
Lacrimal gland adenoid cystic carcinomas are rare, aggressive orbital tumors characterized by poor 
overall prognosis, tendency for local recurrence and metastasis despite aggressive treatment. Treat-
ment continues to be controversial. Many authorities today will often initiate surgery (orbital exen-
teration with or without bone removal vs. globe-sparing resection) and adjuvant radiotherapy (exter-
nal beam or proton beam therapy). We introduce a case of lacrimal gland adenoid cystic carcinoma 
treated with orbital exenteration and adjuvant volumetric modulated arc therapy, and discuss the re-
lated literature. 
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Introduction 

Adenoid cystic carcinoma (ACC) is a rare malignancy of the secre-

tory glands characterized by slow growth kinetics, prolonged clini-

cal course and perineural invasion. ACC was first described in liter-

ature by Theodore Billroth, and was initially named “cylindroma” 

because of its specific histopathologic characteristics [1]. According 

to the Surveillance, Epidemiology, and End Results (SEER) database, 

ACC rising in the eye and orbit, including the lacrimal gland, lacri-

mal sac, and nasolacrimal duct, accounted for only 1.8% of total 

patients. The lacrimal gland was most commonly involved in over 

80%. ACC is the most common malignant histology of the lacrimal 

gland, accounting for 25%–40% of all epithelial tumors of the lac-

rimal gland [2]. 
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Lacrimal gland ACC (LGACC) is associated with poor long-term 

disease-free survival (DFS) profile that is complicated by complex 

orbital anatomy and aggressive behavior, high recurrence rates and 

significant morbidity and mortality. In the literature, the overall tu-

mor-related mortality of LGACC is 10%–87%, with survival rates of 

less than 50% at 5 years and 20% at 10 years regardless of the lo-

cal treatment regimens. Perineural invasion is considered an indi-

cator of poor prognosis, because of the inherent risks of spread to 

the skull base and local recurrence. ACC can metastasize via hae-

matogenous spread to lungs, brain and bone in decreasing order of 

frequency [3]. 

Defining a single best treatment strategy has been difficult be-

cause of the rarity of lacrimal ACC. The appropriate local therapy 

for LGACC is a subject of controversy. Some authors advocate con-
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servative surgery followed by external beam radiation therapy 

(EBRT) or proton beam therapy, whereas others believe that radical 

surgery probably results in better local control and possibly better 

long-term survival [4].  

This case report provides insight to an individualized treatment 

approach in a patient with ACC of the left lacrimal gland referring 

to our institution, and discusses current recommendations from the 

literature, with a focus on the role of adjuvant radiotherapy. 

Case Report 

A 45-year-old white man, with a 10 pack-year smoking history, 

presented to the ophthalmology division of Rabat Hospital with a 

9-month history of left-sided painful exophthalmos, red eye and 

diplopia. On examination, left-sided proptosis and restricted eye 

motility was noted. The patient’s visual acuity was 20/20, and visu-

al fields were full. Sensation in the V1 and V2 distribution was in-

tact, and he was without facial or cervical lymphadenopathy. 

Contrast-enhanced computed tomography (CT) scan of the head 

and orbits showed a left intra-orbital expansive lesion, character-

ized by a strong contrast enhancement, pushing back the globe 

with grade 3 exophthalmos, invading the optic nerve and the orbit-

al canal, without endocranial damage. The image morphology was 

more in favor of lymphoma. The magnetic resonance imaging (MRI) 

scan of the head and orbits demonstrated a 4.1 ×  1.7 ×  2.6-cm 

left lacrimal gland tumor, infiltrating the superior and lateral rectus 

muscles, filling the extra-conical fat, encompassing the eyeball 

without scleral lysis, with osseous destruction of the orbital roof 

and meningeal enhancement. The tumor invaded the optic nerve 

over more than 180°, continuing through the optic canal and the 

lower orbital fissure (Fig. 1). 

A biopsy of this mass revealed ACC with perineural invasion. 

Neck, chest, abdomen and pelvis CT scans ruled out metastatic dis-

ease. Clinical stage was cT4cN0M0, according to the American Join 

Committee on Cancer staging manual (AJCC 8th edition). 

Multidisciplinary head and neck tumor board considered that to-

tal orbital exenteration would be necessary to achieve optimal dis-

ease control, given the extensive involvement of the lacrimal gland 

and orbit with perineural invasion. Ultimately, after considering his 

options, the patient gave his written informed consent for exenter-

ation of the left eye. 

The pathological report of the operative specimen confirmed the 

diagnosis of ACC, measuring 2 ×  1.6 ×  1.5-cm, optic nerve in 

contact with the tumor, with perineural invasion, extension in the 

soft tissues and positive surgical margins (R1). Postoperative MRI 

found an empty orbital lodge with no sign of residual disease. 

The patient was sent to radiation oncology department for eval-

uation and was taken up for adjuvant treatment. Simulation was 

performed using the CT simulator (SOMATOM Sensation Open; Sie-

mens, Erlangen, Germany). The patient was immobilized in supine 

position with a thermoplastic mask covering the head and neck 

with three fixation points. The patient was instructed to keep his 

eyes in a fixed position, even during radiotherapy. The planning CT 

images were acquired from the head to the base of mandible with 

intravenous iodine contrast enhancement and a slice thickness of 

3-mm. The CT DICOM images were transferred to the Monaco 

treatment planning system version 5.11 (Elekta, Stockholm, Swe-

den) for target delineation. The acquired images were then co-reg-

Fig. 1. Preoperative orbital magnetic resonance imaging (MRI). (A) Axial T1-weighted Gadolinium enhanced MRI showing heterogeneous con-
trast enhancing lesion involving the left orbit. (B, C) Axial T2-weighted images showing isointense soft tissue mass in the lateral aspect of the 
left orbit. 
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istered with diagnostic MRI images to contour the gross tumor 

volume (GTV) defined before surgery, with the aim of better select-

ing the clinical target volume (CTV). A 5-mm isotropic margin was 

given around GTV to generate high-risk CTV (CTV-HR), and was ad-

justed on the planning CT, including the lacrimal fossa, lateral and 

superior portions of the orbit, the entire surgical bed and positive 

margins to consider the microscopic disease. Due to perineural inva-

sion, this volume comprised also a complex “neuronal” volume, in-

cluding: the upper part of the trigeminal ganglion, where the oph-

thalmic nerve arises; the entire path of the ophthalmic nerve, ex-

tending forward along the lateral wall of the cavernous sinus, below 

the oculomotor and trochlear nerves and through the superior or-

bital fissure; and the entire path of the lacrimal nerve, running 

along the upper border of the lateral rectus, parallel to the lacrimal 

artery and communicating with the zygomatic branch of the maxil-

lary nerve, finally entering the lacrimal gland. The planning target 

Fig. 2. (A, B) Axial views of the planning computed tomography scan showing the target volumes: preoperative GTV in red, CTV-HR and PTV-HR 
in yellow and green, respectively. (C) Volumetric modulated arc therapy was delivered via to the region of high risk, using a 0.5-cm thick bolus 
(in blue), to doses of 66 Gy (95% isodose line in orange). GTV, gross tumor volume; CTV, clinical target volume; PV, planning target volume; HR, 
high risk.

Fig. 3. (A–C) Consecutive axial views from superior to inferior of the planning CT scan with 66 Gy (100%; in red) and 62.7 Gy (95%; in orange) 
isodose lines.
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volume (PTV) was created adding a 5-mm expansion around the 

corresponding CTV, except in the skin direction (Figs. 2, 3). No elec-

tive nodal volume was considered. Organs-at-risk (OARs) were con-

toured according to the Radiation Therapy Oncology Group (RTOG) 

atlas for normal tissue contouring. OARs consisted of cord, brain-

stem, optic chiasm, right eye, right lens, right retina, right optic 

nerve, temporal lobes and cochleae. A dose prescription of 66 Gy in 

2 Gy daily fractions (33 fractions) was given to the PTV to reach 

the microscopic disease without the limitations placed by an intact 

globe. Two-arc volumetric modulated arc therapy (VMAT) plan with 

6-MV photon beams was set by the medical physicist, using a 0.5-

cm thick bolus. Planning goals for the PTV were the following: at 

least 90% and 95% of the prescribed total dose (PTD) encompass-

ing at least 98% and 95% of PTV, respectively (V90% ≥  98% and 

V95% ≥  95%, respectively); and no more than 2% of PTV received 

more than 107% of the PTD (V107 ≤  2%). The following constraints 

were set for some OARs: for cord, the maximum dose received by 

2% of its volume less than 45 Gy (D2% <  45 Gy); for brainstem, D2% 

<  55 Gy; for optic chiasm, D2% <  60 Gy; for temporal lobes, D2% 

<65 Gy; lastly, the mean dose received by right eye, cochleae and 

right lens less than 30, 45 and 10 Gy, respectively (Dmean <30, 45 

and 10 Gy, respectively). We restricted the right optic nerve mean 

dose to 48 Gy and a maximum of <54 Gy. Doses were acceptable 

for all OARs (Table 1) with homogeneous uniform dose coverage in 

PTV with 1.08 conformity index. DVH distribution is shown in Fig. 4. 

Table 1. Main dosimetric results for organs-at-risk

Structure Parameter Dosimetric results (Gy)
Spinal cord Dmax 0.8
Brainstem D2% 45.5
Optic chiasm Dmax 54.2

D2% 52.4
Right optic nerve Dmax 28.8
Left temporal lobe D2% 66.7
Right temporal lobe D2% 32.1
Right retina Dmax 22.1
Right eye Dmean 12.2
Left cochleae Dmean 22.4
Right cochleae Dmean 15.5
Right lens Dmax 8.7

Fig. 4. Dose-volume histogram distribution of the following structures: planning target volume (green), chiasma (orange), left temporal lobe 
(purple), right temporal lobe (cyan), spinal cord (red), brainstem (dark green), right optic nerve (dark blue), right retina (pink), right lens (blue), 
and right globe (yellow).
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VMAT plan was delivered using Elekta Versa HD. Patient set-up 

was verified weekly by kV cone beam CT imaging prior to treat-

ment. Systemic therapy was not recommended because of the lack 

of clear supporting evidence for benefit in this setting. During ra-

diotherapy, the patient was assessed for treatment-related toxicity 

once a week by the radiation oncologist. The patient tolerated the 

treatment well and experienced reversible grade 1 periorbital der-

matitis according to the Common Terminology Criteria for Adverse 

Events version 5.0 (CTCAE v5.0). No reduction of visual acuity was 

recorded. There were no treatment interruptions. 

After radiotherapy completion, the patient was clinically evalu-

ated every 3–6 months, addressing disease status and late adverse 

effects. Head and neck MRI and thorax and abdomen CT scans 

were prescribed on a regular basis every 6 months and 12 months, 

respectively. After a period of 24-month follow-up, no evidence of 

local or distant recurrence was found. The patient remains asymp-

tomatic and is still under regular follow-up to date. 

Discussion 

ACC is an uncommon malignancy that arises in secretory glands 

and accounts for about 1% of all head and neck malignancies. It is 

the most common primary malignant epithelial tumor of the lacri-

mal glands and accounts for approximately 1.6% of all orbital tu-

mors [2,5]. 

LGACC has a propensity for early perineural invasion, bony and 

intracranial spread. It is associated with aggressive biology and 

poor prognosis. Despite aggressive local treatment, LGACC show a 

high rate of local recurrence and late distant metastasis, with sig-

nificant resultant mortality [4]. 

It is mainly an adult tumor with a peak incidence defined in the 

fourth decade of life, although occurrence is possible at any age [2]. 

The onset of evolution is usually marked by exophthalmos or ptosis, 

facial asymmetry owing to displacement of the eyeball and swell-

ing of the lacrimal gland. Pain is a cardinal symptom in patients 

with LGACC, caused by a growth pattern that leads to early periph-

eral nerve and extraocular muscle invasion. Lacrimation, reduced 

eye motility, diplopia and visual changes have also been reported in 

patients with ACC. The duration of symptoms before first ophthal-

mic consultation is approximately 6 months. Although, the delay in 

diagnosis or referral is not unique in our case. Ni et al. [6] have re-

ported that fewer than 15% of patients were diagnosed within 2 

months and 72% of patients started treatment after 1 year be-

cause of delay in diagnosis. Imaging is an important diagnostic tool 

when establishing a presurgical evaluation of lacrimal gland tu-

mors. MRI is advantageous for early detection of small tumors and 

for evaluating tumor extension and perineural spread, but it re-

mains unable to differentiate between a malignant and benign tu-

mor [5]. The final diagnosis can only be established after patholog-

ical evaluation of a biopsy.  

Because of the rare nature of LGACC, a randomized clinical trial 

is not likely. Consequently, guidance on the best possible treatment 

must rely on retrospective data and small, single institution series. 

The optimal management for LGACC remains unresolved. 

Surgery is usually the first local treatment in LGACC [7]. Taking 

the correct surgical approach to these lesions is probably one of 

the most critical management decisions and can save the patient 

from unnecessary morbidity and mortality. Residual tumor burden 

following surgery is a significantly important determinant on both 

progression-free survival and overall survival. Careful attention 

should to be paid to minimize gross residual disease at surgery [8]. 

The rarity of lymph node metastasis (4% to 9%) suggests that 

lymph node dissection is unnecessary [7,9]. 

Worldwide, the extent of surgical resection (orbital exenteration 

with or without bone excision versus globe-preserving surgery) re-

mains an unsolved issue [10]. Because of a historically poor prog-

nosis, orbital exenteration has been the most common surgery for 

LGACC in the belief that it improves survival [3,11]. However, there 

is much controversy as to how much radical surgery contributes to 

the outcome of the patient. In the literature, distant relapse and 

cancer-related mortality risks are high after orbital exenteration, 

which highlights the locally invasive and metastatic behavior of 

this disease [5]. Additionally, comparative case series found that 

there is no difference in either survival or tumor recurrence for lac-

rimal gland carcinoma treated with cranio-orbital resection, or 

eye-preserving tumor excision and radiotherapy [12,13]. Moreover, 

studies have demonstrated that the quality of life of patients who 

underwent orbital exenteration is markedly reduced because of 

functional disability and disfigurement [14]. Consequently, eye-pre-

serving surgery followed by adjuvant radiotherapy has recently 

gained popularity. Data from the literature suggest that eye-spar-

ing surgery with adjuvant radiotherapy can achieve satisfactory re-

sults in patients with T1–T2 orbit-confined lacrimal gland carcino-

ma [4,15,16]. However, the risk of local recurrence is increased with 

conservative surgery in patients with advanced-stage disease (T3–

T4) at initial diagnosis. Orbital exenteration and adjuvant radio-

therapy seems to be a more reasonable option in this group of pa-

tients [10,16,17]. 

In our case, total exenteration was performed after obtaining the 

informed consent of the patient due to locally advanced disease. 

However, this surgery can prove challenging given the complex an-

atomical characteristic of the orbit and the tumor’s tendency to 

spread along nerve tracts. Negative resection margins could not be 

obtained. 
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Adjuvant radiotherapy is recommended after surgical resection, 

regardless of its extent, especially for patients at high risk of recur-

rence, including those with an advanced stage tumor and/or multi-

ple unfavorable pathological factors such as bony structure inva-

sion, positive surgical margins, lymphovascular space invasion, or 

perineural invasion [10,15,17]. 

Most of the literature available evaluates the use of convention-

al EBRT. Adjuvant radiation therapy has proven to be effective in 

preventing locoregional recurrences with local control rates of ap-

proximately 50%–80% at 5 years, despite no benefit in survival 

[10,18]. Addition of radiotherapy following incompletely resected 

ACC (R0/R1) could decrease the risk of progression, but not follow-

ing R2 resection [8,17]. 

Due to the horseshoe-shaped target volume and the proximity to 

radiosensitive normal structures of lacrimal gland tumors, they 

might be good candidate for advanced radiotherapy technologies, 

such as proton beam therapy and intensity-modulated radiation 

therapy (IMRT) because of their high accuracy and ability to deliver 

higher radiation doses to the tumor and to spare surrounding tis-

sues. Recently, the introduction of VMAT further improved normal 

tissue sparing, target coverage and delivery efficiency, compared 

with conventional IMRT in head-and-neck cancers (HNC) [19]. Very 

few reports in the literature specifically relates to the use of IMRT 

or VMAT in LGACC. A case reported by Orlandi et al. [20] presented 

favorable outcomes in two patients with lacrimal gland cancer 

treated by postoperative VMAT, with no evidence of disease at 

18-month follow-up. To the best of our knowledge, this is the sec-

ond report describing the use of postoperative VMAT in the man-

agement of lacrimal gland malignancies.  

In our case, target volumes were selected according to examina-

tions, initial radiological extension of the disease and pathology re-

port. The GTV was accurately outlined on the preoperative MRI and 

adjusted on the planning CT. Following the international guidelines 

of the Danish Head and Neck Cancer group (DAHANCA), we de-

fined a CTV-HR including the preoperative GTV plus a 5-mm mar-

gin, covering the entire surgical bed and positive margins, along 

with the lateral orbital wall, superior orbital fissure, orbital roof, 

and nerve tract up to the skull base. No elective nodal volume was 

considered because routinely prophylactic nodal irradiation for lac-

rimal glands malignancies is not recommended [12]. PTV was gen-

erated with 5-mm margin for daily setup variation. We prescribed 

a dose of 66 Gy with standard fractionation to reach the micro-

scopic disease after R1 resection, which was consistent with data 

reported in the literature. Tumor control is related to radiation dose 

and that a dose of at least 60 Gy is required to obtain an improved 

control. In a recent review, von Holstein and coworkers [5] reported 

fractionation schemes for lacrimal gland ACC and non-ACC epithe-

lial tumors, suggesting a postoperative dose of 66 Gy for ACC with 

extracapsular spread, positive or close margins or involved nodes. 

No concomitant chemotherapy was delivered in our case as 

there are still no clear data in the literature in favor of this com-

bined approach [10]. Besides, the role of postoperative chemother-

apy for LGACC remains unclear. 

After 27 months, our patient is free of recurrent disease despite 

advanced perineural invasion, locally invasive features and positive 

surgical margins. He experienced minimal acute toxicity and 

showed no sign of late toxicity at last follow-up. Our case suggests 

that postoperative VMAT can potentially offer an improved disease 

control with moderate acute and late side effects for lacrimal gland 

tumors in the context of a multidisciplinary therapeutic strategy. 

However, long-term outcome data are not available yet, and addi-

tional evidence is required to further elucidate the efficacy and 

safety of adjuvant VMAT in LGACC. 

In conclusion, LGACC is a rare and slowly progressing disease, 

associated with poor local control, distant metastasis and signifi-

cant morbidity and mortality rates. Delayed diagnosis, tendency for 

peri-neural invasion, infiltration to periosteum and local recurrence 

are factors resulting in poor outcome. To date, optimal treatment is 

still debated. First treatment conventionally consists in surgery fol-

lowed by postoperative radiotherapy. Ongoing discussions focus on 

the optimal dose, fractionation and technique of radiotherapy. ACC 

is classically considered as a radioresistant tumor, and dose escala-

tion to the focal region of risk is essential to hope for a curative ir-

radiation. New irradiation techniques such as VMAT proved to be 

effective and safe in irradiating orbital tumors. The role of systemic 

therapy is yet to be established. Close follow-up after treatment 

should be undertaken to evaluate both recurrence and radia-

tion-related complications. Larger multicenter studies can yield ad-

ditional insight and should be planned in the future. 
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