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Abstract

implications is imperative.

ABBREVIATIONS

HNCP: Head and Neck Cancer Patient; RT: Radiotherapy; RCT:
Radio-Chemotherapy; CU: Curcumin; IRB: Institutional Review
Board; HPLC: High Performance Liquid Chromatography; QOL:
Quality of Life; Gy: Gray

INTRODUCTION

Radiotherapy has been the most common modality for
treating human cancers needed by 80% of cancer patients at
some time or other, either for curative or palliative purpose.
Damage to the cells by radiotherapy is potentiated or mitigated
depending on several factors, such as the presence of oxygen,
sulfhydryl compounds and other molecules in the cellular
milieu [1-3]. Highly reactive oxygen radicals react with cellular
macromolecules, such as DNA, RNA, proteins, membrane, etc,
causing cell dysfunction and ultimately cell death. Naturally the
reactions occur in tumour as well as normal cells alike during
radiotherapy though the rapidly dividing tumour cells are much
more susceptible than normal cells. It requires a very high dose
of radiation to kill all malignant cells at a time and that dose
could not let normal cells survive. Hence small doses of radiation
(2 Gray) are given at a time to repeat daily for 5 days a week
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Oral mucositis is a common complication and a dose limiting toxicity in up to 90% of head & neck cancer patients (HNCP) undergoing radio-chemotherapy.
Several adjuvant agents like folic acid, Vit-E, antibiotic mouth rinse etc. have been tried without remarkable success. Curcumin is known to have antioxidant
and free radical scavenging activity that had shown its radio protective potential in in vitro studies. Obijective of this pilot study was to evaluate effects of
curcumin on mucositis in HNCP undergoing radio-chemotherapy. An open labelled controlled trial was conducted, 95 HNCPs in historic control group were given
conventional radio-chemotherapy and 109 HNCP in trial group were given 2 gm of curcumin /day in addition to conventional therapy for two months starting
from 3 days before planned radiation. Mucositis gradation as per WHO oral toxicity scale was done weekly for the whole radio-chemotherapy period.
Incidence of mucositis in each grade, and patient compliance were compared in both control and curcumin treated group by Chi-square test (P < 0.05). There
was a significant decrease in incidence of mucositis from 92% to 51% (P < 0.001) and in grade Ill and IV mucositis from 51.6% to 12.8% (P< 0.001) among
control and curcumin treated group respectively. Patient compliance in terms of completion of scheduled RT dose, increased from 52.6% to 89.0% (P<0.001).
Curcumin showed a remarkable adjuvant protective activity to radio-chemotherapy in HNCP. So, a well-designed RCT with a long term follow up for prognostic

permitting normal cells to repair the damage while hyperactive
outer layer malignant cells would be killed. But this strategy does
not work equally well with cancers in the region where rapidly
dividing cells and malignant tumour are in near vicinity e.g. Head
and Neck cancers.

Oral mucositis is a common complication of cancer
treatments such as chemotherapy and radiotherapy. It is
characterized by erythema, inflammation, pain, and ulceration
and can occur in up to 100% of patients undergoing stem cell
transplantation, radiotherapy to the head and neck, and stomato-
toxic chemotherapy [4,5]. Usually, oral mucositis is a dose-
limiting toxicity when treating head and neck cancers. In one
large (n = 450) retrospective review of stage III or IV head and
neck cancer patients (HNCP) undergoing radiation therapy, 83%
developed mucositis [6] and significantly more patients with
mucositis (59%) required unplanned delays/breaks in therapy
than did those without mucositis (16%). Patients undergoing
conventional radiation therapy to the head and neck typically
experience erythema and mouth soreness within 2 weeks of
beginning therapy and often develop more severe damage to the
epithelium within an additional 2 weeks [7]. When chemotherapy
and radiotherapy are administered concurrently, the incidence
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and severity of oral mucositis are even greater, often leading
to delays in treatment and reduction in therapeutic dose [6].
Mucositis significantly affects patients’ quality of life, interfering
with daily activities such as talking and eating, increasing the
risk for systemic infections and possibly hospitalization, and
impairing general nutrition [8].

The overall mucositis costs track with severity. For example,
whereas the incremental costs for mild/moderate mucositis
were noted to be US$1,700 (US$1,936.06 in 2012 values), they
more than doubled to US$3,600 (US$4,099.89 in 2012 values)
when severe grades were considered [9].

As far as treatment is concerned, good oral hygiene, antibiotic
rinse, local anesthetic gel and patient-controlled analgesia by oral
agent remain the standard or conventional way which aims at
reducing infection, prevent opportunistic infection and relieving
pain associated with mucositis to prevent complications and
promote healing. [5,10,11].

Palifermin, a recombinant keratinocyte growth factor, has
been studied in clinical trials of patients undergoing combined
chemoradiotherapy for locally advanced head and neck cancers.
Theoretically, it could protect or stimulate replication of epithelial
derived malignant cells; therefore, disease-free and overall
survival is included as clinical endpoints in these trials. Palifermin
reduced the occurrence of severe oral mucositis in patients
with head and neck cancer undergoing postoperative radio-
chemotherapy. Additional clinical exploration of palifermin with
postoperative radio-chemotherapy would be needed. [12,13].
Velafermin is a recombinant human fibroblast growth factor
protein being studied in autologous stem cell transplant patients
but results have not yet been published [14]. Granulocyte-
macrophage colony-stimulating factor (GM-CSF) stimulates
production of granulocytes, macrophages, and dendritic cells
and regulates their function in the dermis and submucosa. Small
studies examining subcutaneously administered GM-CSF in
head and neck cancer patients undergoing radiotherapy yielded
contradictory results [15]. A clinical trial is examining GM-CSF
mouth rinses to prevent and treat oral mucositis in patients
undergoing radiotherapy for head and neck cancer, despite their
lack of efficacy in the stem cell transplant population [16,17]
Other agents being investigated for the prevention, treatment,
and symptom management of mucositis in head and neck cancer
patients include vitamins, aloe vera, and cytokines; however,
conflicting or insufficient evidence exists to recommend for or
against them.

Thus, the hunt for adjuvant radio protective compound to
prevent mucositis in HNCP undergoing radio-chemotherapy
is very important for patients’ wellbeing as well as to reduce
economic burden on healthcare system. Other workers have
tried different agents for prevention of radiation mucositis, but
the results have been either equivocal or negative. Between
1994 and 2000, sucralfate was tested in six clinical studies on
350 patients and only two studies reported marginally positive
findings [18-23]. Oral glutamine [24], Povidone iodine mouth
rinse [25], and Azelastine [26] in three small separate placebo-
controlled unblinded clinical trials showed some positive results
delaying the mucositis and limiting its grade. However further
workup was not carried out and azelastine has been developed as

an antihistaminic agent. More over none of these agents have any
activity that would help to treat the disease or prevent a relapse.

On the other hand, Curcumin has been shown in in vitro as
well as in vivo studies to suppress the growth of head and neck
squamous cell carcinoma cells [27]. Also, Curcumin can arrest the
cell cycle at S, G2 and M phases. Radiation is known to be more
effective on cells that are at the G2 and M phases than on other
phases of cell cycle. So, it seems reasonable that pretreatment and
concomitant treatment with Curcumin may enhance the effects
of radiotherapy and continued post-treatment with curcumin
may help to prevent delayed radiation damage and recurrence
of malignancy [28,29]. Curcumin possesses anti-inflammatory
activity and is a potent inhibitor of reactive oxygen-generating
enzymes such as lipoxygenase/cyclooxygenase, xanthine
dehydrogenase/oxidase and inducible nitric oxide synthase.
It is also a potent inhibitor of protein kinase C, EGF-receptor
tyrosine kinase and I kappa B kinase; subsequently, inhibiting
the activation of NF-kappa 3 and the expressions of c-jun, c-fos,
c-myc and iNOS. It is proposed that Curcumin may suppress
tumor promotion through blocking signal transduction pathways
in the target cells [30]. In human, a phase one trial has already
been carried out suggesting its safety ata dose as high as 8000 mg
per day and it showed chemo-preventive action on premalignant
lesions [28]. Also, it has been shown to have a radio-sensitizing
effect on squamous cell carcinoma cell line [29] and Mcf-7 breast
cancer cell line [31] in two separate studies. Extract of tobacco
results in increased expression and activation of nuclear factor
kappa-B, and its downstream target COX-2 in human oral cells
in vitro. This action was suppressed by Curcumin suggesting its
chemo-preventive potential [32]. Recently Curcumin has been
shown to down- regulate MDM2 oncogene independent of tumor
suppressor p53 [33].

Thus, it is logical and ethical to conduct a human trial on head
and neck cancer patients undergoing radio-chemotherapy, for
studying its effect on radiation induced mucositis. Reviewing the
literature on pharmacodynamics of turmerone oil, curcuma long
extract and 95% curcumin, it is apparent that Curcumin in pure
form has much lesser bioavailability than its natural or partially
extracted forms. A study shows that addition of 20 mg Piperine
in 1 gm of Curcumin enhances the serum concentration, extent of
absorption and bioavailability of curcumin in humans by 2000%
with no adverse effects [34].

The present clinical trial has been in continuation of a
preclinical study by the author, showing radio protective potential
of Curcumin in swiss albino mice exposed to sub lethal gamma
irradiation [35]. Causation of radiation mucositis has many
etiological factors related besides a direct damage to mucosal
epithelial cells [36] and likewise Curcumin has several activities
to prevent and counter the same [32]. In abundance of multiple
preclinical, cell line and animal studies, the potential of Curcumin
has never been tested for its ability to prevent mucositis in HNCP
so this clinical trial is unique or first of its kind.

MATERIALS AND METHODS
Study population

The proposal of trial was scrutinized and approved by
Institutional Review Board (IRB) of Lion’s Cancer Research
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Centre (LCRC), Surat. Helsinki’s declaration was followed in
carrying out the whole clinical trial. All the prospective patients
gave written informed consent and as a matter of protocol the
historic controls had already given consent to use their data for
research and analysis. All the HNCP diagnosed and /or treated at
Lion’s Cancer Detection Centre (LCDC) between 03/01/2006 to
08/01/2006 were scrutinized for enrollment in the control arm of
the study. All the patients with Head and Neck cancer either newly
diagnosed at LCDC or referred from other Institutes for treatment
between 16" august, 2006 to 1** March 2007 were screened for
enrolment in the trial arm where in oral Curcumin 2 gm/day was
added as an adjuvant agent to conventional radiotherapy (RT) or
radio-chemotherapy (RCT) to assess its effect on occurrence and
course of mucositis. Those patients with non-melanotic cancers
of the oral cavity, oropharynx, hypopharynx and larynx with
biopsy proved diagnosis of cancer were considered suitable and
were explained the nature of trial and those who became ready,
to give informed consent and come for follow-up visits were
selected, if they fulfil the criteria for selection.(as per Table No.1)
Those who were in moribund condition with life expectancy less
than 6 months, outside the range of 10 to 90 years of age, not
ready to take scheduled treatment or declined to give informed
written consent, and those opting for other simultaneous
alternative therapies were excluded from the study (as shown in
Table 1). Those with grave violation of protocol were removed
from the analysis but treatment breaks due to mucositis or other
illness were not excluded from the study. Initial assessment
included general physical check-up by a physician and clinically
important problems were addressed simultaneously. For
trial group consecutive 130 patients with HNCP at LCDC were
screened for enrolment and 109 patients were recruited. Age,
sex, types and stage of cancer, general condition of patients
and treatment schedules were matched to form a historical
control group evaluated by separate team. Out of 125 HNCP
during that period 95 patient data could be used as a matched
control group data. To avoid a selection bias, while selecting the
patients, the overall rate of mucositis was also considered and
kept same between 125 screened and 95 selected cases in the
control group. Patients were assessed for oral hygiene score by
an oncology dentist and dental care was offered before initiation
of radiotherapy (RT). Planning of RT was done by radiation
oncologist and adjuvant chemotherapy like cis-platin and 5 FU
were given singly or in combination as per need and decision by
the treating medical oncologist. As LCDC being the only centre
in the area with RT facility, many referring oncologists also visit
the institute and they continued follow-up with their patients in
addition to follow-up visits scheduled at LCDC, consequently it
was not possible to monitor every medication given during RT or
RCT period. In general antibiotics, analgesics, folic acid, vitamin
E, local anaesthetic antiseptic gel and gargles were prescribed
by their physicians for relieving and limiting painful symptoms
so that RT could be resumed and that was perfectly acceptable
because in control group already such treatments were given and
the exact record or duration of such treatment was not readily
available. This short coming has not in any way compromised
the trial result interpretation as none of the above measures
were taken in preventive manner, so not influencing the primary
outcomes namely occurrence and severity of mucositis.

Adjuvant drug

Curcumin 95% containing three curcuminoids peaks in the
HPLC analysis and Piperine 95% (alkaloid extracted from Piper
nigrum), complying with the WHO criteria for herbal drug safety
parameters, were purchased from Konark Herbals Pvt. Ltd for
the whole experiment. The crystalline curcumin suffers from
shortcoming of poor bio-availability as shown in human dose
escalation studies [28] hence for present study, Curcumin was
fortified with Piperine 13mg/650mg capsule to enhance its bio
availability.

Study design

In this historic case controlled, open label phase 3 trial,
patients in trial arm were recruited prospectively as per criteria
for selection and as the control group being from past records
with conventionally treated patients, no randomisation was
needed and no bias could influence patient selection. Trial arm
patients were to receive 650 mg Curcumin fortified with 13 mg
of Piperine, 3 times a day by oral route at least 3 days prior to
starting of RT or RCT as the case may be and continue with it
for 2 months after completion of conventional therapy. Curcumin
being extract of turmeric is too well known by Indian patients
due to its prominent colour and flavour. Majority of the HNCP
had oral cavity malignancies accompanied by comorbidities
like submucous fibrosis (with narrow opening of mouth) and
difficulty in swallowing, making them take the drug diluted in
liquid. Evidently blinding and placebo control were impossible
mandating an open label case control design.

The same standard treatment and follow-up protocol of the
institute, for HNCP was adopted for the trial cases also so that
historic control could be compared. In the outpatient clinic, all
the cancer patients were being entertained according to their
turn and no special tag or identification of the trial cases were
disclosed to the qualified person making follow-up notes and
assessment of tumour as well as surrounding tissue status. This
much “blinding” was adopted to avoid observer’s bias.

Once diagnosed, patients were subjected to conventional
fractionation dose in the form of 2 Gy per sitting, 5 days per
week for 6 weeks to render a dose of 60 Gy after oral hygiene
assessment and necessary pre-treatment if required. Adjuvant
chemotherapy was given to selected HNCP for radio-sensitizing
the tumour cells, in the form of concomitant or sequential boost
of Cisplatin and 5-FU as per decision of radiation Oncologist.
Weekly evaluation was done by an oncologist or a qualified
person for primary tumour response, side effects or mucosal,
skin and systemic reactions and a change of technique in the
form of number of beams (1-2 or 3) and field size, according
to tolerance of surrounding normal tissues in the line of beam.
At the end of the scheduled therapy, if 90 to 99% regression of
tumour is achieved as judged by clinical examination, a booster
dose of 10-15 Gy with the same fractionation were given.
Patients enrolled for the trial were explained the procedure
of radiotherapy with potential risk of mucositis and advised
to report any troublesome symptom rather than stop therapy
abruptly on their own. For gradation of oral mucositis, the five
grade World Health Organization (WHO) oral radiation mucositis
score was used [36]. The decision to alter the course or with-hold
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the fraction was taken by radiation oncologist. Weekly follow-
up data were analysed for onset, gradation and duration of
mucositis-stomatitis, treatment breaks or modulation of therapy
related to mucositis and patient compliance.

Outcomes

Analysis of all efficacy endpoints included all patients who
were selected in trial arm and completed adjuvant drug course
along-with conventional therapy. Primary endpoint was decided
to be completion of RT or RCT without developing mucositis for
a follow-up period of up to 6 months. Other endpoints included
the incidence and duration of WHO grade 2 or 3 or 4 mucositis.
Secondary outcome would be effect on tumour and tertiary would
be effect on incidence of recurrence or disease-free survival and
ultimately overall survival. In present study the detailed analysis
was limited to the primary outcome to evaluate the effectiveness
of intervention in preventing or changing the course of mucositis.

Statistical analysis

The statistical power for a two-armed study with 95 and
109, to make a sample size of 204 patients with a value 0.05 and
probability of mucositis in control group to be more than 80%
and expected reduction in trial group to be more than 20%; would
give a statistical power of more than 80%, being in accordance
with WHO criteria for clinical trial. Nominal and ordinal data in
patient characteristics were described with percentage, median
and range, while measurement data by mean * SD. Significance
for each characteristic was tested to ensure basic homogeneity
of both the groups. As non-randomized historical control model
was adopted, for analysis of study population, normality test
was performed to assure the adequacy of matched selection
from the historical control and significance tested with Chi
square and t-test as needed to rule out significant differences
between control and trial group base line characteristics. Both
the groups had sub groups in the form of RT and RCT in control
and RT+CU and RCT+CU in trial group. Both this sub groups and
the cumulative data were tested by chi square test for incidence,
onset, gradation and duration of mucositis. Patient compliance
was defined as % of patients completing scheduled therapy in
time. P < 0.05 was considered significant. Analyses were done by
using Ky Plot Version 2 beta 15, Graph Pad in Stat Version3.06
and Graph Pad Stat Mate 2 version 2.00.

RESULTS AND DISCUSSION

Patients

As shown in Figure 1, 130 patients with head and neck cancer
were screened at LCDC from 16 August 2006 to 1%t March, 2007
for recruitment in the trial arm. Twelve patients opted for other
CAM in the form of unknown ‘magical cure’ by quacks. They
were excluded from the study. Two patients were less than 10
years of age and 3 with very grave moribund condition with
life expectancy less than 4 months, so excluded from the study.
Four patients showed inability to come for follow up or continue
treatment even after completion of radio-therapy and declined to
give consent. Thus 109 patient data became available for analysis
at the end of study.

In the historical control arm, 125 patients were screened with

head and neck cancer from 1% March, 2006 to 1% August, 2006.
Ten patients were taking other CAM and did not complete the
study as per record. Four patients died in 4 months so cancelled
from the analysis. Three patients were age<10 years old and
three patient’s records did not have confirmed histopathological
diagnosis. There were 10 early drop-outs that discontinued
treatment even before the appearance of effect or side-effect of
therapy. Thus, out of 125, ninety-five cases were enrolled in the
control arm for analysis (Figure 1).

As shown in Table 2, male to female ratio 85/15 was identical
in both the groups. The two sub-groups namely RT and RCT in
both control and trial group showed a non-significant difference
and hence homogeneity of both the groups was established.
Median age for both the groups was 50 years. For control arm
the range being 10 to 80 years. While in trial arm it was 12 to 82
years. Were similar with little difference in range but a two tailed
t-test gave non-significant difference between means.

In control group 68/95 vs. 69/109 in trial group (p=0.656)
were suffering from oral cavity and oropharynx cancer. 27/95
in the control vs. 40/109 in trial group (p=0.371) were suffering
from larynx and hypopharynx carcinoma. Looking at the analysis
as per TNM classification of cancer, the chi-square test remained
non significant except one sub group with N, (p=0.043). Oral
hygiene score at the start of therapy in both the groups had non-
significant differences and Mean RT dose was 62 Gy (50-78 Gy)
for control group and 60 Gy (50-76 Gy) for trial group.

Efficacy

As seen in the Table 3, incidence of any grade of mucositis
in the control group was 92% as against 51% in trial group
(p=0.0074). A highly significant reduction in incidence of
mucositis was chiefly due to a drastic reduction in grade 3
mucositis cases; from 47% incidence in control group to mere
11% in trial group (p< 0.0001). The same was represented in
both the sub groups. Grade 3 mucositis in radiotherapy only
(RT) sub-group was 59% in control verses 15% in trial group
(p < 0.0001) (Table 4). In radio-chemotherapy subgroup (RCT)
grade 3 mucositis incidences dropped from 45% in control
group to 10% in Curcumin treated trial group (p< 0.0001) (Table
5). The differences in incidence of grade I, II and IV mucositis
were statistically insignificant, nonetheless looking carefully
it was evident that not the incidence but duration was affected
favourably and onset was also delayed. The mean onset of any
mucositis was 19.1 days in control group, while in trial group it
was significantly delayed to 26.9 days (p=0.0095). Mean duration
of mucositis that was 33.8 days in control group was reduced to
13.3 days (p<0.001) in trial group suggesting that in grade I, II
and IV mucositis though incidence appeared same the duration
shortened markedly suggesting the efficacy of test compound.
More spectacular is the difference in duration that was observed
in grade III and IV mucositis; 39.7 days in control group vs. 17.1
days in trial group (p=0.0036). 53% of patients in control group
completed scheduled RT- those with breaks due to mucositis
inclusive, as against 89% in the trial group (p=0.0184). Number
of drop-out patients in control group with mucositis was 45
(51%) as against 12 (21%) in the trial group (p=0.0007). Thus,
the result clearly indicates that curcumin can prevent radiation
mucositis to a large extent and improve patient compliance.
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Figure 1 Flow chart for the present study.

Pt: Patients; CAM: Complemantary and Alternative Medicine; RM: Radiation Mucositis; RT+ CHT: Radiotherapy + Chemotherapy

Table 1: Criteria for selection and exclusion.

Criteria for Selection Criteria for exclusion

Biopsy proved malignancy in head

& Neck region Patients denying biopsy

Patients giving informed consent Who decline to give consent

Age<10

Age >10years

Life expectancy > 6months Moribund patients

Patients not taking other alternative

therapies Non-compliant and irregular

patients

Patients ready for follow up

DISCUSSION

As far as design of the study is concerned, a placebo control
was impossible because turmeric is too well known to anybody
in India and when it is to be administered orally to cases of head
and neck cancer patients, most of them either having oral cavity
malignancy and sub-mucous fibrosis or operated cases of oral
cavity cancer would take it by opening the capsules and there is
no oreganoeptically similar inert powder available that would be

a suitable placebo. This shortcoming could be circumvented by
using synthetic curcumin which is odorless as well as tasteless
and recently a bioequivalence study has shown it to have similar
potential to prevent detrimental effects in in vitro model of oral
mucositis [37]. While trying for randomization, most of the
patients were unwilling for a coin toss to decide their therapy
and opted for trial group and declined to go for conventional
therapy alone and that was the natural outcome of taking
informed consent. As a result, it was decided to recruit all the
suitable cases to trial group and take the historical control from
matched patients in the same institution treated with the same
protocol and followed up in similar manner after matching the
base line characteristics and type and severity of disease and
oral hygiene score. The historical control was selected from the
period immediately preceding the initiation of the trial so that
there would not be a problem for later follow up of both the
groups. When an intervention to be tested has reasonable chance
to be superior to placebo, it becomes ethically impossible for a
physician to adopt equipoise stand and offer the therapy at a coin
toss.
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Table 2: Patient characteristic Data.
Control Trial
Characteristics RT RCT Total RT+CU RCT+CU Total
(n=17) (n=78) (n=95) (n=20) (n=89) (n=109)

Gender M 15 (88) 66 (85) 81 (85) 18 (90) 75 (84) 93 (85)

F 2(12) 12 (15) 14 (15) 2 (10) 14 (16) 16 (15)
Age (Median) 49 (32-65)* 50 (10 -80) * 50 (10 - 80) * 56 (25-70) * 49 (12-82) * 50 (12 -82) *
Primary Cancer
oral cavity,
orophar;i,lx 14 (82) 54 (69) 68 (72) 9 (45) 60 (67) 69 (63)
Larynx,
hyp}(’)pharynx 3(18) 24 (31) 27 (28) 11 (55) 29 (33) 40 (37)
Primary-Stage
T1 0 11 (14) 11 (12) 2 (10) 11 (12) 13 (12)
T2 0 20 (26) 20 (21) 3(15) 22 (25) 25(23)
T3 4 (24) 31 (40) 35(37) 7 (35) 37 (42) 44 (40)
T4 13 (76) 16 (20) 29 (31) 8 (40) 19 (21) 27 (25)
Nodal-Stage
NO 5(29) 36 (46) 41 (43) 6 (30) 38 (42) 44 (40)
N1 2(12) 22 (28) 24 (25) 11 (55) 26 (29) 37 (34)
N2 7 (41) 14 (18) 21(22) 1(5) 24 (27) 24 (22)
N3 3(18) 6 (08) 9 (10) 2(10) 1(1) 3(3)
Oral-Status
Healthy 1(6) 15 (19) 16 (17) 3(15) 12 (13) 15 (14)
Alarm 3(18) 26 (33) 29 (31) 6(30) 30 (34) 36 (33)
Adaptation 7 (41) 27 (35) 34 (36) 4 (20) 38 (43) 42 (39)
Exhaustion 6 (35) 5(6) 11 (12) 4 (20) 5(6) 9(8)
Edentulous 0 5(6) 5(5) 3(15) 4 (4) 7 (6)
Mean RT-Dose 59 (50 -70) ** 63 (50 - 78) ** 62 (50-78) ** 62 (50 -70) ** 62 (50-76) ** 60 (50 -76) **
Data as no. (%) unless mentioned otherwise. * Median(range), ** Mean (95% confidence interval)

Table 3: Comparison of mucositis in control and trial group.
Mucositis Control Trial
(n=95) (n=109)
Total Patients with mucositis (%) 88 (92) 56 (51)
No. of patients with mucositis
Gr-1 (%) 22 (23) 22 (20)
Gr-1I (%) 17 (18) 20 (18)
Gr-111 (%) 45 (47) 12 (11)
Gr-1V (%) 4(4) 2(2)
Mean onset of any mucositis on day (sd) 19.1 (£1.5) 269 (= 2.4)
Mean duration of any mucositis in days (sd) 33.8(x4.9) 13.3(x2.1)
Duration of mucositis in Gr-1II & IV days (sd) 39.7 (+9.6) 17.1 (£ 4.2)
Patients with mucositis completing scheduled RT (%) 43 (49) 44 (79)
Total Patients completing scheduled RT (%) 50 (53) 97 (89)
Gy: Gray; Gr: Grade; RT: Radiotherapy
The severity of oral mucositis, as measured by WHO assessment scale, is classified as follows: no oral mucositis (grade 0); soreness or erythema
(grade 1); erythema and ulcers (grade 2); extensive erythema, ulcers, and inability to swallow solid food (grade 3); and mucositis that prevents any
form of alimentation, including swallowing liquids (grade 4).

In the present study the same criteria for oral toxicity score
were employed for historical control as well as current trial
group and the assessing team for both the groups were different
and both the teams were unaware about the trial and both the
teams were responsible for not just HNCP cancer patients but all
kind of cancer patients. So, no group assignment or assessment
bias was possible with this design. As historical controls were
being treated at LCDC as well as by their treating physicians for

supplemental treatments like folic acid, vitamin-E, antiseptic
rinses or local application gels and analgesics the trial group
was permitted to continue or start such treatment as deemed
necessary by physician.

As indicated by the results; the onset of mucositis was
delayed, the duration shortened and gradation wise majority
suffered from grade I and II and comparatively much less from
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Table 4: Comparison of mucositis in RT and RT+CU group.
Mucositis RT RT+CU
(n=17) (n=20)
Total Patients with mucositis (%) 16 (94) 12 (60)
No. of patients with mucositis
Gr-1 (%) 3(18) 4 (20)
Gr-11 (%) 2(12) 4 (20)
Gr-111 (%) 10 (59) 3(15)
Gr-1V (%) 1(6) 1(5)
Mean onset of any mucositis on day(sd) 16.4 (£3.1) 26 (+3.4)
Mean duration of any mucositis in days(sd) 39.9 (£14.8) 15.8 (£ 4.3)
Duration of mucositis in Gr-1II & IV in days (sd) 45.5 (¥ 28.9) 19.5 (#4.9)
Patients with mucositis completing scheduled RT(%) 5(31) 8(67)
Total Patients completing scheduled RT (%) 6 (35) 16 (80)
Gy: Gray; Gr: Grade; RT: Radiotherapy
Table 5: Comparison of mucositis in RCT and RCT+CU group.
Mucositis RCT RCT+CU
(n=78) (n=89)
Total Patients with mucositis (%) 72 (92) 44 (49)
No. of patients with mucositis
Gr-I (%) 19 (24) 18 (20)
Gr-11 (%) 15 (19) 16 (18)
Gr-111 (%) 35 (45) 9 (10)
Gr-1V (%) 3(4) 1(1)
Mean onset of any mucositis on day(sd) 19.7 (£1.7) 27.2 (x2.9)
Mean duration of any mucositis in days(sd) 329 (5.2) 12.6 (£ 2.3)
Duration of mucositis in Gr-1II & IV in days (sd) 38.8(+9.9) 16.2 (£7.3)
Patients with mucositis completing scheduled RT (%) 38 (53) 36 (82)
Total Patients completing scheduled RT (%) 44 (56) 81 (91)
Gy: Gray; Gr: Grade; RT: Radiotherapy

grade III and IV mucositis. Similar results have been observed
by other investigators who have tested either curcumin gel or
curcumin mixed with honey for local application in mouth to
protect oral mucosa in HNCP being treated with RCT [38-40].
Ricardo et.al had conducted a trial of Palifermin for oral mucositis
after intensive therapy for Hematologic cancers to find significant
reduction in incidence and duration of grade 3 and 4 mucositis as
WHO scale. Palifermin was administered by intravenous route
for 3 days prior to total body irradiation and though it helped
reduce mucositis, there was 5% increase in adverse events like
rash, pruritus, erythema, edema arthralgia etc. albeit of a mild
nature not precluding its preventive therapeutic use [41]. As of
now one dose of Palifermin would cost 2500 US$ and though the
cost benefit analysis goes marginally in favor of Palifermin in USA
due to very high cost of hospitalization and supportive care [42];
curcumin could prove hugely beneficial due to its very low cost
and similar or superior potential in preventive role.

As far as adverse reaction is concerned, we did not observe
any, except mild stomach upset in 10% of cases. Theoretically
it could interfere with blood coagulation and enhance effects of
anticoagulants to cause bleeding episode but none was observed
in our patient population. Using an in vivo model of human
breast cancer, dietary supplementation with curcumin was
found to significantly inhibit cyclophosphamide-induced tumor
regression. Such dietary supplementation was accompanied by

a decrease in the activation of apoptosis by cyclophosphamide,
as well as decreased JNK activation. These findings support the
hypothesis that dietary curcumin can inhibit chemotherapy-
induced apoptosis through inhibition of ROS generation and
blockade of JNK function and suggest that additional studies are
needed to determine whether breast cancer patients undergoing
chemotherapy should avoid curcumin supplementation, and
possibly even limit their exposure to curcumin-containing foods.
[43] However, several references for radio sensitization of
squamous cell carcinoma and radioprotection for normal tissues
by Curcumin have already been cited and only HNCP on RT or
RCT that did not contain Endoxan, were dealt with, in present
trial. Improved patient compliance and reduced drop out ratio
even among the patients suffering from any grade mucositis as
seen in present study may be due to antidepressant like action of
Curcumin. Psychological-based rehabilitation provides evidence
in its effectiveness to reduce psychological distress, functional
impairment, recurrence of cancer, numbers of immune reactivity
and sleeping quality [44]. Several, animal study and one
clinical trial has proved antidepressant potential of Curcumin
comparable to Fluoxetine an established antidepressant agent in
vogue for major depression [45].

This spectacular response of present study provides a
basis for future prospective multicenter Phase III clinical trials
in patients from different ethnicity and back ground to ensure
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a wider applicability of our results, aiming at making sure
recommendations for therapeutic preventive usage as a standard
agent rather than as an adjuvant drug

CONCLUSION

Curcumin with piperine (as enhancer of bio-availability)
was effective at a dose of 2 gm per day in HNCP undergoing
conventional RT or RCT to a marked extent reducing incidence
of grade Il and IV mucositis, delaying onset and reducing the
duration of all the grades of mucositis and improving patient
compliance with reduced drop-out rate significantly.
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