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Abstract
Purpose Oral mucositis induced by radiation or chemoradia-
tion can compromise the quality of life of oral squamous cell
carcinoma (OSCC) patients. The present study was designed
to evaluate the preventive effects of elemental diet (ED),
Elental®, on radiotherapy- or chemoradiotherapy-induced
mucositis in OSCC patients.
Patients and methods Seventy-four patients who underwent
radiation (60–70 Gy) with/without chemotherapy [S-1, cis-
platin (CDDP), CDDP plus S-1] were enrolled in this retro-
spective study; 37 had received Elental® during treatment
(Elental® group) and 37 had not (control group). Factors re-
lated to alleviation of oral mucositis were identified by multi-
variate logistic regression analysis. Rates of completion of
chemoradiation treatments were compared between Elental®
and control groups according to the treatment regimen. The
comparison of the nutritional status between groups was also
performed.
Results Multivariate analysis indicated that the administration
of Elental® and no combined chemotherapy (radiation alone)
were significant factors associated with the degree of oral
mucositis, i.e., most of the patients who consumed Elental®

suffered from a lower degree of mucositis compared to the
control group. Elental® was associated with a significantly
improved rate of completion of chemoradiation (no interrup-
tion). There was no significant difference between Elental®
group and control group in terms of mean change of body
weight or total protein and albumin levels in blood serum
before and after (chemo)radiation.
Conclusions The present study indicates that Elental® is ef-
fective for ameliorating oral mucositis induced by
(chemo)radiation in OSCC patients. Elental® was also asso-
c i a t e d w i t h i m p r o v e d c om p l e t i o n r a t e s o f
(chemo)radiotherapy.
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Introduction

The incidence of oral squamous cell carcinoma (OSCC) is
increasing gradually, and about 300,000 patients are annually
estimated to get oral cancer worldwide [1–3]. Especially, in-
cidence rates for oral cancer sites related to HPV infections,
such as the oropharynx, tonsil, and base of the tongue, are
increasing in young adults in the USA and in some countries
in Europe [4]. OSCC is the most common malignant neo-
plasm of the oral cavity, which represents about 90 % of all
oral malignancies [5]. The standard treatment for early stage
OSCC is surgical operation. However, we select chemoradio-
therapy (CRT) for patients with advanced or recurrent OSCC
because CRT can contribute to improved survival rates and
preservation of oral function. In addition, we can choose ra-
diotherapy (RT) or CRT for the tumor that could not be
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removed completely by surgery. In spite of these advantages,
RT or intensified CRT in the oral cavity or head and neck
region causes severe mucositis of the oral cavity, pharynx,
and larynx, which often results in acute oral pain and compro-
mised nutritional intake. It is reported that acute mucositis
occurs in 100 % of head and neck cancer patients undergoing
RTor concurrent CRT, presenting significant clinical and eco-
nomic problems [6]. Interruptions to RTor concurrent chemo-
therapy due to pain and swallowing dysfunction associated
with radiation-induced mucositis can adversely influence out-
comes of cancer treatment and prolong the hospitalization
period [7–13]. Although numerous types of therapy have been
offered for preventing or decreasing radiation-induced muco-
sitis, the efficacy of these treatments is still limited [14–21].

Japan’s first ED, Elental® (Ajinomoto Pharmaceutical Ltd.,
Tokyo, Japan) has been widely used in Japan for four decades
for improving nutritional status in patients [22]. It has an eas-
ily digestible nutrition formula that combines amino acids,
carbohydrates, vitamins, minerals, and minimal fat [22, 23].
This ED is effective in the treatment of a number of diseases
and has been reported to decrease mucosal inflammation in
acute Crohn’s disease by reducing the mucosal proinflamma-
tory cytokine production [23–26]. It is well documented that
L-glutamine helps to reduce the incidence and severity of
chemotherapy- and radiotherapy-induced mucositis, and
Elental® is a good source of L-glutamine [23, 27, 28]. Animal
studies have suggested that supplementation of an elemental
diet (ED) with glutamine may protect the gut from radiation
and some chemotherapeutic agents [29, 30]. Moreover, ED
with glutamine (Elental®) has been found to significantly de-
crease the severity of chemotherapy-induced stomatitis in pa-
tients with colorectal cancer and esophageal cancer [31, 32].
Therefore, Elental® with glutamine could be useful in the
treatment of mucositis in cancer patients.

The purpose of this study is to understand whether EDwith
glutamine is capable of recovering the cells from
chemotherapy- and/or radiotherapy-induced damage. It has
almost the same formula as VIVONEX® T.E.N. (Nestlé)
available in many Western countries [33]. Here, we assessed
the efficacy of an EDwith glutamine (Elental®) in minimizing
or preventing RT- or CRT-induced mucositis in patients with
OSCC.

Patients and methods

The records of 74 patients with OSCC who were sched-
uled for 60–70 Gy of RT or concurrent chemoradiothera-
py at the Yamaguchi University Hospital of Japan from
January 2011 to December 2014 were retrospectively
reviewed. All patients received conventional fractioned
radiation (2 Gy per day and 5 days per week) to their oral
cavity with or without concurrent chemotherapy. The

range of total radiation dose was 60–70 Gy (mean
60.9 Gy). Concurrent chemotherapies were S-1 (65 mg/
m2/day, 2-week administration and 1-week rest, twice dur-
ing RT), cisplatin (CDDP, 100 mg/m2, intravenous infu-
sion triweekly, three times during RT), S-1 plus CDDP
(S-1, 60 mg/m2, days 1–14 and days 36–49, and CDDP,
20 mg/m2, intravenous infusion days 8–11 and days 43–
46), or none (no chemotherapy, RT alone). We have pre-
scribed Elental® (one bottle/day) for OSCC patients re-
ceiving RT with or without chemotherapy since January
2011 to prevent or treat mucositis during and after the RT
or CRT regimen. Thus, we recorded data on a daily basis
and compared the data from 37 patients who received
Elental® (Elental® group) with those from 37 patients
who did not receive Elental® (the control group) during
the study period (6 weeks).

One bottle of Elental® (80 g, 300 kcal) powder was
dissolved in 300 mL water for an eventual concentration
of 1 kcal/mL, and the patients swished it around their
mouths and swallowed it orally once a day during the
(chemo)radiation period. In addition, patients in both
groups used a similar regimen of oral brushing and gar-
gling with 4 % azulene sodium sulfonate mixed with tap
water, and patients were treated with azulene sodium sul-
fonate plus lidocaine gargle, NSAIDs, and/or opioids, if
needed, when they experienced severe oral pain with
mucositis.

We performed univariate and multivariate analyses to iden-
tify the clinicopathological and therapeutic factors involved in
alleviation of oral mucositis during the (chemo)radiation pe-
riod. Degree of oral mucositis was graded according to the
Common Terminology Criteria for Adverse Events version
4.0 (National Cancer Institute CTCAE v4.0). The CTCAE
v4.0 grades for oral mucositis are defined as follows: grade
0, no mucositis; grade 1, asymptomatic or mild symptoms and
intervention not indicated; grade 2, moderate pain not inter-
fering with oral intake and modified diet indicated; grade 3,
severe pain interfering with oral intake; grade 4, life-
threatening consequences and urgent intervention indicated;
grade 5, death. Moreover, we evaluated incidence rates of
grade 3 or 4 oral mucositis and completion rates of scheduled
(chemo)radiation treatments by regimen. Treatment comple-
tion included patients who underwent all scheduled chemo-
therapy and >60 Gy of radiation without interruption. Further-
more, nutritional status before and after (chemo)radiation was
investigated in terms of body weight and levels of total protein
and albumin in blood serum.

All statistical significance was set at p < 0.05. Statistical
analyses including chi-square for independence test, Fisher’s
exact test, Mann-Whitney U test, Student’s t test, and multi-
variate logistic regression analysis were performed using
StatView software (version 5.0J, SAS Institute Inc. Cary,
NC, USA).
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This retrospective study was approved by the ethical com-
mittee of the Yamaguchi University Hospital of Japan.

Results

The clinicopathological characteristics of all patients are sum-
marized in Table 1. All patients in this study were advanced-
stage OSCC (stage III/IV). We identified significant clinico-
pathological and therapeutic factors associated with differ-
ences in the CTCAE v4.0 oral mucositis severity grade by
univariate analysis and found that Elental® administration
(p = 0.003) and combined chemotherapy (p = 0.001) were
significantly associated with the degree of oral mucositis
(Table 2). The subsequent multivariate logistic regression
analysis included factors with p values of <0.05 from the
univariate analysis, and the results suggested that Elental®
administration (p = 0.004) and none (no chemotherapy, RT
only) (p = 0.004) were significant factors affecting the grade
of oral mucositis during RT or CRT, i.e., patients in the
Elental® group and those who received RT only mostly suf-
fered from lower grade of mucositis (grade 1/2) than the other
groups (Table 3).

We also compared the efficacy of Elental® for oral muco-
sitis between CRT and RT alone because the presence or ab-
sence of combined chemotherapy strongly affects the severity
of side effects. Characteristics of patients with Elental® ad-
ministration added to the basic supportive care for oral muco-
sitis (Elental® group) and patients who had only supportive
care (control group) are compared in Table 4. The stage and
completion of regimen were significantly different between
the Elental® group and the control group. Therefore, we com-
pared the two groups based on CTCAE v4.0 oral mucositis
grade and rates of completion of (chemo)radiation therapy by
regimen. For RTalone, 30.8 % of patients in the control group
had grade 3/4 mucositis vs 8.3 % in the Elental® group
(p = 0.193). For CRT, the rates of grade 3/4 mucositis were
79.2 vs 40.0 %, respectively, in the controls and the Elental®
group (p = 0.005) (Fig. 1a). Elental® showed a statistically
significant difference in reducing the severity of oral mucositis
in CRT cases, though the statistical significance was not ob-
served in RTalone cases possibly because of the small number
of cases we investigated by regimen. The rates of completion
by group (control vs Elental®) were 76.9 and 100 %, respec-
tively, in RT alone (p = 0.089), and 33.3 and 76.0 % in CRT
(p = 0.757) (Fig. 1b). Elental® helped to reduce the interrup-
tions of treatment regimen in RT cases in spite of the absence
of statistically significant difference between Elental® and
control group. Most treatment interruptions were related to
the cessation of combined chemotherapy. In addition, seven
patients discontinued RT, and all of these patients belong to
the control group. The reasons of treatment interruptions for
more than half of the treatment-interrupted patients were

severe pain and bleeding by oral mucositis. Moreover, treat-
ment interruptions were also caused by febrile neutropenia
and sepsis in some cases. The addition of Elental® appears
to be associated with a decreased severity of (chemo)radia-
tion-induced oral mucositis and improved completion rates
of chemo(radiation) regardless of the regimen of RT or CRT.

Finally, we evaluated the nutritional status of patients in
both groups before (chemo)radiation and after chemo(radia-
t i o n ) a nd compa r e d t h e c h a ng e s i n p r e - a n d
post-(chemo)radiation nutrition status for each group. We ret-
rospectively evaluated body weight, serum total protein, and
serum albumin. Of these indicators, however, we could not
detect any significant difference between the Elental® group
and the control group (Table 5). Also, the number of cases that
required nutrition management by tube feeding was seven in
the Elental® group and eight in the control group. Nine cases
in the control group underwent parenteral nutrition, whereas
only two cases received the same in the Elental® group.

Discussion

The present study demonstrates that elemental diet (ED),
Elental®, is effective for ameliorating oral mucositis induced
by RT or CRT in patients with OSCC. In addition, Elental®
administration was associated with improved completion rates
of RT or CRT.

Mucositis, dysphagia, xerostomia, and hematological tox-
icities are well known as major side effects of RT and CRT.

Table 1 Clinicopathological characteristics of patients

Characteristics No. of patients

Gender (%)

Male 50 (67.6 %)

Female 24 (32.4 %)

Mean age (range, years) 64.9 (30–91)

EOCG performance status (%)

0 66 (89.2 %)

1 8 (10.8 %)

2–4 0 (0 %)

Primary tumor location (%)

Tongue 33 (44.6 %)

Gingiva 30 (40.5 %)

Buccal mucosa 6 (8.1 %)

Oral floor 5 (6.8 %)

Stage (%)

I 0 (0 %)

II 0 (0 %)

III 19 (25.7 %)

IV 55 (74.3 %)
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Incidence of severe oral mucositis leads to higher unplanned
breaks and delays in RT, which are invariably associated with
poorer outcome [34–37]. However, effective treatments for
radiation-induced mucositis have not been established yet
[14, 38–40]. At present, the recombinant keratinocyte growth

factor-1 (rKGF1), palifermin, is thought to be a promising
agent for the management of oral mucositis associated with
cancer treatment. Briefly, palifermin could reduce severe oral
mucositis in patients treated with postoperative or definitive
CRT for head and neck cancer in two randomized trials,
though neither trial showed an improvement in chemoradia-
tion completion rates [17, 41]. Regardless of its usefulness in
decreasing oral mucositis, the safety of this growth factor in
cancer patients remains unclear and it is expensive compared
to other type of therapies for oral mucositis [42].

Conversely, Elental® has been approved and covered by
public insurance as a prescription medication specified for the
treatment of malnutrition in Japan, and its safety has been well
established [22]. Elental® contains nutrients in a close to dis-
solved state, and it is easily digested and absorbed through the
digestive tract without digestive juice secretion [22, 26].
Elental® is also a good source of L-glutamine (2415 mg L-
glutamine/100 g Elental®). This nonessential amino acid, glu-
tamine, has recently become the subject of extensive scientific
interest for the treatment of mucositis and stomatitis. Studies
with laboratory animal models have demonstrated that

Table 2 Association of the grade of oral mucositis with
clinicopathological and therapeutic parameters

Mucositis, oral by CTCAE v 4.0 (n = 74)

Grades 1 and 2 Grades 3 and 4 p value

Gender 0.482
Male 25 25

Female 15 9

Age (years) 0.127
≤65 24 12

>65 16 22

EOCG performance status 0.573
0 37 29

1 3 5

2–4 0 0

Primary tumor location 0.083
Tongue 22 11

Gingiva 13 17

Buccal mucosa 4 2

Oral floor 1 4

Stage 0.796
III 11 8

IV 22 33

Total radiation dose (Gy) 0.389
≤60 34 27

>60 34 7

Combined chemotherapy 0.001
None 20 5

S-1 12 9

CDDP 5 6

CDDP + S-1 3 14

Elental administration 0.003
Yes (Elental®) 26 11

No (control) 14 23

CDDP, cisplatin

Table 3 Multivariate logistic regression for grade 1/2 oral mucositis by
CTCAE version 4.0

Variable p value Odds ratio 95 %CI

Elental® (vs control) 0.004 0.221 0.079–0.618

Combined chemotherapy
(vs CDDP)

0.530

CDDP + S-1 0.211 0.321 0.054–1.899

S-1 0.288 2.357 0.485–11.45

None 0.004 5.400 1.083–26.94

Table 4 Clinicopathological and therapeutic characteristics of Elental®
treatment group vs control group

No. of patients

Elental®
(n = 37)

Control
(n = 37)

p value

Gender 0.392
Male 23 27

Female 14 10

Age, mean ± SD 64.7 ± 15.4 66.8 ± 11.1 0.346

EOCG performance status 0.458
0 33 33

1 4 4

2–4 0 0

Primary tumor location 0.244
Tongue 14 19

Gingiva 16 14

Buccal mucosa 4 2

Oral floor 3 2

Stage 0.003
III 3 16

IV 34 21

Completion of regimen 0.004
Completion 31 18

Interruption 6 19

Combined chemotherapy 0.810
None 12 13

S-1 11 10

CDDP 7 4

CDDP + S-1 7 10
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glutamine supplement is safe and serves to reduce the inci-
dence and severity of cytotoxicity-induced mucositis [27, 28].
Elental® is inexpensive, costing <US$4.00 per day and the
estimated cost for a 7-week course of Elental® is about
$112. Several authors have reported the benefit of Elental®
against oral mucositis during chemotherapy in patients with
esophageal or colorectal cancer [31, 32]. However, there is no
published report on the efficacy of Elental® for the treatment
of (chemo)radiation-induced oral mucositis.

The multivariate analysis performed in this retrospective
study has demonstrated that Elental® was significantly asso-
ciated with prevention and amelioration of (chemo)radiation-
induced mucositis in patients with OSCC.Moreover, our find-
ings suggested that Elental® as an adjunct to conventional
anti-mucositis therapies helped to improve the completion rate
of RT or CRT for OSCC. In this study, no adverse effects
related to the clinical use of Elental® were recorded.

Elental® nutrition therapy was reported to have supportive
effects in patients with Crohn’s disease, including active or
quiescent disease remission, wound healing, pain relief, and

nutritional status improvement, and also useful in the treat-
ment of chronic pancreatitis [23–25]. However, contrary to
our expectations, Elental® was not associated with prevention
of deterioration of nutrition status in terms of the value of
nutrition indicators in our study, but it did manage tominimize
mucositis (Table 5).

It is also possible that consumption of Elental® only
might not be able to prevent or ameliorate the severe oral
m u c o s i t i s i n d u c e d b y t h e m o r e i n t e n s i v e
(chemo)radiation regimens than those administered in
our current study. Also, the records indicated that tube
feeding as a nutrition therapy was not different between
two groups, though central venous alimentation were
more aggressively applied in the control group compared
with the Elental® group, which may have been required
to compensate for marked decreases of oral intake that
were seen in control group patients. Further randomized
study must be needed to clarify the effect of Elental® on
the maintenance of nutritional status. We are preparing
for prospective randomized clinical trials to confirm the

Elental®
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RT CRT
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Fig. 1 Effects of Elental® on oral
mucositis grade according to
anticancer regimen. Statistical
significance was seen only in the
rates of grade 3/4 mucositis of
CRT (p = 0.005). However,
Elental® was associated with a
tendency to decreased severity of
(chemo)radiation-induced oral
mucositis (a) and improved
completion rates of
(chemo)radiation (b) in both
regimens. RT radiotherapy, CRT
chemoradiotherapy

Table 5 Body weight (kg) and
serum level of total protein (TP,
g/dL) and albumin (Alb, g/dL)
before and after (chemo)radiation
and their changes during the study

Before treatment

Mean ± SD

p value After treatment

Mean ± SD

p value Change

Mean ± SD

p value

Body weight (kg) 0.768 0.676 0.768
Elental® 52.3 ± 11.7 49.1 ± 10.7 −2.66 ± 2.28

Control 54.7 ± 12.2 51.1 ± 11.1 −3.06 ± 3.61

TP (g/dL) 0.094 0.690 0.551
Elental® 6.83 ± 0.51 5.90 ± 0.55 −1.00 ± 0.78

Control 6.68 ± 0.46 5.73 ± 0.82 −0.91 ± 0.81

Alb (g/dL) 0.820 0.835 0.439
Elental® 3.73 ± 0.43 3.09 ± 0.44 −0.61 ± 0.61

Control 3.79 ± 0.39 3.11 ± 0.78 −0.73 ± 0.59
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benefits indicated from this retrospective study. Investi-
gations are also necessary to clarify the mechanism of
action of elemental diet against (chemo)radiation-induced
mucositis in OSCC.

Conclusion

This retrospective study demonstrated that ED prevented and
alleviated severe oral mucositis induced by RT or CRT and
improved the completion rates of RT or CRTwith chemother-
apeutic agents for head and neck cancer patients. Elental® is
effective, safe, and inexpensive and is therefore a promising
agent for the treatment of RT- or CRT-induced oral mucositis.
A higher level of evidence is required via further prospective
randomized study with a large group of patients in order to
confirm the efficacy of Elental® for RT- or CRT-induced oral
mucositis.
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