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Additional file 2: Figure S1. H4K20me3 staining in benign tumor
tissue. Specimens of benign tumor tissue were stained using anti-
H4K20me3 (left) and HE staining (right).

Additional file 3: Table $2. H4K20me3 staining score associates with
subtype. H4K20me3 staining score was classified by the hormone
receptor expression.

Additional file 4: Table $3. H4K20me3 staining and Luminal A/Luminal
B distribution. H4K20me3 staining score was classified by the Luminal A
and Luminal B. H4K20me3 staining score did not associate with Luminal
A/Luminal B distribution.

Additional file 5; Figure S2. Kaplan-Meier analysis of estrogen receptor
expression in breast cancer patients. The patient overall survival time and
disease-free survival rate were compared between the estrogen receptor
L expression low- and high-staining groups by Kaplan-Meier analysis.
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Abstract

Background: Treatment delays of metastatic extradural spinal cord compression (MESCC) sometimes have
been reported, but reasons for its delay have remained unclear. The purpose of this study was to assess which
clinical factors are associated with treatment delays in neurologically symptomatic MESCC in the hospital
settings.

Methods: We reviewed medical records of MESCC patients in our institute who had at least one progressive
neurological symptom (weakness, sensory changes, urinary retention, or nerve root pain), were diagnosed by
magnetic resonance imaging (MRI), and were treated with at least radiotherapy. The number of days prior to
treatment initiation were counted and defined as follows: from the patients’ first physician visit to our hospital
until MRI diagnosis [T1 (days)], from MRI diagnosis to treatment [T2 (days)], and from patients’ first visit to
treatment [T1+2 (days)]. Nine clinical factors that could potentially delay treatment were analyzed for each
period.

Results: Forty-three episodes of MESCC met the inclusion criteria. Median days in T1+2 was 3 days (range:
0-22). T1 and T1+2 were significantly higher in patients with normal walking status than in those with
deterioration or inabilities to walk (T1+2, 7 days versus 3 days, median, p <0.001). The number of days was
higher in all periods when it included weekends (T1+42, 7 days versus 2 days, median, p <0.001).
Conclusions: Our findings suggest that normal walking status at the first physician visit and inclusion of
weekends during the pretreatment periods were factors that resulted in treatment delays even for MESCC
patients with emergency neurological symptoms.

Introduction several previous studies demonstrating that earlier diagnosis

and treatment leads to better neurological outcomes.*

ETASTATIC EXTRADURAL SPINAL CORD COMPRESSION

(MESCC) is one of the most devastating complica-
tions of metastatic neoplasms. Defined as spinal cord or
cauda equina compression by either direct pressure or in-
duction of vertebral collapse or mstablhty by metastatic
spread or direct extension of mahgnancy, the overall cu-
mulative probability of experiencing at least one episode of
MESCC in the 5 years greceding death from cancer has been
estimated to be 2.5%,° When left untreated, MESCC can
cause 1rrever31ble paralysis, sensory loss, and sphmcter dys-
function.® Patients with MESCC generally require early de-
finitive treatment such as surgery and radiotherapy or
radlotherapy alone to prevent such permanent neurological
deficits.* The emergent nature of the disease is highlighted by

Therefore, symptomatic MESCC patients should be managed
emergently to minimize treatment delays.’

There are two guidelines that are followed regarding the
time between diagnosis and treatment.*!® In accordance with
the first published guideline, current cancer patients with
suspected MESCC should undergo diagnostic magnetic res-
onance imaging (MRI) examination within 24 hours, with
definitive treatment initiated within 24 hours after diagnosis.”
As per subsequent guidelines, surgical consultation should be
obtained W1th1n 24 hours of radiographic diagnosis of
MESCC.'° Desgnte these guidelines, treatment delays con-
tinue to occur.'*~'* Husband stated that failure to diagnose
MESCC and failure to adequately and expeditiously inves-
tigate, refer, and treat MESCC patients were the primary

lDf:partmen‘c of Radiation Oncology, St. Luke’s International Hospital, Tokyo, Japan.
Department of Radiology, Toho University Omori Medical Center, Tokyo, Japan.
3Center for Clinical Epidemiology, St. Luke’s Life Science Institute, Tokyo, Japan.
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causes of delay and consequent functional deterioration,'*
However, few reports have quantitatively assessed the factors
that may affect total time to diagnosis and treatment after the
initial physician encounter among MESCC patients. The
purpose of this study was to determine the clinical and other
logistical factors associated with delay in the diagnosis and
treatment of neurologically symptomatic MESCC patients in
~acute hospital settings.

Methods

We retrospectively reviewed medical records of patients
who received radiotherapy to the spinal or sacral area be-
tween March 2003 and April 2012 at St Luke’s International
Hospital, a tertiary medical care center in Tokyo, Japan. Of
these, data for emergent MESCC patients were extracted
according to the following criteria: 1) presence of progressive
neurological symptoms, including weakness in at least one
limb, sensory changes, urinary retention requiring a urinary
catheter, or nerve root pain; 2) MRI read by senior radiolo-
gists demonstrating malignant neoplasms or metastases in the
vertebral body with compression of spinal cord or cauda
equina from outside the dura; and 3) treatment of MESCC
with radiotherapy combined with surgery, or radiotherapy
alone. Nerve root pain was deﬁned as pain in unilateral or
bilateral dermatomal distribution.'* Symptoms of numbness
and tingling, shootln% or burning sensations were regarded
as nerve root pain.“ Patients with radiographically diag-
nosed MESCC, but who were asymptomatic or had no neu-
rological symptoms, were excluded, limiting our population
to those warranting emergent treatment.

The number of days was calculated from the onset of the
neurological symptoms to when definitive treatment was
initiated. Treatment was categorized into three periods as
illustrated in Figure 1: from first physician visit until MRI
diagnosis [T1 (days)], from MRI diagnosis to treatment [(T2
(days)], and from first physician visit until treatment [(T1+2
(days)]. For example, if a patients’ first visit to the physician
was on Friday and MRI was performed the following Mon-
day, T1 was defined as 3 days. First physician visit was de-
fined as the day on which progressive neurological symptoms
were first recorded by the physician in a series of consecutive
events related to MESCC.

This study was approved by the institutional review board
of St Luke’s International Hospital, number 12-R001.

Patients’
Onset of . . Diagnosis Treatment
Mesce  first physician by MRI initiation
visit
T1+2%
FIG. 1. Timeline of treatment process of MESCC from

the day the patient first visited a physician until treatment
initiation, from left to right on a time scale. *Total number
of days from the day patient first visited a physman until
diagnosis by MRI after the development of MESCC; Ttotal
number of days from diagnosis until treatment; ¥total
number of days from the day the patient first visited a
physician until start of treatment.
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Evaluation of delaying factors

To identify the factors that were associated with delays in
each of the time periods, baseline patient characteristics were
extracted. In addition, six factors clinically relevant to
MESCC and present at first physician v131t were mcluded in
this analysis based on previous hterature 16 including
prior MESCC episodes (yes or no),' known bone metastases
(ves or no)," known history of mahgnancy (yes or no),'>1*
known vertebral metastases (yes or no),'® walking status (yes
or 10), 16 and insertion of urinary catheter at first visit (yes or

10),'® Sensory changes, nerve root pain, and back pain were
not included as covariates, as these symptoms were largely
subjective and recording in patient records varied.

In addition, weekend days (Saturday or Sunday) during an
MESCC-related sequence of events was recorded, to assess
the relationship between the day of the week and time to
treatment. Patients were further classified into two groups,
based on whether or not a weekend day was included in each
period. When time periods included either a Saturday or a
Sunday, patients were classified as the ‘“weekend group.”
Otherwise, they were classified as the “weekday group.” For
example, if a patient visited a physician on Friday, obtained
an MRI the following Monday, and received treatment by
Friday of that same week, the patient was categorized as the
weekend group for T1 and weekday group for T2.

During this study period, all clinical departments in the
hospital were open from Monday to Friday during the day-
time hours (9:00 a.m. to 5:00 p.m.). The emergency depart-
ment was open 24 hours all days of the week, and accessible
to anyone on a walk-in basis or via ambulance. MRIs were
available anytime depending on need. Physicians were able
to consult other subspecialties at any time including the
weekends. Weekend surgery and radiotherapy were available
for emergent patients as needed. Type of initial imaging
studies and subsequent subspecialist consultation were de-
pendent on the assessment of the attending physician for
patients suspected of MESCC.

Statistical analyses

The analysis of delay was performed using the Kaplan-
Meier method, and the log-rank tests were used in univariate
analysis to examine differences between the prognostic value
of each possible factor and its effect of the length of T1, T2,
and T'1+2. Given the small sample size, multivariate analysis
was not attempted The level of statistical significance was set
at «=0.05. SPSS® version 20 software (SPSS, Inc., Chicago,
IL) was used to perform all statistical analyses.

Results

Of 335 patients who received radiotherapy to vertebral or
sacral areas during the study period, 43 episodes (cases) of
MESCC in 41 patients met all inclusion criteria. Patient
characteristics and associated neurological symptoms at first
visit are summarized in Table 1. The median age at the time
of physician visit was 63 years (range, 34-85 years), and 42%
(n=18) of the patients were male and 58% (n=25) were
female. The most frequent primary tumor among the study
population was breast cancer (33%, n=14), followed by lung
cancer in (21%, n=9). The most frequently compressed
section for lesions involving the vertebral body was thoracic
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TaBLE 1. PATIENT CHARACTERISTICS AND SYMPTOMS
AT FIRST VISIT TO A PHYSICIAN

Number
of patients (%)

Sex -
Male 18 (42)
Female 25 (58)
Age (years) 63 (range, 34-85)
Site of primary malignancy
Breast 14 (33)
Lung 921
Prostate 3()
Colon 3(D
Renal cell 3(7)
Others 11 (26)
Treatment methods
Radiotherapy 43 (100)
Surgery with radiotherapy 0 ()
Level of compression
Cervical 8 (15)
Thoracic 33 (63)
Lumbar 10 (19)
Sacral 1(2)
Medical history
Known history of malignancy 37 (86)
at first visit
Known history of MESCC 4 (9)
at first visit
Known bone metastases 26 (60)
at first visit
Known vertebral metastases 26 (60)
at first visit
Stage IV of malignancy 15 (35)
at initial diagnosis
Walking disturbance
Unable to walk 12 (28)
Able to walk with 16 (37)
deterioration
Able to walk without 9 (21)
deterioration
Unknown 6 (14)
Sensory changes
Present 14 (33)
Absent 9 (21)
Unknown 20 (47)
Nerve root pain
Present 28 (65)
Absent 7 (16)
Unknown 8 (19)
Need urinary catheter
Need 6 (14)
Not needed 35 (81)
Unknown 2 (5

MESCC, metastatic extradural spinal cord compression.

(65%). Seven cases had multiple compression sites (16%):
one case was both cervical and thoracic (2%); five cases
were thoracic and lumber (12%); and another one had cer-
vical, thoracic, and lumber sites (2%). Radiotherapy alone
was used in all cases, with no case patients undergoing
surgery combined with radiotherapy. Four case patients had
undergone previous treatment for MESCC, though previ-

ously treated sites differed from current compression sites in
all patients.

Nine case patients (21%) were able to walk without dete-
rioration, 16 (37%) were able to walk with some deteriora- .
tion, and 12 case patients (28%) were unable to walk. Two
(5%) were previously paralyzed due to other reasons, two
(5%) could not be evalnated due to poor physical status, and
two (5%) had insufficient medical records. All patients who
were able to walk without deterioration manifested sensory
changes, nerve root pain, or both. None of the patients ex-
perienced bladder disturbance alone; four cases (10%) re-
quired insertion of urinary catheters at first visit, and two case
patients (5%) could not be evaluated as they already had a
urinary catheter inserted prior to first visit. With regard to the
days of the week, four case patients (9%) presented during the
weekend, two (5%) underwent MRI on the weekend, and one
(2%) received radiotherapy on the weekend.

Time from onset of MESCC to treatment

The median time from onset of MESCC to first physician
visit was 3 days (range, 0-143; mean, 10). The median time
from patients’ first physician visit to diagnosis by MRI (T1)
was one day (range, 0-20; mean, 3), with 26 cases (60%)
being diagnosed within one day. On the other hand, T1 was
>3 days for 12 cases (28%). Median time from diagnosis
until initiation of radiotherapy (T2) was 2 days (range, 0-19;
mean, 2). Among these, radiotherapy was initiated within one
day for 21 cases (49%). T2 was >3 days for nine cases (21%).
Moreover, median time from first visit until radiotherapy
(T1+2) was 3 days (range, 0-22; mean, 5). T1+2 was >3
days for 21 cases (49%).

Delaying factors

We analyzed all 43 cases for factors of “sex,” ‘“‘age,”
“known history of malignancy,” ‘“known history of
MESCC,” “known bone/vertebral metastases,” and “‘stage IV
malignancy at initial diagnosis” using log rank tests. However,
patients with missing data were excluded from two separate
analyses. Out of the original 43 cases, 37 were additionally
analyzed as “‘unable to walk or able to walk with deteriora-
tion,” which excluded 6 patients. Also, 41 cases were analyzed
as “need urinary catheter,” excluding 2 more patients.

Patients who presented with normal walking abilities at
their first physician visit waited significantly longer for
treatment initiation compared with those who had some de-
terioration in walking ability or were unable to walk during
T1 (median, 4 days versus 1 day, respectively; p <0.001) and
T1+2 (median, 7 days versus 3 days, p<0.001) as shown in
Table 2. In T2, the median number of days in each group was
equivalent (median, 2 days versus 2 days, p=0.085), but a
trend was observed toward earlier treatment in the group with
deterioration of ambulation or inability to walk. The weekend
group experienced a higher number of days compared with
that for the weekday group in T1 (median, 6 days versus
1 day, p <0.001), T2 (median, 3 days versus 1 day, p <0.001),
and T1+2 (median, 7 days versus 2 days, p <0.001) (Table
2). Figure 2 represents Kaplan-Meier plots showing cumu-
lative rates to treatment initiation in periods T1 + 2 for normal
walking versus other. Figure 3 represents Kaplan-Meier plots
showing cumulative rates to treatment initiation in periods
T1+2, but for weekend versus weekday groups. This is
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TABLE 2. UNIVARIATE ANALYSIS OF TOTAL NUMBER OF DAYS REQUIRED FOR TREATMENT AND FACTORS
IN EAcH TREATMENT PERIOD
Number of T1 period® T2 period® T1+2 period®
patients (n)  (day) (median) P value® (day) (median) P value® (day) (median) P value®
Sex
Male n=18 2 p=0.607 2 p=0.423 4 p=0.224
Female n=25 1 1 3
Age (years)
>63 n=23 1 p=0.677 2 p=0.372 4 p=0.444
<63 n=20 1 1 3
Known history of malignancy at first visit
Yes n=37 1 p=0.495 1 p=0.497 3 p=0.998
No n==6 1 3 4
Known history of MESCC at first visit
Yes n=4 2 p=0.509 2 p=0.916 6 p=0.697
No n=39 1 2 3
Known bone/vertebral metastases at first visit
Yes n=26 1 p=0.822 1 p=0272 3 p=0.291
No n=17 1 2 4
Stage IV malignancy at initial diagnosis
Yes n=15 1 p=0.870 1 p=0.828 3 p=0.778
No n=28 1 2 4
Unable to walk or able to walk with deterioration
Yes n=28 1 p<0.001 2 p=0.085 3 p<0.001
No n=9 4 2 7
Need urinary catheter
Yes n=6 3 p=0237 2 p=0.596 4 p=0224
No n=35 1 2 3
Including weekend
Yes (Weekend group®)  Tl: n=14 6 p<0.001 3 p<0.001 7 p<0.001
T2: n=12
v T1+2: n=22
No (Weekday group)  T1: n=29 1 1 2
T2: n=31
T1+4+2: n=21

*log-rank test.

5Total number of days between a patient’s first visit to a physician until MRI after the development of MESCC.

“Total number of days between MRI and initiation of treatment.

otal number of days between patient’s first physician visit and initiation of treatment.

*Weckends included.
“Weekends not included in each treatment period.

MESCC, metastatic extradural spinal cord compression; MRI, magnetic resonance imaging.

defined based on walking status at first visit to a physician and
the number of days of the week, respectively.

Other factors including sex, age, known history of malig-
nancy at first visit, known history of MESCC at first visit,
known bone/vertebral metastases at first visit, stage IV ma-
lignancy at initial diagnosis, and need for urinary catheteri-
zation were not significant.

Discussion

The findings of this study suggest that walking status at first
physician visit and inclusion of weekends for each of three
periods are factors that are significantly associated with delays
in time to diagnosis and treatment for MESCC patients.

Patients with progressive neurological symptoms includ-
ing weakness, sensory changes, urinary retention, and nerve
root pain, but with normal walking status are likely to be at
high risk for treatment delays. Presumably, physicians may
not regard progressive neurological symptoms as caused by

MESCC or may wait before obtaining MRI in the setting of
preserved gait function.

However, ambulatory status at both diagnosis of MESCC
and at treatment initiation has been reported to be important
prognostic factors for postradiotherapy walking status.*~

Maranzono and Latini prospectively assessed the effects of
radiotherapy and neurological functions in MESCC patients.*
Of the 109 patients who were able to walk before radio-
therapy, 107 patients had preserved their ambulant abilities
after one month of treatment (98%). On the other hand, only
51 of 100 patients who were unable to walk regained gait
function after one month of treatment (51%).

With regard to combined surgery and radiotherapy, accord-
ing to a subgroup analysis of a randomized controlled trial
performed by Patchell et al., pretreatment Frankel score was
associated with longer ambulatory time after definitive treat-
ment.® Frankel score is used for evaluating spinal cord function
with higher scores representing better residual function.'” These
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findings suggest that those patients with progressive neurolog-
ical symptoms, but with normal walking status, benefit from
early therapeutic intervention to preserve their walking ability,
as well as patients with any deterioration of gait function. As
such, it is necessary for physicians to pay very careful attention
to diagnostic and treatment decisions for such patients.

Our results also suggest that weekends are factors for delay
all pretreatment periods. Bell and Redelmeier revealed, in a
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cohort study of cases from 190 emergency departments, thata
greater proportion of patients received urgent MRI on
weekdays compared with weekends.*® In our study, only two
cases (5%) were diagnosed on weekends, despite the fact that
MRI examinations were available on weekends. Fewer di-
agnoses made on weekends might be contributing to overall
delays in time to treatment. Furthermore, many previous in-
vestigations showed that medical practice on weekends was

|

p<0.001

=L the weekend group

==k~ the weekday group

0 T T T T 1
0 5 10 15 20 25
Total number of days in the T1+2* period (days)
FIG. 3. Cumulative rates of treatment initiation in the T1 +2* period based on the factor of the number of the days of the.

week in the two groups. The solid line represents the weekend group, and the dashed line represents the weekday group.
*Total number of days from the day the patient first visited a physician until treatment initiation.



6

related with worse clinical outcomes in patients with some
serious medical conditions, including ischemic stroke ¥ in-
tracranial hemorrhage,* myocardml infarction,?! 1uptured
abdominal aortic aneurysms,”* and pulmonary embolism.*
Bell and Redelmeier stated that possible reasons for worse
medical outcomes on weekends were as follows: short
staffing, less seniority and experience among those who do
work on weekends, weekend staff having to cover for other
health professionals and may be less familiar with the pa-
tients under their charge, fewer supervxsms on weekends, and
over-seeing the work of unfamiliar staff.?*> As for the man-
agement of symptomatic MESCC, insufficient support on
. weekends may also contribute to delays. Well-designed
systematic support systems are warranted for weekend clin-
ical practice for MESCC management.

In a previous study, the number of days from the devel-
opment of MESCC to treatment was higher among women
compared with men.'® Other studies reported that patients
with known malignancies received earlier treatment com-
pared with those without known malignancies after devel-
oping MESCC. 1215 These two factors could be associated
with treatment delays.

In addition, we investigated the correlation between
treatment delays and several high-risk and predictive factors
for MESCC. First, according to the guidelines set by the
National Institute for Health and Clinical Excellence of the
UK, patients who have a history of MESCC and those with
known bone metastases are considered to be at a high risk for
developing MESCC.! Another study by Lu et al. investigated
patients who were clinically suspected of having MESCC and
judged to need further evaluation by MRI, and identified
the following four independent factors predictive of MRI-
confirmed MESCC: abnormal neurological examination, stage
IV malignancy at initial diagnosis, known vertebral metasta-
ses, and middle or upper back pain.! 6 Of these, we analyzed
stage IV malignancy at initial diagnosis and known vertebral
metastases. We substituted abnormal neurological examina-
tion with patient’s walking status and need for urinary catheter
at first physician visit, as these could be assessed via records
reviews. However, with the exception of walking status, these
high-risk and predictive factors for MESCC were not associ-
ated with earlier diagnosis and treatment.

In several institutions and regions, specific systems and
treatment modalities have been developed to decrease treat-
ment delays. For example, a remote consultation system,
through which physicians are able to consult nemosurgeons
at other hospitals, has been put into practice. 2 In addition,
Lee et al. reported the introduction of a multidisciplinary
clinical strategy for the diagnosis and treatment of suspected
and deﬁmtwe MESCC to reduce treatment delays at their
institution.>* These interventions were effective in decreas-
ing time to treatment.

There were several limitations to this study. First, we ex-
cluded some patients, such as those who underwent other
imaging examinations as a substitute for MRI, as well as
patients who received MRI but did not receive radiotherapy.
A small selection bias may have influenced our results.
Second, in our study, we did not take subjective symptoms,
and patients’ and physicians’ recogmtlon into consideration.
As per a previously published abstract,'! patients who per-
ceived that their symptoms are related to their previous
cancer received treatment earlier compared with those who
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were unaware of their cancer-related symptoms. Moreover,
based on our chart review, in one case where T2 was 19 days,
a physician might not have regarded MESCC as an emergent
complication, even though the physician charted the patient’s
aggressive neurological symptom and had suspected
MESCC. Finally, interactions of multiple factors could not be
assessed. For example, we observed several cases where T1
and T2 were both >3 days. This fact could not be explained
only by the weekend factor, and some interactions of multiple
factors would affect the delays. We think multivariate anal-
ysis may partly provide us with knowledge on how each
factor affects time to treatment, though we did not conduct
this analysis because of small sample size. Despite these
limitations, Kaplan-Meier curves in Figure 2 and 3 show
clear differences in T1+2 by walking status and days of the
week. We consider our analysis to be meaningful in the
clinical setting and expect larger studies to corroborate these
results in the future.

Conclusions

Our findings suggest that normal walking status at the first
physician visit and inclusion of weekends during the diag-
nostic and pretreatment periods are associated with delays
in the treatment process for neurologically symptomatic
MESCC patients. Physicians should be aware that patients
with progressive neurological symptoms including weakness,
sensory changes, urinary retention, and nerve root pain, but
with normal walking status, are likely to be at risk for treat-
ment delays and should be approached carefully to receive
necessary emergency treatment. Moreover, well-designed
systematic support systems for weekend clinical practices are
needed to decrease the incidence of treatment delays.
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BACKGROUND: Dry mouth is a common complaint in
patients undergoing radiotherapy. Here, we employed
the oral moisture meter Mucus lll to evaluate dry mouth
in head and neck tumor patients before and after they
underwent radiotherapy.

METHODS: We recruited 17 newly diagnosed patients
with pharyngeal squamous cell carcinoma or unknown
primary squamous cell carcinoma, who received head
and neck radiation therapy at Tokyo University Hospital
in 2008-2010. The primary sites were the epipharynx
(n = 1), oropharynx (n = 6), or hypopharynx (n = 5); it
was unknown in five cases. Salivary function was assessed
by a dry mouth questionnaire, resting saliva test, chewing
gum test, and Mucus lli, before (n = 17), immediately
after radiotherapy (n=10), and at 3 (n=9) and
12 months after radiotherapy (n = 1 1).

RESULTS: The questionnaire, resting saliva test, and
chewing gum test at 3 and 12 months after radiotherapy
indicated a significantly decreased resting and stimulated
whole saliva flow rate than prior radiotherapy (P < 0.05
and P < 0.001). In contrast, Mucus Il results showed
significant worsening of xerostomia at 12 months after
radiotherapy (P < 0.05).

CONCLUSION: Mucus 1l has been proven to be an
objective diagnostic tool for patients with serious dry
mouth, such as in patients with Sjogren’s syndrome.
However, we did not find a perfect correlation between
Mucus Il and other objective (resting saliva and chewing
gum) and subjective (questionnaire) measures of dry
mouth. To precisely diagnose radiotherapy-induced dry
mouth, further improvement to the method is needed.
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Introduction

Dry mouth can be caused by various conditions such as
hyposalivation due to Sjogren’s syndrome, inflammation of
the salivary gland and atrophy due to irradiation of head and
neck tumors, mouth breathing due to nasal sinus disease and
sleep apnea syndrome, and reduction in saliva secretion due
to consumption of certain drugs (1-8). Dry mouth can lead
to oral mucosal diseases, causing oral and oropharyngeal
pain, oropharyngeal infections, dysphagia, cacogeusia, and
difficulty in speaking (3).

Mouth dryness can be measured by several tests. Salivary
secretion tests such as the chewing gum test, the Saxon test,
and the paraffin test apply stimuli of variable intensities
(9-16). They are useful for evaluating the amount of
stimulated saliva, but not mucosal wetness in resting
conditions (16). This is a problem for bed-ridden patients,
dementia patients, and patients with dental prosthesis, in
whom stimulated saliva tests are difficult to perform.
Therefore, an objective evaluation method that did not
depend on the patient’s function was needed.

To take care of this need, an oral moisture meter (Mucus)
was developed by Life Co. Ltd (Saitama, Japan) in 2001,
based on the improved design of an original skin wetness
meter (17). The tool works according to the principle of a
condenser, which measures impedance with capacitive
sensors, using the resonant frequency of the alternating
current. The displayed number is not the actual value of the
amount of water, but it is a relative value that reflects it.
Therefore, units are not indicated. Thus, the moisture
content of the mouth and tongue mucosae can be evaluated
with this device (Fig. 1). The probe is placed against the
oral and tongue mucosae for approximately within 5 s, and
an alarm sounds at the end of the measurement. The probe
tip (1 cm?) touches the oral mucosa and tongue with a



Non-invasive evaluation of dry mouth
Fujimaki et al.

98

POLE

C= S(Epsgan)x (F) ;

Isolation

o Submucosal laye
C = Capacitivity Suomucosa’ ayer

& = Dietectric constant
§ = Size of sensor surface
d = Distance of positive and negative poles

Figure 1 Measurement of the moisture content of the submucosal layer (about 50 pm under the mucosal surface) of the tongue was based on the principle
of a condenser. The formula shown was used for calculation. As the value of ‘S’ and ‘d’ is constant, changes in ‘C’ depend solely on ‘¢’. When the sensor is
placed against the tongue, ‘e’ changes with the amount of moisture. In general, high moisture content gives high ‘¢’ and ‘C” values, while low moisture

content gives low ‘¢’ and ‘C’ values. Adapted from (18).

pressure of about 200 g/cmz. After 27 mA (80 mW) of
microelectrical current is delivered to the probe, the
capacitance at the mucosal depth of 50 pm of the oral
mucosa is quantified. Because the probe tip is covered with
a sterile sensor cover (thickness, 12 pm), there is no risk of
bacterial or viral infection. The tool is non-invasive and easy
to operate. A digital display provides objective data.

However, this earlier model of Mucus had low reliability.
To improve this, Ishimoto et al. pointed out the problems
and came up with possible solutions to the manufacturer
(18). This has led to the development of an improved
version, the so-called Mucus I (Fig. 2). In an animal study,
Ishimoto et al. established the reliability and usefulness of
Mucus III (18). Later, Ishimoto et al. confirmed the
reliability of Mucus III in healthy volunteers (standard
value of the tongue’s moisture content: 30.9 £ 1.8) and its
usefulness in comparing the oral mucosa of patients with
Sjogren’s syndrome with that of controls (19). Currently,
Mucus IIT is commercially marketed as MUCUS®.

To date, subjective questionnaire-based measures have
been mainly used for the study of radiotherapy-induced dry
mouth (20-24). We hypothesized that Mucus III could be as
useful in the evaluation of radiotherapy-induced dry mouth
as it was in the case of patients with Sjogren’s syndrome.

The purpose of this study was to evaluate Mucus III for
the assessment of oral dryness in head and neck cancer
patients who have undergone radiation treatment. We also
show the results of subjective (questionnaire) and objective

Figure 2 Mucus III device. Mucus I device measures 21.5 mm (width),
238 mm (length), and 41 mm (height), and weights 60 g.
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(resting saliva and chewing gum) tests for comparison with
the results of Mucus IIL.

Materials and methods

Subjects

From August 2008 to July 2010, 17 newly diagnosed
patients with pharyngeal squamous cell carcinoma and
unknown primary squamous cell carcinoma were recruited
(Table 1).

All these patients underwent conventional radiotherapy
(CRT) of the head and neck region at the Department of
Otolaryngology, Tokyo University Hospital. The primary
tumor site was classified into the epipharynx (n = 1),
oropharynx (r = 6), hypopharynx (n = 15), or unknown
(n = 5). Sixteen patients received a radiotherapy dose of
70 Gy, and one patient whose primary tumor site was
unknown received a radiotherapy dose of 60 Gy. Fourteen
patients received no medication (oral tablets or gel) during
the follow-up period. Three patients were given a dose of
pilocarpine hydrochloride to increase salivary secretion, but
administration was stopped because of its side effects. The
study was conducted in accordance with the Declaration of
Helsinki and approved by the appropriate ethical committee.
Informed consent was obtained from all the participants.

Assessment of mouth dryness

Four different tests (A-D) were applied to the enrolled
participants before and after they underwent radiotherapy.
Ten patients (9 men, 1 woman, age: 44--77 years, mean age:
61.1 years) were successfully evaluated before and immedi-
ately after the radiotherapy (within a maximum period of
11 days). The primary sites were the oropharynx (n = 3) and
hypopharynx (n = 4); the site was unknown in three cases.
The average radiation dose for the parotid glands was
454 £ 2.2 Gy. Nine cases (7 men, 2 women, age:
44-77 years, mean age: 60.2 years) were successfully eval-
uated before and 3 months after radiotherapy. The primary
sites were the oropharynx (n = 4) and hypopharynx (n = 4),
while it was unknown in one case. The average radiation dose
for the parotid glands was 48.5 £ 4.2 Gy. Eleven cases (8
men, 3 women, age: 44-74 years, mean age: 58.8 years)
were successfully evaluated before and 12 months after the
radiotherapy; the primary sites were the nasopharynx
(n = 1), oropharynx (n = 4), and hypopharynx (n = 3),
while it was unknown in the three cases. The average
radiation dose for the parotid glands was 43.3 &+ 2.7 Gy.
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Table 1 Clinical characteristics of the 17 patients enrolled in this study
No Sex Age Tumor site TNM Total radiation (Gy) Chemotherapy Immediately after At 3 months At 12 months
1 M 65 [6):0:4 T2ZNOMO 70 Yes Yes Yes Yes
2 F 74 [0)0:¢ T2NOMO 70 Yes Yes Yes
3 F 67 oPX T4aNOM1 70 Yes Yes Yes Yes
4 M 59 [0)20:4 T4aNIMO 70 Yes Yes
5 M 54 oPX T4aN3 70 Yes Yes
6 M 50 OPX T4N2cMo 70 Yes Yes
7 M 77 HPX T3N2aM1 70 Yes Yes Yes
8- M 50  HPX T2NIMO 70 Yes Yes Yes Yes
9 M 62 HPX T2N2MO 70 Yes Yes
10 M 44 HPX T4N2bMO 70 Yes Yes Yes Yes
11 M 76 HPX T2N3MO 70 Yes Yes
12 M 67 HPX T3NOMO 70 Yes Yes
13 M 63 up 60 Yes Yes Yes
14 M 59 19)3 70 Yes Yes Yes
15 M 51 Up 70 Yes Yes Yes
16 M 48 up 70 Yes Yes
17 F 58 EPX T2bN1MO 70 Yes Yes

EPX, epipharynx; HPX, hypopharynx; OPX, oropharynx; TNM, tumor, node, metastasis classification; UP, unknown primary.

Five cases (3 men, 2 women, age: 44-74 years, mean age:
60.0 years) were successfully evaluated before, 3 months,
and 12 months after radiotherapy; the primary sites were the
oropharynx (n = 3) and hypopharynx (n = 2), and it was
unknown in three cases; the average radiation dose for the
parotid glands was 42.4 & 4.9 Gy.

A: Dry mouth questionnaire

A questionnaire for the subjective assessment of salivary
dysfunction was designed based on the 8-item xerostomia
questionnaire (20). The questionnaire consisted of eight
questions regarding the sensation of mouth dryness and its
influence on conversation and swallowing (Table 2). The
participants were asked to grade each aspect with a score
that ranged from 1 to 3, with a higher score denoting worse
salivary function (21). The mean of the eight scores was
calculated.

B: Resting saliva test

To evaluate resting salivary secretion, the patients were
requested to keep spitting out saliva into a beaker during a
period of 10 min, after which the total amount of saliva was
measured (25).

C: Chewing gum test

To evaluate salivation upon stimulation, the patients were
requested to chew gum (Free Zone; Lotte Co. Ltd, Tokyo,
Japan) and keep spitting out saliva into a beaker during a
period of 10 min, after which the total amount of saliva was

Table 2 Questionnaire for subjective assessment of salivary dysfunction
(20, 21)

. Rate the difficulty you experience in speaking due to dryness

. Rate the difficulty you experience in swallowing due to dryness
. Rate the dryness of your mouth

. Rate the dryness of your lips

. Rate the dryness of your tongue

. Rate the level of your thirst

. Rate the stickiness you experience due to dryness

. Rate how frequently you drink water for dryness

00 =IO\ B LN

measured (9—14). This mint-flavor, plate-like gum can also
be used in patients with dentures, because it seldom sticks to
the teeth.

D: Measurement of oral moisture with Mucus Il

The oral moisture meter Mucus III (Life Co. Ltd) was
employed to measure the moisture content of the oral
mucosa in resting conditions. The probe which was covered
with a sterile sensor cover (thickness, 12 pm) was placed on
the central part of the dorsal surface of the tongue about
10 mm from the tip for approximately 5 s. An alarm rang to
provide the signal for the end of the measurement. A digital
display provided objective data.

The measurements were carried out in the afternoon, 1-2 h
after lunch at each time point, and in the following order: A:
Dry mouth questionnaire, D: Measurement of oral moisture
with Mucus IIT, B: Resting saliva test, C: Chewing gum test.
Patients did not eat or drink for at least 60 min before
measurements, nor did they smoke after diagnosis.

Statistical analysis

All data are expressed as the mean =+ standard deviation
(SD). Differences between two time points (before and
immediately after, before and 3 months after, before and
12 months after, or 3 months and 12 months after radio-
therapy) were examined for statistical significance using a
paired #-test. A P-value of <0.05 was considered as
significance thresholds.

" Results

The dry mouth questionnaire (A), resting saliva test (B), and
chewing gum test (C) showed that dry mouth symptoms
were worsened immediately after radiotherapy as compared
to before (247 £ 0.52 vs. 1.07 + 0.10 [P < 0.001],
1.86 £ 1.38 vs. 5.51 £ 4.64 ml/10 min [P < 0.05], and
4.80 £ 5.35 vs. 24.15 £+ 11.98 m¥/10 min [P < 0.001],
respectively). In the case of the Mucus I test (D), the
reduction in oral moisture was not significantly different
(30.00 £ 4.63 vs. 31.39 &+ 1.27 [P = 0.412]) (Fig. 3).
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B Resting saliva test
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Figure 3 Results of the dry mouth questionnaire (A), resting saliva test (B), chewing gum test (C), and Mucus IIT test (D) before and immediately after

radiotherapy (= = 10). *P < 0.05, **P < 0.001.

A similar trend in the results of the dry mouth question-
naire, resting saliva test, and chewing gum test was
observed at 3 months after radiotherapy (2.68 £ 0.48 vs.
1.06 4 0.12 [P < 0.001], 0.44 + 0.53 vs. 7.04 + 4.92 ml/
10 min [P < 0.05], and 4.62 £ 4.64 vs. 22.66 + 12.69 ml/
10 min [P < 0.001], respectively). Again, the reduction in
oral moisture was not significantly different in the case of
the Mucus IO test (26.69 = 8.86 vs. 32.21 & 191
[P = 0.096]) (Fig. 4). However, the decreasing trend was
in accordance with the results of the other three tests.

At 12 months after radiotherapy, all four tests showed
significant worsening of dry mouth symptoms, suggesting

that subjective and objective reduction in salivation per-
sisted for as long as 1 year (2.50 £ 0.42 vs. 1.06 + 0.12

[P <0.001], 072 +£0.69 vs. 542 + 4.39 ml/10 min
[P <0.05], 939 +4.81 vs. 23.86 £ 12.64 ml/10 min
[P <0.001], and 3007 £1.73 wvs. 3194 & 1.16

[P < 0.05], respectively) (Fig. 5).

Confirming the previous results, the five cases that were
successfully evaluated before, 3 months, and 12 months
after radiotherapy revealed significant differences in the dry
mouth questionnaire results before radiotherapy and after
3 months, and before radiotherapy and after 12 months
(1.10 £ 0.16 vs. 2.47 £ 0.58 [P < 0.05] and 1.10 + 0.16

A Cuestionnazire B Raating saliva test C Chewing gum test D Tucushl
mif 10 min miAd min

3 - 18 60 - — 40

28+ : 16 T
50 =

28+ 14 ,_.__3?.,@._—..
2;‘ 1 12 - 40

2 107 ' 36
1.8 L E—
16 4 8 S @0
14 4 s t =

: - 164
1.2 2 TR

1 -
Pra Post

- S - 0
Fre Post Pre Post

Figure 4 Results of the dry mouth questionnaire (A), resting saliva test (B), chewing gum test (C), and Mucus III test (D) before and 3 months after

radiotherapy (n = 9). *P < 0.05, **P < 0.001.

A Questionnaire B  Resting saliva test C Chewing gum tast D Mucuslli
miF10 min mi10 min
18 60
16+
50+
147
12 40
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24 . 101
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Figure 5 Results of the dry mouth questionnaire (A), resting saliva test (B), chewing gum test (C), and Mucus III test (D) before and 12 months after

radiotherapy (n = 11).*P < 0.05, **P < 0.001.
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Figure 6 Results of the dry mouth questionnaire (A), resting saliva test (B), chewing gum test (C), and Mucus 1) test (D) before and 3 and 12 months after

radiotherapy (n = 5). *P < 0.05.

vs. 227 4 046 [P <0.05], respectively). Comparison
between the results at 3 months and 12 months after
radiotherapy did not show a significant difference
(247 4 0.58 vs. 2.27 £ 0.46 [P = 0.44]); however, com-
pared to 3 months after radiotherapy, 4 of 5 cases had
improved mean scores at 12 months after radiotherapy. The
resting saliva test, the chewing gum test, and Mucus III did
not show significant differences between the same time
points (Fig. 6). However, in the three tests, improvements in
the mean scores at 12 months compared to 3 months after
radiotherapy were observed (resting saliva test: 1.02 £ 0.89
vs. 0.74 & 0.55 ml/10 min [P = 0.52]; chewing gum test:
10.10 4 5.87 vs. 7.10 £ 4.98 ml/10 min [P = 0.16]; and
Mucus 1L 30.33 & 2.17 vs. 29.04 £ 5.55 [P = 0.50]).

Discussion

Radiotherapy-induced dry mouth markedly reduces a
patient’s quality of life, and non-invasive objective evalu-
ation tools are needed to help improve the management of
radiotherapy side effects. Here, we tested the usefulness of
the novel Mucus III in assessing mouth dryness in head and
neck cancer patients who underwent radiotherapy. How-
ever, we found that Mucus III did not perform sufficiently
well in reflecting dry mouth symptoms.

In this study, radiotherapy-induced dry mouth symptoms
were identified subjectively and objectively by means of
three different tests: a questionnaire, resting saliva test, and
chewing gum test, immediately, 3 and 12 months after
radiotherapy. Objective evaluation of oral moisture was
obtained using Mucus III 12 months after radiotherapy.
There was no significant difference seen immediately after
the radiotherapy and 3 months after the radiotherapy.
Unfortunately, because of the patients’ physical and mental
conditions and the difficulty with matching evaluation time
points, we were unable to evaluate all 17 patients at each
time point. Employing Mucus III to evaluate radiotherapy-
induced dry mouth immediately after radiotherapy might not
be the best option because inflammation of the oral mucosa
is severe. On the other hand, 3 months after treatment, when
the oral mucosa almost recovered from inflammation,
application of Mucus III might be preferable. However, at
3 months after radiotherapy, Mucus II results showed a
similar trend to the results of the other three tests, but the
changes shown by Mucus III were not statistically signif-

icant. At 12 months after radiotherapy, dry mouth symp-
toms were evident in all four tests conducted, indicating that
dry mouth was a long-term condition in these patients.

However, evaluating the data of 5 patients in a period of
1 year (Fig. 6), measurements at 12 months showed better
improvement compared to the measurements obtained at
3 months after radiotherapy. Even though complete recov-
ery from dry mouth symptoms is thought to be difficult or
even almost impossible, the present results show that the
process might not be entirely irreversible. This is consistent
with the published literature (23, 24). To confirm this
observation, a future study with a larger number of subjects
and a longer follow-up period is necessary.

The results also indicate that Mucus III might not show
consistent results across patients and/or time points. In case
dry mouth is severe, and the absolute amount of saliva is
reduced markedly, the value measured by Mucus III is also
significantly lower, indicating its capacity to evaluate dry
mouth precisely. However, when some degree of saliva
secretion capacity remains, the measured value does not
decrease significantly; in fact, it remains around normal
values. Even if the relative value measured by Mucus III is
lowered after irradiation, the absolute value is not signifi-
cantly below the normal range. In short, the remaining
saliva secretion capacity may not be sufficiently small to
lower the absolute values measured by Mucus III; this might
explain discrepancies in values compared to the other three
tests.

Mucus IIT has proved its usefulness in the evaluation of
hyposalivation in Sjogren’s syndrome (6). However, in the
present study, Mucus III did not perform sufficiently well in
reflecting dry mouth symptoms resulting from radiation
therapy. Importantly, in this study, there were no complaints
of pain or discomfort associated with the probe. If this tool
is revised and improved, it might help in the management of
radiotherapy side effects, ultimately improving the quality
of life after radiotherapy.
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