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Abstract
Objectives Primary malignant tumours of the lacrimal sac are rare, surgery and radiotherapy may induce substantial side
effects for patients. Here, this article reports an innovative technique of interstitial brachytherapy developed for the treatment
of malignant lacrimal sac tumours.
Patients and methods Four patients (male 3, female 1), with an average age of 52.7 years (range 41–72 years),
were individually diagnosed with squamous cell carcinoma, adenocarcinoma, adenoid cystic carcinoma and
lymphoma. All patients received Iodine-125 interstitial brachytherapy after surgical resection for malignant lacrimal sac
tumours. Visual function examination (vision, intraocular tension, fundus photography, fluorescein angiography, and
optical coherence tomography) and CT/MRI/PET-MRI were performed to look for signs of recurrent tumours or
metastasis.
Results Four patients were followed for an average of 28 months (range, 23–37 months). All patients were free from local
disease. Their visual function was normal, and CT/MRI did not reveal any tumour recurrence.
Conclusions Iodine-125 interstitial brachytherapy can be used as an alternative to wide excision or exenteration of these
tumours. There was good local control, reasonable maintenance of vision, and good cosmesis.

Introduction

Primary malignant tumours of the lacrimal sac, particularly
of the nasolacrimal duct, are rare, thus generating a risk of
late diagnosis and treatment in the clinic. Most tumours are
primary and of epithelial origin (60–94%), of which 55%
are malignant [1]. Lacrimal sac tumours typically present
with epiphora and a palpable mass over the medial canthus
and are thus often erroneously diagnosed as chronic
dacryocystitis. Therefore, malignant lacrimal sac tumours
can be potentially life-threatening due to local spread or
metastatic disease, which emphasizes the relevance of early
diagnosis and treatment [2].

Surgery is the first choice of therapy for lacrimal sac
tumours. If the mass extends into the orbit or nasolacrimal
duct, orbital exenteration, lateral rhinotomy/paranasal sinus
resection, and/or cervical lymph node dissection may be
necessary [3]. These tumours not only cause loss of vision
but also result in profound trauma for living patients.
Postoperative tumours need to be treated with radiotherapy
and chemotherapy. However, radiotherapy may induce
radiation cataracts or glaucoma and lead to low vision, and
chemotherapy as the treatment course demonstrated a
marginal and nonsignificant improvement in overall survi-
val and distant metastasis-free survival.

Interstitial brachytherapy, a new treatment, with the use
of radioactive seeds (strontium-90, ruthenium-106 (Ru-106),
or Iodine-125 (I-125)), has gained popularity in the treat-
ment of certain intraocular and orbit tumours [3–7]. Sealy
et al. was the first to use I-125 to treat ophthalmic tumours
[8]. In 90 years ago, Moore has shown that tumours
of the eyeball can be treated with a radioactive seed [5].
Some of these tumours include ciliochoroidal melanoma,
retinoblastoma, Ewing sarcoma, squamous cell carcinoma,
adenoid cystic carcinoma, and basal cell carcinoma
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[3, 4, 6, 7]. In particular, I-125 is a common radioactive
plaque used in this treatment. Other studies have used bra-
chytherapy for certain orbital malignancies after orbital
exenteration or enucleation [9–11]. However, there is no
information available about the role of interstitial bra-
chytherapy in the treatment of lacrimal sac tumours. We
report our innovative technique and the effects on four
patients with histopathologically confirmed malignant
lacrimal sac tumours treated with radioactive I-125 seeds.

Patients and methods

Patients

This study was approved by the Ethics committee of the
Tangdu Hospital at the Fourth Military Medical University
(Xi’an, China) (No. 20170806). Informed consent and
photographs were obtained from each patient. From
2017.4–2018.6, there were four patients with malignant
lacrimal sac tumours in Tangdu Hospital. The histologic
diagnoses were as follows: squamous cell carcinoma, ade-
nocarcinoma, adenoid cystic carcinoma and B-cell non-
Hodgkin’s lymphoma.

Materials

The I-125 radioactive particles were purchased from Tianjin
Saide Medicine Co. Ltd. (Tianjin, China). The I-125 seed
source was a sealed source for radionuclides. The para-
meters for the I-125 seed were as follows: activity
0.5–0.6 mCi; volume 4.5 mm × ⌀ 0.8 mm (cylinder); energy
27–35 keV γ source; half-life 59.6 days; tissue penetration
1.7 cm; half-value layer 0.025 mm lead; source radiation
activity ~11.1–37.9 MBq; and the seed surface was covered
with titanium alloy.

All I-125 seeds were placed in polythene tubes (PICC:
peripherally inserted central catheter) to compose a strip.
The numbers implanted depended on the tumour location
and size. The ends of the tubes were sealed so that the I-125
seeds in the tubes did not move and they could be dislodged
in the future if necessary.

Surgical treatments

All patients underwent haematologic examination, and
orbital computed tomography (CT) and magnetic reso-
nance imaging (MRI) were performed before the opera-
tion. Complete ultrasonography of the neck and
abdominal lymph nodes ruled out the involvement of
multiple organs (pancreas, kidneys, lymph nodes, retro-
peritoneum, etc.). The surgery was performed with stan-
dard general anaesthesia. The lacrimal sac, nasolacrimal

canal and partial nasal mucosa were excised completely
during the operation. The strip was implanted into the
nasolacrimal canal or/and under the orbital periosteum.
The number of seeds was calculated using the following
formula: seed number= (tumour length+width+
height)/3 × 5/0.5 (or 0.6) mCi. The first and third patients
underwent a tumour resection combined with I-125 seed
implantation, while the frozen section assessment con-
firmed that the tumour was malignant during the opera-
tion. None of the patients received any other treatment.

Treated patients were followed with periodic ocular
examination (fundus photography, fundus fluorescein
angiography (FFA), optical coherence tomography (OCT))
and CT/MRI/positron emission tomography-MRI (PET-
MRI) to look for signs of recurrent tumour at every follow-
up visit.

Patient characteristics before and after the operation are
summarized in Tables 1 and 2.

Results

The median follow-up from the time of I-125 seed
implantation for the four patients was 28 months (range,
23–37 months) until 2020.05. At 1, 3, 6, 9, and 12 months
after the operation and then every 6 months thereafter,
visual function examination and CT/MRI/PET-MRI were
performed. The first follow-up was performed 1 month
post-interstitial brachytherapy. CT and MRI scans of the
orbit were performed at follow-up to ensure the correct
location of the I-125 seeds, and the scans showed complete
response with no evidence of disease.

Patient 1

The oldest female had the longest follow-up time. She had
undergone gross tumour resection of a primary nasal
cavity mass with no evidence of metastatic disease 5 years
ago. After dacryocystectomy and I-125 seed implantation,
the patient was reviewed every month and examined by
CT and/or MRI. The follow-up time lasted for 37 months.
Vision in her right eye was 80/100. Coronal CT scans
showed that the I-125 seeds in situ. The MRI showed no
recurrence of the tumour, and the FFA and fundus pho-
tography were normal. Abdominal ultrasonography and
thoracic X-ray showed no metastasis (Fig. 1).

Patient 2

The appearance of this male was normal 29 months after
interstitial brachytherapy. During the 1st month, the
right eye demonstrated radiotherapy-related dermatitis.
The eyelid skin was red and slightly painful. The patient
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recovered after one month of treatment with an externally
applied agent. CT showed that the I-125 seeds were in the
nasolacrimal canal and under the orbital periosteum.

Vision in the right eye was 100/100, and the fundus
photography results were normal. MRI showed no tumour
growth (Fig. 2).

Fig. 1 Pre- and post-operative
images of the patient 1. (1) The
pictures of patient 1 before
operation a and the dissected
mass b. MRI showed mid-
intensity on both T1-weighted
(c, axial) and T2-weighted MRI
(d, coronal) (yellow arrow: the
tumour). (2) The picture of
patient 1 after operation at
37 months a, and the vision was
0.8. Coronal CT scans showed
that the I-125 seeds were stable
b, and the MRI showed no
tumour recurrence c (yellow
arrow: the I-125 seeds trips).
The FFA d and fundus
photography e results were
normal.

Table 2 Individual case data after operation.

ID Path EOR TTF from
implant (month)

TNM No. Strength (mCi) Total BT dose Gy Complications

1 Squamous cell carcinoma GTR 37 T3N0M0 10 0.5 89 No

2 Adenocarcinoma GTR 29 T1N0M0 21 0.6 186 Dermatitis

3 Adenoid cystic carcinoma GTR 23 T2N0M0 18 0.5 126 No

4 B-cell non-Hodgkin’s lymphoma GTR 23 T2N0M0 16 0.6 136 No

Path pathologic diagnosis, EOR extent of resection, GTR gross total resection, TTF time to follow-up, BT brachytherapy.

Table 1 Individual case data.

ID Age at Dx, years Sex R/L Operation history Path Vision Fundus photography

1 72 F R Nasal tumour operation 5 years ago Squamous cell carcinoma 0.8 Normal

2 41 M R No No 1.0 Normal

3 49 M L DCR 1 month ago Adenoid cystic carcinoma 1.0 Normal

4 49 M R No No 1.0 Normal

Dx diagnosis, F female, M male, Path pathologic diagnosis, DCR dacryocystorhinostomy.
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Patient 3

This male had a DCR operation in another hospital with
residual tumour. Then he underwent PET-MRI before
interstitial brachytherapy to make sure no metastasis. T1-
and gadolinium-enhanced T1-weighted MRI showed mid-
intensity. One month after I-125 seeds implantation, the
coronal CT scans showed that the I-125 seeds in situ and
that there was no tumour recurrence. Visual function test,
FFA, OCT and fundus photography results were normal.
The lymph nodes in the neck did not demonstrate swelling
on ultrasonography (Fig. 3).

Patient 4

The final pathologic diagnosis was B-cell non-Hodgkin’s
lymphoma. The patient underwent PET-MRI 1 month after
interstitial brachytherapy, and the result was negative and
showed that the patient was free from local disease. CT
showed that the I-125 seeds in situ and that there was no
tumour growth. The fundus photography and FFA results
were normal, and vision was 100/100 (Fig. 4).

All patients have completed all treatment, are currently
on regular follow-up regimens, and have excellent cosmetic

and functional outcomes without any restriction of ocular
mobility or vision loss. All patients experienced lacrima-
tion, and the third patient experienced dryness of the eye.
However, all vision, fundus photography, and ocular
mobility were normal, and the tumour was not recurrent
until now. All of the patients are under our follow-up care.

Discussion

Malignant lacrimal sac tumours are rare. Surgery is the first
choice of treatment. In order to prevent tumour recurrence,
brachytherapy or chemotherapy were needed in the later
stage. Chemotherapy may cause many adverse effects,
partially or throughout the body. Patients need to be care-
fully counselled about the possible postsurgical scarring and
disfigurement cause by these treatments, along with the
risks of toxicity from chemotherapy.

External radiotherapy can produce several direct and
indirect effects on ocular and periocular structures, and it
can lead to substantial visual loss, including cataracts,
glaucoma, radiation retinopathy, dry eyes, and keratopathy
[12–17]. The incidence of radiation retinopathy varies
widely in the literature, depending on the irradiation

Fig. 2 Pre- and post-operative
images of the patient 2. (1)
Clinical examination revealed a
firm, localized, nontender mass
at the inner canthus consistent
with a lacrimal sac swelling
a. The picture of the dissected
mass b. Corresponding axial and
coronal gadolinium-enhanced
T1-weighted MRI scans showed
high intensity c, d (yellow
arrow: the tumour). (2) The
picture of patient 2, 29 months
after brachytherapy a. The CT
scan showed that the I-125 seeds
were in the nasolacrimal canal
b under the orbital periosteum
c (yellow arrow: the I-125 seeds
trips). Vision in the right eye
was 1.0, and the fundus
photography d result was
normal. MRI showed no tumour
growth e, f.
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modality, location, and size of the irradiated tumours, as
well as the dose of radiation delivered to the eye
[13, 15, 18–21]. Unlike x-rays used for external radio-
therapy, the I-125 brachytherapy mainly takes the form of
γ-rays, which has lower penetrating power and thus causes
less damage to surrounding healthy tissues.

In some unresectable solid tumours like prostate, pan-
creas, meningioma, I-125 seed was implanted according
to three-dimensional radiation therapy planning system
(TPS) before operation [22–25]. The tumour is not

excised, and the seeds are implanted permanently. In this
study, lacrimal sac tumours were removed completely,
and the purpose of I-125 seed implantation is to inhibit
residual cell recurrence or metastasis. Therefore, we did
not use TPS pre-operatively.

Treatment of lacrimal sac tumours depends on the
tumour type, malignancy, size, extension and the patient’s
general health. Ocular treatment is aimed at complete
tumour removal, conserving the eye with as much useful
vision as possible while eradicating any risk to life.

Fig. 3 Pre-operative and post-
operative images of the patient
3. (1) The picture of patient 3
after DCR in another hospital
a. Axial CT scans showed a soft
tissue mass in the left
nasolacrimal fossa b. The PET-
MRI showed high-saccharide
metabolism of the lacrimal sac
tumour c–f (yellow arrow: the
tumour). (2) The picture of
patient 3, 23 months after
brachytherapy a. Coronal CT
scans showed that the I-125
seeds were stable and that there
was no tumour recurrence
b, c (yellow arrow: the I-125
seeds trips). The FFA d and
fundus photography e results
were normal.
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I-125 seeds are small, and they can be permanently
implanted into solid tumours, possibly moving to other
areas and inducing serious side effects. They may affect
the optic nerve and thus cause vision loss if implanted too
deep into the orbit or if they are moved. Therefore, we
placed I-125 seeds into the PICC and implanted them into
the nasolacrimal canal to ensure that they were stable.
After 6 months, the patients could choose whether or not
to take them out. All patients did not take out the seeds in
this study.

PICC conduits are usually retained in blood vessels for
more than one year and experience no obvious rejection.
Previous tests showed that implantation of I-125 seeds into
PICC pipes did not affect their activity. We implanted seeds
into the nasolacrimal duct and subperiosteum without

rejection of the surrounding tissues. Thus, these seeds
represent a good material.

All patients in this article retained stable visual acuity,
which is related to the characteristics of I-125 seeds. I-125
is the most commonly used seed source [26]. The I-125
seed tissue penetration is 1.7 cm. The steeper the dose
gradient is, the more concentrated the radiation effect on the
basal side of the tumour and, conversely, the less radiation
toward the apex. The seeds were implanted far from the
eyeball and optic nerve, and there was no radiation effect on
the sclera or optic nerve.

Lacrimal sac tumours are often misdiagnosed as chronic
dacryocystitis. Some patients were considered to have
tumours during DCR, such as the third patient. Many
authors advise that an incisional biopsy of the lacrimal sac

Fig. 4 Pre-operative and post-
operative images of the patient
4. (1) A firm, localized,
nontender mass at the inner
canthus a. The picture of the
dissected mass b. Gadolinium-
enhanced T1-weighted
(c, coronal) and T1-plain scan
(d, axial) MRI showed mid-
intensity (yellow arrow: the
tumour). (2) CT showed that the
I-125 seeds were stable and that
there was no tumour growth
a, b (yellow arrow: the I-125
seeds trips). The fundus
photography c results were
normal, and vision was 1.0.
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is essential for confirming the diagnosis and may therefore
guide adjuvant treatment during DCR [27–29]. In this
article, patients 2 and 4 received intraoperative frozen sec-
tions, and the tumour was confirmed. Thus, a dacryocys-
tectomy without osteotomy (to avoid the spread of tumour
cell into the sinuses) is recommended. Frozen section
assessments can confirm the tumour type and help evaluate
marginal clearance [1].

I-125 has a half-life of 59 days and is inactive after
6 months. Our patient did not receive any other treatment
(chemotherapy or external radiotherapy) after interstitial
brachytherapy. The visual acuity in our four treated patients
remained stable, with no measurable change from the pre-
operative acuity. No patient had radiation cataracts, retino-
pathy papillopathy, or other serious complications, except
the third patient with slight radiation dermatitis. The MRI/
CT showed no recurrence of the tumour. Therefore, we
conclude that interstitial brachytherapy can inhibit the
growth or recurrence of lacrimal sac tumours after surgery.

Patients were selected for interstitial brachytherapy if
they had a lacrimal sac malignancy with microscopic
evidence of a residual tumour after initial surgical resec-
tion. To our knowledge, there have been no prior reports
of orbital radiotherapy using this reported technique.
There have also been no reports regarding the use of
interstitial brachytherapy in lacrimal sac tumours. In this
article, we provide an update on our current experience
with I-125 interstitial brachytherapy after surgical resec-
tion for malignant lacrimal sac tumours.

The implantation technique reported in this article pro-
vides a detailed approach to an innovative method of
interstitial brachytherapy of extraconal lacrimal sac tumours
and ensures the correct implant location.

The only limitation in this study was that the follow-up
time was relatively short, mainly because the study was
completely new. In the future we will further strengthen
follow-up of patients and add additional cases.

Conclusions

Primary lacrimal sac tumours are extremely rare and require
long-term follow-up to assess recurrence and metastasis.
Hence, we believe that orbital interstitial brachytherapy
represents a valid option in the treatment of malignant
lacrimal sac tumours. I-125 interstitial brachytherapy is a
reasonable alternative to wide excision or exenteration in
malignant lacrimal sac tumours, providing excellent local
control and reasonable maintenance of vision. We assessed
few patients in our report; thus, we need a larger number of
patients and follow-time to confirm the effectiveness of
interstitial brachytherapy.

Summary

What was known before

● The lacrimal sac was excised completely.
● All I-125 seeds were implanted into the nasolacrimal

canal directly.
● There were no recurrence of the tumour and no

complications after interstitial brachytherapy.

What this study adds

● Iodine-125 interstitial brachytherapy can be used as an
alternative to wide excision or exenteration of these
tumours.

● There was good local control, reasonable maintenance
of vision, and good cosmesis.
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