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Abstract 
This case report illustrates a treatment effect of image-guided high-dose-rate (HDR) interstitial brachytherapy for 

refractory recurrence of maxillary sinus carcinoma. A 61-year-old male was previously admitted to another hospital 
and received surgery because of left maxillary sinus squamous cell carcinoma (SCC) 6 years ago. Tumor regrowth was 
noted 2 years after the initial radical surgery. The patient accepted local excision again for the recurrence, followed 
by external beam radiotherapy. Despite salvage treatment with surgery and external irradiation, the lesion expanded 
as 4.8 × 4.4 × 4.0 cm3. Because the patient refused palliative resection, we recommended technique of image-guided 
HDR interstitial brachytherapy. The total doses of 42 Gy in 12 fractions were delivered to the whole recurrent tumor.  
Removal of the recurrent tumor was securely achieved by HDR interstitial brachytherapy, guided with ultrasound.  
The refractory tumor in the patient healed uneventfully after HDR interstitial brachytherapy without recurrence 
during 8 months of follow-up. This case is remarkable because the patient experienced complete remission by a safe 
and practicable method with image-guided HDR interstitial brachytherapy. 
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Purpose 
Despite significant progress in treatment of carcinoma 

in paranasal sinuses, loco-regional recurrence remains 
the most important cause of failure of initial treatment 
[1,2,3]. The basic method of local treatment of relapse in 
these patients is surgery or repeated radiotherapy [4,5]. 
In case of deep lesions in paranasal sinuses, due to high 
risk of complications in course of application, the use 
of brachytherapy is marginal till now [6]. Therapeutic 
researches emphasized the importance of individualiz-
ing treatment strategies in patient with a recurrence of 
disease limited to a local site. In this context, we pro-
pose a valuable salvage technique using image-guided 
high-dose-rate (HDR) interstitial brachytherapy to treat 
refractory recurrence of maxillary sinus carcinoma after 
conventional treatment. 

Case description 
We encountered a 61-year-old male with recurrence of 

maxillary sinus carcinoma after initial surgery and exter-

nal beam radiotherapy, complaining of pain in the soft tis-
sue over involved paranasal sinus. Six years before being 
admitted to our clinic, he was diagnosed with squamous 
cell carcinoma (SCC) of left maxillary sinus (T2N0M0, 
II stage), and received radical surgery in a vicinity clin-
ic. Two years after the initial radical surgery, the patient 
underwent local excision again for the loco-regional re-
currence. He received external beam radiotherapy with 
a total dose of 50 Gy in 25 fractions for the bilateral na-
sal cavity, ethmoid sinus, and left maxillary sinus. Two 
years later, the recurrent tumor in the ipsilateral maxil-
lary sinus was diagnosed by positron emission tomogra-
phy-computed tomography (PET-CT) scan. According to 
the examination before his visit to our clinic, the complete 
tumor, with size of 4.8 × 4.4 × 4.0 cm3, was located in the 
pyramid-shaped maxillary sinus cavity (Figure 1). Despite 
recommendation for subsequent palliative resection, the 
patient refused surgery. He was referred to our clinic for 
treatment and accepted our proposal of brachytherapy. 

Before processing of each treatment, an informed 
consent was obtained from the patient. This study was 
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approved by the China-Japan Union Hospital of Jilin 
University institutional review board (IRB), and all par-
ticipants signed an informed consent. HDR interstitial 
brachytherapy of 42 Gy in 12 fractions for 6 days (3.5 Gy 
each fraction, twice a day with 6 hours interval, 6 days) 
was administered to the patient. OncoSmart ProGuide 
needles (Nucletron, an Elekta company, Elekta AB, 
Stockholm, Sweden) were used, and the treatment was 
performed under anesthesia. Electrocardiogram, arterial 
oxygen pressure, respiration, and blood pressure moni-
toring were performed during the procedure. Eight ap-
plicator catheters (1.1 mm in external diameter and 20 cm 
in length) were percutaneously inserted into the tumor 
in a way facilitating irradiation of the whole tumor area 
under ultrasound guidance, and simultaneously con-
trolling the position of the needle against the adjacent 
structures. The layout of applicator catheters in the lesion 
was possibly most parallel, and their distance from one 
another was about 1 cm (Figure 2). OncoSmart ProGuide 
CT-markers were put inside the catheters in order to fa-
cilitate their reconstruction. Within 30 min after implan-
tation of the applicators, fine-pitch (2 mm) X-ray CT im-
ages were then acquired and transferred to the treatment 
planning computer. The CT-imaging data before intersti-
tial brachytherapy was used to contour gross target vol-
ume (GTV) and clinical target volume (CTV). The CTV 
was expanded from GTV by 10 mm and restricted by the 
volume of critical organs (especially eyeball, lens, op-
tic nerve, optic chiasm, and parotid gland). A CT-based 
treatment plan was created using a graphic optimization 
tool (treatment planning system Oncentra version 4.3; 
Nucletron, an Elekta company, Elekta AB, Stockholm, 
Sweden). The protocol for brachytherapy dose calcula-
tions was established based on the dose formalism as de-
fined by an update of the American Association of Phys-
icists in Medicine (AAPM) Task Group No. 43 Report.  
The normalization and optimization to the target volume 
was performed. 

This report evaluated dosimetry parameters of tar-
get volume and organs at risk (OARs) in treatment plan 
for HDR interstitial brachytherapy using dose volume 
histogram (DVH) normalization. The dose distribution 

to target volume and OARs are presented in Figure 3. In 
the brachytherapy plan, doses were prescribed to nearly 
100% of the target volume. Dosimetry parameters were 
reported according to the guidelines outlined in ICRU Re-
port 58 [7]. The condition for treatment plan acceptance 
was encompassing the total CTV, with a dose constitut-
ing 100% and 90% of the planned dose (D100% and D90%, 
respectively). These doses were converted according to 
linear quadratic model of biologic effective dose (BED), us-
ing the following formula: BED = nd (1 + d/(α/β)), where  
d – fractional dose, n – number of fractions, α/β – alpha/
beta ratio (in case of SCC of head and neck it is 10). In order 
to compare them with conventional fractioning of 2 Gy, the 
equivalent dose for a 2 Gy fraction schedule was calculated 
using EQD2 model, at α/β = 3 (GyEQD2, α/β = 3) for the 
OARs, and α/β = 10 (GyEQD2, α/β = 10) for the target. BED 
and EQD2 were calculated for single fraction and total frac-
tions (BED-D100%, BED-D90%, EQD2-D100%, and EQD2-D90%, 
respectively). In order to facilitate the evaluation of cor-
relation between the dose and possible future damages, 
the volume receiving 100% of the prescribed dose (V100%) 
was reported as well as high dose areas receiving 150% 
of the prescribed dose (V150%) and 200% of the prescribed 
dose (V200%). Dose homogeneity index (DHI), which was 
used to evaluate the dose uniformity of the target (DHI = 
1 – V150%/V100%), was calculated for a single fraction [8]. 

Due to various locations, doses received by OARs were 
also reported. Depending on the type of the organ, either 
maximum dose (Dmax-left eyeball, Dmax-right eyeball, Dmax-left lens,  
Dmax-right lens, Dmax-left optic nerve, Dmax-right optic nerve, and 
Dmax-optic chiasm, respectively) or dose per 1 cubic centi-
meter of the organ located in the maximum dose area  
(D1cc-left parotid gland and D1cc-right parotid gland, respectively) were 
reported. The doses were converted to BED and to EQD2 
according to the linear quadratic model (BED-single fraction, 
BED-total fractions, EQD2-single fraction, and EQD2-total fractions,  
respectively). 

Around 2 hours after CT acquisition, the creation of 
treatment plan for HDR interstitial brachytherapy was 
completed. After transporting the planning data to an 192Ir 
remote afterloader system (Microselectron HDR 192Ir; Nu-
cletron, an Elekta company, Elekta AB, Stockholm, Swe-

Fig. 1. Recurrent tumor in left maxillary sinus
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den), irradiation procedure was started. The irradiation 
took approximately 5 min. After completion of irradiation 
session, applicator catheters were removed from lesions 
and the patient was discharged after 2 hours of observa-
tion. No complications were reported during the treat-
ment and brachytherapy was well tolerated by the patient.  
The patient is regularly followed up at our affiliated clinics. 

Results 
D100% for a single fraction was 2.06 Gy, and D90% for 

a single fraction was 4.12 Gy. D100% total dose was 24.72 Gy, 
and D90% total dose was 49.44 Gy. The above-mentioned 
doses were converted to BED and EQD2. Biologic effec-
tive dose in isodose encompassing the whole irradiated 
volume (D100%) of all treatment fractions was 29.81 Gy 
and EQD2 was 24.84 Gy. Biologic effective dose in iso-
dose encompassing 90% of the irradiated volume (D90%) 
was 69.81 Gy and EQD2 was 58.17 Gy. DHI was 0.24 and 
CTV received 100% dose as well as 150% and 200% dose 
(Table 1). Depending on the location of irradiated area, 
doses received by OARs were reported (Table 2). 

Radiotherapy-related toxicity was measured using ra-
diation therapy oncology group (RTOG) scale [9]. Despite 
close vicinity of many important structures in the head 
and neck area, no mechanical injury of these OARs was 
observed, either in course of the insertion procedure or 
during the procedure while the applicators were remain-
ing in the site between subsequent treatment sessions. 

One month after brachytherapy, it could be observed 
that the recurrent tumor in left maxillary sinus shrank 
noticeably with slight radiation-induced skin reaction 
(RTOG scale grade 1), which was characterized by left 
lower eyelid edema and skin pigmentation. During the 
follow-up examination in the 6th month after brachyther-
apy, the refractory recurrence of maxillary sinus carci-
noma disappeared according to the CT results. The pain 
symptoms decreased, and the related region of skin sur-
face was fully recovered (Figure 4). There are no signs 
or symptoms of complications and no evidence of re-
currence at the site of HDR interstitial brachytherapy 
throughout over 8 months’ observation period. 

Discussion 
70-80% of tumors of the paranasal sinuses originate 

in maxillary sinus. For most SCC of the maxillary sinus, 
the standard treatment is a combination of radical sur-
gery and pre-operative or post-operative irradiation [4,5]. 
However, loco-regional recurrence remains the most im-
portant sign of relapse of disease after treatment of ad-
vanced cancer of the maxilla and sinonasal region [1,2]. 
The recurrence of maxillary sinus carcinoma may be asso-
ciated with tumor anatomical location, surgical safe zone, 
and genetic background (e.g., EGFR, etc.) [3,10]. A large 
number of clinical studies have confirmed that salvage 
surgery or repeated radiotherapy could be chosen as the 
local treatment of relapse in these patients [4,5]. How ever, 

Fig. 2. Eight applicator catheters inserted to the target under ultrasound guidance (A, B, C) and reconstructed with three-dimen-
sional mode (D) 
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functional and cosmetic outcomes after surgical treatment 
for patients with advanced recurrent tumors are far from 
satisfactory [11]. The complication rate of salvage sur-
gery after intensive chemoradiotherapy for patients with 
head and neck cancer has been reported to be 11-63% [12]. 

Sakashita et al. [11] reported that 18% of patients with re-
current cancer of the maxillary sinus developed serious 
operative complications after salvage surgery. An obser-
vational study by Iwata et al. determined that 51 patients 
with local recurrence of nasal or paranasal carcinoma 

Table 1. Doses (Gy) of D100%, D90%, BED-D100%, BED-D90%, EQD2-D100%, EQD2-D90%, and value of V100%, V150%, 
V200%, DHI for target volume 

D100%

(Gy)
D90%

(Gy)
BED-D100%

(Gy)
BED-D90%

(Gy)
EQD2-D100%

(Gy)
EQD2-D90%

(Gy)
V100% V150% V200% DHI

SFr 2.06 4.12 2.48 5.82 2.07 4.85 0.96 0.73 0.52 0.24

TFr 24.72 49.44 29.81 69.81 24.84 58.17 – – – –

D100%, D90% – dose covering 100% and 90% of target volume; V100%, V150%, V200% – percentage of target volume receiving 100%, 150%, and 200% of prescription dose; 
DHI – dose homogeneity index; BED-D100%, BED-D90% – biologic effective dose in D100% and D90%; EQD2-D100%, EQD2-D90% – dose equivalent 2 Gy in D100% and D90%; 
SFr – single fraction; TFr – total fractions 

Fig. 3. The dose distribution of (A) horizontal, sagittal, and coronal positions. B) The dose volume histogram (DVH) parameters. 
It showed high dose distribution of target volume, and low dose distribution of OARs: eyeball, lens, optic nerve, optic chiasm, 
and parotid gland

A

B

https://www.ncbi.nlm.nih.gov/pubmed/?term=Br+J+Oral+Maxillofac+Surg+2014%3B+52%3A+323-328
https://www.ncbi.nlm.nih.gov/pubmed/?term=Head+Neck+2010%3B+32%3A+139-147
https://www.ncbi.nlm.nih.gov/pubmed/?term=Br+J+Oral+Maxillofac+Surg+2014%3B+52%3A+323-328


Journal of Contemporary Brachytherapy (2018/volume 10/number 2)

Yin Zhang, Ning Wu, Zhipeng Zhao, et al.166

Table 2. Doses (Gy) in OARs: eyeball, lens, optic nerve, optic chiasm, and parotid gland 

SFr TFr BED-single fraction BED-total fractions EQD2-single fraction EQD2-total fractions

Dmax-left eyeball 1.57 18.84 2.39 28.70 1.43 17.22

Dmax-right eyeball 0.56 6.72 0.66 7.97 0.40 4.78

Dmax-left lens 1.01 12.12 1.35 16.20 0.81 9.72

Dmax-right lens 0.38 4.56 0.43 5.14 0.26 3.08

Dmax-left optic nerve 2.12 25.44 3.62 43.42 2.17 26.05

Dmax-right optic nerve 0.60 7.20 0.72 8.64 0.43 5.18

Dmax-optic chiasm 0.46 5.52 0.53 6.37 0.32 3.82

D1cc-left parotid gland 0.39 4.68 0.44 5.29 0.26 3.17

D1cc-right parotid gland 0.26 3.12 0.28 3.39 0.17 2.03

SFr – single fraction; TFr – total fractions; BED-single fraction, BED-total fractions – biologic effective dose of OAR for single fraction and total fractions; EQD2-single fraction, 
EQD2-total fractions – dose equivalent 2 Gy of OAR for single fraction and total fractions; Dmax-left eyeball, Dmax-right eyeball, Dmax-left lens, Dmax-right lens, Dmax-left optic nerve, Dmax-

right optic nerve, Dmax-optic chiasm – maximum dose in left and right eyeball, left and right lens, left and right optic nerve, and optic chiasm; D1cc-left parotid gland, D1cc-right parotid 

gland – dose in 1 cc of left and right parotid gland 

(maxillary sinus [32/51]) were treated with salvage ste-
reotactic reirradiation. The median overall survival and 
local control periods after reirradiation were 14.5 and 
9.5 months, respectively, and grade 3 or higher adverse 
events were observed in 23% of patients [13]. 

Due to the limited therapeutic options, the manage-
ment of previously pre-treated refractory recurrent max-
illary sinus carcinoma remains a challenging problem. 
Some exploratory studies have focused on the application 
of brachytherapy [14,15,16]. Huang et al. [17] evaluated 
their experience with 125I brachytherapy for patients with 
recurrent or locally advanced maxillary cancers showing 
positive margins after surgery. They found the method 
may improve the quality of life of patients with maxillary 
defects. Nag et al. [18] investigated the feasibility and ef-
ficacy of intraoperative HDR brachytherapy as a boost to 
external beam radiotherapy in primary tumors or as a sole 
adjuvant treatment in recurrent tumors of the paranasal 
sinuses. HDR brachytherapy can be safely used to deliver 
a high radiation dose to locally advanced and recurrent 
tumors. In another study, Cisek et al. [6] reported the 
transdermal application of interstitial HDR brachythera-
py in one patient treated due to relapsed local tumor in 
maxillary sinus. The CT examination revealed disease 
stabilization after treatment completion, and no serious 
complications of treatment were observed. However, the 
practical experience of image-guided HDR interstitial 
brachytherapy for refractory recurrence of maxillary si-
nus carcinoma in the medical literature is inadequate. In 
the present case, for the patient with relapsed neoplas-
tic lesion located in a site preventing visually controlled 
brachytherapy, the application of ultrasound image-guid-
ed HDR brachytherapy facilitated the treatment in hard-
ly accessible locations, too close to large nerves or blood 
vessels. In addition, the DVH showed that target volume 
was covered with high dose irradiation, but the dosage 
of OAR was relative low. The patient with refractory re-
currence obtained good loco-regional control by the HDR 
interstitial radiotherapy with image guidance. Similarly, 

to other studies, no complications occurred during appli-
cation, and no early toxicity was detected. Futhermore, 
positive effects were achieved in case of both treatment 
efficiency and quality of life [6,17,18]. Although there is 
ongoing discussion regarding the best management re-
garding the optimal treatment procedure for refractory 
recurrence of maxillary sinus carcinoma, the image-guid-
ed HDR interstitial brachytherapy is a safe and practica-
ble salvage treatment. 

Conclusions 
The main benefit of HDR interstitial brachytherapy is 

that a high dose of radiation can be precisely applied to the 
tumor while simultaneously sparing radiation to healthy 
tissues. Image-guided HDR interstitial brachytherapy 
has the potential to be a valuable treatment method for 
patients with loco-regional refractory relapse of maxil-
lary sinus carcinoma located in sites, preventing standard 
brachytherapy. 
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Fig. 4. The recurrent tumor in left maxillary sinus and related region of skin surface (A, B) before, (C, D) 1 month, and (E, F) 6 months 
after image-guided high-dose-rate interstitial brachytherapy
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