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Mucositis is a common toxicity of cancer chemotherapy. Glutamine appears to be 
the major energy source for intestinal epithelium, and animal studies have sug- 
gested that dietary supplementation with glutamine may protect the gut from both 
radiation and chemotherapy. Patients experiencing stomatitis after a course of 
chemotherapy were offered the opportunity to enter the current study if no clinical 
parameters precluded receiving the same chemotherapy doses during the next 
course of treatment. Patients received the same chemotherapy regimen as during 
the previous treatment but in addition received a suspension of L-glutamine, 4 gm 
swish and swallow twice a day, from day I of chemotherapy for 28 days or for 4 
days past the resolution of any post-chemotherapy mucositis. Twelve patients 
receiving doxorubicin, I receiving etoposide, and I receiving ifosfamide, etopo- 
side, and carboplatinum were entered into the study. The maximum grade (CALGB 
criteria) of mucositis decreased in 12 of 14 patients with glutamine supplementation 
(median score 2A vs 0.5, p < 0. 001). Similarly, after glutamine supplementation, the 
total number of days of mucositis was decreased in 13 of 14 patients (2.7 _ 0.8 
[mean --- SEM] vs 9.9 __. 1.1, p -> 0.001). Thirteen of the 14 patients felt that the 
mucositis was less severe with the addition of glutamine. No change in the nadir 
neutrophil count was noted with glutamine, and no toxicity of glutamine was 
observed. We conclude that oral supplementation with glutamine can significantly 
decrease the severity of chemotherapy-induced stomatitis, an important cause of 
morbidity in the treatment of patients with cancer. Glutamine supplementation in 
patients receiving therapy for cancer warrants further study. (J LAB CLIN MED 1996; 
127:223-8) 

M Ucositis is a common limiting toxicity of 
cancer chemotherapy. The mechanism of 
chemotherapy-induced mucositis may be 

multifactorial. Presumably chemotherapy damages 
the rapidly dividing immature intestinal crypt cells in 
the gut and more superficial immature mucosal cells 
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in the oropharynx. TM Although perhaps more the 
result rather than the cause of mucositis, the phe- 
nomenon of bacterial translocation across a mal- 
functioning gut epithelium may also play a role in 
the gut-related toxicity of chemotherapy and radio- 
therapy. 3,s,6 

Glutamine is the most abundant amino acid in the 
blood and in the total body amino acid pool, and 
there has recently been much interest in its role in 
nutrition (reviewed in references 5 and 7 through 
10). Glutamine is a "non-essential" amino acid in 
that it can be synthesized by most tissues. However, 
although the metabolism of some tissues such as 
skeletal muscle and brain yield a net synthesis and 
export of glutamine, cells of other tissues utilize 
glutamine as a nitrogen source and also as an energy 
source]  Glutamine appears to be the major energy 
source for intestinal epithelium. 7 In addition to be- 
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ing a primary fuel for gut enterocytes, glutamine 
may be essential for gut epithelium (reviewed in 
references 1 and 7). For example, glutamine supple- 
mentation of total parenteral hyperalimentation de- 
creases the villous atrophy associated with exclusive 
feeding via TPN. 11 

Animal studies have suggested that supplementa- 
tion of an elemental diet with glutamine may protect 
the gut from radiation and some chemotherapeutic 
agents (reviewed in references 2 and 4). When rats 
were treated with elemental diets enriched in either 
glutamine or glycine before abdominal radiother- 
apy, rats in the glutamine group had a more normal 
mucosal structure and had a better survival rate than 
rats in the glycine-enriched group. 12 Studies in rats 
treated with methotrexate demonstrated that glu- 
tamine supplementation of an elemental diet re- 
sulted in less weight loss, increased mucosal weight 
of the jejunum and colon, longer survival, lower 
mortality rate, and a lower incidence of bacteremia. 2'3 

We hypothesized that the recovery of cells from 
damage (either chemotherapy-induced or radiation- 
induced) would be enhanced by providing the cells 
with an optimal nutrient/energy source. Although it 
is known that the lower gastrointestinal tract obvi- 
ously absorbs nutrients and can utilize them as they 
pass through the absorptive cells, it is not known to 
what extent cells lining the mouth and esophagus 
can utilize luminal nutrients. We hypothesized that 
the local administration of relatively high concen- 
trations of glutamine by "swish and swallow" might 
result in some local absorption of this nutrient/en- 
ergy source by the cells lining the mouth and esoph- 
agus. We reasoned that if this occurred, the cells 
could likely utilize these nutrients directly and that 
this would prevent damage and assist recovery from 
chemotherapy or radiotherapy. If such local absorp- 
tion were successful, nutrients could be provided to 
the cells in question while at the same time adding a 
minimal caloric load to the patient, thereby elimi- 
nating the risk of "feeding the tumor." Rather  than 
test the hypothesis that these cells could indeed 
absorb and utilize amino acids presented in this way, 
we tested the more relevant hypothesis--that oral 
glutamine could prevent or minimize stomatit is--by 
conducting a study of oral glutamine supplementa- 
tion in patients experiencing stomatitis after chemo- 
therapy. In this study the glutamine provided about 
30 kcal/day of energy, a very small percentage of 
daily caloric intake. 

METHODS 

Patients experiencing stomatitis after a course of che- 
motherapy were offered the opportunity to enter this 
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study if no other clinical parameters precluded receiving 
the same chemotherapy doses during the next course of 
treatment. Patients entering the trial received the same 
chemotherapy regimen as during the previous treatment 
but in addition received a suspension of L-glutamine 
(FDA IND# 36,978), 4 gm swish and swallow orally twice 
a day, from day 1 of chemotherapy for 28 days or for 4 
days past the resolution of any post-chemotherapy stoma- 
titis. The suspension of glutamine was prepared by mixing 
50 gm L-glutamine (supplied as a crystalline powder by 
Ajinomoto USA Inc., Tea Neck, N.J.), with 2 parts of 
ORA-Sweet (Paddock Laboratories, Minneapolis, 
Minn.), 1 part ORA-Plus (Paddock), and 1 part water to 
yield a suspension of 500 mg/ml L-glutamine. Thus the 
final suspension contained 500 mg/ml glutamine, 30% 
sucrose, 2.5% glycerin, 2.8% sorbitol, 0.04% citric acid, 
0.36% NaPO4, 0.16% cellulose and carboxymethylcellu- 
lose, 0.04% carrageenan, and 0.04% xanthum gum. The 
suspension was stored in a refrigerator until use for less 
than 4 weeks. 

Four parameters were documented at the end of each 
course of chemotherapy: (1) total number of days of 
mucositis; (2) severity of mucositis (numbers of days at 
each grade); (3) the patient's subjective impression as to 
whether the mucositis was more severe, the same, or less 
severe with glutamine supplementation; and (4) the nadir 
neutrophil count. The severity of mucositis was graded as 
follows: 0, no mucositis; 1, painful mucositis not necessi- 
tating a change in oral intake; 2A, painful mucositis re- 
stricting intake to soft foods; 2B, painful mucositis re- 
stricting oral intake to liquids; and 3, mucositis preventing 
oral intake (modified CALGB criteria). Dietary selections 
(and therefore mucositis grade) were determined by 
the patient according to tolerance and were reported to 
the investigators at the end of each treatment cycle. The 
investigators had no input into diet decisions. Maximum 
grade of mucositis and total number of days of mucositis 
were compared by the Mann-Whitney (mucositis grade) 
or paired t test (days of mucositis) (InStat software; 
Graphpad Inc., San Diego, Calif.). All patients gave writ- 
ten informed consent, and the trial was approved by the 
Institutional Review Board of the University of Minne- 
sota. 

RESULTS 

This study was initially designed as a double- 
blind, placebo- controlled trial in which L-aspartate, 
adjusted to the same pH, mixed in the same vehicle 
as the glutamine, was used as the placebo. However, 
each of the first 3 patients randomized to the pla- 
cebo refused to continue the study because the pla- 
cebo did not ameliorate their mucositis and they 
were unwilling to risk that the subsequent course of 
chemotherapy might be associated with mucositis 
with discomfort similar to that they had experienced 
during the previous two treatments. These 3 patients 
are not further described in this report. Thus the 
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study design was changed to that described above in 
Methods. 

Fourteen patients, 8 male and 6 female, were 
entered in the study. All patients received the same 
chemotherapy regimen in the same doses with and 
without glutamine supplementation. Eight patients 
(patients 1 through 8) were given a 9-day continuous 
infusion of doxorubicin, dacarbazine, and cyclo- 
phosphamide (starting doses: 60 mg/m 2, 1000 mg/ 
m 2, and 250 mg/m 2, respectively) with a wearable 
pump in the ambulatory setting as previously de- 
scribed13; 7 of these had a soft tissue sarcoma and 1 
a mesothelioma. One patient (patient 9) with AIDS 
and Kaposi's sarcoma was given doxorubicin (45 
mg/m 2) by constant intravenous infusion over 5 
days; dacarbazine (400 rag/m2), intravenous bolus; 
and vincristine (2 mg) intravenous push. One pa- 
tient with breast cancer (patient 10) was given doxo- 
rubicin (60 mg/m2), cyclophosphamide (600 mg/m2), 
and 5-fluorouracil (600 rag/m2), intravenous bolus. 
Patient 11 received 75 mg/m 2 of doxorubicin over 3 
days by continuous infusion and 1.5 gm/m2/day of 
ifosfamide by bolus administration on days 1, 2, 3, 4, 
and 5 for osteosarcoma. Patient 12, with a soft tissue 
sarcoma, received 50 mg/ma/day of etoposide orally 
for 21 days. Patient 13 received 7.5 gm/m 2 of ifos- 
famide and 500 mg/m 2 of VP-16 over 5 days and 900 
mg/m 2 of carboplatin over 2 days by bolus infusion 
for an osteosarcoma. Patient 14, with squamous cell 
carcinoma of the head and neck, received 55 mg/m 2 
of doxorubicin and 25 U of bleomycin by continuous 
infusion over 5 days. 

The results of oral glutamine supplementation 
by grade and severity of stomatitis are summa- 
rized in Table I. The maximum grade of mucositis 
decreased in 12 of 14 patients with glutamine 
supplementation (median score 2A vs 0.5, p < 0. 
001) and remained the same (grade 1) in 2 of 14 
patients (the median score of 0.5 is arbitrary, 
because half of the patients had a score of 1 and 
half a score of 0). Similarly, the total number of 
days of stomatitis decreased in 13 of 14 patients 
with glutamine supplementation (2.7 _+ 0.8 (mean 
_+ SEM) vs 9.9 _+ 1.1, p < 0.001). Thirteen of the 
14 patients felt that the mucositis was less severe 
with the addition of glutamine. Although this was 
a subjective measurement, the addition of glu- 
tamine allowed the use of chemotherapy doses 
that otherwise would have to have been reduced 
because of mucositis in 8 patients. One patient did 
not want another course of glutamine supplemen- 
tation because she had insulin-dependent diabetes 
and she felt that the supplementation with the 
sucrose-containing suspension caused a small rise 

Table I. Effect of glutamine on severity and 
duration of chemotherapy-associated stomatitis 

Total number of 
Maximum grade* days > grade 01- 

Subjective 
Glutamine - + - + improvement~t 

Patient 
number 

1 2B 0 7 0 Yes 
2 1 0 1 2 0 Yes 
3 1 1 8 7 No 
4 2B 0 7 0 Yes 
5 213 1 1 0 8 Yes 
6 2B 1 9 4 Yes 
7 1 1 1 4 6 Yes 
8 2A 1 1 8 6 Yes 
9 2A 1 6 3 Yes 

1 0 2A 1 1 0 4 Yes 
1 1 2A 0 7 0 Yes 
1 2 2A 0 1 6 0 Yes 
1 3 1 0 3 0 Yes 
1 4 3 0 1 1 0 Yes 

*Maximum grade of mucositis (modified CALGB scale) during the month 
following chemotherapy. The severity of mucositis was graded as: O, no 
mucositis; 1, painful mucositis not necessitating a change in oral intake; 2A, 
painful mucositis restricting intake to soft foods; 2B, painful mucositis re- 
stricting oral intake to liquids; and 3, mucositis preventing oral intake, 
l-Total number of days of mucositis of all grades >0 during the month 
following chemotherapy. 
SPatient's subjective interpretation of whether amino acid supplementation 
decreased the severity of mucositis. 

in her urine glucose level. No change in the nadir 
neutrophil count was noted with the addition of 
glutamine. 

Four patients received more than 1 course of 
chemotherapy with glutamine supplementation. A 
beneficial effect of glutamine appeared to persist in 
subsequent treatments in all 4 patients in that no 
dose attenuations were implemented in response to 
mucositis. In two patients (patients 1 and 8) receiv- 
ing glutamine, a subsequent increase in chemother- 
apy dose was administered with less mucositis than 
at the lower pre-glutamine chemotherapy dose. 

DISCUSSION 

This report demonstrates that simple oral supple- 
mentation with glutamine can significantly decrease 
the severity of chemotherapy-induced stomatitis in 
ambulatory patients. This conclusion, however, must 
be qualified with the realization that some placebo 
effect may be present, because this was not a ran- 
domized double-blind study. We would expect that 
the potential placebo effect would not downgrade 
the mucositis score from a non-zero score to zero 
(no mucositis) or from a 2B to a 1, but because of 
the subjective nature of the scale, a change from 2B 
to 2A or 2A to 1 could represent a placebo effect. 
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When the beneficial effect of glutamine is consid- 
ered, it should be noted that the severity of mucosi- 
tis typically increases with subsequent courses of 
infusional doxorubicin-based chemotherapy.13 Thus, 
although the severity of stomatitis was less with the 
addition of glutamine in the patients described in 
this report, in the absence of glutamine it would 
have been expected to be somewhat worse. In two of 
four patients that received more than one course of 
glutamine, the chemotherapy dose was increased 
without the development of more severe mucositis 
than occurred with the lower chemotherapy dose 
without glutamine, a result that would be unex- 
pected in the absence of glutamine. This beneficial 
effect was seen in the absence of any detectable 
toxicity of the glutamine. One patient with insulin- 
dependent diabetes noted an increase in urinary 
glucose level. The glutamine suspension used in this 
study contained 30 gm sucrose and 2.5 gm glycerin 
per 100 ml in addition to a small amount of fiber. 
We have prepared equally palatable suspensions 
with aspartame, and this preparation might be most 
appropriate when limitation of the oral intake of 
sugars is desired. Because the placebo control group 
was dropped, we cannot exclude the possibility that 
the vehicle itself is responsible for the observed 
benefits. We believe that this is unlikely, because a 
variety of soothing oral preparations--some of 
which contain sucrose and/or glycerin--have not 
seemed to ameliorate mucositis in our clinical expe- 
rience. It is interesting to note that the one patient 
who experienced no benefit from the addition of 
glutamine had mild (grade 1) mucositis and forced 
herself to eat normally; perhaps the glutamine sup- 
plementation was only a small change in the oral 
intake of glutamine and other nutrients from her 
diet. In this regard, animal studies have suggested 
that a normal diet is more protective of the gut than 
glutamine alone. 2 In the final analysis, it may be that 
enteral supplements as close to a normal diet as 
possible may provide the optimal gut protection. If 
this is true, it may be that supplemental glutamine 
would be of little value in patients with normal oral 
dietary intake. 

There has been no effective treatment for the 
prevention of chemotherapy-induced or radiation 
therapy-induced stomatitis or esophagitis, although 
it has been suggested that the simple maneuver of 
cooling the mouth by sucking ice chips may decrease 
the oral mucositis associated with a regimen con- 
taining 5-fluorouracil and leucovorinJ 4 Although 
this maneuver clearly warrants further evaluation in 
the setting of bolus chemotherapy, it is not likely to 
be a viable option for continuous infusion therapy, 

an increasingly popular form of therapy. A recent 
study demonstrated that the topical application of 
transforming growth factor 133 to the hamster cheek 
pouch at the time of chemotherapy administration 
decreased the severity of stomatitis; however, addi- 
tional administration of transforming growth factor 
[33 on day 5 and day 7 eliminated this beneficial 
effect, presumably by inhibiting the healing pro- 
cessJ 5 Although hypothesized to be beneficial, the 
use of chlorhexidine mouthwashes in patients un- 
dergoing radiation therapy to the oral mucosa was 
recently found to be detrimental. 16 

Several other studies have recently examined the 
effect of glutamine on stomatitis. In one recent 
study, 45 adults undergoing allogeneic bone marrow 
transplantation for hematologic malignancies were 
randomized to parenteral nutrition with or without 
parenteral glutamine supplementation. Significant 
benefits were seen in the glutamine treatment 
group, including a better nitrogen balance, fewer 
episodes of clinical infections, and a shorter hospi- 
talization time. 4 However, no difference in the se- 
verity of oral mucositis (stomatitis) was seen. Two 
other recent trials of total parenteral nutrition with 
or without glutamine in the setting of bone marrow 
transplantation or high-dose chemotherapy have 
also not found an effect of added parenteral glu- 
tamine on oral stomatitis or esophagitis. 17'is These 
studies suggest that simply providing glutamine sys- 
temically does not have a dramatic beneficial effect 
on oral and esophageal stomatitis. One recent study 
with oral glutamine also did not find a beneficial 
effect of stomatitis19; possible reasons included the 
use of a lower glutamine concentration, resulting in 
less optimal kinetics of local absorption; a shorter 
course of glutamine; and a small sample size. 

As with all treatments designed to decrease the 
toxicity of cancer chemotherapy to the host, the 
possibility that such treatments might also protect 
the tumor or even enhance tumor growth must be 
considered (reviewed in references 1, 7, and 20). 
Because glutamine is a component of the normal 
diet, this should be of less concern than with syn- 
thetic chemoprotective agents or growth factors. In 
addition, the oral administration of glutamine takes 
advantage of the natural ability of the gut mucosa to 
extract a large portion of the glutamine at its desired 
site of action before it enters the portal circulation. 
Tumor cells, like normal cells, need a source of 
energy. The phenomenon of cancer cachexia, a com- 
mon manifestation of malignancy, may be a protec- 
tive response of the host to limit the potential 
sources of energy to the tumor. Tumor growth as- 
sociated with parenteral nutrition in animals has 
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been demonstrated. 2°-23 Some human trials have 
also demonstrated a shortened survival and lower 
response rate to chemotherapy in patients with 
cancer who were receiving parenteral nutrition. 2° 
Although glutamine utilization by tumor cells as 
an energy source has been documented (reviewed 
in references 1 and 7), two points suggest that a 
beneficial therapeutic ratio of glutamine might be 
attainable. First, the beneficial effects of glutamine 
were seen in this study at doses that make small 
contributions to the total daily caloric intake. Sec- 
ond, and perhaps more important, the administra- 
tion of glutamine orally allows the delivery of the 
glutamine locally to the desired tissue where it 
may be utilized immediately without entering the 
blood and thus may not be available to the tumor. 
It is of interest to note that no amelioration of 
myelosuppression by glutamine was detected as de- 
termined by examination of the nadir neutrophil 
counts. 

Although chemotherapy can induce mucositis 
throughout the gut, the present study examined only 
oropharyngeal mucositis. Because most glutamine 
presented to the epithelium of the small intestine is 
absorbed and metabolized by the gut directly, the 
protection of the oropharyngeal mucosa raises the 
possibility that the oropharyngeal mucosa may also 
be able to absorb glutamine directly. Both animal 
and human studies suggest that enteral nutrition 
results in more normal gut function than parenteral 
nutrition, 24 and in the setting of major abdominal 
trauma, enteral nutrition appears to reduce the in- 
cidence of septic complications as compared with 
parenteral nutrition. 25 Animal studies suggest that 
enteral glutamine supplementation yields a better 
survival rate than parenteral supplementation when 
it is administered after methotrexate. 5 Although glu- 
tamine supplementation of enteral diets in animals 
had the desired effect in several studies, 2'3'12 one 
study in rats suggests that the dose of glutamine is 
very important to obtain this effect. The addition of 
5% glutamine to rats on normal chow appeared to 
have negative effects on intestinal adaptation after 
massive small bowel resection, suggesting that high 
concentrations of glutamine in the diet could be 
detrimental. 26 Thus the dose of glutamine may be 
critical. Although this study utilized 4 gm twice daily, 
the optimal dose of glutamine to achieve the desired 
result is unclear. 

We conclude that oral glutamine supplementa- 
tion is a simple, safe, and effective way to decrease 
the severity of stomatitis and esophagitis induced by 
chemotherapy, an important cause of morbidity in 
the treatment of patients with cancer. The role of 
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glutamine in the treatment of patients receiving 
therapy for cancer, including the effect of dose and 
schedule of this nutrient in the context of other 
dietary intake, warrants further study. 
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