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ABSTRACT

Introduction: The incidence of candidiasis can vary across
various subsites within the head and neck region and is
associated with various co-morbidities and risk factors. The
increase in the incidence of resistant Non-albicans Candida
(NAC) species among these patients and the limited number
of available antifungal agents make treatment difficult. A better
understanding of the subsite-specific prevalence of candidiasis
and its antifungal susceptibility is crucial in enhancing effective
control and treatment.

Aim: To determine the subsite-specific prevalence of candidiasis
among Head and Neck Cancer (HNC) patients undergoing
radiotherapy.

Materials and Methods: A cross-sectional study was conducted
on patients undergoing therapy for head and neck malignancies
at the Department of Radiation Oncology, Amala Institute of
Medical Sciences, Thrissur, Kerala, India over a four-year period
(January 2019 to December 2022). A total of 276 patients aged
18 to 85 years with squamous cell carcinoma were included. Oral
samples were collected from patients who developed candidiasis,
and co-morbidities and risk factors were documented. Candida
species were isolated and identified. Antifungal susceptibility
was determined using the VITEK system, and fluconazole
susceptibility was compared with the standard disc diffusion

method. Data were entered into an Excel sheet and analysed
using Statistical Package for the Social Sciences (SPSS) software.

Results: Pharynx was the most frequent site of head and
neck malignancy, accounting for 104 cases (37.7%), followed
by the oral cavity with 83 cases (30.1%). Among patients with
malignancies in the pharyngeal region, a high rate of Candida
infection was observed in 42 (43.3%) out of 97 cases. Candida
species isolated included C. albicans (56, 57.7%), C. tropicalis
(26, 26.8%), C. krusei (8, 8.3%), C. glabrata (3, 3.1%), and
C. parapsilosis (4, 4.1%). Sixty-five patients (23.5%) had diabetes,
which was statistically significant (p-value <0.05). All C. albicans
strains were sensitive to fluconazole. The Minimum Inhibitory
Concentration (MIC) of voriconazole was very low for all tested
Candida species.

Conclusion: Patients with pharyngeal and oral cavity carcinomas
are at an increased risk of developing candidiasis during
radiotherapy. Diabetes is significantly associated with candidiasis.
While C. albicans was the most common species isolated,
a significant number of NAC species were also identified.
Voriconazole exhibited low MIC values for C. krusei and
C. glabrata, suggesting its potential as an alternative treatment
option. Obtaining VITEK system identification and susceptibility
reports is advisable for borderline values that may not be
evident using conventional disc diffusion methods.
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INTRODUCTION

Candidiasis, a fungal infection caused by the Candida species, is a
common complication in individuals with HNC [1-3]. The prevalence
of candidiasis can vary among different subsites within the head
and neck region, including the oral cavity, pharynx, larynx, nasal
area, and the salivary glands [4]. Complications associated with
candidiasis, such as pain, swallowing difficulties, and compromised
nutrition, can significantly impact the well-being of HNC patients [5].
Oral candidiasis is frequently observed in individuals with diabetes,
as Candida thrives in an environment promoted by heightened
blood sugar levels. Despite diabetes being closely associated
with systemic problems like hypertension and kidney disease in
immunocompromised patients, the direct association with causing
candidiasis is evident primarily among individuals with diabetes
[6-8]. Tobacco use is associated with a high rate of Oropharyngeal
Candidiasis (OPC), and alcohol consumption has been linked to
the development of cancer of the oral cavity and pharynx [9-11].
By understanding the cancer subsites with a higher prevalence of
candidiasis, healthcare professionals can focus on improving oral
health, swallowing function, and overall quality of life in the most
affected areas [12,13].
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Over the past few years, there has been a significant rise in the
occurrence of infections among immunocompromised patients
caused by NAC species. This increase is either equivalent to or
surpassing the prevalence of the widely recognised pathogen,
C. albicans [4,14]. Azole antifungal drugs are most commonly used
in the treatment of oral Candida infections due to their efficacy,
oral bioavailability, and tolerability. However, NAC species are more
resistant to fluconazole, the most commonly used azole group of
antifungal drugs, which makes treatment challenging [15,16]. As the
availability of antifungal medications is limited, addressing resistant
Candida infections is progressively becoming more challenging.
There is a scarcity of information regarding the distribution of
candidiasis in specific subsites within the head and neck region and
the effectiveness of the various available antifungal agents against
C. albicans and NAC strains among HNC patients in this region,
where there is a rise in the burden of HNC [17,18].

A better understanding of the subsite-specific prevalence of
candidiasis and its antifungal susceptibility is crucial in enhancing
effective control and treatment. The aim of the present study was
to identify the subsite-specific prevalence of candidiasis among
HNC patients undergoing treatment. The primary objective of the
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study was to find its association with co-morbidities and risk factors
and to detect the antifungal susceptibility of the isolates. The
secondary objective of the study was to determine the distribution
of Candida species among HNC patients, determine the Minimum
Inhibitory Concentration (MIC) of six antifungal agents against the
Candida isolates, and compare fluconazole susceptibility using the
standard disc diffusion method to provide insights into the reliability
of the standard approach in determining fluconazole susceptibility
in HNC patients.

MATERIALS AND METHODS

A cross-sectional study was conducted at the Department of
Radiation Oncology, Amala Institute of Medical Sciences, Thrissur,
Kerala, India, on patients undergoing Radiation Therapy (RT) for
head and neck malignancies. The study was conducted over a
four-year period from January 2019 to December 2022.

The study protocol was presented to the Institutional Ethics
Committee (IEC), and approval was obtained (Ref No. 30/IEC/19/
AIMS-11). All participants were provided with information about the
study and gave their written consent.

Inclusion criteria: Patients with proven squamous cell carcinoma
of the head and neck region were included in the study.

Exclusion criteria: Patients who were on antifungal therapy and
below 18 years of age were excluded from the study.

Sample size: The study aimed to investigate candidiasis among
276 patients with head and neck malignancies, showing a prevalence
ranging from 25-35% [3,19]. Therefore, using an average prevalence
(P) of 30%, precision (d) as 20% of prevalence, and a significance
level () of 5%, the minimum sample size was calculated as 224.

Z, 1?7 pq
d2

Study Procedure

Swabs were collected from the oropharyngeal region and sent to the
microbiology laboratory for preliminary isolation and identification.
KOH mounts were prepared to check the presence of yeasts and
pseudohyphae. Samples were cultured on Sabouraud’s dextrose
agar and Hichrome agar (HiMedia Laboratories Pvt., Limited.,
Mumbai, India) plates and incubated at 37°C for 24-48 hours. Gram
staining was performed for the preliminary identification of Candida
[20]. Fresh subcultures were then performed on SDA plates to
obtain pure cultures for VITEK® 2 Systems identification and MIC
detection. Additionally, fluconazole susceptibility was determined
using the conventional disc diffusion method. Underlying conditions
such as diabetes and hypertension were observed, and factors
contributing to the risk, such as tobacco and alcohol use, were
documented.

Identification and susceptibility testing using the VITEK® 2 Compact
System were conducted following the manufacturer’s instructions.
Inoculum was prepared in sterile saline provided by the manufacturer,
with a turbidity range between 1.80-2.20 McFarland standard, as
per bioMeérieux VITEK® 2 DensiCHEK™ instrument. VITEK® 2 YST
cards were used for identification testing, while VITEK® 2 AST-
YS08 cards were used to determine the susceptibility of the yeasts
to antifungal agents. The VITEK® 2 AST-YS08 card contained
different concentrations of various antifungal agents, including
amphotericin B, caspofungin, flucytosine, micafungin, voriconazole,
and fluconazole. MIC values were interpreted according to the
breakpoints stated in CLSI M27-M448S [21].

Fluconazole susceptibility was tested and interpreted using the
standard disc diffusion method, following CLSI M44-A2 guidelines
[22]. Fluconazole discs (25 pg) were obtained from HiMedia Labs,
India. Mueller-Hinton agar supplemented with 2% glucose was
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used for sensitivity testing. Microbial Type Culture Collection (MTCC)
3017 from the Institute of Microbial Technology, Chandigarh, India,
was used as the control strain.

STATISTICAL ANALYSIS

The data were analysed using SPSS software (v23, IBM, lllinois, US).
Continuous measurements were reported as the mean+Standard
Deviation (SD). Categorical measurements were presented as
numerical counts along with their respective percentages. The
association between co-morbidities and risk factors with candidiasis
was determined using the Chi-square test.

RESULTS

The study included 276 patients with HNC. The age range was 31
to 85 years, with an average age of 65. The majority of the patients
were men, accounting for 231 (83.7%) cases, with an average
age of 65. Women comprised 45 (16.3%) of the patients, with an
average age of 65 years. In the current study, the pharynx was the
most frequent site of head and neck malignancy, with 104 (37.7%)
cases. This was followed by the oral cavity with 83 (30.1%) cases,
the larynx with 74 (26.8%) cases, the nasal cavity and paranasal
sinuses with 8 (2.9%) cases, and the salivary glands with 7 (2.5%)
cases of parotid malignancies observed [Table/Fig-1].

Characteristics | N (%)
Gender

Women 45 (16.3)
Men 231 (83.7)
Age (Mean+SD) 65+11 years

Site of malignancy

Oral cavity 83 (30.1)
Buccal mucosa 15 (18.1)
Tongue 46 (55.4)
Floor of mouth 6(7.2)
Hard palate 3(3.6)
Lip 3(3.6)
Alveolus 9 (10.9)
Maxilla 1(1.2)
Pharynx 104 (37.7)
Nasopharynx 10 (9.6)
Oropharynx 46 (44.2)
Hypopharynx 48 (46.2)
Larynx 74 (26.8)
Vocal cords and mucosa 48 (64.9)
Supraglottic 4 (5.4)
Subglottic 22 (29.7)
Nasal cavity and paranasal sinuses 8(2.9)
Salivary glands (parotid) 7 (2.5)

[Table/Fig-1]: Demography of Head and Neck Cancer (HNC) patients (n=276).

Candidiasis was identified in 97 (35.1%) out of 276 patients, with
the most prevalent species being C. albicans in 56 (57.7%) cases.
Other NAC species, are shown in [Table/Fig-2].

Candida species N (%)
C. albicans 56 (57.7)
C. tropicalis 26 (26.8)
C. krusei 8(8.3)
C. glabrata 3(3.1)
C. parapsilosis 4(4.1)

[Table/Fig-2]: Candida species isolated in Head and Neck Cancer (HNC) patients

(n=97).
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Various Candlida colonies of C. albicans, C. tropicalis, C. krusei,
C. glabrata, and C. parapsilosis were seen on the Hichrome agar
plate, as shown in [Table/Fig-3].

[Table/Fig-3]: Candida colonies on Hichrome agar plate. a) C. albicans; b) C. tropicalis;
©) C. krusei; d) C. glabrata; and €) C. parapsilosis.

In the study, 65 (23.5%) patients were diabetic, and among them,
41 (63.1%) had candidiasis. The association between diabetes
and oral candidiasis (OPC) was found to be statistically significant
(p=0.0001). However, there was no significant association with
risk factors like tobacco and alcohol (p-value >0.05) [Table/Fig-4].

Candidiasis

Total number of patients (n=276) Yes No p-value
Diabetic n=65 (23.5%) 41 (63.1%) | 24 (36.9%)

Non diabetic =211 (76.4%) 56 (26.5%) | 155 (73.5%) 0.0001
Tobacco users n=63 (22.8%) 28 (44.4%) | 35 (55.5%)

Tobacco non users n=213 (77.2%) 69 (32.4%) | 144 (67.6%) 0078

Alcohol consumers n=18 (6.5%) 5(27.7%) 13 (72.2%)

Alcohol non consumers n=258 (93.5%) 92 (35.6%) | 166 (64.3%) 049

[Table/Fig-4]: Association between diabetes and risk factors with Candidiasis.

p-value <0.05=Significant. (Chi-square test)
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Among the patients with malignancies in the pharyngeal region, a
high rate of Candida infection was observed, specifically in 42 (43.3%)
out of 97 patients, including 5 (11.9%) out of 42 in the nasopharynx,
22 (52.4%) out of 42 in the oropharynx, and 15 (35.7%) out of 42 in
the hypopharynx. Additionally, 37 (38.1%) out of 97 patients with
oral cavity malignancies were found to have Candida infection. A
total of 16 (16.5%) out of 97 patients with cancer in the laryngeal
region had candidiasis [Table/Fig-5].

Candida albicans strains isolated were sensitive to fluconazole
by the standard disc diffusion test and to all six antifungal agents
tested using the VITEK® 2 Compact System. C. tropicalis and
C. parapsilosis strains showed 100% susceptibility to fluconazole
by the disc diffusion method, as well as to all six antifungals by the
VITEK® 2 Compact System. C. krusei strains are inherently resistant
to fluconazole, and C. glabrata strains show acquired resistance.
The MIC to voriconazole was very low for all the Candida species
tested. All the strains were sensitive to micafungin and amphotericin
B. Out of the eight C. krusei strains, 2 (25%) showed intermediate
susceptibility, and 2 (25%) were resistant to Caspofungin, and all
of them were resistant to Flucytosine by the VITEK® 2 Compact
System [Table/Fig-6].

DISCUSSION

The occurrence of oral candidiasis is prevalent in individuals
with diabetes, and it has been observed that higher blood sugar
levels create a favourable environment for Candida growth. The
interplay between hyperglycaemia, impaired immune response, dry
mouth, and altered microbial balance contributes to the increased
susceptibility to oral candidiasis in individuals with diabetes [23,24].
In the present study, a significant association between diabetes and
HNC was found. Out of a total of 65 (23.5%) diabetic patients, 41
(63.1%) had candidiasis during the course of treatment. Gong Y
et al., and Abhinav RP et al., in their studies have found evidence
indicating an increased risk of developing oral cancer in patients
with diabetes and also a higher mortality rate among them [25,26].
Proper management of blood sugar levels, along with appropriate
antifungal therapy, is crucial in preventing and treating oral candidiasis
in diabetic patients.

Subsite C. albicans n=56 (57.7%) | C. tropicalis n=26 (26.8%) | C. krusei n=8 (8.3%) | C. glabrata n=3 (3.1%) | C. parapsilosis n=4 (4.1%)
a7 (36.1% 2 10 2 1
Buccal mucosa 5 3

Tongue 14 5 1 1
Floor of mouth 1

Hard palate/soft palate 1 1

Lip 1

Alveolus 2 1 1

Maxilla

e (45.3%) 23 " 4 2 2
Nasopharynx 3 2

Oropharynx (including tonsils) 11 5 3 2 1
Hypopharynx (pyriform fossa) 9 4 1 1
rl;:%na 6.5%) 8 4 2 1 1
Vocal cord 3 2 1 1
Supraglottic 1

Subglottic 4 2 2

Nasal cavity and paranasal sinuses 1

n=1 (1.03%)

Salivary glands (parotid) 1

n=1 (1.03%)

[Table/Fig-5]: Subsite wise distribution of various Candida species causing infection (n=97).

n=number of isolates
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MIC value Interpretation
Organism Strains Flu Vor Cas Mic AmB Flucy Flu Vor Cas Mic AmB Flucy
Strain 1 <0.5 <0.12 <0.12 <0.06 1 <1 S* S S S S S
C. albicans Strain 2 1 <0.12 <0.12 <0.06 1 <1 S S S S S S
Strain 3 <0.5 <0.12 <0.12 <0.06 1 <1 S S S S S S
Strain 1 2 <0.12 <0.12 <0.06 0.5 <1 S S S S S S
C. tropicalis Strain 2 2 <0.12 0.25 0.12 0.5 <1 S S S S S S
Strain 3 1 <0.12 <0.12 <0.06 0.5 <1 S S S S S S
Strain 1 - <0.12 0.25 0.12 0.5 32 R* S S S S R
C. krusei Strain 2 8 <0.12 1 0.12 1 8 R S R S S R
Strain 3 8 <0.12 0.25 0.12 1 8 R S It S S R
Strain 1 <0.12 0.5 <0.06 <0.25 <1 R S R S S S
C. glabrata Strain 2 - <0.12 0.5 <0.06 0.5 <1 R S R S S S
Strain 3 - <0.12 <0.12 <0.06 0.5 <1 R S S S S S
Strain 1 <0.5 <0.12 0.25 0.5 0.5 <1 S S S S S S
C. parapsilosis Strain 2 2 <0.12 0.25 2 0.5 <1 S S S S S S
Strain 3 <0.5 <0.12 0.25 0.5 0.5 <1 S S S S S S

[Table/Fig-6]: Antifungal susceptibility of representative Candida species by VITEK system.

MIC: Minimum inhibitory concentration; Flu: Fluconazole; Vor-Voriconazole; Cas: Caspofungin; Mic: Micafungin; AmB: Amphotericin B; Flucy: Flucytosine; *Sensitive, fIntermediate, *Resistant

According to a study conducted by Bagnardi V et al., it has been
demonstrated that even small amounts of alcohol consumption are
linked to the development of oral cavity and pharynx cancer, as
well as oesophageal cancer [11]. In the present study, the highest
incidence of cancer was observed in the pharyngeal region, with
104 (37.7%) cases, followed by cancer in the oral cavity with
83 (80.1%) cases. This finding was comparable to a recent study by
De Vasconcellos Ferreira PM et al., where the oral cavity accounted
for 28 (42.4%) cases and the pharynx accounted for 23 (34.8%)
cases [27]. However, in the current study, no significant association
was found between known risk factors such as tobacco and alcohol
consumption. Various studies have indicated a notable increase
in the incidence of oropharyngeal cancer in several countries,
suggesting that the positive trends in oral and pharyngeal cancer
mortality and incidence in certain countries worldwide can be
attributed to changes in tobacco and alcohol consumption among
men over the past few decades [9,10,28].

In this particular study, C. albicans was identified as the most
commonly isolated Candida species, followed by NAC species such
as C. tropicalis, C. krusei, C. glabrata, and C. parapsilosis. Similar
findings were reported in studies conducted by Wu J et al., where
58.2% of the isolates were C. albicans followed by NAC species like
C. tropicalis, C. krusei, and C. parapsilosis, and E Silva VC et al.,
where C. albicans was the most prevalent species isolated [29,30]. A
study conducted in the southern part of India also reported findings
consistent with the pattern of isolation observed in this study, with
C. albicans being the most prevalent fungal species isolated. NAC
species isolated in their study were C. tropicalis, C. krusel, C. glabrata,
and C. parapsilosis [31]. However, a separate study conducted in the
eastern part of India revealed that NAC species were more prevalent,
with C. parapsilosis being the most frequently identified species in
that particular region [32].

In the present study, all the C. albicans strains isolated were
susceptible to fluconazole by both disc diffusion and the automated
method. Generally, C. albicans exhibits good susceptibility to
commonly used antifungal agents such as fluconazole, itraconazole,
and voriconazole. However, there have been reports of increased
resistance to azole antifungals, especially in certain geographic regions
or among patients with prior antifungal exposure. NAC species, such
as C. glabrata, C. tropicalis, C. krusei, and C. parapsilosis, have
shown varying patterns of antifungal susceptibility. C. glabrata is
known to have higher acquired resistance to azole antifungals, while

C. krusei is often intrinsically resistant to fluconazole. The VITEK® 2
compact system indicated that both of these strains in the present
study were resistant to fluconazole. Voriconazole, a triazole antifungal
drug, exhibits enhanced antifungal activity compared to fluconazole
and is effective against all Candida species, including C. krusei and
C. glabrata, which are inherently resistant to fluconazole, as well as
fluconazole-resistant C. albicans strains [33,34]. In this study, all the
strains of C. krusei and C. glabrata exhibited significantly low (MIC
values for voriconazole). Therefore, voriconazole can be considered
as a viable alternative drug option for the treatment of infections
caused by these specific Candida species. Normally, C. tropicalis
and C. parapsilosis show good susceptibility to azole antifungal
drugs, although there have been reported cases of resistance. In
the current study, the C. tropicalis strains were found to be pan
sensitive, but their susceptibility to fluconazole was at the borderline
level as indicated by the MIC values. All C. parapsilosis strains
were sensitive to all the tested drugs, which was in concordance
with the results of the study by Erum R et al., [35].

Limitation(s)

The study included patients exclusively from a single centre.
Nevertheless, considering the limited availability of related studies
in the current literature, these findings may still hold relevance in the
management of OPC in HNC patients undergoing RT.

CONCLUSION(S)
Patients receiving RT for pharyngeal and oral cavity carcinoma are
at an increased risk of developing candidiasis during the course of
their treatment. There is a notable association between diabetes
and the risk of Candida infection in HNC patients. However, this
study did not find an association between alcohol and tobacco
use and the occurrence of oral cancer, which could possibly be
attributed to changes in lifestyle. Although C. albicans was the
most commonly found Candida species, a considerable number
of NAC species were also identified. All the C. albicans strains
showed sensitivity to fluconazole. Voriconazole exhibited very low
MIC values for C. krusei and C. glabrata, suggesting it can be
considered as an alternative option for treating infections caused
by these strains.

It is advisable to obtain VITEK system identification and susceptibility
reports whenever possible, as they can provide insight into
borderline values that may not be evident when using conventional
disc diffusion methods.
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