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ABSTRACT
Background: Oral cancer is a prevalent global health issue, with chemotherapy and radiation ther-
apy commonly used in its treatment. Methods: This study aimed to investigate the correlation
between oral cytological changes and exposure to chemotherapy and/or radiotherapy. A total of
111 participants were included, consisting of 75 cancer patients undergoing radiotherapy and/or
chemotherapy (case group) and 36 healthy individuals (control group). Results: Participants' ages
ranged from15 to 70 years. Pap stain analysis revealed that 15.3%of samples exhibited acute inflam-
mation, with 18.7% in the treatment group and 8.3% in healthy individuals. Among chemotherapy
dose groups, varying degrees of atypia were observed, with a higher incidence of atypia associated
with increased chemotherapy dose. Similarly, radiation therapy doses showed an increase in atyp-
ical cellular changes with higher doses. Conclusions: Chemotherapy and radiation therapy were
found to influence atypical cellular changes and inflammatory infiltration in the oral cavity. The
incidence of atypia was observed to increase with higher doses of chemotherapy and radiation
therapy.
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INTRODUCTION
Oral cancer poses a significant global health chal-
lenge, impacting diverse populations worldwide1.
Treatment modalities such as chemotherapy and ra-
diation therapy are commonly utilized in managing
this condition. Prior research has documented the ad-
verse effects of these treatments, including oral mu-
cositis and disruptions to the normal cell cycle, lead-
ing to the development of carcinogenic changes and
alterations in epithelial cell regeneration2,3.
This study employs cytological techniques to investi-
gate the impact of short and long durations of can-
cer treatment on the development of cellular changes
in the oral cavity. Specifically, we aim to de-
tect oral cytological changes associated with expo-
sure to chemotherapy and/or radiotherapy. By ex-
amining the cellular alterations in oral tissues, we
seek to enhance our understanding of the effects of
chemotherapy and radiation therapy on the oral mu-
cosa and potentially identify markers of treatment-
related changes4.
The research is set against the backdrop of the
widespread incidence of oral cancer and the im-
portance of elucidating the mechanisms underlying
treatment-induced cellular changes5–7. By elucidat-
ing the relationship between chemotherapy, radio-
therapy, and oral cytological alterations, this study

aims to contribute to the existing body of knowledge
on oral disorders among cancer patients, addressing a
critical gap in current research.

METHODS
This descriptive analytical cross-sectional study was
conducted at the Radiation and Isotope Centre in
Khartoum from November 2021 to April 2022. The
study aimed to assess the effects of radiotherapy
and/or chemotherapy on the oral mucosa using cyto-
logical techniques.
The study cohort comprised 111 individuals, with 75
patients undergoing radiotherapy and/or chemother-
apy considered as the case group, and 36 apparently
healthy individuals serving as the control group. Data
collection involved interviews using a pre-tested ques-
tionnaire to gather information related to the disease
and behavior of the participants.
Cytological techniques were employed to analyze oral
cells through the Papanicolaou (PAP) stain method.
Smears were fixed with 95% ethanol, stained with
Harris Hematoxylin and Eosin Azure, and mounted
with DPX for examination. Statistical analysis was
performed using the Statistical Package for Social Sci-
ences (SPSS) software, version 23.0, and STATA 11,
including frequency, mean, and chi-square tests.
Ethical approval was obtained from the Khartoum
State Ministry of Health Innovation, Development,
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and Scientific Research Committee in accordance
with the principles of the Declaration of Helsinki. In-
formed consent was obtained from all participants,
and confidentiality of patient information was strictly
maintained throughout the study. Samples were col-
lected with proper protective measures in place to ad-
here to safety protocols, including COVID-19 pre-
cautions. Ethical clearance code: KMOH-RES/06-01-
2022.

Table 1: Correlation between cytological diagnosis
and treatment doses using Fisher exact test

Variables Cytological diagnosis
Fisher

Benign

1 0 0

100.00% 0.00% 0.00%

Two 3 0 0

100.00% 0.00% 0.00%

Three 14 6 3

60.90% 26.10% 13.00%

Four 7 2 3

58.30% 16.70% 25.00%

Five 0 1 0

0.00% 100.00% 0.00%

1 0 0

0.120*

100.00% 0.00% 0.00%

Two 2 0 1

66.70% 0.00% 33.30%

Three 17 3 0

85.00% 15.00% 0.00%

Four 6 2 3

54.50% 18.20% 27.30%

*P value > 0.05 that’s considered as statistically insignificant

RESULTS
A total of 111 buccal smear samples were included in
the study, with participants’ ages ranging from 15 to
70 years. Of these samples, 75 were from patients un-
dergoing radiotherapy and/or chemotherapy, while
36 were from healthy individuals. Pap stain analysis
revealed that 15.3% of the samples exhibited acute in-
flammation, with 18.7% found in the treatment group
and 8.3% in healthy individuals (Figure 1).
Analysis of cytological findings based on chemother-
apy dose showed varying degrees of atypia, with 3

Table 2: Correlation of cytological atypia in relation to
gender & age groups using Fisher exact test

Variables Cytological Atypia Fisher

No Yes

Groups Under 65 10

86.70% 13.30%

Healthy 36 0

100.00% 0.00%

Gender Male 25 5

0.130*83.30% 16.70%

Female 76 5

93.80% 6.20%

Age 8 0

100.00% 0.00%

21 0

100.00% 0.00%

25 2

92.60% 7.40%

27 3

90.00% 10.00%

15 5

75.00% 25.00%

5 0

100.00% 0.00%

**P-value < 0.05 that’s considered as statistically significant.
*P-value > 0.05 that’s considered as statistically insignificant.

cases of mild atypia observed in the 3-dose group, 3
cases in the 4-dose group (one patient with moder-
ate atypia and two patients with severe atypia). In the
radiation therapy group, no cytological changes were
seen after the first dose, while one case of moderate
atypia was noted after the second dose and three cases
of atypia (one severe, two mild) after the fourth dose.
The distribution of study participants by gender
showed 27% male and 73% female. Age-wise distri-
bution included 7.2% in the 15-20 age group, 18.9%
in the 21-30 age group, 24.3% in the 31-40 age group,
27% in the 41-50 age group, 18% in the 51-60 age
group, and 4.5% in the 61-70 age group (Figure 1).
Furthermore, correlation analysis between cytologi-
cal diagnosis and treatment doses revealed significant
findings. For instance, chemotherapy dose showed a
statistically insignificant correlation with cytological

exact test
P value

treatment

individuals

groups
15-20
years

21-30
years

31-40
years

41-50
years

51-60
years

61-70
years

exact
test

number of

doses

P-value

Radio
therapy

One

One

Chemo
therapy

doses
of
number

0.664*

Inflammation  Atypia

0.029**

0.142*
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Figure 1: Distributions of some groups. (A) Distribution of healthy individual according to age groups; (B) Dis-
tribution of treatment dose among studied patients; (C) Distribution of chemotherapy treatment dose among
studied patients; (D) Distribution of radiotherapy treatment dose among studied patients.

diagnosis (p > 0.05), while radiation therapy dose ex-
hibited a statistically significant correlation (p < 0.05)
with atypical cellular changes (Tables 1, 2, 3 and 4).
Overall, the results indicate a relationship between
chemotherapy, radiation therapy, and oral cytological
changes, with a higher incidence of atypia associated
with increased treatment doses. Additionally, find-
ings suggest variations in cytological diagnosis be-
tween the treatment group and healthy individuals.

DISCUSSION
The current study examined 111 samples from pa-
tients undergoing chemotherapy and/or radiation
therapy in Khartoum state, aged between 15 and 70
years. Of the 111 samples, 75 were from patients
undergoing chemotherapy and/or radiation therapy,
while 36 were from healthy individuals. The results
indicated a mean of 43 with a standard deviation of
12 in cases, and a mean of 35 with a standard devia-
tion of 14 in healthy individuals, yielding a p-value of
0.011.
Our study is supported by several previous reports.
For instance, Ahmed and Elemirri’s study identified
infections and cellular infiltration post-cancer treat-
ment8. Minhas et al. reported various nuclear
atypia in normal buccal mucosa in patients receiving
chemoradiotherapy 9, while Naidu et al. in 2004 ob-
served oral mucositis complications associated with
radiation therapy and chemotherapy 9.
In Pap smears, analysis revealed that out of 111 sam-
ples, 17 samples (15.3%) from both cases and healthy
individuals exhibited acute inflammation, 14 samples
(18.7%) were under treatment, and 3 samples (8.3%)
were from healthy individuals. Our study findings are

in line with those of Ahmed and Elemirri8. Notably,
Pap stain serves as an effective method for detecting
cellular changes in the buccal mucosa10.

CONCLUSIONS
Analysis of Papanicolaou (Pap) stain indicates that
chemotherapy and radiation therapy have varying ef-
fects on atypical cellular changes and inflammatory
infiltration in the oral cavity. Specifically, research
shows that the incidence of atypia increases with
higher doses of chemotherapy and radiation therapy.
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Table 3: Correlation between cytological atypia in
relation to gender & age treatment groups using
Fisher exact test

Variables Cytological Atypia Fisher

value

No Yes

Male 25 5 0.508*

83.30% 16.70%

Female 40 5

88.90% 11.10%

15-20
years

5 0 0.389*

100.00% 0.00%

21-30
years

7 0

100.00% 0.00%

31-40
years

18 2

90.00% 10.00%

41-50
years

21 3

87.50% 12.50%

51-60
years

11 5

68.80% 31.30%

61-70
years

3 0

100.00% 0.00%

6 0.742*

85.00% 15.00%

Radiotherapy    31 4

88.60% 11.40%

One 2 0 0.201*

100.00% 0.00%

Two 5 1

83.30% 16.70%

Three 40 3

93.00% 7.00%

Four 17 6

73.90% 26.10%

Five 1 0

100.00% 0.00%

*P-value > 0.05 that’s considered as statistically insignificant.

Table 4: Correlation of cytological atypia in relation to
treatment doses using Fisher exact test

Variables Cytological Atypia Fisher

value

No Yes

One 1 0 0.743*

100.00% 0.00%

Two 3 0

100.00% 0.00%

Three 20 3

87.00% 13.00%

Four 9 3

75.00% 25.00%

Five 1 0

100.00% 0.00%

One 1 0 0.028**

100.00% 0.00%

Two 2 1

66.70% 33.30%

Three 20 0

100.00% 0.00%

Four 8 3

72.70% 27.30%

**P-value < 0.05 that’s considered as statistically significant.
*P-value > 0.05 that’s considered as statistically insignificant.
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