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Abstract Oral cancer is a major health problem in India,
and in certain parts, it represents more than 50% of all
cancers. Since almost all of these patients receive chemo-
radiotherapy with or without surgery for treatment, a vast
majority of them also develop oral mucositis, a debilitating
adverse effect of chemo-radiation. There have been various
reports in the literature regarding the beneficial role of
honey in the management of oral mucositis. The objective
of this study was to investigate whether the application of
honey in mucositis confers any significant improvement in
lesions of mucositis and more specifically whether appli-
cation of honey brings about any improvement in the
quality of life of patients suffering from chemo-radiation-
induced oral mucositis. If found to be beneficial, honey
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could provide a simple, elegant and cost-effective solution
to a troublesome health problem, thus benefiting a large
number of patients.

Keywords Oral squamous cell carcinoma - Radiotherapy -
Mucositis - Honey - Quality of life

Introduction and Review of Literature

Oral cancer is one of the leading causes of morbidity and
mortality in the world. It profoundly alters the lives of both
patients and their family and imposes a huge demand on
healthcare services.

Oral cancer constitutes a group of neoplasms affecting
any region of the oral cavity, pharynx and salivary glands.
The term oral cancer can, however, be used interchange-
ably with oral squamous cell carcinoma (OSCC), which
according to estimates constitutes more than 90% of all
oral neoplasms [1]. OSCC is currently the 10th most
common human malignancy affecting more than 378,500
individuals per year worldwide with three quarters of cases
belonging to the developing world. In countries of the
Indian subcontinent, especially in parts of India, oral can-
cer can represent more than 50% of all cancers and is
therefore a major public health problem [2].

In addition to surgery, radiation and chemotherapy are
important modalities in the treatment of cancers. These
therapies, being largely non-specific, in addition to tumor
cells, act on normal tissues with a high cell turnover, such
as those of the oral and gastrointestinal mucosa and the
bone marrow.

Oral mucositis is inflammation of the oral mucosa
resulting from cancer therapy typically manifesting as
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atrophy, swelling, erythema and ulceration. Mucositis may
be chemotherapy- or radiation-induced.

Prospective studies indicate that the majority of patients
having cancer of, or receiving high-dose chemo-radio-
therapy to the head and neck, develop severe oral mucositis
with pain that is not always palliated by opioid analgesics
and approximately 15% will require hospitalization for
treatment-related complications. In addition, severe oral
mucositis may potentially interfere with the ability to
deliver the intended course of therapy, leading to unplan-
ned interruptions in treatment, impacting on loco-regional
tumor control, patient survival and quality of life [3, 4].

Radiation mucositis can be described in five overlapping
stages: initiation, up-regulation, amplification, ulceration
and healing.

Initiation involves radiation exposure and consequential
DNA strand breakage and most importantly, generation of
Reactive Oxygen Species (ROS), direct damage to cells,
tissues and blood vessels, and the start of other biological
events that create a cascade of reactions contributing to
tissue damage. Activation of transcription factors such as
nuclear factor-kappa B, Wnt, p53 and their associated
pathways leads to a local increase in pro-inflammatory
cytokines including interleukin (IL)-6 and tumor necrosis
factor (TNF).

The nuclear factor-kappa B (NF-kB) pathway is the
most significant in the context of oral mucositis. Apart
from being directly activated by radiation and chemother-
apy, NF-kB can be induced indirectly by ROS. Among the
numerous genes governed by NF-kB are the ones respon-
sible for production of molecules known to be involved in
mucositis, such as cytokines, and cytokine modulators,
such as COX-2, inducible NO-synthase, superoxide dis-
mutase. In normal conditions a major consequence of the
effects of NF-kB in normal cells is apoptosis.

Positive feedback mechanisms result in amplification
and acceleration of the process and further activation of
transcription factors, which finally leads to ulceration, the
major clinical manifestation of mucositis. Oral bacteria
colonize denuded connective tissues, and in neutropenic
patients, bacteria may invade into the systemic circulation
causing bacteraemia and sepsis [5].

There is no general consensus on the best management
of radiation mucositis currently. Antibiotics, NSAIDS,
colony-stimulating factors, mucosal coating agents, topical
steroids, antiseptic mouthwashes, parenteral amifostine,
low-energy laser, glutamine, prostaglandin E analogues
and other remedies have been used with mixed success,
tarnished mainly by problems such as lack of efficacy,
difficulty in using and toxicity [4, 5].

Honey has been a well-known medicament since ancient
times, but recently there has been a resurgence of interest
in using honey in wound management. A detailed account
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of the antimicrobial properties of honey is beyond the
scope of this discussion, but its efficacy against various
Gram-positive and Gram-negative bacteria and fungi has
been reported. Also honey, unlike other antimicrobials, is
not cytotoxic to host cells even at high concentrations
[6, 7].

Honey has potent anti-inflammatory properties. High
concentration of the free radicals during inflammation can
damage and break down lipids, proteins and nucleic acids.
Honey can reduce the damage caused by free radicals and
thus prevents further tissue necrosis. Consumption of
honey has been demonstrated to improve significantly the
antioxidant profile of the individual’s serum, thus acting to
eliminate oxidative stress in tissues [8, 9].

In their landmark animal study, Hussein et al. [10]
conclusively demonstrated the molecular mechanism of the
anti-inflammatory action of Gelam honey in a murine
model. They demonstrated that Gelam honey inhibited the
nuclear translocation and activation of the NF-kB pathway,
which plays a key role in radiation-induced mucositis.

The application of honey for amelioration of chemo-
radiation-induced mucositis has undergone a fair bit of
scrutiny. Motallebnejad et al. [11] reported a statistically
significant reduction in mucositis among honey-receiving
patients given chemo-radiotherapy (CRT) compared with
controls (p = 0.000). In their trial Rashad et al. [12]
reported that only 15% of the study group receiving topical
honey with concomitant CRT developed grade 3 mucositis
as opposed to 65% of the control group. Khanal et al. [13]
(2010), comparing the mucositis-limiting qualities of
honey with lignocaine, reported that a significantly lower
proportion of patients developed intolerable oral mucositis
in the honey group. Samdariya et al. [14] in their RCT
reported honey significantly reduced the severity of
mucositis associated pain and lessened treatment gaps.
Similar findings have been reported elsewhere in the lit-
erature [15-19].

In the light of these results, honey may be a viable
adjunct treatment for oral mucositis.

Aim of the Study

The beneficial influence of honey in mucositis has been
investigated adequately by in vitro and in vivo studies, but
the assessment of any intervention is incomplete without an
assessment of its actual impact on the quality of human
life. The aim of this study therefore was to assess the effect
of topical application and systemic (oral) intake of honey in
chemo-radiation-induced mucositis and to assess its clini-
cal benefits in improving quality of life in patients of head
and neck cancer.
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Material and Method

A prospective single blind randomized control trial was
carried out on patients of biopsy-proven head and neck
squamous cell carcinoma undergoing neoadjuvant
chemotherapy followed by concurrent chemo-radiation. A
total of forty patients (stage III and IVa TNM) receiving
radiation to the head and neck included in the study were
randomized (by computer generated random numbers) into
two groups, a case group and a control group each con-
taining twenty patients.

Both groups were given two cycles of Taxol-based
induction chemotherapy at intervals of 3 weeks and then
subjected to radiation along with cisplatin based
chemotherapy 4 weeks from completion of induction
chemotherapy. Radiation was given by external beam
conventional method to primary tumor site and neck. All
patients were given standard oral hygiene instructions.

Dental prophylaxis was done for all patients by a
periodontist.

Ethical clearance was obtained from the Institutional
Ethics Committee, and informed consent of all patients was
taken in a standard format as advised by the research cell,
King George’s Medical University, Lucknow.

The parameters evaluated in the study were:

1. Mucositis was assessed by the Common Terminology
Criteria for Adverse Events (CTCAE) version 4,
weekly (after radiation was started) during the course
of radiotherapy and once more four weeks after
completion of radiation.

2. To assess the effect on quality of life, we used the
FACT-H&N (version 4) questionnaire with the kind
permission of FACIT.org. The patient was interviewed
weekly (after radiation was started) during the course
of radiotherapy and once more 4 weeks after comple-
tion of radiation. All patients were interviewed using

Healing (V)

Reactive oxygen species (ROS)
4 Pro-inflammatory cytokines, proteins.
@ NF-x8/sphinomyelinases
#* TNF-a

Pseudomembrane

Bacteria

5

g Al
A 2 A
) )
A W, oAb AL
A . i~
\ :J\'“ 2 Aaa A <
7 ’ b4 A I. A P
o A ‘4, / At A
2 " At 2
y A
) A P ) / %
Ak A A
A A 2 A
aation e A
A AT Ade
A -
A a4 °
A A a

Ulceration (IV) Healing (V)

Threshold of
celldeath =
results in ulcer

Normal Initiation (1) Signaling and Amplification (II/lll)  Ulceration (IV)
Radiation/
€
2 .
2 Basal Bo%s Yt - NS
& membrane ¥4 s TR Ac“g‘?‘ Z
Basal b &
cell 2
- Blood
/vessel
{3 »
3 2
8 E
2
€
o
3
w
Fibroblast
Macrophage
Normal Initiation (1) Signaling and Amplification (lI/ll)
Radiation/ NF-kB and sphinomyelinases
chemoiherapy activated by ROS, radiation
Cytoplasm Generation 3
DNA TNF-a activates
\ R of ROS. < more NF-kB and
°o ( sphinomyelinases
k*2
—_— —
-
L= E?Qq x‘( s
Nucleus Y Ve Production of
DNA damage Generationof ~ TNF-q, proteins
1 pro-inflammatory
cytokines
Cell death Tissue injury and cell death

Fig. 1 The pathogenesis of oral mucositis given by Dr Stephen T. Sonis [5]
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the Hindi version of the questionnaire provided by
FACIT.org through e-mail correspondence. The QOL

scores were calculated by the FACIT Administration
and Scoring Guidelines.

exposure and 6 h post-radiation therapy. (For the purposes

of this study, fresh, organic and unprocessed honey was

sourced from the National Botanical Research Institute).
Additionally in keeping with the findings of previous

. . . . studies [17, 18], the study group was instructed to consume
The patients in the study group were instructed to rinse .
. . . a total of 100 ml (1.2-1.5 gm/kg/day of) honey per day in
their mouth slowly with 20 ml honey and then swallow it .. L _
. .. . divided doses to maintain adequate serum antioxidant
slowly, 15 min before radiation exposure, and 15 min after

Fig. 2 Comparison of QOL
between cases and controls at
time intervals

Table 1 Comparison of QOL
between cases and controls at
time intervals

Fig. 3 Comparison of
mucositis grade between cases
and controls
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Table 2 Comparison of mucositis grade between cases and controls
at time intervals

Mucositis grade Cases (n = 20)  Controls < n = 20)  p value®
No. % No. %

1st week

Grade 1 14 70.0 16 80.0 0.53

Grade 2 5 25.0 4 20.0

Grade 3 1 5.0 0 0.0

2nd week

Grade 1 11 55.0 9 45.0 0.60

Grade 2 6 30.0 9 45.0

Grade 3 3 15.0 2 10.0

3rd week

Grade 1 5 55.0 5 25.0 0.92

Grade 2 11 30.0 10 50.0

Grade 3 4 15.0 5 25.0

4th week

Grade 1 2 10.0 4 20.0 0.16

Grade 2 12 60.0 6 30.0

Grade 3 6 30.0 10 50.0

4th week post-radiotherapy

Grade 1 19 95.0 7 35.0 0.0001*

Grade 2 1 5.0 12 60.0

Grade 3 0 0.0 1 5.0

“Unpaired ¢ test, *Significant

The control group was instructed to rinse their mouth
with normal saline 15 min before radiation exposure and
15 min after radiation exposure.

Results

A total of 20 cases and 20 age (x 3 years)- and sex-
matched controls were included in the study. There was
no significant (p > 0.05) difference in regard to the age,

Fig. 4 Comparison of absolute 30
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gender and primary site of carcinoma between cases
and controls showing comparability of the groups. SCC
of the Buccal mucosa was the most common diagnosis
in both cases (40%) and controls (25%). SCC of the
supraglottic larynx was the second most common
diagnosis in both cases (15%) and controls (20%)
(Fig. 1).

The quality of life (QOL) was insignificantly (p > 0.05)
lower in cases (92.90 & 21.56) than controls
(99.34 + 14.78) at 1st week. There was no significant
(p > 0.05) difference in QOL at 2nd, 3rd and 4th weeks
between cases and controls. However, QOL became sig-
nificantly (p = 0.0001) higher in cases (102.55 £+ 11.03)
compared to controls (82.4 £ 12.00) 4th week post-ra-
diotherapy (Fig. 2, Table 1).

There was no significant (p > 0.05) difference in
mucositis grade at 1st, 2nd, 3rd and 4th weeks between
cases and controls. However, mucositis grade was signifi-
cantly (p = 0.0001) different between cases and controls at
4th week post-therapy (Fig. 3, Table 2).

There was significant decrease (p < 0.05) in both cases
and controls from 1st week to 3rd and 4th week. But, there
was significant increase (p < 0.05) in QOL in cases from
1st, 2nd, 3rd and 4th to 4th week post-therapy. QOL was
significantly (p = 0.0001) increased only from 4th week to
4th week post-therapy in both cases and controls. However,
the mean improvement of QOL was much better in cases
than in controls (Fig. 4, Table 3).

The pre- and post-intervention clinical picture (Figs. 5,
6).

Discussion
In recent times there has been a lot of focus on interven-

tions that positively impact quality of human life. The main
objective of this trial was to investigate the impact of
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post post post post
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Table 3 Comparison of mean
change in QOL in cases and
controls from 1st week to
subsequent time intervals

Time intervals

Cases (n = 20) Controls (n = 20)

Mean change p value® Mean change p value®
Ist week—2nd week — 25241721 0.52 — 8.66 £+ 8.73 0.0001*
1st week—3rd week — 9.37 £ 18.66 0.03* — 16.64 £ 9.44 0.0001*
1st week—4th week — 17.17 £ 23.10 0.004* —22.79 £ 10.88 0.0001*
1st week—4th week post-therapy 9.64 £ 19.86 0.04* — 1694 £ 11.73 0.0001%*
2nd week—3rd week — 6.84 £ 8.06 0.001* — 798 £5.22 0.0001*
2nd week—4th week — 14.64 £ 17.63 0.001* — 1412 £ 7.39 0.0001*
2nd week—4th week post-therapy 12.16 + 14.62 0.001* — 827 £9.02 0.001*
3rd week—4th week — 78 £11.94 0.009* — 6.14 £ 6.02 0.0001*
3rd week—4th week post-therapy 19.01 £+ 14.49 0.0001* — 029 £7.61 0.86
4th week—4th week post-therapy 26.81 £ 17.80 0.0001* 5.85 £5.09 0.0001*

“Unpaired 7 test

Fig. 5 Study group

honey on improvement in quality of life in patients
receiving chemo-radiation.

During the course of the trial, both groups demonstrated
steady deterioration in their QOL scores with each week of
radiotherapy. But the mean reduction in QOL scores was more
for controls than cases. Also improvement following cessation
of radiotherapy was significantly more in the case group.

Although swallowing and dietary patterns were not
independently assessed, the patients in the study group
showed less impairment in swallowing and reported less
mucosal pain and hence required less dietary restriction to
liquid foods.
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Fig. 6 Control group

From these results, it can be postulated with confidence
that isolation of the active therapeutic agents in honey and
their targeted delivery could provide significant and
quantifiable therapeutic benefit to patients of chemo-radi-
ation-induced mucositis and is therefore a promising field
of future research.

Conclusion

Honey not only seems to help combat the ill effects of
cumulative radiation damage pertaining to mucositis like
mucosal drying, irritation and dysphagia but also speeds up
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recovery, expediting the process of return to a normal
quality of life.

Natural honey is a product with rich nutritional qualities
that could be a pleasant, simple and economic modality for
prevention and management of chemo-radiation-induced
mucositis.

Author Contribution D.H contributed to data collection and pro-
cessing, V.S helped in conception of idea and study design, S.M.
revised the intellectual content, S.G. involved in study design and
study parameters, U.S.P. made critical review, and M.P. participated
in logistic support.
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