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Abstract Mucositis in the oral cavity is a serious compli-
cation during radiation therapy for head and neck cancer,
causing local discomfort and pain. In severe cases,
hospitalization and interruption of radiotherapy may be
necessary. The pathogenesis of this mucositis is not clear.
With the purpose of getting more understanding of the
pathogenesis of the mucositis, we examined the mucosal
secretion from ten patients during radiotherapy with an
imprint technique. In the secretion we studied the cellular
composition and cellular function. In eight of ten treated
patients the numbers of granulocytes increased in the
secretion after 2 weeks of radiation therapy. The granulo-
cytes, however, did not show any signs of phagocytosis.
The patients all developed mucositis. We propose that the
granulocytes in the secretion might play an important role
in the development of mucositis during radiotherapy.
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Introduction

Radiation therapy is an important method in the treatment
of head and neck cancer. Radiation produces early and
chronic effects on the oral mucosa. The early radiation
effect causes local discomfort and pain and this can cause
swallowing difficulties with nutritional problems [3, 9].

Severe mucosal effects will necessitate hospitalization and
treatment of complications and may lead to interruption of
radiotherapy [11].

Radiation effects are dose-related [1, 10]. Oral erythema
is discernible 1 week [1] or 2 weeks [13] after the
beginning of radiotherapy as the first sign of mucositis.
After 2 weeks of therapy, approximately 20 Gy, the edema
will be more pronounced and the erythema less obvious due
to pressure on the capillaries resulting from the increased
extravascular tissue. After 3 weeks and 30 Gy, there is an
increase in the permeability of the small blood vessels and
connective tissue leading to the connective tissue becoming
edematous and the mucous membrane further stretched [2].

Radiation produces mucosal thinning, salivary gland
atrophy [8], and vascular fibrosis. It is generally believed
that cell death and inhibition of mitosis in the basal cell
population, together with continuous cell loss from the
mucosal surface, will cause mucosal thinning [12]. How-
ever, the pathogenesis is not really clarified and even if
mitosis is inhibited in the mucosa and thus normal mucosa
repair, there must be additional factors, which produce the
inflammation.

Recent studies concerning other mucosal inflammations
in the oral cavity have revealed the existence of an active
cellular defense, consisting mainly of functionally active
granulocytes in the secretion on the mucosal surface. These
studies also strongly indicate that the granulocytes in the
mucosal secretion are an important factor in the pathogen-
esis of mucosal inflammatory conditions [4].

This study was performed to investigate if there is an
inflammatory and infectious process in the secretion on the
oral mucosa in patients who undergo radiation therapy for
oropharyngeal cancer. If so, this would increase our
understanding of the pathogenesis of this condition.
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Materials and methods

Ten consecutive patients with oral and oropharyngeal
cancer (mean age 67 years), where the treatment chosen
was radiotherapy, were included in the study. All patients
received radiation at an average total dose of 61.2 Gy and
the buccal mucosa was included in the radiation field in all
patients. None of the patients was treated with steroids. As
controls, eight patients (mean age 64 years) who were
treated for noninflammatory conditions (epistaxis, vertigo,
etc), and showed no clinical signs or symptoms for bacterial
or fungal infection, were selected at our ENT department.

Samples for analysis were obtained from the patients
before radiotherapy and 14 days after beginning the
therapy. All patients then showed marked signs of muco-
sitis with swollen, red, and painful mucosa (mucositis grade
IV) [12]. In five patients we could obtain one further
sample, which was taken at the end of therapy (6 weeks
after first sample). The secretion was obtained from the
buccal mucous membrane on the opposite site of the tumor
and this location was in every case included in the radiation
field. The sampling was done just before radiation was
given. The samples were then analyzed by using an imprint
technique [5]. Briefly, a piece of foam plastic, 23×15×
15 mm, was firmly pressed against the buccal mucous

membrane and then immediately pressed against a glass
slide. The same side was used in every sampling occasion.
The imprint was stained according to the May–Grünewald–
Giemsa procedure after air drying and used for morpho-
logical and spatial studies of the cellular elements in the
secretion. By light microscopy (Nikon, magnification ×40–
400), the number of epithelial cells, clusters of coherent
epithelial cells, and granulocytes were determined in five
randomly selected visual fields in ×200. When big numbers
of granulocytes were present in visual fields, it was
impossible to count them exactly and thus, in these cases,
the numbers were estimated. Presence of phagocytosis was
determined in ten randomly selected visual fields in ×400.

From the controls, the samples were taken on the same
location on the buccal mucosa. Only one sampling was
done from the controls.

The results for the patients was compared with the
controls by Mann–Whitney rank test.

The difference in results between the first and second
samples in the patients was compared with Wilcoxon
signed rank test.

The study was approved by the Committee of Research
Ethics, Göteborg University.

Results

In the samples from the control group, we observed large
numbers of epithelial cells, single cells, and clusters.
Granulocytes were observed in two of eight controls but
in small numbers. Phagocytosis was never observed.

In the samples from the tumor patients taken before
radiotherapy, epithelial cells were observed in about the
same numbers as in the controls. Granulocytes were
observed in four of the ten patients but in small numbers
compared to the numbers of epithelial cells. Phagocytosis
was never observed.

Table 1 Number of epithelial cells and granulocytes in five visual
fields (×200) in the mucosal secretion in the controls

Subject Epithelial cells Granulocytes

A 223 0
B 154 30
C 116 0
D 140 2
E 66 0
F 70 0
G 119 0
H 600 0

Table 2 Number of granulo-
cytes and epithelial cells in five
visual fields (×200) in the
mucosal secretion before and
after 2 weeks radiotherapy

Patients Before radiotherapy After 2 weeks radiotherapy

Granulocytes Epithelial cells Granulocytes Epithelial cells

A 0 246 1,000 15
B 217 205 67 46
C 17 78 0 10
D 57 58 1,000 43
E 0 341 1,000 32
F 2 44 1,000 0
G 0 27 1,000 5
H 0 48 25 28
I 0 25 71 8
J 0 30 90 0
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There were no significant differences between patients
and controls in the first sample concerning numbers of
epithelial cells or granulocytes (Mann–Whitney rank test).

After 2 weeks of radiotherapy, there was a significant
decrease in the number of epithelial cells in the samples (p<
0.01, Wilcoxon signed rank test). In five of the patients there
was a great increase in granulocytes, in three of the patients
a moderate increase in granulocytes while in the other two
there was no change in number of granulocytes. The change
in numbers of granulocytes between first and second
samples was significant (p<0.03, Wilcoxon signed rank
test). Phagocytosis was not present in the second samples.

In three of the five patients where a third sample was
taken after 6–8 weeks of treatment, the samples showed a
marked decrease in the numbers of granulocytes compared
with the samples taken after 2 weeks of treatment. These
three patients all had high numbers of granulocytes in the
sample taken after 2 weeks of treatment, while the
remaining two patients still had high numbers of granulo-
cytes in their third sample.

The numbers of epithelial cells and granulocytes in
subjects and controls are summarized in Tables 1, 2, and 3.

Discussion

Mucositis is considered partly to be caused by mucosal
thinning, which in turn is considered to be caused by cell
death and inhibition of mitosis and by extravasation of
fluid, causing edema [12]. Our study verified some of these
changes by observation of decreasing numbers of epithelial
cells and at the same time increasing numbers of granulocytes.
Cell death and mitosis inhibition might thus explain the
decreasing numbers of epithelial cells. Still, cell death and
inhibition of mitosis does not explain inflammation.

In five of ten treated patients, huge numbers of granulo-
cytes were present in the secretion after 2 weeks radiation
therapy, and further three patients showed a marked increase

in the number of granulocytes. The numbers of granulocytes
in the secretion in these patients are in the same range as
earlier described concerning patients with acute mucosal
infection [4]. Thus, it seems plausible that the granulocytes
in the secretion are at least partly responsible for the
inflammation seen in the patients, with their red swollen
mucosal surfaces. There are however other recent studies
where it is found that irradiation causes infiltration in the
oral epithelium mainly by mononuclear leukocytes [6, 7],
whereas the number of granulocytes in the mucosa in those
studies did not show any significant alteration compared
with the number before irradiation [6, 7]. The difference
between our findings in the mucosal secretion and the
findings in the mucosal tissue in these studies could be
because the granulocytes migrate immediately to the
secretion instead of gathering in the epithelium.

One explanation for the presence of granulocytes in the
secretion could be that irradiation causes damage and rupture
of vessels in the mucosa, with passive leakage of blood, but
this does not seem probable, as we did not observe any
increase in numbers of other leukocytes or erythrocytes.
Instead, it seems probable that the granulocytes in the
secretion are present as a result of some chemotactic factor.

It is notable that we did not find any sign of
phagocytosis in the samples with huge numbers of
granulocytes. In the above referred study concerning other
mucosal inflammations [4], large numbers of granulocytes
invariably phagocytized bacteria, and one would have
expected this to be the case in this study, too. The absence
of phagocytosis in patients with mucositis means that we
found no evidence of infection in the mucosal secretion.
The mucositis after radiation therapy can thus be caused by
other mechanisms than infection.

As granulocytes and their products can be toxic, not only to
microorganism but also to the mucosal epithelium, it might be
that the granulocytes play an important role in the develop-
ment of mucositis seen during radiation therapy. More
knowledge about the role of granulocytes in the mucosal
secretion therefore seems to be urgently required for a better
understanding of the pathogenesis of radiation mucositis.

In conclusion, we have found that during radiotherapy,
big numbers of granulocytes are present in the mucosal
secretion when the patients develop mucositis. Phagocyto-
sis of bacteria is however not seen.
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