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ABSTRACT

Background: This cohort study investigated the role of the active matrix metalloproteinase-8 (aMMP-8)
and interleukin-6 (IL-6) as oral fluid biomarkers for monitoring the periodontal degeneration occurring
in head and neck cancer (HNC) patients treated by radiotherapy.

Research design and methods: Eleven patients, aged 28-74, diagnosed with HNC were included in the
study. Complete periodontal and oral examinations were performed pre-radiotherapy and 1 month
after radiotherapy. Mouthrinse samples (pre-radiotherapy, after 6 weeks of radiotherapy and 1 month
after radiotherapy) were assayed by aMMP-8 point-of-care-kit (PerioSafe®/ORALyzer®) for aMMP-8 and
ELISA for IL-6.

Results: HNC radiotherapy had a deteriorating impact on the periodontium and a significant impact on
periodontal biomarkers aMMP-8 and IL-6 and increased their levels in mouthrinse. Clinical-attachment-
loss (CAL) (site of greatest loss: mean = 1.7 mm, range = 1-3 mm) corresponding to rapid progression of
periodontitis. There was a positive repeated measures correlation (rmcorr = 0.667) between the aMMP-8
and IL-6 levels.

Conclusions: Elevated aMMP-8 levels were observed 1 month after radiotherapy among some HNC
patients suggesting a prolonged increased susceptibility to further periodontal tissue destruction.
Currently available aMMP-8 point-of-care testing could be useful to monitor and assess quantitatively
online and real-time the risk of deterioration of periodontal health during HNC radiotherapy.
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1. Introduction a direct cytotoxic effect on the tumor cells, radiotherapy can
also substantially affect the tumor-surrounding immune
microenvironment, i.e. the amount and configuration of
immune cells infiltrating into the tumor [3]. HNC radiotherapy
carries several side effects, including a deteriorating effect on
the oral immune fitness and periodontium making it more
susceptible to periodontitis and progression of attachment
loss [4-8]. Furthermore, periodontitis may exert a negative
effect on the quality of life of the patients including emotional,
social, functional and esthetic aspects, which are amplified by
the severity of periodontitis [9]. Thus, management of the oral
health of head and neck cancer patients going through radio-
therapy is important for both medical and oral health profes-
sionals [5].

The above described supports the imperative need for

Head and neck cancers (HNC) constitute a heterogenous
group of different malignant tumors that arise in several ana-
tomical locations, including the oral cavity, larynx, pharynx,
oropharynx, nasopharynx, and sinonasal. In 2018, HNC was the
seventh most common cancer worldwide with 890,000 new
cases and 450,000 deaths were reported [1]. HNC represents
nearly 4% of all cancers (65,630 new cases) and 2.4% of all
cancer deaths (14,500 deaths) in the United States [2]. One of
the major reasons leading to the high HNC mortality is the late
diagnosis, as symptoms usually appear at a late stage of the
disease. Thus, early detection and early treatment are of
utmost importance to improve the cure rate of these malig-
nancies and to avoid massive, mutilating operations.

Radiotherapy is the standard treatment modality for most
HNC patients either alone or in combination with other treat-
ment options to eliminate the tumor cells [3]. In addition to

sensitive biomarkers to improve the early detection of tissue
destruction of the periodontium as a side effect of the radio-
therapy. In this regard, measurement of biomarkers for
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Article highlights

e Head and neck cancer (HNC) radiotherapy had a deteriorating impact
on the periodontium.

o Elevated aMMP-8 levels were observed 1 month after radiotherapy
among some HNC patients suggesting a prolonged increased sus-
ceptibility to further periodontal tissue destruction.

e There was a moderate to strong positive correlation between the
aMMP-8 and IL-6 levels in mouthrinse during HNC radiotherapy,
indicating an association between the two periodontitis biomarkers
that was reflected in oral fluids in vivo for the first time.

o Periodontal biomarkers, especially aMMP-8, may be useful for identi-
fying increased susceptibility to further periodontal degeneration
during HNC radiotherapy.

» Point-of-care/chairside oral fluid biomarker diagnostics could offer an
online and real-time tool to monitor and assess quantitatively the risk
of deterioration of periodontal health during HNC radiotherapy.

periodontitis from mouthrinse by an adjunctive point-of-care
(PoC) method could offer an inexpensive, easy, and noninva-
sive means of detecting this destructive process in HNC
patients [10,11]. Biomarkers for diagnosing periodontitis and
its progressive phases, such as active matrix metalloprotei-
nase-8 (aMMP-8) and interleukin-6 (IL-6), have been studied
extensively [10,11]. Matrix metalloproteinase (MMP)-8 is parti-
cularly related to inflammatory conditions, systemic diseases,
and cancer, and it is a major destructive collagenase in period-
ontitis as well [10,12]. The progression of periodontitis has
been repeatedly associated with pathologically excessive ele-
vation of active MMP-8 (aMMP-8), which is reflected in oral
fluids, i.e. gingival crevicular fluid (GCF), peri-implant sulcular
fluid (PISF), mouthrinse, and saliva [10,12-14]. MMP-8, also
known as collagenase-2 or neutrophil collagenase, is
expressed mainly by neutrophils but also by several other
cells, such as macrophages, plasma cells, T-cells, fibroblasts,
chondrocytes, epithelial cells, and oral squamous carcinoma
cells [12]. MMP-8 is secreted as an inactive latent pro-enzyme
and activation can be initiated by extracellular proteinases
such as tumor-associated trypsin-2 or by other MMPs, as well
as by microbial proteases from periodontopathogens and
Candida [12,15]. Tissue inhibitor of metalloproteinases 1
(TIMP-1) is the major endogenous inhibitor of MMP-8 [10,12].

IL-6 is a pro-inflammatory cytokine secreted by several
cells, including immune cells, fibroblasts, keratinocytes, adi-
pose tissue, and muscles [16]. IL-6 is involved in inflammation
and infection responses, regulates host-response to bacterial
infections and is part of the pathogenesis of periodontitis by
its link to molecular mediators of active periodontal degenera-
tion and progression of periodontitis (APD) [16,17]. IL-6 can
induce pro-inflammatory and tissue destructive cascades and
potentiate the amplitude and severity of host response and
activation cascades involving other pro-inflammatory cyto-
kines, such as interleukin (IL)-1B and tumor necrosis factor
(TNF)-a [16-18]. Furthermore, IL-6 modulates the bone home-
ostasis and turnover by anti-osteogenic and pro-osteoclastic
effects resulting in inhibition of bone formation [18].

At the moment, there is a gap in knowledge on the utility
of oral fluid biomarkers for prediction of and online monitor-
ing of the side effects of HNC radiotherapy. Modern rapid

noninvasive PoC oral fluid chairside technologies, which are
developed for monitoring the progression of periodontal tis-
sue degradation and periodontitis, could be particularly useful
in HNC patients treated by radiotherapy. Currently, such tech-
nologies are already commercially available for aMMP-8 and
we used one in this study. Thus, the aim of this study was to
investigate the possible utility of two periodontal tissue
degeneration biomarkers, aMMP-8 and IL-6, in identifying
and predicting the periodontal side effects of the HNC
radiotherapy.

2. Patients and methods
2.1. Study design and participants

Ten males and one female HNC patients (aged 28-74 years)
from the Bakirkdy Egitim Arastirma Hastanesi (BEAH) hospital,
Istanbul, Turkey, were included in this cohort study. Tumor
types were based on the routine pathology reports and con-
firmed by the BEAH oncologists. The dose of radiotherapy
administered to the patients was planned by experienced
radiation oncologists according to the stage of the disease
and based on The National Comprehensive Cancer Network®
(NCCN®) guidelines. Complete periodontal and oral examina-
tions were carried out pre-radiotherapy and 1 month after
radiotherapy. Oral fluid samples for periodontitis biomarkers
aMMP-8 and IL-6 were collected pre-radiotherapy, during
radiotherapy, and 1 month after radiotherapy. Current sys-
temic diseases, medications, and smoking habits were
reported by the participants. All study participants signed an
informed consent and the study was approved by the BEAH
ethical committee (Protocol Number: 2018/453), Istanbul,
Turkey. The study was conducted according to the principles
of the Declaration of Helsinki.

The inclusion criteria to this study were the following:
patients at least 21 years old; histological diagnosis of an
oropharyngeal/neck cancer; presence of at least ten teeth;
and no periodontal treatment during the previous 1 year.
The exclusion criteria were as follows: patients who could
not receive radiotherapy treatment; patients whose radiother-
apy treatment was interrupted; patients with Eastern
Cooperative Oncology Group (ECOG) performance 3 and
higher; patients with immune associated disorders (i.e. chronic
inflammatory diseases such as lupus erythematosus, rheuma-
toid arthritis, multiple sclerosis, Crohn’s disease); and patients
with the human immunodeficiency virus (HIV) positivity.

2.2. Procedures

2.2.1. Radiotherapy procedure

Patients were immobilized in the supine position from the
vertex to shoulders with thermoplastic masks. The planning
CT datasets at 3 mm slice thickness were generated with
Toshiba  Aquilian Computed Tomography simulation
(Toshiba, Japan). All CT images were imported to the
Monaco treatment planning system (CMS Inc, Version 5.1,
St. Louis, MO) to outline all target volumes and critical struc-
tures located in the head and neck region. Treatment plans
were calculated using the Monaco treatment planning system.



For definitive cases, the primary targets were prescribed to
a dose of 70-72 Gy while the regional lymph nodes were
prescribed to a dose of 54-58 Gy. For post-operative cases,
the prescription doses to the primary tumor beds were
60-66 Gy. 6 MV photon beams generated by Elekta Synergy
linear Accelerator (Elekta Oncology, UK) was used to design
IMRT plans and patients were treated based on these plans.

2.2.2. Dental examination

Periodontal examinations were performed pre-radiotherapy
(baseline) and 1 month after the end of radiotherapy by
a single experienced periodontist (MK). The following clin-
ical parameters were assessed: probing pocket depth (PPD),
bleeding on probing (BOP), clinical attachment loss (CAL),
plague index (PI) and mobility index [19]. Clinical para-
meters were evaluated for all teeth present (including the
third molars). PPD and CAL were recorded from six sites,
BOP and PI from four sites of each tooth. CAL was measured
from the cementoenamel junction to the base of the peri-
odontal pocket. BOP was recorded based on the presence
or absence of bleeding 10 seconds after probing (0 or 1,
respectively). Pl was scored as 0 to 3 [20]. All probing
measurements were performed using a manual millimeter
periodontal probe (Williams Periodontal Probe PW; Hu-
Friedy®, Chicago, IL, USA). Patients were diagnosed accord-
ing to the new classification system of periodontitis
described by Tonetti et al. (2018) [21].

2.2.3. Mouthrinse collection/analysis of samples
Mouthrinse sampling was performed before the radiation
therapy; 1, 3, and 6 weeks after radiotherapy had started;
and 1 month after radiotherapy had ended. The study
participants were instructed to avoid tooth brushing and
eating 1 hour prior to the visit. First, each participant
rinsed and gargled the mouth with water for 30 seconds
and then spit out. After 60 seconds of waiting, they re-
rinsed the mouth with 5 ml of rinsing fluid (sterile purified
water) for 30 seconds and then poured the liquid in their
mouth into a measuring cap. The sample was taken from
the measuring cup with a syringe, filtered and transferred
to the aMMP-8 PoC kit (Periosafe®) for the aMMP-8 PoC
analysis. The active form of matrix metalloproteinase-8
(aMMP-8) was analyzed quantitatively by the digital reader
(ORALyzer®) according to the manufacturer’'s instructions
as described earlier [22]. The detection limit for aMMP-8
was 10 ng/ml. The remaining mouthrinse samples were
transferred into eppendorf tubes and stored in —70°C for
further analysis. The concentrations of IL-6 from mou-
thrinse samples were determined by commercially avail-
able enzyme-linked immunosorbent (ELISA) kit according
to the protocol of the manufacturer (Human IL-6
Quantikine® ELISA kit, R&D Systems, Minneapolis, MN,
USA). The detection limit was 0.70 pg/ml.

2.3. Statistical analysis

The periodontal parameters furcation involvement, mobility,
clinical attachment loss, probing depth, bleeding on probing
and plaque index were examined pre-radiotherapy and post-
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radiotherapy (1 month after the radiotherapy). The mean was
calculated for each periodontal parameter (all teeth and cate-
gorized to maxilla and mandible). The differences in measure-
ments pre-radiotherapy and post-radiotherapy indicated
changes in the parameter. The significance between these two
time-points was calculated by the paired t-test for each para-
meter (for all teeth, maxilla, and mandible). Missing values in
periodontal parameters were caused by extracted teeth and
edentulous maxilla and were deleted pairwise. In addition,
aMMP-8 and IL-6 levels were measured pre-radiotherapy, after
6 weeks of radiotherapy and post-radiotherapy (1 month after
the radiotherapy). The difference in the mean levels of aMMP-8
and IL-6 in the patient sample between the three time-points
were assessed by the repeated measures ANOVA analysis.
Pairwise comparisons from the repeated measures ANOVA ana-
lysis were adjusted for multiple comparisons by the Bonferroni
post hoc test. The repeated sampling of participants was con-
trolled by calculating the repeated measures correlation (rmcorr)
between aMMP-8 and IL-6 [23]. There were no missing values
regarding aMMP-8 and IL-6 levels. A two-tailed P-value below
0.05 was considered statistically significant. Statistical analyses
were made using the rmcorr package (version 0.4.1) in
R statistical software version 3.6.3, and the SPSS version 25.0
(IBM SPSS Statistics for Windows, IBM Corp., Armonk, NY, USA).
Analyses were done without an a priori power calculation,
because of the lack of information about the effect of radio-
therapy on repeated measures of oral fluid biomarkers aMMP-8
and IL-6.

3. Results

3.1. Demographic of the study population

Patient demographic and oncological characteristics are pre-
sented in Table 1 and Figure 1. Briefly, location of the HNCs
were the following in this study population: two laryngeal
tumors (squamous cell carcinoma, SCC), one laryngeal and
epiglottic (SCC), four nasopharyngeal (three nonkeratinizing
and one keratinizing carcinoma), one parotid cancer (myoe-
pithelial carcinoma), two tongue cancer (SCC) and one oro-
pharyngeal cancer (SCC). The mean age of patients was
53.1 years (range 28-74 years); 10 (90.9%) were male; all
patients had a history of smoking (=10 cigarettes a day,
more than 5 years). Six (54.5%) patients were systemically
healthy, two (18.2%) patients had Type Il diabetes, two
(18.2%) patients had chronic obstructive pulmonary disease
(COPD), one (9.1%) patient hypertension, one (9.1%) patient
had cardiovascular disease and one (9.1%) patient had
hypothyroidism. The mean number of teeth was 21.6
(range 14-28; maxilla & mandible), 9.5 (range 0-14; maxilla)
and 12.1 (range 5-16; mandible). One (9.1%) of the patients
had an edentulous maxilla. Five (45.4%) patients were diag-
nosed with stage Il periodontitis, two (18.2%) patients with
stage Il periodontitis and four (36.4%) patients with stage
IV periodontitis. The mean of total radiotherapy dose was
6686.4 (cGy) (range 5800-7000 cGy). Six of the patients
(54.5%) were treated by chemotherapy in adjunct with
radiotherapy.
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Table 1. Patient characteristics (n = 11).

Age, years mean (SD); (min-max) 53.1 (15.3); (28-74)

Gender n (%)

Females 1(9.1)
Males 10 (90.9)
Systemic diseases n (%)

Systemically Healthy 6 (54.5)
Type Il diabetes 2 (18.2)
Chronic obstructive pulmonary disease 2(18.2)
Hypertension 1(9.1)
Cardiovascular diseases 1(9.1)
Hypothyroidism 1(9.1)
Medication n (%)

No medication 6 (54.5)
Metformin HCL 2 (18.2)
Ipratropium bromide 2 (18.2)
Levothyroxine Sodium 1(9.1)
Anticoagulant (ASA 300 mg) 1(9.1)
Antihypertensive (Metoprolol) 1(9.1)

Number of teeth mean (SD); (min—-max)

Maxilla & mandible 21.6 (5.0); (14-28)

Maxilla 9.5 (4.2); (0-14)*
Mandible 12.1 (3.1); (5-16)
Stage of periodontitis n (%)

Stage | 0 (0.0)

Stage |l 5 (45.4)

Stage Ill 2(18.2)

Stage IV 4 (36.4)

Total radiotherapy dose (cGy) mean (SD); (min-max)  6686.4 (428.6);

(5800-7000)
Chemotherapy n (%)

Yes 6 (54.5)

No 5 (45.5)

Change in CAL (mm) between post- and pre- 1.7 (0.2); (1-3)
radiotherapy mean (SD); (min-max)
Grade of periodontitis n (%)

Grade A 0 (0.0)

Grade B 0 (0.0)

Grade C 11 (100.0)

SD = standard deviation. CAL = clinical attachment loss.
* One patient with an edentulous maxilla.

Frequency

N ENEEN

Laryngeal CA  Laryngeal & Nasopharyngeal Parotid CA Tongue CA  Oropharyngeal
epiglottic CA CA CA

Figure 1. Distribution of different cancer types in this study.

3.2. The difference in clinical periodontal parameters
before and after the radiotherapy

The impact of radiotherapy was deterioration of the period-
ontium (Tables 1 and 2). Firstly, results showed that the
change in CAL between pre- and post-radiotherapy (site of
greatest loss) was on average 1.7 mm (range 1-3 mm), which
corresponds to grade C (= rapid progression) in the classifica-
tion system of periodontitis [21]. All patients had at least

a 1 mm CAL loss (site of greatest loss) during the follow-up
time, a much shorter than 5 years. Secondly, there was a small
increase in the mean of CAL, probing depth, mobility, and
furcation involvement after radiotherapy in all teeth, and
when categorized for maxilla and mandible. However, the
difference between these two time-points was significant
only for CAL in all teeth (p < 0.001), maxilla (p = 0.001) and
mandible (p = 0.001) and for probing depth in all teeth
(p = 0.043) and mandible (p = 0.015). Similarly, bleeding on
probing increased significantly in all teeth (p = 0.002), maxilla
(p = 0.047) and mandible (p < 0.001) after radiotherapy. The
difference in plaque index was not significant between the
two time-points.

3.3. Estimated marginal means of aMMP-8 and IL-6
levels between pre-and postradiotherapy

Regarding the impact of radiotherapy on aMMP-8 levels in
mouthrinse, there was a significant difference in the mean
levels of aMMP-8 between the three time-points (pre-
radiotherapy: 17.99 ng/ml [95% confidence interval
(Cl) = 3.10-32.87 ng/ml]; 6 weeks of radiotherapy: 75.12 ng/
ml [30.01-120.23 ng/ml]; and 1 month after radiotherapy:
38.00 ng/ml [-7.37-83.37 ng/ml]) (p = 0.040) (Figure 2).
Pairwise comparisons revealed that the difference was speci-
fically significant for the mean levels of aMMP-8 between the
pre-radiotherapy and 6 weeks of radiotherapy (p = 0.049)
(Figure 2). Other pairwise comparisons were not significant
(between pre-radiotherapy and 1 month after radiotherapy,
p = 0.713; and between 6 weeks of radiotherapy and 1 month
after radiotherapy, p = 0.551).

Likewise, there was a significant difference in the mean
levels of IL-6 in the mouthrinse between the three time-
points (pre-radiotherapy: 19.94 pg/ml [95%
Cl = —-8.94-48.83 pg/ml]; after 6 weeks of radiotherapy:
133.73 pg/ml [18.40-249.06 pg/ml]; and 1 month after radio-
therapy: 32.27 pg/ml [-17.95-82.49 pg/ml]) (p = 0.033) (Figure
3). However, none of the pairwise comparisons adjusted for
multiple comparisons were significant (between pre-
radiotherapy and 6 weeks of radiotherapy, p = 0.095; between
pre-radiotherapy and 1 month after radiotherapy, p = 0.729; or
between 6 weeks of radiotherapy and 1 month after radio-
therapy, p = 0.117).

Finally, there was a significant positive correlation between
the aMMP-8 and IL-6 levels measured pre-radiotherapy, after 6
weeks of radiotherapy and 1 month after the end of radio-
therapy (rmcorr = 0.667 [95% Cl = 0.331-0.853], p < 0.001)
(Figure 4).

4. Discussion

Currently, there are no studies on the use of oral fluid biomar-
kers for the detection of deteriorating side effects of HNC
radiotherapy on the periodontium. With this background, we
studied here the usefulness and ability of mouthrinse aMMP-8
point-of-care/chairside lateral flow immunotest and IL-6 levels
(ELISA) to diagnose and characterize the potential deteriora-
tion of oral and periodontal tissues induced by the HNC radio-
therapy. Our main finding in this study was that radiotherapy
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Table 2. Periodontal parameters when all teeth, maxilla, and mandible were examined pre- and post-radiotherapy (1 month after the radiotherapy). The significance

between these two time-points calculated by paired t-test for each parameter.

Time Variable n Mean (SD) Median Min Max Mean difference [95% Cl] p value
All teeth Pre-radiotherapy Furcation involvement 1 0.29 (0.43) 0.10 0.00 1.00  0.06 [(-0.05)-0.17] 0.241
Post-radiotherapy  Furcation involvement 11 0.23 (0.42) 0.00 0.00 1.09
Maxilla Pre-radiotherapy Furcation involvement 9  0.27 (0.46) 0.00 0.00 133  —0.06 [(—0.25)-0.12] 0.432
Post-radiotherapy  Furcation involvement 9 0.33(0.67) 0.00 0.00 2.00
Mandible  Pre-radiotherapy Furcation involvement 1 0.28 (0.44) 0.00 0.00 1.00  0.13 [(-0.08)-0.33] 0.199
Post-radiotherapy ~ Furcation involvement 11 0.16 (0.36) 0.00 0.00 1.00
All teeth Pre-radiotherapy Mobility 1 0.38 (0.52) 0.21 0.00 1.70  —0.10 [(—0.24)-0.04] 0.144
Post-radiotherapy ~ Mobility 11 048 (0.61) 0.27 0.00 1.85
Maxilla Pre-radiotherapy Mobility 10  0.29 (0.56) 0.00 0.00 200 -0.07 [(—0.16)-0.02] 0.096
Post-radiotherapy ~ Mobility 10  0.37 (0.67) 0.00 0.00 1.85
Mandible  Pre-radiotherapy Mobility 1 0.43 (0.54) 0.31 0.00 1.71 —0.08 [(—0.24)-0.07] 0.265
Post-radiotherapy ~ Mobility 11 0.51(0.62) 0.31 0.00 1.79
All teeth Pre-radiotherapy Clinical attachment loss (mm 1 2.12 (1.10) 1.74 0.32 3.60 -0.22 [(—0.29)-(-0.16] <0.001
Post-radiotherapy  Clinical attachment loss ( 11 234 (1.14) 1.93 0.43 3.88
Maxilla Pre-radiotherapy Clinical attachment loss (mm 10 1.80 (1.21) 1.51 0.23 3.75  -0.21 [(-0.30)-(-=0.11)] 0.001
Post-radiotherapy  Clinical attachment loss (mm 10 2.00 (1.28) 1.79 0.32 4.7
Mandible  Pre-radiotherapy Clinical attachment loss (mm 1 2.29 (1.05) 2.28 0.39 3.67 —0.23 [(—0.34)-(-0.13)] 0.001
Post-radiotherapy  Clinical attachment loss (mm 1 252(1.13) 2.74 0.50 4.07
All teeth Pre-radiotherapy Probing depth (mm) 1 3.37 (1.38) 2.75 2.32 6.52  —0.13 [(—0.26]-(—0.01)] 0.043
Post-radiotherapy ~ Probing depth (mm) 11 3.50 (1.41) 2.87 2.32 6.61
Maxilla Pre-radiotherapy Probing depth (mm) 10  3.17 (1.42) 2.59 217 6.22  —0.11 [(—0.29)-0.08] 0.215
Post-radiotherapy ~ Probing depth (mm) 10  3.28 (1.54) 2.67 6.36 6.61
Mandible  Pre-radiotherapy Probing depth (mm) 1 3.44 (1.35) 2.94 2.25 6.64  —0.16 [(—0.28)—(—0.04)] 0.015
Post-radiotherapy ~ Probing depth (mm) 11 3.60 (1.31) 3.07 2.51 6.71
All teeth Pre-radiotherapy Bleeding on probing (%) 1 54.43 (23.96) 58.93 14.02 91.25  —11.40 [(=17.50)-(-5.30)] 0.002
Post-radiotherapy ~ Bleeding on probing (%) 11 65.83 (25.79) 62.50 14.02 98.75
Maxilla Pre-radiotherapy Bleeding on probing (%) 10 52.30 (27.84) 53.13 6.82 88.89  —8.77 [(—17.42)-(-0.12)] 0.047
Post-radiotherapy ~ Bleeding on probing (%) 10  61.07 (30.32) 60.57 9.09  100.00
Mandible  Pre-radiotherapy Bleeding on probing (%) 1 55.87 (22.72) 50.00 19.05 92.86  —12.51 [(-17.76)-(—7.23)] <0.001
Post-radiotherapy ~ Bleeding on probing (%) 11 68.38 (23.97) 64.29 17.46  100.00
All teeth Pre-radiotherapy Plaque index 1 1.36 (0.65) 1.14 0.62 261 —0.02 [(—0.06)-(—0.10)] 0.574
Post-radiotherapy ~ Plaque index 1 1.38 (0.66) 1.18 0.58 2.77
Maxilla Pre-radiotherapy Plaque index 10 1.08 (0.52) 0.98 0.23 1.97  0.03 [(-0.03)-0.09] 0.343
Post-radiotherapy ~ Plaque index 10 1.05 (0.55) 1.00 0.23 2.00
Mandible  Pre-radiotherapy Plaque index 1 1.46 (0.65) 1.28 0.75 261 —0.06 [(—0.19)-0.08] 036
Post-radiotherapy ~ Plaque index 1 1.52 (0.63) 1.48 0.83 2.77
Estimated Marginal Means of aMMP-8 (ng/ml) Estimated Marginal Means of IL-6 levels (pg/ml)
120 x 250 _
g 100 : 200 l;zg.egggd measures ANOVA
g p=0.040 g Il
E 80 725 150
5 60 g T
% § 100
0 07

Pre-radiotherapy

Time

Six weeks of radiotherapy One month after radiotherapy

Pre-radiotherapy

Six weeks of radiotherapy One month after radiotherapy

Time

Figure 2. Mean levels of aMMP-8 (ng/ml) with 95% confidence interval bars for
time-points of pre-radiotherapy, at the end of 6 weeks of radiotherapy and one
month after radiotherapy. All significant (* p < 0.05) pairwise comparisons from
repeated measures ANOVA analysis adjusted for multiple comparisons (the
Bonferroni post hoc test) are marked in the figure.

was associated with both deterioration of the periodontal
health as well as elevated aMMP-8 and IL-6 levels in HNC
patients. The most prominent changes in clinical periodontal
measures were observed in CAL, which corresponded to
a rapid progression (from grade A to grade C) of periodontitis
according to the new classification system of periodontitis
[21]. At the same time, radiotherapy had a significant impact
on the mean levels of aMMP-8 and IL-6 in the mouthrinse. The

Figure 3. Mean levels of IL-6 (pg/ml) with 95% confidence interval bars for
time-points of pre-radiotherapy, at the end of 6 weeks of radiotherapy and one
month after radiotherapy. No significant pairwise comparisons were found from
repeated measures ANOVA analysis adjusted for multiple comparisons (the
Bonferroni post hoc test).

aMMP-8 levels increased significantly during the 6 weeks of
radiotherapy and decreased after the radiotherapy, although
not significantly when measured 1 month after the end of
radiotherapy. In this regard, it seems that for some patients it
may take longer than 1 month before the aMMP-8 levels and
active collagenolysis diminish to their original, pre-
radiotherapy level. This suggests a prolonged increase in sus-
ceptibility to further progression of periodontitis after
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Figure 4. Repeated measures correlation (rmcorr) plot for aMMP-8 and IL-6
levels in mouthrinse that were measured pre-radiotherapy, at the end of
6 weeks of radiotherapy and one month after the end of radiotherapy for
eleven head and neck cancer patients.

radiotherapy among these patients. There were significant
differences in the mean levels of IL-6 in mouthrinse between
the before, during and after the radiotherapy time-points, as
well. IL-6 levels followed the same trend as the aMMP-8 levels
by increasing during radiotherapy and decreasing after radio-
therapy. However, the pairwise differences in IL-6 levels
between the three time-points were not significant.

Our results support and further extend the previous stu-
dies that have demonstrated a significant damage to the
periodontium and loss of periodontal attachment due to
radiotherapy [4-8]. This deteriorating effect of radiotherapy
on the periodontium is significantly reflected in elevated
aMMP-8 levels measured and detectable by the aMMP-8
point-of-care mouthrinse test utilized in this study.
Furthermore, we observed a moderate to strong positive
correlation between the aMMP-8 and IL-6 levels measured
in the mouthrinses before, during and after the HNC radio-
therapy. To our knowledge, this is the first time this kind of
an association between these two periodontitis biomarkers,
aMMP-8 and IL-6, is reported in oral fluid in vivo. Although
a correlation does not necessarily imply causality, it has been
previously shown that MMP-8 activity can modulate the pro-
duction of proinflammatory IL-6 and IL-8 in inflammation
[24]. In this regard, it should be noted that elevated IL-6
levels may cause excessive osteoclastic activity and osteolysis
[18]. Furthermore, previous studies have reported that IL-6
plays an important role mainly in the initiation and acute
phase of periodontitis [17]. Thus, MMP-8 is not only
a proteinase but has also inflammatory regulatory and immu-
nomodulatory roles, as has been previously shown, as well
[10]. Nevertheless, activation of MMP-8 is a complex process
[10]. Further research is still needed to better understand the
initiation of the periodontal pathogenesis in HNC radiother-
apy and the role of different molecules and cascades in it,
such as TIMP-1, the major endogenous inhibitor of MMP-8
activation, and, for example, if its downregulation occurs in
effect of HNC radiotherapy.

Our results support the clinical value of the aMMP-8 test that
is performed in 5 minutes. It has the ability to detect and high-
light active periodontal and dental peri-implant diseases as well
as periodontal and peri-implant tissue degeneration before clin-
ical or X-ray manifestations. Previous studies have shown that
the increased collagenolytic activity in the periodontium and
peri-implant tissues is reflected in the pathological elevation of
aMMP-8 levels in oral fluids, but not in total or latent MMP-8
levels [10,12-14,25]. Pathological elevation of active collageno-
lysis is a key characteristic of active periodontal disease resulting
in attachment loss and progression of periodontitis and dental
peri-implantitis [10,12-14,25]. Conventional periodontal and
dental peri-implant diagnostic procedures, i.e. clinical measure-
ments of gingival pocket depth, clinical attachment loss and
bleeding on probing, together with a radiological examination,
can assess only the past tissue destruction but they do not
provide any exact information about the disease status (active
or inactive) or its future progression [26]. The quantitative point-
of-care oral fluid aMMP-8 immunotest has been repeatedly and
independently validated in Finland, Germany, Italy, Nigeria,
Turkey, Netherlands and United States to successfully screen
susceptible sites and patients, differentiate active and inactive
periodontal and dental peri-implant sites and periodontitis and
dental peri-implantitis [25,27], predict the future disease pro-
gression and monitor treatment response and maintenance
therapy [25,27]. Furthermore, previous studies have shown
that the aMMP-8 test could be potentially useful related to
diabetes and related diseases in the medical settings [28-30].

Previous research has not so far, to the best of our knowledge,
contributed to the development of the diagnostic and eventually
preventive methodology for the adjunctive periodontal diagnos-
tics and monitoring of the periodontal side effects of radiother-
apy in HNC patients. Overall, we were able - for the first time - to
demonstrate the potential usefulness of oral fluid, i.e. mouthrinse
aMMP-8 lateral flow immunotest as a quantitative online and
real-time chairside/PoC diagnostic tool to monitor the develop-
ment and consequences of the degenerative weakening and
deteriorating oral immune fitness induced by HNC radiotherapy.
The deteriorating side effects reflecting weakening and worsen-
ing of the oral immune fitness/health could possibly be reflected
by another pro-inflammatory biomarker, IL-6, as well. However,
to our knowledge, a rapid quantitative point-of-care/chairside
mouthrinse test technology for periodontal disease monitoring
is currently available only for aMMP-8, but not for IL-6 and other
potential biomarkers. Naturally, the results of this study should
be considered with respect to the small sample size. Further
research is still needed and warranted in larger cohorts to con-
firm the results of this pilot study.

5. Conclusions

This pilot study extends our knowledge on the periodontal
side effects of radiotherapy in HNC patients and the results
could help in developing diagnostic and eventually preventive
methods for these severe side effects of radiotherapy. The
analysis confirmed that HNC radiotherapy had a significant
impact on periodontal biomarkers, aMMP-8 and IL-6, and
their levels in mouthrinse in addition to deteriorating impact
on the periodontium. Furthermore, there was a moderate to



strong positive correlation between the aMMP-8 and IL-6
levels in mouthrinse. To our knowledge, the results are the
first to present the potential usefulness of oral fluid biomar-
kers and an aMMP-8 point-of-care/chairside mouthrinse test as
an adjunctive diagnostic methods in HNC radiotherapy
patients, as well as, the association between the two period-
ontitis biomarkers, aMMP-8 and IL-6, reflected in oral fluids
in vivo.

The results of this study support the potential usefulness of
oral fluid, i.e. a mouthrinse aMMP-8 lateral flow point-of-care
immunotest as a quantitative online and real-time chairside/
PoC diagnostic tool to monitor the development and conse-
quences of the degenerative weakening and deteriorating oral
immune fitness induced by HNC radiotherapy. Elevated mou-
thrinse aMMP-8 levels observed among HNC patients after
radiotherapy suggest an increased susceptibility to further
periodontal degeneration and a need for targeted periodontal
prevention and treatment. Further research is needed in larger
cohorts to confirm these preliminary results.
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