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Abstract

We assessed safety and potential efficacy of a chamomile gel compared with urea cream to prevent acute radiation
dermatitis in head and neck cancer patients. We assessed safety and potential efficacy of the chamomile gel in escalating
concentrations of 2.50%, 5.00% and 8.35% of chamomile. Concentration of 8.35% was chosen for a randomized trial
comparing chamomile gel (8.35%) with urea cream (n=24 per group), for potential efficacy to delay or prevent radiation
dermatitis in these patients. Preliminary results demonstrate a delayed onset of dermatitis, with onset of Grade 2
dermatitis at 5.1 (1.3) weeks in the chamomile group and 4.5 (1.3) weeks in the urea group (effect size of 0.46). Itching,
burning and hyperpigmentation were more frequently reported in the urea group. Results indicates a potential efficacy
of the chamomile gel. Further studies are needed to confirm the effect of the chamomile gel in reducing or delaying the
occurrence of radiation dermatitis.
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Introduction therapy and to a reduction of the planned ionizing radiation
dose, which in turn could be detrimental to the treatment
outcome.’

A systematic review found several randomized clinical
trials have investigated the use of topical agents for RD
prevention and treatment in head and neck cancer patients
undergoing radiation therapy.” The topical agents included
trolamine, aloe vera, allantoin, lianbai liquid, sucralfate,
Na-sucrose octasulfate, olive oil, hyaluronic acid, and dex-
panthenol. However, the review showed that there is lim-
ited or no evidence for the efficacy of any of these topical
agents in preventing RD.

Radiation dermatitis (RD) is one of the main toxicities
induced by radiation therapy that occurs in approximately
95% of patients exposed to ionizing radiation.!? RD affects
especially head and neck cancer patients where the skin is
part of the target volume.>*

RD can cause pain, pruritus, burning, and discomfort,
thus affecting the quality of life of a patient.’> Acute injury
occurs within hours after radiation exposure. A large number
of basal keratinocytes are destroyed, resulting in an imbal-
ance in the process of cellular repopulation of the epidermis.
Continued exposure to ionizing radiation does not allow
time for cells to repair tissue or DNA damage. Erythema and
dry desquamation are the first signs of acute RD due to the
injury of the epithelium and underlying structures of the
skin. With dose accumulation over several radiation therapy ’ ' ) )
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RD is an inflammatory reaction and research on preven-
tion and treatment should focus on anti-inflammatory
agents. Chamomilla recutita is a medicinal plant from the
Asteraceae family, whose flowers have anti-inflammatory
properties.®!* The anti-inflammatory action of this plant
has been evaluated for different dermatological conditions,
such as contact dermatitis,'' eczema,'?> peristomal skin
lesions in colostomy,'3 phlebitis,® and dermatitis induced by
ultra-violet irradiation,'* with positive effects in the reduc-
tion of inflammatory signs. Therefore, topical formulations
containing chamomile might be an alternative for manage-
ment of RD.

One formulation of chamomile cream that already exists
in the market contains apigenin-7-glicosideo and levomenol
as active ingredients. Chamomile has other anti-inflamma-
tory ingredients that could be incorporated in a formulation.
In addition, gel formulations are easier to apply and remove
than cream formulations,'® and might be easier to use by the
patient.

The last author (PEDR) has developed a gel formulation
based on several ingredients present in chamomile.! In the
present work, we conducted 2 studies. In the first, we have
prospectively compared 3 concentrations of the developed
chamomile gel to assess its safety and to stablish the dose
for the subsequent randomized trial. In the next study, we
conducted a randomized trial to compare the chamomile gel
(Chamomile Recutita) with urea cream (which is used in the
institutional usual care) to assess the potential efficacy of
the gel in delaying the occurrence of acute RD in patients
with head and neck cancer, and to estimate effect sizes for a
future larger confirmatory study.

Materials and Methods

In the first study, we prospectively compared 3 concentra-
tions of chamomile gel, based on the formulation provided
by the last author (PEDR), to assess its safety and potential
efficacy, and to determine an appropriate starting dose for
the second study. A gel preparation was chosen because it
gives a refreshing sensation and it is oil-free, which is a
more appropriate formulation to apply in skin exposed to
radiation therapy, avoiding a bolus-like effect and making it
easier to remove before the next radiation therapy session.
In the second study, we compared the chamomile gel at the
dose determined in the first study (concentration 8.35%)
with a urea cream to prevent acute RD in head and neck
skin exposed to radiation therapy. Both studies were con-
ducted at the Center of High Complexity Oncology,
University Hospital, Federal University of Brasilia, Brasilia,
Brazil. The study was registered with Clinical Trials
Registry (ClinicalTrials.gov Identifier: NCT02249884 and
NCT02247830). A detailed protocol has been published
elsewhere.!’

Study |: Safety and Potential Efficacy Study

Participants. Thirty participants with head and neck cancer
receiving radiation therapy with or without concomitant
chemotherapy, who were treated at the radiation therapy
center were recruited for this study. Inclusion criteria were
adults 18 years old or older undergoing radiation therapy for
the first time for head and neck cancer. Exclusion criteria
included: presenting without intact skin in the radiation
area, having history of hypersensitivity or adverse reaction
to chamomile or any plant of the Asteraceae or Compositae
family, or receiving any type of medical prescription for
prevention of RD. In addition, the person would be removed
from the trial if he/she received medical prescription for
prevention of RD during any point of the study. The study
was approved by the Committee on Research Ethics of the
School of Health Sciences of the University of Brasilia,
approval number 24692813.6.0000.0030.

Dose escalation of gel. In dose escalation studies, a modified
Fibonacci scheme'® is usually followed, where dose levels
increase by sequentially decreasing increments as the doses
increase. This plan sets the second dose level at double the
initial dose, the third level at 1.67 times higher than the sec-
ond, the fourth at 1.5 times higher than the third, and each
subsequent level is increased by 1.33 times. In this type of
study, there was no control group, as the main objective was
the safety of the gel.

Reis et al® found that a 2.50% dose was active in the
reduction of the duration of erythema in patients with phle-
bitis due to infusion chemotherapy. Therefore, we started
the dose escalation at 2.50%, and used the modified
Fibonacci scheme to increase the doses of the chamomile
gel. The World Health Organization (WHO) establishes that
concentration of doses should not be above 10% in semi-
solid formulations, such as gels.!® Therefore, we tested the
following concentrations: 2.50%, 5.00% and, 8.35%, and
we stopped the escalation, as the next value (12.53%) would
be above the limit established by WHO.

The gel was produced by a compounding pharmacy
according to a formulation developed by the last author.'®
According to the Brazilian Health Surveillance Agency
(Ageéncia de Vigilancia Sanitaria - ANVISA), products made
of chamomile do not require proof of safety because chamo-
mile is already registered at the Brazilian Simplified Registry
of Traditional Phytotherapic Products.?*?! However, since
we were testing increasing doses for efficacy, any adverse
events possibly related to the gel were also evaluated.

Recruitment. Potential participants were approached for
enrollment between April 2014 and April 2015. After
receiving a detailed explanation of the study, eligible indi-
viduals who agreed to participate completed an informed
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consent and were then provided with instructions for usual
post-radiation self-care and for the gel application in the
irradiated skin.

In dose escalation studies, a group of participants receives
the lowest dose, and if there is no toxicity, a second group of
participants receives the next higher dose, and so on. We
started with 10 participants at 2.50% dose, followed by 10
participants for 5.00% dose and 10 participants for 8.35%
dose. The assessment of each participant lasted 3 weeks.

Procedures. The study protocol was the same for all enrolled
participants, except for the dose concentration of chamo-
mile gel as explained above. Participants had an initial con-
sultation with a nurse and learned how to perform self-care
after radiation therapy, including oral hydration (approxi-
mately 2 L of water per day) and skin care with a moistur-
izing soap (Dove™), followed by drying the area with a soft
towel. They were instructed to avoid sun exposure, and for
men, it was recommended that they only use electrical
shavers if necessary. Skin care also included restrictions on
applying any products to the irradiated area to avoid unde-
sirable bolus effects. Participants were instructed to apply
the chamomile gel topically 3 times a day (morning, after-
noon and night) on the skin of the irradiated area for the
entire period of the radiation therapy.

The gel was delivered in tubes, labeled with the product
name (without specifying the concentration), expiration
date, pharmacist’s name, and instructions for use. Participants
and nurse evaluators were kept blinded regarding the gel
dose received by each specific person. Nurse evaluators
were not aware of escalation nature of the study design.

Radiation therapy was delivered using a 6MV photon
beam from a Siemens Primus linear accelerator, in three-
dimensional conformal radiation therapy (3D-CRT) tech-
nique, with thermoplastic mask.

Outcomes. Primary safety outcomes were presence of
toxicity (presence [yes/no] of skin rash, papules, vesicle,
bubbles and, pustule), dry desquamation (yes/no), and
severity of erythema as assessed by the Radiation Ther-
apy Oncology Group (RTOG) criteria (no reaction=0,
mild erythema=1, moderate erythema=2, and severe
erythema=3).%2

The secondary outcome was time to development of ery-
thema, measured as number of sessions of radiation therapy
before erythema development.

Data collection/assessment. The participants were followed
from the first radiation therapy session to the third week
(15 sessions). Radiation therapy sessions occurred from
Monday to Friday. At each session of radiation therapy,
participants were evaluated by nurses and the occurrence
of any of the outcomes was noted. The assessment included
a physical exam of skin according to the RTOG criteria.

Participants were also asked to report any symptoms
related to the gel.

To document the evolution of the outcomes, at each radi-
ation therapy session, photos were taken of the following
regions: frontal region of head and neck, right and left lat-
eral profiles, and neck posterior region. Photos were stan-
dardized, using the same distance from the participant,
same type and intensity of light, and same camera (P510
Nikon). Only persons who agreed (on the signed informed
consent) had their photos taken, and their identity was con-
cealed in the photo.

Statistical analysis. Descriptive analyses (numeric and visual
displays) were performed for all data. To compare demo-
graphic and clinical characteristics of the 3 dose groups and
establish that they were comparable, we used Kruskal-Wal-
lis non-parametric test for medians for age, and the Fisher
exact test for all the categorical variables. To compare the
average number of sessions from radiation therapy initia-
tion to development of RD, we used the Kruskal-Wallis test
since we had 3 groups and we could not assume normality
of the data given the small sample size. Significance level
for all tests was 0.05 and no multiple comparisons adjust-
ment were made because this was a study to assess prelimi-
nary safety and potential efficacy of each dose level. Data
were analyzed using IBM SPSS software (version 26.0 for
Mac).

Study 2: Randomized Trial for Efficacy of
Chamomile Gel versus Cream of Urea

Design and sample. Participants were recruited among
patients in the unit where the study was performed. Inclu-
sion and exclusion criteria for study 2 were the same as
study 1.

Participants were randomly assigned to one of two
groups: chamomile gel or urea cream. The outcome evalua-
tors were blind to the group allocation.

Since this was a preliminary study, and no measures of
efficacy were available for the chamomile gel or the urea
cream groups, a formal sample size calculation was not
possible. We aimed to enroll the maximum number that
our time and resources allowed. Our study had 48 partici-
pants (two groups of 24). The study was approved by the
Committee on Research Ethics of the School of Health
Sciences of the University of Brasilia.

Recruitment. Between July 2015 and May 2017, patients
who were scheduled to receive radiation therapy for the
first time, were approached by one of the investigators and
invited to participate in the study. Inclusion criteria were
checked, and the study was explained to the participant if
he/she was eligible. Patients who agreed to participate
signed an informed consent after receiving a detailed
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explanation of the study and having any of their questions
answered.

Participants were randomized into the chamomile or the
urea group. The randomization was conducted using a
blocked approach with random assignments inserted in
numbered opaque envelopes and then sealed. At the time of
the randomization of each participant, the research nurse
opened the next numbered envelope and assigned the par-
ticipant to a group.

Procedure. Participants received the same written and oral
instructions regarding self-care of the irradiated area as in
Study 1. Individuals in both groups were instructed to apply
the assigned product topically, 3 times a day, on the skin at
the irradiated area, during the entire period of the radiation
treatment. Both products were delivered in tubes labeled
“cream for radiation dermatitis,” with the expiration date of
the product, instructions for its use, and the name of the
pharmacist. Although the participant was blind to the prod-
uct he/she was receiving, the urea cream and the chamomile
gel had different textures and colors, and there was a pos-
sibility that the participants might have guessed or known
what they were receiving.

Participants received radiation therapy 5 days a week for
6 to 8 weeks, according to their prescription plan. Radiation
therapy was delivered using a 6MV photon beam linac,
using conformal planning (3D-CRT), with a thermoplastic
mask.

A nurse, blind to the product received, evaluated the per-
son’s skin weekly. To document the evolution of the out-
comes during the treatment sessions, photographs were
taken of the regions of the participant’s head and neck on a
weekly basis (if the participant gave permission). The first
evaluation was on the first radiation day, and each subse-
quent evaluation happened every 7 days thereafter until the
end of treatment.

The cream of urea (the institution’s usual care) was pro-
duced in the compounding pharmacy of the hospital. The
chamomile gel was produced in a private compounding
pharmacy, and followed the formulation provided by the
last author (PEDR). To reduce the possibility of degradation
of the products over time (both had validity of 3 months),
we ordered the products in several batches according to the
enrollment of patients. Both pharmacies followed standard-
ized procedures and had strict control of quality of their
products; thus, we did not expect variations in the product
that would affect the outcomes.

Outcomes. The primary outcome was time from beginning
of radiation to the first occurrence (in weeks) of grade 1 or
grade 2 RD, during the first 6 weeks of treatment. Grading
was assessed by the RTOG criteria.”? Grade 1 was defined
as follicular, mild erythema/ epilation/dry desquamation/
decreased sweating, and Grade 2 was defined as tender or

bright erythema, patchy moist desquamation/ moderate
edema. Each grade was analyzed separately.

Secondary outcomes were: participant self-report of
presence of tenderness, discomfort or pain (yes/no), pres-
ence of itching (yes/no), presence of burning (yes/no), and
interference in daily activities (yes/no). In addition, the
nurse evaluator assessed presence of hyperpigmentation
(yes/no).

While the primary outcomes addressed only Grades 1
and 2, we followed all participants to the end of their treat-
ments (up to 8 weeks) and collected data on occurrence of
Grade 3 (confluent, moist desquamation other than skin
folds, pitting edema) and Grade 4 (ulceration, hemorrhage,
necrosis), if they occurred.

Other variables collected. Sociodemographic and clinical
variables collected were: age (in years), sex (female or
male), tumor site, diabetes (yes/no), smoking (smoker, ex-
smoker, never smoked), alcohol use (alcoholic, ex-alco-
holic, never drank), current treatment (radical radiation
therapy or chemoradiation therapy), treatment technique
(2DRT, 3D-CRT), total dose (cumulative measured in Gray
- Gy), fractioned dose (received per day in each session,
measured in Gy), and total number of fractions.

Statistical analysis. Descriptive analysis was performed for
all variables. To compare the demographic and clinical
characteristics of the 2 groups we used ¢-test for indepen-
dent samples for mean age, the Mann—Whitney non-para-
metric test to compare the distributions of total dose and
number of fractions, and the Fisher exact test for all other
variables. To compare the 2 groups on the primary outcome,
we calculated Kaplan—Meier curves for each intervention
group and compared them using log-rank test. We set the
significance level to 0.05. The effect size was calculated for
the primary outcome as the difference in groups mean time
divided by the standard deviation of the urea group (con-
trol). For adverse events (our secondary outcomes) we cal-
culated the percentage of individuals presenting with the
adverse event (at any level) in each group at each week and
plotted those percentages over time. We tested the differ-
ences in distribution (proportion) using a Fisher’s exact test
(using Monte Carlo simulation) at each time point of each
adverse event. However, we want to emphasize that these
tests should not be considered as confirmatory of any
hypothesis test, as the secondary outcomes are of explor-
atory nature, the sample size is relatively small, and at later
weeks, there were individuals with missing values, further
reducing the sample size at those points. The figures present
important information on the adverse events, that can be
used to improve the study design of future studies. Data
were analyzed using IBM SPSS software (version 26.0 for
Mac) and figures were produced using RStudio (version
1.1.383).



Ferreira et al

Ethical considerations. Each participant provided written
consent prior to starting the procedures.

Results

Study |: Safety and Potential Efficacy Study

For this study, we planned to have 10 participants in the
lowest dose, and if no serious adverse events were observed,
we would go to the next higher dose with 10 more partici-
pants and repeat the process, until the third and highest
dose. Using this process, 66 participants were assessed for
eligibility, of whom 24 did not meet inclusion criteria and 4
refused to participate. In addition, 8 participants had to be
excluded because of technical problems with the linear
accelerator, which interrupted their treatment. The remain-
ing 30 participants were included in the study as follows:
the first 10 received 2.50% chamomile gel, the next 10
received 5.00% chamomile gel, and the last 10 received
8.35% chamomile gel. Two participants were lost to follow-
up and were not included in the final analysis of safety and
potential efficacy: one in the 2.50% group had radiation
therapy suspended due to a surgery and one in the 5.00%
group did not use the chamomile gel.

Most participants developed erythema during the 3-week
assessment (8 out of 9 for 2.50%, 8 out of 9 for 5.00%, and
8 1in 10 for 8.35%), and there was no statistically significant
difference in proportions between the dose groups (P=1.0).
There was a longer time to develop erythema in the 8.35%
gel group (mean=10.7 sessions, standard deviation
[SD]=4.4, median=11.5 sessions), followed by the 5.00%
gel group (7.8, SD=4.9, median=7.0) and the 2.5% gel
group (6.2, SD=4.4, median=>5.0). The test for difference
in median times to develop erythema was not statistically
significant (P=0.12), though the median times increased
with increasing doses. Among participants who developed
erythema, only one evolved from mild to moderate ery-
thema during the follow-up time of 16 radiotherapy ses-
sions. None of the participants had dry desquamation or
skin toxicity related to the gel.

Figure 1 shows the number of radiation therapy sessions
before development of erythema for each participant in
each chamomile gel dose group. Currently, at our clinic, the
usual treatment to prevent RD is urea cream. Our clinic
records show that, on average, a person who uses that cream
develops RD after 5.5 radiation therapy sessions. The verti-
cal solid line in Figure 1 depicts that average. Although the
median number of sessions for development of RD was not
statistically different for the 3 groups, Figure 1 shows that
there seems to be a possible delay in development as the
concentrations of dose increases. Given those results and
the fact that no adverse effects were observed, we chose the
8.35% dose of chamomile gel for Study 2.

2.50%
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Figure 1. Time to development of erythema by concentrations
of chamomile.

Each dashed line depicts the timeline for a person, with a marker at the
radiotherapy session in which the erythema was first observed. Stars
depict individuals who did not develop erythema by session 16. The
vertical solid line depicts the average time for development for erythema
when the usual cream of urea is used for prevention.

Study 2: Randomized Pilot Trial for Efficacy of
Chamomile Gel versus Urea Cream

Figure 2 shows the CONSORT flow chart for the random-
ized study. One hundred participants were assessed for eli-
gibility. Forty-six participants did not meet the eligibility
criteria, and 3 participants refused to participate. From the
51 participants enrolled and randomized, 2 withdrew par-
ticipation in the first week and 1 mistakenly applied chamo-
mile gel near the eye region and was removed from the
study to treat the adverse reactions (edema and pruritus in
the periorbital region). The final analysis had 48 partici-
pants, with 24 participants in each group.

Table 1 shows the distribution of demographic and clini-
cal characteristics by group. No statistical differences were
found between the 2 groups for age, smoking, drinking sta-
tus, diabetes, tumor site, current treatment, radiation ther-
apy technique, total dose, fractioned dose, and number of
fractions.

Figure 3 shows the Kaplan—-Meyer curves for time to
occurrence of Grade 1 (Panel 3A) and Grade 2 (Panel 3B)
RD, respectively. The log-rank tests were not statistically
significant for Grade 1 (P=0.67) or Grade 2 (P=0.17).
Grade 1 started developing at the end of the first week of
radiation therapy in both groups, and all participants had at
least Grade 1 by the end of the study. For the individuals
who did not develop Grade 1 or 2, the time was considered
as 6 weeks (the maximum possible). Mean time to develop
Grade 1 was 2.08 weeks (SD=1.18) in the chamomile
group and 2.22 (1.24) in the urea group. The effect size was
—0.11, a small effect size. Grade 2 started developing in
week 2 in both groups, but the urea group had a slightly
faster rate of occurrence over time, though not statistically
significant. Mean time to develop Grade 2 was 5.08 (1.28)
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[ Assessed for eligibility (n = 100) ]

[ Enrollment }

Excluded (n = 49)
> Not meeting inclusion criteria = 46
Refused to participate = 3

[

Randomized (n = 51) ]

Allocation

=27)
Received allocated intervention = 27

Allocated to intervention gel of chamomile (n

Did not receive allocated intervention = 0

Allocated to intervention urea cream (n = 24)
Received allocated intervention = 24
Did not receive allocated intervention = 0

Lost to follow-up (n = 3)
Declined to participate = 2
Removed from study due to
reaction from wrong
application of chamomile gel
=1

[ Follow-Up J

[ Analysis

) 4

Lost to follow-up (n = 0)
Discontinued intervention =
0

Analysed (n = 24)
Excluded from analysis n = 0

Analysed (n = 24)
Excluded from analysis n = 0

Figure 2. CONSORT flow diagram for study 2.

in the chamomile group and 4.48 (1.31) in the urea group.
In both groups, there were participants who did not develop
Grade 2 before the end of follow-up (those observations
are denominated “censored”). The effect size for Grade 2

was 0.46, a moderate effect size in the direction

time to develop Grade 2 in the gel group. There were no
occurrences of Grades 3 and 4 throughout the entire study.

Figure 4 shows percentages of participants self-reporting
presence of adverse events (yes/no) by intervention group

of longer  over the 6-week study period. None of the differences
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Table |I. Demographic and Clinical Characteristics by Intervention group (n=48).

Characteristics Chamomile gel n=24 Urea cream n=24 P-value*
Age, in years, Mean (Standard deviation) 56 (16) 59 (13) 57
Median (min, max) 59 (19, 83) 60 (26, 79)

Sex, n (% male) 16 (67) 17 (71) 1.00
Tumor site, n (%)

Nasal cavity I (4) 0 (0) 92
Oral cavity 9 (38) 10 (42)

Larynx 6 (25) 7 (29)

Pharynx (nasopharynx, oropharynx and, hypopharynx) 7 (29) 5(2lI)

Other sites I (4) 2 (8)

Diabetes, n (% yes) 5@21) 3 (12) .70
Smoking, n (%)

Current or former smoker 19 (79) 19 (79) 1.00
Never smoked 5(21) 5(21)

Alcohol consumption, n (%)

Current or former drinker 16 (67) 19 (79) .52
Never drank 8 (33) 5(21I)

Current treatment, n (%)

Radical radiotherapy 8 (33) 9 (38) 1.00
Chemoradiotherapy 16 (67) 15 (62)

Radiotherapy type, n (%)

2DRT 2 (8) 1 (4) 1.00
3D-CRT 22 (92) 23 (96)

Total dose (Gy), Median (min, max) 70 (36, 70) 70 (30, 70) .37
Fractioned sose (Gy), n (%)

1.80 7 (29) 6 (25) 1.00
2.00 16 (67) 17 (71)

2.25 0 (0) I (4)

2.50 I (4) 0 (0)

Fractions, Median (min, max) 35 (20, 39) 35 (15, 39) A5

*P-value from Student t-test for equality of means of age, from Mann—Whitney test for equality of distribution of total dose and fractions, and from

Fisher Exact test for all others.
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Figure 3. Kaplan—Meier curves comparing time to occurrence of grade | (Panel A) and grade 2 (Panel B) radiation dermatitis in the

chamomile and urea groups.
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Figure 4. Percentage of participants reporting presence of tenderness, discomfort or pain (Panel A), itching sensation (Panel B),
burning sensation (Panel C), and interference in daily activities (D), by in chamomile and urea groups, over the 6-week period of

intervention.

between groups at each point in time were statistically sig-
nificant. However, the figures present important informa-
tion that might be useful in designing future studies.
Tenderness, discomfort and pain (Panel 4A) had similar
patterns in the 2 groups from week 3 and on, with maximum
percentage observed of about 19% at week 4. Differences
(chamomile gel minus urea cream) varied between —4%
and 2% (negative percentages represent lower percentages
for the gel group). Itching sensation (Panel 4B) was reported
more frequently in the urea group starting on week 3, with
about 17% to 21% more in the urea than the gel group for
weeks 4 to 6. Maximum reported was 71% for urea group
and 50% in the gel group, both at week 5. Burning sensation
was reported more often in the urea group starting in the
first week, with a peak in the urea group on week 4 (59%)
and a peak in the gel group in week 5 (45%). Differences
(chamomile gel minus urea cream) varied from —4% to
—22% (on week 4), showing a consistently smaller percent-
age in the gel group. Interference with daily activities was
not frequently reported (maximum of 9% in the urea and
4% in gel groups), though the first reported interference
occurred earlier (week 2) for the urea group than for the gel
group (week 4).

Hyperpigmentation
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Figure 5. Percentage of participants presenting with
hyperpigmentation in the chamomile and urea groups, by week
of treatment.

Figure 5 shows the percentage of individuals with hyper-
pigmentation as evaluated by the research nurse. Both
groups had similar percentages for the first 2 weeks (from
8% to 25%). Starting in week 3, the urea group presented a



Ferreira et al

higher percentage of hyperpigmentation than the gel group,
with 20% to 31% higher percentages in the urea group. The
peak occurred on week 6 (94%) for the urea group, and on
week 5 (68%) for the gel group. The groups were not statis-
tically different at all point in times, except for week 6
(Monte Carlo simulated P=0.04, 95% confidence interval:
0.03-0.04), despite the loss to follow-up of 5 individuals in
the gel group and 6 in the urea group.

Discussion

In our first study, we found that the gel containing 8.35%
was still safe when compared to concentrations of 2.5% and
5.0% used by participants receiving radiation therapy for
head and neck cancer. We also showed that increasing con-
centrations tended to delay the development of erythema in
those participants.

In the second study, a formulation of 8.35% chamomile
gel was not statistically different from urea cream in the
delay the development of grades 1 and 2 RD, though the
effect size of delay of Grade 2 was of moderate size. No
statistical differences over time were seen between the 2
groups on adverse events. However, visually, the figures
showed that the chamomile gel might delay or reduce itch-
ing and burning sensations, and the development of hyper-
pigmentation as evaluated by the research nurse.

The development and severity of acute RD depends on
multiple factors intrinsic and extrinsic to the person,
including age, sex, diabetes, smoking, tumor site, current
treatment, treatment technique, total dose, and fractioned
dose.">? In this pilot study, the 2 groups evaluated (cham-
omile gel and urea cream) were balanced on all extrinsic
and intrinsic factors that we measured and that could con-
tribute to differences in susceptibility to RD. Therefore, we
expect that those factors were not the source of the differ-
ences we observed in the figures. Our results can be used to
design a larger confirmatory study of superiority of the
chamomile gel over urea cream for the purpose of delaying
the development of RD and reducing severity of symptoms
in head and neck cancer patients.

Our results are important for several reasons. First, the
systematic reviews of interventions for prevention and
treatment of RD that have been published?*? for topical
interventions had mixed results, and most studies were not
specific for head and neck cancer. We found few studies
that identified topical interventions that potentially can
prevent RD in head and neck cancer. Abbas et al* assessed
the efficacy of trolamine against usual supportive care
(keep the area clean with the option to use a moisturizer) in
30 participants and found that trolamine was efficacious
for preventing RD from increasing in severity from RTOG
grade 2 to grade 3 (only 3 of 15 participants developed
grade 3 in the trolamine group versus 8 of 15 in the control
group). Pallati et al’! evaluated the efficacy of topical

application of a cream containing turmeric and sandal
wood oil that was shown to be effective in preventing
RTOG grade 1 RD in 3 of 22 participants with head and
neck cancer (12%) when compared with 10 of 24 that used
Johnson’s baby oil (42%). Recently, one study that evalu-
ated StrataXRT® versus 10% Glycerin showed positive
results for preventing and managing RD in patients with
head and neck cancer. The StrataXRT® group had a 12%
lower risk of experiencing grade 2 skin toxicity (P=0.031);
and a 36% lower risk of experiencing grade 3 skin toxicity
(P=0.025).% Although those interventions were consid-
ered effective, some studies had small sample sizes**3! and
the new products are not available worldwide (none of
them are available in Brazil).

Second, in Brazil, there is no standardized topical inter-
vention that is recommended or used for prevention of RD.
In addition, the majority of the population has low eco-
nomic status, and there is a need for low-cost and effica-
cious interventions to prevent RD in patients undergoing
radiation therapy. The chamomile gel is an affordable prod-
uct and if shown effective, it would be beneficial to patients
undergoing radiation therapy for head and neck cancer.

Third, we compared the chamomile gel against the oil-
free urea cream, thus avoiding a comparison that could be
biased to a possible bolus effect of the comparator. One
study in Brazil tested calendula (Calendula officinalis)
against essential fatty acids in the prevention and treatment
of RD in this patient population.’® The study showed that
calendula was more effective than essential fatty acids (oil
lotion) in the prevention of RD and showed that the patients
in the group that used the oil lotion developed RD grade 2
and 3.3 In our pilot study, no participant developed grade 3
in either group. We think that oils should not be used on
irradiated skin in order to avoid the bolus effect, and there-
fore, calendula should have been compared with an oil-free
topical intervention.

The lack of low-cost efficacious interventions for RD in
patients with head and neck cancer was the main motivator
for the development of the chamomile gel and for the 2
studies reported here. There is some evidence that newer
technologies for intensity-modulated radiation therapy
(IMRT) might decreases the severity of RD.** However,
such new technologies are either of limited access or not
available to populations from mid/low income countries,
and low-cost solutions for prevention and treatment of RD
are still needed.

Chamomile has been used in traditional medicine for a
long time to treat a wide variety of diseases and has a low
cost because it is a widely cultivated medicinal plant. Pre-
clinical studies in vitro showed evidence of the anti-inflam-
matory action of chamomile by inhibiting the production of
interleukin-6,% prostaglandins, and cyclooxygenase, by a
mechanism of action similar to non-steroidal anti-inflam-
matory drugs.’® In various studies in rats, chamomile
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showed anti-inflammatory effects similar to benzydamine,
reduced edema, and inhibited dermatitis induced by nox-
ious agents, suggesting that chamomile may be a potential
topical anti-inflammatory agent.>’

In human studies, the anti-inflammatory action of cham-
omile has been evaluated for different inflammatory condi-
tions of the skin, such as eczema,'?3%3° phlebitis,® and
dermatitis,'#4! with positive effects in reduction of inflam-
matory signs. The erythema is usually the most common
primary outcome evaluated among the studies.

Kamillosan®, a cream developed in Germany that con-
tains 2% ethanol extract from chamomile flowers, was eval-
uated in comparison to almond ointment in 48 women with
breast cancer undergoing radiation therapy who developed
RD. There was a delay in the onset of erythema, and dry and
moist desquamation in the group treated with Kamillosan®.
However, most of the reactions appeared in the second or
third week in both groups and the interventions, and moist
desquamation, a reaction that led to the interruption of the
treatment, occurred in 4 (8%) patients in the Kamillosan
group, and in 3 (6%) of the almond group. The use of the
products was stopped in all of those cases.*’ In our study,
none of the patients developed moist desquamation, and we
conjecture that the reason was that our formulations were
oil free. Formulations that countains oil are difficult to
remove before the next radiation therapy session, which
needs clean skin for the radiation therapy. In the Kamillosan
study, both creams had oil (almond oil in the almond cream
and maize oil in the Kamillosan®).

Our second study presented a few limitations that should
be taken into account when designing a larger confirmatory
study. We measured development of RD on a weekly basis,
but it might be more informative to measure it daily to have
a more precise estimate of the difference in time effects of
the 2 interventions. For example, it is possible that the dif-
ference in development of RD is of a magnitude of days and
not weeks. Another limitation was the difficulty in monitor-
ing the amount of chamomile gel and urea cream applied by
each participant, as well as the frequency and quality of the
applications that were carried out at home. Measuring com-
pliance is notoriously difficult, as many patients manipulate
the information due to social desirability (patient wants to
give the information that they think the research wants to
hear). We dealt with this problem by using intent-to-treat
data analysis, which assumes the individual used the treat-
ment as prescribed, whether this is true or not. If the gel is
efficacious when correctly used and some individuals did
not completely comply with the prescriptions, then we
might have underestimated its effect. It is possible that due
to differences in appearance between the 2 products, such as
color, texture and smell, some participants might have
guessed their intervention and be more or less inclined to
use it as prescribed according to what they believed they

received as intervention. We tried to minimize this effect (if
it existed) by keeping evaluators blind to the intervention
and by using intent-to-treat analysis. In future studies of the
same type, we might ask the individual to report what treat-
ment they thought they received, and include some means
(dairies, for example) to stablish whether the person used
the product or not. A final limitation is the instrument to
measure the development of RD. The RTOG criteria was
the only instrument available at the time of the study to
measure RD. In our experience, however, the instrument is
not fine enough to evaluate gradual small but clinically
important changes in RD. An instrument more responsive to
small but clinically important changes would be useful for
research in this area.

The differences between groups that we found were in
the desired direction, although not statistically significant.
The moderate effect size of the chamomile gel against urea
cream of 0.46 in delaying Grade 2 is encouraging and
should be further tested. If it is confirmed, it would mean
that Grade 2 could be delayed for a few days. Before this
study, we did not have data to allow us to design a confirma-
tory study, which should be the next logical step in this
research areca. We showed that this type of study is feasible
in a population seen in a public healthcare system like the
one in Brazil. The rate of refusal was very small (only 3
participants before randomization and 2 after), and only one
participant was lost due to incorrect application of the
cream. The results or various outcomes are promising,
showing a good potential for the chamomile gel to have a
better preventive action than urea cream, in situations where
a two-dimensional RT or three-dimensional conformal RT
is used, as in many mid- and low-income countries. In addi-
tion, in our study, the cost of the gel was about a third of the
cost of the urea cream, making it a desirable product (if
proven efficacious) for our low-income population. This
study provides the motivation and the estimates necessary
to design a larger confirmatory study.

Conclusion

In our first study, we observed that a higher concentration of
8.35% dose of chamomile gel seemed to be potentially
more efficacious than 2.50% and 5.00% concentrations,
while not showing adverse effects. In the second study,
there was no statistically significant difference in time to
occurrence of RD grade 1 and 2, although the time for the
development of RD grade 2 was longer in the chamomile
group, and that the outcomes reported by the participants as
well as the hyperpigmentation observed by the nurses
occurred less often in the chamomile group than in the urea
cream group. These findings justify a call for a larger study
of efficacy of chamomile gel to prevent RD when compared
to the institutional usual care (cream of urea).
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