergone total mastectomy were included in the

study by consecutive selection. A previous pilot

study on 25 patients showed promising results, but

also a large variation in the data. Therefore it was

decided to double the number of patients. This was

also reasonable considering time and expenses

involved.

The average age was 60 years. The patients were

subjected to treatment involving 2Gy/day to a total

dose of 50Gy, with high energy electrons 9-20 MeV,

[20 MeV (n�1), 15 MeV (n�4), 12 MeV (n�21),

10 MeV (n�21), 9 MeV (n�3)]. To make sure that

the exact dose was delivered to the patients the

equipment was controlled by a radiophysicist every

day. No investigation was made on whether the

different energies applied had any effect on the

development of erythema. Bolus was used for all

patients to reach maximum dose in the skin and this

should minimize any influence the effect different

energy would have on the development of erythema.

Forty of the women in the study had received

chemotherapy before starting their radiotherapy

treatment. To obtain a uniform dose distribution a

radiophysicist selected, three sites (2�4 cm2) in the

treated area. Site two was not treated with skin lotion

while the other two sites were treated twice every

radiation day with Aloe vera gel and Essex lotion

(0.2 ml) respectively (Figure 1). The patients

included in the study were informed not to use any

topical treatment themselves in the treated area. The

lotions were applied directly after the radiotherapy

treatment and once again 4 hours later by a nurse.

Previous studies (23) have shown a large individual

variation between patients and therefore this study

uses each patient as their own reference. In order to

apply the lotions in a reproducible manner. After 25

patients the lotion-treated sites were inter-changed.

All four sites, see Figure 1, were measured with Near

Infrared Spectroscopy, Digital Camera and Laser

Doppler Imaging before radiation treatment started

and thereafter once a week during the course of

treatment. This study was performed to objectively

study the extent of erythema developed and to see if

the lotions would effect the development of er-

ythema. Subjective classification is a rough estima-

tion and the small treatment areas used in this study

(2�4 cm) would make it problematic to give an

accurate subjective estimation.
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All women participating in the study signed a

written consent and the study was approved by the

Ethical Committee (archive number 02-168) and the

‘‘Medical Products Agency’’ (archive number 2002/

23568) and was monitored by Northern Sweden

Clinical Research Institute NS-CRI

Skin lotions

The lotions in the present study were Aloe barba-

densis 97% Gel (Neli AB, Halmstad, Sweden) and

Essex lotion (Schering � Plough, Germany), see

Appendix 1. A volume of 0.2 ml was applied twice

every treatment day. Essex lotion was chosen as this

is the most frequently recommended lotion at the

local university hospital as in many other treatment

centres in Sweden. Aloe vera on the other hand is a

lotion often chosen by the patients themselves as it is

believed to have positive healing effect on skin burns.

Aloe barbadensis is a member of the liliaceae family

[20]. The chemical composition of the Aloe plant

depends on climate, species and growing conditions.

The gel of the leaf is the most frequent Aloe product

used by the cosmetic industry and is added to many

sun and skin care products. The variety of organic

materials in the gel is thought to have emollient,

moisturising and healing effects [21]. The use of

Aloe vera in the treatment of skin reactions caused

by radiotherapy dates back to 1935 [22]. Aloe

vera has an ability to penetrate deeply into the

skin, to block UVB sunrays from affecting the

skin, to rebalance the skin pH, and is thought to

have antibiotic, anti-coagulant and anti-viral proper-

ties [15].

Essex lotion is a commonly used lotion that is not

registered as a medical product and therefore there

are no specific recommendations for its use. The

manufacturer claims that it keeps the skin moist

and that it has a protective effect (http//:aponet.

apoteket.se).

Near Infrared Spectroscopy

Near Infrared Spectroscopy has previously been

used for skin studies [23]. The instrument used in

this study was a Bruker FT-NIR (Matrix F) with a

fibre-optic probe (833�2 500 nm). Three consecu-

tive spectra were collected in a scar-free area in the

centre of each of the four measurement sites. The

fibre-optic probe illuminates the skin with near

infrared radiation in a spot of approx. 3 mm

diameter. The reflected radiation that is not ab-

sorbed by the skin is used to construct a spectrum.

The method is fast and easy to use. Wavelengths

above 1 200 nm are not affected by pigmentation.

Digital Colour Photography

As an alternative to visual subjective inspection, it

was decided to use Digital Colour Photography

which is quick, cheap and easy to use. The results

are files with measurable grey levels over the

photographed skin part. The use of an electronic

flash made it possible to have reproducible illumi-

nation. For an objective examination, the data from

the digital camera can easily be extracted and

thereafter subjected to image and/or data analysis.

A Fuji FinePix S2, equipped with a Micro-Nikon

f 1:2, 8 60 mm objective and a Nikon macro

speedlight SB-29 (ring flash) were used to photo-

graph the skin. A white plastic ruler was included in

the 3040�2016 pixel images and used as a white

balance and geometry reference standard. A skin

area, free from scars, and a part of the ruler were

selected from each image to produce average Red

Green Blue (RGB) values. Pigmentation will affect

Figure 1. Illustration of measurement sites. 1 and 3�Essex or Aloe vera, 2�no lotion, 4�healthy breast. Regions 1, 2, 3 can be placed

vertical or horizontal.
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the colour of the skin and could therefore be

confused with classification of erythema.

Laser Doppler

Laser Doppler Imaging uses laser beam scanning to

illuminate a chosen area of skin with monochromatic

laser radiation. The measurement head uses the

wavelength shifts in the radiation to calculate move-

ment of blood cells by the Doppler effect. Thus it

can be used to measure perfusion, i.e. the amount

and velocity of the red blood cells in the skin. The

perfusion is assumed to increase as the erythema

develops. Three measurements were made in all

sites, see Figure 1, with a Laser Doppler Imaging

(PIM II, Perimed, Sweden), and the signal is

processed to a scale linearly related to tissue perfu-

sion. The Laser Doppler images were not reprodu-

cible and therefore an average perfusion was

calculated. It is not expected that pigmentation will

affect the Laser Doppler results in the same way as

perfusion.

Results

The extent of erythema developed differed between

patients. Some patients developed more severe

erythema however no one had to stop their radiation

treatment because of severe skin reactions.

Near Infrared Spectroscopy

The NIR spectra have many correlated wavelengths

and are too large for visual inspection or inclusion as

appendices. Therefore a meaningful data reduction

was needed. Principal component analysis (PCA)

reduces the 5 704 measured wavelengths to a few

components that explain most of the interesting

variation in the data and makes studying the spectral

information much easier. The spectra from site 1�3,

i.e. all patients and all radiation doses were averaged

over replicates, mean-centred and the data matrix

was analysed with Principal Component Analysis,

PCA [24]. The resulting score plot showed cluster-

ing tendencies for the reference measurements and

the measurements made at the end of the radiation

treatment [19] but the large individual differences

call for local, patient-based models. In Figure 2,

score plots of local PCA models for three patients

are shown. For the patient shown in Figure 2a the

three measurement sites separate very well with no

strong tendencies for radiation dose. In Figure 2b

the radiation dose shows a clear trend (arrow) but

the role of measurement sites is rather blurred.

For the patient shown in Figure 2c no trends could

be seen. It is impossible to show all individual patient

models, but generally all patients adhered to one of

the three scenarios portrayed in Figure 2. A PCA on

all the measurements was used to extract first and

second score vectors. These were used for the

calculation of the Wilcoxon Signed Rank Sum Test

[25] (www.fon.hum.uva.nl/Service/Statistics/Signed_

Rank_Test.html), which showed that even measure-

ments made after a small radiation dose differed

significantly from those at zero dose value. This

makes the median detection limit for Near Infrared

Spectroscopy 8 Gy. No significant differences for the

lotions and using no lotion were found by Near

Infrared Spectroscopy.

Digital Colour Photography

There are large individual differences in the sensi-

tivity of the skin to radiotherapy. The photographs in

Figure 3 clearly show that the irradiated skin is

redder than the reference. The images taken at

maximum dose irradiated for the lowest, highest,

and average individual are shown. The irradiated

skin changes in intensity, but also in colour and

therefore an objective observation of change is called

for.

The corrected RGB mean values were organised

in a data matrix (652�3). The matrix was mean-

centred and PCA was calculated. In the scoreplot,

Figure 4, results for 0 Gy and results for 36�50 Gy

for the three treatment sites were used (294 points).

The skew distribution of the values and the risk for

outliers necessitated the use of a nonparametric test

of significance. A univariate index was constructed

by combining the first score with the sign-inverted

second score. Wilcoxon Signed Rank Sum Test

[25] was chosen. This test showed significant

(p�0.05) differences even for the comparison of 0

and 8 Gy. The median differences of the lotions or

between lotion and no lotion were never significant

at p�0.05.

Laser Doppler

Three Laser Doppler measurements were made in

each of the four sites (Figure 1). Since the Laser

Doppler measurement is affected by body tempera-

ture and blood pressure, site four was used as a

reference. A scar-free area was chosen for calculation

of average perfusion in each measured image. The

perfusion mean values over the replicates were

divided with the reference mean values. Standard

deviation was calculated for the 0 Gy Laser Doppler

perfusion values. Large individual differences in

perfusion were observed leading to a high detection

limit as can be seen in Figures 5 and 6, and the

average person does not show a significant increase
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in perfusion until the last two measurement occa-

sions. The Wilcoxon Signed Rank Sum Test was

employed and the detection limit was determined to

be 18 Gy. The median differences between the

lotions and between lotion and no lotion were never

significant.

Discussion

Analysis of the data from the three non-invasive

techniques shows that they all contain information

on changes in the skin related to the extent of

erythema. Digital Colour Photography and Laser

Doppler Imaging gave results that were easy to

calculate and interpret and based on these it is

certainly possible to evaluate if a specific treatment

can prevent radiotherapy-induced erythema. A pre-

vious study [26] shows that objective documentation

using digital photography is a reliable method. The

Laser Doppler technique is also a good candidate for

this purpose but it is more time-consuming and less

sensitive than the other techniques and therefore

might not be the best choice for routine use in the

clinic. Digital Colour Photography with its detection

limit of 8 Gy, on the other hand is cheap and quick

to carry out and is therefore suitable for studying

colour changes in the skin. In this case it is of utmost

importance to develop reproducible routines and

new software to make it useful for clinical practice.

Near Infrared Spectroscopy is fast and easy to use

but requires expensive instrumentation. The results

from the Wilcoxon Signed Rank Sum Test showed a

detection limit of 8 Gy.

Therefore, based on the present results Digital

Colour Photography is recommended as the

cheap and practical method for both objective and

subjective evaluation of skin reactions. The other

methods could be developed in the future by

Figure 2. Principal Component Analysis (PCA on NIR data) score plots for three patients (a-c). The plots illustrate how individuals

respond differently to the radiotherapy treatment and how the sites that are supposed to be similar might still be different.

Figure 3. The developed erythema in dose interval 46�50 Gy for

the lowest, highest and median individual compared to a reference

photograph

Figure 4. PCA score plot of Digital photography data. denotes

radiation dose]36 Gy and denotes reference values, 294

points of 652 total.
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miniaturisation and software development to com-

plement photography.

No significant effect on the extent of erythema,

neither positive nor negative, could be established

from using any of the two lotions. These findings

support the results from several other studies

[6,16,17].

The studied lotions may have some beneficial

effects, but these are not supported by any of the

objective measurements used in the present study.

Skin reactions are an accepted side effect of radio-

therapy but patients request correct information on

what to do in order to decrease the extent of

erythema. There is probably no harm in using Aloe

vera or Essex lotion during the course of radio-

therapy treatment. It is, however, of greatest im-

portance that recommendations of certain skin care

products are based on real knowledge and not only

vague ideas. Caregivers have a responsibility when

recommending topical treatments to patients.

Clinically these different objective methods could

be used to clarify inter-patient variation in the degree

of erythema developed during radiation treatment.

In the future these objective methods might also be

an instrument for developing prediction tests to

adjust the radiation dose based on the radiosensitiv-

ity of the individual patient.
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Appendix 1

Aloe vera gel consists of: Aloe barbadensis 97%, aqua,

carbomer, sodium hydroxide, phenoxyethanol,

methylparben, butylparben, ethylparben, propyl-

parben.

Essex lotion consists of: Aqua, petrolatum, glycerin,

methyl glucose sesquistearate, dimethicone, PEG-20

methyl glucose sesquistearate, palmitic acid, steric

acid, cetyl alcohol, xanchan gum, magnesium alu-

minum silicate, carbomer, sodium hydroxide.
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