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Prognostic features of renal sarcomas (Review)
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Abstract. The aim of the present review was to evaluate
the prognostic features of primary sarcomas of the kidney.
A literature review was conducted using a number of data-
bases, including Medline (PubMed) and Scopus, for studies
published between January 1992 and December 2013. Of the
studies published in English, those describing the prognostic
features of primary sarcomas of the kidney were recorded.
The electronic search was limited to the following keywords:
Sarcoma, renal sarcoma, prognosis, diagnosis, immunohis-
tochemistry, genetic and survey. Subsequent to the search,
no review articles and/or meta-analyses associated with the
prognosis of primary sarcomas of the kidney were identified.
In total, 31 studies, which consisted of case studies, case series
and studies concerned with the overall prognosis of urological
soft-tissue sarcomas, were reviewed. Primary sarcoma of the
kidney has a poor prognosis compared with other sarcomas
of the urogenital system. In addition to the surgical excision
of renal sarcomas, pathological, molecular and genetic prog-
nostic factors are also considered. Due to the small number
of cases, previous studies have not randomized the prognostic
features of primary sarcomas of the kidney. The elucidation
of the so-called ‘chaotic’ genetic and molecular basis of renal
sarcomas will help to predict patient prognoses. Surgical
excision is the most significant parameter for determining the
prognosis of sarcomas of the kidney. However, sarcomas also
exhibit prognostic features that are based upon pathological,
genetic and molecular factors. The present review suggests
that additional factors may be important in predicting the
prognosis of patients with renal sarcomas, and that clinicians
should plan treatment and follow-up regimens according to
these factors.

Correspondence to: Dr Hakan Oztiirk, Department of Urology,
School of Medicine, Sifa University, 172/2 Fevzipasa Boulevard,
Basmane, Konak, Izmir 35240, Turkey
E-mail: drhakanozturk@yahoo.com.tr

Abbreviations: LMS, leiomyosarcoma; RMS, rhabdomyosarcoma;
PNET, primitive neuroectodermal tumor; IDCS, interdigitating
dendritic cell sarcoma; TNM, tumor-node-metastasis; FH, fumarate
hydratase

Key words: renal sarcoma, sarcoma, prognosis

Contents

—

Introduction

2. Anatomical, surgical and radiological prognostic features

3. Pathological and immunohistochemical prognostic
features

4. Molecular and genetic prognostic features

5. Conclusion

1. Introduction

Overall, renal sarcomas account for 0.8-2.7% of malignant
kidney tumors. Leiomyosarcomas (LMSs) are solitary lesions
that are usually more common in females, and occur in the
fourth and sixth decades of life. The primary symptoms of
LMSs include pain, the presence of a palpable mass and hema-
turia. The tumors usually occur in the right kidney (1). LMSs
account for 50-60% of kidney sarcomas; followed by liposar-
comas in 10-15% of cases (2). Additional histological subtypes
include osteogenic sarcoma, synovial sarcoma, rhabdomyo-
sarcoma (RMS), fibrosarcoma, carcinosarcoma, malignant
fibrous histiocytoma, angiosarcoma, anaplastic sarcoma,
myeloid sarcoma, Ewing's sarcoma/primitive neuroectodermal
tumor (PNET), interdigitating dendritic cell sarcoma (IDCS)
and malignant hemangiopericytoma (2). These tumors are
avascular lesions, with the exception of hemangiosarcomas (2).
Due to the lack of natural barriers for sarcomas arising from
the mesenchymal components, renal sarcomas are able to
expand and become large in size. Sarcomas typically possess
a pseudocapsule, however, this represents an unreliable barrier
and is often infiltrated by the tumor (3).

The ability to provide the prognosis of a cancer implies
that the behavior of the tumor in terms of the diagnosis, treat-
ment, recurrence, metastasis, response to therapy and survival
is largely known. These data are invaluable for physicians and
patients, and also with regard to public health. An accurate
prognosis is critical in order to identify those individuals who
are at risk, to predict survival rates, and to establish future
strategies based upon the incidence and prevalence rates. The
biological behaviors of renal and other soft-tissue sarcomas
are unpredictable. However, the disease is known to be associ-
ated with a poor prognosis and a high metastatic potential (4).
The lack of a suitable laboratory parameter, which would
otherwise be used to monitor disease progression in renal
sarcoma cases, represents another reason for continuous
patient follow-up. Sarcomas develop by the malignant
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transformation of mesenchymal tissues, which are affected by
mutagenic factors, and are associated with a poor prognosis.
Compared with other types of urogenital sarcomas, such as
those of the prostate and bladder, sarcomas of the kidney are
less frequently observed (4). However, tumors of the kidney are
associated with a poorer prognosis in terms of survival, and a
lower life expectancy compared with other sarcomas of the
urinary tract (4). The five-year survival rate is 82% in patients
with retroperitoneal sarcoma, 73% in patients with sarcomas
of the bladder, 44% in patients with prostate sarcoma and 39%
in patients with sarcomas of the kidney (4).

Data from the American Joint Committee on Cancer
(2010) revealed that the prognosis of soft-tissue sarcomas was
directly associated with the disease stage (5). In addition to the
tumor-node-metastasis (TNM) classification of renal sarcomas
(Table I), the specific histological grade of the sarcoma is also
used in tumor staging. However, the use of the TNM classifica-
tion in the staging of sarcomas does not sufficiently predict
the prognosis. Therefore, the histological grade is determined
based upon the scoring system of the French Federation of
Cancer Centers Sarcoma Group (Table II) (6).

Surgical excision and the stage of the tumor are the most
important predictors of prognosis for cases of renal sarcoma.
The present review evaluated other prognostic features for
renal sarcoma cases.

2. Anatomical, surgical and radiological prognostic fea-
tures

Surgical, anatomical and certain radiological features are
important parameters for predicting the prognosis of patients
with renal sarcomas. A review of the literature in the present
study revealed that the most important prognostic factor for
prognosis was surgical excision of the tumor. Valery et al (3)
reported a survival rate of between 17.9 and 25 months in
patients with LMS of the kidney. The prediction of prognosis is
crucial in cases of renal sarcomas, which are characterized by
a poor prognosis. In a study by Lewis ef al (7), the presence of
an unresectable tumor or an incomplete surgical resection were
the factors most significantly associated with disease-specific
mortality. The multivariate analyses from a further study by
van Delan et al, which included 143 patients treated in the
Netherlands, identified that complete tumor resection was
associated with improved overall survival (8). The presence
of reactive tissue surrounding the tumor is associated with a
high risk of local recurrence. Therefore, resection of the tumor
mass with large margins is often required. The removal of the
reactive tissue, together with the tumor mass, is particularly
recommended in cases where the reactive tissue surrounds the
tumor. The most effective therapy for renal and retroperitoneal
sarcomas is the removal and gross total resection of the tumor.
In high-grade sarcoma cases, the toxic effects of radiotherapy
on other organs limit the dose of radiotherapy, and therefore
complicates control of the disease (9).

The presence of metastasis at the time of diagnosis is
one of the most important predictors of prognosis, as the
mean survival rate is usually shorter in those patients with
metastatic disease at diagnosis. In a study by Dotan er al (10),
the presence of metastasis at diagnosis, and a diagnosis of
RMS, were identified as negative prognostic variables. In a
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Table I. Sarcoma stage according to the TNM system of the
American Joint Committee on Cancer.

Stage Tumor characteristics

1A T1,NO, MO, G1 or GX: Tumor is <5 cm

1B T2, N0, MO, G1 or GX: Tumor is >5 cm

IIA  T1,NO0, MO, G2 or G3: Tumor is <5 cm

1IB T2, NO, MO, G2: Tumor is >5 cm

11 T2,NO0, MO, G3: Tumor is >5 cm; OR Any T, N1, MO
or G: Tumor can be any size

v Any T, N, M1 or G: Tumor can be any size

T, tumor; N, node; M, metastasis; G, grade; GX, the grade cannot be
assessed.

study by Lee ef al (4), the presence of metastasis at diagnosis
was associated with a poor survival rate in univariate and
multivariate analyses. Despite resection of the primary renal
sarcoma, metastasis to the lungs, liver and colon is predictive
of a poor prognosis (1). The presence of a lung metastasis
originating from a renal sarcoma or the presence of a resect-
able lung metastasis has been identified to be associated with
long-term disease-free survival in certain patients. However,
the significance and contribution of other factors, such as the
slow growth of the tumor, remain to be elucidated. The value of
resecting liver metastases, in terms of survival, is also yet to be
determined (11). In a study by Putnam and Roth (12), limited
resection of lung metastases was suggested to be associated
with long-term disease-free survival. However, the effect of
a low tumor load, slow tumor growth and long disease-free
intervals is yet to be elucidated.

An investigation of all findings reveals that surgical resec-
tion is the only prognostic factor able to confer increased
survival rates for patients with a primary tumor, or for those
who present with a primary tumor and metastatic disease. An
inability to perform surgical resection appears to be the most
unfavorable prognostic variable for overall survival (4). In
terms of prognosis, there is no significant difference between
males and females. Furthermore, the occurrence of the tumor
on the right or left side of the body does not appear to affect
prognosis. In addition, evaluation of the prognosis based upon
age groups does not reveal any significant results (4). However,
the prognosis is identified to be worse in symptomatic patients.
A tumor size of <5 cm is a favorable prognostic feature (3).
Kadikoy et al (13) evaluated the prognosis of patients with
inoperable cases of bilateral renal sarcomas who had instead
received neoadjuvant chemotherapy with gemcitabine and
docetaxel, and revealed that bilateral tumor occurrence was
predictive of a poor prognosis. Bilateral cancers may be
affected by the same mutagenic factors, which suggests that
tumor suppressor mechanisms may be dysfunctional.

Renal sarcomas commonly exhibit local recurrence.
However, at present, there is no established chemotherapy
protocol that can be followed in the case of local recurrence
subsequent to docetaxel monotherapy or a combined treatment
protocol. Therefore, disease recurrence, particularly following
the administration of chemotherapy, is associated with a poor
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Table II. Grading system based upon the French Federation of Cancer Centers Sarcoma Group.

Tumor differentiation Mitotic count

Tumor necrosis Histological grade

Score 1, good Score 1, 0-9 mitoses per 10 HPF
Score 2, 10-19 mitoses per 10 HPF

Score 3, =20 mitoses per 10 HPF

Score 2, intermediate
Score 3, poor

Grade 1; total score 2,3
Grade 2; total score 4,5
Grade 3; total score 6,7,8

Score 0, no necrosis
Score 1, <50% tumor necrosis
Score 2, >50% tumor necrosis

HPF, high-power field.

prognosis (14). On rare occasions, pre-operative chemotherapy
or radiotherapy may aid in reducing the size of a previously
unresectable tumor. The sensitivity of a tumor to chemo-
therapy and/or radiotherapy is regarded as a good prognostic
feature (15). In a quantitative meta-analysis of 1,568 patients
in 14 studies, doxorubicin-based adjuvant chemotherapy
achieved a 6% disease-free survival rate (16). The studies,
which included patients with renal sarcomas treated with
post-operative chemotherapy protocols, evaluated treatment
regimens, drug doses, sample size, tumor location and histo-
logical grades. Therefore, randomized controlled studies are
required in order to evaluate survival benefits.

3. Pathological and immunohistochemical prognostic fea-
tures

Compared with the subsequently listed cellular classification,
a histological grade is able to describe the metastatic potential
of a tumor with improved accuracy. A tumor grade is assigned
according to the number of mitoses per high-power field, the
degree of cellularity, the cellular and nuclear morphology, and
the presence of necrosis. Discordance between pathologists
with respect to tumor grading and histological subtype can be
substantial (17). Dedifferentiated liposarcomas usually arise as
a deep, atypical lipomatous tumor or as a well-differentiated
liposarcoma with intermediate malignancy, due to a lack of
metastatic capacity (5). Increased rates of necrosis, poor differ-
entiation, mitotic activity and increased histological grade are
associated with a poor prognosis. A study by Deyrup et al (18)
revealed an association between the increasing histological
grade of renal LMSs and the rate of survival. The histological
grade was defined as a poor prognostic factor. Low-grade
soft-tissue sarcomas exhibit limited metastatic potential, but
also tend to recur locally. Therefore, surgical excision, which
includes the removal of negative tissue margins measuring
1-2 cm or more in all directions, is the recommended treatment
for patients with early-stage sarcomas (19).

The involvement of regional lymph nodes, although
extremely rare in cases of kidney sarcoma, is predictive of
a poorer prognosis. Certain subtypes of renal sarcomas are
more likely to spread to the lymph nodes than others. These
subtypes include high-grade RMS, vascular sarcoma, clear
cell sarcoma and epithelioid sarcoma (20). Renal sarcomas that
are sensitive to chemotherapy are associated with an improved
prognosis. Cases of pediatric anaplastic kidney sarcoma have
been reported. The most important feature of these tumors
is the prospect that they may respond to chemotherapy (21).
Myeloid sarcoma of the kidney often originates from leukemia

cells, and has the potential to transform into acute myeloid
leukemia. These types of sarcomas are also regarded as
being sensitive to chemotherapy (22). In total, 60 cases of
synovial sarcoma of the kidney, a subtype of renal sarcoma,
have been reported in the literature. This histological subtype
is associated with a poor prognosis. Synovial sarcoma is
characterized by a specific t(X;18)(p11.2;q11.2) chromosomal
translocation. The SS18-SSX fusion protein expressed during
this translocation is believed to be associated with tumor
pathogenesis (23). Synovial sarcomas exhibit a high potential
for systemic metastasis. The tumor however is regarded to be
sensitive to anthracycline-based chemotherapy, with response
rates of up to 53%. The sensitivity of synovial sarcomas to
chemotherapy-based therapies suggests the potential use
of such regimens for young patients, or for patients hosting
a large volume of tumor (24). Other tumor subtypes, such as
Ewing's sarcoma and PNET, are high-grade malignant tumors,
which typically present in children and adolescents. The prog-
nosis is worse in cases of metastatic disease. Ewing's sarcoma
and PNET of the kidney are rare, with just over 100 cases
reported globally (25). PNET occurs in young adults, and is
the predominant type of aggressive renal sarcoma in males
aged 28-34 years old (26). Ewing's sarcoma and PNET are
considered to be systemic conditions that exhibit an aggressive
course and are often characterized by early metastatic disease
(25-50% at the time of presentation). Patients undergoing local
therapy alone exhibit recurrence rates of 80-90%, which is
likely to be due to the existence of subclinical metastasis at
the time of the initial diagnosis (27). IDCS, a rare and only
recently described subtype of renal sarcoma, originates from
dendritic cells, a type of professional antigen-presenting cell
that participates in the innate and adaptive immune response.
IDCS is an extremely rare tumor that primarily occurs in
the Ilymph nodes (28). The chromosomal translocation of the
B-cell lymphoma 2 protein is believed to be associated with
the pathogenesis of IDCS (29). Seven cases of embryonal
RMS, another rare renal sarcoma, have been reported in the
literature. High-grade RMSs are aggressive tumors with high
metastatic potential and a tendency for lymph node metastasis.
A total of four cases of undifferentiated sarcoma of the kidney
have been previously reported. Poor differentiation is a nega-
tive prognostic feature for patients with renal sarcomas, as is
the case for all other types of cancer (30).

There are contradictory reports regarding the value of
histological subtypes in predicting prognosis. In a study by
Lee et al (4), the histological subtype of the renal sarcoma was
not defined as a prognostic factor for disease-specific survival
in the univariate and multivariate analyses, as no association
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Table III. Prognostic features of renal sarcomas.
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Prognosis

Good prognostic features

Poor prognostic features

Surgical, anatomical and radiological

Complete surgical excision
Solitary tumor

Tumor diameter <5 cm
Negative lymph nodes

Incomplete surgical excision
Multiple or bilateral tumors
Tumor diameter >5 cm
Positive lymph nodes

Sensitivity to CTx and RTx

Pathological Low grade

Good differentiation

Mitotic count <9 mitoses per 10 HPF
Tumor necrosis <50%
Low Ki-67 proliferation index

Molecular and genetic 17q duplications

1p33-p32.3 duplications

PRUNE?2 expression

Presence of metastasis at the time of diagnosis

Symptomatic patients

Recurrence (particularly following surgery and
CTx)

High grade

Poor differentiation

Mitotic count >20 mitoses per 10 HPF

Tumor necrosis >50%

A histological subtype of rhabdomyosarcoma,

vascular sarcomas, clear cell sarcoma,

epitheloid sarcoma, Ewing's sarcoma or
undifferentiated sarcoma

Overexpression of p16 and p53
MED12 gene mutation

4q31 and 18q22 deletions
Fumarate hydratase mutation
c-Myc expression

CTx, chemotherapy; RTx, radiotherapy; HPF, high-power field; PRUNE2, prune homolog 2.

was observed between the histological subtype of the renal
sarcoma and the rate of disease-specific survival. However,
the small number of patients in the study complicated this
statistical comparison.

4. Molecular and genetic prognostic features

Renal sarcomas are recognized as being genetically complex
tumors, often bearing so-called ‘chaotic’ karyotypes, such as
aneuploidy or polyploidy. However, studies are yet to report
the existence of recurrent tumor-specific translocations (31).
The studies in the literature have identified that the p16 and
P53 tumor suppressor proteins are overexpressed in cases of
LMS, and could therefore be used as prognostic markers in
renal sarcomas (32). The mediator complex exhibits a key
role in eukaryotic gene transcription activation. The mediator
of RNA polymerase II transcription subunit 12 homolog
(MEDI12) is a subunit of the mediator complex, which regu-
lates the activity of the complex. A number of mutations at
this location are believed to represent basic mechanisms
involved in the development of sarcomas. The MEDI2 gene
mutation occurs in uterine leiomyomas, but can also occur in
pelvic and retroperitoneal LMSs. This suggests that different
smooth muscle tumors develop as a result of similar mutagenic
changes (33). The replication of DNA profiles obtained from
cases of LMS revealed the presence of repetitive genomic
changes. Of these genomic changes, a 17q duplication
was revealed to be associated with long-term disease-free
survival and a low risk of metastasis (3). In addition, 4q31

and 18q22 deletions were associated with a susceptibility
for metastasis, and 1p33-p32.3 duplications were correlated
with increased survival rates. The duplications at 1q21.3 were
identified to be an independent prognostic marker for shorter
survival times in patients with LMS, which suggested that
genes located in this region may be involved in the aggressive-
ness of LMS (34). A further mutation believed to be involved
in the pathogenesis of LMSs is the heterozygous mutation in
the fumarate hydratase (FH) gene. Although this mutation
was originally described for LMS of the skin, similar genetic
mutations may be involved in the development of soft-tissue
LMSs. The FH gene mutation exhibits familial inheritance,
which may explain the occurrence of soft-tissue sarcomas at a
young age in homozygous individuals. At present, limited data
exists concerning the association between LMS and the FH
gene mutation (35). The prune homolog 2 (PRUNE?2) protein
has an important role in cellular differentiation and the regula-
tion of apoptosis. PRUNE2 demonstrates higher expression
in small-sized tumors, particularly those measuring <10 mm.
The expression of PRUNE2 has been identified to be down-
regulated according to increased tumor volume, with larger
tumors associated with shorter survival times. In a study by
Zhao et al (36), increased PRUNE2 protein expression was
associated with a good prognosis in patients with LMS. The
study revealed that increased PRUNE2 protein expression was
an independent prognostic factor for overall survival in patients
with LMSs. Furthermore, in a study by Tsiatis et al (37), c-Myc
expression was reported to be a marker for poor prognosis in
LMSs.
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The anatomical, surgical, radiological, pathological,

genetic and molecular prognostic features of renal sarcomas
are summarized in Table III.

5. Conclusion

The prognosis of renal sarcomas, in light of the current
literature, is difficult to predict. The most important positive
prognostic feature for these tumors is complete surgical resec-
tion. Due to the presence of multiple histological subtypes
of sarcomas, the specified prognostic features have not
been evenly randomized. The sarcomas exhibit a ‘chaotic’
genetic and molecular structure. Previous studies, which have
analyzed the overexpression of pl6 and p53 genes, MED12
gene mutations, c-Myc expression, 4q31 and 18q22 deletions
and FH mutations suggest that sarcomas possess a more
complex molecular and genetic basis than is currently known
or understood.

References

1.

10.

11.

12.

13.

14.

Venkatesh K, Lamba Saini M, Niveditha SR, Krishnagiri C and
Babu S: Primary leiomyosarcoma of the kidney. Patholog Res
Int 2010: 652398, 2010. .

. Lalwani N, Prasad SR, Vikram R, et al: Pediatric and adult

primary sarcomas of the kidney: a cross-sectional imaging
review. Acta Radiol 52: 448-457,2011.

. Valery JR, Tan W and Cortese C: Renal leiomyosarcoma: a

diagnostic challenge. Case Rep Oncol Med 2013: 459282, 2013.

.Lee G, Lee SY, Seo S, er al: Prognostic factors and clinical

outcomes of urological soft tissue sarcomas. Korean J Urol 52:
669-673,2011.

. Edge SB, Byrd DR, Compton CC, et al (eds). Soft tissue sarcoma.

In: AJCC Cancer Staging Manual. 7th edition. Springer,
New York, NY, pp291-296, 2010.

. Guillou L, Coindre JM, Bonichon F, ez al: Comparative study of

the National Cancer Institute and French Federation of Cancer
Centers Sarcoma Group grading systems in a population of 410
adult patients with soft tissue sarcoma. J Clin Oncol 15: 350-362.
1997.

.Lewis JJ, Leung D, Woodruff JM and Brennan MF:

Retroperitoneal soft-tissue sarcoma: analysis of 500 patients
treated and followed at a single institution. Ann Surg 228:
355-365, 1998.

. van Dalen T, Plooij JM, van Coevorden F, et al; Dutch Soft Tissue

Sarcoma Group: Long-term prognosis of primary retroperitoneal
soft tissue sarcoma. Eur J Surg Oncol 33: 234-238, 2007.

. Singer S, Maki RG and O'Sullivan B: Soft tissue sarcoma. In:

Cancer: Principles and Practice of Oncology. DeVita VT Ir,
Lawrence TS and Rosenberg SA (eds). 9th edition. Lippincott
Williams & Wilkins, Philadelphia, PA, pp1533-1577, 2011.
Dotan ZA, Tal R, Golijanin D, et al: Adult genitourinary sarcoma:
the 25-year Memorial Sloan-Kettering experience. J Urol 176:
2033-2038, 2006.

van Geel AN, Pastorino U, Jauch KW, et al: Surgical treatment
of lung metastases: The European Organization for Research
and Treatment of Cancer - Soft Tissue and Bone Sarcoma Group
study of 255 patients. Cancer 77: 675-682, 1996.

Putnam JB Jr and Roth JA: Surgical treatment for pulmonary
metastases from sarcoma. Hematol Oncol Clin North Am 9:
869-887, 1995.

Kadikoy H, Haque WM, Topkara VK, Frome AI and Hayes TG:
Bilateral leiomyosarcoma of the kidney with family history of
kidney cancer. Can J Urol 16: 4847-4849, 20009.

Maki RG, Wathen JK, Patel SR, ef al: Randomized phase II
study of gemcitabine and docetaxel compared with gemcitabine
alone in patients with metastatic soft tissue sarcomas: results of
sarcoma alliance for research through collaboration study 002
[corrected]. J Clin Oncol 25: 2755-2763, 2007.

ONCOLOGY LETTERS 9:

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

1034-1038, 2015

Kepka L, DeLaney TF, Suit HD and Goldberg SI: Results of
radiation therapy for unresected soft-tissue sarcomas. Int J
Radiat Oncol Biol Phys 63: 852-859, 2005.

Sarcoma Meta-analysis Collaboration (SMAC): Adjuvant
chemotherapy for localised resectable soft tissue sarcoma in
adults. Cochrane Database Syst Rev: CD001419, 2000.
Alvegdrd TA and Berg NO: Histopathology peer review of
high-grade soft tissue sarcoma: the Scandinavian Sarcoma
Group experience. J Clin Oncol 7: 1845-1851, 1989.

Deyrup AT, Montgomery E and Fisher C: Leiomyosarcoma
of the kidney: a clinicopathologic study. Am J Surg Pathol 28:
178-182,2004.

Singer S, Nielsen T and Antonescu CR: Molecular biology of soft
tissue sarcoma. In: Cancer: Principles and Practice of Oncology.
DeVita VT Jr, Lawrence TS and Rosenberg SA (eds). 9th edition.
Lippincott Williams & Wilkins, Philadelphia, PA, pp1522-1532,
2011.

Mazeron JJ and Suit HD: Lymph nodes as sites of metastases
from sarcomas of soft tissue. Cancer 60: 1800-1808, 1987.
Watanabe N, Omagari D, Yamada T, et al: Anaplastic sarcoma
of the kidney: case report and literature review. Pediatr Int 55:
el29-e132, 2013.

Iwasaki H, Fuse H and Imamura Y: Myeloid sarcoma of the
kidney: a case report. Nihon Hinyokika Gakkai Zasshi 103:
708-711, 2012 (In Japanese).

Trolliet S, Lindner V, Krzisch S, Schneider M and Jung JL:
Primary renal synovial sarcoma. Prog Urol 24: 156-160, 2014.
Karavasilis V, Seddon BM, Ashley S, et al: Significant clinical
benefit of first-line palliative chemotherapy in advanced
soft-tissue sarcoma: retrospective analysis and identification of
prognostic factors in 488 patients. Cancer 112: 1585-1591, 2008.
Ellinger J, Bastian PJ, Hauser S, Biermann K and Miiller SC:
Primitive neuroectodermal tumor: rare, highly aggressive differ-
ential diagnosis in urologic malignancies. Urology 68: 257-262,
2006.

Angel JR, Alfred A, Sakhuja A, et al: Ewing's sarcoma of the
kidney. Int J Clin Oncol 15: 314-318, 2010.

Ekram T, Elsayes KM, Cohan RH and Francis IR: Computed
tomography and magnetic resonance features of renal Ewing
sarcoma. Acta Radiol 49: 1085-1090, 2008.

Zhang J, Liu B, Song N, et al: Interdigitating dendritic cell
sarcoma presenting in the kidney combined with retroperitoneal
leiomyosarcoma: A case report and literature review. Oncol
Lett 7: 466-470, 2014.

Nayer H, Murphy KM, Hawkins AL, et al: Clonal cytogenetic
abnormalities and BCL2 rearrangement in interdigitating
dendritic cell sarcoma. Leuk Lymphoma 47: 2651-2654, 2006.
Mehrain R and Nabahati M: A case of rhabdomyosarcoma of
kidney mimicking nephroblastoma. Caspian J Intern Med 4:
621-623,2013.

Miettinen M: Smooth muscle tumors of soft tissue and
non-uterine viscera: biology and prognosis. Mod Pathol 27
(Suppl 1): S17-S29, 2014.

Hakverdi S, Giingéren A, Yaldiz M, Hakverdi AU and Toprak S:
Immunohistochemical analysis of pl6 expression in uterine
smooth muscle tumors. Eur J Gynaecol Oncol 32: 513-515, 2011.
Schwetye KE, Pfeifer JD and Duncavage EJ: MED12 exon 2
mutations in uterine and extrauterine smooth muscle tumors.
Hum Pathol 45: 65-70, 2014.

Silveira SM, Villacis RA, Marchi FA, et al: Genomic signatures
predict poor outcome in undifferentiated pleomorphic sarcomas
and leiomyosarcomas. PLoS One 8: e67643, 2013.

Badeloe S, van Geest AJ, van Marion AM and Frank J: Absence of
fumarate hydratase mutation in a family with cutaneous leiomyo-
sarcoma and renal cancer. Int J Dermatol 47 (Suppl 1): 18-20, 2008.
Zhao LR, Tian W, Wang GW, Chen KX and Yang JL: The prog-
nostic role of PRUNE2 in leiomyosarcoma. Chin J Cancer 32:
648-652,2013.

Tsiatis AC, Herceg ME, Keedy VL, et al: Prognostic significance
of c-Myc expression in soft tissue leiomyosarcoma. Mod
Pathol 22: 1432-1438, 2009.



