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Radiation therapy is an important treatment modality; however, despite major technological advances in its planning and delivery, it still carries the risk of

side effects. Although radiation-induced complications are well documented in the literature, the authors believe that secondary glaucoma associated with
head and neck radiation therapy remains notably underrepresented. This serious condifion can result not only in irreversible vision loss but may also require
enucleation of the affected eye. To reduce such risks, active collaboration between oncologists, radiotherapists, and ophthalmologists is essential. In this

Summary:
article, the authors examine the causes and management of secondary glaucoma following radiation therapy.
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Introduction

Radiation therapy remains a cornerstone in the treatment of
head and neck cancers [1-3]. However, despite significant advan-
cements in planning and delivery technologies, it continues to be
linked with both early and chronic radiation-induced reactions —
adverse effects that may transiently or permanently compromi-
se patients’ quality of life [4-7]. The prevention and treatment
of radiation-induced reactions often require an interdisciplinary
approach. That is why it is so important for clinicians across spe-
cialties to understand the pathophysiology of radiation reactions,
as well as the diagnostic and therapeutic approaches for managing
potential side effects of ionizing radiation treatment.

A rare but potentially serious complication of radiation the-
rapy, which in extreme cases may lead to irreversible blindness,
is secondary glaucoma [8, 9]. This article aims to review the pa-
thomechanism and current approaches to the diagnosis, differen-
tiation, prevention, and treatment of secondary glaucoma caused
by the effects of ionizing radiation on the organ of vision (Fig. 1).
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Radiation therapy

Radiation therapy, alongside surgery and systemic treatments
such as chemotherapy and immunotherapy, is a fundamental the-
rapeutic modality for cancers of the head and neck. These include
carcinomas of the pharynx, oral cavity, nasal cavity, paranasal sinu-
ses, larynx, and salivary glands, as well as, less commonly, lympho-
mas, sarcomas, and melanomas, including choroidal melanoma. It
also plays a key role in treating tumors of the central nervous sys-
tem — primary and secondary brain neoplasms — as well as non-ma-
lignant conditions such as Graves-Basedow ophthalmopathy [10].
It can be used as a primary treatment with curative intent, some-
times in combination with chemotherapy, as an adjuvant therapy
following surgery, or, in patients with advanced stages of cancer
and/or distant metastases, as palliative treatment. Radiation thera-

My

%

r

: * 00
s 0+:00+0+:00 ¢ﬁﬂm

H,@ + MOy

I . - .
H:+ OH i-e-._qi-

'-'. Bagt Oy

IONIZING RADIATION il .

DNA CROSS-LINKS

PROTEIN CROSS-LINKS

DAMAGE TO DOUBLE-STRAND
BREAK (DSB) BINDING PROTEIN
DAMAGE TO SINGLE-STRAND
BREAK (SSB) BINDING PROTEIN

BASE MODIFICATION

Fig. 1.  Side effedts of radiotherapy. Acute radiation toxicity ocurrs usually during Fig. 2.  Mechanism of ionizing radiation. In case of direct effect ionizing radiation directly
radiotherapy session or within 90 days. They are generally revesible, especially if damage DNA causing growth arrest and apoptosis. Indirectly through radiolisis of
properly handled. Late onset complication occur after 6 months even up fo a years water and oxygen forms reactive oxygen species (ROS) wchich reacting with DNA
after radiotherapy. They can lead to irrevesible impairments. damages it.
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Fig. 3.

py encompasses modern treatment planning and delivery techni-
ques, such as dynamic methods like IMRT (Intensity-Modulated
Radiation Therapy) and VMAT (Volumetric Modulated Arc The-
rapy), as well as stereotactic techniques and radiosurgery [11].
Thanks to advanced technologies for treatment planning and de-
livery using modern imaging methods (Image-Guided Radiation
Therapy — IGRT) and adaptive techniques, the likelihood of radia-
tion-induced complications is significantly reduced. Other radia-
tion therapy techniques commonly used for ocular tumors include
brachytherapy for intraocular tumors and proton therapy. The risk
of radiation-induced reactions largely depends on factors such as
the total radiation dose, the fractionation schedule, and the dose
delivered to specific anatomical structures (Fig. 2, 3) [12-14].
Additionally, comorbidities like diabetes or connective tissue di-
sorders can substantially influence the severity of these reactions.

Glaucoma, that is...

Glaucoma encompasses a group of optic nerve neuropathies
associated with remodeling of the connective tissue of the optic
nerve head and loss of neural tissue, leading to a distinctive pat-
tern of visual dysfunction, with or without accompanying eleva-
ted intraocular pressure (IOP) [15, 16]. Four primary types are
distinguished: primary open-angle glaucoma, primary angle-closu-
re glaucoma, secondary glaucoma, and congenital glaucoma. Ra-
diation-associated glaucoma is classified as secondary glaucoma,
which may result from fibrosis of the drainage angle or its neo-
vascularization. Puusaari et al. found that the vast majority (84%
of cases) were due to neovascularization, 10% resulted from se-
condary angle closure, and 6% of patients had an open angle [17].

The specific mechanism underlying neovascular glaucoma
remains unclear. It is assumed that impaired iris perfusion, for
example due to angiopathy of the long posterior ciliary arteries,
results in ischemic changes that trigger a cascade of neovascula-
rization [18]. Another possible mechanism is radiation retino-
pathy, which also promotes the production of angiogenic factors
and consequently neovascularization of the drainage angle [19].
Preventing these complications requires a dual approach: lowering
and stabilizing IOP while simultaneously interrupting the neova-
scularization cascade.

Example of dose distribution in radiotherapy of nasopharynx and maxilloethmoid complex.

Therapeutic management

The first-line approach for managing secondary glaucoma, inc-
luding cases related to head and neck radiation therapy, is pharma-
cological treatment. First-line medications include beta-blockers
and carbonic anhydrase inhibitors. Whether prostaglandin analo-
gues should also be regarded as first-line therapy remains a matter
of ongoing debate. In their mechanism of action, prostaglandin
analogues increase the outflow of aqueous humor via the uveosc-
leral pathway, which may theoretically contribute to the dissemi-
nation of metastases in patients with intraocular tumors.

Another method of lowering IOP is cyclodestruction, which
reduces the production of aqueous humor. This procedure is typi-
cally performed using diode lasers with wavelengths between 693
and 1064 nm, most commonly at 810 nm.

Filtering procedures, which involve creating an additional
outflow pathway for aqueous humor from the eyeball and the-
reby lowering IOP, may pose other challenges. First, due to the
risk of metastasis, in cases of intraocular tumor localization, such
procedures are recommended only after complete tumor eradi-
cation [20]. Second, radiation-induced changes to the conjuncti-
va — such as fibrosis — can complicate the surgical technique and
increase the likelihood of procedural failure. This is related to
the difficulty in forming a filtration bleb [20]. However, there
are literature reports describing successful stabilization of intra-
ocular pressure after appropriately performed trabeculectomy or
Baerveldt valve implantation [20, 21]. When all treatment options
fail to stabilize intraocular pressure and the eye has become both
blind and painful, enucleation may be necessary [20, 22].

Inflammation of ocular tissues is a relatively common con-
dition following radiation therapy [23]. It may affect the uvea,
sclera, episclera, conjunctiva, or cornea. Most often, it presents as
mild anterior uveitis accompanied by elevated IOP [24]. In such
cases, at the very onset of symptoms, it is recommended to initia-
te topical treatment not only with IOP-lowering medications, but
also with anti-inflammatory agents and cycloplegics. This appro-
ach is usually sufficient to both control the inflammatory process
and normalize IOP. The next step in lowering IOP and suppressing
the inflammatory process is the administration of oral or intrave-
nous medications [23, 25, 26].
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It is important to prevent neovascularization, which results
from tissue hypoxia and, consequently, induces changes in the
drainage angle that underlie reduced aqueous humor outflow. An
effective strategy for inhibiting neovascularization involves the use
of anti-VEGF agents. Among these agents, bevacizumab is cur-
rently the most widely used, typically given as a series of three
monthly intravitreal injections [27]. Adjunctive laser therapy —
(Panretinal Photocoagulation — PRP) — should also be considered.
By destroying areas lacking perfusion, this procedure eliminates
angiogenic stimulation and demonstrates even greater efficacy.
This is particularly relevant in cases where intravitreal injections
cannot be administered — for instance, due to the patient’s local or
systemic condition. Panretinal photocoagulation also helps lower
the risk of potential evisceration of the eye [27].

Conclusions

Glaucoma is a rare but serious complication of radiation the-
rapy, with the potential to cause irreversible blindness. In patients
developing this complication, it is essential to reduce intraocular
pressure and inhibit neovascularization, while controlling any as-
sociated inflammatory response. To mitigate the risk of secondary
glaucoma, it is considered good practice to perform ophthalmolo-
gic examinations in all patients exposed to ionizing radiation invo-
Iving the eye, periocular tissues, head, or neck — both before and
after radiation therapy. This approach helps prevent complications
and enables timely implementation of appropriate therapeutic in-
terventions.

Given the rising incidence of head and neck cancers and the
growing number of patients receiving radiation therapy in these
regions, it is essential that ophthalmologists, oncologists, and ra-
diotherapists remain vigilant about the risk of secondary glaucoma
— a potential serious complication that may lead to irreversible
blindness.
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