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Spacers with boluses applied to various sites of oral squamous
cell carcinoma: Technical note and retrospective case series
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Abstract. The present report describes a case series in
which spacers with boluses were used at various sites in
the oral cavity to enhance the therapeutic effect of radiation
therapy in oral squamous cell carcinoma. In radiotherapy,
the surface dose is reduced due to the build-up region of
X-rays. In the present study, a bolus was used to comple-
ment the build-up region and increase the surface dose
effect. A total of 7 patients with oral cancer from a primary
care hospital underwent radiation therapy using spacers
and added boluses to improve the surface dose effect.
The spacer was made from a plastic splint and the bolus
was connected to the splint with a quick self-curing resin.
There were no complaints of pain or adverse events from
the patients while wearing the intraoral splint. A total of
2 of the 7 patients were subsequently confirmed as having
progressed disease, and the remaining 5 are currently being
managed following a complete response to treatment. The
spacers used at various sites of oral squamous cell carci-
noma were safe and effective and did not cause any severe
adverse effects.

Introduction

Reports show that in Japan, the number of cancer patients
is increasing annually (1). Similarly, in the United States,
the numbers are also increasing annually and cancer deaths
are second only to heart diseases (2). Head and neck cancer,
including oral squamous cell carcinoma (OSCC), is the sixth
leading malignancy worldwide (2,3) with squamous cell carci-
noma accounting for at least 90% of all oral malignancies (4).
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Radiotherapy is an important treatment modality for OSCC
because of its relatively high radio-sensitivity and since the
maintenance of oral function and morphology is very impor-
tant for maintaining the patients' quality of life and activities
of daily living (5).

Radiotherapy should be administered carefully in order
to administer high doses to only the target area and to not
administer excess radiation to other normal tissues. In order to
avoid osteoradionecrosis (ORN), it has been found to be useful
to place spacers to increase the distance between the mandible
and the irradiation site of the tongue carcinoma during radio-
therapy for interstitial brachytherapy (6,7). In prostate cancer,
while using external beam radiation therapy, the insertion of
a hydrogel into the prostate-rectal interface to reduce signifi-
cant exposure to the rectum has been shown to be effective
in preventing radiation-related complications (8,9). Similarly,
while using external irradiation for oral cancer, it has been
considered effective to wear a spacer to maintain the distance
between the adjacent normal tissue and the irradiation site
of the lesion. X-rays used during external radiation therapy
are characterised by the maximum absorbed dose when they
enter the body within an area of about 10 mm from the body
surface (10). Since oral cancer is a lesion on the surface of the
body, a bolus, which has almost the same characteristics as the
human body, can be placed over the lesion to maximize the
dose at the surface layer of the lesion by utilising the build-up
effect (11). Based on the results of previous studies (10-13), if
bolus build-up areas are not created, there may be dose reduc-
tions near the surface and sufficient therapeutic effects may
not be achieved.

Taking into account the extensive losses of form and func-
tion caused by resections, radiation therapy is particularly
advantageous in cases of extensive superficial oral cancers.
High energy X-rays of 4-6 MVX used for treating oral cancer
have good linearity and can easily irradiate evenly to the edge
of the irradiation field; however, the surface dose effect is low
due to the build-up effect (14). Since oral cancer originates
from the superficial mucosa and becomes malignant, external
radiation therapy must increase the surface dose effect and
cure the primary site (12,14).

To enhance the surface dose effect of external radio-
therapy, we developed a spacer with bolus material to
adhere to the primary site and used it in patients undergoing
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radiotherapy. The bolus material is a water-equivalent mate-
rial (11,12) which can be adhered to and placed according
to the contour shape of the oral mucosa to complement the
build-up area. Commercially available bolus materials are
about 5-10 mm thick, and by placing them on the spacer, a
large and uniform dose distribution on the mucosal surface
can be achieved. The current National Comprehensive
Cancer Network Breast guidelines state: ‘Special consider-
ation should be given to the use of bolus material to ensure
that the skin dose is adequate’ (15,16). Worldwide, bolus
material has been used frequently in breast cancer treat-
ment to increase the surface dose effect (17); however, to
the best of our knowledge, there have been only two reports
of its use in oral cancer (18,19). In these case reports,
the indications were limited to tongue cancer and cancer
of the palate; however, in our case reports, we used their
method at various sites of oral cancer and reported on the
clinical courses and adverse effects such as oral mucositis,
dysgeusia, and ORN.

The main purpose of the spacer is to improve the accuracy
of positioning of the irradiation site during radiotherapy and to
prevent excessive radiation to the surrounding normal tissues,
thereby preventing ORN and severe mucositis (6,20-22).

This study described a case series in which spacers with
boluses were used at various sites in the oral cavity to enhance
the therapeutic effect of radiation therapy in oral squamous
cell carcinoma.

Patients and methods

Patients. We conducted a prospective observational study
among oral cancer patients aged >18 years who under-
went adequate medical follow-up from October 2019 and
January 2021 in Yamanashi University Hospital. This
study was performed in accordance with the Declaration
of Helsinki with the approval of the Ethics Committee of
Yamanashi University Hospital (no. 2352). According to
the guidelines of the Ethics Committee, all patient data
were anonymised before use and written informed consent
was obtained from each patient and/or family before inclu-
sion in the study. Patients were free to withdraw from the
study at any time. The inclusion criteria for this research
were as follows: Adults >20 years of age, diagnoses of oral
squamous cell carcinoma, and no recent rapid exacerbations.
The exclusion criteria were as follows: Having any acute or
chronic condition that would limit the ability of the patient to
participate in the study and refusal by patient and/or family to
provide informed consent. There were no exclusions among
the enrolled patients.

Five men and two women with oral cancer with an average
age of 71.1 years (range, 47-92 years) were included in this
study and they each underwent external beam radiation using a
spacer with a bolus. Table I shows the characteristics and treat-
ment of the seven cases including the underlying diseases and
performance statuses of the ECOGs (23). Table II shows the
adverse events according to the Common Terminology Criteria
for Adverse Events (CTCAE) guidelines, version 5.0 (24) after
external radiotherapy and the histories of tobacco use and
the alcohol intake amounts before treatment. In this study,
we observed whether spacers with boluses placed on various

sites of the oral cavity would induce to intensify local adverse
events such as oral mucositis, dysgeusia, and ORN.

Biological effective dose. The following formula were used for
the calculation of biological effective dose (BED) (7,25-27).

BED=n x d x (1+d/[a/f])

n: Number of times of radiation therapy

d: Dose of radiation per one time (Gy)

p/a: Factor of recovery on targeted tissue (In oral cancer,
this value can be approximated as 10).

In Case 1, BED=7 (Gy) x 5x1.7=59.5 (Gy) was calculated.

In Case 2-7, BED=2 (Gy) x 35x1.2=84.0 (Gy) was calculated.

Making the spacer with a bolus. Animpression of the upper and
lower jaw was made using irreversible hydrocolloid material
(Algiace; Sankin Co.). A cast of the impression was subse-
quently generated using hard plaster (Newplastone; GC Co.).
A 1.5-mm thick plastic disk (Erkodur; Erkodent Co.) was
pressed onto the replicated plaster cast of the jaw using a ther-
moplastic former (Erkopress; Erkodent Co.). Once the curing
was completed, the plastic disk was cut-off from the plaster
cast, and the rough edges were smoothed using a polisher.
A quick self-curing resin (Ortho Crystal; Nissin Dental Inc.)
was added to the spacer to enable the bolus with a mass
density of 1.03 g/cm? (Bolus; Toyo Medic Co.) to conform and
adhere to the irradiated area (Figs. 1 and S1). The thickness of
the spacer, which was the sum of the plastic base and bolus,
was adjusted to obtain a final thickness of ~10 mm at the
equivalent radiation therapy site. Before radiotherapy began,
the spacer was set into the patient's mouth, and we confirmed
that it was painless to wear and that the lesion could be repro-
ducibly covered with the bolus. Three-dimensional treatment
planning was performed by a radiologist with the spacer in
the patient's mouth.

Results

Patient characteristics. Table I shows the characteristics,
treatment and its effect in each patient case. In all cases,
smoking cessation was successfully achieved, and consuming
alcohol was controlled to sobriety during/after treatment.
The overall response rate was 71.4%, with five cases showing
a complete response (CR) and two cases with progressed
disease (PD). Furthermore, as shown in Table II, osteone-
crosis of the jaw as an adverse event was ‘None’ in each of
the four cases, grade 1 in two cases, grade 2 in one case, and
grade 2 or less in all the cases. Fig. 2 shows the distribu-
tion of radiation doses imaged during the radiation therapy
planning when the spacer was placed in the oral cavity. The
bolus aligned with the lesion, was drawn in gray and was
easily identifiable because the absorbed dose was compa-
rable to that of water and lower than the absorbed dose of
surrounding tissue.

Clinical course of external radiation. Except for Case 1,
external radiation therapy with 4 mV X-rays consisted of
60-70 Gy/30-35 f, with a daily fraction size of 2 Gy and
five fractions per week. Case 1 was that of an elderly patient
with severe dementia, and the patient and his family refused
hospitalisation. Therefore, we decided to use a high dose of



Table I. Patient characteristics.

Effect of

ECOG:

Alcohol consumption

Number of
cigarettes per day

Age,
years

PS Treatment therapy

Underlying disease

per day, g

TNM

Site

Sex

Case no.

PD
CR
PD
CR

7Gyx5f

2

1
3

1
1
1
1

Dementia; HT
Hepatitis B

Never

Never

T4N2MO

Maxillary gingiva
Floor of mouth

Buccal

F
M
F
M
M
M
M

87
67

CCRT®: 2 Gy x 35f

2Gyx35f

70

T3NOMO
T4NOMO
T4N2MO
rT3NOMO

Hyper-lipidemia; HT
Prostate cancer

None

10

Never
20 (former)

92

CCRT®: 2Gy x35f

60
60

Mandibular gingiva

Tongue

81
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CR
CR
CR

CCRT” 2Gy x35f

10

47

CCRT* 2Gy x35f

Hyper lipidemia; HT

None

50

T4NOMO
rT3NOMO

Maxillary sinus

Tongue

74
50

CCRT" 2 Gyx35f

10 (former)

*f: The number of fractions of external radiation therapy. "CCRT: Concurrent chemoradiotherapy of cisplatin 80-100 mg/m? triweekly (3 times/week), during external radiation therapy. rT3NOMO in Case
no. 5 and Case no. 7: Recurrent T3ANOMO. CR, complete response; ECOG: PS, Eastern Cooperative Oncology Group: Performance status; F, female; HT, hypertension; M, male; PD, progressed disease.

7 Gy per fraction with 6 mV X-rays and provide outpatient
treatment with five radiation treatments.

One year after the completion of treatment, the patient
developed recurrent symptoms, was found to have PD and died
6 months later. The other PD patient (Case 3), who was 92 years
old, was not selected for combination chemotherapy due to
her poor general condition. Six months after the completion
of treatment, she developed recurrent symptoms, her general
condition deteriorated, and she died. Each of the six patients
with CR were in a good general condition and could be treated
with concurrent cisplatin chemotherapy, which is considered
to be the standard care.

Discussion

In this study, a conventional spacer was attached to keep the
normal tissue away from the irradiation site, and bolus mate-
rial was attached to the spacer to make it about 10 mm thick to
enhance the surface dose effect at the target site.

The installation of the bolus material on the spacer provided
the following two advantages. First, since the bolus material
is a water-equivalent, gel-like material, it can be safely fixed
close to the lesion site and can assist in identifying the area
to be irradiated because it has a different absorbed dose from
other areas considered during radiotherapy planning. Second,
it increases the surface dose effect near the horizontal margins
of the oral squamous cell carcinoma, which makes it effective
in preventing recurrences in the same area. In other words, this
study was unique in two aspects: The easy identification of the
target lesion using CT with the bolus application facilitating
accurate radiotherapy planning and the enhancement of the
surface dose effect.

In contrast, since radiotherapy alone may not have
had an adequate anti-tumour effect, the combined use of
cisplatin is recommended as a curative treatment. In the two
cases (Case 1 and Case 3) of recurrence in this study, the
intensities of treatment may have been too weak because
radiotherapy alone was chosen even though the patients had
advanced cancer with invasions of the jawbone. The present
study suggested that spacers should be used in combination
with cisplatin for the treatment of aggressive oral cancer.
Furthermore, in Case 1, the treatment effect may have
been insufficient because the irradiation dose was 59.5 Gy
(BED equivalent), which is considered somewhat low for a
curative dose due to the choice of small fractional irradia-
tion.

Limitations of the present study were the small number
of cases and the short follow-up periods. Since there is a
possibility that ORN may occur later than several years, it
is necessary to prevent ORN by maintaining thorough oral
hygiene during the follow-ups. It is recommended that future
studies increase the number of cases and further analyse the
treatment effect in prospective multicentre studies to confirm
the superiority of the spacer with bolus.

In conclusion, we showed that spacers with boluses can be
placed at various sites of the oral cavity and that the osteone-
crosis of the jaw as an adverse event was less than grade 2.
This treatment method requires collaboration between dental
surgeons and radiologists and may lead to a reduction in
adverse events associated with radiotherapy.
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Table II. Investigation of smoking and alcohol consumption before treatment and adverse events of CTCAE ver. 5.0° after
external radiotherapy.

Case no. Age, years Sex Mucositis Dysgeusia Osteonecrosis of the jaw
1 87 F 2 1 1

2 67 M 2 2 None

3 92 F 3 2 2

4 81 M 2 2 None

5 47 M 2 2 None

6 74 M 2 1 1

7 50 M 2 2 None

*CTCAE ver5.0: Common terminology criteria for adverse events version 5.0. F, female; M, male.

Figure 1. Spacer with bolus in Case 1. (A) A mirror image of the right side maxillary gingival carcinoma. (B) A spacer with bolus material adheres to the
irradiated area of the maxillary gingival carcinoma.

A

@0y O%

Target

{ v Name E_i

PTV=CTV+3mm [J]

— — |

Figure 2. Simulated irradiation dose distribution of Case 1 with spacer including bolus. (A) The area surrounded by the red line indicates the lesion site where
the highest irradiation dose was set, and it coincided with the bolus site in the gray area, which was closely aligned with the lesion. (B) Spacer with bolus is
shown mounted in the mouth.
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