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Objectives/Hypothesis: We aimed to evaluate the feasibility and effectiveness of postoperative 125I brachytherapy deliv-
ered by use of digital model obturators for recurrent or locally advanced maxillary cancers.

Study Design: Retrospective study.
Methods: From 2006 to 2008, 12 patients (seven females; median age, 65 years; range, 22–86 years) with recurrent or

locally advanced maxillary cancers showing positive margins after surgery underwent 125I brachytherapy by use of digital
model obturators and interstitial implants. The radioactivity was 18.5 to 33.3 MBq per seed, and the prescription dose was
80 to 160 Gy. Functional outcome of patients was evaluated by the Performance Status Scale (PSS) for head and neck cancer
before and after brachytherapy.

Results: The 125I seeds and dosages were well distributed in the radiation fields, and all patients had higher PSS scores
after than before treatment with obturators. During a median follow-up of 53 months (range, 28–62 months), local control at
3 and 5 years was 83.3% and 66.7%, respectively, with a mean local control time of 53.5 6 3.79 months. Overall survival at
3 and 5 years was 91.7% and 71.4%, respectively, with a mean survival time of 56.6 6 2.99 months. Two patients died due
to local recurrence, and one patient died due to lung metastasis. No patient had severe complications during follow-up.

Conclusions: 125I brachytherapy delivered by digital model obturator is effective in treating maxillary cancers with posi-
tive margins after maxillectomy for advanced or recurrent cancer. The method may improve the quality of life of patients
with maxillary defects.
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INTRODUCTION
Cancers involving the maxilla can originate from

primary tumors of the maxilla or tumors of adjacent
structures such as the palate, upper gingiva, and para-
nasal sinuses.1 These tumors, especially recurrent or
advanced ones, may represent significant treatment
challenges1–3 because the maxilla is located near many
important tissues, including major blood vessels, nerves,
eyes, and organs of speech and swallowing, which may
compromise radical resection or wide local excision and
the delivery of radiation.1,2,4,5

Although negative margins are difficult to achieve
in these cancers, surgery is traditionally a recommended
treatment for resectable malignant maxillary tumors
that are primary or recurrent.1,4 However, the postoper-
ative recurrence rate of head and neck tumors is 31.7%

for patients with negative margins but is markedly
higher (71%) for patients with positive or close margins.6

Therefore, surgery combined with postoperative adju-
vant radiotherapy is often recommended for maxillary
cancers,1,7–9 especially for patients with positive or close
resection margins.10–13 However, radiotherapy for
patients with maxillary cancers may lead to orofacial
complications5,10,14–16 and detrimental impact on quality
of life,14,17–19 especially for patients with recurrent
tumors who previously received radiation.

Brachytherapy can deliver a high radiation dose to
a tumor while sparing surrounding normal vital tis-
sues.20,21 The low dose rate of 125I irradiation can
enhance the tolerance of normal tissues.22 Several
reports have analyzed the benefits of 125I brachytherapy
used alone or combined with surgery for head and neck
cancers.21–25

In this study, we evaluated the feasibility and effec-
tiveness of postoperative 125I brachytherapy for patients
with positive margins after surgery for recurrent or
locally advanced maxillary cancers. We used computed
tomography (CT) images to design digital model obtura-
tors to reconstruct the defective maxilla for each patient
to deliver 125I brachytherapy to target areas where soft
tissues are too thin to contain 125I seeds. In addition, the
digital model method could resolve the difficulty in mak-
ing impressions for patients with postoperative
temporary inability to open the mouth.
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MATERIALS AND METHODS

Patients
From October 2006 to January 2008, 12 patients (seven

females; median age, 65 years; range, 22–86 years) with cancers
involving the maxilla underwent surgery and postoperative 125I
brachytherapy. This study was approved by the ethics commit-
tee of Peking University, and all patients gave their informed
consent for use of their data. Six cases were recurrent after pre-
vious surgery and external radiotherapy. One case was a second
primary tumor in the maxillary area that had previously been
irradiated. The previous median dose of external radiation in
these cases was 60 Gy (range, 50–66 Gy; conventional fractiona-
tion, 2 Gy/d). The other five cases were primary locally
advanced tumors. All 12 patients underwent wide local excision
(with half or partial maxillectomy). Postoperative histopathol-
ogy revealed six cases of adenoid cystic carcinoma (ACC) (three
recurrent tumors), two mucoepidermoid carcinoma (MEC) (one
moderate grade and one high grade, both recurrent tumors),
two squamous cell carcinoma (SCC) (one recurrent and one
second primary tumor), and two adenocarcinoma and polymor-
phous low-grade adenocarcinoma, respectively. The resection
margins were positive for all patients. The seven patients with
recurrent or second primary tumors had undergone neck dissec-
tion or radiation in previous treatments. Only the patient with
adenocarcinoma underwent elective neck dissection, with no
cervical lymph node metastasis on postoperative histopathology.
All other patients with negative findings for necks did not
receive treatment to the neck.

All 12 patients underwent postoperative 125I brachyther-
apy using digital model obturators designed by CT to
reconstruct the defective maxilla.

125I Brachytherapy Plan System and
125I Radioactive Seeds

The brachytherapy treatment planning system (BTPS)
(Beijing Atom and High Technique Industries, Beijing, China)
was used to develop the 125I brachytherapy plan. The 125I seed
(model 6711; China Institute of Atomic Energy, Beijing, China)
was 4.5 mm long and 0.8 mm in diameter and had a half-life of
59.4 days with radioactivity of 18.5 to 33.3 MBq per seed. The
photon energy emitted by 125I is low (27–35 keV), and the dose
is greatly reduced with distance so it minimizes the dose to ad-
jacent structures and attending staff.26

125I Brachytherapy Method
Design of obturators. All patients underwent CT scan-

ning at about 2 to 4 weeks after surgery, when the operative

wounds were almost healed. Then the model of the defective

maxilla was manufactured by using a three-dimensional recon-

struction technique and rapid prototyping technology (Fig. 1A).

The obturators were constructed from denture soft-liner elastic

material and were >1 mm thick to contain the radioactive seeds

(Fig. 1B). They were designed with a hollow center to allow

greater stability and elasticity when inserting into the undercut.
Brachytherapy plan. Steel wires (4.5 mm long, 0.8 mm

in diameter) without radioactivity, used as markers, were tem-

porarily implanted into the obturators in the front, back, top,

and sides. Then all patients wearing these obturators under-

went CT again to confirm that the obturators fit the maxilla

defects and to determine the relative position of adjacent tissues

and wires, to guide placement of radioactive seeds close to the

target area. Using this CT images, the brachytherapy plan was

made by the BTPS. In the plan, the obturator was used to place

seeds to the area where it is just covered by thin mucosa (like

maxillary sinus). If there is enough soft tissue (maybe residual

tumors or adjacent tissues) to locate the 125I seeds, we can use

interstitial implantation. After CT, the steel wires in the obtura-

tor were removed.

The planning target volume was designed to cover the re-

sidual tumor with a 0.5- to 1-cm margin. The prescription dose

(peripheral matching dose) was 80 to 120 Gy for recurrent

tumors in areas that had previously received radiotherapy and

120 to 160 Gy for primary tumors. The dose distribution

involved adjusting the available seed activities and seed posi-

tions if necessary.
Placement of radioactive seeds. According to the im-

plantation plan, part of the radioactive seeds were placed in the

obturators and sealed with acrylic resin (Fig. 2A). The relative

position between the steel wires and the planned seeds in the

obturator were helped to locate the position of 125I seeds in the

obturator. Other radioactive seeds were interstitially implanted

into soft tissue with the patient under local or general anesthe-

sia by intra- or extra-oral puncture with implantation needles

under CT guidance (Fig. 2B).21 After interstitial implantation,

the digital model obturator containing 125I radioactive seeds

was inserted.
Verification and quality assurance of treatment. Af-

ter implantation of obturators, patients immediately underwent

Fig. 1. (A) Computed tomography-designed model of the defective part of the maxilla. (B) The obturator constructed from denture soft-liner
elastic material. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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CT examination. The CT images and BTPS were used to con-
firm the position, number and distribution of seeds, as well as
radiation dosage in the target areas and organs at risk.

Follow-up
Patients wore the obturators for 6 to 8 months, removing

them only for cleaning. CT or positron-emission tomography/
computed tomography scan was performed 6 and 12 months
after implantation or if necessary. Before and after brachyther-
apy, patients completed the Performance Status Scale (PSS)
questionnaire for head and neck cancer patients, which includes
questions about three functions: eating in public, understand-
ability of speech, and normalcy of diet.27 Total scores are from 0
to 100, lower scores representing worse functioning. Complica-
tions were evaluated according to the Radiation Therapy
Oncology Group (RTOG)/European Organization for Research
and Treatment of Cancer grading system.28

Statistical Analysis
SPSS 13.0 for Windows (SPSS Inc., Chicago, IL) was used

for data analysis. Paired t test was used to evaluate the dose
distribution and Wilcoxon signed ranks test to analyze PSS
scores before and after brachytherapy. Two-sided P < .05 was
considered significant. The Kaplan-Meier test was used to
assess overall survival, disease-free survival and local control.
Follow-up data were obtained until December 2011. Data for all
patients who survived until this date were censored for overall
survival analysis, data for all patients who survived without
local or distant treatment failure were censored for disease-free
survival analysis, and data for all patients without local recur-
rence until this date or death were censored for local control
analysis.

RESULTS

Obturators
The obturators were designed from CT digital

reconstructive models. On average, patients could open

their mouths 2.3 cm, and two patients could open their
mouths only 1.5 and 1.8 cm. In all cases, CT scans
allowed for the successful creation of a digital model.
The insertion of the obturators closed the oronasal fis-
tula and allowed for normal impressions to be taken for
denture construction.

Distribution of Radiation Seeds and
Postimplant Dosimetry

The mean number of seeds in the obturators was
19.6 6 3.4 and was 22.3 6 2.8 for seeds implanted in sur-
rounding tissues. All CT images showed stable seed
distribution without migration and no loss of seeds in the
obturators. The D90 (the doses delivered to 90% of the tar-
get volume) without radioactive seeds in obturators was
52.6 6 3.5 Gy. The actuarial D90 with obturators was
121.8 6 10.7 Gy (range, 86.3–176.8 Gy) and was higher
than the prescribed dose for all patients.29 The actuarial
V100 (the percentage target volume that receive at least
the prescribed dose) was >95% for each patient (mean,
98.6% 6 0.5%), and the V150 was <50% for all.29 Figure 3
shows the distribution of seeds and doses with use of
obturators. The mean dose measured in the carotid artery
and jugular veins, eyes, and external auditory canals was
35.4 6 3.57, 12.8 6 2.39, and 10.4 6 2.40 Gy, respectively,
all within the tolerance limit.

Local Control Rate and Overall Survival Rate
Patients were followed for a minimum of 28 months

after treatment (median, 53 months; range, 28–62
months). The 3- and 5-year local control was 83.3% and
66.7%, respectively, with a mean local control time of
53.5 months (95% confidence interval, 46.1-60.9 months;
Fig. 4). Local recurrence occurred in four patients at 22,
36, 42, and 46 months (median, 39 months).

Fig. 2. (A) Radioactive seeds were implanted in the obturator and sealed with acrylic resin (the arrow indicates the position of 125I seed).
(B) Computed tomography-guided interstitial implantation of radioactive seeds from different directions (the arrow indicates the implant
needles). [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Overall survival at 3 and 5 years was 91.7% and
71.4%, respectively, with a mean overall survival time of
56.6 months (range, 50.7–62.4 months; Fig. 5). The 3-
and 5-year disease-free survival was 83.3% and 58.3%,
respectively, with a mean disease-free survival time of
51.7 months (range, 44.1–59.2 months; Fig. 6). Distant
metastasis occurred in two patients with ACC. Two
patients were alive with disease (one with local failure,
one with local and distant failure). Two patients (one
with SCC and one with MEC) died of local recurrence,
and one patient with ACC died of lung metastasis.

Complications
Nearly all patients experienced temporary, minor

side effects (RTOG grades 1 and 2) during the treatment,

including mild pain and mucositis. These symptoms
lasted 0.5 to 2 months and healed without treatment. One
patient presented a mucosa ulcer, 1.0 � 0.8 cm, in the tar-
get area, with mild pain 2 weeks after implantation. The
ulcer was treated conservatively and healed within 4
weeks. We observed no severe late complications.

PSS Scores
PSS scores for all separated areas of functioning

were greater after brachytherapy with obturators than
before brachytherapy (P < .05; Table I). The mean scores
for eating in public, understandability of speech, and
normalcy of diet were 29.2 6 9.7, 20.8 6 9.7, and 39.2 6

2.9 without obturators, and 60.4 6 12.9, 56.3 6 11.3,

Fig. 3. Computed tomography and brachytherapy treatment planning system analysis of radioactive seed and dose distribution with obtu-
rators. Radioactive seeds in obturators delivered doses to tissues of (A) nasal cavity and (B) residual maxillary sinus. The red line is the
100% dose isodose line (160 Gy), yellow is the 90% dose isodose line (144 Gy), and blue is the 50% dose isodose line (80 Gy).

Fig. 4. Kaplan-Meier estimates showing local control after 125I
brachytherapy. Cum ¼ cumulative. [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com.]

Fig. 5. Kaplan-Meier estimates showing overall survival after 125I
brachytherapy. Cum ¼ cumulative. [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com.]
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and 55 6 5.2 with obturators, respectively. Scores for
understandability of speech were especially higher; for
two patients the scores improved from 0 (never under-
standable, may use written communication) to 50
(usually understandable, need face-to-face contact).

DISCUSSION
In our study we used 125I brachytherapy as the

treatment modality for advanced or recurrent maxillary
cancers with positive resection margins after surgery
and prior radiotherapy, and designed a digital modal ob-
turator to accurately deliver the 125I radioactive seeds.
Use of the digital modal obturator achieved good seed
and dose distribution and improved the quality of life of
patients with maxillectomy. The computer-aided design
helped in making impressions of maxillary defective
areas for patients with postoperative difficulty in open-

ing the mouth. Our results, albeit with a small sample,
demonstrate good local control and functional outcome.

Radiotherapy can enhance the local control of head
and neck carcinomas with positive or close margins after
surgery.30–32 It can be administered by external beam
radiotherapy or brachytherapy.30,31,33,34 External radio-
therapy can enhance local control but has some problems.
Some of the patients in our study refused external beam
radiotherapy because of poor medical conditions or poten-
tial severe complications such as xerostomia, difficulty in
opening the mouth, osteoradionecrosis, and arterial hem-
orrhage.10,15–17,19,35 For patients with recurrent tumors
after external radiation therapy, the redelivery of cura-
tive doses of external radiation is difficult because of the
limited tolerance of normal critical structures. Brachy-
therapy addresses this problem by delivering a high dose
directly to the tumor and a lower dose to the adjacent
normal structures.21,34 Jiang et al. concluded in a retro-
spective study that 125I seed implantation was feasible
and safe for patients with recurrent head and neck can-
cers and found a 5-year local control of 39% with no
severe late complications.21

Postoperative 125I brachytherapy is increasingly
being found effective for patients with head and neck
malignant tumors after surgery and in improving local
control and patient survival.21–26,36–38 Goffinet et al.
found a local control rate of 70% for patients with recur-
rent or advanced head and neck cancer who underwent
surgery with permanent 125I implant.38 Glaser et al.
found rates of 89% and 53% for 2- and 5-year disease-
free survival, respectively, for cases of recurrent head
and neck cancers after surgery and 125I implant, and
that 125I implant did not result in added complications.22

Zhang et al. found 100% local control and no complica-
tions (median follow-up, 66 months; range, 50–74
months) for patients with postoperative residual parotid
malignant tumors who received 125I brachytherapy
alone.26 Some case reports showed good results with
brachytherapy with different applicators for malignant
tumors of the head and neck.25,39,40 Stannard et al.

Fig. 6. Kaplan-Meier estimates showing disease-free survival after
125I brachytherapy. Cum ¼ cumulative. [Color figure can be viewed
in the online issue, which is available at wileyonlinelibrary.com.]

TABLE I.

Performance Status Scale Scores Before Brachytherapy (Without Obturators) and After Brachytherapy (With Obturators).

Patient No.

Total1 2 3 4 5 6 7 8 9 10 11 12

Without obturator

A 25 25 25 25 50 25 25 25 25 25 50 25 29.2 6 9.7*

B 25 25 25 0 25 25 0 25 25 25 25 25 20.8 6 9.7†

C 40 40 40 30 40 40 40 40 40 40 40 40 39.2 6 2.9†

With obturator

A 50 75 50 50 75 50 50 75 50 50 75 75 60.4 6 12.9

B 50 50 50 50 50 50 50 75 50 50 75 75 56.3 6 11.3

C 50 50 60 50 60 50 50 60 50 60 60 60 55 6 5.2

Data are number or mean 6 standard deviation. The Performance Status Scale evaluated three criteria: A, eating in public; B, understandability of
speech; and C, normalcy of diet. P values are Wilcoxon signed ranks test comparing before (without obturators) and after (with obturators) brachytherapy for
the same functional area.

*P ¼ .001.
†P ¼ .002.
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found 100% local control and no severe complications
with 125I brachytherapy, in the form of a temporary ap-
plicator or implant for malignant tumors in the palate
with bone erosion and positive or close margins after
surgery, during a median follow-up of 50 months (range,
32–158 months).25

Local control and overall survival for maxillary can-
cers has been traditionally poor, and surgery combined
with radiotherapy has better results than radiotherapy
or surgery alone.1,8 Katz et al. found that 88% recur-
rence of maxillary cancers occurred within 5 years.32

During the follow-up in our series (median, 53 months),
there were four local recurrences, and they occurred af-
ter a median of 39 months, which is similar to other
studies (median, 11–35 months).41,42 The reported 5-year
local control and survival rates for advanced maxillary
cancers (T3-T4) are 57% to 60% and 28.9% to 56%,
respectively.1,8,32 Although SCC and ACC are the most
common malignancy of the maxillary,41 the distribution
of cancers among our cases may have influenced the
local control and survival results. We had two cases of
SCC, and the others arose from salivary glands, includ-
ing six cases of ACC, which may be associated with
better survival than SCC.8,43 As is known, because of
the slow tumor growth rate and tendency to recur even
after years clinically free of symptoms, ACC requires
long-term (even lifelong) follow-up,44,45 but maxillary
ACC has a worse local control and survival rate than
other sites of head and neck.42,46,47 The median time to
recurrence was 35 months for ACC in the maxillary
region,42 and 73% recurrence of ACC occurred within 5
years.48 Some authors have claimed that overall 5-year
survival for maxillary ACC are 40% to 62.9%.41–43,49,50

The advanced stage and positive surgical margins lead
to poor local control and survival rate.41,43,50,51 In our
study, the stage of cancers (maxillary recurrent cancers
after prior surgery and radiotherapy or locally advanced
cancers) and positive resection margins were high risks
of recurrence. The 5-year local control and overall sur-
vival we achieved were 66.7% and 80%, respectively, for
the six patients of ACC, and they were 66.7% and
71.4%, respectively, for all 12 patients, which shows that
the short-term effects are encouraging. But the long-
term effects of 125I brachytherapy for maxillary cancers
may need further study.

We successfully achieved the expected dose distribu-
tion in the target areas with the aid of obturators. The
use of obturators can facilitate delivery of brachytherapy
to areas that are covered by only a thin layer of soft tis-
sue (such as the maxillary sinus, nasal cavity, skull
base, orbital floor) and some structures that are envel-
oped by bone. The radioactive seeds contained in the
digital model obturators play an indispensable role in
administering brachytherapy to targets. With 125I seeds
in obturators, the target volume received a significantly
higher dose than without 125I seeds in obturators (P <
.01). In addition, the obturators fit the adjacent tissues
accurately, thus allowing the radioactive seeds to effec-
tively and precisely treat their targets.

The use of obturators designed by use of CT images
significantly improved the quality of life for all of our

patients. The obturator filled in areas with bone and soft
tissue defects and improved the appearance of patients.
It also closed the oronasal fistula, which helped the abil-
ity to eat and speak. Use of the obturator allowed
dentists to make impressions for designing dentures,
which enhanced masticatory efficiency. Their use may
not have the difficulties of aspiration and swallowing as
with the use of conventional impression material. The
soft lining material and hollow center are elastic enough
for entering undercuts, which provides retention force
and stabilizes seeds during treatment.

CONCLUSION
125I brachytherapy is an effective alternative for

treating patients with positive resection margins after
maxillectomy for locally advanced or recurrent maxillary
cancers after prior surgery and radiotherapy. Using digi-
tal model obturators as an applicator is a feasible way to
deliver 125I brachytherapy and may improve the quality
of life of patients with maxillary defects. The preliminary
short-term results of this study demonstrated good local
control as well as functional outcomes. An increasing
number of patients and longer follow-up should provide
further data concerning the efficacy of 125I brachytherapy.
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