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Long-term outcomes and prognostic factors =
of eye-preserving treatment with particle
beam radiotherapy for orbital malignancies
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Abstract

Background This retrospective study report the clinical experience of eye-preserving treatment follow by particle
beam radiotherapy (IMPT or CIRT) for orbital malignancies. And to evaluate prognostic factors for orbital and lacrimal
gland tumors.

Methods Sixty-two patients with orbital malignancies were identified in the records of a single center between 2015
and 2021. Sixty-one patients met inclusion criteria. All of the patients received eye-preserving treatment before PBRT.
Majority of the patients (91.8%) were treatment with CIRT. Clinical data, treatment modality, local control, metastases
and survivals and visual outcomes, as well as associated prognostic indicators were were assessed.

Results Sixty-one patients were followed with a median of 40.7 months (44.3 months for surviving patients). The 3-
and 5-year DSS and LC rates were 88.1% and 69.9%, and the 3- and 5-year DMC rates were 77.5% and 74.2% for entire
orbital malignancies. For lacrimal gland carcinoma, the 5-year DSS, LC, DMC, and PFS rates were 83.3%, 64.8%, 66.8%,
and 53.4%. Tumor size, T stage, extraorbital invasion, and bone invasion influenced survivals. No grade 3 or higher
acute toxicities were observed. A total of 8 patients experienced grade 3-4 visual impairment.

Conclusions Particle radiotherapy following eye-preserving treatment provided a favorable local control and
survivals with moderate acute and late toxicities, even in patients with unresectable disease. Particle radiotherapy was
a promising strategy for management of orbital tumors.

Keywords Orbital tumors, Lacrimal gland tumors, Proton beam radiation, Carbon ion beam radiation, Eye-preserving,
Survival
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Background

Primary malignant orbital tumors are rare and histologi-
cally diverse due to the orbit’s complex anatomy, which
include the globe, muscles, adipose tissue, blood vessels,
lymphatics, and nerves. Lymphoma is the most common
type. Lacrimal gland malignancies account for approxi-
mately 20% of orbital tumors, with adenoid cystic carci-
noma (ACC) being the most prevalent subtype [1].

The management is challenging due to the critical
structures and the limited space within the orbit, which
complicates achieving both tumor control and vision
preservation. Eye-sparing surgery (ESS) combined with
adjuvant radiotherapy has become as the standard treat-
ment approach, offering survival outcomes comparable
to orbital exenteration (OE) [2—4].

Proton and heavy ion radiotherapy, leveraging the
Bragg peak effect, allow precise tumor targeting while
minimizing damage to normal tissues [5, 6]. Further-
more, carbon ions, as high-linear energy transfer (LET)
radiation, possess greater biological efficacy compared
to photons or protons [7—10], making them particularly
effective in treating radioresistant tumors such as ade-
noid cystic carcinoma, malignant melanoma, and sarco-
mas. Particle radiotherapy (PBRT) has been increasingly
used in head and neck malignancies [11].

This study reports updated results on the long-term
efficacy and safety of proton beam (PBT) and carbon ion
radiotherapy (CIRT) for malignant orbital tumors, ana-
lyzing prognostic factors for local control (LC), distant
metastasis control (DMC), and disease-specific survival
(DSS).

Methods

From November 2015 to November 2021, data from 62
consecutive patients with non-metastatic orbital malig-
nancies were retrospectively reviewed. Excluding one
patient whose pathological diagnosis changed mid-treat-
ment. In our cohort, 4 patients underwent biopsy prior
to particle radiotherapy, while the remaining 57 patients
received eye-preserving surgery before particle radio-
therapy. The study received approval from the Institu-
tional Review Board (IRB) of our center. Prior to PBRT,
all patients underwent a comprehensive assessment and
imaging (MRI or CT) of the orbital region, with staging
according to the AJCC 8th edition.

Patients were immobilized in a supine position using
a dual-component polyurethane foam and head-neck-
shoulder thermoplastic mask. Planning CT scan without
contrast. MRI-CT fusion imaging guided target con-
touring. The gross tumor volume (GTV-p) was defined
from imaging, with a 1-3 mm margin (dependent on
OARs) added to create the high-risk clinical target vol-
ume (CTV-HR). The intermediate-risk CTV (CTV-IR)
encompassed the tumor bed with a 1-3 mm margin and
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operative bed for cases with R1 or close surgical mar-
gins. The low-risk CTV (CTV-LR) included the orbital
wall region within 1-1.5 cm of the primary tumor or its
resection bed, and the periosteum. Orbital apex, supe-
rior and inferior orbital fissures, and foramen rotundum
also included in CTV-LR in ACC, SCC, adenocarci-
noma cases. Unless the cavernous sinus is involved, it is
not routinely irradiated. All patients were treated using
PTV-based planning, with a uniform expansion of 0.3 cm
applied to the GTV/CTV to generate the planning tar-
get volume (PTV-G/PTV-C). Multiple-field optimiza-
tion was employed for each plan. The PBRT dose was
expressed in Gy-equivalents (GyE). Both intensity-mod-
ulated proton therapy (IMPT) and CIRT were delivered
using pencil beam scanning (PBS) technology. All plan-
ning was optimized using the SyngoRT (V13B, Siemens,
Germany) treatment planning system (TPS), and CIRT
planning utilizes the Local Effect Model I (LEM I) for cal-
culating the variable RBE of carbon ion beams.

DSS was defined as the time from diagnosis to death
from disease or the last follow-up. LC and DMC were
calculated from the date of diagnosis to recurrence or
metastasis. Acute toxicities occurred within 90 days of
PBRT initiation and late toxicities arose after 3 months.
Survival curves were generated using the Kaplan-Meier
method, and differences assessed with log-rank tests.
Prognostic factors were evaluated through univariate
and multivariate Cox regression analyses. All statistical
analyses were performed using SPSS (Version 26.0) and
R (Version 3.4.2).

Results

Characteristics of patients

Between 11/2015 and 11/2021, 61 eligible patients were
treated at SPHIC. All patients underwent ESS or biopsy
before PBRT. The median follow-up of all cohort was 40.7
months (range 7.7-91.8), and 44.3 months (range 11.6—
91.8) for surviving patients.

Of the entire cohort, 36 patients (59%) had lacrimal
malignancies. The median tumor diameter was 3 cm,
and 82% had primary disease. macroscopic tumors were
detected in 39 patients (63.9%) before PBRT.

ACC was the most common histology (28 patients,
45.9%) in lacrimal tumors, with 72.2% presenting with
T2-stage disease. macroscopic tumors were detected
in 23 patients (63.9%). In 7 patients (19.4%), the tumors
extended beyond the orbit. Bone involvement in 44.4%
of patients. Perineural invasion (PNI) occurred in 26
patients (72.2%). Detailed characteristics are summarized
in Table 1.

Particle radiotherapy modalities
In patients receiving PBRT, 91.8% were received CIRT
alone, using 63-73.5 GyE in 18-22 fractions for primary
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Table 1 Characteristics of patients
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characteristic

No. of patients (%)

Median age (orbital tumor, range)
Median age (lacrimal tumor, range)
Sex (orbital tumor, n=61)
Male
Female
Sex (lacrimal tumor, n=36)
Male
Female
Tumor site
Lacrimal gland
Lacrimal sac
Inside orbit
Tumor histology (orbital tumor, n=61)
Adenoid cystic carcinoma
Adenocarcinoma
Sarcoma
Chondrosarcoma
Squamous cells carcinoma
Myoepithelial carcinoma
Undifferentiated carcinoma
Melanoma
Mucoepidermoid carcinoma
Tumor histology (lacrimal tumor, n=36)
Adenoid cystic carcinoma
Adenocarcinoma
Myoepithelial carcinoma
T category (lacrimal tumor, n=36)
T
T2
T3
T4
Median Tumor diameter
(orbital tumor range, cm)
Median Tumor diameter
(lacrimal tumor range, cm)
Extension beyond orbit (orbital tumor, n=61)
Yes
No

Extension beyond orbit (lacrimal tumor, n=36)

Yes
No

Bone involvement (lacrimal tumor, n=236)
No
Yes
Unknow

Perineural invasion (lacrimal tumor, n=36)
Yes
No
Unknow

Tumor status (orbital tumor, n=61)
Primary
Recurrence

Tumor status (lacrimal tumor, n=36)
Primary

35 (14-74)
35(16-74)

33 (54.1)
28 (45.9)

3(83)
26(72.2)
(5.6)
13.9)

2
5
3(1.1-75)

(
(

3(1.2-4.3)
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Table 1 (continued)
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characteristic

No. of patients (%)

Recurrence
Radiation course (orbital tumor, n=61)
First course
Re-irradiation
Radiation course (lacrimal tumor, n=36)
First course
Re-irradiation
Margin status (orbital tumor, n=61)
RO
R1/close margin
R2/biopsy
Margin status (lacrimal tumor, n=36)
RO
R1/close margin
R2/biopsy
Radiotherapy technique (orbital tumor, n=61)
Proton
Carbon lon
Proton & Carbon
Concurrent chemotherapy (orbital tumor)
Yes
No

6(16.7)

58(95.1)

or residual tumors and 54-60 GyYE in 18-20 fractions
for low-risk regions. Four patients received both IMPT
and CIRT, with IMPT 56 GyE in 28 fractions to low-risk
regions followed by a 15 GyE CIRT boost in 3 fractions
for gross tumors. One patient who achieved RO resection
received IMPT alone (56 GyE in 28 fractions). Elective
nodal irradiation was not performed. Figure 1 illustrates
the target delineation for ACC.

Survival outcomes and prognostic factors
For the entire group, the 3- and 5-year DSS rates were
88.1%, LC rates were 69.9%, DMC rates were 77.5%, and
74.2%, and PFS rates were 58.1% and 55.2%, respectively
(Fig. 2). The tumor size was a critical prognostic factor.
Tumors>4 cm was associated with poorer DSS, DMC
rates, but not LC rate (Fig. 3AB, Table 2). Extraorbital
extension significantly associated with worse DSS in uni-
variate analysis and a higher risk of DM in multivariate
analysis (Fig. 3C; Table 2). Patients with recurrent disease
and those undergoing re-irradiation had lower 5-year
DSS (Fig. 3D). Multivariate analysis (Table 2) identified
melanoma patients, elderly, and females had a higher DM
risk, while intraorbital malignancies had a lower PES rate.
A subgroup analysis of patients with lacrimal tumors
showed 5-year DSS, LC, DMC, and PES rates of 83.3%,
64.8%, 66.8%, and 53.4%, respectively (Fig. 4). ACC,
the most common type (72.2%), with 5-year DSS, LC,
DMC, PES rates were 89.3%, 60.1%, 66.3%, 52.9%. Uni-
variate analysis indicated worse DSS in adenocarcinoma

patients, but this requires further validation due to the
small sample size. Patients with T1/T2 disease had sig-
nificantly better outcomes. However, LC rates between
early and advanced stages were not significantly dif-
ferent (5-year LC rates: 67% vs. 56.3%) (Fig. 5A-D).
Tumors>3 cm had a higher risk of metastasis and pro-
gression. When tumors>4 cm not only showed worse
DSS and DMC, but also a lower LC rate(Fig. 5E-H). Mul-
tivariate analysis confirmed that larger tumors were asso-
ciated with a higher rate of disease progression (Table 3).
Bone involvement was also a negative prognostic factor
associated with lower LC, DMC, and PFS rates in both
univariate and multivariate analyses, although DSS was
not significantly affected (Fig. 5I-L; Table 3). Extraor-
bital extension was correlated to worse DSS, DMC, and
PFES, though LC rate was unaffected (Fig. 5M-P). PNI was
observed in 72.2% of patients, with those without PNI
showing worse DSS, although LC, DMC and PES rates
was unaffected. Given that the 4 patients without PNI
had other poor prognostic factors (2 had bone invasion
and 2 had T4-stage disease), this finding may be subject
to bias. Additionally, Recurrent disease was associated
with lower 5-year DSS and DMC rates.

Patterns of failure

Sisteen patients (26.2%) experienced local recurrence,
with 6 also presenting DM, and 10 were single relapse.
Seven recurrences occurred within the CTV-HR, three
at the margin of the GTV or tumor bed or within the
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Fig. 1 For patients with R2 resection or biopsy, the CTV-HR (yellow line) encompassed GTV (red line) with a margin. For R1 or close margin cases, the
tumor bed (pink line) and operative bed were included in the CTV-IR (blue line). For RO cases, only CTV-LR (green line) was treated. Unless the cavernous
sinus is involved, it is not routinely irradiated

CTV-IR. Of the 6 local recurrence outside the CTV, most
involved inferior or medial orbital wall, or the orbital
parietal bone, with none in the cavernous sinus.

A total of 13 patients experienced DM, the most com-
mon site was lung (4 patients), followed by skeletal (3
patients), brain (2 patients), parotid gland (2 patients),
liver (1 patient), cerebral falx (1 patient), Frontal menin-
ges (1 patient). No patients experienced regional lymph
node recurrence.

Toxicity

Acute and late toxicities were detailed in Table 4. Nor-
mal function of the contralateral eye was preserved in
all patients. No grade 3 or higher acute toxicities were
observed, with most patients developing grade 1 tox-
icities. Two patients experienced grade 2 conjunctival
congestion, which fully resolved within a month post-
treatment. Late toxicities were observed in 24 patients
including two cases of cataracts (1 grade 1, 1 grade
2), two cases of grade 3 glaucoma, and three cases of

retinopathy (2 grade 2, 1 grade 3). Three patients devel-
oped brain injury one year post-treatment.

Regarding visual status. Three patients developed grade
1 visual impairment during acute phase. Two of these
patients received CIRT (63GyE/18Fx and 70GyE/20Fx).
One maintained grade 1 decreased vision at last follow-
up of 6 years, while the other progressed to grade 3 two
years post-treatment. The third patient, re-irradiation
with CIRT (70GyE/20Fx) experienced worsening vision
and eventually vision loss 4 months post-treatment. In
the late phase, 13 patients experienced vision decline.
Five patients had grade 1-2 deceased vision, while 8
had grade 3 or 4 (CIRT dose of 60-70GyE/18-20Fx). The
median time to serve decreased vision (grade 3/4) was
11.5 months (4—24 months).

Discussion

Our retrospective study analyzed 61 patients with malig-
nant orbital tumors treated with ESS or biopsy followed
by PBRT. With a median follow-up of 40.7 months (44.3
months for surviving patients), the 3- and 5-year DSS and
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(A) Disease-specific survival
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(B) Progression-free survival
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Fig. 2 The survival curves of DSS (A), PFS (B), LC (C), and DMC (D) rates for the orbital malignancies

LC rates were 88.1% and 69.9%, respectively, and the 3-
and 5-year DMC rates were 77.5% and 74.2%. For lacri-
mal gland carcinoma, the 5-year DSS, LC, DMC, and PES
rates were 83.3%, 64.8%, 66.8%, and 53.4%. Tumor size, T
stage, extraorbital invasion, and bone invasion influenced
survival, as detailed in the following sections.

A multidisciplinary approach involving ESS and post-
operative radiotherapy is gaining favor for malignant
orbital tumors [2—4, 12—15]. In 2019, studies by Jie Yang
etal. [16] and HungJY et al. [17] on lacrimal ACC treated
with photon radiotherapy after ESS reported a 5-year LC

rate of 20%, with 50-70% local recurrence. PBRT, with
its superior dose distribution and biological effective-
ness, has since been increasingly adopted. For patients
with biopsy or residual disease, higher doses can enhance
local control. Paul Lesueur et al. [18] reported 5-year OS
and LC rates of 78% and 60% for PBT, exceeding photon
therapy outcomes.

Carbon ion radiation (CIRT) offers superior dose dis-
tribution and higher biological efficacy, though reports
on its use for malignant orbital tumors are limited.
In 2019, we reported early outcomes, and this study
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Table 2 Prognostic factors of orbital malignancies (multivariate analysis)

Factors Disease specific Local control Distance metastasis Progression-free
survival control survival
N p OR p OR p OR p OR

Age

<35 30 Reference Reference Reference Reference

>35 31 0.942 15.26 0.639 0.77 0.056 4936 0.339 1.552
Gender

Male 33 Reference Reference Reference Reference

Female 28 0.94 23.56 0.274 1.875 0.008 21.064 0.092 2.356
Tumor site

Lacrimal gland 36 Reference Reference Reference Reference

Lacrimal sac 10 0.987 0 0438 0526 0.06 0.1 0.282 0.509

Inside orbit 15 0.839 1.546 0.088 0.149 097 0.029 0.153
Tumor histology

Epithelial 46 Reference Reference Reference Reference

Sarcoma 14 0.969 0 0.139 4.0 0.973 0 0.547 1.58

Melanoma 1 0.999 30.51 0.989 0 0.021 83.51 0.2222 5.01
Tumor status

Primary 50 Reference Reference Reference Reference

Recurrence 11 0.283 9.542 0.832 0.795 0.489 0.445 0.6647 0.694
Radiation course

First course 58 Reference Reference Reference Reference

Re-irradiation 3 0.712 0476 0.531 2.543 0.878 0.783 0.343 2.946
Margin status

RO+R1/close margin 22 Reference Reference Reference Reference

R2/biopsy 39 0.86 0.737 0.141 2.861 0.734 0.776 0.585 11.342
Median Tumor diameter*

<4cm 49 Reference Reference Reference Reference

>4cm 11 0.048 28.01 0.161 2.768 0.001 25.4406 0.041 3532
Extension beyond orbit

No 48 Reference Reference Reference Reference

Yes 13 0.946 6191 0.56 1.598 0.046 9.744 0.187 2319

* One patient primary tumor diameter was unknow

extends the follow-up to a median of 40.7 months [19].
The 3- and 5-year DSS rates were 88.1%, while the LC
rates were 69.9%. DMC rates were 77.5% and 74.2%, with
PES rates of 58.1% and 55.2%, respectively. For patients
without macroscopic tumor disease (36.1%), the 5-year
LC and DSS rates were 82.9% and 86.1%. Patients with
macroscopic tumors (63.9%) received high-dose radio-
therapy (CIRT of 70-72 GyE/18-20 fractions or IMPT
56 GyE/28 fractions combined with CIRT 15 GyE/5
fractions), with 5-year LC and DSS rates of 64.1% and
71.8%. However, both univariate and multivariate analy-
ses showed the presence of macroscopic tumors did
not a significant prognostic factor for survivals. There-
fore, high-dose PBRT may contribute to disease control.
Tumor size>4 cm increased DM incidence and reduced
DSS rates, however there was no significant impact on
LC rates. These findings may underscore adequate dos-
ing to the macroscopic tumor is critical for local control.
In univariate analysis, extraorbital invasion decreased
5-year DSS rates (61.9% vs. 97.7%), but no significant

differences in LC or DM rates, and multivariate analysis
also showed a significantly increased risk of DM, which
may partially explain the lower DSS rate. In a retrospec-
tive study, Randa Tao et al. [20] included multiple types
such as ACC, SCC, and adenocarcinoma and found that
the pathological type did not affect OS. In our study,
we categorized all patients into three groups: epithelial
tumors, sarcomas, and melanoma. Multivariate analy-
sis indicated a higher risk of DM in melanoma. Given
the limited sample size, this conclusion may be biased.
Generally, the efficacy of treatment for recurrent or re-
irradiated diseases is unsatisfactory. In our cohort, recur-
rence or re-irradiation was associated with lower DSS
in univariate analysis. Intraorbital tumors showed a ten-
dency for disease progression in multivariate analysis,
but pathological type may influence outcomes (93.3% of
these patients had sarcomas or chondrosarcomas), this
conclusion requiring further validation.

Lacrimal tumors made up 59% of the cohort. The
5-year DSS, LC, DMC, and PES rates were 83.3%, 64.8%,
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Fig. 3 The survival curves compare the DSS (A) and DMC (B) rates of patients with larger tumor. Tumors size >4 cm was significantly decreased DM con-
trol (p=0.014) and DSS (p=0.001) rates. Survival curves compare the DSS (C) rate of patients with extraorbital disease. Extraorbital extension significantly
decreased DSS (p=0.001) rate. Survival curves compare the DSS (D) rate of patients with recurrent disease. Recurrent disease significantly decreased DSS

(p=0.014) rate

66.8%, and 53.4%, respectively. Previous studies reported
5-year OS rate of photon radiotherapy after ESS rang-
ing from 37 to 65% [3, 4]. While a study by Ford JR et al.
[2], with 49% of patients received PBT showed 5-year
DSS and LC rates of 81% and 71%. Sati Akbaba et al. [21]
reported outcomes of combination of photon and CIRT,
with 5-year OS and LC rates of 68% and 44%. Japanese
researchers use CIRT alone for locally advanced lacrimal

tumors, with 5-year OS, LC, and DEFS rates of 65%, 62%,
and 34% [22]. In our cohort, 36.1% had RO-R1 margins
with 5-year DSS, LC and DMC rates of 72.7%, 80.8% and
76.9%. For patients with macroscopic tumors (63.9%), the
5-year DSS, LC, DMC, and PES rates were 87%, 58.2%,
63%, and 48.4%. Although no significant differences in
survivals between patients with or without macroscopic
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Fig. 4 The survival curves of DSS (A), PFS (B), LC (C), and DMC (D) rates for the lacrimal tumors

tumors, we advocate high-dose treatment for those with
macroscopic tumors.

ACC was the most common histological type in lac-
rimal tumor, accounting for 72.2%, consistent with data
from MD Anderson [2], Moorfields Eye Hospital [4],
Samsung Medical Center [23], and Heidelberg Ion-
Beam Therapy Center [21]. Due to its radioresistance,
local recurrence of photon radiotherapy is around 50%
[16, 17]. Studies by Natalie Wolkow et al. [24] and Paul
Lesueur et al. [18] on lacrimal ACC treated with photon
and PBT or PBT alone reported lower local recurrence

rates of 22% and 20%, with 5-year LC and OS rates of 60%
and 78%. Sati Akbaba et al. [21] reported 5-year LC and
OS rate of 21% and 71% for lacrimal ACC treated with
photon and CIRT or CIRT alone. Among our patients
with lacrimal ACC, 65.4% had macroscopic tumor dis-
ease, and 5-year DSS, LC, DMC, and PFS rates of 89.3%,
60.1%, 66.3%, and 52.9%, respectively. These outcomes
suggest PBRT may offer a survival advantage over pho-
ton radiotherapy for ACC, supporting its prioritization in
treatment. Our univariate analysis showed a worse DSS
rate for adenocarcinoma compared to ACC, but with
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Fig.5 The survival curves compare the DSS (A), PFS (B), LC (C), and DMC (D) rates of patients with advanced T category. Advanced T category was signifi-
cantly decreased DSS (p=0.001), PFS (p=0.004) and DMC (p=0) rates, but not LC (p=0.258) rate. Survival curves compare the DSS (E), PFS (F), LC (G), and
DMC (H) rates of patients with large tumors. Tumors size >4 cm was significantly decreased DSS (p=0.001), PFS (p=0), LC (p=0.008) and DMC (p=0) rates.
Survival curves compare the DSS (1), PFS (J), LC (K), and DMC (L) rates of patients with bone involvement. Bone involvement significantly decreased PFS
(p=0), LC (p=0.04) and DMC (p=0) rates, but not DSS (p=0.081) rate. Survival curves compare the DSS (M), PFS (N), LC (0), and DMC (P) rates of patients
with extraorbital disease. Extraorbital extension significantly decreased DSS (p=0), PFS (p=0.012) and DMC (p=0.001) rates, but not LC (p=0.669) rate

only 7 cases of adenocarcinoma, this requires validation
with a larger sample.

Multiple studies have shown that advanced T-stage is
linked to poorer OS [17, 25-27] and higher DM rates [2,
16, 25, 27]. In our univariate analysis, T3/4 disease cor-
related with increased DM and reduced DSS, though LC

rates were unaffected. Since T-stage is associated with
tumor size, bone invasion, and extraconal extension, we
analyzed these factors individually. Tumor size=3 cm
was associated with a higher risk of DM, although LC
rate remained unaffected. When the tumors>4 cm, not
only an increased risk of DM and reduced DSS, but also
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Table 3 Prognostic factors of lacrimal gland tumor (multivariate analysis)

Page 11 of 13

Factors Disease specific Local control Distance metastasis Progression-free
survival control survival
N p OR p OR p OR p OR

Age

<35 17 Reference Reference Reference Reference

>35 19 0.291 297.65 0.902 0.884 0.539 3.687 0.26 258
Gender

Male 20 Reference Reference Reference Reference

Female 16 035 126.92 0915 0.899 0.106 11723 0.881 1.15
Tumor histology

Adenoid cystic carcinoma 26 Reference Reference Reference Reference

Adenocarcinoma 7 0.165 157.03 0.82 0.712 0.103 81.63 0.633 1.652

Myoepithelial carcinoma 3 0.855 0.282 0979 0 0.976 0 0.985 0
T category

T1-2 29 Reference Reference Reference Reference

T3-4 7 0.955 0.001 0.949 0 0.922 0 0.19 0.041
Tumor status

Primary 30 Reference Reference Reference Reference

Recurrence 6 0.893 0311 0.193 30.183 0.953 158.1 0317 7.044
Margin status

RO+R1/close margin 13 Reference Reference Reference Reference

R2/biopsy 23 0974 0.875 0.968 0.957 0.776 1.804 0426 0.506
Median Tumor diameter

<4cm 18 Reference Reference Reference Reference

>4.cm 18 0.168 51.98 0.944 111.38 0.909 157.66 0.016 120.55
Bone involvement*

No 18 Reference Reference Reference Reference

Yes 16 0.555 3515 0.025 8.465 0.909 147.76 0.003 20485
Extension beyond orbit

No 29 Reference Reference Reference Reference

Yes 7 0914 832.06 0.582 0.238 0.095 55.26 0.809 1.654

* Two patients bone involvement status were unknow

reduced LC rates. Multivariate analysis confirmed larger
tumors were more prone to disease progression. Skin-
ner HD et al. [27] also reported the incidence of DM was
higher when tumors > 3.5 cm. The lacrimal gland is firmly
anchored to the orbital periosteum and lacrimal tumors
may directly invade the orbital bone. Bone invasion was
reported common in tumors>2 cm [28] and significantly
reduced DSS rates [2]. Our analysis also showed bone
invasion not only reduced LC rate but also increased
metastasis risk. Therefore, High-dose irradiation is rec-
ommended for bone-involved areas. The study by Noh
JM et al. [26] found that the 5-year survivals were poor
in lacrimal ACC with extraorbital extension. Similarly in
our study, extraorbital invasion linked to reduced DSS
and higher DM rates, though LC was unaffected.
Although some reported PNI as a negative factor for
survivals [2, 27], others suggested it has no significant
impact [16, 21, 23]. Our analysis showed better DSS rate
in patients with PNI, likely due to bias. Since all 4 PNI-
negative patients had adverse factors like bone invasion,

T4 stage, or re-irradiation. Thus, we excluded PNI from
our multivariate analysis.

Despite advancements in ocular preservation through
ESS and adjuvant radiotherapy, managing radiation-
induced toxicities remains challenging. In a study by Hol-
liday EB et al. [29], after a median dose of 60 GyE, 35%
of patients experienced Grade 3 acute dermatitis, and
30% developed chronic Grade 3 toxicities. Paul Lesueur
et al. [18] reported no Grade 3 or higher acute toxicities
with 73.8 GyE of PBT, but chronic toxicities included
brain injury (27%), hyperprolactinemia (40%), and rare
cases of cataracts, keratitis, and osteitis. Japanese study
[22] on high-dose CIRT did not result in Grade 3 or
higher acute toxicities, however significant late tox-
icities were observed such as Grade 4 optic nerve injury
(36.4%), brain injury (6%), and Grade 3 keratitis (9%). In
our center, most toxicities were mild, such as Grade 1
edema, epiphora, dry eye, or conjunctivitis. Among late
toxicities, aside from vision deterioration, the common
symptom was Grade 1 dry eye (9.8%) and brain injury
(4.9%). Regarding visual outcomes, three patients (4.9%)
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) i experienced Grade 1 vision impairment during the acute
phase. Vision decline occurred in 10 patients during the
late phase. Four patients experienced vision deteriora-
tion 4 to 7 months post-treatment, two patients around
Zloooownwoooo 1 year, and two patients at 2 years. Grade 3—4 vision loss
emerging at a median of 11.5 months post-treatment.

Our study has several limitations. The low incidence
of orbital tumors and varying biological behaviors of
different pathological types introduce bias. Future stud-
ies should aim to increase the number of patients and
analyze specific pathological types for greater accuracy.
Additionally, no cases of cavernous sinus recurrence were
observed. Therefore, for patients with lesions confined to
the orbit without involvement of the orbital apex or cav-
ernous sinus, the cavernous sinus will not be included
in CTVs, though this warrants further study and longer
follow-up. Lastly, currently studies are single-institution
and focus on either proton or CIRT. In the future, pro-
spective randomized studies are needed to optimize
treatment strategies.

Grade 4

%

49
33
1.6

Grade 3

2Llo 00 O MmO~ — O
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33
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33
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Conclusion

Despite the retrospective nature and modest number of
patients, we can still come to the conclusion that proton
and carbon ion beam radiation provided a favorable local
control and survivals after eye-preserving treatment, and
even in patients with unresectable disease. No severe
acute PBRT induced toxicity was observed, and severe
late toxicity was observed in <15% of cases. Particle
radiotherapy was a promising strategy for management
of orbital tumors.
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