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Concomitant Chemoradiotherapy Induced Nuclear Abnormalities in 
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ABSTRACT

Introduction: Oral squamous cell carcinoma is a growing 
malignancy in Pakistan. Concurrent chemo-radiotherapy 
(CCRT) has a fundamental role in the management of loco 
regionally advanced head and neck tumours and a survival 
advantage for this approach in comparison to radiation alone 
is now generally acknowledged. The objective of this study 
was to evaluate the relationship among duration of concom-
itant chemo-radiotherapy and nuclear abnormalities in nor-
mal buccal mucosa cells collected by serial scrape smears 
from oral squamous cell carcinoma patients.
Materials and Methods: The study included 70 patients of 
OSCC treated by concomitant chemo-radiotherapy. Serial 
scrape smears were taken from normal buccal mucosa on 
specific days of therapy i.e. before and at the end of thera-
py with the help of wooden spatula. The smears were then 
stained with H&E, Pap and Giemsa stains and evaluated by 
light microscopy. The frequencies of karyolysis, karyorrhex-
is, micronucleation, binucleation, nuclear budding, promi-
nent nucleoli and multinucleation were recorded.
Result: Among 140 smears from normal buccal mucosa, 
karyolysis in n=71 (50.7%), karyorrhexis in n=71 (50.7%), 
binucleation in n=77 (55%), nuclear budding in n=68 
(48.5%), micronucleation in n=73 (52.1%), prominent nu-
cleoli in n=85 (60.7%) and multinucleation in n=54 (38.5%) 
smears were seen. The CCRT induced nuclear abnormalities 
i.e. karyolysis, karyorrhexis, binucleation, micronucleation, 
nuclear budding and multinucleation in normal buccal mu-
cosa cells have statistically significant relationship with du-
ration of CCRT and this increase in nuclear abnormalities 
was more evident at the end of therapy.
Conclusions: Nuclear abnormalities can occur in normal 
buccal mucosa cells due to CCRT which may lead to atypical 
and even dysplastic changes in radiation field.
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INTRODUCTION

Head and neck cancers are characterized according to 
the area of the head and neck from where they arise, 
and these consist of pharynx, nasal cavity, larynx, oral 
cavity, salivary glands and paranasal sinuses.1 More 
than 90% of oral cancers are oral squamous cell car-
cinomas (OSCC) arising in the mucous membranes of 
the oral cavity and oropharynx.2,3

Globally, oral cancer is the eighth most common cause 
of cancer-related deaths, although many people are 
unaware of its presence.4 Developing countries have 
the world’s maximum reported occurrence of oral can-
cer with squamous cell carcinoma for being the most 
common histological type.5 The current treatment mo-
dalities available for OSCC patients are surgery or 
radiotherapy alone, surgery in combination with ra-
diotherapy and combine chemo-radiotherapy with or 
without surgery.6 A good loco-regional and systemic 
control for advance cases of OSCC is an important goal 
of concurrent chemo-radiotherapy.7

Attempts to elaborate the tests which could calculate 
the reaction of normal buccal mucosa to radiotherapy, 
have been made in earlier period and are still being fol-
low. Early researchers used biopsies from the buccal 
mucosa or lesional site in order to predict response to 
radiotherapy. Afterwards, Graham opened up the use 
of exfoliative cytology to calculate radiation associated 
changes in cervical cancer and established them helpful 
in predicting the reaction to the treatment.8 Nowadays, 
more emphasis has been given towards the role of ex-
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foliative cytology as an assay to predict the radiation 
induced nuclear changes in normal buccal mucosa to 
consider field cancerization and development of sec-
ondary tumours. Cowpe and his associates suggested 
that it is an investigative test for precancerous and can-
cerous lesions presenting in the oral cavity.9 Numerous 
nuclear changes, as a result of radiotherapy, including 
karyolysis, karyorrhexis, micronucleation nuclear bud-
ding and multinucleation were described in a number 
of studies.10,11

The current exfoliative cytological smears study was 
carried out to evaluate the relationship among various 
nuclear changes in contralateral normal buccal mucosa 
smears with duration of concomitant chemo-radiother-
apy and also to investigate the possibility of utilizing 
exfoliative cytology as an assay to predict normal buc-
cal mucosa response to concomitant chemo-radiother-
apy.

MATERIAL AND METHODS

The study was conducted in the Department of Mor-
bid Anatomy and Histopathology, University of Health 
Sciences Lahore, Pakistan. The study group was com-
prised of 70 patients with histologically confirmed 
squamous cell carcinoma of oral cavity treated by con-
comitant chemo- radiotherapy at the Department of Ra-
diotherapy, Institute of Nuclear Medicine and Oncolo-
gy Lahore (INMOL), Pakistan.
Each patient received a total of 70 to 90 Gy of external 
beam radiation in 33 fractions of 2Gy each given daily, 
five times a week, over a period of six weeks in combi-
nation with chemotherapy i.e. cisplatin and 5-FU with 
varying doses, adjusted by chemotherapist. The patients 
undergoing for CCRT treatment for the first time were 
selected for the study. While the patient treated with oth-
er treatment modalities, like radiotherapy or chemother-
apy alone, patients suffering from co- morbid conditions 
and patients who were already undergone through CCRT 
treatment were excluded from the study.
After getting informed consent, a detailed oral ex-
amination, comprehensive clinical findings and case 
history of each patient were recorded in a proforma. 
Three scrape smears were taken (One for each Hae-
matoxylin and Eosin, Papanicolaou and for staining 
with May-Grunwald Giemsa stains) from the normal 
appearing contralateral buccal mucosa (opposite to tu-
moural area). Subsequently smears were taken on sim-
ilar pattern from the same sites at the end of CCRT. 
Scrapings were taken with the help of a sterile wooden 
spatula wet in distilled water. The collected material 

was smeared without delay on a grease free super frost-
ed glass slide. Smears to be stained with haematoxylin 
and eosin and Papanicolaou stain were immediately 
fixed in equal volume of ether and alcohol, while those 
to be stained with Giemsa stain were air dried and then 
fixed in methyl alcohol.
A total of five hundred random epithelial cells were 
counted in each smear from the contralateral normal 
buccal mucosa of each patient and the results were 
made as number of cells presenting nuclear abnormal-
ity per 1000 cells. Cells clumps, cells with disintegrat-
ed or vague nuclear membrane and poorly preserved 
cells were not counted. Nuclear changes were assessed 
under light microscope i.e. karyolysis, karyorrhexis, 
micronucleation, nuclear budding, binucleation and 
multinucleation. 

STATISTICAL ANALYSIS

The data was entered and analyzed using SPSS 22.0. 
Comparisons between clinical and microscopic param-
eters were performed with the sample t-test. A differ-
ence of p < 0.05 was considered to be significant. 

RESULTS

All the nuclear abnormalities that were studied i.e. kar-
yolysis, karyorrhexis, micronucleation, prominent nu-
cleoli, nuclear budding, binucleation and multinuclea-
tion, proved a dose dependent increase in response to 
concomitant chemo-radiotherapy (Table 1). 

Karyolysis
It was observed in n = 71 (50.7%) smears on both days 
and it was raised significantly from baseline n=1 (1.4%) 
to n = 70 (100%) smears taken at the end of CCRT. Sig-
nificant statistical association was noticed among days 
of CCRT and karyolysis (p = 0.000).

Parameters Before CCRT 
(Baseline)

At the end of 
CCRT

Karyolysis n = 1 (1.4%) n = 70 (100%)
Karyorrhexis n = 1 (1.4%) n = 70 (100%)
Binucleation n = 7 (10%) n = 70 (100%)
Prominent nucleoli n = 15 (21.4%) n = 70 (100%)
Multinucleation n = 0 (0%) n = 54 (77.1%)
Nuclear Budding n = 0 (0%) n = 68 (97.1%)
Micronucleation n = 3(4.3%) n = 70 (100%)
Table-1: Frequency of nuclear abnormalities before and 

at the end of CCRT.
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Karyorrhexis
It was observed in n = 71 (50.7%) smears on both days 
and raised significantly from baseline n=1 (1.4%) to n 
= 70 (100%) smears taken at the end of CCRT [Figure 
1]. Significant association was observed among days of 
CCRT and karyolysis (p = 0.000).

Micronucleation
A raise in the counts of cells, showing micronuclea-
tion, was observed with increasing radiation dose. Mi-
cronucleation was observed in n=73 (52.1%) smears on 
both days. The frequency of cells with micronuclei was 
increased from a baseline value n=3 (4.3%) and was 
more predominantly observed at the end of CCRT in 
n= 70 (100%) smears [Figure 2]. This increase was also 
statistically significant (p = 0.000). 

Nuclear budding
Nuclear budding was observed in n=68 (48.5%) smears. 
Cells showing nuclear budding increased significantly 
(p=0.000) from their baseline value where it was ab-
sent in smears however the smears taken at the end of 
CCRT showed pronounce increase in nuclear budding 
and was observed in n=68 (97.1%) end therapy smears.

Binucleation
Binucleation was observed in n=77 (55%) on both days. 
These number of binucleated cells increased from the 
baseline values in n=7 (10%) to n=70 (100%) smears 
taken at before and end of CCRT respectively. Strong 
association was observed between days of treatment 
(CCRT) and binucleation (p = 0.000).

Multinucleation
Multinucleated cells increased significantly from n=0 
(0%) in before CCRT smears to n=54 (77.1%) end ther-
apy smears. A significant association was seen between 
days of CCRT and multinucleation (p = 0.000).

Prominent Nucleoli
Prominent nucleoli were observed in n = 85 (60.7%) 
smears. They were seen in n = 15 (21.4%) and in n = 
70 (100%) smears taken before and at the end of CCRT 
respectively [Figure 3]. Statistically significant associ-
ation was noticed among days of CCRT and prominent 
nucleoli (p = 0.000).

DISCUSSION

Concomitant chemo-radiotherapy exerts its effects on 
normal buccal mucosa which may affect the field of 
irradiation and causing chromosomal injury, the end 

results of which can be distinguished by the occurrence 
of micronuclei in dividing cells. Micronuclei are abnor-
mal fragments of a chromosome that fall behind during 

Figure-2: Photomicrograph showing micronuclei (arrow) in 
normal oral buccal mucosa exfoliated epithelial cells (H&E 
stain, 40X). 

Figure-3: Photomicrograph showing features of nuclear 
atypia, prominent nucleoli (A arrow), binucleation (B arrow) 
and nuclear budding (C arrow) in normal oral buccal mucosa 
exfoliated epithelial cells (H&E stain, 40X).

Figure-1: Photomicrograph showing feature of nuclear 
atypia, prominent nucleoli (A arrow) and karyorrhexis (B ar-
row) in normal oral buccal mucosa exfoliated epithelial cells 
(H&E stain, 40X).
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cell division and are not included in the main nucleus. 
These are formed due to genotoxic damage to the cell 
e.g. radiation brings about chromosomal injury and 
characterized by a fatal genomic injury. The micronu-
cleus test in epithelial cells and peripheral blood lym-
phocytes has been broadly used for observing genotox-
ic damage, caused by chemicals,12 ionizing radiations,13 
and as well as the efficiency of chemo-preventive drugs 
used for cancer treatments.14 Similarly another study is 
in accordance with the present study which stated that 
micronucleation was increased due to chemotherapy 
genotoxicity.15 Thus as the CCRT dosages increased the 
frequency of micronucleation was also raised on con-
tralateral normal buccal mucosa in current study also.
Micronuclei may result from DNA repair method tak-
ing place at low radiation doses leading to rejoining 
of DNA strand breaks during the S phase of cell cycle 
prior to the cell go into the mitotic phase.16 With raise 
in the radiation dose, the repair capacity of the cell re-
duces while the quantity of chromosomal damage in-
creases leading to accumulation of un-repaired DNA 
fragments which may lead to formation of further in-
creased number of nuclear buddings and micronuclei. 
A dose-response association among the micronucleated 
cells and radiation has earlier been stated both in vivo 
and in vitro16,17 as well as in OSCC patients receiving 
radiation therapy.10,11,18-20 Hence the results of this study 
stated the view that micronucleus is a responsive mark-
er of chromosomal damage caused by ionizing radia-
tion. 
A rise in number of cells showing nuclear budding was 
also seen with increasing radiation dosage but this in-
crease was more significant at the end of CCRT. 
Nuclear budding is considered to stand for a micronu-
cleus which has been partly cover by the main nucleus 
or partly throw out during karryokinesis and thus re-
mains continuous with the main nucleus. It may also 
be a symbol of straight consequence of radiation on the 
nuclear membrane leading to nuclear blebing.18

Radiation brings about per-oxidation of membrane li-
pids. It can also stimulate damage to cell membrane 
which may end in failure of cytokinesis (cytoplasmic 
division) following nuclear division and may lead to 
development of a binucleated cell.18 The number of 
binucleated cells also increased at the end of CCRT, 
which is in agreement with previous studies. Binucle-
ation is not considered to be caused by a direct effect 
of radiation on the nucleus but infact it may represent 
damage to cell membrane due to radiation which caus-
es per-oxidation of membrane lipids which in turn lead 
to inability of the cell to undergo cytokinesis.11 A bi-

nucleated cell may also be produced by definite non 
radiation-induced methods and it might correspond to 
a mitotic cell which has not been gone through cytoki-
nesis as up till now.11,18

A considerably higher count of binucleated cells in the 
pre-treatment (CCRT) smears as noted in the present 
study supports the assumption that a subset of these 
cells may be produced by some other non radiation in-
fluenced mechanisms. This is also maintained by the 
fact that binucleated cells have also been reported in 
smears from normal oral mucosa of healthy controls 
as well as OSCC patients without any genotoxic expo-
sure.21 A part of these binucleated cells can be a sym-
bol of lethal concomitant chemo-radiotherapy injury, 
whereas a few may stand for undamaged dividing cells 
as tissues are identified to repopulate after experience 
to fractionated radiation. However in smears it is not 
possible to distinguish between binucleated cells pro-
duced by non radiation-induced mechanisms or those 
produced due to radiation injury, the importance of bi-
nucleation as a marker of concomitant chemo radiation 
damage in oral smears remains unanswered.
Two mechanism of radiation induced multinuclea-
tion have been proposed. Radiation induced damage 
to peri-centriolar matrix leading to multipolar mitosis 
and another mechanism is that cell membrane damage 
can lead to binucleation and a further division in one 
or both of the nuclei in a binucleated cell may lead to 
multinucleation.11 At higher doses of radiation there 
are unrepaired damage to the cell membrane and may 
result in an increase in the binucleated and multinucle-
ated cell too. In present study though a net raise in the 
count of multinucleated cells is seen, it is significant 
only at end of therapy [Table 1]. In addition the counts 
of multinucleated cells were lower than the counts of 
other nuclear abnormalities at end of treatment. 
Karyolysis is defined as dissolution of the nucleus of 
the cell/complete dissolution of the chromatin of the 
dying cells due to enzymatic degradation. There is no 
such study conducted on the presence of karyolysis in 
the smears from normal buccal mucosa area in CCRT 
receiving patients. However the study conducted in In-
dia on serial cytological smears from OSCC patients 
receiving radiotherapy reported that karyolysis was ob-
served in OSCC smears and more obvious at the end of 
radiotherapy.10 Similarly another study is in accordance 
with the present study which stated that karyolysis was 
increased due to chemotherapy genotoxicity.15

Karyorrhexis is the destructive fragmentation of the 
nucleus of a dying cell whereby its chromatin is dis-
tributed irregularly throughout the cytoplasm. It signi-
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fies nuclear breakup into smaller fragments. However 
there is no such study conducted on CCRT induced 
karyorrhexis on normal buccal mucosa. Whereas the 
study conducted in India by Bindu and his associates 
on serial cytological smears of OSCC noted that the 
karyorrhexis was more pronounced at the end of thera-
py.10 Another study carried out in India on serial cyto-
logical smears from OSCC reported the mean percent-
ages of karyorrhexis raised with increased radiotherapy 
dosage.22 Similarly, another study is in accordance with 
the present study which stated that karyolysis was in-
creased due to chemotherapy genotoxicity.15

Prominent nucleoli are small, typically round granular 
bodies, composed of protein and RNA in the nucleus of 
a cell. It is usually associated with a specific chromo-
somal site and involved in ribosomal RNA synthesis 
and the formation of ribosomes. There is no such study 
conducted on the prominent nucleoli and its incidence 
in normal buccal mucosa in CCRT receiving patients 
however the study conducted in USA reported that the 
incidence of prominent nucleoli was raised in smears 
obtained from benign prostate glands after radiother-
apy.23 A significant association was observed between 
days of CCRT and prominent nucleoli (p = 0.000) in 
present study.
The results of current study show a dose related in-
crease in all the nuclear parameters that were studied 
i.e. binucleation, micronucleation, multinucleation, 
karyolysis, karyorrhexis, prominent nucleoli and nu-
clear budding. However there is no such study con-
ducted on combined chemo-radiotherapy effects on 
normal buccal mucosa and nuclear abnormalities. The 
following graph [Figure-4] shows that the frequencies 
of a variety of nuclear abnormalities increase with the 
increased CCRT dosages. 

It is also noted that reading of scoring criteria is eventu-
ally related with the subjective evaluation of each lab-
oratory and scorer and that is the reason that a number 
of laboratories might be extra careful in accepting a cell 
presenting with micronucleation than others. Another 
practical restriction may be the features of the optics 
of microscope used. It has been recommended that the 
scorer’s knowledge and understanding plays a signifi-
cant role in scoring the cells.24 Similar inter-laboratory 
differences may also be seen in case of other radiation 
induced nuclear changes. In light of this large inter-lab-
oratory inconsistencies, assessment of data from differ-
ent studies may not be very precise. 

CONCLUSION

The findings of the present study show a direct dose-re-
sponse relationship among the concomitant chemo-ra-
diotherapy and duration of various nuclear abnor-
malities in contralateral normal buccal mucosa by 
studying chronological smears from patients undergo-
ing fractionated radiotherapy and chemotherapy. Nu-
clear budding and micronucleation come out to be as 
a consistent markers for concomitant chemo-radiation 
damage. There is a requirement for additional studies 
with larger sample size and longer follow-up for better 
understanding of the role of these changes in calculat-
ing the normal buccal mucosa response to concomitant 
chemo-radiotherapy.
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