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ABSTRACT | Purpose: To compare the radiologic and 
clinical features of primary lacrimal gland pleomorphic 
adenoma and adenoid cystic carcinoma. Methods: This 
study retrospectively reviewed imaging findings and medical 
records of lacrimal gland pleomorphic adenoma and adenoid 
cystic carcinoma. Results: Eleven patients with pleomorphic 
adenoma and 16 patients with adenoid cystic carcinoma were 
evaluated. There were no statistically significant differences 
between groups regarding age or sex. Proptosis was the most 
common presenting symptom in both groups. Adenoid cystic 
carcinomas were more likely to present with a palpable mass, 
diplopia, pain, and sensory loss than pleomorphic adenomas, 
although the differences were not statistically significant 
between groups. Furthermore, there were no significant 
differences in terms of homogeneity and globe indentation 
between lacrimal gland pleomorphic adenoma and adenoid 
cystic carcinoma on computed tomography (CT)(all p>0.05). 
The rates of bone invasion, tumor calcification, and wedge 
sign were significantly higher in adenoid cystic carcinomas, 
and bone remodeling was statistically significantly higher 
in pleomorphic adenomas, on CT(all p<0.05). Pleomorphic 
adenomas were significantly more likely to show well-defined 
margins, lobulated contours, heterogeneous contrast enhan-
cement, and hyperintensity on T2-weighted magnetic reso-
nance images (all p<0.05). Conclusion: When differentiating 
between lacrimal gland pleomorphic adenoma and adenoid 
cystic carcinoma, evaluation of radiologic features along with 

clinical features is of great importance. Lobulated contours may 
be a significant distinguishing radiologic feature suggesting 
pleomorphic adenoma.

Keywords: Lacrimal apparatus/pathology; Adenoma, pleomor-
phic; Carcinoma, adenoid cystic; Computed tomography, x-ray; 
Magnetic resonance imaging

RESUMO | Objetivo: Comparar as características radiológicas 
e clínicas do adenoma pleomórfico primário e do carcinoma 
adenoide cístico da glândula lacrimal. Métodos: Este estudo 
revisou retrospectivamente os achados de imagem e os prontuários 
médicos de casos de adenoma pleomórfico e carcinoma adenoide 
cístico da glândula lacrimal. Resultados: Foram avaliados 11 
pacientes com adenoma pleomórfico e 16 pacientes com carci-
noma adenoide cístico. Não houve diferenças estatisticamente 
significativas em relação à idade e sexo. Proptose foi o sintoma 
de apresentação mais comum em ambos os grupos. Os carcino-
mas adenoides císticos foram mais propensos que os adenomas 
pleomórficos a apresentarem massas palpáveis, diplopia, dor 
e perda sensorial, mas essa diferença entre os grupos não foi 
estatisticamente significativa. Não houve diferenças estatísticas 
em termos de homogeneidade e indentação do globo ocular 
entre os dois tipos de tumores em imagens de tomografia com-
putadorizada (p>0,05). Também à tomografia computadorizada, 
a invasão óssea, a calcificação do tumor e o sinal em cunha foram 
mais frequentes nos carcinomas adenoides císticos, enquanto a 
remodelação óssea foi mais frequente nos adenomas pleomórfi-
cos, com significância estatística para todas essas manifestações 
(p<0,05). À ressonância magnética, os adenomas pleomórficos 
foram significativamente mais propensos a terem margens bem 
definidas, contornos lobulados, realce heterogêneo pelo contraste 
e hiperintensidade na ressonância magnética ponderada em T2 
(p<0,05). Conclusão: Ao se diferenciar o adenoma pleomórfico 
e o carcinoma adenoide cístico da glândula lacrimal, é muito 
importante avaliar as características radiológicas juntamente 
com as características clínicas. Os contornos lobulados podem 
ser uma característica radiológica significativamente distinta em 
favor do adenoma pleomórfico.
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INTRODUCTION

Lacrimal gland tumors are uncommon masses that 
account for approximately 10% of all orbital tumors(1), 
with the most common forms being benign and malig-
nant tumors of lacrimal gland pleomorphic adenoma 
(PA) and adenoid cystic carcinoma (ACC)(2). Preoperative 
prediction of lacrimal gland tumors - whether benign or 
malignant - can be helpful for surgeons and is achieved 
by evaluating the clinical and radiologic features of the 
lesion. This information strongly influences the planned 
surgical approach, surgical margins, and conservative 
management in poor surgical candidates. PAs are usua
lly treated by complete excision without prior biopsy 
because they have a propensity to recur and undergo 
malignant transformation if incompletely excised, leading 
to increased morbidity(3,4).

The ability to differentiate PAs and ACCs based on 
clinical findings is limited: only a few symptoms, such 
as persistent pain, sensory loss, and a short duration 
of symptoms (<10 months) predict a diagnosis of ACC. 
Orbital imaging can provide crucial information for 
differentiating benign and malignant lacrimal gland 
tumors(5). In addition, good knowledge of the radiologic 
features of lacrimal gland tumors is very important for 
correct diagnosis and treatment selection. In the existing 
literature, there are few studies examining the radiologic 
findings of tumors of the lacrimal gland(6-8). The main 
purpose of this study was thus to clarify the distinctive 
imaging findings that may help differentiate lacrimal 
gland PAs and ACCs and assist in patient management.

METHODS

We retrospectively evaluated the clinical records of 
patients with histopathologically-proven lacrimal gland 
PA and ACC who were surgically treated from 1993-
2018 in a single institution. Clinical data (sex, age, and 
time of initial symptoms) and presenting features (prop-
tosis, eyelid swelling, palpable mass, pain, and sensory 
loss) were evaluated. All patients underwent both com-
puted tomography (CT) and magnetic resonance imaging 
(MRI). All participants provided written informed con-
sent before undergoing surgery. This study was approved 
by the institutional review board/ethics committee of 
our institution (Approval number: (# 965/2018).

Detailed radiologic characteristics of the tumors 
were evaluated by an observer (an ophthalmologist) who 
was blinded to the histologic and clinical information. 
The anatomical extent, margins (well or poorly defi-
ned), intralesional calcification, globe indentation, bony 
remodeling, bone invasion, wedge sign, and contrast 
enhancement (homogeneous or heterogeneous) on CT 
were recorded. Contour (lobulated or not lobulated), 
T1-T2-weighted signal intensity (hyperintense, isointense, 
or hypointense), and contrast enhancement (homoge-
neous or heterogeneous) on MRI were recorded. The 
density on CT and signal intensity on MRI imaging were 
compared with extraocular muscles(extraocular muscles 
are isointenseon T1-T2 MRI). Statistical analysis was 
performed using SPSS V.22 software (IBM, USA). Fisher’s 
exact test was used to compare the radiologic features 
between tumors.

RESULTS
The clinical and radiologic findings of the11 PAs 

and 16 ACCs were evaluated (Tables 1-2). There were 
no significant differences between groups in terms of 
age or sex. Although there was no significant difference 
in terms of proptosis, palpable mass, diplopia, sensory 
loss, or persistent pain between PAs and ACCs, these cli-
nical symptoms were observed relatively more often in 
ACCs in our study. The mean duration of symptoms was 
significantly longer in the PA group (p=0.001);notably, 
duration was longer than 120 months in 5 patients 
with PA. Proptosis was the most common presenting 
symptom in both groups (90% in PA vs. 87.5% in ACC).
All lacrimal gland lesions were isointense relative to 
extraocular muscle on CT. There were no statistically sig-
nificant differences in terms of homogeneity and globe 
indentation between lacrimal gland PAs and ACCs on CT 
(p>0.05). Bone invasion, wedge sign, and calcification 
were observed significantly more often in ACCs, while 
bone remodeling was significantly more common in PAs 
on CT (all p<0.05). PAs were significantly more likely to 
show well-defined margins, lobulated contour, hetero-
geneous contrast enhancement, and hyperintensity on 
T2-weighted MRI (all p<0.05; Figures 1-2).

DISCUSSION 
PA is the most common lacrimal gland epithelial 

tumor, accounting for 48-71% of cases, whereas the 
most common malignant epithelial lacrimal gland tumor 
ACC(12-32%)(2,3,9). The prognosis for patients with PA 
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is generally good, although it may recur or transform 
into malignant carcinoma ex pleomorphic adenoma 
after incomplete removal(9). For this reason, comple-
te resection without biopsy is recommended for PA. 
Data regarding the safety of preoperative incisional or  
fine-needle biopsy for suspected LGPA has been presen-
ted in the literature(10).

In contrast, patients with ACC generally have poor 
long-term prognosis despite many attempts to optimize 
treatment regimens(11).Excisional biopsy is performed 
in cases of suspected ACC. Fine-needle biopsy may be 
initially chosen in patients with advanced disease who 
cannot undergo total excision before radiotherapy(12).
Surgeons should be familiar with the radiologic findings 
to understand the potential diagnosis. 

One aim of this study was to present similarities and 
differences between the clinical and radiologic findings 

Table 2. Radiological features of pleomorphic adenoma and adenoid 
cystic carcinoma

Pleomorphic 
adenoma
(n=11)

Adenoid cystic 
carcinoma

(n=16) p-value

CT findings 

Signal attenuation

Hypodense 0 0

Isodense 11 16 -

Hyperdense 0 0

Contrast enhancement Homogeneity 0.072

Homogeneous 8 6

Heterogeneous 3 10

Globe indentation 3 3 0.617

Margin: Well defined 11 2 0.000006

Ill defined 0 14

Anatomical extent: Wedge sign 0 14 0.000008

Tumor calcification 1 10 0.004

Bone remodeling 9 5 0.01

Invasion of bone 0 7 0.022

MRI findings

T1w signal intensity

Hyperintense 0 1

Isointense 3 12 0.774

Hypointense 8 3

T2w signal intensity

Hyperintense 10 1

Isointense 1 2

Hypointense 0 13 0.00004

Contrast  enhancement  homogeneity

Homogeneous 1 13

Heterogeneous 10 3 0.0002

Contour

Lobulated 10 0

Not lobulated 1 16 0.00001

p<0.05 isconsidered statistically significant, Fisher’s exact test was used

Table 1. Clinical features of pleomorphic adenoma and adenoid cystic 
carcinoma

Clinical features
Pleomorphic 

adenoma (n=11)
Adenoid cystic 

carcinoma (n=16)
p 

value

Male: Female 8:3 7:9

Mean age (range) 34.2 (19-50) 38.4 (14-70) 0.531

Mean duration of 
symptoms, months (range)

69.4 (2-180) 11.8 (1-66) 0.001

Proptosis (%) 10 (90) 14 (87.5) 0.79

Swelling/palpable mass (%) 9 (81.8) 13 (81.2) 0,972

Diplopia (%) 1 (9) 4 (25) 0.618

Persistent pain (%) 0 6 (37.5) 0.054

Sensory loss (%) 0 3 (18.7) 0.248

Figure 1.Primary lacrimal gland pleomorphic adenoma (PA; A, B) and 
adenoidcystic carcinoma (ACC; C, D) A: Post-contrast T1-weighted MRI 
shows lobulated heterogeneous contrast enhancement(PA) B: T2-weighted 
coronal MRI shows a hyperintense (bright) tumor(PA) C: Post-contrast 
T1-weighted MRI shows unlobulated homogeneous contrast enhancement 
(ACC) D: T2-weighted axial MRI shows a hypointense (dark) tumor (ACC) 
with respect toextraocular muscle.

A C

DB

Figure 2. Primary lacrimal gland adenoid cystic carcinoma (ACC; A) and 
pleomorphic adenoma (PA; B) and (A: Calcification, invasion of bone and 
infiltration into the posterior orbit (wedge sign) seen left lacrimal gland 
adenoid cystic carcinoma on CT B: Right round, well-defined margin 
primary lacrimal gland pleomorphic adenoma without bone invasion.

A B
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of PA and ACC and to emphasize the radiologic findings. 
Lacrimal gland tumors may be found in patients of all 
ages, but are primarily encountered in middle-aged 
adults. The mean age of patients with PA in our study 
was 34.2 ±11.5 (range: 19-50) years, which is similar to 
other studies(13,14). ACC has a bimodal age distribution 
with the majority of patients diagnosed in their 40s and 
a smaller peak during teenage years(15).The mean age of 
patients with ACC in our study was 38.4 ±18.6 (range, 
14-70) years, which is again similar to other studies(3,16).

In our study, most PA patients were male (eight ma-
les, three females). In the literature, PAs are reported 
have an equal distribution between men and women or 
to be slightly more common in men than women with a 
ratio of 1.5:1(17,18). The proportion of males/females with 
ACC in our study was 7/9. Shields et al.(14) suggested that 
ACC is slightly more common in women, although there 
is no established predilection in relation to race or sex.

The longer duration of symptoms is a very important 
clinical indicator of PA, which correlates with the typi-
cally slow-growing nature of the tumor(4,19). Symptom 
duration is usually 1-2 years in PA, but is reported to 
be as long as 20 years(4,17-19). In contrast, the duration of 
symptoms is approximately 6 months in ACC(19). In our 
study, there was a significant difference in symptom du-
ration between groups in accordance with the literature 
(p<0.05)(4,19). The rate of growth and infiltration of the 
surrounding tissues results in the significant difference 
in symptom duration between PA and ACC. In our study, 
in line with the literature, proptosis and palpable mass 
were the most common symptoms among all lacrimal 
gland tumors(4,17,18). Although these symptoms are not 
distinctive, they should be thoroughly examined to eva-
luate the duration of the disease.

Periocular pain is an important clinical feature 
of lacrimal gland malignancy(3). The cause of pain is 
reported to be the perineural spread of the tumor, 
especially along the ophthalmic (V1) branches of the 
trigeminal nerve toward the superior orbital fissure or 
along the zygomaticotemporal branch of the maxillary (V2) 
branch(14). The presentation may be subtle in the supero-
temporal orbit. In the literature on ACC, the frequency of 
periocular pain has a wide range of values (35-90%)(15,16). 
In the present study, the rate of periocular pain rate in 
ACC was 37.5%.

Diplopia may occur in lacrimal gland PA and ACC due 
to the mass effect or perineural involvement(4,6,16,20). In 
our study, one of nine PA patients had vertical diplopia. 
Sensory loss was associated with diplopia in one patient 

with ACC. Although diplopia is not a distinguishing fea
ture of lacrimal gland benign and malignant tumors, it 
is more likely to be seen in ACC secondary to perineural 
involvement and the fast-growing nature.

In lacrimal gland malignant tumors, sensory loss may 
be observed in the innervation areas after invasion of 
the V1 or V2 sensory nerves. In the literature, trigeminal 
nerve function loss -typically hypoesthesia -is reported 
at rates of 20-33% in ACC (16,21). In our study, the rate was 
18% (3 of 16 cases).

All PAs showed well-defined margins on CT imaging, 
which is animportant sign for distinguishing benign from 
malignant tumors of the lacrimal gland. ACC has been 
reported to have poorly defined margins in the literatu-
re(7,9,22,23). ACCs are also more likely to have a tail or wedge 
sign than PA, indicating infiltration into the posterior 
orbit. A triangle of tissue between the lateral rectus and 
lateral orbital wall or between the superior rectus and 
orbital roof is termed the wedge sign, and commonly 
appears in lacrimal gland carcinoma(24). In our study, the 
wedge sign was observed in 14 of 16 patients with ACC. 
Calcification and bone invasion of masses of the lacrimal 
gland usually suggest malignant disease(21). In our study, 
tumor calcification and bone invasion were observed on 
CT more frequently in ACC than PA (62% vs. 9% and 44% 
vs. 0%, respectively). In the literature, bone invasion 
is reported at rates of 45-82% in ACC(22,23,25). Although 
patients with long-standing large PA may show modu-
lation of the bony area of the lacrimal fossa without 
periosteal disruption (bone remodeling), this should not 
be considered bone invasion. Bone remodeling consists 
of displacement and, in most cases, thinning of bony 
walls. It is observed in benign neoplasms, in some chro-
nic inflammatory lesions, and rarely in malignant neoplas-
ms(26). Several products of malignant cells directly and 
indirectly cause resorption of bone and allow invading 
tumor cells to grow into the reabsorbed space during 
the bone invasion process(27). On CT, bone remodeling 
is observed as thinning and displacement in the lacrimal 
fossa, whereas bone invasion is observed as destruction 
in the lacrimal fossa. In our study, bone remodeling was 
observed in 81% of patients with PA and 31% of patients 
with ACC. In the literature, the rates vary widely from 
14 to 84% in PA(6,7,13).

Although there was no significant difference in CT ho-
mogeneity between groups, heterogeneity was observed 
more often for ACCs. Homogeneity may vary with the 
cellular index of the tumors and larger tumors may be 
more heterogeneous due to mesenchymal stroma, cys-
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tic degeneration, necrosis, or serous/mucous collection 
in CT. Contrast enhancement of the lacrimal glands is 
better visualized on MRI than CT. Only inhomogeneous 
mixed-tissue tumors can be differentiated from homo-
geneous tumors by CT due to density differences(28). As 
a result, CT imaging is typically more useful for assessing 
features like calcification, bone invasion, and margins in 
lacrimal gland tumors.

On MRI, PAs may appear as lobulated masses. In the 
presente study, lobulation of the contour was observed 
in 10 of 11 of PA patients; in contrast, none of the ACC 
patients showed lobulation of the contour in our series. 
Lobulated contours may thus be a specific feature for 
distinguishing PAs from malignant epithelial lacrimal 
gland tumors. Mărgăritescuet al.(29) reported that PAs 
(prominently myxoid areas) often had incomplete cap-
sules and tumors with characteristics that might be 
expected to have lobulated contours on MRI. Although 
there was no significant difference in T1-weighted MRI 
between PAs and ACCs in our study, the isointense signal 
density was relatively higher in ACCs. In the literature, 
isointensity on T1-weighted images has been observed 
in both epithelial and non-epithelial tumors at a similar 
rate(8,25), and is thus not a differentiating feature for la-
crimal gland tumors. In our study, PAs were more likely 
to present with a bright signal on T2-weighted MRI and 
heterogeneous nodular enhancement than ACCs. Simi-
larly, Watanabe et al.(6) and Gündüz et al.(30) both repor-
ted high intensity in PA cases and a greater likelihood 
of contrast heterogeneous enhancement. Tsushima et 
al.(31) reported the histologically myxoid areas of pleo-
morphic adenoma to be the cause of bright intensity 
signals on T2-weighted MRI. Young et al.(7) reported that 
PAs showed high intensity on T2-weighted MRI and he-
terogeneous contrast enhancement in their series, but 
stated that lacrimal gland malignant epithelial tumors 
were more likely to have heterogeneous contrast enhan-
cement compared with PA. However, the MRI findings of 
ACC, which is a subgroup of malignant epithelial tumors 
of the lacrimal gland, were not evaluated in that study 
as a separate group(7). Thus,T2-weighted images may be 
more valuable than T1-weighted images for differential 
diagnosis of such patients.

The present study is subject to several limitations. 
This study has a retrospective design and involves a 
limited number of patients. There is also a need for stu-
dies that compare lacrimal gland epithelial tumors with 
detailed radiologic features.

In conclusion, detailed radiologic findings as well 
as clinical features are valuable for evaluating lacrimal 
gland epithelial tumors. On CT, poorly defined margins, 
tumor calcification, and bone invasion suggest ACC. 
Our findings suggest that lobulated contours may be an 
important distinguishing radiologic feature in favor of 
PA, although this is not clearly emphasized  in the prior 
literature. Evaluating radiologic features such as lobula-
ted contours, bright signal, and heterogeneous nodular 
enhancement on T2-weighted MRI together increases 
the probability of an accurate PA diagnosis. Ophthalmo-
logists should thus pay attention to the aforementioned 
distinctive radiologic characteristics to help achieve 
correct diagnosis of lacrimal gland tumors.

REFERENCES 
1.	 Bonavolontà G, Strianese D, Grassi P, Comune C, Tranfa F, Uccello 

G, et al. An analysis of 2,480 space-occupying lesions of the orbit 
from 1976 to 2011. OphthalPlastReconstr Surg. 2013;29(2):79-86.

2.	 Weis E, Rootman J, Joly TJ, Berean KW, Al-Katan HM, Pasternak S, 
et al. Epithelial lacrimal gland tumors: pathologic classification and 
current understanding. Arch Ophthalmol. 2009;127(8):1016-28.

3.	 Ni C, Cheng SC, Dryja TP, Cheng TY. Lacrimal gland tumors: a 
clinicopathological analysis of 160 cases. Int Ophthalmol Clin. 
1982;22(1):99-120.

4.	 Rose GE, Wright JE. Pleomorphic adenoma of the lacrimal gland. 
Br J Ophthalmol. 1992;76(7):395-400.

5.	 5. Gibson A, Mavrikakis I, Rootman J, Dolman P. Lacrimal gland 
pleomorphic adenomas with low-density zones resembling cystic 
change on computed tomography. Ophthalmic PlastReconstr Surg. 
2007;23(3):234-5.

6.	 Watanabe A, Andrew NH, Ueda K, Kinoshita S, Katori N, Reid 
M, et al. Clinico-radiological features of primary lacrimal gland 
pleomorphic adenoma: an analysis of 37 cases. Jpn J Ophthalmol. 
2016;60(4):286-93.

7.	 Young SM, Kim YD, Shin HJ, Imagawa Y, Lang SS, Woo KI. Lacrimal 
gland pleomorphic adenoma and malignant epithelial tumours: cli-
nical and imaging differences. Br J Ophthalmol. 2019;103(2):264-8.

8.	 Mafee MF, Edward DP, Koeller KK, Dorodi S. Lacrimal gland tu-
mors and simulating lesions. Clinicopathologic and MR imaging 
features. RadiolClin North Am. 1999;37(1):219-39.

9.	 Yeşiltaş YS, Gündüz AK, Erden E, Shields CL. Lacrimal gland tu-
mors in Turkey: types, frequency, and outcomes. Int J Ophthalmol. 
2018;11(8):1296-302.

10.	Lai T, Prabhakaran VC, Malhotra R, Selva D. Pleomorphic adenoma 
of the lacrimal gland: is there a role for biopsy? Eye (Lond). 2009; 
23(1):2-6.

11.	von Holstein SL, Fehr A, Persson M, Therkildsen MH, Prause JU, 
Heegaard S, et al. Adenoid cystic carcinoma of the lacrimal gland: 
MYB gene activation, genomic imbalances, and clinical characte-
ristics. Ophthalmology. 2013;120(10):2130-8.

12.	Han J, Kim YD, Woo KI, Sobti D. Long-Term Outcomes of Eye-Sparing 
Surgery for Adenoid Cystic Carcinoma of Lacrimal Gland. Ophthal-
PlastReconstr Surg. 2018;34(1):74-8.

13.	Chawla B, Kashyap S, Sen S, Bajaj MS, Pushker N, Gupta K, et al. 
Clinicopathologic review of epithelial tumors of the lacrimal gland. 
OphthalPlastReconstr Surg. 2013;29(6):440-5.

https://orcid.org/0000-0001-8511-7504


Clinical and radiologic outcomes of pleomorphic adenoma and adenoid cystic carcinoma of the lacrimal gland

364 Arq Bras Oftalmol. 2023;86(4):359-64

14.	Shields CL, Shields JA, Eagle RC, Rathmell JP. Clinicopathologic 
review of 142 cases of lacrimal gland lesions. Ophthalmology. 
1989;96(4):431-5.

15.	von Holstein SL, Therkildsen MH, Prause JU, Stenman G, Siersma 
VD, Heegaard S. Lacrimal gland lesions in Denmark between 1974 
and 2007. Acta Ophthalmol. 2013;91(4):349-54.

16.	Wright JE, Rose GE, Garner A. Primary malignant neoplasms of the 
lacrimal gland. Br J Ophthalmol. 1992;76(7):401-7.

17.	Font RL, Croxatto JO, Rao NA. Tumors of the eye and ocular adnexa. 
Washington, DC:Amer Registry of Pathology;  2006.  [AFIP Atlas of 
Tumor Pathology  Series 4].

18.	Dutton JJ, Frazier SF, Proia AD. Diagnostic atlas of orbital diseases. 
Philadelphia (PA); Saunders; 2000. Chap. 95.

19.	Heaps RS, Miller NR, Albert DM, Green WR, Vitale S. Primary 
adenocarcinoma of the lacrimal gland. A retrospective study. 
Ophthalmology. 1993;100(12):1856-60.

20.	Ozgur O, Vinod K, Chang P, Patel P, Hall L, Maher E. Diplopia as 
a presenting symptom of adenoid cystic carcinoma of the head and 
neck. Invest Ophthalmol Vis Sci. 2014;55(13):4095.

21.	Pushker N, Kashyap S, Sen S, Bajaj MS, Hada M. Cystic pleomor-
phic adenoma of the lacrimal gland: a clinicopathologic study. Can 
J Ophthalmol. 2017;52(1):e7-9.

22.	Williams MD, Al-Zubidi N, Debnam JM, Shinder R, DeMonte F, Es-
maeli B. Bone invasion by adenoid cystic carcinoma of the lacrimal 
gland: preoperative imaging assessment and surgical considera-
tions. OphthalPlastReconstr Surg. 2010;26(6):403-8.

23.	Wang XN, Qian J, Yuan YF, Zhang R, Zhang YQ. Application of Rose 
and Wright’s algorithm in the diagnosis of lacrimal gland masses: 
a study of 93 cases. Can J Ophthalmol. 2017;52(1):30-3.

24.	Lorenzano D, Rose GE. The ‘wedge sign’: an imaging sign for aggres-
sive lacrimal gland disease. Ophthalmology. 2017;124(7):1081-3.

25.	Qin W, Chong R, Huang X, Liu M, Yin ZQ. Adenoid cystic carcino-
ma of the lacrimal gland: CT and MRI findings. Eur J Ophthalmol. 
2012;22(3):316-9.

26.	Maroldi R, Nicolai P.. Imaging in treatment planning for sinonasal 
diseases. Berlin; Springer; 2005. 

27.	Bruera ED. Russell KP. Cancer pain: assessment and management. 
New York: Cambridge University Press; 2009.

28.	Lemke AJ, Hosten N, Grote A, Felix R.  [Differentiation of lacrimal 
gland tumors with high resolution computerized tomography in 
comparison with magnetic resonance tomography]. Ophthalmolo-
ge. 1996;93(3):284-91.German

29.	Mărgăritescu C, Raica M, Simionescu C, Mogoantă L, Surpăţeanu M, 
Jaubert F, et al. Tumoralstroma of salivary pleomorphic adenoma - 
histopathological, histochemical and immunohistochemical study. 
Rom J MorpholEmbryol. 2005;46(3):211-23.

30.	Gündüz AK, Yeşiltaş YS, Shields CL. Overview of benign and 
malignant lacrimal gland tumors. CurrOpin Ophthalmol. 
2018;29(5):458-68.

31.	Tsushima Y, Matsumoto M, Endo K, Aihara T, Nakajima T. Cha-
racteristic bright signal of parotid pleomorphic adenomas on 
T2-weighted MR images with pathological correlation. ClinRadiol. 
1994;49(7):485-9.


