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Simple Summary: Lymphomas are rarely localized in the ocular and orbital regions. Although their
diagnosis is often complicated due to the similarity with other pathologies of this anatomical district,
they are characterized by a good prognosis in the vast majority of cases. This article reports our
clinical experience in the field, associating it with a review of the main therapeutic options, placing
greater attention on the role of radiotherapy in the treatment of these tumors.

Abstract: Orbital and ocular adnexa lymphomas are rare neoplasms confined to the orbital region.
The prognosis is generally favorable, with a high proportion of localized disease, indolent clinical
course, prolonged disease-free intervals, and low lymphoma-related mortality rate. We report our
experience on eleven patients with confirmed histological diagnosis of lymphoma stage IE-IIE,
treated between 2010 and 2021 with radiotherapy alone or in association with chemotherapy or
immunotherapy. Eight patients were treated with primary radiotherapy only, while three received
previous systemic treatments. Six patients were treated with Proton beam therapy (PBT), and five
with external beam radiotherapy (EBRT). The five-year local control rate was 98%; only one patient
developed an out-of-field recurrence. We also conducted a comprehensive literature review using
electronic databases (PubMed, EMBASE, and Cochrane Library). Articles were selected based on their
pertinence to treatment of the ocular and adnexal lymphoma focusing on radiotherapy techniques
(electron beam radiotherapy, photon beam radiotherapy, or proton beam radiotherapy), treatment
total dose, fractionation schedule, early and late radio-induced toxicities, and patient’s clinical
outcome. Radiotherapy is an effective treatment option for orbital lymphoma, especially as standard
treatment in the early stage of orbital lymphoma, with excellent local control rate and low rates of
toxicity.

Keywords: orbit; orbital tumors; lymphoma; ocular oncology; radiation oncology; radiotherapy;
proton beam radiotherapy
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1. Introduction

Orbital and ocular adnexa lymphomas (OOAL) are a rare localization of lymphomas
confined to the orbital region, accounting for approximately 7–8% of all non-Hodgkin’s
lymphomas (NHLs) [1,2]. These neoplasms develop from B-lymphocytes, T-lymphocytes,
or NK lymphocytic cells [3,4]. It is recognizable by its morphological heterogeneous ap-
pearance with variable presence of germinal centers, plasma cells, and/or monocytic
lymphocytes [4]. Within the NHLs, histological subtypes can be divided into indolent
or low-grade lymphoma (i.e., extranodal marginal zone lymphoma (EMZL)) involving
mucosa-associated lymphoid tissue (MALT), follicular lymphoma (FL) or lymphoplas-
macytic lymphoma) and aggressive or high-grade lymphomas (e.g., diffuse large B-cell
lymphoma (DLBCL) or mantle-cell lymphoma (MCL)) with different patterns of response
to local and systemic treatment, local or distant recurrence [5,6]. An 80% of lymphomas
involving ocular adnexa (conjunctiva, orbit, lacrimal gland, and eyelid) have mature B-cell
origin [4] as a response to persistent antigenic stimulation in case of chronic inflammatory
or autoimmune disorders [7]. Association with C. psittaci infection is also documented,
especially in Eastern nations, even if there is no overall acceptance [8,9]. These types of
lesions must be distinguished from intraocular lymphoma, a subtype of primary central
nervous system lymphoma that represents a high-grade process with a distinct therapeutic
strategy, but is not the subject of this review [10]. Lymphoma occurs predominantly in
elder individuals [11] with an incidence peak amongst the fifth and seventh decade of
life (median age ∼65 years), with a female predominance (male/female = 1:1.5/2) in the
Western population. In contrast, a Korean study by Cho et al. revealed a significantly
younger age at diagnosis (median age of 46 y/o), with a male predominance [11]. Ucgul
et al. reported the rarity of this pathology in the pediatric population [12]. Treatment may
include radiotherapy (RT), chemotherapy (CHT), immunomodulating therapy, primary
antibiotic treatment, surgical excision, or combination therapy. The choice of treatment
depends on a variety of factors: histopathologic type, systemic staging at the initial pre-
sentation, and patient comorbidities. When in the early stage, radiotherapy alone is the
curative option in patients diagnosed with indolent lymphoma to achieve high response
rates with manageable toxicity [13,14]. In this article, we report our clinical experience in
addition to a review of the literature, focusing on the use of radiotherapy (external beams
and protons) and the different therapeutical doses in the treatment of OOAL. We want to
draw attention to the primary role of radiotherapy, in association with systemic therapy
in the most aggressive histologies or as the only treatment, with long-lasting and stable
loco-regional control, especially in case of indolent disease. The few and manageable side
effects allow access to radiation treatment for a larger number of patients (e.g., elderly,
patients with multiple comorbidities, autoimmune disorders, etc.).

2. Materials and Methods

We retrospectively investigated eleven patients, six women and five men, with con-
firmed histological diagnosis of MALT lymphoma (nine of them) and follicular lymphoma
(FL) (two of them), treated in our center between 2010 and 2021. Median age at the diagnosis
was 59 years (range 31–75). The pretreatment staging included: an ophthalmological exam-
ination, a full blood examination (complete blood count, liver function tests, and lactate
dehydrogenase (LDH)), magnetic resonance imaging (MRI) of the orbit, chest, abdomen,
and pelvis, computed tomography (CT) and positron-emission tomography (PET). We clas-
sified the population using the Ann Arbor Staging System: eight patients with stage IE and
three with IIE disease. Eight of them were treated with primary radiotherapy only, three
received previous systemic treatments. These three patients came to our observation only
after having undergone systemic therapy at other institutions. Six patients were treated
with proton beam therapy (PBT), and five with external beam radiotherapy (EBRT). The
mean radiation dose was 35 Gy (range 20–39,6 Gy). Population characteristics are summa-
rized in detail in Table 1. Toxicities were graded according to CTCAE version 5.0 [15]. We
also conducted a comprehensive literature review using electronic databases (PubMed, EM-
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BASE, and Cochrane Library). Articles were selected based on their pertinence to treatment
of the ocular and adnexal lymphoma focusing on radiotherapy management. We selected
studies performed between 2001 and 2022, using the following keywords: “ocular adnexa”,
“orbital lymphoma”, “radiotherapy”, “ocular lymphoma”, “orbital lymphoma”, “MALT
lymphoma”; “conjunctiva”; “orbit”; “non-Hodgkin lymphoma”, “periorbital lymphoma”.
We focused our review on treatment strategies, with particular interest on radiotherapy
techniques (electron beam radiotherapy, photon beam radiotherapy, or proton beam ra-
diotherapy), treatment total dose, fractionation schedule, early and late radio-induced
toxicities, and clinical outcome.

Table 1. Patient characteristics, treatment, and outcome.

Patients

Male 5
Female 6

Total 11
Median age 59 (Range 31–75)

Involved site

Right 4
Left 7

Conjunctiva 3
Lacrimal Gland 3

Upper eyelid 3
Lower eyelid 2

Stage

IE 8
IIE 3

Hystology

MALT
Follicular lymphoma

9
2

Systemic Treatment

None 8
Yes 3
INF 1

CHOP 1
Ab monoclonal 1

Treatment Characteristics

Beam Energy
X/6MV 5

p+/62MeV 6
Total Dose (No. of Fractions/Dose)

39.6 Gy (22/1.8 Gy) 2
36 GyE (4/9 GyE) 3
35 Gy (14/2.5 Gy) 1
30 GyE (3/10 GyE) 3

20 Gy (10/2Gy) 2

Patient Outcomes

Complete response 11
Distant relapse 1

Note: Proton therapy is indicated in Table 1 as p+. Ten patients have a histological diagnosis of MALT lymphoma;
two of follicular lymphoma.
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3. Clinical Presentation

OOALs are often insidious, due to few and aspecific symptoms such as localized pain,
conjunctival swelling, redness, and itching irritation, leading to a differential diagnosis with
other benign pathologies, often masqueraded by the use of topical steroids, that can delay
diagnosis. It has been estimated a median interval between onset symptoms and definitive
diagnosis of 7 months ranging from 1 month up to 10 years [7]. Clinical presentations
may vary depending on the primary localization. For example, if lymphomatous lesions
are localized on the eyelid, a palpable rubbery or firm mass can be observed with other
compression symptoms such as periorbital edema, decreased visual acuity, and motility
disorders. Furthermore, progressive proptosis and diplopia can be objective if the dermis
or the orbicular muscles are involved. Conjunctival involvement is characterized by a
salmon-pink-colored lesion with slow infiltrative growth; other uncommon symptoms
are conjunctival hyperemia, blurry vision, chemosis, ectropion, pterygium, photophobia,
and corneal symptoms [16,17]. Lacrimal gland infiltration symptoms are dryness, pain,
lacrimal duct discharge, epiphora, displacement of the globe, proptosis, and ocular motility
reduction [18].

4. Diagnosis and Staging

The initial evaluation of patients is a milestone. It is important to define if the neoplasm
has systemic extension or is locally confined. A complete ophthalmologic examination
followed by an adequate tissue sampling for histopathologic diagnosis is mandatory [19,20].
Staging workup must include: physical examination, bone marrow biopsy, MRI, CT of
head and neck, chest, abdomen, and pelvis, and 18-fluorodeoxyglucose-positron emission
tomography-CT (FDG-PET-CT) to complete staging of the patient [20,21]. CT and MRI
studies of the facial district are important to evaluate localization, size, and local infiltration
of the mass, which helps identify the correct staging and also the following treatment
strategy (i.e., choosing between intralesional or systemic therapy, radiotherapy planning,
etc.). In head CT scanning, OOALs usually present as a circumscribed lesion with higher
density (in comparison with the brain tissue) that tends to infiltrate nearby tissues and
show moderate enhancement when contrast is used. It is also possible to detect bone
erosion and calcifications. MRI provides complementary information and demonstrates
extension into the adjacent brain, muscles, or sinuses; in particular, hyperintense tissue in
T2-weighted sequences are often hypercellular masses [22,23]. The clinical stage of OOAL is
determined by the Ann Arbor staging classification and the American Joint Committee on
Cancer Tumor, Node, Metastasis (TNM), as shown in Tables 2 and 3 [24–26]. Approximately
85–90% of patients with a diagnosis of OOAL have stage I disease; nodal involvement is
reported in 5% of patients; only 10–15% of patients have disseminated disease [7].

Table 2. Ann Arbor staging [25,26].

Ann Arbor Staging
STAGE I Involvement of a single lymph node region or extra lymphatic site (IE)

STAGE II Involvement of 2 or more lymph nodes, lymphatic structures, or extra lymphatic regions alone on the same
side of the diaphragm (IIE)

STAGE III Involvement of lymph nodes on both sides of the diaphragm with localized extra lymphatic (IIIE) or
splenic (IIIS) involvement, or both (IIIES)

STAGE IV Involvement of one or more organs or tissues outside the lymphatic system
A: Without B symptoms

B: Fever, night sweats, weight loss of >10% body weight over the last 6 months
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Table 3. TNM Staging system AJCC 8th edition of OOAL [24].

TNM Staging system AJCC 8th edition of OOAL

TX Lymphoma extent not specified

T0 No evidence of lymphoma

T1 Lymphoma involving the conjunctiva alone without orbital involvement

T2 Lymphoma with orbital involvement ± any conjunctival involvement

T3 Lymphoma with preseptal eyelid involvement ± orbital involvement ± any conjunctival involvement

T4 Orbital adnexal lymphoma extending beyond orbit to adjacent structures, such as bone, maxillofacial sinuses and brain

NX Involvement of lymph nodes not assessed

N0 No evidence of lymph node involvement

N1

Involvement of ipsilateral regional lymph nodes draining the ocular adnexal structure and superior to the mediastinum
(preauricular, parotid, submandibular, and cervical nodes)
N1a: involvement of a single lymph node region superior to the mediastinum
N1b: involvement of two or more lymph node regions, superior to the mediastinum

N2 Involvement of lymph nodes regions of the mediastinum

N3 Diffuse or disseminated involvement of peripheral and central lymph node regions

M0 No evidence of the involvement of other extranodal sites

M1a Noncontiguous involvement of tissue or organs external to the ocular adnexa (e.g., parotid glands, submandibular
gland, lung, liver, spleen, kidney, breast)

M1b Lymphomatous involvement of the bona marrow

M1c Both M1a and M1b involvement

5. Treatment Options

Various strategies of treatment are available depending on the initial stage of the
neoplasm: surgical excision, radiotherapy, chemotherapy, anti-chlamydial antibiotic (doxy-
cycline and clarithromycin) [7,9], and immunomodulating therapy or combination therapy.
Tailoring the treatment requires a multidisciplinary approach which should consider ex-
tensions, patient comorbidities, disease-related prognostic factors, short and long-term
efficacy, and toxicities impact on a patient’s quality of life [7]. Radiotherapy alone is usually
the treatment of choice, in early stage and indolent OOAL (stage I–IIE) [27]. Patients with
stage III or IV or with aggressive OOAL’s histotypes need a systemic treatment chemother-
apy/immunotherapy combined with local radiotherapy [28]. However, no prospective
clinical trials have been conducted to evaluate these therapeutic options or define the opti-
mal treatment approach for these patients. Radiotherapy and non-radiotherapy therapeutic
options are summarized in detail in Figure 1.

5.1. Non-Radiotherapy Treatment Options

“Watch and wait” is not recommended due to the high incidence of local and sys-
temic recurrence, but it can be taken under consideration in the setting of frail elderly
patients with low-grade, asymptomatic, and unilateral disease with severe comorbidities
that preclude other and more aggressive therapeutic approaches [29,30]. Surgical resection
may be used to treat small or encapsulated tumors (e.g., conjunctival and lacrimal gland
tumors). However, surgery alone showed a high risk of recurrence if not associated with
adjuvant chemotherapy or radiotherapy [31]. In case of aggressive histological subtypes
(i.e., MCL, DLBCL, T-cell lymphoma), bilateral disease, high-risk of local or distant relapse,
chemotherapy regimen containing cyclophosphamide (CHOP (cyclophosphamide, adri-
amycin, vincristine, prednisone), COP/CVP (cyclophosphamide, vincristine, prednisone),
C-MOPP (cyclophosphamide, vincristine, procarbazine, prednisone), and schemes con-
taining Chlorambucil or Bendamustine can be taken under consideration with or without
radiotherapy [32–35]. If infection with C. psittaci is detected, especially in Eastern coun-
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tries, antibiotics, such as Doxycycline, can be used [7–9]. Interferon-alpha (INF-α) is an
option for OOAL localized in the conjunctiva or the lacrimal glands. This glycoprotein has
already been used in other neoplasm treatments, which possess antiviral, antiproliferative,
and immunomodulatory functions (i.e., apoptosis, producing tumor suppressor gene p53,
inhibition of tumoral neo angiogenesis). Cellini et al. and Holds et al. documented the
successful use of intralesional INF-α in the treatment of conjunctival lymphoma [36,37].
Generally, 1 million IU of INF-α are administrated weekly, with optimal local control rate.
INF-α showed low toxicity, and in general, no significant local side effects after injection.
Rituximab is a monoclonal chimeric anti-CD20 antibody that targets the surface antigen
CD20, overexpressed on CD20-positive NHL B cells. It can be administered intralesionally
in case of recurrence and local relapse [38] or intravenously for bilateral or systemic in-
volvement [39]. As previously mentioned, it can be used alone or in combination with other
chemotherapy drugs. Monoclonal antibodies can be used to deliver radioisotopes to the
site of OOAL [7], with the same or better outcome compared to rituximab. Esmaeli et al., in
their study, promoted a protocol where Yttrium 90-ibritumomab tiuxetan (Zevalin®, IDEC
Pharmaceuticals Corporation, San Diego, California), a radiolabeled anti-CD20 monoclonal
antibody, is administrated after 2 weekly intravenous rituximab 250 mg/mq [40].
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5.2. Radiotherapy Treatment Options

OOALs are characterized by high radiosensitivity [41,42]. External beam radiation
therapy (EBRT) is the gold standard treatment in OOAL classified as Ann Arbor Stage
IE-IIE thanks to high response rates and outstanding local control [16]. Radiotherapy
can be administrated as a solo treatment, with adjuvant systemic therapy, or as salvage
therapy after partial or incomplete response or in case of relapse [43]. Clinical exams
to evaluate the extension of orbital disease is utilized for radiotherapy plans. A review
of a CT scans, MRI and/or PET scans are utilized when available in order to create a
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deformable fusion. The gross tumor volume (GTV) includes the tumor extent, and the
clinical target volume (CTV) includes the entire GTV plus an adequate margin to fully
encompass the anatomical region involving the mass. The planning target volume (PTV)
includes CTV with a 10 mm to 15 mm margin [42,44]. A bolus is positioned on the skin
to facilitate the superficialization of the dose, especially when palpebral skin is involved.
Different particles can be adapted to deliver the dose: electrons, photons, and protons. An
electron beam can be used for superficial lymphomas of the eyelid and/or conjunctiva
that do not infiltrate the ocular bulb. Electron energies typically cover the entire orbit.
For patients with superficial disease limited to the eyelids or conjunctiva, treatment is
generally delivered using electron beams (6–12 MeV) with or without bolus to provide
optimal surface dose coverage. Deeper lesions are generally treated with higher energy
electron beams (9–16 MeV) or photon beams (4–6 MV) [19,45]. The photon beam has been
used widely for deeper lesions involving lacrimal glands, orbital soft tissue, muscles, or
for bulky mass that extends beyond the globe equator. Proton beam therapy (PBT) is a
valid option for the treatment of most ocular and periorbital malignancies (e.g., melanomas,
lymphomas, squamous cell carcinomas, rhabdomyosarcoma hemangioma, metastases of
solid tumors) with excellent control rates [45–49]. Compared with conventional photon
radiotherapy, PBT uses heavier subatomic particles to deliver energy with higher accuracy,
conformal treatment isodoses without dose fall-off and with less scattering to the healthy
surrounding tissues. Proton beams are generated by a cyclotron or synchrotron and then
accelerated to proper target energy [50,51]. The proton dose distribution that may be
achieved is generally superior to the dose distribution of conventional photon radiotherapy.
PBT may improve the survival rate of patients by improving the local tumor treatment rate,
sparing adjacent tissues and lowering collateral damage. Cirrone et al. performed a study
on 4 patients with orbital non-Hodgkin lymphoma ranging between 30 and 48 Gy [RBE],
with 4 fractions on 4 consecutive days [47]. Nonetheless, due to the high treatment costs for
facility building and maintenance, PBT is not very diffuse. Despite the consensus on the
primary role of radiotherapy, there is no universally accepted optimal radiation dose and
fractionation for patients with OOAL [27]. Historically, patients have received treatment
with conventional doses of 24–36 Gy with local control rates >95% and a minimum dose
required of 25 Gy [6,28,52,53] Le et al. found no differences in terms of distant progression-
free survival (dPFS) or local recurrence (LR) after EBRT in pts with ≤34 Gy compared with
higher doses; the only difference was the increase in local toxicities observed [53]. Bhatia
et al. [54] and Letschert et al. [55] treated low-grade with a median dose of 30 Gy and
intermediate to high-grade tumors with a median dose of 40 Gy.

6. Treatment Toxicity

Treatment-independent factors, especially in elderly patients, must be considered (i.e.,
diabetes, glaucoma, sicca syndrome, Sjögren syndrome) because they may influence cataract
development. Most patients experienced mild acute toxicities, such as skin erythema in the
periorbital area, conjunctival hyperemia, chemosis, swelling, and excessive tearing, during
or immediately after the radiotherapy course, which were mainly self-limited or responded
to a short course of lubricant gels or skin moisturizers. These symptoms generally resolve
in a few months after completion of radiotherapy [19,43]. Long-term toxicities include:
radiation-induced cataracts, persistent dry eyes, and iris neovascularization [56,57]. Serious
toxicities such as corneal or skin ulceration, telangiectasia, neovascular glaucoma, and
radiation retinopathy are extremely rare [58,59]. Radiation-related severe late side-effects
incidence increases when patients are treated with RT doses ≥35 Gy, resulting in consider-
able late toxic effects, including keratitis, severe dry eye syndrome, glaucoma, retinopathy,
and cataract formation [28,60,61]. Stafford et al. reported a 52% rate of acute complications
with doses ranging from 19 to 48 Gy [60]. Retinal toxicity may result in visual impairment,
which can significantly impact quality of life [62,63]. During treatment, shielding, such as a
contact lens under the eyelid, can lower the dose for healthy and sensible organs [53,64].



Cancers 2023, 15, 5782 8 of 15

7. Discussion

External beam radiation therapy (EBRT) has been considered the standard treatment
for low-grade, isolated OOALs for the past decades. Five-year local control rates with
radiotherapy alone in the treatment of OAL range from 89 to 100%, as reported by several
studies [6,16,21,31,42–44]. As previously mentioned, the pivotal role of radiotherapy as
a primary treatment remains undisputed, even if there is no unanimous consensus on
the ideal dose to use as a standard of treatment. In addition to the total dose and its
fractionation, there are various options also depending on the type of particles used in
the treatment (electrons, photons, protons) that can be considered, depending on multiple
factors (e.g., extension, infiltration, lesion depth, OARs, patient comorbidities, difficulty
in positioning, etc.). In our clinical experience, we treated eleven patients (mean age
59 years), and we found no significant differences in incidence related to the sex of patients
forming the sample (six women and five men). We used lens shielding in patients treated
with higher doses. We used both EBRT and PBT. Mean radiation dose administered was
35 Gy, ranging from 20 Gy to 39,6 Gy. Median follow-up was 9 years. Acute toxicity
was mild, requiring minimal intervention: 85% experienced dry eyes, G1 (treated with
eye lubricants), 70% acute blurred vision, and 15% cataracts, G2. OS, LR, and dPFS were
similar in patients treated with EBRT and PBT. Lens shielding reduced the incidence of lens
complications (only one patient showed Grade 3 toxicity). No cases of retinopathy or optic
nerve injury were reported. The five-year local control rate was 98% and only one patient
developed an out-of-field recurrence. Despite a relatively small sample, we confronted
our experience with studies and clinical investigations with at least a 1-year follow-up;
further details on included studies are shown in Table 4. Goda et al. endorsed the use
of lens shielding in the prevention of radio-induced cataracts [43]. Taking advantage of
the radiosensitivity of indolent OOAL, there has been a recent trend towards lowering
radiation doses obtaining promising results of local control rates with minimal toxicity [28].
Ultra-low-dose radiotherapy (ULDRT), also called “boom-boom therapy”, demonstrated
considerable overall response rates to doses of 4 Gy, administrated in 2 consecutive fractions
of 2 Gy [43,44] and can be safely applied in patients with autoimmune disease, such as
Sjögren syndrome [65]. Ganem et al. first reported, in a palliative setting, a ULDRT as
low as 4 Gy, administered in successive fractions of 2 Gy with a high response rate of
89% [66]. Subsequently, additional clinical studies showed an acceptable clinical schedule
of 4 Gy (2 Gy × 2 fractions) [20,63,67–72]. FoRT is a UK phase 3 multicentric, randomized,
non-inferiority trial performed on a population of 548 patients with histological diagnosis
of FL and MALT. In this trial, a conventional radiation scheme of 24 Gy in 12 fractions
was compared to ULDRT with 4 Gy in 2 fractions [73]. Despite high response rates and
without difference in overall survival in both arms, at a median follow-up of 22 months,
the local control rate in the group that received 4 Gy was inferior to that of the group
that received 24 Gy (80.4% vs 93.7%). These data are confirmed by König et al.’s [28]
double-arm study. Recently, Park et al. conducted a single-center prospective phase II
trial called FORMAL on fourteen patients diagnosed with stage I orbital MALToma using
LDRT of 4 Gy (2 Gy × 2 fractions). They strictly monitored clinical response, giving those
who did not achieve remission an additional irradiation with 24 Gy in 12 fractions [21].
Pinnix et al. [65] highlighted the importance of a correct follow-up timing in patients
treated ULDRT, before other therapeutical strategies (systemic and/or reirradiation). In
their series, four patients treated with ultra-low dose radiotherapy did not show CR at the
first follow-up visit (3–4 months after treatment), and it was only later around 10 months
that CR was achieved. More recently, Shelukar et al. [74] and de Castro et al. [75] confirmed
the safety, feasibility and high local and distant control of ULDRT. Treatment with ULDRT,
in patients not fit for “standard dose”, allows treatment even in patients burdened by
significant comorbidities or very elderly, allowing a better quality of life and local regional
control compared to observation alone. Another benefit is the possibility of re-treating or
adding further fractions, if during follow-up an incomplete response or disease recurrence
is found.
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Table 4. Study with radiotherapy as first-line treatment.

Clinical
Studies Year No.

Patients
Median

Age
Male/Female
Ratio (M/F) Histological Initial

Stage Treatment Rt Doses Gy
(mean)

Median
Follow Up

(Years)
OS LR DR CR

Stafford
et al. [60] 2001 48 68 (35–94) Unspecified

MALT (60%) CLL
(23%) DLBCL 4%

Other 13%

IEA (34),
IIEA (6)

IIIEA (2),
IVEA (6)

EBRT 15 Gy–53.8 Gy
(27.5 Gy) 5.4 100% 2% 12% 98%

Bhatia et al.
[54] 2002 47 69 (32–89) 18/29

FL 25,
MALT 8,

DLBCL 12,
Other 7

IAE EBRT

low-grade
tumors were

30 Gy (20–40.2);
intermediate–

high grade
40 Gy (30–51)

4.58 73.6% 2% 15% 100%

Uno et al.
[61] 2003 50 61 (31–83) 33/17 MALT 48 I (100%) EBRT 20–46 Gy

Mean 36 3.8 91% 2% 6% 39%/
76% (M/F)

Fung et al.
[6] 2003 98 82 (11–95) 42/56

MALT (57%)
Follicular (15%)

DLBCL (9%)
Other (12%)

I 65
III 5

IV 16

EBRT
Photons

e−
30.6 Gy 6.8 83% 2% 25% 96%

Cho et al.
[31] 2003 68 46 (7–89) 31/37

MALT 61,
DLBCL 2,

MCL 2,
other 3

I 51
II 8
III 4
IV 5

20–54 Gy 2.19 95% 12% 10% 68%

Goda et al.
[43] 2011 89 56 37/52 MALT 100% IE

Photons
93%

e− 3%

87 pts, 25 Gy
2pts, 36Gy 5.9 91%

7-y fu 9% 17% 99%

Fasola et al.
[42] 2013 20 70 (38–88) 10/10

FL 11
MALT 8
Other 1

IE 7
IIE 3
IIIE 1
IV 9

EBRT 4 Gy (2 Gy × 2) 2.16 100% 4% 0% 85%

Ohga et al.
[44] 2015 73 63 (22–90) 31/42 MALT 100% IE EBRT 30 Gy 3.8 100% 0% 18% 100%

Parikh et al.
[64] 2015 79 59 (21–89) 28/51 MALT 75%

Follicular (25%) IE EBRT 30.6 Gy 4.1 100% 0% 5.8% 100%
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Table 4. Cont.

Clinical
Studies Year No.

Patients
Median

Age
Male/Female
Ratio (M/F) Histological Initial

Stage Treatment Rt Doses Gy
(mean)

Median
Follow Up

(Years)
OS LR DR CR

Woolf et al.
[76] 2015 81 58.2 (22.6-

90.7) 37/44

MALT (88%)
Follicular (6%)

T-cell 1%
B-precursor

Lymphoblastic 1%

IE EBRT 30–35 Gy 4.4 100% 0% 5% 100%

König et al.
[28] 2016

CRT
45

64 years
(range

24–84 years)
16/27 MALT 51.9%

Follicular
Lymphoma 13.5%
immunocytomas
(9.6%), OTHER

B-cell lymphomas
(25.0%)

I 43
II 4
III 2
IV 1

N/D 2

CRT 36 Gy (range
26–46 Gy) 11

100% at
2 years

85.6% at
5 years

CRT
11.6%5-

yfu

CRT
10.1%
5-yfu

76.1%

LDRT
7

Median age
was

75 years
(range

59–79 years)

3/4 LDRT 4 Gy (2 Gy × 2) 2 100% 2 y 2-year
was 0%

31.40%-
2 year

Pinnix et al.
[65] 2017 22 64.5 (25–88) 12/10

MALT 64%;
follicular 23%;

MCL 9%;
Other 4%

IE 15
IV 7

EBRT
e− 8

Photons 14
(1 pts

systemic
therapy

with
rituximab)

4 Gy (2 Gy × 2) 1.17 100% 4.5% 0% 86.4%

Kharod et al.
[16] 2018 44 64 (10–88) 17/27 Unspecified IAE 75%

IIAE 25% EBRT
25.5 Gy
Mean

(15–27.5)
4.9 89% 2% 20% 89%

Niwa et al.
[77] 2020 81 66 (29–90) 42/39 MALT IE EBRT 30–36 Gy in

15–18 fractions 6.2 98.8% 0% 6.2% 69.1%

Xu et al.
[57] 2021 32 56 (32–83) 21/11 MALT IE

EBRT
(IMRT) +
electron

beam with
or without

lens-
sparing
method

A: 22 pz
20 Gy/10 Fr

EBRT+
14 Gy/7 Fr

Electron beam
using lens

shield
B: 10 pz

32 Gy/16 Fr or
34 Gy/17 Fr
without lens

shield

7 100% 0% 9.4% 90.6%
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Table 4. Cont.

Clinical
Studies Year No.

Patients
Median

Age
Male/Female
Ratio (M/F) Histological Initial

Stage Treatment Rt Doses Gy
(mean)

Median
Follow Up

(Years)
OS LR DR CR

Lee et al.
[78] 2021 8 58 (35–65) 3/5 MALT IE EBRT 4 Gy (2 Gy × 2) 3.6 100% 0% 0% 75%

Leeson et al.
[79] 2021 18 67 (44–87) 10/8 MALT IE

IIE

EBRT
(3D-CRT or

VMAT)

20–30 Gy with
1.5–2 Gy

fraction sizes
2.8 100% 0% 16% 100%

Park et al.
(2022) [21] 2022 14 60.5 7/7

1:1 MALT IE RT 4 Gy
additional 24 Gy 2.35 90.6% 9.4% 0% 64.7%

Shelukar
et al. [74] 2022 17 67 (24–80) 5/12

MALT 5
Other low-grade

FL 4
Marginal zone

lymphoma
3 MCL 1

I/II 16
III/IV 1 EBRT 4 Gy (2 Gy × 2) 3.25 100% 6% 18% 65%

de Castro
et al. [75] 2022 7 75 (49–86) unspecified

FL 3
MALT 2

Marginal zone 1
Low grade 1

I 4
II 2
IV 1

EBRT
CHT (1 pts 4 Gy (2 Gy × 2) 1.8 57% 0% 14% 71%

Note: all the abbreviations in Table 4 are listed below. MALT—mucosa-associated lymphoid tissue; DLBCL—diffuse large B-cell lymphoma; MCL—mantle cell lymphoma; CRT—
conventional radiotherapy, LDRT—low-dose radiotherapy; EBRT—external beam radiation therapy; VMAT—Volumetric modulated arc therapy; 3DCRT—three-dimensional conformal
radiation therapy electrons; OS—overall survival; LR—local recurrence; DR—distal recurrence; CR—complete response; CHT—chemotherapy.
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Limitations of the Study

Because of the relatively low incidence of these neoplasms, this study has potential
limitations. First, we performed a retrospective analysis of clinical records of a small sample:
eleven patients with different neoplasm sites (five eyelids, three conjunctiva, and three
lacrimal glands). Second, different treatment strategies and different dose prescriptions
were performed (EBRT, PBT); our intent was to report the various options that can be used
in clinical practice depending on the disease’s site, size and proximity to OARs. Third, no
bioptic assessment for C. psittaci infection was performed on our patients.

8. Conclusions

We have experienced a rising incidence of OOAL worldwide, and primary radiother-
apy of indolent lymphomas has shown a high response rate and optimal local control. There
is no unanimous consensus about standard fractioning or dose, even if the most accepted
is conventional radiation therapy (30 Gy) for localized disease with excellent local control
and combination chemotherapy or immunotherapy for disseminated disease. Furthermore,
ULDRT is a convenient and effective curative option for OOAL stage I–IIE, with high
response rates and durable local control in combination with close in-time follow-up with
the option of reirradiation in case of locoregional relapse. Nevertheless, further studies
with a larger population and long-term follow-up are needed to prove whether ULDRT
may also be considered in the curative setting with overlapping local control rates and
disease-free survival of CRT.
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39. Cvetković, R.S.; Perry, C.M. Rituximab: A Review of Its Use in Non-Hodgkin’s Lymphoma and Chronic Lymphocytic Leukaemia.
Drugs 2006, 66, 791–820. [CrossRef] [PubMed]

40. Esmaeli, B.; Murray, J.L.; Ahmadi, M.A.; Naderi, A.; Singh, S.; Romaguera, J.; White, C.A.; McLaughlin, P. Immunotherapy for
Low-Grade Non-Hodgkin Secondary Lymphoma of the Orbit. Arch. Ophthalmol. 2002, 120, 1225–1227.

41. Russo, A.L.; Chen, Y.-H.; Martin, N.E.; Vinjamoori, A.; Luthy, S.K.; Freedman, A.; Michaelson, E.M.; Silver, B.; Mauch, P.M.; Ng,
A.K. Low-Dose Involved-Field Radiation in the Treatment of Non-Hodgkin Lymphoma: Predictors of Response and Treatment
Failure. Int. J. Radiat. Oncol. Biol. Phys. 2013, 86, 121–127. [CrossRef] [PubMed]

42. Fasola, C.E.; Jones, J.C.; Huang, D.D.; Le, Q.-T.; Hoppe, R.T.; Donaldson, S.S. Low-Dose Radiation Therapy (2 Gy × 2) in the
Treatment of Orbital Lymphoma. Int. J. Radiat. Oncol. Biol. Phys. 2013, 86, 930–935. [CrossRef]

43. Goda, J.S.; Le, L.W.; Lapperriere, N.J.; Millar, B.-A.; Payne, D.; Gospodarowicz, M.K.; Wells, W.; Hodgson, D.C.; Sun, A.; Simpson,
R. Localized Orbital Mucosa-Associated Lymphoma Tissue Lymphoma Managed with Primary Radiation Therapy: Efficacy and
Toxicity. Int. J. Radiat. Oncol. Biol. Phys. 2011, 81, e659–e666. [CrossRef]

44. Ohga, S.; Nakamura, K.; Shioyama, Y.; Sasaki, T.; Yamaguchi, T.; Yoshitake, T.; Terashima, K.; Asai, K.; Matsumoto, K.; Honda, H.
Treatment Outcome of Radiotherapy for Localized Primary Ocular Adnexal MALT Lymphoma—Prognostic Effect of the AJCC
Tumor-Node-Metastasis Clinical Staging System. Anticancer Res. 2015, 35, 3591–3597.

45. Spatola, C.; Privitera, G. Clinical aspects and potential clinical applications of laser accelerated proton beams. In Proceedings of
the 2nd Elimed Workshop and Panel, Catania, Italy, 18–19 October 2012; AIP Publishing: Melville, NY, USA, 2013; Volume 1546,
pp. 108–111.

46. Regmi, R.; Maes, D.; Nevitt, A.; Toltz, A.; Leuro, E.; Chen, J.; Halasz, L.; Rengan, R.; Bloch, C.; Saini, J. Treatment of Ocular Tumors
through a Novel Applicator on a Conventional Proton Pencil Beam Scanning Beamline. Sci. Rep. 2022, 12, 4648. [CrossRef]
[PubMed]

47. Cirrone, G.A.P.; Cuttone, G.; Raffaele, L.; Salamone, V.; Avitabile, T.; Privitera, G.; Spatola, C.; Amico, A.G.; Larosa, G.; Leanza,
R.; et al. Clinical and Research Activities at the CATANA Facility of INFN-LNS: From the Conventional Hadrontherapy to the
Laser-Driven Approach. Front. Oncol. 2017, 7, 223. [CrossRef] [PubMed]

48. Spatola, C.; Liardo, R.L.E.; Milazzotto, R.; Raffaele, L.; Salamone, V.; Basile, A.; Foti, P.V.; Palmucci, S.; Cirrone, G.A.P.; Cuttone,
G.; et al. Radiotherapy of Conjunctival Melanoma: Role and Challenges of Brachytherapy, Photon-Beam and Protontherapy. Appl.
Sci. 2020, 10, 9071. [CrossRef]

49. Milazzotto, R.; Liardo, R.L.E.; Privitera, G.; Raffaele, L.; Salamone, V.; Arena, F.; Pergolizzi, S.; Cuttone, G.; Cirrone, G.A.P.; Russo,
A.; et al. Proton Beam Radiotherapy of Locally Advanced or Recurrent Conjunctival Squamous Cell Carcinoma: Experience of
the CATANA Centre. J. Radiother. Pr. 2022, 21, 97–104. [CrossRef]

50. Tian, X.; Liu, K.; Hou, Y.; Cheng, J.; Zhang, J. The Evolution of Proton Beam Therapy: Current and Future Status (Review). Mol.
Clin. Oncol. 2017, 8, 15–21. [CrossRef] [PubMed]

51. Tocco, A. Porocarcinoma Of The Eyelid Treated With Proton Beam Radiotherapy: Case Report And Literature Review. Acta
Medica Mediterr. 2018, 709–712. [CrossRef]

52. Bolek, T.W.; Moyses, H.M.; Marcus, R.B.; Gorden, L.; Maiese, R.L.; Almasri, N.M.; Mendenhall, N.P. Radiotherapy in the
Management of Orbital Lymphoma. Int. J. Radiat. Oncol. Biol. Phys. 1999, 44, 31–36. [CrossRef]

53. Le, Q.T.; Eulau, S.M.; George, T.I.; Hildebrand, R.; Warnke, R.A.; Donaldson, S.S.; Hoppe, R.T. Primary Radiotherapy for Localized
Orbital MALT Lymphoma. Int. J. Radiat. Oncol. Biol. Phys. 2002, 52, 657–663. [CrossRef]

54. Bhatia, S.; Paulino, A.C.; Buatti, J.M.; Mayr, N.A.; Wen, B.-C. Curative Radiotherapy for Primary Orbital Lymphoma. Int. J. Radiat.
Oncol. Biol. Phys. 2002, 54, 818–823. [CrossRef] [PubMed]

55. Letschert, J.G.; González González, D.; Oskam, J.; Koornneef, L.; van Dijk, J.D.; Boukes, R.; Bras, J.; van Heerde, P.; Bartelink, H.
Results of Radiotherapy in Patients with Stage I Orbital Non-Hodgkin’s Lymphoma. Radiother. Oncol. 1991, 22, 36–44. [CrossRef]
[PubMed]

56. Kim, S.E.; Yang, H.J.; Yang, S.-W. Effects of Radiation Therapy on the Meibomian Glands and Dry Eye in Patients with Ocular
Adnexal Mucosa-Associated Lymphoid Tissue Lymphoma. BMC Ophthalmol. 2020, 20, 24. [CrossRef] [PubMed]

57. Xu, L.; Tang, X.; Jiang, N.; Zhang, S.; Cao, Y.; Sun, X. Radiation Therapy Efficacy and Toxicity for Orbital and Ocular Adnexal
Mucosa-Associated Lymphoid Tissue (OAMALT): A Single-Center, Retrospective Study of 32 Cases. CMAR 2021, 13, 8017–8024.
[CrossRef]

58. Ferrufino-Ponce, Z.K.; Henderson, B.A. Radiotherapy and Cataract Formation. Semin. Ophthalmol. 2006, 21, 171–180. [CrossRef]
59. Ainsbury, E.A.; Bouffler, S.D.; Dörr, W.; Graw, J.; Muirhead, C.R.; Edwards, A.A.; Cooper, J. Radiation Cataractogenesis: A Review

of Recent Studies. Radiat. Res. 2009, 172, 1–9. [CrossRef] [PubMed]
60. Stafford, S.L.; Kozelsky, T.F.; Garrity, J.A.; Kurtin, P.J.; Leavitt, J.A.; Martenson, J.A.; Habermann, T.M. Orbital Lymphoma:

Radiotherapy Outcome and Complications. Radiother. Oncol. 2001, 59, 139–144. [CrossRef]

https://doi.org/10.1002/pbc.23224
https://doi.org/10.1016/j.leukres.2011.01.030
https://www.ncbi.nlm.nih.gov/pubmed/21334067
https://doi.org/10.2165/00003495-200666060-00005
https://www.ncbi.nlm.nih.gov/pubmed/16706552
https://doi.org/10.1016/j.ijrobp.2012.12.024
https://www.ncbi.nlm.nih.gov/pubmed/23414765
https://doi.org/10.1016/j.ijrobp.2013.04.035
https://doi.org/10.1016/j.ijrobp.2011.03.050
https://doi.org/10.1038/s41598-022-08440-5
https://www.ncbi.nlm.nih.gov/pubmed/35301371
https://doi.org/10.3389/fonc.2017.00223
https://www.ncbi.nlm.nih.gov/pubmed/28971066
https://doi.org/10.3390/app10249071
https://doi.org/10.1017/S1460396920000953
https://doi.org/10.3892/mco.2017.1499
https://www.ncbi.nlm.nih.gov/pubmed/29399346
https://doi.org/10.19193/0393-6384_2018_3_109
https://doi.org/10.1016/S0360-3016(98)00535-5
https://doi.org/10.1016/S0360-3016(01)02729-8
https://doi.org/10.1016/S0360-3016(02)02966-8
https://www.ncbi.nlm.nih.gov/pubmed/12377334
https://doi.org/10.1016/0167-8140(91)90067-Q
https://www.ncbi.nlm.nih.gov/pubmed/1947211
https://doi.org/10.1186/s12886-019-1301-0
https://www.ncbi.nlm.nih.gov/pubmed/31931766
https://doi.org/10.2147/CMAR.S334396
https://doi.org/10.1080/08820530500351728
https://doi.org/10.1667/RR1688.1
https://www.ncbi.nlm.nih.gov/pubmed/19580502
https://doi.org/10.1016/S0167-8140(00)00328-5


Cancers 2023, 15, 5782 15 of 15

61. Uno, T.; Isobe, K.; Shikama, N.; Nishikawa, A.; Oguchi, M.; Ueno, N.; Itami, J.; Ohnishi, H.; Mikata, A.; Ito, H. Radiotherapy
for Extranodal, Marginal Zone, B-cell Lymphoma of Mucosa-associated Lymphoid Tissue Originating in the Ocular Adnexa: A
Multiinstitutional, Retrospective Review of 50 Patients. Cancer 2003, 98, 865–871. [CrossRef]

62. Pfeffer, M.R.; Rabin, T.; Tsvang, L.; Goffman, J.; Rosen, N.; Symon, Z. Orbital Lymphoma: Is It Necessary to Treat the Entire Orbit?
Int. J. Radiat. Oncol. Biol. Phys. 2004, 60, 527–530. [CrossRef]

63. Luthy, S.K.; Ng, A.K.; Silver, B.; Degnan, K.O.; Fisher, D.C.; Freedman, A.S.; Mauch, P.M. Response to Low-Dose Involved-Field
Radiotherapy in Patients with Non-Hodgkin’s Lymphoma. Ann. Oncol. 2008, 19, 2043–2047. [CrossRef]

64. Parikh, R.R.; Moskowitz, B.K.; Maher, E.; Della Rocca, D.; Della Rocca, R.; Culliney, B.; Shapira, I.; Grossbard, M.L.; Harrison, L.B.;
Hu, K. Long-Term Outcomes and Patterns of Failure in Orbital Lymphoma Treated with Primary Radiotherapy. Leuk. Lymphoma
2015, 56, 1266–1270. [CrossRef]

65. Pinnix, C.C.; Dabaja, B.S.; Milgrom, S.A.; Smith, G.L.; Abou, Z.; Nastoupil, L.; Romaguera, J.; Turturro, F.; Fowler, N.; Fayad,
L.; et al. Ultra-Low-Dose Radiotherapy for Definitive Management of Ocular Adnexal B-Cell Lymphoma. Head Neck 2017, 39,
1095–1100. [CrossRef]

66. Ganem, G.; Lambin, P.; Socié, G.; Girinsky, T.; Bosq, J.; Pico, J.L.; Solal-Céligny, P.; Cosset, J.M. Potential Role for Low Dose
Limited-Field Radiation Therapy (2 × 2 Grays) in Advanced Low-Grade Non-Hodgkin’s Lymphomas. Hematol. Oncol. 1994, 12,
1–8. [CrossRef] [PubMed]

67. Chan, E.K.; Fung, S.; Gospodarowicz, M.; Hodgson, D.; Wells, W.; Sun, A.; Pintile, M.; Tsang, R.W. Palliation by Low-Dose Local
Radiation Therapy for Indolent Non-Hodgkin Lymphoma. Int. J. Radiat. Oncol. Biol. Phys. 2011, 81, e781–e786. [CrossRef]
[PubMed]

68. Sawyer, E.J.; Timothy, A.R. Low Dose Palliative Radiotherapy in Low Grade Non-Hodgkin’s Lymphoma. Radiother. Oncol. 1997,
42, 49–51. [CrossRef] [PubMed]

69. Haas, R.L.M.; Poortmans, P.; de Jong, D.; Aleman, B.M.P.; Dewit, L.G.H.; Verheij, M.; Hart, A.A.M.; van Oers, M.H.J.; van der
Hulst, M.; Baars, J.W.; et al. High Response Rates and Lasting Remissions after Low-Dose Involved Field Radiotherapy in
Indolent Lymphomas. J. Clin. Oncol. 2003, 21, 2474–2480. [CrossRef] [PubMed]

70. Haas, R.L.M.; Poortmans, P.; de Jong, D.; Verheij, M.; van der Hulst, M.; de Boer, J.P.; Bartelink, H. Effective Palliation by Low
Dose Local Radiotherapy for Recurrent and/or Chemotherapy Refractory Non-Follicular Lymphoma Patients. Eur. J. Cancer 2005,
41, 1724–1730. [CrossRef]

71. Shirota, N.; Nakayama, H.; Shiraishi, S.; Usui, Y.; Kimura, K.; Sanada, T.; Kennoki, N.; Okubo, M.; Goto, H.; Tokuuye, K. Target
Volume Dose and Clinical Outcome in Radiotherapy for Primary Marginal Zone Lymphoma of the Ocular Adnexa. Mol. Clin.
Oncol. 2017, 6, 833–838. [CrossRef] [PubMed]

72. Harada, K.; Murakami, N.; Kitaguchi, M.; Sekii, S.; Takahashi, K.; Yoshio, K.; Inaba, K.; Morota, M.; Ito, Y.; Sumi, M.; et al.
Localized Ocular Adnexal Mucosa-Associated Lymphoid Tissue Lymphoma Treated with Radiation Therapy: A Long-Term
Outcome in 86 Patients with 104 Treated Eyes. Int. J. Radiat. Oncol. Biol. Phys. 2014, 88, 650–654. [CrossRef]

73. Hoskin, P.; Popova, B.; Schofield, O.; Brammer, C.; Robinson, M.; Brunt, A.M.; Madhavan, K.; Illidge, T.; Gallop-Evans, E.;
Syndikus, I.; et al. 4 Gy versus 24 Gy Radiotherapy for Follicular and Marginal Zone Lymphoma (FoRT): Long-Term Follow-up of
a Multicentre, Randomised, Phase 3, Non-Inferiority Trial. Lancet Oncol. 2021, 22, 332–340. [CrossRef]

74. Shelukar, S.; Fernandez, C.; Bas, Z.; Komarnicky, L.; Lally, S.E.; Shields, C.L.; Binder, A.; Porcu, P.; Alpdogan, O.; Martinez-
Outschoorn, U. High Local Control and Low Ocular Toxicity Using Ultra-Low-Dose “Boom-Boom” Radiotherapy for Indolent
Orbital Lymphoma. Chin. Clin. Oncol. 2022, 11, 44. [CrossRef]

75. de Castro, B.; Peixeiro, R.P.; Mariz, J.M.; Oliveira, Â. Ultra-Low Dose Radiotherapy in the Management of Low-Grade Orbital
Lymphomas. Rep. Pr. Oncol. Radiother. 2022, 27, 467–473. [CrossRef] [PubMed]

76. Woolf, D.K.; Kuhan, H.; Shoffren, O.; Akinnawo, E.M.; Sivagurunathan, B.; Boyce, H.; Plowman, P.N. Outcomes of Primary
Lymphoma of the Ocular Adnexa (Orbital Lymphoma) Treated with Radiotherapy. Clin. Oncol. 2015, 27, 153–159. [CrossRef]
[PubMed]

77. Niwa, M.; Ishikura, S.; Tatekawa, K.; Takama, N.; Miyakawa, A.; Kubota, T.; Kato, E.; Shibamoto, Y. Radiotherapy Alone for Stage
IE Ocular Adnexal Mucosa-Associated Lymphoid Tissue Lymphomas: Long-Term Results. Radiat. Oncol. 2020, 15, 25. [CrossRef]
[PubMed]

78. Lee, M.J.; Lee, M.Y.; Choe, J.-Y.; Choi, S.H.; Kim, H.J. Ultra-Low-Dose Radiation Treatment for Early-Stage Ocular Adnexal MALT
Lymphoma. Eur. J. Ophthalmol. 2022, 32, 3092–3096. [CrossRef]

79. Leeson, S.; Jayamohan, J.; Vu, H.; Sundaresan, P. Examining the Utility of Lower Dose Radiotherapy for Localised Primary Ocular
Adnexal MALT Lymphoma. J. Med. Radiat. Sci. 2021, 68, 269–273. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1002/cncr.11539
https://doi.org/10.1016/j.ijrobp.2004.03.039
https://doi.org/10.1093/annonc/mdn529
https://doi.org/10.3109/10428194.2014.979415
https://doi.org/10.1002/hed.24717
https://doi.org/10.1002/hon.2900120102
https://www.ncbi.nlm.nih.gov/pubmed/8194839
https://doi.org/10.1016/j.ijrobp.2010.10.013
https://www.ncbi.nlm.nih.gov/pubmed/21167657
https://doi.org/10.1016/S0167-8140(96)01854-3
https://www.ncbi.nlm.nih.gov/pubmed/9132826
https://doi.org/10.1200/JCO.2003.09.542
https://www.ncbi.nlm.nih.gov/pubmed/12829665
https://doi.org/10.1016/j.ejca.2005.04.033
https://doi.org/10.3892/mco.2017.1241
https://www.ncbi.nlm.nih.gov/pubmed/28588773
https://doi.org/10.1016/j.ijrobp.2013.11.235
https://doi.org/10.1016/S1470-2045(20)30686-0
https://doi.org/10.21037/cco-22-84
https://doi.org/10.5603/RPOR.a2022.0044
https://www.ncbi.nlm.nih.gov/pubmed/36186691
https://doi.org/10.1016/j.clon.2014.10.002
https://www.ncbi.nlm.nih.gov/pubmed/25455843
https://doi.org/10.1186/s13014-020-1477-8
https://www.ncbi.nlm.nih.gov/pubmed/32000814
https://doi.org/10.1177/11206721211035622
https://doi.org/10.1002/jmrs.464

	Introduction 
	Materials and Methods 
	Clinical Presentation 
	Diagnosis and Staging 
	Treatment Options 
	Non-Radiotherapy Treatment Options 
	Radiotherapy Treatment Options 

	Treatment Toxicity 
	Discussion 
	Conclusions 
	References

