
Abstract. Background/Aim: Multiple primary malignant
tumors are common in patients with renal cell carcinoma.
However, reports on the factors that can identify patients
with a risk for subsequent primary malignancies have
been lacking. This study aimed to investigate whether
myoferlin expression can be used as a potential marker to
predict subsequent primary malignancies in patients with
clear cell renal cell carcinoma (ccRCC). Materials and
Methods: We evaluated the relationship of subsequent
primary malignancies with clinicopathological factors and
myoferlin expression in 152 patients with ccRCC, and we
analyzed the strength of the association with myoferlin
expression. Results: The development of subsequent primary
malignancies exhibited significant correlation with patient
age (p=0.029), sex (p=0.015), T stage (p<0.001), and
myoferlin expression (p=0.017). Furthermore, myoferlin
hyperexpression was determined as an independent risk
factor for developing a subsequent primary malignant tumor
in patients with ccRCC (odds ratio(OR), 2.485, 95%
Confidence Interval(CI)=1.052-5.870, p=0.038). Conclusion:
Myoferlin hyperexpression can be a useful marker for
predicting the development of subsequent primary
malignancies in patients with ccRCC.

Multiple primary malignant tumors are generally defined as
two or more discrete cancers that are not the result of
metastasis or recurrence, but are independent of each other
(1, 2). According to the International Association of Cancer
Registries and International Agency for Research on Cancer
(IACR/IARC), one site is regarded as multiple primary
malignancies (IARC 2004), not a single tumor of different
parts of one site, and a 6-month period is recommended to
distinguish between synchronous and metachronous multiple
primaries (3). 

Previous reports have shown that multiple primary
malignant tumors are more common in patients with
urogenital cancer, and a much higher prevalence of multiple
tumors is associated with renal cell carcinoma (RCC) (4, 5).
Moreover, Beisland et al. (2) have suggested that patients
with RCC should be followed-up with examinations that are
more general, due to their increased risk of developing other
subsequent primary malignancies. However, little is known
regarding the factors that can identify patients with a risk for
subsequent primary malignancies.

Myoferlin is a member of the ferlin family, and it has been
associated with cell membrane repair (6). Myoferlin is
expressed in muscle cells and is involved in musculopathy
(7). During the embryonic development of muscle or the
regeneration of mature muscle cells following damage,
myoblasts come together and form large syncytial myofibers
(8). Myoferlin is highly expressed during myoblast fusion
(8), however, the physiological functions of myoferlin
remain to be determined (6). 

Myoferlin hyper-expression has been studied in many
cancers, such as gastrointestinal and hepatobiliary cancers,
as well as in cancers of the female reproductive organs (9).
Moreover, several reports have shown that myoferlin hyper-
expression correlates with poor prognosis in pancreatic and
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oropharyngeal squamous cell carcinomas (6, 10, 11). In the
same context, we have previously found that myoferlin
hyperexpression significantly correlates with high Fuhrman
nuclear grade and poorer disease-free survival in patients
with clear cell renal cell carcinoma (ccRCC) (6).
Furthermore, Blomme et al. (12) have reported that
myoferlin can be considered as a valuable cancer-derived
exosomal protein, and myoferlin-lacking exosomes do not
contribute as much to tumor cell migration and proliferation
as exosomes that have myoferlin. As cancer-derived
exosomes are considered to be released, not only in the
vicinity of the cancer, but in the systemic areas as well, we
hypothesized that systemically released myoferlin from
cancer-derived exosomes affects host immunity and
contributes to a pro-cancer microenvironment with
epidemiological factors of cancers, resulting in an increased
risk of developing cancer (3, 13).

Therefore, in this study, we evaluated whether myoferlin
expression can be used as a potential marker for predicting
subsequent primary malignancies in patients with ccRCC. 

Materials and Methods

Patients and clinicopathological data. Samples from 152
consecutive patients who underwent treatment for sporadic ccRCC
between January 2000 and December 2009 at Gyeongsang National
University Hospital (Jinju, Korea) were examined by two
experienced pathologists. All of the included patients had undergone
nephrectomy. Staging was performed according to the American
Joint Committee on Cancer TNM Classification of Malignant
Tumors, eighth edition (7). Clinical data from the patients were
collected retrospectively through examination of their medical
records. Subsequent primary malignancies were defined as
metachronous tumors detected in an interval of more than 6 months
arising at different sites, according to the IACR/IARC, and were
diagnosed by pathological or radiological confirmation. 

This study was approved by the Institutional Review Board of
Gyeongsang National University Hospital (2015-12-001) and was
conducted in accordance with the principles embodied in the
Declaration of Helsinki (6).

Tissue microarray construction. Hematoxylin and eosin -stained
slides as well as formalin-fixed paraffin-embedded tissue blocks
were reviewed, and the most representative tumor area was marked.
Two cores (2 mm in diameter) of the tumor area were obtained from
each specimen of representative Fuhrman nuclear grades (6). 

Immunohistochemistry. Immunohistochemistry was performed on 4-
μm-thick sections from tissue microarray (TMA) blocks. Tissues
were stained with anti-myoferlin primary antibody at a dilution of
1:100 (7D6, Abcam, UK) as described previously (7), using an
automated immunostainer (Benchmark Ultra, Ventana Medical
Systems Inc., Tucson, AZ, USA). The endothelial cells of
intratumoral vascular channels were used as positive control (14). 

Myoferlin expression. Immunoreactivity of the tumor cells was
evaluated in both the membrane and cytoplasm by visual counting

(Figure 1). The stained tumor cells were graded as either
hypoexpression or hyperexpression. Tumor cells that displayed
stronger myoferlin expression compared to the membrane or the
cytoplasm of the endothelial cells and stained more than 50% of
tumor cells were graded as hyperexpression (6), otherwise, they
were graded as hypoexpression. If tumor cells revealed
heterogeneous expression of myoferlin in the same core, the
representative value was decided according to the majority of tumor
cells (6). To confirm reproducibility, all samples were graded by two
independent pathologists in a blinded manner. If discrepancies
occurred, a consensus was reached.

Statistical analysis. To determine the correlation of subsequent primary
malignancy with clinicopathological factors and myoferlin expression,
Pearson’s chi-square test was used. To evaluate the strength of the
association between myoferlin expression and the development of
subsequent primary malignancies, a logistic regression analysis was
performed (15). A p-value of equal or less than 0.05 was considered
statistically significant. The analysis was performed using IBM SPSS
version 24.0 (IBM Corp., Armonk, NY, USA).

Results

Clinicopathological information of patients with ccRCC.
Clinicopathological information of the patients with ccRCC
is shown in Table I. The mean age of the patients was 59.9
years (range: 32 to 83 years). T stages of the tumors of the
patients were as follows: i) 1a in 91 (59.9%), ii) 1b in 24
(15.8%), iii) 2a in 9 (5.9%), iv) 2b in 3 (2.0%), v) 3a in 21
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Table I. Clinicopathological information of patients.

Factor                                                                      Number (%) 

Mean age (years)                                                          59.9
Male gender                                                            109 (71.7)
T stage                                                                               
  1a                                                                            91 (59.9)
  1b                                                                             24 (15.8)
  2a                                                                               9 (5.9)
  2b                                                                              3 (2.0)
  3a                                                                            21 (13.8)
  3b                                                                              2 (1.3)
  4                                                                                 2 (1.3)
Fuhrman nuclear grade                                                    
  1                                                                               26 (17.1)
  2                                                                             102 (67.1)
  3                                                                              19 (12.5)
  4                                                                                5 (3.3)
Subsequent primary malignancy                                     
  Absent                                                                   139 (91.4) 
  Present                                                                      13 (8.6)
Myoferlin expression (cores)                                           
  Hypoexpression                                                     233 (76.6) 
  Hyperexpression                                                    71 (23.4)
Total                                                                       152 patients
                                                                                  304 cores



(13.8%), vi) 3b in 2 (1.3%), and vii) 4 in 2 (1.3%). The
Fuhrman nuclear grades were as follows: i) 26 (17.1%) were
grade 1, ii) 102 (67.1%) were grade 2, iii) 19 (12.5%) were
grade 3, and iv) 5 (3.3%) were grade 4. The myoferlin
expression profiles were as follows: 233 cores (76.6%)
displayed hypoexpression, while the remaining 71 cores
(23.4%) displayed hyperexpression (6). Among all patients
recruited, 13 patients (8.6%) had subsequent primary
malignancies.

Clinicopathological information of ccRCC patients with
subsequent primary malignancy. Clinicopathological
information of the patients with subsequent primary
malignancy is shown in Table II. The mean age of the
patients was 66.5 years (range: 50 to 81 years). Most of the
patients were male (12, 92.3%). T stages of the tumors of the
patients were as follows: i) 1a in 5 (38.5%), ii) 1b in 1
(7.7%), iii) 2a in 1 (7.7%), iv) 2b in 1 (7.7%), and v) 3a in
5 (38.5%). The Fuhrman nuclear grades were as follows: i)

1 (7.7%) was grade 1, ii) 9 (69.2%) were grade 2, and iii) 3
(23.1%) were grade 3. The myoferlin expression profiles
were as follows: 15 cores (57.7%) displayed hypoexpression,
while the remaining 11 cores (42.3%) displayed
hyperexpression. Among the subsequent primary tumors, 3
(23.1%) were hepatocellular carcinoma, 2 (15.4%) were lung
cancer, and the remaining 8 cases were adenocarcinoma of
the pancreas, common bile duct, stomach, colon and prostate,
neuroendocrine carcinoma of the pancreas, adenocarcinoma
in situ of the stomach, and urothelial carcinoma of the ureter.
The mean duration between ccRCC and subsequent primary
malignancy was 3.6 years (range: 1 to 10.5 years).

Relationship of subsequent primary malignancy with
clinicopathological factors and myoferlin expression. The
relationship of subsequent primary malignancy with
clinicopathological factors and myoferlin expression is
shown in Table III. Subsequent primary malignancy
significantly correlated with patient age (p=0.029), sex
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Figure 1. Myoferlin expression in clear cell renal cell carcinoma. The tumor cells show hypoexpression of Myoferlin (light brown color, arrows)
(A), and hyperexpression of Myoferlin (brown color, arrows) (B). Scale bars: 100 μm.



(p=0.015), and T stage (p<0.001), but not with Fuhrman
nuclear grade (p=0.313). Moreover, increased myoferlin
expression showed a significant association with subsequent
primary malignancy (p=0.017). 

Logistic regression analysis of subsequent primary
malignancy. The univariate analysis demonstrated that age
[odds ratio (OR), 2.763; 95% Confidence Interval (CI), 1.077-
7.090], T stage (OR=4.239, 95%CI=1.863-9.646), and
myoferlin expression (OR=2.664, 95%CI=1.163-6.103) had a
significant contribution to the occurrence of subsequent
primary malignancy in patients with ccRCC. A multivariate
analysis confirmed that myoferlin hyperexpression was an
independent and significant risk factor for developing a
subsequent primary malignant tumor in patients with ccRCC
(OR=2.485, 95%CI=1.052-5.870, p=0.038) (Table IV).
Moreover, higher T stage (stage ≥2) was determined to be a
risk factor for developing subsequent primary malignancies
(OR=3.674, 95%CI=1.584-8.523, p=0.002) (Table IV).

Discussion

This study investigated whether myoferlin expression can be
used to predict the occurrence of a subsequent primary
malignant tumor in patients with ccRCC. The development of
subsequent primary malignancy revealed a significant
correlation with patient age (p=0.029), sex (p=0.015), T stage
(p<0.001), and myoferlin expression (p=0.017), but not with
Fuhrman nuclear grade (p=0.313). Furthermore, myoferlin
hyperexpression was determined to be an independent risk
factor for developing a subsequent primary malignant tumor
in patients with ccRCC. This is the first report to associate
myoferlin hyperexpression with a higher risk for developing

subsequent primary malignancies in patients with ccRCC.
Consequently, we assert that the ccRCC patients with
myoferlin hyperexpression should be followed up with more
meticulous examinations for subsequent primary malignancies
to provide early detection and treatment. 

Based on these results, we presume that systemically
released myoferlin affects host immunity and contributes to
a pro-cancer microenvironment with epidemiologic factors
of cancers, resulting in the increased risk for developing
cancer (3, 13). However, further research is still needed for
a more definitive answer. 
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Table II. Clinicopathological information of patients with a subsequent primary malignancy (n=13). 

No. of        Gender/Age       T Stage      Furhman nuclear         Myoferlin expression         Duration*                            Subsequent primary 
patients                                                              grade                         (core 1/core 2)                  (years)                                       malignancy

1                       M/64                 1a                        2                              Hyper/hyper                      NA                  Neuroendocrine carcinoma of pancreas 
2                       M/74                 1a                        2                               Hyper/hypo                       3.6                              Hepatocellular carcinoma 
3                       M/67                 1a                        2                               Hyper/hypo                       4.2                            Adenocarcinoma of prostate 
4                        F/72                 1a                        2                                Hypo/hypo                        2.8                      Adenocarcinoma in situ of stomach
5                       M/69                 1a                        2                                Hypo/hypo                        4.7                              Hepatocellular carcinoma
6                       M/58                 1b                        2                               Hyper/hypo                       5.4                              Hepatocellular carcinoma
7                       M/50                 2a                        1                              Hyper/hyper                       1.1                              Adenocarcinoma of colon
8                       M/73                 2b                        2                                Hypo/hypo                        1.9                                         Lung cancer
9                       M/81                 3a                        3                              Hyper/hyper                       1.8                           Adenocarcinoma of pancreas
10                     M/52                 3a                        3                              Hyper/hyper                       2.8                                         Lung cancer
11                      M/75                 3a                        2                                Hypo/hypo                        1.0                            Adenocarcinoma of stomach
12                     M/65                 3a                        2                                Hypo/hypo                       10.5                         Urothelial carcinoma of ureter
13                     M/65                 3a                        3                                Hypo/hypo                       NA                   Adenocarcinoma of common bile duct 

*Duration means the diagnostic period between clear cell renal cell carcinoma and subsequent primary malignancy. NA, not applicable.

Table III. Relationship of subsequent primary malignancy with
clinicopathological factors and myoferlin expression (n=304 cores). 

                                            Subsequent primary malignancy

                                                     Absent                Present            p-Value

Age                                                                                                   0.029
   <59                                        126 (95.5)              6 (4.5)                
   ≥59                                         152 (88.4)            20 (11.6)              
Gender                                                                                              0.015
   Male                                       194 (89.0)            24 (11.0)              
   Female                                     84 (97.7)              2 (2.3)                
T stage                                                                                           <0.001
   <2                                           218 (94.8)            12 (5.2)                
   ≥2                                             60 (81.1)            14 (18.9)              
Fuhrman nuclear grade                                                                    0.313
   <3                                           235 (92.2)            20 (7.8)                
   ≥3                                             43 (87.8)              6 (12.2)              
Myoferlin expression                                                                       0.017
   Hypoexpression                    218 (93.6)            15 (6.4)                
   Hyperexpression                     60 (84.5)            11 (15.5)              

Values are presented as number (%).



Interestingly, higher T stage (stage ≥2) was determined to
be a risk factor for developing subsequent primary
malignancies in patients with ccRCC. This may be related to
various predisposing factors, including the treatment of a
previous malignancy, and the increased checkup frequency
of cancer patients (3). However, herein we emphasize that
the ccRCC patients with higher T stage should also be
followed up in the same manner as patients with myoferlin
hyperexpression because T stage was not significantly
associated with myoferlin expression according to our
previous study (6). 

Previous reports have shown that multiple primary
malignant tumors related to RCC can develop in various
organs, including prostate, bladder, lung, breast, and colon
(2, 4, 16, 18). Several researchers have advocated that
malignant melanoma and non-Hodgkin’s lymphoma are also
associated with RCC (19). The rate of occurrence of multiple
primary malignancies with RCC, including antecedent,
synchronous, and subsequent tumors has been found at 4.5-
26.9%, and a quarter to almost half of these tumors were
detected subsequently (2, 16, 17, 19). In this study, the
incidence of subsequent primary malignancies with ccRCC
was at 8.6%, and the mean diagnostic period between ccRCC
and subsequent primary malignancy was 3.6 years. The two
most common subsequent primary tumors were
hepatocellular carcinoma and lung cancer, and the higher
incidence rate was shown for the hepatobiliary system,
followed by the gastrointestinal tract.

There are inevitable limitations to this study as a
retrospective analysis from a single center. For example, we
could not assess the survival probability related to
developing subsequent primary malignancies due to the
small sample size. Larger cohorts and an organized study
design are recommended in future studies. 

In conclusion, our study identified that myoferlin
hyperexpression can be a useful marker for predicting
subsequent primary malignancies, and higher T stage (stage
≥2) may be a risk factor for developing subsequent primary
malignancies in patients with ccRCC. 
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