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Abstract. Primitive neuroectodermal tumor (PNET) rarely 
occurs as a primary renal neoplasm. Renal (r)PNET is a rare 
but aggressive neoplasm with poor prognosis; the majority of 
patients are diagnosed as advanced stage at presentation and 
face a worse prognosis than patients with localized disease. 
The present study describes the diagnosis and management of 
eight cases of rPNET at an advanced stage, who were treated 
at two institutions [Lingnan Hospital (branch of The Third 
Affiliated Hospital) and the Cancer Center of Sun Yat‑sen 
University, Guangzhou], from December 2004 to January 
2013. The clinical and pathological results of all patients  
were retrospectively obtained. Kaplan‑Meier analysis was 
performed to estimate patient survival. The study cohort 
comprised five males and three females. Radical nephrec-
tomy was performed in seven cases, while the remaining 
case only received needle biopsy of the tumor. Five cases 
received adjuvant chemotherapy, while three received no 
further treatment after surgery. Of note, one case received 
cytokine‑induced killer (CIK) cell immunotherapy combined 
with surgery and chemotherapy. The overall median survival 
was 20 months with a 3‑year survival rate of 25%. The overall 
survival of the four patients who received adjuvant chemo-
therapy following surgery was 36 months, compared with 
10 months in the three patients without further treatment. 
The patient who received CIK cell immunotherapy survived 
for 20 months. Based on the observations of the present 
and previous studies, surgical excision and chemotherapy 

are recommended for treating rPNET at advanced stage. 
Furthermore, the present study was the first to report on CIK 
cell immunotherapy for a patient with rPNET, indicating that 
it may be a promising optional treatment. However, further 
studies are required to validate the benefit of CIK cells and 
to establish an appropriate immunotherapy protocol.

Introduction

Primitive neuroectodermal tumor (PNET)����������������� is a rare malig-
nancy that is a member of the family of ‘small round‑cell 
tumors’ and is often classified as central nervous system 
PNET or peripheral PNET, depending on its site of origin (1). 
Although PNET has been reported in the brain, ovary 
and liver (2), renal (r)PNET is rare, with only 120 cases of 
rPNET reported in the medical literature since its discovery 
in 1975 (3). rPNET usually affects young adults and features 
a rapid clinical progression and significant mortality due to 
late diagnosis, early metastasis and advanced stage at presen-
tation (4). The overall survival of rPNET at the advanced 
stage is only 15 months, compared with 60 months in patients 
with localized tumors (5). In spite of common treatments, 
including surgical excision, chemotherapy and radiotherapy, 
providing a survival benefit for patients with rPNET at 
the localized stage, the prognosis at the advanced stage 
remains poor (1,6). Therefore, novel therapeutic approaches 
to prolong survival are required, particularly for patients 
at the advanced stage. Immunotherapy is a novel treatment 
for various types of tumor, including renal cell carcinoma 
(RCC), and has achieved encouraging results (7). Numerous 
studies have demonstrated the anti‑tumor properties of 
cytokine‑induced killer (����������������������������������CIK) cells, such as enhanced cyto-
toxic activity and resistance to Fas‑mediated apoptosis (8). 
To the best of our knowledge, no previous study has reported 
on CIK cell immunotherapy for patients with rPNET. 
Between December 2004 and January 2013, eight patients 
with rPNET at an advanced stage were treated at Lingnan 
Hospital (branch of The Third Affiliated Hospital) and 
the Cancer Center of Sun Yat‑sen University (Guangzhou, 
China), of which one case was administered CIK cells, with 
the aim of improving the long‑term survival after having 
obtained informed consent. The present study describes the 
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pathological and clinical features, as well as the treatment 
outcomes, of these cases, in addition to a review of the litera-
ture on rPNET.

Patients and methods

Patients. Between December  2004 and January  2013, 
eight cases of rPNET at the advanced stage were treated at 
two institutions [Lingnan Hospital (branch of The Third 
Affiliated Hospital) and the Cancer Center of Sun Yat‑sen 
University, Guangzhou]. The cohort comprised five males and 
three females with a median age of 34 years (range, 17‑45 years) 
at presentation. All of the patients complained of a palpable 
abdominal mass; furthermore five cases had abdominal pain 
and one case had edema in the lower limbs. Patient evaluation 
included history, physical examination, complete blood count, 
renal and liver function tests, chest X‑ray, computed tomog-
raphy (CT) scan of the abdomen and radionuclide renography. 
On the CT scan with heterogeneous contrast enhancement, 
the tumors ranged from 4‑22 cm in size (median, 11 cm) and 
few showed calcified areas (Fig. 1). Seven cases received 
radical surgery, while the remaining case was only subjected 
to needle biopsy of the tumor due to tumor invasion of the 
inferior vena cava. Five  cases received adjuvant chemo-
therapy, while three cases received none. Surgical treatment 
consisted of radical nephrectomy, as well as resection of parts 
of regional organs and lymph nodes as required.

CIK cell preparation. CIK cells were prepared as described 
in a previous study  (9). In brief, peripheral blood mono-
nuclear cells (PBMCs) were collected from the patient 

and cultured in medium containing 50  ng/ml  anti‑CD3 
antibody, 100 U/ml recombinant human interleukin (IL)‑1α 
and 1,000 U/ml interferon (IFN)‑γ at 37˚C in an atmosphere 
containing 5% CO2 for 24 h. Subsequently, 300 U/ml recombi-
nant human IL‑2 was added to the media. At day 14, CIK cells 
were harvested and analyzed for phenotype and cytotoxicity. 
All cells, reagents and materials were free of bacteria, myco-
plasma or fungal contamination. The measured endotoxin 
levels were <5 endotoxin units.

Statistical analysis. Overall survival was estimated using the 
Kaplan‑Meier method, and calculated from the date of diag-
nosis to the date of death from the disease or the last follow‑up. 
Survival estimates were calculated by the Kaplan‑Meier 
method using SPSS 19 software (IBM SPSS, Armonk, NY, 
USA). P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Cases. All cases were confirmed to have advanced‑stage 
disease based on clinical imaging and pathological studies, 
five (62.5%) of which had lymph node metastasis, one (12.5%) 
had pancreatic and adrenal gland invasion, one (12.5%) had 
pancreatic and spleen invasion, and the remaining one (12.5%) 
had invasion of the inferior vena cava according to the CT 
scan. The clinicopathological features of the eight cases are 
presented in Table I.

Surgery. Four cases received radical nephrectomy, one case 
was subjected to radical nephrectomy and splenectomy, 

Figure 1. Pre‑operative abdominal computed tomography images of case no. 8. A poorly‑defined tumor on the lateral side of the left kidney compressed the 
left pelvis, pancreatic tail and inner side of the spleen. The upper left, upper right and bottom left images show the tumor from different angles, whereas the 
bottom right image shows a three‑dimensional reconstruction of abdomen, revealing that the left tumor invaded the left kidney totally.
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and two cases received radical nephrectomy combined with 
splenectomy and partial pancreatectomy. Lymph node dissec-
tion was also performed during the surgery. The tumor was 
inoperable in the patient with invasion of the inferior vena 
cava according to the CT scan, and only a needle biopsy 
was performed to confirm the diagnosis. There were no 
major intra‑operative and post‑operative complications, or 
post‑operative mortality.

Histopathology. Pathological review and immunohistochem-
istry (IHC) were performed to confirm the diagnosis. Histology 
revealed small round cells with a high nuclear‑to‑cytoplasmic 
ratio with vaguely defined cytoplasmic borders in the tumor. 
Homer‑Wright rosette formation was identified in the 
tumors of three patients. IHC revealed positivity for CD99, 
vimentin and neuron‑specific enolase (NSE) in six  cases 
(cases 1, 3, 4, 5, 6 and 7; 75%), Wilms' tumor protein (WT‑1) 
in two cases (cases 6 and 7; 25%) and desmin in one case 
(case 5; 12.5%); furthermore, five cases (62.5%) were nega-
tive for cytokeratin (CK) and one (12.5%) was focal positive 
(Fig. 2). Fluorescent in situ hybridization (FISH) analysis using 
a locus‑specific EWS/FLI‑1 fusion gene dual color break apart 
rearrangement probe was performed in one case, revealing a 
translocation of chromosomes 11 and 22, t(11;22) (q24;q12).

Adjuvant treatment. Of all the cases, five received adjuvant 
chemotherapy (Table  I). Chemotherapeutic agents included 
cyclophosphamide (CTX), pirarubicin (THP), cisplatinum 
(DDP), vinorelbine (NVB), purinethol (6‑MP), melphalan 
(MEL), adriamycin (ADM), carboplatin (CBP), vincristine 
(VCR), etoposide (VP‑16), ifosfamide (IFO) and mesna.

As a novel treatment, CIK cell immunotherapy was 
offered to all of the patients, while only one patient decided 
to receive this immunotherapy with informed consent. This 
patient received two courses of carboplatin (500 mg, d1) and 
docetaxel (80 mg, d2), and two cycles of CIK cell immuno-
therapy in parallel with chemotherapy. This patient received a 
median of 95x108 CIK cells per cycle. No severe side‑effects 
of the CIK cell immunotherapy were observed. After CIK was 
administered, the patient complained of less gastrointestinal 
adverse events compared with the patients receiving chemo-
therapy only.

Follow‑up. Follow‑up information was available for all of 
the patients, which included physical examination, complete 
blood count, renal and liver function tests, chest X‑ray and 
CT scan of the abdomen. Of the eight cases, five had local-
ized recurrence only, one had localized recurrence and 
distant metastasis, and two had distant metastasis only. 
Distant metastatic sites included the lung (three cases) and 
brain (one case). None of the patients received any salvage 
therapy, with the exception of alterations in the chemotherapy 
regimens and dosage. Follow‑up of these patients ranged from 
6‑48 months, with a median of 16 months. Overall median 
survival was 20 months with a 3‑year survival rate of 25%. 
Of the seven  cases who had surgery, the overall survival 
in four patients who received adjuvant chemotherapy was 
36 months, compared with 10 months in the three patients 
without adjuvant chemotherapy (Fig. 3). The patient receiving 
CIK cell immunotherapy survived for 20 months.

Discussion

Although peripheral PNET may occur in any soft tissue, it 
rarely occurs in the genitourinary system (10). Since rPNET 
was first described in 1975, only 120 confirmed cases have 
been reported. rPNET frequently affects young adults 
(mean age, 26 years) and occurs more commonly in males 
(males/females, 1.5:1) (11,12). In the present study, the patients 
with advanced‑stage rPNET were relatively young (median 
age, 34 years; range, 17‑45 years), and a slight male predomi-
nance was found (males/females, 1.6:1). Compared with 
PNET originating from other sites, rPNET is more aggres-
sive, with a five‑year disease‑free survival rate of 45‑55% 
at the well‑confined stage and only 20‑30% at the advanced 
stage. The poor prognosis of patients with rPNET is due to 
its non‑specific clinical presentation, tendency to metastasize 
and advanced stage at the time of identification in the majority 
of cases (13,14). The present study focused on rPNET at the 
advanced stage, and the cases presented with non‑specific 
symptoms and clinical signs, such as palpable abdominal 
mass (100%), abdominal pain (62.5%) and signs of metastasis. 
The overall median survival was 20 months with a three‑year 
survival rate of 25%, which was markedly lower compared with 
the previously reported overall median survival of 40 months 
with a 3‑year survival rate of 60% in patients who had local-
ized disease (5). Therefore, distinguishing rPNET from other 
kidney malignancies, and detecting it early, is crucial for the 
management and prognosis of patients with rPNET.

Although other small round‑cell tumors, including 
neuroblastomas (NBs), synovial sarcomas, small cell carci-
nomas, lymphomas, Wilms' tumors, and so forth, render 
the renal tumor differentiation difficult, rPNET does have 
specific histological features, including small uniform round 
cells with dark nuclei, ill‑defined cytoplasmic borders, and 
poorly‑formed rosette‑like structures (15). In addition, IHC is 
important for accurately diagnosing rPNET. Parham et al (4) 
reported that it is difficult to characterize rPNET without 
IHC. According to IHC, 84‑100% of rPNETs are positive 
for CD99, a macrophage inhibitory cytokine (MIC‑2) gene 
product (14,16). In addition, IHC markers, including vimentin, 
NSE and S‑100, may aid in the diagnosis of rPNET and 
differentiation from other tumor types; however, they are not 
pathognomonic. Molecular diagnostic markers, such as friend 
leukemia integration 1 (FLI‑1) and WT‑1, were found to be 
relatively specific in terms of the diagnosis of rPNET, and a 
previous study reported that 60% of rPNETs were positive 
for FLI‑1 expression by IHC (17), indicating that this marker 
may aid in the differentiation of rPNET from other types 
of renal tumor. Within the cohort of the present study, the 
tumors of 37.5% of cases had a specific histological structure 
called ‘Homer‑Wright rosette’, and IHC analysis revealed that 
65% of cases were positive for CD99, vimentin and NSE. In 
addition, positivity for WT‑1 was found in two cases (25%) 
and for desmin in one case (12.5%); Furthermore, five cases 
(62.5%) were negative for CK, while one case (12.5%) was 
focal positive. WT‑1, a common marker for Wilms' tumor, has 
been used to rule out the diagnosis of PNET, while rPNETs 
may stain positive for WT‑1. A cytogenetic study performed 
to detect the EWS/FLI‑1 fusion gene revealed a translocation 
of chromosomes 11 and 22, t(11:22) (q24:q12), in >90% of 
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rPNET cases (18), while the use of FISH for the detection of 
the fusion gene may increase the specificity of this marker 
and decrease false‑positive test results. In the present study, 
FISH detection was performed for one case, also revealing 
t(11;22)(q24;q12) translocation.

At present, no definitive guidelines for the treatment 
of rPNET are available. For rPNET at the localized stage, 
surgical excision is the first choice, providing a greater 
survival advantage compared with any other singular treat-
ment (5). However, the prognosis of rPNET at an advanced 
stage remains poor in spite of aggressive treatment by 

combination therapy, including surgery, chemotherapy and 
radiotherapy (1,6). In the present study, seven cases received 
radical nephrectomy, of which three  cases had surgical 
resection of other organs involved. Four cases received 
adjuvant chemotherapy and had a significantly better overall 
survival of 36 months, compared with an overall survival 
of 10 months in the three patients without adjuvant chemo-
therapy. However, severe gastrointestinal adverse events are 
usually found during chemotherapy. In an attempt to improve 
the survival of high‑risk patients as well as their quality of 
life, CIK cell immunotherapy was planned after surgery in 
combination with the administration of intensive and multiple 
large‑dose post‑operative adjuvant chemotherapies. In the 
one patient who consented to the CIK cell treatment, survival 
for 20 months was achieved. Of note, the patient complained 
of less adverse events associated with chemotherapy. CIK 
cells are ex vivo activated lymphocytes with potent activity 
against various tumor types and minimal side‑effects. 
Since CIK cells were first applied for renal cancer therapy 
in 1999 (19), the safety and efficacy of this immunotherapy 
has been confirmed and the most frequent adverse event is 
only mild, transient and easily controllable (20). The largest 
study of autologous CIK cell immunotherapy in metastatic 
RCC to date performed by Liu et al (9) found that CIK cell 
treatment significantly improved the prognosis of patients 
with metastatic RCC, while the prognosis was significantly 
improved for patients who received ≥7 cycles of CIK infu-
sions (9). CIK cell therapy is considered to have synergistic 
effects with conventional therapies, including chemotherapy 
or IL‑2/IFN‑α biotherapy in patients with RCC. CIK cells 
exert cytotoxic activities against solid tumors by specifically 
binding to target cells via cell surface adhesion molecule 
leukocyte function associated antigen‑1 (LFA‑1) to form 
cellular conjugates (21). Besides adhesion molecules, CIK 
cells express activating NK receptors, including NKG2D and 
DNAX accessory molecule‑1, which leads to degranulation 
and activates T‑cell receptor‑independent tumor cell recog-
nition and killing (22,23). To the best of our knowledge, the 
present study was the first to report on the clinical application 
of CIK cell immunotherapy for the treatment of rPNET. The 
benefit of CIK cells and the possible synergy with targeted 

Figure 2. Histological and immunohistochemical images of a tumor sample from case no. 8. (A) Hematoxylin and eosin staining showed that the tumor cells 
formed rosette‑like structures (magnification, x200). (B) The tumor cells were strongly positive for CD56 (magnification, x100). (C) The tumor cells were 
positive for CD99 (magnification, x100).

Figure 3. Survival estimates calculated by the Kaplan‑Meier method. 
(A) Kaplan‑Meier curve showing overall survival. (B) Kaplan‑Meier curve 
showing overall survival curves in patients with adjuvant chemotherapy after 
surgery (n=4) and without adjuvant chemotherapy (n=3).
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therapies for rPNET should be assessed in future studies 
using larger cohorts.

In conclusion, rPNET is a rare malignancy of the 
family of ‘small round‑cell tumors’. Patients with rPNET 
at the advanced stage have poor prognosis, and aggressive 
multimodality treatment, including surgical excision and 
chemotherapy, is recommended to manage these tumors. 
CIK cell immunotherapy may have the capacity to improve 
the prognosis and life quality of patients with rPNET. Further 
studies are required to validate the benefit of CIK cells and 
establish an appropriate immunotherapy protocol.
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