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Abstract

Purpose: Management of oral hygiene can reduce the negative side effects on the oral cavity caused by Chemoradiotherapy (CRT) for
head and neck malignancy. Reduction of oral bacteria contributes to the prevention of these side effects. In this study, we assessed the total
number of oral bacteria during treatment for head and neck malignancy, and we discuss the relationship between the change in the number
of oral bacteria and the exacerbation of oral mucositis.

Methods: In 12 patients undergoing CRT or surgery for head and neck malignancies, the total number of oral bacteria in a mouthwash
sample was measured using quantitative real-time PCR.

Results: All surgery cases showed a decrease in total number of bacteria after surgery, while in CRT cases the change of the total number
of bacteria during treatment was variable. Although there was not a significant correlation between the number of bacteria in the oral cavity
before irradiation and the onset of Grade 2 mucositis (P=0.11), the onset of oral mucositis Grade2 tended to be relatively later in patients

who had less oral bacteria before CRT.

Conclusion: Quantitative real-time PCR has potential for assessment of oral hygiene in patients with head and neck malignancy.
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Introduction

Chemotherapy and radiotherapy in head and neck malignancy
have important roles such as the preservation of function.
Despite their usefulness, these treatments cause damage to
normal tissue. Oral mucositis is a common side effect caused
by Chemoradiotherapy (CRT) [1-4]. Oral mucositis reduces
the Quality of Life (QOL) of patients and often prevents
completion of the CRT [1,3]. Oral mucositis can also lead to
severe bacterial infections in the oral cavity [2,4], therefore
management of oral hygiene to reduce the negative side effects
of CRT is recommended [1,5]. Reduction of the number of
bacteria in the oral cavity is thought to contribute to prevention
of the exacerbation of oral mucositis, but there have been few
reports regarding the sequential changes in the total number of
oral bacteria during head and neck cancer treatment.

The total number of bacteria in saliva measured by
quantitative real-time PCR (qPCR) has been effective in
the risk assessment of periodontal disease and dental caries
[6,7]. Evaluation of the total number of oral bacteria may also
contribute to the risk assessment of complications during head
and neck cancer treatment. In this study, we used qPCR to
assess changes in the total number of oral bacteria in patients
who underwent treatment for head and neck malignancy.

Patients and Methods

Patients

We enrolled 12 patients receiving treatment for head and
neck cancer at the Department of Otolaryngology-Head and
Neck Surgery and Oral and Maxillofacial Surgery in the
Kobe University Hospital from September 2012 through June
2014. Six patients received CRT to oral areas for treatment
head and neck cancer, and six patients underwent oral cancer
surgery (i.e., radical cancer resection with primary free flap
reconstruction). Both groups of patients received oral hygiene

management with the same duration of hospitalization. The
management protocol of this study was approved by the
ethics committee of the Kobe University Graduate School of
Medicine (No.1310), and informed consent was obtained from
each subject.

Before medical treatment, all patients received oral
health examinations. After primary dental treatments such
as tooth extraction for serious caries or periodontosis, or
removal of incongruous prosthetics, scaling and professional
mechanical teeth cleaning were performed, and patients
were given instructions in oral hygiene aiming to keep the
O’Leary plaque control record under 20% [8]. Professional
oral cleaning was continued in accordance with the patient’s
condition once per week during hospitalization. In CRT cases,
the severity of oral mucositis was evaluated based on the
National Cancer Institute Common Terminology Criteria for
Adverse Events (NCI-CTCAE) version 3.0. Epidemiological
data were retrospectively gathered from the medical charts
as follows: age, sex, primary tumor, TNM classification,
method of nutrition, and (in CRT cases) dose of radiation and
chemotherapy regimen.

Bacterial strain and growth media

Porphyromonas gingivalis ATCC 33277 was used for sample
of generating standard calibration curve [9], and grown in
Torypticase Soy Broth (BD, Franklin Lakes, NJ, USA) with
1pg/ml (final conc.) menadione (Sigma, St. Louis, MO, USA),
500pg/ml (final conc.) hemin (Sigma, St. Louis, MO, USA)
and 0.1% (w/v) yeast extract (BD, Franklin Lakes, NJ, USA),
at 37°C and under anaerobic conditions.

Sampling and DNA extraction from mouthwash sample
Sampling by mouthwash sample (five seconds’ washing with
10 ml sterile saline) was carried out approximately 2 hours
after lunch at three time points as described below. The amount
of saliva produced over 5 minutes in response to chewing gum
was also calculated.
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In CRT cases, samples were collected at three time points
as follows: point 1, on the date that oral primary care had
been completed before the start of CRT; point 2, at the end
of Radiotherapy (RT); point 3, on the date that oral mucositis
had healed. In surgery cases, samples were collected at three
time points as follows: point 1, on the date that oral primary
care had been completed before surgery; point 2, on the date
that oral intake was started after surgery; point 3, before
discharge from hospital.

The mouthwash sample was processed using the method
described by Yokoyama et al. [9] with a slight modification.
A 1000 pl sub-sample of each mouthwash sample was
transferred to a micro tube and centrifuged at 10,000xg for
10 minutes at 4°C, and the precipitate was washed twice with
PBS.

Genomic DNA from the mouthwash sample was
isolated using an Easy DNA kit (InstaGene Matrix: Bio-
Rad Laboratories, Hercules, CA, USA), according to the
manufacturer’s instructions. After adding 200 pl InstaGene
Matrix to the precipitate and incubating at 56°C for 30
minutes, the sample was stirred and incubated at 100°C for
8 min. All samples were stored at —20°C after the above
processing. Samples were thawed immediately prior to gPCR
and centrifuged at 10,000xg for 10 minutes at 4°C. The
supernatant was used as a sample for measuring number of
bacteria and generating standard calibration curve with qPCR.
Preparation of the standard calibration curve
P. gingivalis ATCC 33277 was cultured to OD=0.6, and
seeded adjusted bacterial suspension into CDC blood agar
(BD, Franklin Lakes, NJ, USA), and confirmed the number
of bacteria by counting the colonies after 1 week. DNA from
P. gingivalis (OD=0.6, 10%ells/200ul) was added in serial
dilutions from 10 to 10%/200ul cells to a series of PCRs.
Two hundred pl of each was then transferred to a micro
tube, centrifuged at 10,000xg for 10 minutes at 4°C, and the
precipitant was washed twice with PBS. In the same way as

the mouthwash sample, genomic DNA was isolated using the
InstaGene Matrix.

Total bacterial counts determined by PCR

Referring to the method described by Yokoyama et al.
[9], and using a Fast SYBR®Green Master Mix (Applied
Biosystems, Foster City, CA, USA), amplification and
detection were performed using the StepOne™ Real-Time
PCR System (Applied Biosystems). The primer sequences
used for determining the total number of bacteria are shown
in Table 1 [10]. Each reaction mixture contained 10 pl of
Fast SYBR®Green Master Mix, 0.4 ul of each forward and
reverse primer, 2.0 pl of the relevant DNA sample (either of
the mouthwash sample, or P. gingivalis cell suspension for
standard calibration curve), and sufficient nuclease-free H,O
to bring the final volume to 25 pl. The PCR cycle used was
as follows: an initial denaturation step of 20 seconds at 95°C,
followed by 30 cycles of denaturation (95°C for 3 seconds),
and annealing and extending (60°C for 30 seconds). The total
number of bacteria in the mouthwash sample was based on
a copy number determined based on the standard calibration
curve and the amplification curve.

Statistical analysis

Mann—Whitney U tests were used to evaluate the change
between the measured values of saliva at each sampling
point. The Pearson product-moment correlation coefficient
was used to evaluate the relationship between total bacterial
count before CRT, the amount of saliva before CRT and
irradiation amount when patients were diagnosed with Grade
2 mucositis. Statistical significance was accepted for p values
<0.05.

Results
Subject characteristics are summarized in Table 2.
In CRT cases, the mean age was 61.8 years (range,
42-73 years). All patients were male. The primary sites of
tumors were the epipharynx in one patient, the oropharynx

Table 1. Oligonucleotide primers and probes used for quantitative real-time PCR analysis.

Gene Forward primer (5'—3") Reverse primer (5'—3")
Universal TCCTACGGGAGGCAGCAGT GGACTACCAGGGTATCTAATCCTGTT
Table 2. Patient characteristics.
CRT cases

Case No. Gender Age (years) Primary tumor TNM classification | Dose of RT (Gy) CR regimen
CRT case 1 Male 57 Oropharynx cT2NOMO 70 cisplatin 80 mg/m? 2 cycles
CRT case 2 Male 72 Oropharynx ¢T2N2bMO 70 Ccl‘sspplitll;‘ gf;’g’i/mmj 21 C";cc]lfs
CRT case 3 Male 42 Epipharynx ¢T3N2bMO 70 Ccllsspplitlgl gféln;g 21 ;yyflfs
CRT case 4 Male 73 Hypopharynx cTIN2bMO 70 cisplatin 80 mg/m? 3 cycles
CRT case S Male 58 Hypopharynx c¢T3N2bMO 70 cisplatin 100 mg/m? 3 cycles
CRT case 6 Male 69 Oropharynx cT2N2bMO 70 cisplatin 80 mg/m’ 2 cycles

cisplatin 60 mg/m? 1 cycle
Surgery cases

Case No. Gender Age (years) Primary tumor TNM classification

Surgery 1 Male 63 Mandibular gingiva cT2N2bMO

Surgery 2 Male 79 Tongue cT2NOMO

Surgery 3 Female 62 Buccal mucosa cT2N1IMO

Surgery 4 Female 71 Mandibular gingiva cT2NOMO

Surgery 5 Female 75 Oral floor cT2NOMO

Surgery 6 Male 57 Mandibular gingiva cT4aN2bMO0

Percutaneous endoscopic gastrostomy (PEG) was used for nutritional support in CRT case 1, CRT case 2 and CRT case 5.
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in three, and the hypopharynx in two. Clinical T-stages were
as follows: T1 (n=1), T2 (n=3), and T3 (n=2); N-stages:
NO (n=1), and N2b (n=5); M-stage: MO (n=6). The dose of
radiation was 70 Gy in all patients. Percutaneous Endoscopic
Gastrostomy (PEG) was used for nutritional support in three
patients (50.0%), while three patients (50.0%) completed
radiotherapy with oral intake alone. The worst NCI-CTCAE
v3.0 grade was grade 2 in all patients.

In surgery cases, the mean age was 67.8 years (range,
57-79 years). Three patients were male and three female.
The primary sites of tumors were the tongue in one patient,
mandibular gingiva in three, buccal mucosa in one, and oral
floor in one. Clinical T-stages were as follows: T2 (n=5), and
T4a (n=1); N-stages: NO (n=3), N1 (n=1), and N2b (n=2);
M-stage: MO (n=6). All patients could have oral intake, which
was resumed 13.5 days (range, 7-18 days) after surgery.
Change in total bacterial count as determined by qPCR
In CRT cases, the number of bacteria in the mouthwash
samples before CRT (point 1) was highly variable, ranging
from 1.56x10° to 1.08x10® cells. When assessing changes in
the number of bacteria at the end of CRT (point 2), three cases
(case 3, case 4, and case 6) had increased levels, and three
cases (case 1, case 2, and case 5) had reduced levels. There
was thus not a clear tendency in the changes of bacterial
numbers during treatment in CRT cases (Figure 14).

In surgery cases, the number of bacteria in the mouthwash
samples before surgery (point 1) ranged from 7.55x10° to
5.73x107 cells, so the variation was small compared to the
CRT cases. The number of bacteria after surgery (point 2)
was reduced in all cases (Figure IB). There was a tendency
for the number of bacteria to decrease initially after surgery
and increase again by the day before discharge.
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Figure 1A. Change in total bacterial count as determined by Opcr
shows CRT case.

— 1.00E+10

=

c

3

S 1.00E+09

o

=) .

—= —es—surgical case 1
2 1.00E+08

E —a— surgical case 2
5]

8 1.00E+07 —&—surgical case 3
—

S surgical case 4
@

-g 1.00E+00 surgical case 5
E —e—surgical case 6
= 1.00E+05

]

=]

]

<+ 1.00E+04

point 1 point 2 point 3

Figure 1B. Change in total bacterial count as determined by Opcr
shows surgical case.
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Changes in the measured values of saliva secretion

In CRT cases, the mean values of the secreted saliva were
as follows: before RT (point 1), 7.50 £ 2.08 ml; at the end
of RT (at point 2), 2.00 £ 0.66 ml; and on the day after oral
mucositis had healed (at point 3), 0.77 = 0.38 ml (Figure 24).
A significant decrease in the measured values of secretion
of saliva was found when comparing the values before CRT
and at the end of CRT (P=0.02), and when comparing values
before CRT and on the day after oral mucositis had healed
(P=0.004). In surgery cases, the mean values of secreted
saliva were as follows: before surgery (point 1), 6.75 £ 1.16
ml; after surgery and at the resumption of oral intake, 5.90
+ 1.42 ml; and on the day before discharge, 6.60 = 1.14 ml
(Figure 2B). There were no significant differences between
these points.

Relationship between total bacterial count, the amount of
saliva and oral mucositis in CRT cases

In CRT cases, all patients were diagnosed as Grade 2 in the
NCI-CTCAE v3.0 at each irradiation dose. As shown in
Figure 34, there was not a significant correlation between
total bacterial count before CRT and irradiation amount when
patients were diagnosed with Grade 2 mucositis (P=0.11),
but the onset of oral mucositis tended to be relatively later in
patients who had less oral bacteria before CRT. There was no
significant correlation between the amount of saliva before
CRT and irradiation amount when patients were diagnosed
with Grade 2 mucositis (P=0.61) (Figure 3B).

Discussion
Measurement of the number of bacteria in saliva using qPCR is
useful for mass screening, because sample collection, storage
and transport is easy compared with culture-based methods,
and multiple specimens can be processed at once [9]. Yoshida

0int 2

Figure 2. Changes in the measured values of saliva secretion. A
shows CRT case. B shows Surgical case.

were diagnosed as Grade 2 mucositis (G

Irradiation amount when patients

Figure 3A. In CRT cases: shows relationship between total
bacterial count before CRT and irradiation amount when patients
were diagnosed as Grade 2 mucositis.
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Figure 3B: In CRT cases: shows between the amount of saliva before CRT
and irradiation amount when patients were diagnosed as Grade 2 mucositis.

et al. reported that cariogenic dental pathogens in saliva can
be detected using qPCR [6], and Kurata et al. reported that
periodontopathogenic bacteria in saliva investigated with
gPCR might be associated with bad breath and periodontal
factors [11]. These previous reports indicate that measurement
of the number of bacteria in saliva is effective in screening for
periodontal disease and dental caries.

Oral hygiene management has been recommended for the
prevention of complications in head and neck cancer treatment
[1,5], but there have been few studies of the relationship
between the number of oral bacteria and the severity of
complications, such as CRT-induced oral mucositis. We
therefore aimed to evaluate sequential changes in the number
of bacteria in the oral cavity during the treatment of head and
neck cancer.

Our study revealed some technical problems in sample
collection for the evaluation of oral bacterial number in CRT
cases. As shown in Figure 2, the amount of saliva significantly
decreased after irradiation, and it became difficult to collect
saliva even in response to stimulation. A mouthwash was
therefore used for sampling in this study. The numbers
of bacteria detected were comparable to those previously
reported [9] in which the number of bacteria in a stimulated
saliva sample was measured. Sampling of saliva with gargling
is simple and painless for patients. Our sampling method may
be useful, but further studies using this method should be
performed to confirm its suitability.

Various universal primer sequences have been used
for measuring the total number of bacteria by qPCR, as
previously reported [6,7,9-11,12-15]. The DNA sequences
applied in this study can detect more than 80% of the species
within the phyla Proteobacteria, Actinobacteria, Firmicutes
and Bacterioidetes [14]. Lyons et al. have reported that
there were no differences in the number of copies of the
16S rRNA gene between P. gingivalis, Aggregatibacter
actinomycetemcomitans, Escherichia coli, and the group
G streptococcus. P. gingivalis as a sample of the standard
calibration line [15].

Postoperative reduction of the number of bacteria in
all surgery cases was possibly caused by resection of the
tumor, because the bacteria adhering to the surface of tumor
(which forms a three-dimensional complex structure like
the granular and ulcerative mucosa) had been eliminated by
surgery. Prophylactic antibiotics were used perioperatively
in all surgery cases, and samples were collected 1 week
after the course of antibiotics had finished. While the effect
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of antibiotics on the number of oral bacteria in this study is
unknown, we consider it likely that the number of bacteria
in the oral cavity after surgery was primarily affected by
complete removal of the tumor by surgery, rather than the
effects of antibiotics. Also, there was little variation in the
number of bacteria before surgery, possibly because all
patients were admitted following referrals from their family
dentist. This may have affected their oral management, with
all patients having good oral care on a daily basis, such as
through regular dental visits.

In CRT cases, variation in the number of bacteria before
CRT was greater, and there was no consistent trend in changes
in the number of bacteria after CRT. In case 1 and case 2, the
number of bacteria before CRT was extremely high, which
may have been affected by the following factors. In case 1,
periodontal pockets of all of the teeth were greater than 5
mm so this patient was suffering from periodontal disease,
but periodontal treatment had not been carried out before
admission. In case 2, a number of required tooth extractions
for severe dental caries were identified, and oral hygiene
was poor. At the end of CRT, three cases (case 3, case 4,
and case 6) had increased numbers of bacteria, and in case 4
and case 6, mucositis was evident at a number of locations,
including the side of the tongue, soft palate, and pharynx. In
three cases the number of bacteria was reduced at the end of
CRT; in case 1 and case 2, mucositis was evident in only one
location, while in case 5 mucositis had healed by this time.
Although the number of bacteria tended to increase in cases
where mucositis was present at several locations at the time
of admission, this may be due to bacteria growing on the
mucosal surface formed by ulcerative mucositis and self-care
cannot be adequately performed because of the mucositis.

In CRT cases, although there was not a significant
correlation between the number of bacteria in the oral cavity
before irradiation and the onset of Grade 2 mucositis, the
mucositis tended to deteriorate later in patients who had
less oral bacteria before irradiation. Pathogenesis of primary
oral mucositis in CRT is due to active oxygen generated by
anticancer agents, which causes oxidative stress in the oral
mucosa, and radiation is a physical stimulating factor of
this process [5]. Suppression of mucositis onset is therefore
difficult, even though the patient may be undergoing
professional oral cleaning. However, if the number of bacteria
remains relatively low, this may prevent the exacerbation of
secondary oral mucositis development as a result of local
oral bacterial infection [5]. Onset of Grade 2 mucositis
tended to occur relatively later in patients who had less oral
bacteria before CRT, which is not inconsistent with the
above suggestion. Oral bacteria relates to the exacerbation of
mucositis, as do a variety of other factors such as irradiation
range, mucosal defense capacity of the host, and sensitivity to
chemotherapy.

For an ideal risk assessment of the side effects caused by
CRT in head and neck patients, evaluation of the number of
bacteria in the oral cavity is an important component of the
assessment of oral mucositis, but a comprehensive evaluation
of various other factors should be completed at the same time.
In this study, the irradiation range was not constant because
the primary tumor was different.
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Further studies in which a greater number of samples
were available from cases with the same primary tumor
would enable more in-depth investigation of the relationship
between the number of bacteria and mucositis.

Conclusion
By measuring the number of bacteria contained in a
mouthwash sample, we investigated changes in the number
of bacteria in the oral cavity in response to treatment of head
and neck cancer.
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