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Abstract
Mucoepidermoid carcinoma (MEC) is rare, but the most common primary malig-
nancy of the salivary gland and not infrequent in young individuals. CRTC1/3-MAML2 
fusions are frequently detected in MEC and are useful as a diagnostic biomarker. 
However, there has been debate as to whether the fusions have prognostic signifi-
cance. In this study, we retrospectively collected 153 salivary gland MEC cases from 
11 tertiary hospitals in Japan. As inclusion criteria, the MEC patients in this study had 
curative surgery as the initial treatment, received no preoperative treatment, and had 
no distant metastasis at the time of the initial surgery. The MEC diagnosis was vali-
dated by a central pathology review by five expert salivary gland pathologists. The 
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1  | INTRODUC TION

Mucoepidermoid carcinoma (MEC) is rare, accounting for less than 
1% of all head and neck cancers.1 However, this carcinoma is the 
most common of the salivary gland and not rare in young individ-
uals. Patients with MEC often have a favorable outcome but some 
patients follow a poor clinical course.1,2 The diagnosis of MEC is 
sometimes difficult, especially in intermediate/high-grade MEC 
cases, which must be distinguished from carcinomas with focal 
mucous and squamous cell differentiation.1-3 In the clinical setting, 
the National Comprehensive Cancer Network (NCCN) Guidelines 
(version 1.2020)4 for Salivary Gland Tumors are often used for the 
treatment of MEC patients. In these guidelines, tumors are divided 
into pT1/2 and pN0 tumors and pN1-3 or pT3/4 tumors. The guide-
lines recommend postoperative therapy, including radiotherapy and 
systemic therapy, for completely resected tumors when adverse 
features (tumor spillage, neural/perineural invasion, close/positive 
margins, intermediate/high-grade histology, lymphatic/vascular in-
vasion, T3/4, and lymph node metastasis) are present.

More than half of and approximately 5% of salivary gland MECs 
have been associated with the recurring fusion genes, CRTC1-MAML2 
and CRTC3-MAML2, respectively.5-7 These genes activate the CREB 
pathway, and initiate a critical mechanism for cell transformation 
and activation of cAMP/CREB target genes.8-10 These fusions are 
highly specific to MEC and are a useful diagnostic marker, especially 
in problematic cases.1,11,12 However, the absence of the fusions does 
not exclude a diagnosis of MEC, and histologically typical MEC cases 
are also frequently negative for these fusions.

Whether the presence of CRTC1/3-MAML2 fusions is associ-
ated with a favorable clinical course has been a subject of debate. 
The results of initial studies on this subject were reported in 2006 
by Behboudi et al and Okabe et al, and showed that patients with 
the CRTC1-MAML2 fusion had a significantly better chance of sur-
vival than those without the fusion.11,13 Subsequently, several other 
studies also reported a survival advantage for CRTC1/3-MAML2 fu-
sions in patient groups of comparable or smaller size.7,14-18 A recent 

meta-analysis for the prognostic significance of the fusions supports 
the above findings.19 However, some research groups have reported 
an opposing conclusion as to the prognostic significance of CRTC1/3-
MAML2 fusions in salivary gland MEC in patient groups of compara-
ble or smaller size.20-23

In this retrospective study, we collected 153 MEC cases and 
sought to evaluate the clinicopathologic significance of the CRTC1/3-
MAML2 fusions. The number of advanced-stage MEC cases ex-
ceeded that of early-stage MEC cases. As early-stage MEC tumors 
often show an excellent prognosis after surgery, we speculated that 
the clinicopathologic impact of fusions would be more significant in 
the advanced-stage than in the early-stage tumors.

2  | MATERIAL S AND METHODS

2.1 | Case selection

We retrospectively collected salivary gland MEC cases from the 
following 11 tertiary hospitals in Japan: Nagoya City University 
Hospital, the International University of Health and Welfare 
Mita Hospital, Aichi-Gakuin University Hospital, Kobe University 
Hospital, Hokkaido University Hospital, Tokyo Medical University 
Hospital, Tokai University Hospital, Aichi Cancer Center Hospital, 
Osaka Medical University Hospital, Kansai Medical College 
Hospital, and Kyushu University Hospital. The present study was 
approved by the Institutional Ethics Review Board of Nagoya City 
University Hospital and each of the 10 institutions that partici-
pated in this study. Considering that advanced-stage MEC cases 
are usually rare, both early- and advanced-stage tumors were col-
lected from the former four hospitals, and advanced-stage tumors 
were preferentially collected from the latter seven hospitals. The 
clinical data were retrieved from all patients. As inclusion crite-
ria, MEC patients had curative surgery as the initial treatment, re-
ceived no preoperative treatment, and had no distant metastasis 
at the time of the initial surgery (clinically M0). A central pathology 
review by five Japanese pathologists specializing in salivary gland 

CRTC1/3-MAML2 fusions were detected using FISH and RT-PCR. In 153 MEC cases, 
90 (58.8%) were positive for CRTC1/3-MAML2 fusions. During the follow-up period, 
28 (18.3%) patients showed tumor recurrence and 12 (7.8%) patients died. The pres-
ence of the fusions was associated with favorable tumor features. Of note, none 
of the fusion-positive patients died during the follow-up period. Statistical analysis 
showed that the presence of the fusions was a prognostic indicator of a better overall 
survival in the total and advanced-stage MEC cohorts, but not in the early-stage MEC 
cohort. In conclusion, CRTC1/3-MAML2 fusions are an excellent biomarker for favora-
ble overall survival of patients with salivary gland MEC.
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tumors (Drs. T. Murase, K. Kusafuka, M. Urano, H. Yamamoto, and 
H. Inagaki) was aided by precise immunohistochemical and molec-
ular evaluation. The presence of intracytoplasmic mucin was iden-
tified in all high-grade MEC cases. The tumors were histologically 
evaluated by the Armed Forces Institute of Pathology grading 
systems for MEC,24 and classified as low-, intermediate-, or high-
grade tumors. We also histologically evaluated surgical margins 
and neural/perineural tumor invasion in each case. After patho-
logical assessment of the resected tumors, MEC cases were evalu-
ated according to the UICC TNM classification and staging system 
(2017, 8th edition).25 Subsequently, MEC cases were divided into 
pT1/2 and pN0 (designated here as early stage) tumors and pN1-3 
or pT3/4 (designated here as advanced stage) tumors according to 
the NCCN Guidelines (version 1.2020).4

2.2 | Detection of CRTC1/3-MAML2 Fusions by 
FISH and RT-PCR

We undertook FISH analysis for the MAML2 gene split as we previ-
ously described.26 In brief, formalin-fixed, paraffin-embedded speci-
mens, cut at 4 micrometers, were deparaffinized, and digested in a 
proteinase buffer at 37°C. Sections were subjected to denaturation 
and incubated with a MAML2 break-apart probe (Zytovision) over-
night at 37°C in a humid chamber. After posthybridization washes, 
sections were stained with diaminophenilindole and mounted. When 
two signals (a red and a green) were separately observed in a tumor 
cell, we considered the MAML2 gene to be split. The samples were 
considered positive if more than 10% (mean + 3SD, rounded up) of 
examined nuclei showed abnormal signals. The MEC cases known to 
possess CRTC1/3-MAML2 fusions and normal parotid glands were 
used as positive and negative controls, respectively.

All MEC cases were also analyzed for the CRTC1-MAML2 and 
CRTC3-MAML2 fusion transcripts by RT-PCR, as we described else-
where.7,26 Briefly, total RNA extracted from paraffin tumor sections 
was heated to 70°C. An RT-PCR mixture containing outer primers 
was added. The thermocycler was programmed for 10 minutes at 
42°C for an initial RT and then for 10 minutes at 95°C for inactiva-
tion of reverse transcriptase as well as for activation of the DNA 
polymerase. After 35 cycles of PCR, the products were subjected to 
a 35-cycle nested PCR with inner primers. The MEC cases known to 
harbor the CRTC1-MAML2 or CRTC3-MAML2 fusion transcripts were 
used as positive controls. Representative images of the molecular 
analysis are shown in Figure S1.

2.3 | Statistical analysis

The association of the presence of CRTC1/3-MAML2 fusions and 
clinicopathologic factors was analyzed using Fisher’s exact test and 
the Mann-Whitney U test. We analyzed overall survival (OS) and dis-
ease-free survival (DFS). Overall survival was defined as the interval 
between the beginning of treatment and the date of death or the last 

follow-up, and DFS was defined as the interval between the begin-
ning of treatment to the date of relapse, as evaluated and recorded 
by the attending physician. The association of clinicopathologic fac-
tors with OS and DFS was analyzed by the Kaplan-Meier method 
and univariate Cox proportional hazards model. The measure of as-
sociation in this study was the hazard ratio with a 95% confidence 
interval. All statistical analyses were carried out using the statistical 
package JMP version 14.0 (SAS Institute). All tests were two-sided, 
and a P-value of <.05 was considered statistically significant.

3  | RESULTS

3.1 | Total MEC cohort (N = 153)

A total of 209 salivary tumor cases originally diagnosed as MEC were 
retrieved from 11 Japanese reference hospitals. After the central pa-
thology review, the diagnosis of MEC was reconfirmed in 199 cases, 
but the original diagnosis was changed to non-MEC in the remaining 
10 (five cases were rediagnosed as squamous cell carcinoma, three 
as salivary duct carcinoma, and one each as clear cell carcinoma and 
adenocarcinoma-not otherwise specified). Subsequently, 44 cases 
were excluded due to insufficient clinical data, one due to preopera-
tive therapy, and one due to noncurative surgery. Finally, 153 MEC 
patients were included in this study. All patients had curative surgery 
as the initial treatment, received no preoperative treatment, and had 
no distant metastasis at the time of the initial surgery. The patient 
characteristics are shown in Table S1.

According to the NCCN Guidelines (version 1.2020),4 MEC pa-
tients were divided into two groups, early stage (pT1/2 and pN0, 
69/153) and advanced stage (pN1-3 or pT3/4, 84/153). Adverse 
features were present in 107/153 patients, and 25 patients re-
ceived postoperative therapy. The follow-up period ranged from 2 
to 320 months (median, 41). During the follow-up period, 28 patients 
showed tumor recurrence (18 locoregional, 8 nodal, and 2 distant), 
and the 26 locoregional or nodal recurrences were surgically treated. 
At the last follow-up, 141 patients were alive, 9 had died a tumor-re-
lated death, and 3 had died of other causes. The OS rate was 89.3% at 
both 5 and 10 years of follow-up, respectively. The DFS rates at 5 and 
10 years of follow-up were 79.5% and 71.0%, respectively (Figure S2).

Using the FISH technique, gene splits in MAML2 genes were de-
tected in 90/153 (58.8%) MEC cases. The RT-PCR assay carried out 
in all cases showed that the CRTC1-MAML2 and CRTC3-MAML2 fu-
sion transcripts were present in 85/153 (55.6%) and 5/153 (3.3%), 
respectively. Consequently, 90/153 (58.8%) cases were positive for 
CRTC1/3-MAML2 fusions. The remaining 63 cases were negative in 
both FISH and RT-PCR assays. The presence of the fusions was asso-
ciated with a lower age, a pT1/2 classification, a pN0 classification, an 
early clinical stage, a lower histological grade, not having undergone 
neck dissection, and not having postoperative therapy (Table S2).

In the 12 patients who died during the follow-up period, the fu-
sion-positive and -negative cases numbered 0 and 12, respectively. 
In the prognostic analysis for OS, male gender, the absence of the 
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fusions, a T3/4 classification, a pN1/2 classification, an advanced 
clinical stage, having undergone neck dissection, and having under-
gone postoperative therapy were associated with a worse prognosis 
(Table 1).

In 28 patients who showed tumor recurrence, the fusion-positive 
and -negative cases numbered 13 and 15, respectively. In prognostic 
analysis for DFS, an advanced age, a minor salivary gland tumor, a 
pT3/4 classification, pN1-3, and an advanced clinical stage were risk 

factors for a worse prognosis. The OS and DFS survival curves ac-
cording to the fusion status are shown in Figure 1C,D.

3.2 | Early-stage MEC cohort (N = 69)

In the early-stage MEC cohort, 23 of 69 cases had at least one 
adverse feature and 2 of 69 patients received postoperative 

Factor N

Overall survival Disease-free survival

HR 95% CI P value HR 95% CI P value

Age (y)

<60 89 1.00 1.00

≥60 64 2.07 0.65-6.55 .207 2.11 0.99-4.47 .048

Sex

Male 75 1.00 1.00

Female 78 0.29 0.07-1.08 .046 0.91 0.43-1.92 .821

Primary site

Major gland 105 1.00 1.00

Minor gland 48 2.12 0.68-6.58 .197 2.38 1.13-5.01 .024

CRTC1/3-MAML2

Positive 90 1.00 1.00

Negative 63 7.60*109 NA <.001 1.86 0.88-3.92 .100

pT classification

pT1/2 80 1.00 1.00

pT3/4 73 3.72 1.00-13.79 .032 2.31 1.06-5.01 .029

pN classification

pN0 120 1.00 1.00

pN1-3 33 8.84 2.65-29.41 <.001 3.74 1.77-7.88 <.001

pStage (NCCN Guidelines)

Early 69 1.00 1.00

Advanced 84 9.65 1.24-74.82 .003 3.24 1.31-8.01 .005

Tumor grade

Low 115 1.00 1.00

Intermediate/
high

38 2.43 0.77-7.66 .144 1.92 0.88-4.16 .110

Surgical margin

Negative 111 1.00 1.00

Close/positive 42 1.56 0.47-5.21 .476 1.70 0.78-3.69 .190

Neck dissection

Yes 57 1.00 1.00

No 96 0.18 0.04-0.66 .004 0.60 0.28-1.26 .183

Postoperative therapy

Not 
performed

128 1.00 1.00

Performed 25 4.25 1.35-13.41 .021 1.93 0.21-1.21 .155

Follow-up median, 41 mo (range, 2-320).
Abbreviations: CI, confidence interval; HR, hazard ratio; NA, not available; NCCN, National 
Comprehensive Cancer Network.

TA B L E  1   Prognostic analysis of 
the total case cohort of patients with 
mucoepidermoid carcinoma (N = 153)



     |  4199OKUMURA et Al.

therapy. The median of the follow-up period was 45 months (range, 
2-263 months). The patients’ characteristics are shown in Table S3. 
In this cohort, six patients showed a tumor recurrence (five locore-
gional and one nodal). Recurrent tumors were surgically resected, 
and all six patients were alive at the last follow-up. Another patient 
died of other causes (the cause of death was unknown) during the 
follow-up period. The OS rate was 96.7% at both 5 and 10 years of 
follow-up, respectively. The DFS rates at 5 and10 years of follow-up 
were 88.0% and 81.2%, respectively.

In this early-stage MEC cohort, 52 of 69 MEC cases (75%) 
were positive for CRTC1/3-MAML2 fusions. The fusion status was 
not associated with any of the clinicopathologic factors examined 
(Table S4). Prognostic analysis for OS was not carried out because 
only one patient (fusion-negative) died of other causes in this cohort 
during the follow-up period.

In six patients who showed tumor recurrence, the fusion-pos-
itive and -negative cases numbered six and zero, respectively. 
In the prognostic analysis for DFS, none of the factors exam-
ined was associated with the prognosis (Table 2). The OS and 
DFS survival curves according to the fusion status are shown in 
Figure 1B,C.

3.3 | Advanced-stage MEC cohort (N = 84)

All advanced-stage tumors had curative surgery and had one or 
more adverse features. In this cohort, 23 of 84 patients received 
postoperative therapy. Of 84 patients, 22 had tumor recurrence 
(13 locoregional, 7 nodal, and 2 distant) and 20 of these tumors, 
not including the 2 distant metastases, were surgically treated. 
The patients’ characteristics are shown in Table S5. During the 
follow-up period (median, 39.5 months; range, 3-320 months), 
nine patients died of disease and two died of other causes (the 
cause in one patient was prostatic cancer and that in the other 
was unknown). The OS rate was 82.9% at both 5 and 10 years of 
follow-up, and the DFS rates at 5 and10 years of follow-up were 
71.7% and 62.7%, respectively.

In this advanced-stage MEC cohort, 38 of 84 (45%) tumors were 
positive for CRTC1/3-MAML2 fusions. The fusions were associated 
with a less advanced age, female gender, and a lower histological 
grade (Table S6).

In 11 patients who died during the follow-up period, the fu-
sion-positive and -negative cases numbered 0 and 11, respectively. 
In the univariate analysis for OS, the tumor site (minor salivary 

F I G U R E  1   Survival of mucoepidermoid 
carcinoma (MEC) patients according to 
CRTC1/3-MAML2 fusions. A, C, E, Overall 
survival in total (A, N = 153), early-stage 
(C, N = 69), and advanced-stage (E, 
N = 84) MEC cohorts. B, D, F, Disease-
free survival in total (B), early-stage (D), 
and advanced-stage (F) MEC cohorts. 
In the early-stage cohort (C), prognostic 
analysis for overall survival was not 
carried out because only one patient died 
during the follow-up period
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gland), the absence of the fusions, and pN1-3 were selected as risk 
factors (Table 3).

In 22 patients who showed tumor recurrence, the fusion-positive 
and -negative cases numbered 7 and 15, respectively. In the prognos-
tic analysis for DFS, advanced age, a minor salivary gland tumor, and 
pN1-3 were risk factors for a worse prognosis. The OS and DFS sur-
vival curves according to the fusion status are shown in Figure 1E,F.

3.4 | Fusion-negative MEC cohort (N = 63)

In this cohort, 51 cases had at least one adverse feature and 16 pa-
tients received postoperative therapy. Of 63 patients, 15 had tumor 
recurrence (10 locoregional, 3 nodal, and 2 distant) and 13 of these 
tumors, not including the 2 distant metastases, were surgically 
treated. The patients’ characteristics are shown in Table S7. During 

the follow-up period (median, 36 months; range, 3-208 months), nine 
patients died of disease and three died of other causes (the cause 
in one patient was prostatic cancer and that in the other two was 
unknown). The OS rate was 74.1% at both 5 and 10 years of follow-
up, and the DFS rates at 5 and 10 years of follow-up were 74.3% and 
69.3%, respectively.

In the prognostic analysis for OS, pN1-3 was selected as a risk 
factor (Table 4). In the prognostic analysis for DFS, a minor salivary 
gland tumor, pN1-3, and an advanced clinical stage were risk factors 
for a worse prognosis. The OS and DFS survival curves are shown in 
Figure 1A,B.

4  | DISCUSSION

According to the inclusion criteria, the MEC patients included in 
this study had curative surgery as the initial treatment, received no 
preoperative treatment, and had no distant metastasis at the time 
of the initial treatment. The diagnosis of MEC was confirmed histo-
pathologically by a central pathology review by five expert salivary 
gland pathologists. Statistical analysis showed that the presence 
of the fusions was a prognostic factor for a favorable OS in both 
total and advanced-stage cohorts but not in the early-stage cohort. 
Fusion-positive tumors showed a tumor recurrence similar to fusion-
negative tumors, and the fusions were not a prognostic factor for 
DFS in any of the cohorts analyzed.

The most important finding in this study was that the OS of the 
fusion-positive MEC patients was excellent and superior to that of 
the fusion-negative MEC patients. Of 12 patients who died during 
the follow-up period, 12 had fusion-negative tumors. The supe-
rior OS was evident in the total and advanced-stage MEC cohorts, 
but was not seen in the early-stage cohort. The patients with ear-
ly-stage tumors showed an excellent OS and only one of the 69 pa-
tients died of some other cause. In the prognostic analysis of this 
cohort, none of the factors emerged as a risk factor, suggesting that 
an early-stage tumor could be the most important prognostic fac-
tor in this cohort.2,27 Another important finding in this study was 
that the fusions were not useful for prediction of tumor recurrence. 
Recurrence was recorded in 28 of 153 (18.3%) patients in total, and 
13 and 15 cases were CRTC1/3-MAML2 fusion-positive and -nega-
tive, respectively. Interestingly, none of the fusion-positive tumors 
showed distant tumor metastasis. The DFS analysis did not reveal 
any remarkable difference in survival between fusion-positive and 
-negative patients. Taken together with the OS and DFS data, fu-
sion-positive MEC could have the unique feature that patients with 
fusion-positive tumors rarely die while locoregional or nodal tumor 
recurrence is not very rare.

The NCCN Guidelines recommend considering postoperative 
therapy, usually radiotherapy, for completely resected salivary 
gland tumors when they show adverse features.4 Clinicians are 
strongly encouraged to avoid unnecessary postoperative ther-
apy, and the indications for therapy should be considered care-
fully because it can sometimes result in significant complications, 

TA B L E  2   Prognostic analysis of the early-stage cohort of 
patients with mucoepidermoid carcinoma (N = 69)

Factor N

Disease-free survival

HR 95% CI P value

Age (y)

<60 42 1.00

≥60 27 0.68 0.12-3.76 .654

Sex

Male 32 1.00

Female 37 1.84 0.33-10.09 .468

Primary site

Major gland 39 1.00

Minor gland 30 2.86 0.52-15.79 .209

CRTC1/3-MAML2

Positive 52 1.00

Negative 17 3.88*10−9 NA .133

Tumor grade

Low 59 1.00

Intermediate/
high

10 1.38*10−9 NA .095

Surgical margin

Negative 58 1.00

Close/positive 11 0.97 0.11-8.46 .981

Neck dissection

Yes 3 1.00

No 66 2.11*108 NA .355

Postoperative therapy

Not performed 67 1.00

Performed 2 4.02*10−9 NA .700

Follow-up median, 45 mo (range, 2-263).
Abbreviations: CI, confidence interval; HR, hazard ratio; NA, not 
available.
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especially in young and old patients.28-32 Whether postoperative 
therapy would improve the clinical outcomes of MEC patients has 
not been well clarified.33,34 We found that postoperative therapy 
was associated with worse OS. This result should be interpreted 
as indicating that postoperative therapy was preferentially carried 
out in MEC patients with a poor prognosis, and as a result, the 
therapy was not very effective. When MEC is resected curatively, 
postoperative therapy might not be necessary, even if the tumor 
has adverse features.

There has been debate regarding the prognostic value of CRTC1/3-
MAML2 fusions. Many studies have reported that MEC patients with 
these fusions had a significantly better survival than those without 
the fusions.7,11,13-19 In addition, it has become widely accepted that 

fusion-positive MEC tumors are associated with favorable clinico-
pathologic and molecular features.16,35,36 Despite the favorable 
features of the fusion-positive MEC patients, some research groups 
have reported that the fusions are not a prognostic factor, often 
basing on their observations on the fact that the fusions failed to 
achieve statistical significance in their prognostic analyses.20-23 One 
speculation regarding discrepancy often encountered in these stud-
ies is that the worse prognosis in fusion-negative MEC tumors may 
be diluted by high-grade non-MEC cases, such as adenosquamous 
carcinomas.15,20,23,37 In the present large cohort study (N = 153), 
we found that CRTC1/3-MAML2 fusions are highly associated with 
a favorable OS (no death was recorded among the fusion-positive 
cases) but have no impact on DFS. The source of the discrepancies 

Factor N

Overall survival Disease-free survival

HR 95% CI P value HR 95% CI P value

Age (y)

<60 47 1.00 1.00

≥60 37 1.72 0.52-5.65 .370 2.77 1.15-6.66 .018

Sex

Male 43 1.00 1.00

Female 38 0.34 0.09-1.29 .093 1.23 0.53-2.86 .622

Primary site

Major gland 66 1.00 1.00

Minor gland 18 4.41 1.34-14.49 .016 3.44 1.48-7.99 .005

CRTC1/3-MAML2

Positive 38 1.00 1.00

Negative 46 3.68*10^9 NA <.001 1.86 0.75-4.57 .161

pT classification

pT1/2 11 1.00 1.00

pT3/4 73 0.84 0.18-3.92 .828 0.89 0.30-2.68 .851

pN classification

pN0 51 1.00 1.00

pN1-3 33 4.96 1.31-18.74 .010 2.58 1.10-6.05 .027

Tumor grade

Low 56 1.00 1.00

Intermediate/
high

28 2.08 0.63-6.84 .235 2.15 0.92-4.99 .081

Surgical margin

Negative 53 1.00 1.00

Close/positive 31 1.29 0.37-4.42 .688 1.52 0.64-3.58 .341

Neck dissection

Yes 54 1.00 1.00

No 30 0.36 0.07-1.70 .160 1.09 0.46-2.62 .832

Postoperative therapy

Not performed 61 1.00 1.00

Performed 23 2.37 0.72-7.78 .164 1.32 0.53-3.23 .551

Follow-up median, 39.5 mo (range, 3-320).
Abbreviations: CI, confidence interval; HR, hazard ratio; NA, not available.

TA B L E  3   Prognostic analysis of the 
advanced-stage case cohort of patients 
with mucoepidermoid carcinoma (N = 84)
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between the above reports and ours is difficult to discern but the 
following concerns should be considered. A P-value is not an abso-
lute discriminant index in medical issues, and the more cases that are 
recruited in a study, the less the P-value would be. Unfortunately, 
the numbers of the total MEC cases and the advanced-stage MEC 
cases recruited in these previous studies have not been large enough 
(total, N = 36-90 and advanced-stage, N = 24-34). As suggested in 
our study, the number of advanced-stage cases could be more im-
portant than that of the total cases. The old argument regarding P 
values has recently been reconsidered with a warning that it is not 
appropriate to conclude that statistically nonsignificant results in-
dicate no association.38 The survival of fusion-positive patients has 

always been and consistently better than that of fusion-negative 
patients in any study conducted, including those reports that con-
cluded that the fusions had no prognostic significance.21-23 A recent 
meta-analysis study supports the association of CRTC1/3-MAML2 
fusions with a favorable outcome for the patients.19 In patients with 
fusion-positive MEC tumors, tumor recurrence might not directly in-
dicate a poor OS. In our study, 13 patients with fusion-positive MECs 
had tumor recurrence (locoregional or nodal, but not distant), but 
none of these patients died during the follow-up period. An accurate 
tumor diagnosis of the cases included in these studies is vital. We 
believe that the possibility of the inclusion of non-MEC tumors in 
this study cohort was minimal as the diagnosis of MEC was validated 

Factor N

Overall survival Disease-free survival

HR 95% CI P value HR 95% CI P value

Age (years)

<60 30 1.00 1.00

≥60 33 1.49 0.47-4.72 .491 2.16 0.73-6.35 .148

Sex

Male 37 1.00 1.00

Female 26 0.41 0.11-1.51 .155 1.49 0.50-4.37 .456

Primary site

Major gland 43 1.00 1.00

Minor gland 20 2.49 0.80-7.72 .120 3.06 1.10-8.53 .033

pT classification

pT1/2 22 1.00 1.00

pT3/4 41 1.63 0.44-6.05 .442 2.30 0.65-8.19 .163

pN classification

pN0 41 1.00 1.00

pN1-3 22 4.55 1.36-15.15 .010 4.36 1.48-12.80 .005

pStage (NCCN Guidelines)

Early 17 1.00 1.00

Advanced 46 3.78 0.48-29.31 .126 2.26*10^9 NA .002

Tumor grade

Low 37 1.00 1.00

Intermediate/
high

26 1.13 0.36-3.59 .825 2.52 0.89-7.09 .075

Surgical margin

Negative 44 1.00 1.00

Close/positive 19 1.50 0.45-5.01 .518 1.32 0.45-3.88 .614

Neck dissection

Yes 32 1.00 1.00

No 31 0.31 0.08-1.15 .059 0.35 0.11-1.12 .061

Postoperative therapy

Not performed 47 1.00 1.00

Performed 16 2.38 0.75-7.50 .153 2.08 0.74-5.87 .177

Follow-up median, 36 mo (range, 3-208).
Abbreviations: CI, confidence interval; HR, hazard ratio; NA, not available; NCCN, National 
Comprehensive Cancer Network.

TA B L E  4   Prognostic analysis of the 
fusion-negative case cohort of patients 
with mucoepidermoid carcinoma (N = 63)
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by a central pathology review by five expert salivary gland pathol-
ogists. “Adenosquamous carcinoma” has been often listed as one 
of differential diagnoses of high-grade MEC.15,20,23,37 However, it 
should be noted that “adenosquamous carcinoma” is not included in 
the present WHO classification of salivary gland tumors,1 and one 
should be careful in listing it as a differential diagnosis of high-grade 
MEC. Considering the ambiguous pathological definition of MEC and 
the disease framework of the salivary gland tumors described in the 
present WHO classification,1 some problematic cases are compelled 
to be diagnosed as MEC.

We should mention some limitations of this study. As MEC is 
a rare tumor and our study design was retrospective in nature, 
an inherent bias existed. In this study, we included 69 cases of 
early-stage tumors and 84 cases of advanced-stage tumors. As 
we had thought that the clinicopathologic significance of fu-
sions was more important in advanced-stage cases than in ear-
ly-stage cases, the number of our MEC cases was biased toward 
advanced-stage cases. In the “real world,” the ratio of early-stage 
to advanced-stage MEC is estimated to be 1.6-3.1.11,17,21,22 The 
number of cases analyzed for CRTC1/3-MAML2 fusions is, to our 
knowledge, the largest reported. However, partly owing to the 
rarity of MEC and the generally favorable prognosis of the pa-
tients, The number of deceased patients and those who had tumor 
recurrence was 12 and 28, respectively, which made multivariate 
prognostic analysis difficult.

In conclusion, based on a well-characterized MEC cohort, we 
showed that the presence of CRTC1/3-MAML2 fusions was a prognos-
tic factor for better OS in the total and advanced-stage MEC cohorts. 
The incidence of fusion-positive tumor recurrence was similar to that 
of fusion-negative tumors, but with surgical resection of the recurrent 
tumor, the fusion-positive patients showed an excellent prognosis. 
These findings are expected to contribute to the clinical management 
of MEC, especially in young MEC patients. When the carcinoma is pos-
itive for CRTC1/3-MAML2 fusions, the indications for postoperative 
therapy should be considered carefully. It should be stressed that the 
MEC cohorts studied here do not represent all clinical forms of MEC. 
Those MEC cases with distant metastasis at the time of surgery and 
those in which curative surgery was not carried out were excluded 
from the present study, and are expected to become the subject of 
future investigations.
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