
J Clin Pathol 1989;42:940-943

Effect of radiotherapy on oral mucosa assessed by
quantitative exfoliative cytology
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SUMMARY The effect of radiotherapy on normal buccal mucosa was investigated using the
quantitative techniques of cytomorphology (measurement of nuclear and cytoplasmic area) and
DNA cytophotometry. These techniques were applied to smears obtained before, during, and after
irradiation. Nuclear area and cytoplasmic area increased and DNA values were abnormal in most
cases as a result of radiotherapy, returning to within normal limits one month after treatment. This
contrasts strongly with the changes seen in smears from previously irradiated uterine cervices, where
changes in cytomorphology may persist for several years.

Exfoliative cytology of the uterine cervix continues to
be a routine and widely practised method for the
screening of cervical cancer.'-3 Its application to the
screening for oral cancer has fallen from favour, due
mainly to the subjective nature of its interpretation.6
Recently, quantitative techniques, such as computer-
ised analysis of digitised cell images78 and DNA
cytophotometry9 have been applied to cervical smears.
Unfortunately, few have applied these techniques to
the detection of oral cancer.''"
Although oral cancer accounts for only 2% of all

malignant tumours,'2 its five year survival of 25%
remains disappointingly low."-'" Ninety per cent of all
oral cancers that recur do so within the first two years
of treatment.'2 For quantitative exfoliative cytology to
be ofvalue in the detection ofmalignant change (either
primary or recurrent), the effect of various external or
systemic factors on normal mucosa must first be
assessed.'6
To detect recurrence following radiotherapy the

effect of radiation on normal mucosa must be known,
particularly as the irradiation of normal tissue may
result in altered DNA states and malignant change
itself. '7 '8 The aim of this study, therefore, was to assess
the effect of radiotherapy on the DNA distribution
and cytomorphology of normal oral mucosa and the
duration of any change observed. Such knowledge
could help differentiate malignancy from radiation
damage where suspicious areas of previously
irradiated oral mucosa exist.
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Material and methods

All patients received megavoltage therapy (4 MeV)
using a source to skin distance of 100 cm. Most
patients received parallel opposing fields and required
wedges. Every patient required a beam directed shell,
which meant that the normal buccal mucosa was
irradiated during every fractionated dose. The volume
irradiated, however, varied among patients, as did the
number of fractions and total dose recieved. A full
blood count was taken to exclude anaemia for each
patient.

Smears were obtained from normal buccal mucosa
which was in the field of exposure, for the irradiation
of malignant tumours. These smears were taken
before, two weeks into, and at one month review
following completion of radiotherapy. A wooden
tongue spatula was scraped firmly across the mucosa,
and the scrapings transferred to glass slides. The
smears for DNA estimation were fixed in methanol-
:formalin:acetic acid (85:10:5) and then underwent
Feulgen hydrolysis.'9 The smears for cytomor-
phological assessment (measurement of nuclear area
and cytoplasmic area) were fixed in equal parts of95%
ethanol and diethylether and then stained with the
Papanicolaou stain.
DNA measurements were carried out using a Vick-

ers M85 scanning and integrating microdensitometer.
For each smear the Feulgen DNA content of 50
randomly selected nuclei was measured. DNA dis-
tribution histograms were compiled for each
specimen.
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Effect ofradiotherapy on oral mucosa

For cytomorphological assessment, the nuclear and
cell boundaries of 50 randomly selected cells were
traced using a Leitz drawing tube attached to the
microscope, at x 1000 magnification. The nuclear and
cytoplasmic areas were then calculated using a Reich-
hert digitiser interfaced to a Pet 2000 computer and
then analysed on the University of Dundee's PRIME
computer, using the Minitab statistical package.

Results

Thirty seven patients were screened; 27 were men

(mean age 61-4 years) and 10 were women (mean age
62-6 years). The malignant lesions affected the tongue,
floor ofmouth, palate, tonsilar region, buccal mucosa,
mandible, parotid and submandibular glands.
The results for DNA distribution of 25 of the 37

patients are listed in table 1. In the remaining 12
patients smears were obtained at two of the three
"stages". These smears were incomplete due to a

number of factors beyond our control-for example,
patients declined to consent, failed to return, died or
were reviewed outside the Dundee district. The diploid
(D) state was characterised by a one peak DNA
distribution. The abnormal state (DS) described a
smear in which most cells were diploid, but in which
one or two abnormal nuclei existed. Polyploidy (P)
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referred to a DNA distribution representing various
multiples of the diploid state.

The treatment was interrupted after 10 fractions
(split course), to begin again two weeks later in cases 5,
7, 9, 11, 23, 24. Smears taken half way through
treatment were taken immediately the 10 fractions
were completed. The radiotherapy regimens ranged
from 1200 cGys over 10 fractions, to 6000 cGys over
20 fractions.
The buccal mucosa before irradiation was always

diploid. In 25 ofthe 33 cases smeared halfway through
treatment an abnormal DNA state was observed. At
initial review after radiotherapy smears were obtained
from 31 cases, four ofwhich dislayed abnormal DNA
profiles.
The values for nuclear area and cytoplasmic area are

illustrated in the form of boxplots (figure). The means
and standard deviations for each stage of treatment
smeared are given in table 2. Using a two sample t test,
a highly significant rise in both nuclear area

(p = 0 002) and cytoplasmic area (p = 0 001) resul-
ted from exposure to irradiation (before treatment
compared with half way through treatment). This
highly significant rise in both nuclear area and cyto-
plasmic area values (significant at the 1% level) was
followed by an almost equal reduction in both values

Before

Table I The dose received and its effect on the DNA
profiles ofnormal buccal mucosa are displayed together with
the timing ofsmear taken after treatment

Radiotherapy
Months Regimens

Case after (fractions
No Before Halfway After treatment TMax cGys

1 D P D 5 x 20/4500
2 D D, D 1 x 25/5500
3 D P D 1.5 x23/5500
4 D D, D 0-5 x 20/5300
5 D D, D 0-5 x 10/3000
6 D D, D 17 x 18/4000
7 D D, D 1 x 10/1200
8 D D D 0-25 x 20/5500
9 D D P 0 25 x20/6000
10 D D D 3 x 20/5280
11 D P D 0-5 x 25/6000
12 D P D I x 20/4500
13 D P D I x 25/5250
14 D P D 1-75 x 20/4750
15 D D D I x 24/5500
16 D P D 1-5 x 20/5593
17 D P D 3 x 20/5145
18 D P D 1-5 x 20/5216
19 D D, D 2 x 10/3250
20 D P D, 1-25 x 20/5500
21 D P D 0-5 x 15/3656
22 D P D, 0-5 x 15/3574
23 D D, D 0-5 x 20/5200
24 D P D I x20/5900
25 D D, D 0-25 x 20/4106

Tmax-total dose received.

During
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Figure Boxplots to show effects ofradiotherapy on nuclear
area (NA) and cytoplasmic area (CA) values. The vertical
line within the box depicts the median value (50th
percentile); the box depicts thefirst and third quartiles.

Table 2 The mean valuesfor nuclear area (NA) and
cytoplasmic area (CA) for smears collected before, during
and after completion ofradiotherapy

Stage of Nucledr area (pm) Cytoplasmic area (pm2)
treatment Mean (SD) Mean (SD)

Before 64-9 (10-97) 1876 (560)
Halfway through 75 4 (16 66) 2333 (669)
After 65 6 (13-44) 1932 (478)
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at review. A two sample t test comparing smears taken
after treatment with those taken before showed no
significant difference (nuclear area, p = 0-87, cyto-
plasmic area, p = 076).

Discossion

All smears taken before irradiation were diploid,
confirming Cowpe et al's'6 previous findings in the
normal mucosa of healthy non-anaemic subjects. In
most cases radiotherapy induced a change within the
DNA state. At review, however, most cases had
returned to the diploid DNA state.

Abnormalities within DNA profiles are usually
associated with malignancy.'0°" The finding of such
changes within normal mucosa, however, should not
be so surprising, given that ionising irradiation is
known to be mutagenic and capable of causing
neoplasia.' 18 What is perhaps more surprising is that
we do not see tumours developing more often within
previously irradiated normal mucosa. In our study,
however, these radiation damaged cells did not retain
their proliferative ability; an abnormal DNA profile
was rarely found four weeks after treatment. This may
have been due toDNA repair, further lethal damage of
cells already changed, or possibly because the cells
found during radiotherapy were genetically mute.

In some cases the changed DNA state persisted into
the phase after treatment. Of the four cases with
abnormal DNA profiles after treatment, three were
smeared two weeks after treatment. Gillespie observed
that the cells of the oral mucosa take five days to
migrate to the surface,20 hence these changes were
possibly due to direct radiation damage. The abnor-
mal DNA profile in the fourth case was due to
recurrence." Unfortunately, it was not possible to
smear the other three cases at weekly intervals to
determine the point at which they reverted to the
diploid state, but later smears were all diploid.
Whether the prolongation in abnormal DNA state
was indicative of a poor tissue response and sub-
sequent poor prognosis is unclear as two of these
patients died shortly after completing treatment.
Another patient died within three months ofcomplet-
ing treatment and yet had displayed a diploid DNA
profile.
With regard to cytomorphology, both nuclear area

and cytoplasmic area increased as a result of radio-
therapy, although at review no significant difference
was found between values obtained before and after
treatment. This was despite there being a lack of
standardisation in the total incident dose. Variations
in quantity and quality of saliva, nutritional state, and
superimposed infection may have occurred during
treatment, which may have influenced cytomor-
phological values.

Ogden, Cowpe, Green

Umiker et al reported two peaks in nuclear area and
cytoplasmic area enlargement in normal buccal
mucosa cells during treatment (one between 12 and 19
days, the other between 25 and 38 days).2' Smears
taken half way through treatment would have coin-
cided with the development of Umiker's first peak.
The second peak could not be confirmed because our
cases were not treated for that length of time.
The possibility remains that there may be late,

radiation induced effects.2223 Cytoplasmic vacuola-
tion, multinucleation, and cell enlargement have been
observed in normal oral mucosa for several years after
radiotherapy,2425 although others have not found cell
enlargement.26 No changes in nuclear area, cytoplas-
mic area, and DNA profile seem to be present in our
cases under long term review. This contrasts with
cervical smears where radiation induced changes,
which may include an increase in nuclear area and
cytoplasmic area, can persist for several years.2728

In conclusion, this study indicates that any changed
DNA state arising in normal buccal mucosa as a
consequence of irradiation returns to a diploid state
within four to six weeks of radiotherapy. Hence these
high doses of irradiation, while being capable of
inducing dysplasia (as indicated by the changed DNA
state) seem to have no lasting effect on DNA distribu-
tion. This was also true for increases in nuclear area
and cytoplasmic area, which returned to normal
values after completion of treatment. Recently it has
been advised that cervical smears should continue to
be taken for life because radiation carcinogenesis may
occur.23 Similar doses are used for oral tumours, which
emphasises the need to evaluate the effect of radio-
therapy on normal oral mucosa, both in the short and
long term.

We thank Drs S Das and J Dewar (department of
radiotherapy and oncology, Ninewells Hospital) for
access to their patients, Mrs Morag Thompson for her
excellent technical assistance, and Mrs C Toner for
typing the manuscript.
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