
Purpose: Despite the successful use of targeted and mo-
lecular therapies in other cancers, little progress has been 
made in the management of testicular germ cell tumors 
(TGCTs). c-kit (CD 117) is a good target for cancer treat-
ment and possesses an impressive role in the current onco-
logical practice. We aimed to evaluate c-kit expression in 
early stage TGCTs as a prognostic factor.

Methods: Patients with TGCTs who were referred to the 
Medical Oncology Clinic and underwent curative surgical 
operation were included in our study before starting chemo-
therapy. Immunohistochemistry was performed on forma-
lin-fixed and paraffin-embedded three-micrometer thick 
sections with CD 117 Rabbit Anti c-kit in vitro gene kit. 
Biochemically, we utilized AFP and β-HCG Immunlite 2000 
device with solid phase chemiluminescent immunometric 
method, and LDH Roche models with the DP-standardized 
UV method. AFP 0-15 ng/ml, β-HCG < 0.1 mlu/ml and LDH 
240-480 mg/dl were considered as normal values.

Results: Sixty-five patients were included in our study. 
Forty-one (63%) patients had non-seminoma tumors 
(NSGCTs) and 24 (37%) had seminoma. Statistically sig-
nificant c-kit expression was found in patients with semi-
noma (p<0.0001). There was no difference between negative 

or positive c-kit expression in terms of clinicopathological 
characteristics, including preoperative serum levels of AFP, 
β-HCG, LDH, lymph node involvement, distant metastasis, 
and IGCCCG risk classification. No correlation was found 
between these parameters and 5-year progression free sur-
vival (PFS) rate except for tumor stage, presence of lymph 
node metastasis and IGCCCG score (p=0.001, p=0.04, and 
p=0.0001, respectively). Five-year PFS rate of patients with 
positive CD 117 was 72.2% (95% CI, 54.6-89.8), and 56.6% 
(95% CI, 31.2-82.1) for those without CD 117 expression 
involvement (p=0.12).

Conclusion: So far, there has been no significant break-
through in the treatment of cisplatin- refractory TGCTs 
in the era of targeted therapies. No prognostic importance 
of c-kit expression has been found in our study. However, 
we believe that c-kit expression, in numerical terms, can be 
considered as a good prognostic factor for patients with 
TGCTs. The fact that all seminoma cases displayed positive 
c-kit expression is what we think has driven this result.
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TGCTs, the most common malignancy in 
males aged 15-40 years, represent a major cause 
of cancer-related mortality in this age group [1,2]. 

TGCTs account for 1-1.5% of male neoplasms and 
5% of urological tumors in general [3]. TGCTs can 
be subdivided into seminoma and NSGCTs, in-
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cluding embryonal carcinoma, choriocarcinoma, 
yolk sac tumor and teratoma. Neoplasms contain-
ing more than one tumor cell component are re-
ferred to as mixed germ cell tumors (GCTs). Sem-
inomas and NSGCTs present distinctive clinical 
features with significant differences in prognosis 
and therapeutic approach [4]. Most of the GCTs 
can be cured by chemotherapy, and in some cases 
by surgery alone. With a simple addition of cis-
platin to bleomycin and vinblastine in the 1970s 
[5] the 5-year survival rates of GCT patients in-
creased drastically, from 25 to 95% in 2008 [6]. 
Approximately 80% of patients with testicular 
cancer with metastatic disease can be cured with 
cisplatin-based chemotherapy. However, patients 
with poor risk disease remain a therapeutic chal-
lenge with no more than 60% survival rate in 5 
years [7,8]. Patients with treatment failure after 
first-line chemotherapy display poor prognosis. 
The cure rate is 50% for patients treated with sec-
ond-line chemotherapy and 15% for those with 
high-dose chemotherapy followed by autologous 
stem cell transplantation [9]. Despite the success-
ful use of targeted and molecular therapies in oth-
er cancers, little progress has been made in the 
management of TGCTs.

The c-kit receptor (CD 117) is a transmem-
brane protein with tyrosine kinase activity encod-
ed by the c-kit oncogene. The ligand for c-kit is the 
stem cell factor (SCF), a hematopoietic cytokine, 
which plays an important role in maintaining 
the survival of hematopoietic  cells,  promoting  
hematopoietic  cell  proliferation  and  differen-
tiation,  and regulating growth and development 
of hematopoietic cells [10]. c-kit activates down-
stream signal transduction and then regulates a 
variety of cells’ biological behavior, such as nor-
mal cell proliferation and differentiation, tumori-
genesis, cancer growth, migration and recurrence 
[11]. The c-kit as a target for tumor treatment is 
currently a hot topic. The c-kit protooncogene, lo-
cated on the chromosome segment 4q11, encodes 
a type III transmembrane receptor tyrosine ki-
nase [12,13]. The loss of functional mutations has 
demonstrated the crucial role of c-kit in normal 
growth and/or differentiation of several cell types. 
Overexpressed c-kit has been implicated in a 
number of human neoplasms including gastroin-
testinal stromal tumors, ovarian cancer, testicular 
germ cell tumors, small and non- small lung can-
cers, acute myeloblastic leukemia and malignant 
melanoma, suggesting a role for the c-kit and its 
mutant forms in carcinogenesis [14]. The tyrosine 
kinase receptor KIT is required for the survival 

and proliferation of primordial germ cells (PGCs), 
and is then downregulated both in fetal oocytes 
undergoing meiosis and in male gonocytes, which 
stop proliferating after germ cell sex determina-
tion [15]. c-kit is also expressed in Leydig cells 
which, via SCF, are stimulated by Sertoli cells to 
produce testosterone [16].

The role of c-kit has been demonstrated in 
many types of tumors, and it has now secured 
its position among current treatments being ad-
ministered. On the other hand, the role of c-kit in 
carcinogenesis and tumor progression has not yet 
been unraveled. The purpose of our study was to 
investigate the relationship between c-kit expres-
sion in seminoma and non- seminoma patients 
and the clinicopathological characteristics of 
demonstrated prognostic importance.

Methods

Patient selection

Sixty-five patients with TGCTs who were referred 
to the Medical Oncology Clinic and who had under-
gone orchiectomy were included in this study. Patients 
were staged according to the TNM staging system us-
ing proper radiological imaging methods and relevant 
biochemical parameters. Based on the patient clinico-
pathological characteristics, post- orchiectomy chemo-
therapy was or was not administered.

The primary endpoints of this study were PFS and 
overall survival (OS) in relation to CD 117 expression.

Pathological methods

We performed immunohistochemical (IHC) stain-
ing on formalin-fixed and paraffin- embedded three-mi-
crometer thick sections. IHC staining was performed 
via rabbit polyclonal c-kit antibody (Dako Co. Ontario, 
Canada), which is a primary antibody. The tissue sec-
tions were fixed at 37°C for 24 hrs on poly-L-lysine 
coated slides prepared as per the manufacturer’s in-
structions. After 24 hrs, they were deparaffinized in xy-
lene and then rehydrated in decreasing ethanol series. 
Next, we washed the tissue sections in Tris-buffered sa-
line (TBS, pH 7.6) and incubated them with normal sa-
line for 10 min. Finally, an assessment was performed 
based on cytoplasmic and membranous stained tumor 
cell ratio, and the cells not stained with CD 117 were 
deemed negative.

Biochemically, we utilized AFP (Sigma-Aldrich, 
St.Louis, USA, alpha fetoprotein (AFP) human ELISA 
kit) and β-HCG (Sigma-Aldrich, St.Louis, USA, beta hu-
man chorionic gonadotropin (β-HCG) ELISA kit) im-
munlite 2000 device with solid phase chemilumines-
cent immunometric method and lactate dehydrogenase 
(LDH) (Roche- Diagnostics, Basel, Switzerland) models 
with the DP-standardized UV method. AFP 0-15 ng/ ml, 
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β-HCG less than 0.1 mlu/ml and LDH 240-480 mg/dl 
were considered normal values.

Statistics

The patient demographic characteristics were 
analyzed using descriptive statistics. Patient and tu-
mor characteristics were compared between negative 
and positive c-kit expression groups using chi-square 
test or Fisher’s exact test. PFS curves were generated 
according to the Kaplan-Meier method and compared 
using the log-rank test. Each variable was assessed us-
ing univariate analysis for PFS. Multivariate analysis 
was not performed because of the limited sample size 
and the low number of events. PFS was defined as the 
time from diagnosis to the last follow-up or by the time 
from the diagnosis to the first evidence of relapse. OS 
was defined as the time from diagnosis to death from 
any cause. All p values were 2-sided and p values <0.05 
were considered significant. Statistical analyses were 
carried out with SPSS 16 (SPSS Inc., Chicago, Ill, USA).

Results

Sixty-five patients were included in our study. 
Forty-one (63%) patients were diagnosed with 
non-seminoma while 24 (37%) were diagnosed 
with seminoma. Pathologic subgroups and re-
sults of c-kit staining are summarized in Table 1 
c-kit expression was negative in all patients with 
embryonal carcinoma. Patient characteristics 
stratified according to the presence or absence of 
c-kit expression are summarized in Table 2. Re-
lapse rate was 25%. We found statistically signif-
icant c-kit expression in patients with seminoma 
(p<0.0001).

Patients with no c-kit expression had a medi-
an age of 27 years (range 18-41), while it was 34 
years (range 17-75) for patients displaying c-kit 
positive expression (p>0.05).

There was no difference between negative or 
positive patients and c-kit expression in terms of 
clinicopathological characteristics, including pre-
operative serum levels of AFP, β-HCG and LDH, 
lymph node involvement, distant metastasis, and 

Figure 1. Progression-free survival for all patients.

Figure 2. Progression-free survival for patients based 
on CD117 expression (positive vs negative, p=0.12)

Table 1. Pathologic subgroups of testicular germ cell tumors and results of c-kit staining

Pathologic subgroups Ν Negative
(-)

Weak
(+)

Intermediate  
(++)

Strong 
(+++)

Pure germ cell tumors

Seminoma 24 0 3 4 17

Embryonal 7 7 0 0 0

Yolk sack 3 1 1 1 0

Teratoma 5 1 2 1 1

Mixed germ cell tumors 26 7 8 6 5
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IGCCCG risk classification. Univariate analysis of 
patients with TGCTs for PFS according to clinico-
pathological characteristics is summarized in Ta-
ble 3.

Univariate analysis for PFS was performed for 
histology (seminoma or non- seminoma), AFP and 
β-HCG (normal or high), LDH (normal or high), tu-
mor stage (Ia or Ib), lymph node metastasis (pres-
ent or absent), IGCCCG score (good or intermediate 
or poor) and CD 117 expression (present or absent). 
Five-year PFS rate was significantly correlated with 
tumor stage, presence of lymph node metastasis and 
IGCCCG score (p=0.001, p=0.04, and p=0.0001, re-
spectively; Figure 1). Five-year PFS of patients with 

positive c-kit was 72.2% (95% CI, 54.6-89.8), and 
56.6% (95% CI, 31.2-82.1) for those with negative 
c-kit expression (p=0.12; Figure 2).

Discussion
So far, there has been no significant break-

through in the treatment of cisplatin-refractory 
TGCTs in the era of targeted therapies. Only few 
of the recently developed molecules have been 
studied in TGCTs patients, which failed to yield 
the intended results. Along with c-kit, studies 
targeting all-trans retinoic acid (ATRA), epider-
mal growth factor receptor (EGFR), platelet-de-

Table 2. CD 117 (c-kit) expression and patient/tumor characteristics

Characteristics
CD117 - Negative CD117 - Positive All patients

p valueN=48 
N (%)

N=17 
N (%)

N=65
N (%)

Age, years

Median 27 34

Range 18-41 17-75  0.44 

Histology

Seminoma 0 (0) 24(100) 24 (37)
<0.0001

Non-seminoma 17 (41) 24 (59) 41 (63)

Preop. markers

Normal 8 (29) 20 (71) 28 (43)
0.70

High 9 (24) 28 (76)  37 (57)

LDH

Normal 14 (31) 31 (69) 45 (70)
0.21

High 3 (16) 16 (84) 19 (30)

Lymph node metastasis

Negative 8 (20) 33 (80) 41 (63)
0.10

Positive 9 (38) 15 (62) 24 (37)

Distant metastasis

No 12 (24) 39 (76) 51 (78)
0.36

Yes 5 (36) 9 (64) 14 (22)

IGCCCG risk status

Good 11 (24) 35 (76) 46 (71)

0.21Intermediate 3 (21) 11 (79) 14 (21)

Poor 3 (60) 2 (40) 5 (8)

Relapsing

No 11 (22) 38 (78) 49 (75)

Yes 6 (38) 10 (62) 16 (25) 0.23

LDH: Lactate dehydrogenase, IGCCCG: International Germ Cell Cancer Collaborative Group
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rived growth factor receptor (PDGFR), vascular 
endothelial growth factor (VEGF), RET, MET, cy-
clin-dependent kinase 4/6, and CD30 are rather 
predominant [17-26]. It seems that only sunitinib, 
tivantinib and pazopanib showed some promising 
results [27-29].

Downregulated c-kit expression plays a sig-
nificant role in oocytes’ transition to meiosis as 
well as the determination of male gonocytes, and 
this process is required for the survival and prolif-
eration of germ cells [15].

c-kit (CD 117 protooncogene) is expressed 
in higher levels in seminoma in comparison to 
non-seminoma cases. Our study determined pos-
itive c-kit expression in 100% of seminoma pa-

tients whereas this ratio was 59% for non-sem-
inoma patients. Such values are consistent with 
those reported by other studies in the literature 
[15,29,30]. However, we still do not know what ac-
counts for the difference. Examination of NSGCT 
patients revealed no c-kit expression in any of 
the 7 embryonal carcinoma cases, which was also 
consistent with the literature [30]. c-kit expression 
may enable correct identification for TGCTs patients 
who often pose challenges for making molecular and 
histopathological distinctions. Imatinib is a small 
inhibitor molecule that is highly selective for c-kit 
and PDFGR tyrosine kinases. Its effectiveness has 
been proven for the treatment of Philadelphia chro-
mosome-positive chronic myelogeneous leukemia 

Table 3. Univariate analysis of patients with TGCTs for progression-free survival according to clinicopathologi-
cal characteristics

Characteristics No. of 
patients No. of events

5-year 
PFS rate (%)  p value

(months)

All patients 61 15 76.5

Histology

Non-seminoma 38 12 70

Seminoma 23 3 91 0.07

Markers

Normal 27 4 87

0.08High 34 11 67

Tumor stage

Ia 30 3 93

Ib 31 12 67 0.01

Lymph node metastasis

Absent 37 6 85

Present 24 9 63 0.04

LDH

Normal 42 9 82

High 18 6 72 0.33

IGCCCG score:

Good 43 6 90

Intermediate 13 4 70

Poor 5 4 20 0.0001

CD 117

Negative 15 6 57

0.12Positive 46 9 83

LDH: Lactate dehydrogenase, IGCCCG: International Germ Cell Cancer Collaborative Group, PFS: progression-free survival
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and gastrointestinal stromal tumors (GISTs) [31,32]. 
Phase II studies, which investigated the effective-
ness of imatinib in TGCTs patients, have failed to 
provide positive results [33,34]. The effectiveness 
of imatinib is associated with c-kit mutation. While 
exon 11 mutation is associated with good response 
to imatinib, treatment fails in the case of exon 17 
mutation. Among patients with TGCTs, those with 
seminoma in particular display exon 17 mutation, 
which is considered to be the most important reason 
for the failure of studies employing imatinib [35,36]. 
Only two case reports reported seminoma with c-kit 
expression responding fully to imatinib [37,38]. 
Therefore, including patients according to c-kit exon 
mutation in studies planned for patients with TGCTs 
may reveal the effectiveness of imatinib.

The prognostic importance of c-kit expression 
has not been found statistically significant in our 
study. However, we believe that c-kit expression, 
in numerical terms, can be considered as a good 
prognostic factor for patients with TGCTs. The 
fact that all seminoma cases displayed positive 
c-kit expression is what we think to have driven 
the present results.

Although 5-year PFS rate was statistically 
higher for patients with good prognosis according 
to IGCCCG risk classification, c-kit expression was 

not statistically significant among the patients cat-
egorized according to this classification. The limit-
ed patient population in our study was considered 
to be an important factor in this regard. Patients 
with seminoma have better prognosis and respond 
better to cisplatin-based regimens. Imatinib could 
be a good choice for first line therapy for suitable 
patients with seminoma or in case of relapse, offer-
ing an effective treatment and protecting patients 
against the detrimental effects of chemotherapy.

Conclusion

TGCTs are malignant tumors with distinct 
molecular characteristics and clinical behavior. 
Established new biologic targets contribute to the 
cancer treatment in molecular therapy era. So far, 
no useful molecular prognostic or predictive fac-
tor has been determined for the treatment and risk 
stratification of TGCTs. Such factors are required 
for individualized treatment approach, and given 
the prevalence of TGCTs among young individ-
uals, they could decrease morbidity and prevent 
complications from late side-effects of chemother-
apy. In the age of targeted therapies, the treatment 
of GCTs needs further development, which calls 
for well-designed and organized clinical trials.
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