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Background and Objectives: Patients undergoing chemotherapy often develop distressing adverse effects such 
as oral mucositis and diarrhea. Nutritional support with elemental diet is effective against various gastrointestinal 
complications and may exert protective effects against adverse effects induced by chemotherapy. To evaluate the 
influence of elemental diet on chemotherapy-induced oral mucositis and diarrhea, we conducted a randomized 
control trial in patients with esophageal cancer undergoing chemotherapy. Methods and Study Design: Twenty 
esophageal cancer patients receiving chemotherapy with 5-fluorouracil plus cisplatin were assigned randomly to 
one of the following two groups: (1) receiving elemental diet with Elental (one pack per day) for 14 days and (2) 
not receiving Elental during chemotherapy. The severity of oral mucositis and diarrhea was graded using clinical 
examination by doctors and a standard questionnaireon days 1-14. Results: Based on the analysis of the standard 
questionnaire, the distribution of the maximum severity of oral mucositis showed a statistically significant reduc-
tion in the Elental group (p=0.020), while clinical examination showed insignificant reduction but shift toward 
lower grade. In the Elental group, the incidence of oral mucositis (grade ≥2) reduced consistently and the median 
grade was lower at all-time points. Regarding diarrhea, no difference was observed between the two groups based 
on the analysis of the standard questionnaire and clinical examination results. Conclusions: This study illustrates 
the effectiveness of oral elemental diet in preventing oral mucositis during chemotherapy. This is a preliminary 
report and further study with larger patients groups should be devoted to optimization of efficacy. 
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INTRODUCTION 
Chemotherapy is an inevitable modality of current cancer 
treatment, and its efficacy has been an important factor 
influencing the prognosis of cancer patients. Anticancer 
drugs often induce severe adverse effects that may pre-
clude the patients from completing chemotherapy. The 
most serious complications by chemotherapy include 
myelosuppression, hepatic or renal disorder, and oral mu-
cositis or diarrhea. Oral mucositis is an acute ulcerative 
inflammation of the oral mucosa caused by direct drug 
toxicity and myelosuppression.1 Approximately 40% of 
patients undergoing chemotherapy develop oral mucositis, 
with the higher rate being >90% in children.2 Oral mu-
cositis is a distressing condition because of severe pain, 
bleeding or dysgeusia, which may compromise oral hy-
giene and nutrition, and increase the risk of local or sys-
temic infection.3 Thus, oral mucositis can cause a discon-
tinuance of chemotherapy or reduction of dosage.4 How-
ever, the methods of prevention have not been established 
well. 

As esophageal squamous cell carcinoma (ESCC) is one 
of the most sensitive cancers to chemotherapy and radia-
tion, the treatments for ESCC are commonly planned in 
combination with several modalities; e.g. chemotherapy 

 
 
with/or radiation, before or after surgery. These treat-
ments themselves or the adverse effects from them easily 
influence the nutrition status of the patients, and the rate 
of malnutrition in patients with esophageal cancer is re-
ported to be the hihest among all cancers, 60-85%.5 Good 
control of the side effects or the nutrition status is inevi-
table for making the treatments more successful and more 
effective.6,7 

We are conducting a prospective, randomized clinical 
trial to ESCC patients, to see how the nutritional support 
with amino acids influenced the adverse effects from 
chemotherapy. As a supplement of amino acids, we use 
Elental (Ajinomoto Pharmaceutical Co. Ltd, Tokyo, Ja-
pan) because this agent is one of the most popular nutri-
tion products, and contains a well-balanced blend of 
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amino acids and minerals. Elental has been proven to be 
effective against various gastrointestinal disorders, such 
as inflammatory bowel disease (IBD).8,9 

This article is a preliminary report, for evaluating the 
effectiveness of oral nutritional support with amino acids, 
as a prevention of the chemotherapy-induced oral mucosi-
tis or diarrhea. 
 
METHODS 
Patients 
A randomized clinical trial was conducted at Tokyo Med-
ical and Dental University Hospital. This study included 
patients who were diagnosed with squamous cell carci-
noma of esophagus histopathologically, and referred for 
chemotherapy protocol with 5-fluorouracil (5-FU) plus 
cisplatin. Patients with both chemotherapy and radiation 
simultaneously were excluded for eliminating the direct 
effects by radiation damage. All patients in this study 
were 18 years of age or older, and no patient had a history 
of oral complications or immunodeficiency before chem-
otherapy. The patients were requested not to smoke or 
chew tobacco for at least 2 months before chemotherapy. 
As a routine prophylaxis of oral mucositis, all patients 
were medicated with a gargle containing 0.08% lidocaine. 
Whether the patients had previously undergone surgery 
was not a condition for inclusion in the study. By using 
the enveloped method, the enrolled patients were random-
ized into two groups: (1) receiving elemental diet for the 
duration of chemotherapy and (2) not receiving elemental 
diet for the duration of chemotherapy (Control Group). 
Twenty-two patients were enrolled, with 11 patients in 
each group. One patient from each group dropped out 
from this study at their own request, but they continued 
with their chemotherapy program. Thus, 10 patients in 
each group completed chemotherapy and were included 
in analysis (Figure 1). 

All patients provided written informed consent. The 
study protocol and the informed consent disclosure were 
in accordance with the precepts established by the Hel-
sinki Declaration and approved by the Clinical Research 
Center of Tokyo Medical and Dental University Hospita-
las number 22-19. This study has been also registered in 
the University hospital Medical Information Network 

Clinical Trials Registry (UMIN-CTR) as number UMIN 
000004898. 

 
Chemotherapy regimen 
Cisplatin was administered at a dose of 80 mg/m2 by slow 
drip infusion on day 1, and 5-FU was administered at a 
dose of 800 mg/m2 per day by continuous infusion for 24 
h on days 1-5. 
 
Elemental diet 
The elemental diet used for the patients in the interven-
tion group was Elental. These patients ingested one pack 
of Elental per day on days 1-14. The supplements were 
consumed as a solution of one pack with 250 mL water 
(total volume = 300 mL liquid) or with 150 mL water 
plus agar powder (total volume = 200 mL jelly). Patients 
could select either form of Elental at any time of the day, 
regardless of meal times. Each treatment was conducted 
under the supervision of medical staff in order to record 
the daily intake and the onset of oral mucositis or diarrhea.  
 
Laboratory tests 
The control and Elental groups were compared with re-
spect to the baseline values of body mass index (BMI), 
white blood cell (WBC) count, lymphocyte and neutro-
phil counts, Total protein, albumin, hemoglobin (Hb), 
platelet (Plt), total cholesterol (T-chol), aspartate ami-
notransferase (AST), alanine aminotransferase (ALT), 
total bilirubin (T-Bil), blood urea nitrogen (BUN), and 
creatinine (Cre). BMI was calculated as the patient’s body 
weight divided by the square of the height. These meas-
ured values and laboratory data were obtained the day 
before the initiation of chemotherapy.  
 
Assessment of oral mucositis and diarrhea 
Doctors who specialize in chemotherapy evaluated oral 
mucositis and diarrhea of each patient, with clinical ex-
aminationas objective data. Moreover, daily questionnaire 
was recorded on days 1-14 as subjective change of symp-
toms. The grades of oral mucositis and diarrhea were de-
termined in accordance with the Common Terminology 
Criteria for Adverse Events (CTCAE) v4.0. 
 
Statistical analysis 
The baseline characteristics of patients were compared 
using the unpaired t-test, the maximum severity of oral 
mucositis and diarrhea with the Wilcoxon rank sum test, 
and the correlation between Elental intake and maximum 
severity of oral mucositis with the Spearman rank correla-
tion test. All tests were two-tailed, with the level of sig-
nificance set at p<0.05. All analyses were performed us-
ing SAS software, v9.2.  
 
RESULTS 
Characteristics of patients 
The baseline characteristics of patients are summarized in 
Table 1. No statistically significant differences were ob-
served in the gender, age, BMI, WBC, Lymphocyte, Neu-
trophil, Total protein, Albumin, T-chol, Hb, Plt, AST, 
ALT, T-Bil, BUN, Cre of the Elental group and Control 
group. 
 

 

 
 
Figure 1. Patient screening, enrolment, and follow-up 
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Safety and tolerance of Elental 
Of the 10 patients in the Elental group, two completed the 
entire pack each day for 14 days. Another two patients 
adjusted their intake to a comfortable dose and completed 
the treatment of 14 days, and four patients took a fraction 
of the pack each day. The rest of two patients suspended 
the Elental ingestion by themselves on day 8. The average 
Elental intake rate of the Elental group during the treat-
ment period was 61% (17.9%-100%), and seven patients 
consumed more than 50% of the total Elental treatment. 
Nosevere complications associated with Elental occurred. 
 
Efficacy of Elental 
The distribution of maximum severity of oral mucositis 
based on the responses to the standard questionnaire 
showed a statistically significant shift toward lower grade 
in the Elental group during 5FU/cisplatin chemotherapy 
(p=0.020). The maximum grade of oral mucositis evalu-
ated with clinical examination also declined in the Elental 
group compared with the control group, but without sta-
tistical significance (Table 2). The incidence of CTCAE 
grade ≥2 by clinical examination on each day was record-

ed, and the proportion of patients with CTCAE grade ≥2 
was lower consistently in the Elental group than control 
group (Figure 2). 

With regard to the occurrence of diarrhea during 
chemotherapy, no difference between two groups was 
observed based on the analysis of the standard 
questionnaire and clinical examination results (Table 3). 
 
DISCUSSION 
Many studies regarding the prevention of oral mucositis 
induced by chemotherapy have been reported previously, 
and some of the preventive methods are actually adapted 
to the cancer patients in clinical use; e.g. mouthwashes, 
analgesia or cryotherapy with ice.10-12 Elental, the same 
elemental diet as this study, has been also used in several 
clinical trials for evaluating its preventive effect.13,14 
However, most of the previous studies were carried out 
retrospectivelyor without randomization, and our ongoing 
study has a significant meaning as the first prospective, 
randomized control trial for evaluating the preventive 
effect by additional nutrition support. 

Recently, a major topic for effective cancer treatment is 

 
Table 1. Baseline characteristics of patients 
 
  Elental group Control group Normal value p value 
Gender, M/F 9/1 8/2 - 0.527 
Age        65.3       67.1 - 0.660 
BMI        21.4       22.1 18.5-24.9 0.677 
White blood cells (/μL) 6,980 6,590 3,500-9,800 0.738 
Lymphocyte (/μL) 1,542 1,694 1,500-4,000 0.569 
Neutrophil  (/μL) 5,187 4,380 1,830-7,250 0.449 
Total protein (g/dL)           6.99           7.26 6.5-8.0 0.263 
Albumin (g/dL)           4.65           4.30 3.7-5.2 0.640 
Total cholesterol (mg/dL) 168 200 120-220 0.360 
Hemoglobin (g/dL)      12.4       13.1 M: 14-18; F:11-15 0.230 
Platelets (×104/μL)      26.9       26.4 15-40 0.920 
AST (U/L)       21.1       19.6 10-35 0.640 
ALT (U/L)       17.3       15.2  5-40 0.680 
Total bilirubin (mg/dL)          0.48          0.57 0.2-1.0 0.260 
BUN (md/dL)       13.5       14.1  8-20 0.720 
Serum creatinine (mg/dL)          0.71           0.80 M: 0.7-1.2; F:0.5-0.9 0.120 
 
BMI: body mass index; AST: aspartate aminotransferase; ALT: alanine aminotransferase; BUN: blood urea nitrogen. 
 
 
Table 2. Distribution of maximum severity of oral mucositis in FP treatment cycle 
 

Group 
Oral mucositis grade 

p value* % grade 2 
0 1 2 3 

By standard questionnaire Elental group 0 6 3 1 0.020 40 
Control group 0 1 4 4 80 

        

By clinical examination Elental group 4 4 2 0 
0.078 

20 
Control group 2 0 5 2 70 

 
*Wilcoxon rank sum test. 
 
 
Table 3. Distribution of maximum severity of oral mucositis in FP treatment cycle 
 

Group 
Diarrhea grade 

0 1 2 3 
By standard questionnaire Elental group 4 4 1 1 

Control group 5 4 1 0 
      

By clinical examination Elental group 6 3 1 0 
Control group 6 3 1 0 
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the evaluation and the management of nutritional status of 
the patients.15 Nutritional disorders often occurs in cancer 
patients through the treatments or by cancer itself, and 
thus exacerbates the complications or the adverse effects 
from cancer treatments.16 Especially oral mucositis, one 
of the major adverse effects from chemotherapy, leads to 
discomfort or pain, and consequently results in less food 
intake or susceptibility to infections.17 Three elements of 
mucositis, anorexia and nutritional disorder correlate with 
each other, and compose the vicious circle of oral mu-
cositis as an adverse effect by chemotherapy.18 

In this study, subjective severity of oral mucositis in 
the Elental group was significantly lower than control 
group. This result illustrates that oral elemental diet im-
proved the comfort level of cancer patients during chemo-
therapy, such as pain or dry mouth. The convalescence of 
the symptoms by oral mucositis would encourage the 
patients to continue the cancer treatments. Furthermore, 
the difference in the proportion of oral mucositis (grade 
≥2) was more remarkable in the latter half of the treat-
ment period, during which appetite often tends to de-
crease due to chemotherapy. This result supports the sug-
gestion that elemental diet during chemotherapy can 
break the vicious circle of mucositis, including oral mu-
cositis, diet disorder, and malnutrition.18 

When concerning the maintenance of nutritional status 
in cancer patients, a well-balanced intake of amino acids 
plays a significant role.19 Among amino acids, glutamine 
provides gut protection and can be a key factor of the 
suppressor to oral mucositis.20,21 Hence, oral glutamine 
results in a moderate but significant reduction of mucosi-
tis in cancer patients during chemotherapy.22 As Elental is 
rich in glutamine, it is probable that glutamine worked for 
the alleviation of oral mucositis in this study. However, 
the other amino acids are also the components of Elental, 
and the total correction of the nutrition status might be the 
major factor of the results. Further evaluation is needed to 
confirm the correlation with other elements, such as the 
blood concentration of glutamine during the treatment 
period. 

To our knowledge, this is the first prospective study 
with randomized control trial, to investigate the effect of 

elemental diet on oral mucositis caused by chemotherapy. 
Oral mucositis still remains a quite difficult condition to 
manage under chemotherapy, and multidisciplinary ap-
proach with several methods is necessary for the preven-
tion.23 Based on the results of this study, elemental diet 
and nutritional support are also to be considered as a 
prophylaxis of oral mucositis. This is a preliminary report, 
and we plan to assess the effect of elemental diet further 
in a bigger sample size. 

Our study has limitations in several respects. Findings 
from a small sample size are one of the limitations of the 
study. Larger prospective studies are needed to confirm 
the beneficial and adverse effects. This time a preliminary 
evaluation was conducted to assess the validity for the 
next large-scale study. The other limitation is that most 
patients in the Elental group did not receive the same 
dose of Elental. The dosage might have relevance to the 
results, and larger prospective studies are required for 
sure implications at this point as well. 

In conclusion, the present randomized clinical trial 
illustrates the benefits of oral elemental diet in the 
prevention of oral mucositis when provided to cancer 
patients during chemotherapy. Future studies should be 
devoted to the optimization of the dose and regimen by 
using a larger group of patients. 
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Supplementary figure 1. Treatment schedule, CDDP, cisplatin; 5-FU, 5-fluorouracil 
 
 
Supplementary table 1. Composition of Elental 
 
Total 1 pack/80 g (300 kcal) Amino acids 14.1 g 
Amino acids 14.1 g  L-Isoleucine   642 mg 
Carbohydrate (dextrin) 63.4 g L-Leucine   899 mg 
Lipid (soybean oil)     0.51 g L-Lysine-HCl   888 mg 
Vitamin A 648 IU L-Methionine   648 mg 
Vitamin D    51.2 IU L-Phenylalanine   871 mg 
Vitamin B-1        0.15 mg L-Thereonine   523 mg 
Vitamin B-2        0.24 mg L-Tryptophan   151 mg 
Vitamin B-6        0.22 mg L-Valine   701 mg 
Niacin        2.20 mg L-Histidine-HCl-H2O   501 mg 
Pantotenic acid        1.10 mg L-Arginine-HCl 1125 mg 
Folic acid 44 μg L-Alanine   899 mg 
Vitamin B-12       0.72 μg Mg-K-L-Aspartate 1036 mg 
Vitamin C        7.80 mg Na-L-Aspartate-H2O   867 mg 
Vitamin K  9 μg L-Glutamine 1932 mg 
Vitamin E     3.3 IU Glycine   505 mg 
Biotin 39 μg L-Proline   630 mg 
Choline       8.56 mg L-Serine 1159 mg 
Na 260 mg L-Tyrosine   110 mg 
K 217 mg   Cl 517 mg   Mg 40 mg   Ca 158 mg   P 122 mg   Fe      1.8 mg   I  15.2 μg   Mn     0.3 mg   Cu     0.2 mg   Zn     1.8 mg     
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Supplementary figure 2. Questionnaire sheet 
 
 


