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Purpose: Lymphomas of the orbit and ocular adnexa are histologically heterogeneous and
their incidence rate has been increasing lately. However, because of their rarity and diversity,
few cases have been analyzed. This study evaluated patients with orbital and ocular adnexal
mucosa-associated lymphoid tissue (OAMALT), who received radiotherapy, and categorized
their clinical characteristics, treatment outcomes, and complications.

Patients and Methods: We collected data on clinical presentation, age, sex, imaging,
tumor location, treatment methods, pathological diagnosis, cataract incidence, cataract inci-
dence periods, overall survival (OS), and disease-free survival (DFS) from 32 patients with
orbital involvement and pathologically confirmed marginal zone B-cell lymphoma of MALT
who were treated between 2009 and 2018. Twenty-two patients received 20 Gy/10 Fr using
intensity-modulated radiation therapy (IMRT) plus 14 Gy/7 Fr using a 6—14-MeV electron
beam therapy using a lens-sparing approach. Ten patients received 32 Gy/16 Fr or 34 Gy/17
Fr using IMRT without the lens shield technique. Kaplan—Meier analysis was used to
estimate DFS and OS.

Results: The median follow-up time was 83.4 + 24.5 months. No patient had local
recurrence, although three patients developed distant metastases. The 5-year and 10-year
OS rates were both 100%. The 5-year and 10-year DFS rates were 96.7% and 74.2%,
respectively. Overall, 11 (32.4%) of the 34 lenses developed cataracts. The estimated
S-year, 7-year, and 10-year cumulative cataract rates were 6.9%, 30.9%, and 60.8%, respec-
tively. The median cumulative cataract incidence period was 107.0 months. Age was the only
significant parameter associated with cataract formation.

Conclusion: A radiation dose of 32-34 Gy yields excellent local control, DFS, and OS for
OAMALT. Some patients may have systemic relapse, and better identification of these
patients is necessary. Reducing the prescription radiation dose or using better radiation
techniques to spare the ipsilateral lens could reduce cataract formation.

Keywords: orbital lymphoma, adnexal lymphoma, mucosa-associated lymphoid tissue,
radiotherapy

Introduction

Lymphomas of the orbit and ocular adnexa, including the orbit, extraocular mus-
cles, conjunctiva, eyelids, and lacrimal gland, are histologically heterogeneous and
their incidence rates have been increasing lately. The most frequently observed
subtypes are orbital and ocular adnexal mucosa-associated lymphoid tissue
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(OAMALT) lymphoma,'™ accounting for 49.5-67.9% of
lymphomas, although other common subtypes include dif-
fuse large B-cell lymphoma (9-19.5%) and follicular lym-
phoma (5-20%). The clinical signs and symptoms of these
cancers differ greatly depending on the tumor location,
volume, and the relationship with the surrounding tissues.
The most common manifestations of the disease are
asymptomatic presentation, proptosis, ocular dysmotility,
ptosis, periorbital swelling, blurry vision, and chemosis.*

Treatment options for orbital lymphoma include surgi-
cal excision, radiation therapy, chemotherapy, and immu-
notherapy. Pathological results, including histological and
immunophenotypic information, should be obtained by
surgery. A definitive diagnosis is made following surgery.
Radiation therapy provides excellent local control of the
disease and is the most important modality for localized
primary orbital lymphoma after surgery.® Chemotherapy
should be administered to patients with progressive distant
diseases. However, because of the rarity and diversity of
orbital lymphoma, only a small cohort of patients over
a wide time span have been analyzed. In this study, we
retrospectively analyzed patients with OAMALT who
were treated at our institute between October 2009 and
January 2018 to review the efficacy of intensity-modulated
radiation therapy (IMRT) on OAMALT and determine
complications after radiation therapy (RT).

Materials and Methods

Patients

We performed a retrospective analysis on all patients who
were diagnosed with MALT lymphoma and treated at our
RT department between October 2009 and January 2018 to
identify patients with OAMALT.

This study was conducted in accordance with the ethi-
of the World Medical
Declaration of Helsinki and was approved by the Ethical
Board of the First Affiliated Hospital of Nanjing Medical
University (Ethical No. 2019-SR-317). Due to the retro-
spective nature of the study and lack of interference with

cal standards Association

treatment, the requirement for written informed consent
for participation was waived. In addition, our research data
are confidential.

We gathered basic clinical information of the patients,
including clinical presentation, age, sex, computed tomo-
graphy (CT) findings, magnetic resonance imaging find-
ings, positron emission tomography/computed tomography
(PET/CT) findings, tumor location, surgical management,

pathological diagnosis, flow cytometry diagnosis, bone
marrow biopsy results, initial treatment and subsequent
therapy, antibiotic/hormonal therapy, RT modes and
doses, chemotherapy, side effects, and follow-up.

RT was administered as follows: all patients received
RT to the involved orbit at a dose of 32-34 Gy in 2.0
Gy per fraction. Of the 32 patients who received local
radiotherapy, 22 patients received 20 Gy/10 Fr of X-ray
irradiation using the IMRT technique plus 14 Gy/7 Fr of
6—14-MeV electron beam therapy using a custom-made
contact lens to shield the cornea and lens. The other 10
patients received 32 Gy/16 Fr or 34 Gy/17 Fr of 6-MV
X-ray irradiation using the IMRT technique without the
lens shield technique. Acute and late side effects, parti-
cularly cataract incidence, were evaluated and graded
according to the Radiation Therapy Oncology Group
(RTOQG) toxicity score version 3.0.

Statistical Analysis

Overall survival (OS) and disease-free survival (DFS)
were calculated. OS was calculated from the date of initial
diagnosis to the date of death or the last follow-up. DFS
was calculated from the date of RT completion to the date
of any local recurrence or the occurrence of metastases
(identified by CT scan and confirmed by pathological test),
whichever occurred first. Patients who remained alive
were censored at the date of the last follow-up visit.
Kaplan—Meier curves were used to estimate survival dis-
tributions and cumulative cataract events in various sub-
groups. Hazard ratios were calculated using multivariate
analyses. All tests were two-sided. Statistical significance
was set at P < 0.05. All statistical analyses were performed
using SPSS (version 20.0; SPSS, Chicago, IL, USA).

Results

Patient Characteristics
Patient characteristics are summarized in Table 1. The
median age at diagnosis was 56.0 £ 11.9 years (range,
32-83 years). There were 21 men and 11 women (Table 1).
The median time between symptom onset and first
hospital visit was 8.24 months (range, 0.5-36 months).
Signs and symptoms included proptosis (n = 15), eyelid
mass (n = 21), tearing (n = 3), chemosis (n = 3), decreased
visual acuity or blurred vision (n = 5), and pain, itch, or
foreign body sensation (n = 7). All patients underwent
surgery by an ophthalmologist. There were 14 left orbital
MALT lymphomas, 16 right orbital MALT lymphomas,
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Table | Charcteristics of 32 Patients with Orbital MALT DFS rates were 96.7% and 74.2%, respectively
Lymphomas (Figure 1A). The estimated median DFS and OS for the

Variables Patients No. (%) entire cohort were not reached.

Gender We performed further subgroup analyses. Three of the
Male 21 65.6% eleven female patients had disease progression, whereas
Female 11 34.4% no male patients developed local recurrence or distant

Age (vears) metastasis. There was a significant difference in DFS
Range 32-83 between the male and female patients (P = 0.006)
Median+SD 56.0+11.9 (Figure 1B). No statistically significant difference in DFS

Laterality was observed based on the treatment protocol (surgery +
Right 16 50.0% radiotherapy vs surgery + chemotherapy + radiotherapy)
Left 14 43.8% (P = 0.619) (Figure 1C). Three of twenty-one patients
Both 2 6.3% younger than 60 years old had disease progression,

Subsite (n=34) whereas no patients older than 60 years had disease pro-
Orbit 21 61.8% gression. However, there was no statistically significant
Eyelid 5 14.7% difference between the two groups (P = 0.189)
Conjunctiva 5 14.7% (Figure 1D). Similarly, no statistically significant differ-
Lacrimal gland ! 2.9% ence was found in DFS according to tumor location (P =
Retrobulbar 2 >9% 0.373) (Figure 1E) or radiation mode (P = 0.458)

Treatment Method (Figure 1F).

Surgery-Radiotherapy 29 90.6%
Surgery-Chemotherapy-Radiotherapy 3 9.4% Com P I ications

Radiotherapy Method Acute RT reactions were minimal in all patients. A mild
IMRT+Electron radiation 22 68.8% |  degree of periorbital soft tissue swelling, eye drying, tear-
IMRT 10 31.3% ing in the wind, or acute conjunctivitis that subsided

Outcome gradually in a few months was noted in most patients.
No Progression 29 90.6% All symptoms were successfully relieved using artificial
Progression 3 9:4% tears. No radiation retinopathy, glaucoma, optic neuropa-

Cataract Incidences thy, or retinopathy was observed in these patients.

No cataract 21 65.6% Overall, 11 (32.4%) of the 34 lenses developed catar-
Cataract a 34.4% acts. Seven of the eleven cataracts underwent cataract

and two bilateral MALT lymphomas. Overall, 21 of the 34
lesions were located in the orbit, five in the eyelid, five in
the conjunctiva, one in the lacrimal gland, and two in the
retrobulbar area.

Clinical Outcomes

The median follow-up time was 83.4 + 24.5 months
(range, 44.5-143.2 months). All 32 patients received
local RT. None of the patients developed local recurrence,
but three women developed distant metastases, without
local recurrence within the treatment field, at a median of
76.5 + 26.3 months (range, 33.8-143.2 months). One
patient each developed metastases in the submandibular
lymph nodes, lung, and lateral orbit. The 5-year and 10-
year OS rates were both 100%, and the 5-year and 10-year

surgery, and the visual ability partially recovered after
surgery. Figure 2A shows the cumulative cataract inci-
dence over time after radiation. The estimated 5-year,
7-year, and 10-year cumulative cataract rates were 6.9%,
30.9%, and 60.8%, respectively. The median cumulative
cataract incidence period was 107.0 months (95% confi-
dence interval [CI], 81.9-157.3).

For female and male patients, the estimated median
cataract incidence periods after RT were 97.7 + 7.9 months
(95% CI: 71.4-135.7) and 112.0 + 8.7 months (95% CI:
65.3—173.9), respectively. There was no significant differ-
ence in the cumulative cataract incidence periods between
male and female patients (P = 0.832) (Figure 2B).
Cataracts were observed in 10 (34.5%) of the 29 patients
who did not receive chemotherapy. One (33.3%) of the
three patients who received chemotherapy developed cat-
aracts. difference in the

However, no significant

Cancer Management and Research 2021:13

8019

Dove:


https://www.dovepress.com
https://www.dovepress.com

Xu et al

Dove

o
@
1

Survival Probability
°
1

~IDFS
—-.-L“_I.H.“_.“_._._ ~+censored

T T
00 20.00

T
40.00

T
60.00

T
80.00

T T T
10000 12000 140.00

Disease free survival (months)

1.0 I
0.8
s s e 4
2
| 05 P=0.619
E-3
[
o
o
w
=
> 047
c
5
"
02 Treatment method
: —IIS+RT
~IIS+C+RT
~+=S+RT-censored
~+=S+C+RT-censored
0.0
T T T T T T T T
00 20.00 40.00 60.00 8000 10000 12000 140.00
Disease free survival (months)
1.0
0.8
b
2
‘S P=0.373
S 06
a
°
4
o
g
=
> 0.4
-
3
« &
Location
~Left
0.2 ~IIRight
~IBoth
~+=Left-censored
~+-Right-censored
=+~ Both-censored
0.09
T T T T T T T T
.00 20.00 40.00 60.00 8000 10000 12000 140.00

Figure | Kaplan—Meier curve of DFS for all patients or subgroups. (A) Kaplan—Meier curve of DFS for all patients (n = 32). (B) Kaplan—Meier curve of DFS based on sex.
(C) Kaplan—Meier curve of DFS based on treatment protocol. (D) Kaplan—Meier curve of DFS based on age. (E) Kaplan—Meier curve of DFS based on tumor location. (F)

Disease Free survival(months)

Kaplan—Meier curve of DFS based on radiation mode.

Abbreviations: S, surgery; C, chemotherapy; RT, radiation therapy; DFS, disease-free survival.

Survival Probability

[3
-
[
e
o
3
2
>
2
3
"

Survival Probability

1.0
0.3+
P=0.006
06
0.4
0.2
Gender
~IIFemale
~IMale
=+~ Female-censored
0.0+ =+ Male-censored
T T T T T T T T
00 2000 4000 6000 8000 10000 12000 140.00
Disease free survival (months)
1.0 |
0.8
P=0.189
0.6 —t——t
0.4
0.2 Age
1260
-1 =60
=+ <60-censored
=+ >60-censored
0.0
T T T T T T T T
00 20.00 40.00 60.00 8000 10000 120.00 140.00
Disease Free survival(months)
1.09 l
0.8
e e
P=0.458
0.67
044
Radiation Mode
027 —r¥3.0CRT
~IIIMRT
~+=3-DCRT-censored
~+=IMRT-censored
0.0
T T T T T T T T
00 20.00 40.00 60.00 80.00 10000 12000 140.00

Disease Free survival(months)

8020

Dove!

Cancer Management and Research 2021:13


https://www.dovepress.com
https://www.dovepress.com

Dove Xu et al

>
W

1.0 -~ Time 1.0
—+censored Gender
~IFemale
F o —Male
= 3 =+ Female-censored
© 05 — ¥
8 os S os ~+-Male-censored
[ °
b b
a a
@ o
g g
@ 06 3 e
] 06 o 06
S S P=0.832
£ £
° S
S i § o
® s
o ©
o o
2 2
s &
2 021 3 02
£ £
3 3
(8] (8]
0.0 0.0
T T T T T T T T T T T T T T T T
.00 20.00 40.00 60.00 8000 10000 12000 140.00 .00 20.00 40.00 60.00 80.00 100.00 12000 140.00
Time (months) Time (months)
Ly Treatment method 10 Age
IS+RT ﬂ‘gg
~IIS+C+RT =
== S+RT-censored E —+ <60-censored
a ~4~ S+C+RT-censored | ~t=60-censored
© 08 © 08
o a
[ °
e o
a a
o o
2 g
@ g 9 06
2 f——t T
g £
= P=0.695 =
° o)
g 04 g 04
s ®
o o
o o
2 2
S ]
Lt .
S 02 3 0.2
E £
3 3
o (3]
00 0.0
T T T T T T T T T T T T T T T T
.00 20.00 40.00 60.00 8000 10000 12000 140.00 00 20.00 40.00 60.00 80.00 100.00 120.00 140.00
Time (months) Time (Months)
1.0+ Radiation mode 1.04
~TIMRT+E
~IMRT Age
=+ IMRT+E-censored <60
3 | ~+=IMRT-censored -6
P 08
[
2
a
8
£ P=0.347
% 0.6
- E
5 3
s t:' 06
[ I
S 04+ (ot s P=0.019
& S
© s
o o
o
2
k] 5 04
2 0.2
E 3
o ©
0.0+ 02
T T T T T T T T T T T T T T
00 20.00 40.00 60.00 8000 10000 12000 140.00 00 20.00 40.00 60.00 80.00 100.00
Time (months) Time(months)
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cumulative cataract incidence period was observed
between patients treated with surgery + radiotherapy
(110.0 = 7.7 months, 95% CI: 94.9-125.2) and those
treated with surgery + chemotherapy + radiotherapy
(103.5 = 0 months) (P = 0.695) (Figure 2C).

Four (19.0%) of the twenty-one patients who were <60
years old developed cataracts, whereas seven (63.6%) of
the eleven patients >60 years old developed cataracts.
Patients >60 years (89.9 £ 7.9 months, 95% CI: 74.3—
105.6) were likely to develop cataracts sooner after radio-
therapy than those aged <60 years (121.9 = 9.4 months,
95% CI: 103.4-140.3) after orbital RT (P = 0.025)
(Figure 2D).

Through the end of the study period, three (30%) of the
ten patients who received IMRT with 32-34 Gy/17 Fr
X-ray beam radiation developed cataracts, and eight
(36.4%) of the twenty-two patients receiving 20 Gy/10
Fr plus 14 Gy/7 Fr electron beam radiation developed
cataracts. The estimated median cataract incidence period
was 114.0 + 8.3 months (95% CI: 97.7-130.2) for patients
who received IMRT plus X-ray beam radiation, whereas it
was only 76.8 + 9.0 months (95% CI: 59.1-94.4) for those
who received only X-ray beam radiation. However, no
statistical difference was observed between the two groups
(P = 0.347) (Figure 2E).

Cox regression analysis revealed that age (P = 0.019)
was an independent factor related to cataract incidence in
patients with OAMALT who received radiotherapy.
Compared to patients aged <60 years, patients aged >60
years had a 4.43-times higher risk of cataract incidence
(95% CI: 1.28-15.4), as shown in Figure 2F.

Discussion

Orbital lesions can be primary or metastatic and may be
vascular, neural, congenital, inflammatory, autoimmune,
infectious, neoplastic, or malignant in nature. Each cate-
gory contains multiple sub-etiologies. Treatment options
for these lesions include surgery, hormonal therapy, che-
motherapy, and radiotherapy. Our study focused only on
patients with OAMALT and had a relatively long follow-
up of 83.4 months. We believe that the implications of RT
treatment and late complication analysis conducted in this
study is convincing.

Because of the rarity and diversity of orbital lymphoma,
only a small cohort of patients with wide treatment spans
has been analyzed. Primary radiotherapy, usually 25-35 Gy,
is the standard treatment for stage IE orbital lymphoma.® 2
Son et al reported on a series of 46 patients who were

treated with radiotherapy and defined a dose of 30.6 Gy
applied in fractions of 1.8-2.0 Gy as a reasonable treatment
in terms of tolerability and efficacy.'® A previous study
reported that doses of 24 Gy for indolent lymphoma and
30 Gy for aggressive non-Hodgkin lymphoma have com-
parable efficacy to doses of 4045 Gy.'*'® The standard
schedule for indolent lymphoma is 24 Gy in 12 Fr.
However, 32 or 34 Gy was chosen for OAMALT in our
study (higher than the present standard dose of 24-30.6 Gy
but lower than the previous standard dose of 40-45 Gy)
because 32 or 34 Gy dose prescription is relatively effective
and safe.

In our study, 32 patients with MALT orbital lymphoma
had favorable outcomes after radiation treatment with
a total dose of 32-34 Gy. With a median follow-up period
of 83.4 months, we observed no local recurrences within
the treatment field. However, three female patients experi-
enced a relapse after a median 76.5 months. Our results are
similar to those reported by Hashimoto et al,'” where local
control rates were excellent, as no patient had local recur-
rence, and 10 of 78 patients with OAMALT (13%) experi-
enced relapse at a distant site after radiotherapy. This
suggests that OAMALT has excellent local control rate
after RT and relapse may still occur in a distant part of
the body after some time.

In this study, the 5-year and 10-year OS rates were
both 100%, and the 5-year and 10-year DFS rates were
96.7% and 74.2%, respectively. The estimated median
DFS and OS for the entire cohort were not reached.
Therefore, given the low incidence of locoregional and
distant failure in this retrospective study, the role of pri-
mary radiotherapy is clear and important. Our results are
similar to previously published data for MALT orbital
lymphoma showing excellent local control rates with
doses ranging from 24 to 36 Gy.'*>*

Our study revealed that the treatment method, age (<60
y vs >60 y), tumor location, and radiation mode (IMRT+E
vs IMRT) were not correlated with DFS among these
patients. Sex was the only risk factor for DFS. In this
retrospective study, three female patients developed distant
metastases without local recurrence within the treatment
field. Therefore, women were more likely to develop dis-
ease progression after RT than men. However, we are not
certain whether sex is a real risk factor in this retrospective
study because of the relatively small number of patients.

Local control with RT for orbital lymphomas is excel-
lent. Local control rates range from 89% to 100%, with
a distant metastasis rate of 0-25%.%?*27 In this study,
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9.4% of patients developed distant metastases, which is
consistent with the results of previous studies. Therefore,
radiotherapy provides excellent disease outcomes and
should be used as first-line treatment for primary orbital
lymphomas.®

In a Japanese study of 78 patients, 23 (30%) patients
subsequently developed grade III cataracts.'” In our study,
11 (32.4%) of the 34 lenses developed cataracts. Seven of
the eleven cataracts underwent cataract surgery, and
visual ability partially recovered after surgery. The esti-
mated S5-year, 7-year, and 10-year cumulative cataract
rates were 6.9%, 30.9%, and 60.8%, respectively, and
the estimated median cumulative cataract incidence per-
iod was 107.0 months. In the Rare Cancer Network
s‘[udy,28 the incidence of cataract formation was 30%,
irrespective of the use of lens shielding, with a median
tumor dose of 34.2 Gy. The incidence of cataracts
increases with time after RT. To reduce the incidence of
cataracts without reducing the local control rate, we think
that the best treatment choices include reducing the dose
of RT and taking effective measures to protect the eye
lens.

Univariate analysis revealed that sex, treatment
method, and radiation mode were not significantly asso-
ciated with cataract formation. Age was the only statisti-
cally significant parameter associated with cataract
formation. Patients older than 60 years had a higher risk
of cataract formation than those aged 60 years or younger,
according to the univariate analysis, and Cox regression
analysis further confirmed this conclusion. Patients aged
>60 years had a 4.43 times higher risk of cataract devel-
opment than those aged <60 years. It is worth noting that
IMRT+E was associated with a lower incidence of catar-
act and a longer cataract incidence than IMRT. However,
no significant correlation was found between cataracto-
genesis and IMRT+E in our study, which is similar to the
results of previous studies.”® Therefore, we recommend
the lens shielding technique (IMRT+E) whenever
feasible.

Taken together, the present retrospective case series of
32 patients reflects the excellent local control rate of
OAMALT after RT. We also analyzed cataract formation
with time after RT. However, it has to be noted that due to
the retrospective nature of our study with a small number
of patients from a single institution, the generalizability of
the findings is limited. In view of current data, we strongly
suggest that clinicians make great efforts to protect the eye
lens without reducing curative effect. Further, prospective

studies and randomized trials are warranted in this regard
in the future.

Conclusion

Our study demonstrated excellent local control, DFS, and
OS with a radiation dose of 32-34 Gy for OAMALT.
A small proportion of patients had systemic relapse, and
better identification of this subset of patients is necessary.
To reduce the incidence of cataract formation and other
radiation toxicities, reducing the radiation dose to the
planning target volume or using better radiation techniques
to spare the ipsilateral lens and other critical organs around
the target structures should be explored.
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