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ABSTRACT Objective: Mucoepidermoid carcinoma (MEC) is the most common primary malignancy of the salivary glands. Insulin-like

growth factor-II mRNA-binding protein-3 (IMP3) is an important prognostic factor in some cancers and a tool that differentiates

between benign and malignant pancreatic lesions. This study aimed to identify a relationship between the expression of IMP3 and

the outcome of salivary gland MEC, as well as to differentiate MEC from pleomorphic adenoma (PA).

Methods: Tissue specimens from 70 cases of salivary gland MEC, 40 cases of PA, and 10 cases with normal salivary gland were

examined immunohistochemically for IMP3. The association among the expression of IMP3, clinicopathological characteristics

and patient's survival was assessed.

Results: IMP3 was present in 51.4% of MEC but absent in PA and normal salivary gland tissues. IMP3 expression was associated

with age > 60 years, submandibular gland tumors, tumor size > 4 cm, high-grade tumors, lymph node metastasis, involvement of

surgical margins, perineural invasion, distant metastasis, advanced TNM stage, tumor relapse, and death (P<0.05). Increased

expression of IMP3, tumors of the submandibular gland, and lymph node metastasis were independent prognostic factors of

disease-free survival (DFS). In addition, IMP3 was a strong predictor of overall survival (OS) together with distant metastasis and

intermediate and high-grade tumors.

Conclusions: IMP3 expression is highly important in evaluating the outcome of MEC. IMP3 can be used to differentiate MEC

from PA of salivary glands.
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Introduction

Mucoepidermoid carcinoma (MEC) is  the most common

primary malignancy of salivary glands in both children and

adults; MEC accounts for 29% to 34% of malignant tumors

of major and minor salivary glands1.

The  impact  of  the  clinicopathological  features  on  the

outcome  of  MEC  of  salivary  glands  has  been  studied.

Features  with poor impact  on the outcome include high-

grade tumors,  positive lymph node metastasis,  perineural

invasion, advanced TNM stage, distant metastasis, positive

surgical margins, and submandibular location. Convenient

prognostic biomarkers remain mostly irrelevant2.

IMP3 is an oncofetal protein that regulates the growth of

cells  in  the  early  stages  of  embryogenesis.  IMP3  is  also

important for the adhesion, migration, and widespread of

malignancies3,4. IMP3 is known as K-homologous domain

containing  protein  overexpressed  in  cancer  (KOC)  or

L523S5,6. The gene of IMP3 is placed on chromosome 7p11.2

and  its  protein  is  revealed  in  the  developing  muscle,

epithelium, and placenta. However, the expression of IMP3 is

absent or low in mature tissues7,8. Several studies have found

IMP3 overexpression in  various  malignancies,  which is  a

relevant prognostic biomarker in these cancers9. Among the

cancers  that  showed  the  poor  impact  of  IMP3  on  their

outcome  were  renal  cell  carcinoma,  oral  squamous  cell

carcinoma,  hepatocellular  carcinoma,  and  pancreatic

adenocarcinoma8,10-12. IMP3 was also found to be a useful

tool  that  distinguishes  benign from malignant  pancreatic

lesions6.

MEC being misdiagnosed as pleomorphic adenoma (PA) is

an extremely  rare  case  because  of  the  cytologically  bland
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epithelial component of the latter, which is characterized by

its vacuolated nuclei, inconspicuous nucleoli, and few mitotic

figures. However, occasionally pleomorphic adenoma shows

prominent  clear  cell  change  or  mucous  metaplasia.  In

addition,  extensive  inflammation,  marked  necrosis,

squamous metaplasia,  and keratin  pearls  can occur  in  its

epithelial  components following fine needle aspiration or

spontaneous  infarction.  These  conditions  may  exhibit

cellular atypia and frequent mitotic figures. These changes

can lead to a wrong diagnosis of PA as low-grade MEC or

squamous cell carcinoma13,14.

To our knowledge, no study has evaluated the expression

of  IMP3  in  salivary  gland  MEC.  Therefore,  we  aim  to

investigate the expression of IMP3 by immunohistochemistry

and  its  relat ionship  with  the  cl inicopathological

characteristics and outcome of salivary glands MEC in our

locality (Egypt). We can select high-risk patients to facilitate

intensive therapy and strict follow-up. We also assessed the

expression of IMP3 in PA and its utility to differentiate the

latter from MEC.

Materials and methods

Data retrieval

This study was conducted retrospectively on selected 70 cases

of  salivary  gland  MEC  with  available  paraffin  blocks,

complete clinicopathological,  and follow-up data without

distant metastasis at the initial diagnosis from January 2000

to December 2014. All cases in this study underwent surgical

resection.  Some  cases  underwent  neck  lymph  node

dissection. Patients with close margin, multiple lymph node

metastases,  perineural  invasion,  high  grade  lesions,

extracapsular  invasion,  or  advanced  stage  received

postoperative  radiotherapy  (RT).  None  of  the  patients

received preoperative RT. The study also included 10 cases

with normal salivary glands and 40 cases with PA.

The patients’ clinicopathological data were recovered from

the  folders  of  the  pathology  laboratory  of  the  Oncology

Center,  Faculty of Medicine, Mansoura University,  Egypt.

These  data  included  the  patients's  age  and  sex,  primary

tumor site, primary tumor size, status of the surgical margin,

lymph node status, and the presence or absence of perineural

invasion. The study included 29 males and 41 females with a

ratio of 1:1.4. The patients' age ranged from16 to 78 years

with a mean of 51.6±13.8 years. The size of primary tumors

ranged  from  1  to  7  cm  with  a  mean  of  4.2±1.6  cm.  The

clinicopathological characteristics of other patients are shown

in Table 1.

Patient follow-up was done every 3 to 6 months for the

first  2  years  then  once  a  year.  The  follow-up  comprised

clinical  examination and periodic  ultrasonography of  the

head  and  neck.  In  addition,  chest  X-ray,  bone  scan,  and

abdominal ultrasonography were performed when relapse

was suspected. Overall survival (OS) and disease-free survival

(DFS) data were retrieved from the archive of the Oncology

Center. Previous clinicopathological and follow-up data were

obtained after  getting  an  approval  from the  institutional

review  board.  This  study  was  approved  by  the  ethics

committee of Mansoura University.

The original H&E sections were brought back from the

archives of the pathology laboratory in the Oncology Center

for reassessment of previous pathological data in addition to

the adequacy of specimen. The diagnosis of mucoepidermoid

carcinoma  was  conducted  as  stated  in  the  WHO

classification15.  The tumors were graded according to the

system  proposed  by  the  AFIP16,17.  TNM  staging  was

performed for major salivary gland tumors in accordance

with  the  AJCC  system18.  TNM  staging  of  minor  salivary

gland  tumors  was  conducted  similar  to  the  method  of

squamous cell carcinomas of the site of origin19. Thereafter,

the paraffin blocks of the selected cases were retrieved from

the archives. Sections from the blocks of some high-grade

cases  with mucous cells  that  are  difficult  to identify  were

stained by PAS and Alcian blue stains.

Immunohistochemical staining

All selected blocks were recut at the thickness of 3 to 4 um.

The  slices  were  placed  on  coated  slides.  After  xylene

deparaffinization, the sections were rehydrated in descending

grades  of  alcohol  then  in  water.  Antigen  retrieval  was

performed by using 0.01 M citric acid buffer (pH 6.0) and

heated for 10 minutes in the microwave. The sections were

then incubated in a blocking medium (3% H2O2) for five

minutes  followed by washing with distilled water.  Rabbit

monoclonal  antihuman antibody (clone;  EPR 5111,  1:50,

dilution, Abcam, 1 Kendall Square, Suite B2304, Cambridge,

MA 02139-1517, USA) was used against IMP3 antigen.

A positive control using a slide from a pancreatic ductal

adenocarcinoma was tested per run of immunostaining. The

IMP3 antibody was incubated at room temperature for 60

min. Immunodetection was executed using Power-stain TM

1.0 poly HRP DAB kit for mouse+rabbit (Cat No 52-0017,

Genemed Biotechnologies, Inc., 458 Carlton Ct., South San

Francisco, CA 94080, USA). Immune staining was performed

based on manufacturer's instructions. Immunoreaction was

visualized  by  adding  DAB.  Counterstaining  of  slides  was
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Table 1   Clinicopathological features of salivary gland MEC and its association with IMP3 expression

Characteristics No. (%)
IMP3 expression

Negative No. (%) Positive No. (%) P

Age, years

<60 48 (68.6) 28 (82.4) 20 (55.6) 0.01

≥60 22 (31.4) 6 (17.6) 16 (44.4)

Gender

Male 29 (41.4) 16 (47.1) 13 (36.1) 0.3

Female 41 (58.6) 18 (52.9) 23 (63.9)

Primary site <0.001

Parotid 45 (64.3) 25 (73.6) 20 (55.6)

Submandibular 13 (18.6) 1 (2.9) 12 (33.3)

Minor salivary glands 12 (17.1) 8 (23.5) 4 (11.1)

Size

<4 cm 30 (42.8) 24 (70.6) 6 (17.7) <0.001

≥4 cm 40 (57.2) 10 (29.4) 30 (83.3)

Histological grade

Low 26 (37.1) 22 (64.7) 4 (11.1) 0.000

Intermediate 16 (22.9) 8 (23.5) 8 (22.2)

High 28 (40.0) 4 (11.8) 24 (66.7)

Lymph node status

Negative 43 (61.4) 31 (91.2) 12 (33.3) 0.000

Positive 27 (38.6) 3 (8.8) 24 (66.7)

Surgical margin status

Negative 58 (82.9) 34 (100) 24 (66.7) 0.000

Positive 12 (17.1) 0 (0) 12 (33.3)

Perineurial invasion

Negative 49 (70.0) 32 (94.1) 17 (47.2) 0.000

Positive 21 (30.0) 2 (5.9%) 19 (52.8)

Distant metastasis

Negative 58 (82.9) 34 (100) 24 (66.6) 0.000

Positive 12 (17.1) 0 (0) 12 (33.4)

TNM stage

I 9 (12.9) 9 (26.5) 0 (0)

II 15 (21.4) 12 (35.3) 3 (8.3) 0.000

III 30 (42.9) 12 (35.3) 18 (50.0)

IV 16 (22.9) 1 (2.9) 15 (41.7)

Recurrence 0.000

Yes 36 (51.4) 8 (23.5) 28 (77.8)

No 34 (48.6) 26 (76.5) 8 (22.2)

Death

Yes 29 (41.4) 2 (5.9) 27 (75.0) 0.000

No 41 (58.6) 32 (94.1) 9 (25.0)
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performed with the Mayer hematoxylin. A negative control

was tested in each series by omitting the primary antibody.

Immunostaining evaluation

Sections of the studied cases were scored according to the

percentage of  positive  tumor cells  as  follows:  0,  <10%; 1,

10%-25%;  2,  26%-50%;  and  3,  >50%.  Tumor  cells  were

stained  with  staining  pattern  as  either  nuclear  and/or

cytoplasmic. Cases with positive cells >10 % were considered

positive.  We also  divided  the  positive  cases  into  focal  or

heterogenous (10%-50% of tumor cells were stained) and

diffuse (>50% of tumor cells were stained).

Statistical analysis

Data analysis was conducted using SPSS program version 17

(Inc., Chicago, IL, USA). Descriptive data were presented in

number and percentage format. Quantitative statistics were

calculated in the form of mean ± standard deviation (SD).

The association between the different  clinicopathological

parameters and IMP3 expression was tested using Chi square

(χ2)  and Fisher’s  exact  probability  test.  The  independent

sample t-test (compare continuous variable in 2 groups) and

one-way  ANOVA (compare  continuous  variable  in  three

groups) were applied to compare the duration of survival

between factors.  The  construction of  survival  curves  was

conducted  using  the  Kaplan-Meier  method,  and  the

significance was assessed with the log-rank test. Univariate

and multivariate survival analyses were performed with the

Cox proportional hazards model to detect any independent

prognostic factor. A P-value lesser than 0.05 was considered

statistically significant. DFS was estimated from the time of

surgery until the time of local or distant recurrence. OS was

estimated from the time of diagnosis to the time of the last

follow-up or the time of patient's death.

Results

IMP3 immunohistochemical expression and
its association with clinicopathological
characteristics

In this study, 36 (51.4%) out of 70 MEC cases were positive

for IMP3. Among the positive cases, 13 (36.2%), 15 (41.6%),

and 8  (22.2%) cases  were  scored 1,  2,  and 3,  respectively

(Figures  1  and 2).  Scores  1  and 2  represented cases  with

heterogeneous expression, whereas a score of 3 represented

cases with diffused expression.

Based  on  Table  1,  IMP3  expression  is  significantly

associated with the old age group, where 72.7% of cases older

than 60 years were positive for IMP3 expression versus 41.6%

of patients younger than 60 years (P=0.01). Primary tumor

site (the highest expression in submandibular gland), tumor

size  more  than  4  cm,  high-grade  tumors,  lymph  node

metastasis,  involvement  of  surgical  margin,  perineural

invasion,  distant metastasis,  advanced TNM stage,  tumor

recurrence, and death of patient were significantly associated

with IMP3 positive expression (P<0.05).

All  studied cases  of  pleomorphic adenoma and normal

salivary gland tissues were negative for IMP3 expression with

 
Figure  1     Cytoplasmic  expression  of  IMP3  (score  2)  in

intermediate grade MEC of salivary gland (immunohistochemical

staining, 200 x).

 
Figure 2   Cytoplasmic expression of IMP3 (score 3) in high grade

MEC  of  salivary  gland  with  perineural  invasion  (arrow)

(immunohistochemical staining, 200 x).
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a  significant  difference  when  compared  to  MEC  cases

(P=0.000).

Follow-up and survival analysis of patients
with salivary gland MEC

In this study, 36 (51.4%) out of 70 cases of salivary gland

MEC developed recurrence. The mean time of recurrence

was 47.65±15.8 months, which ranged from 10 to 74 months.

Patients with IMP3 overexpression had significantly lower

DFS rates than those with absent IMP3 expression (P=0.000).

The Kaplan-Meier plots are shown in Figure 3.

We also found that  29 (41.4%) cases  died during their

follow-up. Mean time to death was 51.9±11.5 months, which

ranged  from  20  to  74  months.  Patients  with  IMP3

overexpression had significantly lower OS rates than those

with absent expression (P=0.001). The Kaplan-Meier plots

are shown in Figure 4.

The duration of OS and DFS in patients with MEC and the

factors that affected them are summarized in Table 2. The

means of OS in IMP3 positive and negative cases were 40.8

±12.6 and 64.1±22.7 months, respectively, with a statistically

significant  difference  (P<0.001).  We  also  found  that  the

means  of  DFS  in  IMP3  negative  and  positive  cases  were

59.14±9.5 and 36.8±12.7 months, respectively. The difference

between  the  cases  was  statistically  significant  (P<0.001).

However,  a significant difference was not observed in the

duration of DFS or OS between cases with focal IMP3 and

those with diffused IMP3 expression at P=0.9, as shown in

Table 2.

The univariate and multivariate Cox proportional hazards

model analysis of various prognostic factors in salivary gland

MEC  in  relation  to  DFS  are  shown  in  Table  3.  IMP3

expression (P=0.004,  odds ratio:  8.2  and 95% CI:  1.96 to

34.6),  tumors  of  the  submandibular  gland (P=0.03,  odds

ratio:  2.75  and  95%  CI:  1.07  to  7.05),  and  lymph  node

metastasis (P=0.003, odds ratio: 3.9 and 95% CI: 1.6 to 9.9)

remained as independent prognostic factors.

The factors  that  predicted OS using the univariate  and

multivariate Cox proportional hazards model analysis are

shown in Table 4.  IMP3 expression (P=0.001,  odds ratio:

7.17, and 95% CI: 2.3 to 27.08), distant metastasis (P=0.01,

odds  ratio:  6.7  and  95%  CI:  1.37  to  35.3),  tumors  with

intermediate grade (P=0.02, odds ratio: 5.6 and 95% CI: 1.3

to 24.46) and tumors with high grade (P=0.0.04, odds ratios:

1.26 and 95% CI: 1.002 to 1.59) remained as independent

prognostic factors.

Discussion

MEC is the most common primary malignant neoplasm of

salivary glands; the parotid gland is the most common site15.

Female to male ratio is 3:2, which is near our results of 1.4:11.

Many studies investigated the clinicopathological factors

that affect the prognosis of salivary gland MEC2,17,19. Nguyen

et al.20 stated that some low-grade MEC behaves aggressively.

Thus,  they  evaluated  the  use  of  HER2/neu  and  Ki-67  as

prognostic biomarkers of salivary gland MEC.

Other researchers studied the expression of MUC1 and its

effect on MEC outcome21. However, no studies evaluated the

expression  of  IMP3  in  this  type  of  cancer  even  if  it  was

examined  in  several  types  of  cancers  such  as  pulmonary

carcinoma, carcinoma of the pancreas, renal cell carcinoma,

hepatocellular  carcinoma,  gastric  adenocarcinoma,

 
Figure 3     DFS rates in  months according to IMP3 expression

status in salivary gland MEC.

 
Figure 4   OS in months according to IMP3 expression status in

salivary gland MEC.
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Table 2   Association of clinicopathological factors and IMP3 expression with the duration of survival in patients with MEC

Characteristics
Duration of survival

OS (mean±SD, months) P DFS (mean±SD, months) P

Age, years

<60 55.7± 23.00 0.02 51.7±13.2 0.001

≥60 44.4±15.9 38.7±17.7

Sex

Female 55.4 ±26.8 0.2 47.5±19.2 0.9

Male 49.8±16.8 47.7 ±13.3

Primary site

Parotid 56.2 ±24.7A 50.9±15.6A

Submandibular 41.4±10.16A 0.07 34.5±12.1AB 0.003

Minor salivary glands 48.7±11.8 49.6±13.8B

Size

<4 cm 58.03±23.07 0.04 55.06±14.5 <0.001

≥4 cm 47.7±19.5 42.1±14.6

Histological grade

Low 69.2±22.25AB 58.7±9.8AB

Intermediate 42.9±14.13A <0.001 46.06±18.2A <0.001

High 41.5± 13.18B 38.25±12.5B

Lymph node status

Negative 57.8± 24.4 0.004 51.7±15.3 0.005

Positive 43.03±11.5 41.07±14.7

Surgical margin status

Negative 54.3±22.3 0.02 50.4±15.2 0.001

Positive 41.9±14.19 34.16±11.7

Perineural invasion

Negative 55.9±23.3 0.02 52.06±14.7 <0.001

Positive 43.4±13.8 37.4 ±13.8

Distant metastasis

Negative 54.00±22.4 0.1 49.6±15.7 0.01

Positive 43.25±14.11 38.25±13.25

TNM stage

I-II 60.25±25.3 0.04 56.8±13.17 <0.001

III-IV 47.9±18.3 42.8±15.15

IMP3

Negative 64.1±22.7 <0.001 59.14±9.5 <0.001

Positive 40.8±12.6 36.8±12.7

Percentage of IMP3 expression

Focal* 42.5±17.7 0.9 37.7±14.6 0.9

Diffuse** 42.00±2.7 37.4±9.9

A, B similar letters indicate statistically significant difference between groups (post hoc test LSD); * focal expression was found in 28 cases;
** diffuse expression was found in 8 cases
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e n d o m e t r i a l  s e r o u s  c a r c i n o m a ,  a n d  u r o t h e l i a l

carcinoma5,6,8,9,11,12,22-24.

In the study of Li et al.10,  no significant association was

found  between  IMP3  expression  in  the  squamous  cell

carcinoma of the oral cavity (SCCOC) and the patient's age,

primary  tumor site,  or  distant  metastasis.  However,  they

found  that  the  expression  of  IMP3  in  SCCOC  was

significantly  associated  with  the  high  histological  grade,

lymph node metastasis, and advanced tumor stages, which is

consistent  with  our  results.  These  results  indicate  the

Table 3   Cox proportional hazard models showing the predictors of DFS of salivary gland MEC

Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

IMP3 expression

No 0.001 0.004

Yes 11.8 4.9-28.07 0.001 8.2 1.96-34.6 0.004

Age, years

<60 0.005 0.6

≥60 2.5 1.32-5.04 0.005 0.77 0.27-2.21 0.6

Site

Parotid

Submandibular 4.1 1.89-9.2 <0.001 2.75 1.07-7.05 0.03

Minor salivary glands 0.96 0.36-2.5 0.94 - - -

Size

<4 cm <0.001 0.96

≥4 cm 4.7 2.1-10.5 <0.001 1.03 0.25-4.25 0.96

Nodal metastasis

Negative <0.001 0.003

Positive 4.5 2.28-9.06 <0.001 3.9 1.6-9.9 0.003

Distant metastasis 0.38

Negative <0.001 0.38

Positive 0.26 0.12-0.54 <0.001 2.74 0.28-26.7 0.38

Histological grade

Low

Intermediate 2.4 0.86-7.03 0.09 - - -

High 8.4 3.4-20.3 <0.001 3.5 0.7-17.9 0.1

TNM stage

I-II <0.001 0.94

III-IV 7.27 2.55-20.7 <0.001 1.05 0.26-4.2 0.94

Surgical margin

Negative <0.001 0.8

Positive 6.4 2.9-14.06 <0.001 0.76 0.08-6.8 0.8

Perineural invasion

Negative <0.001 0.2

Positive 0.2 0.1-0.4 <0.001 2.6 0.43-15.7 0.2

HR: hazard ratio; CI: confidence interval
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importance of IMP3 for adhesion, migration, cell  growth,

and differentiation. We also found a significant association

between  IMP3  and  the  old  age  category,  tumors  of  the

submandibular gland, large tumor size, and involvement of

the surgical margin, perineural invasion, recurrence of the

tumor, patient's death, and distant metastasis. The latter two

findings are in accordance with research results of Hoffmann

et al. who stated that the expression of the IMP3 protein in

the  clear  cell  carcinoma  of  the  kidney  was  a  significant

predictor of metastasis and patient's death22.

In the present study, IMP3 expression was found in MEC

cells, but it was absent in normal salivary gland tissue and PA

Table 4   Cox proportional hazard models showing the predictors of OS of salivary gland MEC

Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

IMP3 expression

No 0.001 0.001

Yes 4.7 1.8-12.02 0.001 7.17 2.3-27.08 0.001

Age, years <60 0.15

<60 0.15

≥60 1.87 0.78-4.4 0.15 - - -

Site

Parotid

Submandibular 2.08 0.6-6.7 0.21 - - -

Minor salivary glands 1.6 0.57-4.7 0.34 - - -

Size

<4 cm 0.03 0.3

≥4 cm 2.5 1.08-6.2 0.03 0.5 0.17-1.7 0.3

Nodal metastasis

Negative 0.002 0.07

Positive 4.5 1.78-11.8 0.002 0.4 0.15-1.08 0.07

Distant metastasis

Negative <0.001 0.01

Positive 5.3 2.2-13.16 <0.001 6.7 1.37-35.3 0.01

Histological grade

Low

Intermediate 3.9 1.4-10.9 0.008 5.6 1.3-24.46 0.02

High 4.3 1.34-14.17 0.01 1.26 1.002-1.59 0.04

TNM stage

I-II 0.03 0.9

III-IV 2.8 1.09 -7.5 0.03 1.05 0.3 -3.6 0.9

Surgical margin

Negative 0.003 0.54

Positive 3.9 1.57-9.9 0.003 0.7 0.2-2.16 0.54

Perineural invasion

Negative <0.001 0.06

Positive 0.21 0.09-0.49 <0.001 0.37 0.13-1.04 0.06
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with a significant difference. Thus, this molecular marker

may be a useful tool for differentiating between benign and

malignant lesions in difficult cases. This finding is similar to

preoperative  biopsies  or  fine  needle  aspiration  cytology

where MEC may be misinterpreted as benign tumors such as

PA and is  excised without  safety  surgical  margins,  which

increases recurrence and poor outcome19.

Schaeffer  et  al.12  found  IMP3  expression  in  ductal

adenocarcinoma  of  the  pancreas,  but  not  in  normal

pancreatic tissue; this finding simplifies the interpretation of

staining. Schaeffer et al. explained their finding based on the

expression of IMP3 in the embryonic tissue as mentioned by

Mueller et al.4;  however, this expression was not found in

adult  tissue,  which  suggests  that  IMP3  is  epigenetically

silenced in adult tissues. Thus, they hypothesized that the

cause  of  IMP3  gene  re-expression  in  pancreatic  ductal

adenocarcinoma  could  be  the  result  of  promoter

hypomethylation and not due to gene amplification12. The

same finding may be true for salivary MEC. Thus, further

studies on hypomethylation hypothesis of the IMP3 gene are

suggested.  The  findings  can  be  used  as  a  target  for  re-

methylating enzymes.

Ozawa et al.19  found that the five-year OS rate of MEC

accounted for 62.3%, whereas the five-year recurrence free

survival (RFS) rate accounted for 57.2%. Our results were

worse than the previous results, which accounted for 42.8%

and 35.7% of OS and DFS, respectively. This finding can be

attributed  to  the  difference  in  treatment  modalities  in

different countries, high percentage of patients with stage III

and IV tumors, and ignorance of patients of regular follow-

up in our locality. Thus, relevant survival data are insufficient

in our study.

The present study shows that IMP3 positivity, tumors of

the submandibular gland, and lymph node metastasis  are

independent poor prognostic factors of DFS in MEC. Ghosh-

Laskar et al.25 found that lymph node metastasis predicted

poor locoregional control and DFS, which is consistent with

our results.  They also found that the high grade of tumor

affects DFS, which does not agree with our findings.  This

result can be explained by the fact that some patients with

low-grade  tumors  exhibit  advanced  tumor  stage,  lymph

node, and distant metastasis19.

Guzzo et al.17 and Ozawa et al.19 reported that the primary

site  does  not  have  an  impact  on  the  RFS  of  MEC.  Other

studies reported that tumors of the submandibular gland had

poor prognosis compared with those of other sites, which is

consistent  with  our  findings26.  Given  the  contradictory

findings in different studies, future studies on a large number

of cases should investigate the impact of the primary site on

MEC outcome.

Regarding the OS in our study, we found that increased

IMP3, distant metastasis, and tumors with intermediate and

high grades were independent prognostic factors. Ozawa et

al.19  found that the grade of MEC does not affect OS, but

they found that  the age of  >56 years  was an independent

prognostic factor, which disagrees with our findings.

Surgical margin has no significant effect on either OS or

DFS  based  on  the  multivariate  analysis  in  our  study.

However,  a  significant  effect  was  observed  on  univariate

analysis,  which  is  consistent  with  Ghosh-Laskar  et  al.'s

research  results25  that  positive  cut  margins  show  poor

outcomes.  This  finding must  be taken into consideration

because cases of positive margin need additional treatment,

such  as  postoperative  radiotherapy,  to  decrease  local

recurrence27.

Schaeffer  et  al.12  reported  that,  based  on  multivariate

analys i s ,  OS  in  pat ients  wi th  pancreat ic  ducta l

adenocarcinoma  was  significantly  affected  by  the

overexpression  of  IMP3;  shorter  survival  was  found  in

patients with IMP3 expressing tumors than that with IMP3

negative tumors,  which is  consistent with our findings.  A

similar finding was also noticed in renal cell carcinoma and

SCCOC8,10.  Thus,  this  biomarker  could  be  a  therapeutic

target for such cancers as indicated by Wang et al.5 in lung

carcinoma.

Conclusions

Our  study  is  the  first  to  investigate  IMP3  expression  in

salivary  gland  MEC.  IMP3  was  related  to  tumors  of  the

submandibular  g land ,  l a rge  tumor  s i ze ,  tumor

differentiation, perineural invasion, advanced TNM stage,

positive  surgical  margins,  lymph  node,  and  distant

metastasis. The expression of IMP3 was also an independent

predictor for the outcome of MEC in terms of DFS and OS.

We suggest conducting future studies on a wide scales and

over a long duration of follow-up to enable IMP3 to become

a target of MEC therapy. The absence of IMP3 in PA and its

presence  in  51.4% of  MEC indicates  that  this  biomarker

should be studied prospectively on preoperative biopsies with

diagnostic difficulties. The results should be compared with

excisional biopsies to determine their diagnostic validity.
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