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Aim: This review aims to evaluate the role of interventional
radiotherapy (IRT - brachytherapy] in the clinical manage-
ment of head and neck [H&N) cancers, focusing on recent
technological advancements and their impact on clinical
outcomes.

Methods: A comprehensive literature review of clinical ap-
plications of IRT in H&N cancers was conducted, emphasiz-
ing the role of advanced imaging intensity-modulated IRT
and custom applicators. The role of artificial intelligence
and several dose calculation algorithms in treatment plan-
ning was also analyzed.

Results: IRT demonstrated efficacy across primary treat-
ment, postoperative settings, and reirradiation, offering
precise dose delivery while sparing adjacent healthy tissues.
Innovations such as image-guided techniques and person-
alized 3D-printed applicators improved dosimetric accuracy
and reduced toxicity. Functional outcomes were particularly
favorable in sensitive anatomical regions like the nasal ves-
tibule and oral cavity.

Conclusions: IRT remains a cornerstone of precision on-
cology for head and neck cancers, achieving high efficacy,
reduced toxicity, and improved patient quality of life. These
advancements highlight its crucial role in modern oncologic
care. Magy Onkol 69:143-147, 2025
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Cél: Kézleménylink célja az intervencids radioterapia (IRT
- brahiterapia) szerepének értékelése a fej-nyaki (H&N]
daganatok kezelésében, a legujabb technolégiai fejleszté-
sekre és azoknak a klinikai eredményekre gyakorolt hatasara
Gsszpontositva.

Médszerek: Atfogé irodalmi attekintés az IRT klinikai alkalma-
zasarol a H&N daganatos megbetegedésekben, hangsulyozva
a fejlett képalkoto intenzitdsmodulalt IRT és az egyedi applika-
torok szerepét. A mesterséges intelligencia és dézisszamitasi
algoritmusok szerepének elemzése a kezelés tervezésében.
Eredmények: Az IRT hatékonynak bizonyult az elsédleges
kezelés, a posztoperativ ellatas és a reirradiacioé soran, pontos
dézisleadast biztositva a szomszédos egészséges szdvetek
kimélete mellett. Az olyan innovacidk, mint a képvezérelt tech-
nikak és a személyre szabott 3D-nyomtatott applikatorok javi-
tottak a dozimetriai pontossagot és csokkentették a toxicitast.
Kovetkeztetések: Az IRT tovabbra is a preciziés onkoldgia
sarokkove marad a fej-nyaki rakok esetében, magas hatékony-
sagot, csokkentett toxicitast és jobb életmindséget biztositva.
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INTRODUCTION

Head and neck cancers include a wide range of malignancies
that are challenging to treat due to their complex anatomy
and proximity to critical structures. Interventional radiother-
apy (IRT - brachytherapy) offers a highly targeted radiation
treatment by placing radioactive sources directly within or
near the tumor. This technique has greatly benefited from
advancements in imaging, dosimetry, and catheter design,
which have improved its effectiveness while reducing side
effects (1).

IRT has been successfully applied in various clinical sce-
narios (tumor histologies, primary sites, treatment targets,
different disease phases for exclusive, adjuvant and palliative
purposes) and implant types. It has shown efficacy in man-
aging both primary and recurrent head and neck tumors (2).
Specifically, postoperative IRT can be considered in patients
with close or positive surgical margins, perineural invasion,
and lymphovascular invasion, where it enhances local control
by delivering a high-dose radiation boost to residual micro-
scopic disease (3).

Its ability to deliver high radiation doses directly to the
tumor ensures superior local control rates, while the steep
dose fall-off minimizes exposure to nearby organs at risk
(OARs), outperforming external beam radiotherapy in this
regard (3). In the head and neck region, IRT has been used to
treat tumors in locations such as the oral cavity, oropharynx,
nasopharynx, nasal vestibule, and paranasal sinuses. Addi-
tionally, it has been employed for reirradiation and as a pe-
rioperative treatment in combination with surgery, requiring
close collaboration among multidisciplinary teams.

Technological advancements include remote after-load-
ing systems, advanced treatment planning software, and
image-guided techniques (4). These innovations have en-
hanced the precision of catheter placement, improved dose
distribution, and ensured safety for medical personnel, result-
ing in better clinical outcomes. Biological planning, which
optimizes treatment based on biological parameters rather
than solely physical criteria, represents another significant
leap forward.

Modern image-guided IRT has revolutionized clinical prac-
tice by enabling precise target delineation and sparing critical
structures. Techniques such as 3D catheter reconstruction
and advanced imaging modalities like CT, MRI, and ultrasound
have further refined treatment precision (5). Intensity-modu-
lated IRT (IM-IRT), which combines brachytherapy’s precision
with the dose conformity of intensity-modulated radiation
therapy (IMRT), achieves highly targeted dose delivery while
protecting surrounding tissues.

Endoscopy-guided approaches have proven particularly
valuable for complex cases, such as sinonasal and naso-
pharyngeal recurrences, where accurate catheter placement
is critical. Custom-made applicators, often produced using
3D printing, enhance the delivery of radiation directly to the
tumor while minimizing damage to adjacent tissues (é).
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Alongside these innovations, advances in dosimetry,
including 3D dose calculations, automated biological dose
optimization, and progress in dose calculation algorithms,
have significantly improved the accuracy of dose distribu-
tion. The integration of artificial intelligence (Al) and custom
applicators further refines treatment precision by optimizing
both the calculation and delivery of radiation, reducing treat-
ment-related toxicities such as xerostomia, dysphagia, and
optic neuropathy (7).

The success of IRT relies heavily on a multidisciplinary ap-
proach that integrates the expertise of radiation oncologists,
surgeons, radiologists, and medical physicists. Anesthetists
also play a critical role in ensuring patient comfort and safety
during complex procedures. Depending on the complexity of
the interventional radiotherapy procedure, the contribution
of each specialist becomes essential to maximize treat-
ment effectiveness (8). Multidisciplinary tumor boards have
been shown to significantly enhance personalized treatment
strategies, allowing each professional to provide their unique
expertise in planning and execution, ultimately leading to
improved patient outcomes (9).

METHODS

A review of clinical applications of IRT in head and neck
cancers was conducted, emphasizing advanced imaging,
intensity-modulated brachytherapy, clinical and dosimetric
aspects. To evaluate the state-of-the-artin IRT, all articles
presenting advancements in technique or technology were
analyzed, focusing on innovations that enhance precision,
safety, and clinical efficacy. Particular attention was given to
studies addressing improvements in multidisciplinary treat-
ment approaches, including radiation oncology, surgery, and
medical physics, as well as the use of Al and model-based
dose calculation algorithms in treatment planning. Fur-
thermore, the review incorporated aspects of psychological
care and patient-centered treatment strategies, highlighting
the importance of electronic symptom monitoring, counsel-
ing, and stress management programs in improving patient
outcomes. This comprehensive approach aimed to identify
developments that contribute to optimizing IRT as a holistic
and personalized treatment modality.

RESULTS

Applications in Dosimetry

Alis increasingly recognized as a transformative tool in IRT,
particularly in head and neck brachytherapy. Al algorithms,
including machine learning and deep learning, have demon-
strated significant potential in automating key processes
such as target delineation, treatment planning, and dose
optimization (10). Neural networks trained on extensive
datasets can accurately identify optimal catheter placements
and predict radiation dose distributions with remarkable
precision, substantially reducing planning times. Additionally,
Al-powered predictive models analyze clinical, imaging, and
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dosimetric parameters to assist clinicians in selecting the
most suitable patients for treatment, ensuring the develop-
ment of personalized treatment plans. The integration of Al
into real-time quality assurance systems enhances safety by
identifying deviations from planned treatment protocols dur-
ing procedures, enabling immediate corrective actions (11).

In head and neck IRT, ongoing research focuses on
improving dose calculation algorithms to overcome the lim-
itations of the TG-43 protocol (12), a standardized dosimetry
formalism for IRT developed by the American Association of
Physicists in Medicine, which calculates dose distribution
based on source geometry, activity, and medium properties,
assuming a homogeneous water medium for dose calcula-
tions. Although TG-43 remains the only clinically approved
algorithm, it often overestimates doses to OARs compared
to model-based dose calculation algorithms (MBDCAs] (13,
14). Studies indicate that TG-43 tends to deliver higher dose
estimates for target volumes and critical OARs, such as the
skin and ipsilateral lung. This overestimation becomes par-
ticularly problematic in scenarios involving tissue interfaces
or materials with densities significantly different from water.

Despite its limitations, TG-43 remains central to clinical
practice due to its widespread acceptance and standardiza-
tion. However, advancements in MBDCAs, which incorporate
computed tomography (CT)-based calculations and account
for tissue heterogeneities and interfaces, promise greater
dosimetric precision. Transitioning to these advanced al-
gorithms could enhance treatment safety and efficacy by
minimizing unnecessary exposure to OARs while maintaining
robust tumor control (15). As research progresses, these
more accurate dose calculation methods may redefine clin-
ical standards, enabling optimized outcomes for patients
undergoing IRT.

IRT is increasingly being integrated into personalized
treatment approaches through advanced imaging and do-
simetry. This integration facilitates precise target volume
delineation and improves the evaluation of doses delivered
to OARs, including sensitive structures such as the eyes, eye
lenses, and mandible. These advancements have significantly
reduced toxicity while maintaining effective tumor control (16).
Additionally, advanced dosimetric studies focusing on pro-
tecting OARs have paved the way for safer and more effective
treatments. By optimizing dose distribution and minimizing
radiation exposure to critical structures, these innovations
enhance the therapeutic ratio and improve the quality of life
for patients (17). Personalized treatment planning, supported
by high-resolution imaging and detailed dosimetric analysis,
ensures that each patient’s unique anatomy and clinical con-
dition are thoroughly considered. This level of customization
balances tumor control with the preservation of function and
the reduction of long-term side effects, aligning with the
goals of modern radiotherapy.

Technological advancements, particularly in 3D printing,
have further enhanced the personalization and effective-

ness of IRT. 3D printing has revolutionized the production of
patient-specific devices and treatment tools, such as cus-
tom-made applicators, boluses, and spacers. These devices
are tailored to the patient’s unique anatomy, enabling precise
dose delivery while minimizing exposure to healthy tissues.
Notably, 3D printing has facilitated the creation of personal-
ized guides for catheters used in interstitial brachytherapy,
ensuring accurate placement and adaptation to individual
anatomical variations (18). Accurate seed placement, guided
by CT-based preplanning, is crucial for effective conformal
radiotherapy and for minimizing adverse side effects on
adjacent normal tissues (19). CT-based preplanning allows
for the design and production of personalized applicators or
supportive devices that enhance the precision of catheter or
seed placement. These tools optimize radiation dose delivery
to the target while sparing healthy tissues, resulting in more
conformal treatments with reduced risks of side effects.

By combining CT-based preplanning with 3D-printed
support structures, clinicians can deliver safer and more
effective treatments, improving the accuracy and repro-
ducibility of procedures. Moreover, 3D printing enables rapid
prototyping and the creation of complex structures that were
previously unobtainable using traditional manufacturing
methods. These innovations are transforming IRT, providing
clinicians with advanced tools to optimize treatment while
aligning with the principles of precision medicine. This in-
tegration of cutting-edge technology reinforces the trend
toward highly personalized oncologic care, ensuring improved
outcomes for patients.

Clinical Practice

IRT’s clinical applications in head and neck malignancies
include its use as an exclusive treatment for local control of
specific tumors and as a complementary modality to external
beam radiotherapy. There are different scenarios in which
the use of IRT could be useful:

1. IRT alone;

2. IRT boost for dose escalation;

3. postoperative IRT;

4. re-irradiation (IRT alone, or postoperative IRT).

In early-stage disease IRT is considered radical with
curative intent. IRT can also be considered as a periope-
rative technique together with surgery (20). Perioperative
IRT (POIRT] consists in tumor resection or debulking and
catheter implantation during the same surgery and radi-
ation dose delivery within the perioperative period. POIRT
allows effective coverage of target volumes, sparing doses
to surrounding normal tissues and offers radiobiological
advantages by limiting treatment delay (21). In the adjuvant
setting, postoperative IRT may be considered in case of close
or positive margins or lymphovascular invasion (22). In cases
of recurrences after previous radical treatment re-irradiation
can be considered as salvage option, using IRT in combination
with external beam radiotherapy (EBRT) or alone as reported
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FIGURE 1. Example of reconstruction and treatment planning for a na-
sal vestibule tumor using an interventional radiotherapy planning sys-
tem. The highlighted contours delineate the OARs and the lesion consi-
dered during the planning process.

by the Groupe Européen de Curiethérapie - European Society
for Radiotherapy and Oncology (GEC-ESTRO) recommenda-
tions for head & neck cancer IRT (23).

In scenarios such as nasal vestibule (Figure 1) and lip
tumors (Figure 2, IRT ensures excellent aesthetic and func-

FIGURE 2. Representation of reconstruction and treatment planning for
a lip tumor using an interventional radiotherapy planning system. The
contours illustrate the OARs and the tumor volume considered during
the treatment planning process.
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tional outcomes while providing targeted dose escalation.
Recently, the Oncological Committee of the Italian Society of
Otorhinolaryngology defined exclusive IRT as the preferred
treatment for primary lesions in nasal vestibule squamous
cell carcinomas without bone involvement, while surgery
remains the gold standard for the management of the neck
nodal spread. In fact, at the level of primary lesion, as for
oncological outcomes IRT appears equivalent to surgery but
offers clear advantages in terms of anatomic preservation
and cosmetic results (24).

In selected clinical situations, high dose rate (HDR) IRT
could be combined with EBRT, showing promising results
with acceptable toxicity profiles. HDR-IRT enables the delivery
of higher radiation doses directly to the tumor, potentially
enhancing local control and reducing the necessity for ex-
tensive surgical interventions, such as in the case of tongue
tumors. In fact, EBRT allows a uniform dose distribution to
larger treatment volumes, reserving HDR-IRT for the final
part of the treatment as boost thus decreasing the likelihood
of late-onset radiation-induced toxicities (25).

For the nasopharynx, paranasal sinus and nasal vestibule,
IRT has the further advantage of maintaining the mucosal
functions (including mucociliary clearance and olphaction).
In oral cavity cancers, the role of IRT in preserving oral com-
petence, tongue mobility, speech, swallowing and the hard
palate has been demonstrated. IRT in oropharyngeal cancers
has been shown to reduce xerostomia and dysphagia (26, 27).

Psychological and Adjuvant Support

Psychological interventions and electronic symptom monitor-
ing have been shown to improve survival and patient-reported
outcomes, suggesting the importance of integrating patient-
centered care into oncology treatments (28). Psychological
care, including counseling and stress management programs,
has demonstrated benefits in reducing anxiety and depres-
sion, improving treatment adherence, and enhancing overall
quality of life for cancer patients (29). In parallel, electronic
symptom monitoring tools, such as patient-reported outcome
systems, enable real-time tracking of treatment-related side
effects, facilitating earlier interventions and personalized
adjustments to therapy plans. These systems have not only
improved communication between patients and healthcare
providers but have also been associated with prolonged sur-
vival rates by ensuring timely management of complications
and maintaining the continuity of care (30, 31). Together,
these approaches underscore the value of addressing the
psychological and physical needs of patients, paving the way
for a more holistic and effective cancer care strategy.

CONCLUSION

IRT has established itself as a highly effective treatment for
head and neck cancers, offering precise dose delivery while
sparing critical structures. Advances in imaging, catheter
technology, and dosimetry, alongside innovations such as
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Al and 3D printing, have significantly improved treatment
accuracy, safety, and personalization.

IRT's versatility allows its application in various scenarios,
including primary treatment, reirradiation, and perioperative
techniques, achieving excellent functional and aesthetic out-
comes. Multidisciplinary collaboration and patient-centered
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