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Secondary cancers

Eleven secondary cancers occurred in 10 patients. One patient presented both esophageal and gastric cancer.
The median time from transplantation to diagnosis of a secondary cancer was 6.8 years. The probability of
incidence of secondary cancers at 5 and 10 years after transplantation was 2.15% (+/— 1.22%) and 6.46% (+/—
2.82%), respectively (Figure 1).

Figure 1
The probability of incidence of secondary cancers after
transplantation.

Secondary cancers were thyroid papillary carcinoma in one patient (7.8 years after TBI), sub-maxillary gland
tumor in one patient (1.4 years), esophageal cancer in 2 patients (7.1 and 12.2 years), oral cavity carcinoma in
1 patient (15.2 years), gastric cancer in 2 patients (1.9 and 7.1 years), and ureteral cancer in 1 patient

(6.4 years), border malignant ovarian tumor in 1 patient (11.3 years), extragonadal germ cell tumor in 1
patient (3 years), the head and neck cancer in 1 patient (3 years). Table 1 shows the clinical characteristics of
the patients with a secondary cancer.

Table1
Clinical characteristics of the patients with a secondary cancer

Among 10 patients with secondary cancer, six are alive at last follow-up. One patient with secondary gastric
cancer had a recurrence of leukemia, and died on the primary disease 2.8 years after TBI. Three patients died
from a reason due to secondary cancer.

Discussion Go to:

This is a report about 10 patients with secondary malignancies after TBI. The study population includes 370
patients after undergoing TBI between 1995 and 2010 as a single center experience. Secondary solid cancers
are seen after a latency period of 3 to 5 years after hematopoietic cell transplantation, subsequently, their
incidence continues to rise with time. Several series (Schneider et al. 2007; Bhatia et al. 1996; Witherspoon et
al. 1989; Deeg & Witherspoon 1993; Witherspoon et al. 1992; Deeg et al. 1984) have described the increased
risk of secondary cancer after hematopoietic cell transplantation.

The Collaborative study between the CIBMTR and Fred Hutchinson Cancer Research Center (FHCRC)
conducted a study among 19,229 recipients of allogeneic and syngeneic transplantation (Curtis et al. 1997).
72.8% of patients received TBI as the conditioning regimen. The cumulative incidence of secondary cancers at
5, 10, and 15 years after transplantation was 0.7%, 2.2% and 6.7%, respectively, compared to the general
population rates of 0.3%, 0.6% and 0.8% (Curtis et al. 1997). In a similar report of the Late Effects Working
Party in the European Cooperative Group for Blood and Marrow Transplantation, 1,036 consecutive patients
surviving more than 5 years post transplants were recorded (Kolb et al. 1999). With a median follow-up of
10.7 years, the actuarial incidence of a solid tumor post-BMT was 3.5% +/— 0.6% at 10 years and 12.8% +/—
2.6% at 15 years and this incidence is 3.8-fold higher than that in an age-matched control population (p <
0.001) (Kolb et al. 1999). The University of Minnesota reported a series of 3,372 recipients of BMT (Baker et
al. 2003). The majority of patients in this study (78%) received a regimen that contained radiation, delivered
as a fractionated TBI (12.0 to 13.2 Gy) in most patients or as a single-fraction TBI (7.5 Gy), given in
combination with cyclophosphamide or with other chemotherapy agents. After a median follow-up of 5 years
137 patients developed 147 second malignancies, compared with 4.3 expected from general population and
the estimated actuarial incidence of any post-BMT malignancy was 9.9% +/— 2.3% at 13 years (Baker et al.
2003). The City of Hope National Medical Center reported 2,129 patients who had undergone BMT for
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hematologic malignancies (Bhatia et al. 2001). The conditioning regimens for patients with leukemia included
TBI. The estimated cumulative probability for development of a solid cancer was 6.1% +/— 1.6% at 10 year
which represents a two-fold increase in risk compared with general population (Bhatia et al. 2001). In this
report, 11 solid secondary cancers occurred in 10 patients, and the cumulative incidence rate of secondary
cancers at 5 and 10 years after transplantation was 2.2% and 6.5%, respectively, which is comparable with
published studies evaluating the rate of secondary cancer after transplantation. According to the 2013 Annual
Report of Nationwide Survey of HSCT by the Japan Society for HSCT, the incident probability of second
cancer after CY+TBI and FL+TBI was 1.1% (CI: 0.7-1.6, N=1067) and 3.0% (CI: 2.2-4.1, N=5009) at 3 years and
2.1% (CI: 1.4-3.3, N=198) and 5.2% (CI: 3.3-8.0, N=96) at 5 years after transplant, respectively.

In the pediatric experience reported by Socie et al. (2000), the Kaplan-Meier estimates of the probability of
new invasive solid tumors at 5, 10, and 15 years after transplantation were 0.9% (+/— 0.6%), 4.3% (+/— 2.1%),
and 11.0% (+/— 8.8%). Younger age at transplantation is a major risk factor of secondary solid cancers.
Children less than 10 years of age also had a 33 to 36.6 fold higher risk of solid tumors than that expected in
the general population. For Baker et al. (2003), children who had undergone transplantation when younger
than 10 years had the highest risk (36.6 times as high as expected); the risk was 4.6 times as high as expected
for those who were 10 to 29 year old at the time of transplantation and nearly normal for those who were

30 years or older (p <0.001). 86.5% of patients received TBI in the conditioning regimen. In this report, there
was not the secondary solid carcinoma among 50 pediatric patients. It is cited in the reason that there are few
numbers of people and that an observation period is short.

The risk factors for the development of post-transplant solid tumors included the use of radiation or the
radiation dose in the conditioning regimen. TBI significantly increases the risk of second cancer especially if
higher dose are delivered (Deeg & Witherspoon 1993). All patients with secondary cancer were performed TBI
of 12 Gy in this report, but it is unknown whether a higher dose of TBI contributed to secondary cancer
because almost all patients received 12 Gy.

Unusual cancers were frequently diagnosed as post transplantation secondary cancer. Cancers of the buccal
cavity, liver, brain and central nervous system, thyroid, bone, connective tissue, salivary gland plus melanoma
were significantly elevated compared to the general population for most authors (Curtis et al. 1997; Kolb et al.
1999; Baker et al. 2003; Bhatia et al. 2001). Although the risk of common adult cancer was little increased,
TBI has been reported to increase the risk of breast cancer. In a cohort of 3,337 female 5-year survivors, the
25-year cumulative incidence of breast cancer was 17% in recipients of TBI compared to 3% in those who did
not receive TBI as a part of their conditioning regime (Majhail 2008). In the results published by Socie et al.
(2000), half the excess solid tumors in the youngest age group were cancers of the brain (observed cases, 9;
expected cases, 0.22) or thyroid (observed cases, 4; expected cases, 0.02). In this réport, a relative rare solid
cancer like maxillary gland tumor or extragonadal germ cell tumor was seen and the carcinogenesis of
secondary breast cancer and brain tumor was not observed. This fact will be a cause that we had few long-
term observation cases.

From the epidemiologic data of atomic bomb survivors from Hiroshima and Nagasaki, radiation induced solid
cancer is gradually increasing after 10 years from exposure. However, as shown in our and other reference
research, it seems to be induced little earlier than atomic bomb survivor. We may have to follow the patients
at least 10 years in order to focus our subject to the incidence of second solid malignancy. A larger number of
irradiated patients with adequate longer follow-up periods are necessary to calculate a radiation
carcinogenesis risk with reasonable accuracy.

Additionally, the definition of secondary cancer is too difficult. Some of cancer patients with surgery and
without chemotherapy are suffered from another metachronous cancer. Although these cancers are so called
secondary cancer or double cancer, they are not treatment-related cancer. The cause of treatment-not-related
metachronous cancer may be related to hereditary and/or environment etc. From our research, some of
patients seem to become secondary cancer very early from TBI compared with atomic bomb survivor or HD
irradiated patients. In this study, we defined second cancer as the all new diagnosed cancers after TBI.
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Secondary primary cancer may also be induced by agents other than radiation; chemotherapeutic agents such
as especially alkalylators, immunosuppressive agents, environmental exposures such as smoking and alcohol,
hereditary disposition and so on.

We were not able to analyze statistically on the relationship between 11 secondary malignancies and TBI. It
would be better to compare this study population to an age-matched control population, because age is a
critical factor in determining radiation risk.

The number of enrolled patients (370 cases) may be substantially small for such an epidemiologic study.
Many previously published reports involved several thousands of patients, such as Yokota’s report (2062
cases) (Yokota et al. 2012) and other reports (Curtis et al. 1997; Kolb et al. 19099; Baker et al. 20063; Bhatia et
al. 2001; Socie et al. 2000; Majhail 2008).

Conclusion Go to:

Various factors such as GVHD, high dose chemotherapy, or the use of CY have been nominated for risk factor
of the secondary carcinoma other than TBI. The influence that TBI gives secondary cancer is hard to evaluate
because a regimen including TBI is performed for all patients in this study. However, it is shown by the
analysis of our institution that the risk of the secondary cancer rises by BMT including TBI just like the past
reports and may not ignore the influence that TBI gives secondary cancer.
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Non-invasive objective evaluation of radiotherapy-induced
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BACKGROUND: Dry mouth is a common complaint in
patients undergoing radiotherapy. Here, we employed
the oral moisture meter Mucus il to evaluate dry mouth
in head and neck tumor patients before and after they
underwent radiotherapy.

METHODS: We recruited |7 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 lll, before (n = 17), immediately
after radiotherapy (n=10), and at 3 (n=9) and
12 months after radiotherapy (n = I1).

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 lll results showed
significant worsening of xerostomia at 12 months after
radiotherapy (P < 0.05).

CONCLUSION: Mucus [l 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 1l 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
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T'S‘ubmi layer

C = Capacifivity

& = Dielectric constant

8 = Size of sensor sutface )
d = Digtance of positive and negative poles

Figare 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, ‘¢’ 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/cm?® After 27 mA (80 mW) of
microelectrical current is delivered to the probe, the
capacitance at the mucosal depth of 50 um 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 III (Fig. 2). In an animal study,
Ishimoto et al. established the reliability and usefulness of
Mucus II (18). Later, Ishimoto et al. confirmed the
reliability of Mucus II 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 TII 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 1T 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 IIT device. Mucus III 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 (n = 6), hypopharynx (n =5), 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 + 22 Gy, Nine cases (7 men, 2 women, age:
4477 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 (r =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.



Table 1 Clinical characteristics of the 17 patients enrolled in this study
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No Sex Age Tumor site TNM Total radiation (Gy) Chemotherapy Immediately after At 3 months At 12 months
1 M 65 OPX T2NOMO 70 Yes Yes Yes Yes
2 F 74 OPX T2NOMO 70 Yes Yes Yes
3 F 67 opPX T4aNOM1 70 Yes Yes Yes Yes
4 M 59 OPX 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 T2N1MO 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 T2N3MO0 70 Yes Yes

12 M 67 HPX T3NOMO 70 Yes Yes

13 M 63 up 60 Yes Yes Yes

14 M 59 up . 70 Yes Yes Yes

15 M 51 up 70 Yes Yes Yes

16 M 48 upP . 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: 4474 years, mean age:
60.0 years) were successfully evaluated before, 3 months,
and 12 months after radiotherapy; the primary sites were the
oropharynx (rn = 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

00N O\ R W N

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 I (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 unch at each time point, and in the following order: A:
Dry mouth questionnaire, D: Measurement of oral moisture
with Mucus ITI, 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 f-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 (2.47 £ 0.52 vs. 1.07 &£ 0.10 [P <0.001],
1.86 £+ 1.38 vs. 5.51 £ 4.64 m{/10 min [P < 0.05], and
480 + 5.35 vs. 24.15 4+ 11.98 ml/10 min [P < 0.001],
respectively). In the case of the Mucus III 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).

] Oral Pathol Med
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Figure 3 Results of the dry mouth questionnaire (A), resting saliva test (B), chewing gum test (C), and Mucus I test (D) before and immediately after

radiotherapy (n = 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 £+ 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 III test (26.69 + 8.86 vs. 32.21 £ 1.91
[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

A Questionnaire

B Resting saliva test
el 8 ey

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 30.07 £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

C  Chewing gum test D Wucusll

i D min

N
EK‘ 3&

SR
Pre Post Pre. Post Fes

Post

P

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.
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olf10 min
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144
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Figure 5 Results of the dry mouth questionnaire (A), resting saliva test (B), chewing gum test (C), and Mucus II 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 III test (D) before and 3 and 12 months after

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

vs. 2.27 £ 046 [P <0.05], respectively). Comparison
between the results at 3 months and 12 months after
radiotherapy did not show a significant difference
(2.47 £ 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 + 5.87 vs. 7.10 = 4.98 ml/10 min [P = 0.16]; and
Mucus 1IT: 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 II in assessing mouth dryness in head and
neck cancer patients who underwent radiotherapy. How-
ever, we found that Mucus HI 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 II 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 II might be preferable. However, at
3 months after radiotherapy, Mucus HI 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 I 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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Current Situation and Future Prospects of Radiotherapy for Malignant Gliomas: Atsuro Terahara (Dept. of Radiology,
Toho University Omori Medical Center)
Summary '

Progriosis of malignant gliomas remains pooy, although adjuvant radiotherapy increases survival time. To improve treatment
outcomes, high-precision radiotherapy techniques such as three-dimensional conformal radiotherapy, stereotactic irradiation,
intensity modulated radiotherapy, and charged particle radiotherapy have been developed for dose distribution optimization
and dose escalation. Improvements in clinical outcomes with these new treatment strategies have been reported; however,.
the efficacy of these treatment strategies has not yet been verified in randomized trials. Further development of radiation
delivery techniques, including boron neutron capture therapy, and ways of achieving more adequate target volume definea-
‘tori using modern multimodality imaging. technology are currently being intensively investigated to further improve patient
outcomes. Key words: Malignant glioma, Radiotherapy, Dose escalation, High-precision radictherapy, Cortesponding au-
thor: Atsuro Terahara, Department of Radiclogy, Toho University Omori Medical Center, 6-11-1 Omori-nishi, Ota-ku, Tokyo
143-8541, Japan
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