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Abstract: Mucinous tubular and spindle cell renal cell carcinoma (MTSRCC) is an uncommon, newly recognized tu-
mor that is histologically characterized by small, elongated tubules lined by cuboidal cells and/or cords of spindled
cells separated by variable amounts of mucinous/myxoid stroma. Nonclassic morphologic variants and features of
MTSRCC have not been well documented and only rarely been studied. Although initially considered to be a low-
grade carcinoma with favorable prognosis, MTSRCC demonstrating sarcomatoid transformation with an aggressive
behavior has recently been reported. Herein, we present a unique case of MTSRCC with a mucin-poor morphol-
ogy, extensive high-grade sarcomatoid transformation, multiple metastases and a rapidly fatal clinical course in a
53-year-old man and describe its histomorphologic and immunohistochemical features as well as molecular genetic
findings. Our findings further expand both the histological and behavioral spectrums encountered in MTSRCC.
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Introduction

Mucinous tubular and spindle cell renal cell car-
cinoma (MTSRCC) is an uncommon, recently
described subtype of renal cell carcinoma
(RCC), which has been recognized as a distinct
entity in the 2004 World Health Organization
(WHO) tumor classification [1]. In its classic
form MTSRCC is histologically characterized by
an admixture proliferation of tubular cuboidal
cells and spindle cells, setting in a background
of variable amounts of mucinous/myxoid stro-
ma. Cytologically, the tumor cells are usually
bland-appearing with scant, pale to slightly
eosinophilic cytoplasm, and the nuclei are gen-
erally round, uniform and display low nuclear
grade characteristics [2]. Histological varia-
tions, such as mucin-poor histology [3, 4],
oncocytic cell changes [3], and presence of
focal or prominent papillations [3, 5], which
could cause significant diagnostic confusions
have rarely been reported in MTSRCC. With
regard to biologic behavior, MTSRCC is gener-

ally a low-grade malignant tumor with a pro-
tracted clinical course. However, very few cases
that demonstrated recurrence, metastasis to
regional lymph nodes at the time of presenta-
tion, and distant metastases have been report-
ed [6, 7]. Sarcomatoid transformation, which
can be seen in any subtype of RCC and usually
portends a worse prognosis of the tumor, has
also been rarely documented in MTSRCC [8-12].
Herein, we report a unique case of MTSRCC
with a mucin-poor morphology, extensive sarco-
matoid transformation, multiple metastases,
and a rapidly fatal clinical course in a 53-year-
old man. Our aim is to further expand both the
morphologic and behavioral spectrums of
MTSRCC.

Case presentation

A 53-year-old Chinese man with a significant
history of chronic hepatitis presented with pro-
gressive weight loss for 6 months, and fever for
5 days. Abdominal imaging studies including
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Figure 1. Low-grade MTSRCC component showed (A) tightly packed, elongated tubules and (B) spindle cells without
mucinous stroma detected. (C) Focal areas showing abortive papillary structures with tumor cell tufts protruding
into the tubular lumen. (D) The tumor cells were bland-appearing cuboidal to columnar with moderate amount of
oncocytic cytoplasm that contained numerous hyalinized globular bodies.

ultrasonic examination and computed tomogra-
phy (CT) scan revealed a 6.5 cm heterogeneous
mass in the lower pole of the left kidney.
Multiple abdominal and retroperitoneal lymph-
adenopathy was detected with the largest
lymph node measuring up to 3 cm. The right
kidney had multiple simple cysts. Subsequent
extended CT scan demonstrated multiple medi-
astinal lymphadenopathy and expansile lytic
lesions which involved bilateral ribs, left supe-
rior limbus of sternum and thoracic 3 vertebral
body; these imaging studies were highly suspi-
cious of metastatic diseases from the kidney.
Laparoscopically radical left nephrectomy was
performed; the patient succumbed to the dis-
ease at a follow-up of 11 months after the
surgery.

Grossly, the resected specimen measured 15 x

12 x9cmand hada 7 x 6 x 6 cm, cortex-pre-
dominant tumor with partially circumscribed
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but focally infiltrative irregular borders. On cut
surface, the tumor was extensively necrotic
with some viable tan-yellow soft areas and tan-
white firm nodular zones. Neither perinephric
nor renal sinus fat extension of the tumor was
grossly evident. No intravenous tumor embolus
was noted. The adrenal gland was unremark-
able without evidence of tumor involvement.
Nine enlarged hilar lymph nodes with diameter
ranging from 0.5 to 2 cm were detected.
Morphologically, the low grade component of
MTSRCC, which accounted for approximately
30% of the entire tumor, consisted predomi-
nantly of tightly packed, frequently collapsed,
elongated tubules and spindle cells that often
formed solid nodules and arranged in short fas-
cicular or swirling growth patterns (Figure 1A
and 1B). Focal areas showing abortive papillary
structures with tumor cell tufts protruding into
the tubular lumen were also observed (Figure
1C). The tumor cells of the low grade areas
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Figure 2. (A) Low grade MTSRCC component (left) displayed abrupt transition to sarcomatoid areas (right), which
were (B) extensively necrotic and composed of spindle to pleomorphic, undifferentiated cells that frequently ar-
ranged in (C) solid sheets and (D) storiform growth patterns. (E) The sarcomatoid cells displayed moderate-to-severe
nuclear pleomorphism with increased mitotic activity. (F) Renal hilar lymph nodes were positive with metastasis of

sarcomatoid component of MTSRCC.

were cuboidal to columnar with moderate
amount of oncocytic cytoplasm that contained
numerous hyalinized globular bodies (Figure
1D). The nuclei were rounded with single small
nucleoli corresponding to Fuhrman nuclear
grade 2. Mitoses were very rare. Mucinous stro-
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ma was not identified by hematoxylin and eosin
or Alcian blue staining. A background of vari-
able amount of lymphocytes, plasma cells,
foamy macrophages and hemosiderin deposi-
tions was present. Occupying approximately
70% of the tumor areas was an extensively
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Figure 3. Immunohistochemical study showed that (A) AMACR expression was diffusely and strongly positive in the
low grade component and was absent in the sarcomatoid component of MTSRCC. (B) MIB1 nuclear staining was
absent to rare in the low grade component and was highly expressed in the sarcomatoid component. Fluorescence
in situ hybridization analysis for chromosomes 7 (in green) and 17 (in orange) in the tumor revealing (C) one green
and one orange signals in the low grade component, consistent with monosomy of chromosomes 7 and 17, and (D)
three or more signals in both green and orange signals in the sarcomatoid component consistent with polysomy of
chromosomes 7 and 17.

necrotic, high-grade sarcomatoid tumor that
usually merged abruptly with areas of low grade
MTSRCC (Figure 2A and 2B). The sarcomatoid
component was composed of spindle to pleo-
morphic, undifferentiated cells that frequently
arranged in solid sheets and storiform growth
patterns, set in a background of desmoplastic
stroma with prominent inflammatory infiltra-
tions (Figure 2C and 2D). Mucinous stromal
change was not identified. The sarcomatoid
cells displayed moderate-to-severe nuclear
pleomorphism with occasional prominent sin-
gle-to-multiple nucleoli (Figure 2E). Mitotic rate
varied from O to 6/10 high power fields (Figure
2E). The sarcomatoid component focally infil-
trated the renal sinus adipose tissue. Four of 9
renal hilar lymph nodes were positive with
metastases showing histologically only high
grade sarcomatoid component (Figure 2F).
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By immunohistochemistry, tumor cells of both
the low grade and sarcomatoid component
showed expression of PAX8, vimentin, cyto-
keratin(CK)19, and Cam 5.2. A-methylacyl-CoA
racemase (AMACR) expression was diffusely
and strongly positive in the low grade compo-
nent and was absent in the sarcomatoid com-
ponent (Figure 3A). MIB1 nuclear staining was
absent to rare in the low grade component and
was highly expressed in the sarcomatoid com-
ponent (average 50% positive nuclear staining)
(Figure 3B). Immunostains for CK7, CK34BE12,
CD10, CD117, E-cadherin, renal cell carcinoma
marker, P63, synaptophysin, chromogranin A
and Napsin A were all negative through the
tumor. Fluorescence in situ hybridization (FISH)
analysis was performed with centromeric
a-satellite DNA probes for chromosome 7 (CEP
7, D7Z1, Spectrum Green) and chromosome 17
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(CEP 17, D17Z1, Spectrum Orange), according
to the manufacturer’'s instructions (Abbott
Molecular), and no trisomy of chromosomes 7
or 17 were detected in both the low grade and
the sarcomatoid componet. The low grade com-
ponent usually showed monosomy of chromo-
somes 7 and 17 (Figure 3C) while the sarcoma-
toid component frequently showed polysomy of
both chromosomes (Figure 3D).

Discussion

MTSRCC is a relatively new entity among sub-
types of RCC that is thought to be a low grade,
relatively indolent neoplasm with a favorable
prognosis [1, 2]. Classic morphologic features
include low grade epithelial cells organized in
tubules and spindled cords, associated with
abundant myxoid or mucinous extracellular
matrix. Mitoses and necrosis are uncommon.
Unlike the classic MTSRCC, the current case
presented as a low grade MTSRCC with deple-
tion of extracellular mucin, and high-grade sar-
comatoid transformation with extensive necro-
sis, multiple metastases, and a rapidly fatal
clinical course.

Sarcomatoid transformation is a well-docu-
mented phenomenon of tumor progression in
RCC and is generally defined histologically by
the presence of high-grade spindle cells with
nuclear pleomorphism, prominent nucleoli and
increased mitotic activities [13]. It may arise
out of a background of any histological type of
RCC as a manifestation of a final common
dedifferentiation pathway and has been well
documented in the more common subtypes of
RCC such as papillary RCC, chromophobe RCC,
and collectingduct carcinoma[14]. Sarcomatoid
differentiation arising in a background of low
grade MTSRCC is exceptional, to our knowl-
edge, including the current case, only seven
cases have been reported in the literature to
date [8-12] (Table 1). As with other common
type sarcomatoid RCC, patients with sarcoma-
toid MTSRCC usually present with advanced
diseases and symptoms related either to the
effects of the primary tumor or, more common-
ly, metastasis. Multiple sites of metastasis at
the time of primary treatment are commonly
seen, with axial bones and lungs being the
most frequent sites of secondary spread.
Sarcomatoid MTSRCC pursues a rapidly fatal
clinical course with five of the 7 patients dead
of the disease at a follow-up ranging from 1 to
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11 months. Histologically, sarcomatoid compo-
nent in MTSRCC is oftentimes fibrosarcoma
like with intersecting fascicles of malignant
spindle cells, pleomorphic undifferentiated sar-
coma (malignant fibrous histiocytoma like), or
of an unclassified morphology. Necrosis is usu-
ally extensively and mitotic activity is increased.
These are in striking contrast to the inherent
spindle cells in low grade MTSRCC that are typi-
cally bland-appearing, arranged in parallel
arrays blending with elongated and well-formed
tubules. Nuclei are relatively regular and mito-
ses are very rare in the inherent spindle cell
component of MTSRCC. By immunohistochem-
istry, sarcomatoid component of MTSRCC
expresses at least one marker of cytokeratins
and usually lacks the expression of AMACR that
is typically strongly positive in the low grade
component of MTSRCC. MIB1 nuclear staining
shows a striking disparity in the expression
between the low grade component and the sar-
comatoid areas.

Molecular investigations have shown that clas-
sic MTSRCC is typically characteristic of multi-
ple chromosomal numerical aberrations with
losses of (or partly from) chromosomes 1, 4, 6,
8,9, 13, 14, 15, 18, 22 and X, as well as gains
of all or parts of chromosomes 2, 4, 7, 11, 12,
16, 17, 18, and 20 [15-18]. In the FISH analysis
of the present study, we found monosomy of
chromosomes 7, 17 in the low grade compo-
nent of MTSRCC and polysomy of chromo-
somes 7 and 17 in the sarcomatoid areas. A
similar result was obtained in a case of sarco-
matoid MTSRCC reported by Bulimbasic et al.
[11] where monosomy of chromosome 15 and
polysomy of chromosomes of 7, 17, and 22
were established in the tumor by FISH study. In
addition, Dhillon et al. [10] recently reported
another case of high-grade (sarcomatoid)
MTSRCC that genetically showed losses of
chromosomes 14 and 15 and gains of chromo-
somes 2,5,7,9, 10, 12, 17, 19, 20, 22, and X.
These chromosomal abnormalities of sarcoma-
toid MTSRCC are generally comparable to those
of low-grade MTSRCC, further confirming that
the former component represents a high-grade
counterpart of the latter one.

Mucinous extracellular matrix is typically a key
clue to diagnosis of MTSRCC and it is present
usually abundant, at least focally in most
tumors. MTSRCC with little or no extracellular
mucin appreciable on routine microscopy has
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Table 1. Summary of the clinicopathologic and molecular characterizations of sarcomatoid MTSRCC
Age (y)/ Size

Presentation with  Follow-up Percentage

Author ) Histology of SC Immunohistochemistry of SC Molecular features of SC
gender (cm) metastasis (mo) of SC ey y
Simon et al. [8] 64/M 15 Yes, thoracic DOD/1 >50% Large pleomorphic cells with Positive: CKAE1/3, CK19, vimentin. NA
vertebral body high grade nuclei Negative: EMA, CK7, CD10, AMACR
Pillay et al. [9] 72/F 7 No NED/12 33% Pleomorphic spindle cells with  Positive: CKAE1/3, CK7, AMACR NA
fascicular and storiform growth  (very weakly), MIB1 (>10%).
patterns Negative: 34BE12, desmin, MSA,
S100
Dhillon et al. [10], case 1 71/F 9.5 Yes, bilateral ribs, DOD/9 60% High grade sarcoma cells with  Positive: CK7, EMA, Cam 5.2, vimen-  Loss of chromosomes 14 and 15;
lumbar 4 vertebral sheet like, pseudovascular, tin, MIB1 (46%) gain of chromosomes 2, 5, 7, 9, 10,
body, bilateral lung solid and storiform growth 12,17, 19, 20, 22, and X
patterns
Dhillon et al. [10], case 2 80/M 11 No NED/4 20% Sarcomatoid spindle cells with  Negative: CK7, AMACR NA
pseudovascular and storiform
patterns
Bulimbasic et al. [11] 75/M NA  No DOD/1 NA Bizarre atypical cells with high  Positive: CKAE1/AE3, CK19, Polysomy of chromosome 7, 17, 15;
nuclear polymorphism vimentin, AMACR (weak). monosomy of chromosome 15; no
Negative: CK7, CD10 mutation of the VHL gene or LOH 3p
Arafah et al. [12] 64/M 20 No DOD/8 20% High-grade spindle cells with Positive: CK7 (patchy), MIB1 (raised). NA
poorly formed fascicular growth Negative: AMACR
pattern
Qi et al. (current case) 53/M 7 Yes, bilateral ribs, left  DOD/11 70% Spindle to pleomorphic cells Positive: PAX8, vimentin, CK19, Cam  Monosomy of chromosomes 7, 17

superior limbus of
sternum, thoracic 3
vertebral body

with solid sheets and storiform
growth patterns

5.2, MIB1 (50%).
Negative: CK7, AMACR, CD10,
CK34BE12, CD117, E-cadherin

in low grade MTSRCC; polysomy
of chromosomes 7, 17 in SC com-
ponent

Abbreviations: DOD, dead of disease; F, female; M, male; NA, not available; NED, no evidence of disease; SC, sarcomatoid component.
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been referred as a “mucin-poor” variant in the
literature, which could elicit a broad spectrum
of differential diagnoses [3, 4]. In this setting,
histochemical staining for Alcian blue can usu-
ally highlight the scant mucin in the tumor and
help arrive at accurate diagnosis. Our case is
unique as with thoroughly sampling of the
tumor, no mucinous material was detected by
hematoxylin and eosin or Alcian blue staining in
the low grade component, hence, a question of
possible solid variant of papillary RCC may rise.
However, morphology showing tightly packed,
paralleled tubules without prominent well-
shaped papillae, and molecular analysis dem-
onstrating negative for trisomy of chromo-
somes 7 and 17 that are characteristic of papil-
lary RCC indicated that our case was best clas-
sified as a predominantly mucin poor subtype
of MTSRCC rather than papillary RCC. Indeed,
Single cases of MTSRCC with no mucin display-
ing a prominence of small tightly packed
tubules, some of which are elongated and spin-
dled resembling type 1 papillary RCC had
indeed been reported in the literature [19].
Moreover, existence of focal mucinous/myxoid
stroma has rarely been reported in papillary
RCC [20]. Accordingly, mucinous stroma change
is not the absolute point to distinguish MTSRCC
from solid pattern papillary RCC. It is critical for
pathologists to recognize that “mucin-poor”
variant MTSRCC exists and entirely depletion of
mucinous extracellular matrix should not nec-
essarily exclude the diagnosis of this entity.
Other entities that may enter into the differen-
tial diagnosis of sarcomatoid mucin-poor
MTSRCC include collecting duct carcinoma
(CDC), hereditary leiomyomatosis RCC syn-
drome-associated RCC (HLRCC) [2], and infiltra-
tive urothelial carcinoma, all of which are high
grade tumors with aggressive clinical course
and may show some similarities to sarcomatoid
mucin poor MTSCRCC either histologically or
immunohistochemically. With adequate sam-
pling and identification of a combination of fea-
tures of low grade MTSRCC component, includ-
ing bland-appearing cytology and the presence
of transition areas between tubular and spin-
dled morphology, and careful attention to the
distinctive immunoprofile (PAX8+/AMACR+/
CD10-/P63-) as well as genetically lacking of
trisomy of chromosomes 7 and 17 will help to
distinguish mucin-poor MTSRCC from above
mentioned tumors [21].
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In summary, we present a case of mucin poor
MTSRCC with high-grade sarcomatoid transfor-
mation, multiple metastases, and a rapidly
fatal clinical course that expands both the his-
tological and behavioral spectrums encoun-
tered in these tumors. Awareness of variable
morphologic variants of MTSRCC is critical to
avoid a misdiagnosis, and identification of sar-
comatoid change that may occur in MTSRCC is
important because of its potential for aggres-
sive biologic behavior.

Acknowledgements

This work was supported by Medicine and
Health Research Foundation of Zhejiang
Province (Grant No. 201506257), Science and
Technology Agency Research Foundation of
Zhejiang Province (Grant No. 2013C33204),
and China National Natural Science Foundation
(Grant No. 81502541). The funders had no role
in study design, data collection and analysis,
decision to publish, or preparation of this
manuscript.

Disclosure of conflict of interest
None.

Address correspondence to: Drs. Qi Zhang and
Da-Hong Zhang, Department of Urology, Zhejiang
Provincial People’s Hospital, Hangzhou 310014,
Zhejiang, China. E-mail: clinic@126.com (QZ); urolo-
gy@zju.edu.cn (DHZ)

References

[1] Eble JN, Sauter G, Epstein JI and Sesterhenn
IA. The world health organization classification
of tumours of the urinary system and male
genital system. Lyon, France: IARC Press;
2004.

[2] Srigley JR, Delahunt B, Eble JN, Egevad L,
Epstein JI, Grignon D, Hes O, Moch H, Montironi
R, Tickoo SK, Zhou M, Argani P; ISUP Renal
Tumor Panel. The International Society of
Urological Pathology (ISUP) Vancouver Classi-
fication of Renal Neoplasia. Am J Surg Pathol
2013; 37: 1469-1489.

[3] Fine SW, Argani P, DeMarzo AM, Delahunt B,
Sebo TJ, Reuter VE and Epstein JI. Expanding
the histologic spectrum of mucinous tubular
and spindle cell carcinoma of the kidney. Am J
Surg Pathol 2006; 30: 1554-1560.

[4] Farghaly H. Mucin poor mucinous tubular and
spindle cell carcinoma of the kidney, with non-
classic morphologic variant of spindle cell pre-

Int J Clin Exp Pathol 2016;9(2):2451-2458


mailto:clinic@126.com
mailto:urology@zju.edu.cn
mailto:urology@zju.edu.cn

(5]

(6]

(7]

(8]

(10]

[12]

[13]

Mucin poor MTSRCC with sarcomatoid transformation

dominance and psammomatous calcification.
Ann Diagn Pathol 2012; 16: 59-62.

Alexiev BA, Burke AP, Drachenberg CB,
Richards SM and Zou YS. Mucinous tubular
and spindle cell carcinoma of the kidney with
prominent papillary component, a non-classic
morphologic variant. A histologic, immunohis-
tochemical, electron microscopic and fluores-
cence in situ hybridization study. Pathol Res
Pract 2014; 210: 454-458.

Ursani NA, Robertson AR, Schieman SM,
Bainbridge T and Srigley JR. Mucinous tubular
and spindle cell carcinoma of kidney without
sarcomatoid change showing metastases to
liver and retroperitoneal lymph node. Hum
Pathol 2011; 42: 444-448.

Thway K, du Parcq J, Larkin JM, Fisher C and
Livni N. Metastatic renal mucinous tubular and
spindle cell carcinoma. Atypical behavior of a
rare, morphologically bland tumor. Ann Diagn
Pathol 2012; 16: 407-410.

Simon RA, di Sant’agnese PA, Palapattu GS,
Singer EA, Candelario GD, Huang J and Yao JL.
Mucinous tubular and spindle cell carcinoma
of the kidney with sarcomatoid differentiation.
Int J Clin Exp Pathol 2008; 1: 180-184.

Pillay N, Ramdial PK, Cooper K and Batuule D.
Mucinous tubular and spindle cell carcinoma
with aggressive histomorphology—-a sarcoma-
toid variant. Hum Pathol 2008; 39: 966-969.
Dhillon J, Amin MB, Selbs E, Turi GK, Paner GP
and Reuter VE. Mucinous tubular and spindle
cell carcinoma of the kidney with sarcomatoid
change. Am J Surg Pathol 2009; 33: 44-49.
Bulimbasic S, Ljubanovic D, Sima R, Michal M,
Hes O, Kuroda N and Persec Z. Aggressive
high-grade mucinous tubular and spindle cell
carcinoma. Hum Pathol 2009; 40: 906-907.
Arafah M and Zaidi SN. Mucinous tubular and
spindle cell carcinoma of the kidney with sar-
comatoid transformation. Saudi J Kidney Dis
Transpl 2013; 24: 557-560.

Delahunt B, Cheville JC, Martignoni G,
Humphrey PA, Magi-Galluzzi C, McKenney J,
Egevad L, Algaba F, Moch H, Grignon DJ,
Montironi R, Srigley JR; Members of the ISUP
Renal Tumor Panel. The International Society
of Urological Pathology (ISUP) grading system
for renal cell carcinoma and other prognostic
parameters. Am J Surg Pathol 2013; 37: 1490-
1504.

2458

(14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

Delahunt B. Sarcomatoid renal carcinoma: the
final common dedifferentiation pathway of re-
nal epithelial malignancies. Pathology 1999;
31: 185-190.

Rakozy C, Schmahl GE, Bogner S and Storkel
S. Low-grade tubular-mucinous renal neo-
plasms: morphologic, immunohistochemical,
and genetic features. Mod Pathol 2002; 15:
1162-1171.

Ferlicot S, Allory Y, Comperat E, Mege-
Lechevalier F, Dimet S, Sibony M, Couturier J
and Vieillefond A. Mucinous tubular and spin-
dle cell carcinoma: a report of 15 cases and a
review of the literature. Virchows Arch 2005;
447. 978-983.

Brandal P, Lie AK, Bassarova A, Svindland A,
Risberg B, Danielsen H and Heim S. Genomic
aberrations in mucinous tubular and spindle
cell renal cell carcinomas. Mod Pathol 2006;
19: 186-194.

Peckova K, Martinek P, Sperga M, Montiel DP,
Daum O, Rotterova P, Kalusova K, Hora M,
Pivovarcikova K, Rychly B, Vranic S, Davidson
W, Vodicka J, Dubova M, Michal M and Hes O.
Mucinous spindle and tubular renal cell carci-
noma: analysis of chromosomal aberration
pattern of low-grade, high-grade, and overlap-
ping morphologic variant with papillary renal
cell carcinoma. Ann Diagn Pathol 2015; 19:
226-31.

Eble JN. Mucinous tubular and spindle cell car-
cinoma and post-neuroblastoma carcinoma:
newly recognised entities in the renal cell car-
cinoma family. Pathology 2003; 35: 499-504.
Shen SS, Ro JY, Tamboli P, Truong LD, Zhai Q,
Jung SJ, Tibbs RG, Ordonez NG and Ayala AG.
Mucinous tubular and spindle cell carcinoma
of kidney is probably a variant of papillary re-
nal cell carcinoma with spindle cell features.
Ann Diagn Pathol 2007; 11: 13-21.
Cossu-Rocca P, Eble JN, Delahunt B, Zhang S,
Martignoni G, Brunelli M and Cheng L. Renal
mucinous tubular and spindle carcinoma lacks
the gains of chromosomes 7 and 17 and loss-
es of chromosome Y that are prevalent in pap-
illary renal cell carcinoma. Mod Pathol 2006;
19: 488-493.

Int J Clin Exp Pathol 2016;9(2):2451-2458



