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Abstract

Background

Oral mucositis is an inflammatory condition of oral cavity which is a common and serious
side effect of cancer treatment. Severe oral mucositis compromises basic functions like eat-
ing and swallowing causing malnutrition also affecting overall patient’s oral health related
quality of life. The aim of the study was to find the frequency of oral mucositis in patients with
breast cancer during their chemotherapy, the factors associated with oral mucositis & the
overall patient’s oral health related quality of life.

Methods

A cross-sectional study was conducted and a total of 160 women diagnosed with breast
cancer, receiving chemotherapy and who had undergone at least one cycle of chemother-
apy were recruited from two hospital settings. In-person interviews were done, patients
were asked questions about their sociodemographic history, personal habits, oral history
and oral findings, breast cancer stage, chemotherapy history and Oral Health Related Qual-
ity of Life. Their oral examination was done at the end of the interview to assess presence or
absence of oral mucositis, using World Health Organization oral mucositis tool. Oral Health
Related Quality of Life was assessed using Oral Health Impact Profile-14 questionnaire.

Results

Our results showed that out of 160 patients 88 (55%) of the breast cancer cases developed
oral mucositis during chemotherapy. The mean Oral Health Impact Profile -14 scores in
patients with oral mucositis was high 18.36+0.96 showing poor Oral Health Related Quality
of Life. Occasional frequency of brushing was significantly associated with oral mucositis
(Prevalence ratio:2.26, 95%_CI 1.06—4.84) compared to those patients who brushed once
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and twice daily. Low level of education showed negative association with oral mucositis
(Prevalence ratio:0.52, 95%_CI 0.31-0.88).

Conclusion

Our study showed significant positive association of occasional brushing with OM and pro-
tective association of low level of education with the development of OM. Emphasis should
be given to oral hygiene instructions and dental education to cancer patients in oncology
clinics with the prescription of mouth washes, gels and toothpaste to patients to decrease
OM during chemotherapy.

Background

Women with breast cancer (BC) who undergo chemotherapy are prone to many oral manifes-
tations including oral mucositis (OM). Chemotherapeutic drugs affect the mouth’s tissue bar-
rier, causing severe OM and gingivitis, bacterial infections, cellulitis, viral mucosal eruptions,
and periodontal disease. A study conducted by Saito et al showed that approximately 40 per-
cent of patients receiving chemotherapy have been reported to experience these adverse reac-
tions in the oral cavity, with approximately half of patients experiencing serious OM requiring
improvement, pause, or discontinuation of therapy [1].Another study conducted by Cakmak,
S.et al showed that half of the patients i.e. around 51.7% of the patients undergoing cancer che-
motherapy developed OM [2].There are many factors leading to development of OM in
patients with BC which includes frequency of oral hygiene measure used and the type of che-
motherapy as the most important factor. Other important factors associated with BC include
age, education level, xerostomia, neutrophil count & white blood cell count at the base line [3].

OM is an inflammatory process of oral cavity caused by chemotherapy. OM is characterized
by generalized erythema, pseudo-membranous degeneration, frank ulceration, and hemor-
rhage. OM is usually observed within 3-5 days after the initiation of chemotherapy and
reaches its peak intensity at 7-14 days, affecting on overall oral health related quality of life
(OHRQOL) score [4]. Any region of the moveable mucosa can be affected, although the soft
palate, ventral and lateral margins of the tongue, and buccal mucosa are the most frequent
areas. [5]. OM impairs the function and integrity of the oral cavity, affects the Quality of Life
(QoL), and raises morbidity by causing anorexia, dehydration, and malnutrition. Severe OM
compromises basic functions like eating and swallowing, as well as social engagement and
emotional well-being. OM has a severe effect on patients’ QOL, affecting a variety of daily and
psychosocial functions [6].

Chemotherapy induced OM also affects the nutritional status of patients. Failure to evaluate
and monitor the ongoing treatment status of soft and hard oral tissues and to take adequate
precautions can have profound effects on therapy [7]. The most common chemotherapeutic
drugs used to treat early BC include Anthracyclines. This class of drugs includes doxorubicin
(Adriamycin) and epirubicin (Ellence) & Taxanes which include docetaxel (Taxotere) and pac-
litaxel (Taxol). These drugs are often used with other chemo agents like carboplatin, cyclo-
phosphamide (Cytoxan), and fluorouracil (5-FU) [8].

Quality of life comprises an individual’s perceived level of physical, psychological, social,
and existential functioning [9]. OHRQol has been used to assess quality of oral health during
BC treatment. Assessing OHRQoL as a supplement to normative measures allows for a better
understanding of the overall impact of oral disorders on the lives of breast cancer patients.
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OHRQoL is stated as a multidimensional construct that reflects people’s comfort with their
oral health as well as their comfort when eating, sleeping, and interacting with others. [10]

Chemotherapy has reduced the mortality rate of cancer patients; however, OM is an impor-
tant complication of chemotherapy among women during their chemotherapy cycles and
reduce their OHRQOL hindering cancer treatment & care. Chemotherapy induced OM is a
preventable condition through a combination of giving regular oral hygiene instructions,
counselling of patients, performing regular dental checkups & giving necessary referrals for
oral treatments to the patients through which we can effectively prevent OM. Pakistani
women undergoing chemotherapy for BC treatment are usually unaware of the side effects of
chemotherapy like OM therefore through this study it is important assess frequency of OM
caused by chemotherapy and the factors associated with OM among women with BC receiving
chemotherapy.

The aim of this study was to determine the frequency of OM and the factors associated with
OM among patients receiving chemotherapy for BC with or without the diagnosis of OM after
at least one cycle of chemotherapy and to assess OHRQoL using OHIP 14 score in women
undergoing chemotherapy for BC with or without OM after at least 1 cycle of chemotherapy at
AKUH & JPMC in Karachi in 2021.

Methods

A cross-sectional study was conducted for 3 months from July 20™ to October 20", 2021, in
Department of oncology Aga Khan University Hospital (AKUH) & department of oncology
Jinnah Postgraduate Medical Center (JPMC) to assess OM in patients with BC receiving che-
motherapy. A total of 174 patients with BC were approached for the study from which 6
patients refused to participate in the study. 168 patients were evaluated for the eligibility crite-
ria. 8 patients were excluded, 6 due to stage 4 cancer and 2 due to other malignancy which was
our exclusion criteria. Final of 160 patients with BC were recruited and analyzed for OM &
OHRQOL as shown in Fig 1, patient flow chart.

Patients were recruited from two hospital settings AKUH and JPMC. Permission was taken
from the oncology department of the two hospitals. Women meeting the eligibility criteria

174 Patients were approached 6 Patients refused to
> participate

8 Patients excluded

168 Patients were evaluated for eligibility = 6 Patients due fo stage IV cancer
criteria 2 due to other malignancy (Hodgkin's
lymphoma)

Total 160 patients were recruited and
analyzed

Fig 1. Patient flow chart. Flow chart of the patients.
https://doi.org/10.1371/journal.pone.0295456.9001
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were approached for the informed consent and recruited after consent was obtained. After
informed consent, patients were interviewed without intervening the pace of clinics. Data col-
lection included in person interviews and oral examination, both were done by principal inves-
tigator and research associate who was a dentist in JPMC. In the interview, patients were asked
about their socio demographics history, types of oral related hygiene measures and frequency
of oral hygiene measures. Additional information about the use of mouth washes and gels was
also asked/recorded from medical files. In AKUH, patients were already informed regarding
the oral complications such as OM during chemotherapy and were prescribed with mouth-
washes, oral drops and gels by doctors, dentist and dental hygienist. However, in JPMC oral
hygiene care was not provided to the patients. So, oral counselling was provided to patients
who were undergoing chemotherapy. They were educated about brushing technique and oral
hygiene. Mouthwashes and gels were prescribed after the interview and oral examination.

Inclusion criteria included all women above 18 years with confirmed case of BC with ongo-
ing chemotherapy who had consented to participate, patients with Stages I-III breast cancer
planned to receive neoadjuvant or adjuvant systemic chemotherapy, women who had under-
gone at least 1 cycle of chemotherapy Exclusion criteria for the study included those women
with past history of receiving chemotherapy for any other malignancy, women with any type
of other malignancy, women with stage IV and recurrent BC.

Non-probability purposive sampling strategy was used for this study. Sample size was calcu-
lated using open epi version 3, For the frequency of OM Significance level of 5%, bound of
error 8%, frequency of 40% & 10% non-response rate was taken. Sample size calculated was
160 patients [10].

Tools

The World Health Organization (WHO) grading scale for OM was used for this study, it is
based upon clinical features and functionality. The scale measures components that are ana-
tomical, symptomatic and functional related to OM [11]. Patients were examined for the pres-
ence or absence of OM using the WHO tool as shown in Fig 2, OM tool.

Another important variable was OHRQoL. Oral health impact profile -14 (OHIP-14) tool
was used to measure OHRQOL.OHIP-14 is a shorter version of OHIP-49, defined by Slade and
Spencer, but maintains the original conceptual dimensions found in OHIP-49. OHIP-14 tool
consists of 7 dimensions with two questions each. The seven dimensions are: “Functional limi-
tation”, “physical pain”, “psychological discomfort”, “physical disability” “psychological dis-
ability”, “social disability” & “impairment”. A 5-point scale scoring system is followed for
OHIP-14, which is coded as 0 = never, 1 = hardly ever, 2 = occasionally, 3 = fairly often, and
4 = very often as shown in Fig 3 OHIP-14 tool. [10]. The score of > 11 shows overall poor
OHRQoL and the score of <9.33 was considered a good score for overall OHRQoL [12].

[Grade ||Description |
[0 (none) [[None |
[I {mild) .|[Oral soreness, erythema |
[Il (moderate) |[Oral erythema, ulcers, solid diet tolerated|
[l (severe) ||oral ulcers, liquid diet only |
[V (life-threatening) |[Oral alimentation impossible |

Fig 2. OM tool. The World Health Organization (WHO) grading scale for measuring OM.
https://doi.org/10.1371/journal.pone.0295456.9002
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Box 2 OHIP-14 guestionnaire

Dismmensian
Funcrional
limaitation

Fhy=ical painn

Peychological
discamdart

Physscal
dizabdalicy

Paychological
disahilicy

Swcial
disabiliry

Flarsd icaps

Duesnon

Hawee yvou had trouhle promoancing amy
limaFiation your eeth, mouth, or
denres™

Flasse you Fell than your sermse of asne has
senrse fed Because of problesms with
somr eeth, mouth, or dentunes?

Have yvou had paimficd aching i youar
o Ch?

Flase ywou Foweud D scmcoum@rtafele foear
any foouds becanse af problesms with
oy beeth. mouth. or denrares?

Hasse you been self-consciows becaise of
sor meeth, mouth, or dentunes?

Flasse ywou Gl fense becawss of problems

Has your dier been wrsatisfoemomny
because of problems with yowr teeth,
sl h, ar demiures?

Hase ywou bhad o Delerrdpl reeads becanse
af problems with your teeth, maowch,
or denieresT

Flasse ywou Fowed it el fo redow
because of problems with sour teeth,
mowlh, aor denteres?

Hasse you been a bin ermbee rrocssen
because of problesms with ssour teeth
rswilh, ar demieres?

Fase you been a bil érrite e with otfzer
peapis because al problerms with your
eeih, eosith, or deniures?

Hawe yvou had ifficueln: dimg youer szl
Jodsm because of problems with yoar
peeih, e, or deniuares?

Flasse you Felt thart 1ife in general was less
sy eeth, mouth, or dentunss?

Hasse you been rorally anable ro fionctiom
becawse of problems with your teeth,
mowlh, ar denteres?

Fig 3. OHIP-14 tool. Oral Health Impact Profile to measure OHRQoL.

https://doi.org/10.1371/journal.pone.0295456.9003
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OHIP-14 was translated in Urdu and translated questionnaire underwent content validation
by a panel of experts, which revealed a score of 0.95 in relevance and 0.98 in clarity.

Variables

Our main exposure variable was frequency of oral hygiene measures used. Other variables
included were education level, socio-economic status, age, menopausal status, frequency of
oral hygiene measures used, gingival status, Decayed Missing Filled Teeth [DMFT], smokeless
tobacco consumption, white blood cell count &neutropenia categorical, type of chemotherapy,
cycles of chemotherapy.

Statistical analysis

Data analysis was performed on Stata version 16. We summarized the descriptive statistics
(mean and standard deviation) for continuous variables e.g. age, OHIP-14 score, & cycles of
chemotherapy. For categorical variables such as OM, education level, employment status,
menopausal status, stage of cancer, type of chemotherapy, neutropenia, frequency and propor-
tions were reported. Cox-proportional hazard analysis was done to calculate the PR (Preva-
lence Ratio) and the 95% CI (Confidence Interval) for each exposure associated with OM e.g.,
oral care provided by doctors/nurses, frequency of brushing, level of education, age, OHRQoL
etc.

Ethical consideration

Following the approval from DRC (Departmental Review Committee), ethical approval was
taken from the Ethical review committee (ERC) of the two hospitals i.e., AKUH and JPMC.
The study began after clearance was received from both hospitals. Training sessions for data
collector was held to regulate the study in an ethical manner. Data was obtained after partici-
pants provided written informed consent. To ensure the confidentiality of the patient’s per-
sonal information, each participant was assigned a unique identification number. Participants
were assured that they had the full right to withdraw participation in this research at any time
before or during the study without incurring any loss or harm in terms of service provision.

Results

A total of 160 patients with BC were recruited in the study to assess frequency of OM, all the
factors associated with OM & overall OHIP-14 score among patients with BC. The main expo-
sure variable was frequency of oral hygiene measures used by patients with BC receiving che-
motherapy. OM was present in 88(55%) patients and 72(45%) patients did not develop OM.
The mean score & standard deviation of overall OHIP-14 score among patients who developed
OM was higher (18.3620.96) compared to (12.12+0.76) patients who did not develop OM.

Table 1 shows sociodemographic factors, type of oral hygiene measures, oral findings &
family history of BC women.

Mean age of patients with OM was 47.87 + 1.18 years, while that of patients without OM
was 47.36+ 1.25 years. For socioeconomic status, 60.2% patients were from low socio-eco-
nomic and 18.2% were of high socio-economic status who developed OM. Around 47.7% of
the pre-menopausal women and 52.3% of the post-menopausal women developed OM during
chemotherapy treatment. In patients who developed OM 56.8% had done primary schooling
or matriculation & 32.9% were graduates or postgraduates. Around 13.6% of the patients who
consumed smokeless tobacco (pan/betel nuts/areca nuts/gutka) developed OM while 12.5%
did not develop OM. Nearly 88.6% patients who developed OM reported brushing their teeth
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Table 1. Sociodemographic characteristics, personal habits, oral related hygiene measures, oral findings, breast cancer stage & chemotherapy history of 160 patients
with BC in a multicenter cross-sectional study in Karachi Pakistan.

SNO Variables OM Present (88) n % OM Absent (72) n % p-value
1 Age in years™
(Mean+SD) 47.87+1.18 47.36+1.25 0.84
2 Socio-economic status 0.68
Low 53 (60.2) 42 (58.3)
Middle 19 (21.6) 21(29.2)
High 16 (18.2) 9(12.5)
3 Marital status 0.76
Single 8(9.1) 4 (5.5)
Married 66 (75.0) 53 (73.6)
Separated /widowed 14 (15.9) 15 (20.8)
4 Menopausal status 0.84
Pre-menopausal 42 (47.7) 36 (50.0)
Post-menopausal 46 (52.3) 36 (50.0)
5 Level of education 0.03
Schooling /matric 50 (56.8) 59 (81.9)
Intermediate 9(10.2) 8(11.1)
Graduate/post-graduation 29 (32.9) 5(6.9)
6 Employment status 0.40
Un-employed 78 (88.6) 68 (94.4)
Employed 10 (11.6) 4 (5.5)
Personal habits, oral history & oral findings
7 Use of smokeless tobacco (Paan, betel nut, areca nuts/gutka)
No 76 (86.3) 63 (87.5) 0.88
Yes 12 (13.6) 9 (12.5)
8 Oral hygiene measure used
Miswak /dentonic 10 (11.3) 15 (20.8) 0.25
Brush 78 (88.6) 57 (79.2)
9 Frequency of oral hygiene measure used 0.09
Occasionally 28 (31.8) 13 (18.1)
Once daily 50 (56.8) 38 (52.7)
Twice daily 10 (11.3) 21(29.2)
10 Oral care provided by doctors/nurses 0.08
No 25 (28.4) 8 (11.1)
Yes 63 (71.6) 64 (88.9)
11 DMFT (Decayed Missing Filled Teeth) 0.98
Low (0.0-2.6) 17 (19.3) 13 (18.1)
Moderate (2.7-4.4) 4 (4.5) 3(4.2)
High (4.5 & >) 67 (76.1) 56 (77.8)
12 Gingival status 0.11
No inflammation 36 (40.9) 47 (65.3)
Mild inflammation 41 (46.6) 21(29.2)
moderate to severe inflammation 11 (12.5) 4 (5.5)
13 OHIP-14 score™
(Mean+SD) 18.36+0.96 12.12+0.76 0.002
Breast cancer stage & chemotherapy history
(Continued)
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Table 1. (Continued)

SNO Variables OM Present (88) n % OM Absent (72) n % p-value
14 Stage of cancer 0.80
Stage 1 3(3.4) 4 (5.5)
Stage 2 40 (45.4) 28 (38.9)
Stage 3 45 (51.5) 40 (55.5)
15 Cycles of chemotherapy™ 0.37
(Mean+SD) 8.78+0.58 7.58+0.68
16 Type of chemotherapy
« Taxanes only 21(23.8) 20 (27.7) 0.15
« AC only 11 (12.5) 20 (27.7)
o AC+Taxanes 56 (63.6) 32 (44.4)
17 White Blood Cell count 0.82
Low (<4.5x10°/L) 16 (18.2) 15 (20.8)
Normal (4.5x10°/L to 11x10°/L) 67 (76.1) 55 (76.4)
High (> 11x10°/L) 5(5.7) 2(2.8)
18 Neutrophil count 0.42
Low (<50%) 9(10.2) 5(6.9)
Normal (50-75%) 70 (79.5) 65 (90.3)
High (>75%) 9(10.2) 2(2.8)
19 Platelet count 0.92
Low(<140x10°/L) 4 (4.5) 2(2.8)
Normal(140x10°/L-400x10°/L) 68 (77.3) 56 (77.8)
High(>400x10°/L) 16 (18.2) 14 (19.4)

Abbreviations: OM, Oral Mucositis; DMFT, Decayed Missing Filled Teeth, OHIP-14, Oral Health Impact Profile-14.

https://doi.org/10.1371/journal.pone.0295456.t001

while 11.3% used other oral hygiene measures such as miswak/powder, 79.12% patients
reported brushing their teeth while 20.83% used other oral hygiene measures such as miswak/
powder.

Nearly 31.8% patients with OM, reported using oral hygiene measures such as brushing/
miswak/powder occasionally while 56.8% used oral hygiene measures once daily. On the other
hand, 18% of the patients with no OM, reported using oral hygiene measures such as brush-
ing/miswak/powder occasionally while 52.7% used oral hygiene measures once daily.

Oral care provided to 71.6% of the patients during chemotherapy like oral hygiene instruc-
tion, mouthwashes, gels developed OM while in 88.9% of the patients in whom oral care was
provided did not develop OM. High DMFT score was found in 76.1% of the patients who
develop OM. While 77.8% patients with high DMFT score did not develop OM. Around
12.5% of the patients who developed OM had moderate/severe gingival inflammation while
5.5% who did not develop OM had moderate/severe gingival inflammation.

Around 51.5% of the patients with OM had stage 3 breast cancer while 45.5% had stage 2
cancer. The mean number of chemotherapy cycles in patients with OM was (8.78+0.58 cycles)
compared to (7.58+0.68 cycles) in patients without OM. Around 63.6% who received AC
(Adriamycin/Cyclophosphamide) + taxanes and 23.8% of the patients who received taxanes
only, developed OM. Nearly half of the patients (44.4%) patients who received AC + taxanes
and 27.7% patients who received taxanes only did not develop any OM. Around 18.18% of the
patients with low WBC (White Blood Cell) count developed OM while 20.8% of the patients
with low WBC count did not develop OM, while 10.2% of the patients with low neutrophil
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Table 2. Multivariable analysis of OM and factors associated with OM among 160patients with BC in a multicen-
ter cross-sectional study in Karachi Pakistan.

Variable p-value PR (95% CI)
Level of education™

Schooling/matric 0.011 0.52 (0.31,0.85)
Intermediate 0.429 0.73 (0.33,1.59)
Graduate/Postgraduate (reference)

Frequency of oral hygiene measure*used

Occasionally 0.014 2.55(1.21,5.37)
Once daily 0.075 1.78 (0.93, 3.76)
Twice daily (reference)

Oral care provided by doctors/nurses
No 1.22 (0.74,2.02)
Yes 0.427 (reference)

Abbreviations: PR, Prevalence Ratio; CI, Confidence interval

https://doi.org/10.1371/journal.pone.0295456.t002

count developed OM compared to 6.9% of the patients with low neutrophil count did not
develop OM. Around 4.5% of the patients with low platelet count developed OM while 2.7% of
the patients with low platelet count did not develop OM.

Our final model (Table 2) showed that the prevalence of OM in patients whom the fre-
quency of oral hygiene measure was practiced occasionally increased by 2.26 (95% CI 1.06-
4.84) compared to patients who use oral hygiene measures twice daily when controlling for
level of education & oral care provided by doctors/nurses & the prevalence of OM in patients
whom the frequency of oral hygiene measure was practiced once daily increased by 1.59 (95%
CI 0.37-1.79) compared to patients who use oral hygiene measures twice daily when control-
ling for level of education & oral care provided by doctors/nurses.

The prevalence of OM among those patients who had either primary schooling or matricu-
lation certificate is 0.52 (95% CI 0.31 0.81) compared to patients who were graduates/post
graduates when controlled for frequency of oral hygiene measure used & oral care provided by
doctors/nurses & the prevalence of OM among those patients who had done intermediate is
0.84 (95% CI 0.31 0.81) compared to patients who were graduates/post graduates when con-
trolled for frequency of oral hygiene measure used & oral care provided by doctors/nurses.

Oral care provided by doctors/nurses was statistically insignificant, but was kept in the final
model due to being an important variable in development of OM. Our results showed that the
prevalence of OM in patients in whom oral care was not provided by doctors/nurses increased
by 1.11 (95% CI 0.66 1.87) compared to patients in whom oral care was provided by doctors/
nurses when controlling for level of education & frequency of oral hygiene measure used.

Discussion

Our results showed that 55% (88) of the BC women developed OM during chemotherapy.
This result is comparable with similar study conducted by Cakmak et al which reported that
51.7% of the patient’s undergoing chemotherapy developed OM [2]. Our results showed that
the mean overall OHIP-14 score was higher (18.36+0.96) in the patients with OM compared
to patients without OM (12.12+0.7). The score was high for both categories, but was greater
for OM group. A study conducted by Priya Sahni et al showed similar results, reporting that in
patients with oral alterations after chemotherapy the overall OHIP-14 score was higher (12.4
+7.4) compared to the OHIP-14 score before chemotherapy (4.0+ 7.7) [10].
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The mean age of the patients was similar 47.87+1.18 for the OM group and 47.36+1.25 for
the patients without OM. As most of the women were of middle age our results were inconsis-
tent with the previous literature as suggested by Lorini L et al that the risk developing OM is
high in young age due to a faster rate of cell regeneration and also in old age due to a slower
pace of healing process [13]. Our results showed that 60.2% of the patients who developed OM
were of low socio-economic status and 58.3% of the patients from low socio-economic status
did not develop OM. A study conducted by Howard JR et al showed that low socio-economic
status is the key factor associated with oral health in cancer patient. Low socioeconomic level is
the most important factor related with poor oral health in cancer patients. Low-income
patients cannot afford dental treatment or receive sufficient oral care information from their
oncologists, exacerbating the situation [14].

The frequency of patients consuming smokeless tobacco was similar for both groups. Our
results showed that 13.6% of the patients who consumed smokeless tobacco developed OM
and 12.5% of the patients who consumed smokeless did not developed OM. A study conducted
by Sujatha S Reddy et al showed that increase in use of smokeless tobacco causes increase in
risk of oral disorders such as OM & OSF (Oral Sub Mucous Fibrosis) [15]. The Final DMFT
score was similar and high for both groups.76.1% of the patients had high DMFT score in OM
group compared to 77.8% patients without OM. A study conducted by Ines Willershausen
et al showed that Patients undergoing treatment for cancer are more likely to have a high
DMEFT score. Cancer patients exhibited significantly more apical lesions without root canal
fillings and lost teeth than healthy controls. Tooth decay and gum disease are the major causa-
tive factor of OM [16].

Our results showed that 12.5% of the patients with moderate to severe gingival inflamma-
tion developed OM while 5.5% patients with moderate to severe gingival inflammation did not
developed OM. A study conducted by Coracin et al supported these results which showed that
poor gingival and periodontal dental health are predictive factors for the occurrence and sever-
ity of OM [17]. Our results showed that the mean no of chemotherapy cycles in both groups
were similar. The mean no of chemotherapy cycles 8.78+0.58 for the OM group and 7.58+0.68
for the patients who did not developed OM. A study conducted by Burciaga et al showed
opposite results. The study showed that the risk of developing OM is high within first six cycles
of chemotherapy compared to greater than six cycles [18]. Our result showed that 63.6% of the
patients receiving AC +taxanes both develop OM and 44.4% receiving both doses did not
develop OM. A study conducted by Nishimura et al showed that risk of developing OM
increased when the patient received AC (doxorubicin hydrochloride and cyclophosphamide)
treatment regimen [19].

Our results showed that 10.2% of the patients with low neutrophil count developed OM
compared to 6.9% of the patients with low neutrophil count did not developed OM. The
results were consistent with the previous literature, as suggested by Sampson et al showed that
mucositis is a common consequence in neutropenic individuals receiving immunosuppressive
treatment, leading to mouth ulcers and periodontal infections [20]. However, all these vari-
ables were statistically insignificant.

Our results showed that prevalence of OM in patients in whom oral care was not provided
by doctors/nurses increased by 1.22 (95% CI 0.74-2.02) compared to patients in whom oral
care was provided by doctors/nurses when controlled for level of education & frequency of
oral hygiene measure used. This result was statistically insignificant and was inconsistent with
the previous literature a randomized control trial conducted by Saito H et al which showed
that that starting prophylactic professional oral health care (POHC) before chemotherapy sig-
nificantly reduced oral deterioration and the incidence of oral mucositis. These results support
the efficacy of regular prophylactic POHC in cancer patients. [1].
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Our results showed that prevalence of OM in patients whom oral hygiene measures were
practiced occasionally increased by 2.55 (95% CI 1.21-5.37) compared to patients who prac-
ticed oral hygiene measures once & twice daily when controlled for level of education & oral
care provided by doctors/nurses. These results were consistent with the previous as a study
conducted by. Murshid et al showed that 38.2% patients who were brushed their teeth occa-
sionally within the third week of receiving chemotherapy showed the presence of OM com-
pared to 3.8% patients who were brushing twice or more per day with a significance of
(p =0.002) [21].

Our results showed that the prevalence of OM among those patients who had done either
primary schooling or matriculation certificate is 0.52 times (95% CI 0.31 0.85) compared to
patients who had done intermediate or were graduates/postgraduates when controlled for fre-
quency of oral hygiene measure used & oral care provided by doctors/nurses. These results
were quite opposite with the previous literature as our results showed protective effect of low
education with OM development this result could be possible because low educated people are
less confident, they listen and follow the instructions more of doctors and nurses compared to
people who are highly educated. Previous studies showed that more the person is educated the
risk of developing OM is less. A study conducted by Araujo et al showed that patients with a
higher level of education cope better with cancer diagnoses and are more likely to adhere to
medical and nursing instructions and prescriptions, such as for oral cleanliness in those with
OM [22]. Another study conducted by Abdelaziz et al. also showed that there was highly statis-
tically significant association between patients practice of oral care and educational level with
more the person being educated, less the chances of developing OM [23].

The strength of this study is that it did not only measure the frequency of OM and all the
factors associated with OM in detail but also the overall OHIP-14 score in the patients with
BC. Another strength of this study is that it was a multicenter study conducted in public and
private hospital setting representing patients from all socio-economic status increasing the
generalizability of our results. Counselling of patients was also done, oral hygiene instructions
were given, patients were educated about brushing techniques, mouthwashes and gels were
also prescribed to the patients in government hospital.

The major limitation of this study was that it was a cross-sectional study conducted with
inherent biases such as recall bias and non-response bias. Another limitation of cross-sec-
tional study design was that temporality was not established between the exposure (fre-
quency of oral hygiene measure used) and outcome (OM). A longitudinal follow-up study
would have given better results if we had followed patients with BC for a period of time to
measure the effects of type of chemotherapy and number of cycles more accurately on devel-
opment of OM. If a longer longitudinal follow-up study was conducted and we had done
oral examination before and after at least one cycle of chemotherapy, we would have gotten
better idea that OM developed due to chemotherapy or there were other factors which lead
to OM. Another limitation of our study was that we used non-probability purposive sam-
pling and did not stratify our patients according to government and private hospital setup as
most of our patients were from government hospital, based on difference in OM in the 2
hospitals, weighted sample size should have been done and when not done, it may have
resulted in overestimation of the OM frequency.

Based on our results with 55% of the patients having OM, the study results emphasize on
the multidisciplinary approach in this regard. The role of dentist fits here as half of all chemo-
therapy patients experienced OM, taste changes and xerostomia indicating that the patient
should be consulted by a dentist before beginning the treatment. Patient education by a dentist
is necessary to improve OHRQoL. Nurses working in oncology settings also have a critical role
in assisting the patients in managing their impaired oral function. They should be providing

PLOS ONE | https://doi.org/10.1371/journal.pone.0295456  April 16, 2024 11/14


https://doi.org/10.1371/journal.pone.0295456

PLOS ONE

Oral mucositis due to chemotherapy in breast cancer patients

psychological support, as well as dietary interventions for patients who have difficulties swal-
lowing and supportive care measures for relief of dry mouth and distorted taste. Patients
should be informed about OM before the chemotherapy and should be given oral hygiene
instructions in which they should be educated about brushing techniques, flossing & use of
mouth rinses. Like private hospitals, government hospitals should also conduct regular dental
checkups after every chemotherapy cycle and provide mouthwashes and gels to treat OM.

Future direction of the management of OM should focus on evidence-based rehabilitation
and pre- and post-chemotherapy monitoring. Focus group discussions and awareness of OM
to patients with breast cancer using different videos and pamphlets should be considered.

In summary, the management of cancer-related mucositis is swiftly developing. Because the
causes of OM are complex and multifaceted, the prevention strategy must be intended to
ensure maximum OM control by manipulating multiple cascade pathways. A variety of
approaches is likely to be the future standard of care. At the moment, Oro-dental care, regular
mouth rinses, the use of growth agents, and topical treatment may be the answer. A longitudi-
nal, multicentre follow-up studies are also required so temporality is established between che-
motherapy and OM for prevention and better management of OM.

Conclusion

Our study showed significant association between occasional frequency of brushing and devel-
opment of OM in patients with BC as high OM prevalence was found in the patients who did
not take care of their oral hygiene and brushed occasionally. Our study also showed negative
association between low level of education and development of OM which was quite an
unusual finding. Emphasis should be given to oral hygiene instructions and dental education
to cancer patients in oncology clinics. Mouth washes, gels & toothpaste should be provided to
patients with OM for early eradication. Nurses should also play an important role in providing
psychological support and maintaining nutrition of the patient.
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