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Abstract

Purpose: High-dose-rate (HDR) interstitial brachytherapy (ISBT) is a curative treatment option for head and neck
cancer patients. However, its overall utilization has been declining, particularly in newer cancer setups. This study
investigated challenges in ISBT implementation, and reported initial outcomes of early-stage oral cancer patients in
a newly established tertiary cancer center.

Material and methods: After reviewing guidelines and addressing administrative requirements, ISBT program
was launched. Key steps in the process included establishing brachytherapy suite, staff training, and optimizing work-
flows. Alongside standard protocols, additional procedures, such as clinical drawing templates, intra-oral ultrasound,
and intra-oral spacers were implemented. From August 2020 to July 2022, 18 patients with early-stage (cT1-2NOMO)
oral cancer (tongue = 13, lip = 3, buccal mucosa = 2) received treatment with either ISBT alone (1 = 3) or external beam
radiotherapy (EBRT), followed by ISBT with HDR cobalt-60 source (n = 15). Treatment characteristics, oncological
outcomes, and morbidity profiles were analyzed.

Results: The median age of the cohort was 55 years (range, 29-75 years), with two-thirds of males. The majority
had T1 stage (72.2%), with infiltrative growth pattern (72.2%). All patients with oral tongue cancer, 1 lip and 1 buccal
mucosa cancer, received elective nodal irradiation with EBRT, followed by ISBT, achieving a total median EQD, of
74 Gy. The remaining 3 patients (2 with lip and 1 with buccal mucosa primary) received ISBT alone. Post-treatment
complete response was observed in 17 patients (94.4%), with no cases of acute toxicity > grade 2. At a median follow-up
of 32 months, an overall 3-year local-regional control and overall survival rates were 67.9% and 72.7%, respectively.
One patient developed grade 3 myelopathy, and one grade 3 osteoradionecrosis.

Conclusions: Implementing ISBT in a newly established cancer center is feasible and effective for early-stage oral
cancer, providing moderate oncological outcomes with manageable toxicity profile.
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vanced stage, and almost 15-20% of cases present with an
early-localized disease [1, 4]. The management of early-

India accounts for one-third of global burden of oral  stage oral cancer presents a unique challenge, as it re-
cancer [1], where it is the commonest malignancy among  quires balancing disease control with the preservation of
men and fourth most common cancer among women [2-4].  integral functional abilities [5]. Although surgical exci-
The most common is loco-regional presentation with ad-  sion is often considered as standard treatment approach
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[6, 7], but associated morbidities, particularly the im-
pairment of speech, chewing, and swallowing, can affect
the overall functional outcomes [8-10].

In this context, even though organ preservation ap-
proach with radiotherapy, specifically with brachyther-
apy, shows reasonably good oncological and functional
outcomes [11-13], the overall utilization of brachytherapy
in head and neck cancer has declined over the last cou-
ple of decades [14, 15]. This gap further widens in a new
setup, where external beam radiotherapy (EBRT) is often
preferred over brachytherapy [16, 17].

Tata Memorial Centre (TMC) stands as India’s lead-
ing institution dedicated to the comprehensive manage-
ment of cancer. To extend the care nationwide, TMC has
established eight new cancer centers across India [18]. In
our setup, comprehensive cancer care services, including
radiotherapy, were commissioned in 2019-2020. In this
paper, we shared our experience in addressing challeng-
es from installation to clinical application of interstitial
brachytherapy (ISBT) in early-stage oral cancer, along
with initial clinical outcomes.

Material and methods

Challenges in implementing interstitial
brachytherapy program in oral cancer

In 2020, during the peak of COVID-19 pandemic, our
institution established a brachytherapy suite, initially fo-
cusing on gynecological cancers. The practice was later
extended to other malignancies, including head and neck
cancers. We developed a comprehensive workflow for
case selection, and refined various processes (Figure 1).

Administrative needs

An integrated brachytherapy suite, including a mi-
nor procedure room, treatment planning area, and an

Assessment for feasibility
* Required case load
* Capital cost (installation,
maintenance, running)
* Selection of machine
* Source selection
* Recruitment of staff

A

adequately shielded treatment room, was established
nearby. Cobalt-60 (*°Co) source was chosen for logistical
advantages in a remote facility, particularly due to its
longer half-life compared with widely used iridium-192
(*?Ir) source [19, 20]. In addition to the capital invest-
ment, personnel were trained at each level by experi-
enced staff, with rotations at the established facilities
when necessary. Careful execution and regular quality
checks were conducted as the processes were stream-
lined.

Clinical applicability

Existing national [21] and international [22, 23] guide-
lines were reviewed, and Indian Brachytherapy Society
(IBS) guidelines [21] published in the year 2020 were
employed as benchmark for developing standard oper-
ating procedures (SOPs) and selecting appropriate cases
for ISBT. All patients deemed suitable for ISBT under-
went a thorough evaluation by a multidisciplinary team
(MDT), involving head and neck surgeons, dental sur-
geons, radiologist, speech and swallow therapist, radia-
tion oncologists as well as patient and his/her caregiver.
Therefore, a collaborative informed decision was made
to determine the initial choice of treatment, between sur-
gery and brachytherapy.

Procedure-related challenges

All patients underwent implant placement according
to IBS guidelines [21]. In addition to the guidelines pub-
lished, the following procedures were done.

* Use of clinical drawing templates and documentation
of the disease:

To better describe the disease topography, clinical
drawing template was used. An example of document-
ed clinical findings and disease topography, with corre-
sponding clinical photographs, is shown in Figure 2.

Commencement
of the program
* Multi-disciplinary board
* Training and continuation
of education for the staff
* Commissioning of machine
and applicators

A

Challenges in implementing
Administrative challenges < brachytherapy program > Procedural challenges
i in a new setup ¢

Need for infrastructure
* Brachytherapy suite
* Minor procedure/operation
theatre
* Imaging facility
* Water and power supply

Practical challenges

* Appropriate case selection

* Implant quality

* Fabrication of organ spacers

* Catheter reconstruction
and loading and differential
loading

* Patient care during and
after treatment

Fig. 1. Challenges involved in implementation of brachytherapy program in oral cancer
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Patient ID:
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o uUsG
Radiological size (AP) x (S1) x (ML) mm
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Signature: Date:

Patient 1D: 1234
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Tongue lesion
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Tongue lesion
=[O
Ulcerative Profiferative | Infiltrative | Combined

Clinical size S|AP] x 3 51} x 3 (ML} mm

Radiological =T scan

imaging = MR

= USG
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Fig. 2. A) Clinical drawing template used for documentation of disease in oral tongue cancer patient. B) Clinical drawing at
initial evaluation. C) Corresponding patient’s clinical photograph at brachytherapy. D) Clinical drawing at brachytherapy

evaluation. E) Corresponding patient’s clinical photograph at brachytherapy
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* Use of intra-oral ultrasound:

Along with utilization of MRI, a cost-effective intra-
oral ultrasound (i0-US) to estimate depth of infiltration
(DQJ) in oral tongue cancer cases was used.

* Use of silver markers:

Silver markers were placed during ISBT procedure at
the disease boundaries to assist in defining the reference
isodose.

* Utilization of intra-oral spacers:

Intra-oral spacers were appropriately placed at the
time of implantation. Initially, rubber tubes or dental wax
were used. However, with growing experience and ex-
pertise, we started fabricating customized acrylic shields
(Figure 3).

* Use of advanced EBRT for nodal irradiation:

Since primary radiotherapy was the sole treatment
modality, we opted to use EBRT for elective nodal irra-
diation (ENI) when needed [24-27]. ENI was performed

using volumetric modulated arc (VMAT) and 3-dimen-
sional conformal radiotherapy (3D-CRT) technique, al-
lowing sparing of adjacent organs at risk (OARs), such as
the bilateral parotids, laryngeal framework, pharyngeal
constrictors, and spinal cord.

Implementation in clinical practice

In August 2020, ISBT program for oral cancer was ini-
tiated, and till July 31, 2022, 18 patients (oral tongue = 13,
lip = 3, buccal mucosa = 2) were treated.

Treatment characteristics

* External beam radiotherapy

All patients with oral tongue (n = 13), one with lip, and
one with buccal mucosa cancers received ENI by EBRT
prior to ISBT. EBRT was delivered for all oral tongue cas-
es using VMAT, and other two non-tongue patients re-

Fig. 3. A) Fabricated spacer for tongue cancer by using cold cure acrylic resin. B) Intra-oral fitting of acrylic shield in tongue
cancer patient in lower jaw on the left side. C) Using of copper film over spacer for improved identification in planning

CT scan for a patient with upper lip primary. D) Placement of intra-oral spacer in patient in upper jaw for upper lip primary case
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ceived 3D-CRT. EBRT treatment was delivered with Vari-
an TrueBeam unit (v. 2.7) and image-guided radiotherapy
(IGRT). In total, 3 patients (2 lip and 1 buccal mucosa) hav-
ing proliferative primary tumor and tumor dimensions
ranging from 1-2 cm (median, 1.5 cm), received ISBT alone.
The dose fractionation schedule of EBRT and ISBT, and
the cumulative EQD, doses are shown in Table 1.

* Interstitial brachytherapy

Al ISBT implantation procedures were performed un-
der general anesthesia. Hollow stainless-steel needles were
inserted through sub-mental and sub-mandibular regions
in tongue cases, and for lip and buccal mucosa patients,
the needles were inserted in subcutaneous and sub-mu-
cosal planes. The needles were then replaced with flexible
polyurethane implant catheters (6 F, 30 cm). Additional
beads were positioned at distal (non-connector) ends of
the tubes to ensure adequate surface coverage as needed
without crossing the catheters. Following the procedure,
patients underwent a non-contrast CT scan with a slice
thickness up to 1.25 mm. Clinical target volume (CTV) was
contoured based on clinical examination findings, silver
marker placements, and radiological imaging. To ensure
adequate coverage of the dorsal surface of the tongue, the
first dwell position was placed above the surface (Figure 4).
ISBT was delivered with a cobalt (**Co) high-dose-rate
(HDR) source using a remote controlled afterloader Flex-
itron (Nucletron, Elekta AB, Stockholm, Sweden) twice
a day, with at least 6 hours gap between fractions. Median
dose and fractionation schedule for ISBT boost cases were
22.5 Gy in 5 fractions, while for radical ISBT, the doses var-
ied from 40 Gy in 10 fx. to 49.5 Gy in 11 fx. Brachytherapy
source strength ranged from 1.9 to 1.3 Ci. Median total ref-
erence air kerma (TRAK) of treatment plans was 0.089 cGy
at 1 m (range, 0.026-0.129 cGy at 1 m).

Clinical outcomes and statistical considerations

Clinical outcomes were evaluated in terms of response
rates, loco-regional control (LRC), and overall survival
(OS). Patients with complete clinical resolution of the dis-
ease at 3 months post-treatment were classified as achiev-
ing a complete response. LRC and OS were calculated
from the date of treatment initiation. Data collection con-
tinued until March 31, 2024. Statistical analysis was con-
ducted using SPSS version 29.0 (IBM, Armonk, NY, USA).

Results

Clinico-demographic profile

The median age of the cohort was 55 years (range,
29-75 years), with two-third of patients being males.
The majority had T1 primary (1 =13, 72.2%), and the most

common growth pattern was infiltrative (72.2%). Additio-
nal clinico-demographic profile is summarized in Table 2.

Treatment characteristics and acute toxicity

profile

The treatment characteristics are detailed in Table 1.
The median dose and fractionation used for EBRT was

50 Gy in 25 fractions (fx.), and the median duration of
treatment was 35 days (range, 32-40 days). According to
Radiation Therapy Oncology Group (RTOG) classifica-
tion, the most common cumulative toxicities during EBRT
were dermatitis (grade 1 in 13 patients, 86.7%; grade 2
in 2, 13.3%), mucositis (grade 1 in 6, 40%; grade 2 in 9,
60%), and esophagitis (grade 1 in 12, 80%; grade 2 in 2,
13.3%; grade 3in 1, 6.7%).

ISBT implants were performed at a median gap of
25 days (range, 14-47 days). The median number of nee-
dles placed was 9 (range, 4-15), across median 2 (range,
1-3) planes. Additional ISBT treatment characteristics
are presented in Table 1. An intra-oral spacer was ap-
plied in 12 cases (66.7%). For patients receiving EBRT
followed by ISBT, the median equivalent doses in 2 Gy
per fx. (EQD,) was 74 Gy (range, 69-77.5 Gy EQD,).
The median overall treatment time for combined EBRT

Table 1. Treatment characteristics (n = 18)

Variables Sub-categories n (%)
Radiotherapy EBRT followed by ISBT 15 (83.3)
(n=18) ISBT alone 3(16.7)
EBRT technique VMAT 13 (86.7)
(n=15) 3D-CRT 2(13.3)
Dose and fractions 50 Gy in 25 fx. 12 (80.0)
used in EBRT (n = 15) 46 Gy in 23 fx. 2(13.3)
55 Gy in 25 fx. 1(6.7)
Median doses Mean dose to parotid 21.15
received by various glands (13.6-25.7)
organs at risk Mean dose to larynx 37 (30.2-
in EBRT (Gy) 40.8)
Dpmax to mandible 52.6 (48-
57.3)
Dmax to spinal cord 27.4 (20.1-
46.0)
Dose and fractions used in ISBT
Radical ISBT (EQD,) 40 Gy/10 fx. (46.7 Gy) 1(5.6)
49.5 Gy/11 fx. (59.8 Gy) 1(5.6)
48 Gy/12 fx. (56 Gy) 1(5.6)
ISBT boost (n = 15) 22.5 Gy/5 fx. (27.5 Gy) 10 (55.6)
20 Gy/5 fx. (23 Gy) 3(16.7)
18 Gy/5 fx. (24.5 Gy) 1(5.6)
21 Gy/5 fx. (24.8 Gy) 1(5.6)
Cumulative EQD, 77.5 8 (53.4)
doses for EBRT, 72.5-77.4 5 (33.3)
/b ISBT (Gy) (n = 15) G 2 (33)
Use of intra-oral Acrylic shields 6 (50.0)
spacers (n =12) Rubber tube 4 (33.3)
Dental wax 2 (16.7)

EBRT — external beam radiotherapy, ISBT — interstitial brachytherapy,
VMAT — volumetric modulated arc therapy, 3D-CRT — 3-dimensional conformal
radiotherapy, Gy — Gray, fx. — fractions, D,,, — maximum dose, EQD, — equiva-
lent dose to 2 Gy

Journal of Contemporary Brachytherapy (2025/volume 17/number 1)
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Fig. 4. Images of a tongue cancer patient demonstrating ISBT dose distribution. A) With intra-oral spacer (marked in cyan),
CTV (red), and B) mandible (brown) abutting intra-oral spacer. C) Avoidance of high-dose regions in the mandible with a use
of spacer. D-F) Dose color-wash in sagittal, axial, and coronal sections, respectively
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and ISBT boost was 67 days (range, 47-88 days). Post-ISBT,
the highest reported toxicities were mucositis (grade 1 in
10 patients, 55.5%; grade 2 in 6, 33.3%; grade 3 in 2, 11.2%)
and dysphagia (grade 1 in 12 cases, 80%; grade 2 in 2,
13.3%; grade 3 in 1, 6.7%). Various dosimetric indices re-
garding ISBT are reported in Table 3 and Supplementary
Table 1.

Clinical outcomes

The median follow-up of the study was 32 months
(interquartile range [IQR]: 21-36 months). Complete re-
sponse was attained in 17 patients (94.44%), and residual
disease was noted in one patient. The overall 3-year LRC
was 67.9% and OS was 72.7% (Figure 5). The predomi-
nant pattern of failure was local failure (LF) seen in 4 pa-
tients (22.2%), 2 patients experienced loco-regional fail-
ure (LRF), and 1 developed combined local and distant
failure (lung metastases) (Supplementary Table 2).

Six patients underwent salvage surgery (one with
post-ISBT residual disease, and five tongue cancer pa-
tients with LF). Surgery could salvage all patients, but
one had microscopic positive margins. One patient did
not opt for surgery, and one with distant metastasis was
treated with palliative intent. Post-salvage surgery, one
tongue cancer patient experienced a second LRF after
5 months and underwent re-surgery; the patient was dis-
ease-free at last follow-up at 22 months. There were a to-
tal of 5 deaths: 2 due to progressive disease and 3 from
intercurrent illnesses.

Long-term toxicity profile

The naso-gastric tube was removed at the completion
of brachytherapy, and all patients resumed oral feeding
immediately, except for one patient who required na-
so-gastric feeding for additional two weeks. At the last
follow-up, grade 1 xerostomia was reported in 38.9% of
patients, with no grade 2 or higher xerostomia observed.
One patient with lip cancer developed RTOG grade 3 my-
elopathy 13 months post-treatment, and one with tongue
cancer developed grade 3 osteoradionecrosis (ORN) [28].

Long-term soft tissue toxicities included grade 1 su-
perficial ulceration and fibrosis in 4 patients (22.2%).
There were no cases of soft tissue necrosis (STN) or deep
ulceration. No patients experienced any speech dysfunc-
tion, with swallowing function well-preserved, but 5 pa-
tients (27.7%) reported persistent sensitivity to spicy food.
None of the patients developed ankyloglossia, trismus, or
chronic pain. Sub-clinical hypothyroidism was detected
in 8 (44.4%) cases.

Discussion

In this paper, we presented challenges faced in im-
plementing an ISBT program for early-stage oral cancer
in a newly commissioned comprehensive cancer center.
The most significant challenge was initiating the program
during the peak of the COVID-19 pandemic. However,
the preventive and safety protocols introduced during
the pandemic allowed us to systematically review and
troubleshoot the processes involved in ISBT implemen-

Table 2. Patient clinico-demographic profile
(n=18)

Variables Sub-categories n (%)
Age <50 years 3(16.7)
51-60 years 9 (50.0)

61-70 years 3(16.7)

> 70 years 3(16.7)
Sex Male 12 (66.7)
Female 6 (33.3)

Habits Tobacco 5(27.8)
Alcohol 4(22.2)

Comorbidities  Cardiac 7 (38.9)
Diabetes 4(22.2)

Asthma 1(5.6)

Previous malignancy 1(5.6)
Primary site Tongue 13 (72.2)
Lip 3(16.7)

Buccal mucosa 2 (11.1)
Clinical stage  cT1 13 (72.2)
T2 5(27.8)

Maximum <10 mm 4(22.2)
HUTEr 10 mm —< 20 mm 10 (55.6)
ellmERson 20 mm — < 30 mm 4(222)
Type Exophytic 5 (27.8)
Infiltrative 13 (72.2)
Histo- Squamous cell carcinoma 17 (94.4)
pathology Grade 1 2 (11.1)
Grade 2 14 (77.8)

Unknown 1(5.6)

Basal cell carcinoma 1(5.6)

tation. While brachytherapy is primarily used for cervical
cancer in India, its application in head and neck cancers
accounts for less than 10% of the workload [29]. There-
fore, to ensure the economic viability of a brachytherapy
program, it is essential to expand its use to treat non-gy-
necological malignancies, such as head and neck, breast,
soft tissue sarcoma, and prostate cancer, where there is
strong evidence supporting its effectiveness. This ap-
proach could also enhance the utilization of teletherapy
units more effectively by increasing the number of pa-
tients who receive EBRT, and significantly reduce wait
times, especially in resource-constrained settings.

Challenges in implementing structured
brachytherapy program in oral cancer

Feasibility of implementation of ISBT in the era of con-
temporary management of oral cancer

Establishing an ISBT program for oral cancer present
challenges, particularly in patient selection, given the ad-
vancements in modern surgical techniques, which have
placed surgery at the forefront of treatment [7, 30]. An
Indian survey showed that head and neck brachytherapy

Journal of Contemporary Brachytherapy (2025/volume 17/number 1)
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Table 3. Clinical target volume coverage, mandibular doses, and various dosimetric indices for ISBT cases (n = 17)

Location of primary Tongue (n = 13)

Buccal mucosa and lip* (n = 4)

Variables Mean (SD) Median Mean (SD) Median
Clinical target volume coverage
Doy, (%) 107.77 (12.38) 106.98 94.79 (19.32) 92.29
Dog (%) 95.80 (11.7) 98.79 82.18 (20.73) 82.68
CTV,00% (%) 10.15 (6.76) 8.48 11.25 (3.42) 10.84
CTV3s09, (%) 32.46 (15.21) 27.23 33.88 (12.97) 28.95
CTV100% (%) 91.40 (9.29) 94.87 82.58 (12.27) 79.75
Tumor clips (%) 134.5 (21.86) 134.65 111.37 (17.38) 119.06
Implant volumes
V009 (€C) 217 (1.30) 1.87 143 (0.82) 155
V150, (CC) 6.05 (3.16) 5.12 410 (2.88) 438
V3009 (€C) 19.35 (5.88) 17.06 12.20 (8.97) 12.90
Dosimetric indices
Cl 0.91 (0.09) 0.95 0.83 (0.12) 0.80
DHI 0.70 (0.07) 0.70 0.66 (0.03) 0.67
DNR 030 (0.07) 0.30 0.34 (0.03) 0.33
oVl 0.11 (0.07) 0.10 0.14 (0.04) 0.12
Organ at risk doses
Variables Mean (SD) Median Values
Location of primary Tongue (n = 13) Buccal mucosa (n = 2) Lip (n = 2)
Mandible doses
Do.1cc (%) 89.03 (17.77) 90.10 4530, 62.79 9.64,9.86
Diec (%) 68.17 (12.49) 69.02 35.99, 44.64 6.10, 6.66
D, (%) 59.51 (10.43) 60.02 31.80, 37.81 5.38, 5.60
D, (EBRT + brachy 62.96 (3.75) 62.18 52.36,18.71 (no EBRT)  51.08, 2.69 (no EBRT)
physical dose) (Gy)
Ds. (%) 46.12 (7.67) 46.56 25.29, 28.60 3.81,3.91
Dyocc (%) 35.15 (5.98) 35.38 19.48, 21.95 2.74,2.55
Sub-mandibular gland (ipsilateral)
Do.1cc (%) 24.04 (8.79) 21.86 N.R. N.R.
Dyec (%) 13.51 (3.91) 1332 N.R. N.R.
Lips
Do.1cc (%) 24.76 (5.14) 26.15 N.R. N.R.
D, (%) 16.27 (4.07) 15.35 N.R. N.R.

ISBT — interstitial brachytherapy, SD — standard deviation, Cl — coverage index, DHI — dose homogeneity index, DNR — dose non-homogeneity ratio, OVI — overdose
volume index, EBRT — external beam radiotherapy, N.R. — not reported, * one lip patient with poor geometry was not included in the table, but values are presented

in text

accounted for only 10% of all brachytherapy procedures,
primarily due to lack of expertise, complexities involved,
and low remuneration rates [29]. High upfront cost of
brachytherapy infrastructure and lower reimbursement
are major reasons for its underutilization [16, 29]. Howev-
er, when compared with EBRT, brachytherapy emerges
as a time-efficient approach for both patients and physi-
cians, benefiting in the long-run [31].

Technicality of ISBT in oral cancer

Case selection
We implemented several measures for selecting pa-
tients and documenting disease topography, including

comprehensive clinical assessments (often performed
under anesthesia) [22], baseline and serial clinical photo-
graphs [21, 22], placement of radio-opaque markers at tu-
mor boundaries [21, 22], cross-sectional imaging for plan-
ning [23], and differential loading of catheters [32, 33].
Furthermore, detailed fixed-template clinical drawings
and mapping of disease extent, especially for tongue can-
cer, were applied. This approach has shown to improve
target coverage and prevention of geometrical misses
[34]. After the initial few cases, a more cost-effective al-
ternative of io-US was made available that precisely de-
termine DOI. Based on surgical series, i0-US has a better
correlation with histopathological readings up to 10 mm,

Journal of Contemporary Brachytherapy (2025/volume 17/number 1)



Clinical implementation of interstitial brachytheropy in early-stage oral cancer 9

as compared with MRI in tongue cancers, which tends to
overestimate the disease extent [35].

Quality of application

The quality of application is one of the most critical
factor influencing the implant dosimetric parameters.
Poor geometry can result in significant under- or over-
dosage in target regions or OARs, which optimization
alone cannot fully correct [36]. A trained, collaborative
team of physicians, physicists, and technologists is essen-
tial to maintain high standards in treatment planning and
delivery. During the initial phase, careful execution and
quality checks at multiple stages are crucial to prevent
potential errors, as the processes are streamlined [37].

Intra-oral spacer

Higher incidence of ORN and STN have been report-
ed in patients treated with single-plane implants and
without using intra-oral spacers or shields [38]. Previous-
ly, various materials have been employed as spacers, in-
cluding thermoplastic materials [39], silicone rubber [40],
Lipowitz metal [41], and lead shields covered with sili-
conized rubber [42], which reduced doses by up to 70%
[43]. Based on our experience, even though these spacers
sufficiently reduced doses to the alveolar portion of the
mandibular bone, they fell short in terms of reproducibil-
ity and patient comfort. With the advancement of exper-
tise and infrastructure, we later fabricated customized
acrylic shields, which provided improved reproducibility
and optimal shielding,.

Disease control in neck

In early-stage disease, one-third of clinically node-
negative patients harbor risk of occult nodal metastases
[25, 44], necessitating elective treatment [26, 27]. Primary
brachytherapy combined with elective neck dissection,
typically provides superior disease control [45]. Howev-
er, ENI alongside brachytherapy, with surgical explora-
tion reserved for salvage treatment, is also an effective
approach, offering improved regional control [24]. His-
torically, most studies have used either 2-dimensional
conventional [24, 39, 40, 46] or 3D-CRT techniques [33, 47].
The current study demonstrated VMAT feasibility, using
its advantages in preserving swallowing function, reduc-
ing the incidence of xerostomia, and minimizing other
soft tissue complications. Moreover, avoiding high doses
to the laryngeal framework reduced post-EBRT edema,
facilitating more comfortable endo-tracheal intubation
during brachytherapy procedure.

Initial clinical experience

Comparison with historical series

Studies on low-dose-rate (LDR) brachytherapy (5-year
LC, 85-90%) have shown outcomes comparable to that of
surgical series (5-year LC, 77-85%), with the added benefit
of preserving structure and function [45, 48, 49]. Howev-
er, data on HDR brachytherapy are limited to a few series
with varying doses and techniques (Table 4) [33, 42, 43,
47, 50-60]. A phase I-1I study by Lau et al. found that LC
with HDR brachytherapy (5-year LC, 53%) was lesser as
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Cumulative survival
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0 10 20 30 40 50
Time (months)
Number at risk
- Overall survival

18 13 7 3 1
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Fig. 5. Overall loco-regional control of patients treated
with interstitial brachytherapy with or without EBRT

compared with historical controls from the LDR era [51].
Conversely, Umeda et al. noted a slightly higher incidence
of ORN that appeared to occur earlier in follow-up com-
pared with LDR [61]. However, a phase 3 study [52] and
few prospective studies [38-40, 54, 62, 63] published later
reported that disease control, toxicity profile, and survival
outcomes were almost identical to those of LDR.

The optimal dose schedule for HDR brachytherapy
has yet to be well-known, and the literature about this
aspect is quite variable [64]. Akiyama et al. compared
a lower dose schedule of 54 Gy in 9 fx. with a standard
60 Gy in 10 fx., and found no differences in terms of LC,
RC, DFS, and OS [65]. In contrast, a series by Bhalavat
et al. investigating a dose response relationship found
that patients receiving higher biologically equivalent
dose (BED) beyond 88.9 Gy or EQD, beyond 74.1 Gy had
significantly improved LC rates: from 27.5% to 87.5% in
the brachytherapy alone group, and from 60% to 78.9%
in the combined EBRT and brachytherapy group, high-
lighting the strong role of dose escalation in improving
outcome [33]. In the present series, we used a median
74 Gy EQD, dose in 8 patients (53.4%), receiving 77.5 Gy
when EBRT was combined with ISBT. Initial disease
burden, clinical response, and toxicities during EBRT as
well as physician judgement were the factors that deter-
mined the final doses delivered. The recently published
GEC-ESTRO guidelines emphasize the potential role of
brachytherapy in carefully selected patients across di-
verse clinical scenarios, including radical, adjuvant, and
re-irradiation treatment [64]. These guidelines also pro-
vide recommendations for standard doses and fraction-
ation tailored to various sub-sites.

In the current study, one patient with lip primary,
who did not achieve a complete response, was treat-
ed with ISBT alone, and dose prescription was 46.7 Gy

Journal of Contemporary Brachytherapy (2025/volume 17/number 1)



Rohit Avinash Vadgaonkar, Raghavendra Hojare, Sreelakshmi KK et al

10

1DAIANS 224J-2aN)10f 1pUOIBAI — S44Y “AdDIYI0IPDI WIDIG |DUISIXS — | YT ‘PIIOdRL JOU — N IDAIAINS 34f-24Nn)10f 1DI0) — S44T IPAIANS If123dS-9sNDI — §S
‘S1S0422UO0IPDI03ISO — NYO ‘SIS0IIU aNss)) oS — NI S 1043U0 pU0IDaI — Dy 1043U0D pI0) — )T ‘SUONIVA — X[ Adpiay1fyo0iq |013115432U) — 1 S| YINOW 3y JO 400 — WO DSOINMU |IING — /g 1042U02 1pU0)HaI-020) — DY ‘Adpiayiolppi — 1y

%88 :¢ 9315 %88 ‘7 93e15 X} 01/AD g€ :250p %001 ‘W4
%% *NYO %08 SO 1eah-g ‘%001 1 23e15 ‘%001 T 83e1S5 syuow 43 ‘%67 :auole 1 95| ‘Ye=u 720T SIH emleg 1
%/ *NYO %L YL ‘SO 1eak-9 %559 A9 g :asop %001 :2n3uo} 3102
‘%91 NLS ‘%E°GS :54Q Jeah-9 'S4y 1eak-9 %158 :S4471eak-9 SyoW 7/ ‘%001 :3uoje | gS| Y =u ‘W nfeleyiod 1
(¢ :91e1Rd pURY
%0 ‘WG ‘%S. 1493 + ‘b1 :2n3u01 ‘T :Wg
%9°G8 SO 1eak-g 145l ‘%001 :auoje 1gS| A9 gt :9s0p uelpaw ‘c «d1)) 1z *A31ned edo £102
%P'€ ‘NLS ‘%189 :S4Q Jeak-g WN :an3uol ‘%001 ‘di syuow gz ‘%8°¢z "auoje 1 gs| ‘85 =u Y Jenejeyq €1
X} 8 Ul AD 8¢ Uelpaw £10¢
%0 %L 9t *SO 1e9k-g WN %¢8 D7 4eah-g Syuow g :950p ‘%t U0l 1gS| %001 ‘W4 ‘ST = U | ewnsioy| a
%T'T :NYO
‘%€ JSNWISH|
‘%9°L %TEL ‘SO J1eah-g X} €1-01/AD 75-0% :950p %001 :an3uo}
Iss0180)UY ‘%8S :S4a J1eh-G  %8€8 1Dy Jeak-g %C 19 D7 Jeak-g SYIUOW G'ES ‘%Y'/9 :8uoe 19| ‘6 =U 910¢ 'V |esueg 11
(€:Wo4
‘v :dl) ‘21 2Wg ‘TS :@enduoy)
(K1381ns a8enjes ym) %01 Ul A9 Ot :9S0p uelpaul 0/ :A11Aed jelo 107
%0 %S 1540 1eak-g WN %29 D7 1esh-g syuow 1 ‘%06 auoje 1 gs| ‘Y8 =u g ueyow 01
X} 6/ 1§ :950p %001 :2n3uo} ¥10¢
%8 %EQ :SSD Iedh-7 %G SH DY Jeah-g %¢8 D7 4eah-g Ssyow 6% ‘%001 :3uoje | gS| ‘ST =U ‘H eweAply 6
X} 6/AD G/ :950p | gS|
%ST “RIWO1S “XJ 57/AD 05 :250p 1493 T :WO4 ‘g1 :an3uol
-049X H-€ apein WN WN %6/ SUIUOW O-8T  UBIPaW ‘%001 3500q 14S| ‘Oz=u 600 ‘®i1ed gN 3
%1 *NYO %18 1 ‘%98 ‘11 "X} 01/4D 09 :350p UeIpaW %001 :2n3uo} £00T
‘%TZ ‘NLS '§SD Jeak-g %99 DY 1eak-g %¢8 D7 4eah-g syuow gy ‘%S°/8 :duoje | gS| ‘08 =u ‘H 1yezeWEeA /
%8E ‘7L ‘%v9 TL X 01-6/AD 65 :23e19e %001 :2n3u0}
%CZ *NYO 50 lesh-g %58 DY Jeak-¢ %S9 D7 1eah-¢ Syuow 19 1950p ‘%001 :3Uoje 1gS| ‘9z =u S00T ‘W epauin 9
%007 :SSD X L1-S1/AD 1551 W'N 1S8US-qns
WN ‘%001 SO %6 %6 syuow 41 :9s0p auoje | S| ‘Sc=u 002 YIS utef S
%S ‘NYO %G/ *duoje 1 gs| X} 01/AD §S :ueIpaW %001 :3an3uo}
“%T°S NLS %L €L *SO 1esh-p DY lesh-y %/ Y6 *S447 B9k syluow ¢y 1950p ‘%°€9 Buoe | gS| ‘6r=u 7007 ‘ML 8una 2
X} 0T/AD 09 :950p %007 :2n3uol
%8 NYO ‘%t ‘NLS %88 :5SDJeah-g 99/ 1Dy Jeak-g %/.8 ‘D7 1eak-g syuow 1/ ‘%001 :auoje 1 gS| ‘Se=u 100 ‘L @nouj €
(K1331ns (%001 €1
%1 *NYO %99 ‘SO 1eak-g adenjes yim) ‘%/°9% *TL ‘%0S ‘TL) X} £/AD GG :9s0p %001 :an3uo}
“%/°€ INLS ‘%26 :S4Q 1BIA-G %001 DY Jeak-g %ES D7 1esh-g syjuow 9¢ ‘%001 :auoje | gS| ‘YT=u 9661 ‘AH Ne [4
%001 W04 %0 2an3uo} (W04 ‘T:W4 ‘€ :dn)
‘Wg ‘@nduoy ‘%001 ‘W04 ‘Wg ‘dn X} 01/AD 05-Gt :950p 9 :AyiAed |elo G661
= %26 5S40 ‘%/°99 :d1 7 Ssyuow 6 ‘%001 :3uoje | gS| ‘cT=u ‘a Yreuog I
dn-moj)o} Jeak pue ‘ON
A1121x03 33E7 S3W02INO0 |BAIAINS N 1 ueipay s|ie1ap 1y 9)14o.4d juaireqd Joyne Alewd  judlled

192UBD |eJO Ul | gS|-¥dH UO S3143s pa1d9)as p dlqel

Journal of Contemporary Brachytherapy (2025/volume 17/number 1)



Clinical implementation of interstitial brachytheropy in early-stage oral cancer 11

EQD,. Dosimetric analysis revealed that dose received by
90% (Dgge,) and 98% (Dggy,) of CTV were 42.7% and 32.6%,
respectively. Whereas homogeneity (DHI) and coverage
indices (CI) were 0.69 and 0.36, respectively. Essentially,
relatively poor implant geometry in addition to lower
prescribed doses might result in the under coverage [64],
leading to less than a complete response. Also, none of
the patients with lip or buccal mucosa developed LRF.
However, seven tongue cancer patients experienced LF
at intervals ranging from 3 to 24 months, and three of
these patients received a slightly lower EQD, doses (73.5,
74.5, and 74.8 Gy); other dosimetric parameters did not
reveal any significant differences. Moreover, studies have
shown that T1 stage patients [46, 54, 61, 63], those with
superficial and well-differentiated histology [38], and
elderly patients [10, 63] have better prognoses. All these
patients were having infiltrative type of lesion with mod-
erate grade of differentiation, reflecting a slightly aggres-
sive tumor biology, leading to disease progression.

Regional control by incorporating EBRT

Another crucial treatment-related factor influencing
outcomes is the incorporation of EBRT, which involves
balancing the risk of LRF. In a series by Bansal ef al. in-
volving 92 patients with oral cancers (67.4% treated with
brachytherapy alone, and 32.6% with a combination of
EBRT and brachytherapy), the 5-year LC for T1 stage was
significantly higher in patients treated with brachyther-
apy alone compared with combined treatment group
(81.7% vs. 62.5%; p = 0.04). For T2 stage, the combined
treatment group had better 5-year RC (92.9% vs. 74.3%;
p = N.S)) and disease-free survival (51.9% vs. 46.9%; p =
N.S.) than the brachytherapy alone, although the differ-
ences were not statistically significant [47]. In the present
study, all tongue cancer patients received ENI, and none
of these patients had isolated RF. Two patients devel-
oped RF, but were associated with LF as well. Thus, an
inadequate response at local site leading to LRF might be
a contributing factor. As there was no significant toxicity
and LF was the commonest pattern of relapse, this analy-
sis points towards the need for intensification of the local
dose through brachytherapy component. Furthermore,
we used surgery as a salvage treatment for patients who
either developed LRF or had residual disease post-ISBT.
Among those who underwent surgery, disease control
was achieved in all but one cases. Similar approaches
were reported in the literature [39, 51, 54], resulting in
comparable outcomes with those observed in our study.

Toxicity profile

Historically, long-term toxicities associated with
head and neck ISBT have been in the range of 4-22%
[33, 42, 43, 47, 50-60]. Apart from addition of EBRT to
ISBT [55], various dosimetric parameters of implant have
been associated with long-term complications [59, 66].
Potharaju et al. reported that V5, was significantly high-
er in patients who developed STN (7.89 £1.2 cc vs. 6.52
10.99 cc; p = 0.005) and ORN (8.42 +1.64 vs. 6.64 +1.04;
p = 0.002) [59]. Similarly, Ghadjar et al. found a statisti-

cally significant association between V4, V50, D5y, and
Dy, for long-term toxicities [66]. Garcia-Consuegra et al.
found that patients receiving total physical doses > 61 Gy
to maximally irradiated 2 cc of the mandible had a 20-
fold increased risk of ORN [67]. In the present study, one
patient (5.5%) who developed ORN was one of the earli-
est tongue cancer cases treated without the use of acrylic
shield. Dosimetric parameters revealed that Dy, and Dyg
covered 132% and 116% of CTV volume and V,4y9, V1500,
and V., of the implant were significantly higher (6.22 cc,
14.82 cc, and 31.05 cc, respectively), with a dose homo-
geneity index (DHI) of 0.52, whereas doses delivered
to 0.1 cc (Dy10)s 1 cc (Dyo), and 2 cc (Dy.) of the man-
dible were 134%, 99.3%, and 84.6% of the prescription
dose. The total physical dose D2 cc for the mandible was
74.03 Gy. Additionally, one patient with upper lip prima-
ry who received EBRT developed grade 3 cervical my-
elopathy. Dosimetry showed that doses delivered to the
spinal cord and brainstem were within the constraints
(Dg1cer Dicw and D, of the spinal cord, and brainstem
were 46.12 Gy and 43.6 Gy; 46 Gy and 34.6 Gy; and
46 Gy and 11 Gy, respectively), and setup errors within
the tolerance limits [68]. Both the patients were managed
conservatively and received hyperbaric oxygen therapy
along with other supportive measures. In addition, mod-
erate-severe (> grade 2) toxicities were not reported until
the last follow-up.

Strengths of the study

The study highlighted various challenges encoun-
tered in implementing brachytherapy for non-gyne-
cological malignancies, such as head and neck cancers,
and presented cost-effective and streamlined solutions
for addressing them. Furthermore, to the best of our
knowledge, this is the first clinical experience using 60Co
brachytherapy source for oral cancer. Also, regarding lo-
gistical advantages, dosimetric studies have shown that
a small increase in dose observed along the source axis
does not negatively impact outcome when adequate dose
optimization is performed [69]. This is further strength-
ened by our clinical data. Additionally, the current work
is the first study to employ an advanced EBRT technique,
i.e., VMAT along with daily imaging, for controlling mi-
croscopic disease in the neck. These conformal techniques
complement each other in achieving better outcomes.
Moreover, the use of appropriate spacers and precise
dose optimization helped maintaining acute and long-
term toxicities within acceptable limits.

Limitations of present study

This preliminary single-institution experience in
a small sub-group of patients emphasize the utility of
ISBT in the era of modern radiotherapy, demonstrating
modest clinical outcomes and providing a future road-
map for the adoption of brachytherapy in suitable cases.
Even though the follow-up period in our study was rela-
tively short, it was sufficient enough to gain insight into
patterns of failure in this novel treatment approach, as
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most of the studies indicated 80-90% of recurrences man-
ifesting within two years [33, 46, 54, 61, 70].

Nevertheless, the methodology detailed in the study,
including proper case selection by a MDT discussion, use
of intra-oral spacers, ®°Co source offering logistical and
financial advantages, and the use of VMAT technique,
has the potential to improve the current landscape of oral
cancer brachytherapy.

Conclusions

This research highlights an effective way of manag-
ing initial challenges in implementing brachytherapy of
oral cancer in a new setup. The study further demon-
strates the feasibility and effectiveness of ®°Co-based
HDR-ISBT in managing early-stage oral cancer, pro-
viding modest oncological outcomes with manageable
toxicity profiles.
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