
Summary. The concept of metanephric adenoma has
become established in recent years. Metanephric
adenoma is a rare neoplasm. Macroscopically, the cut
surface of the tumor displays a tan to gray or yellow
color, and tumors generally form well-circumscribed
masses. Histologically, tumors are composed of small
epithelial cells that form small acini. Glomeruloid
bodies, which are composed of lobulated papillary
projections, are occasionally seen. Although there have
been few studies using chromosomal analysis, two
recent studies have shown partial monosomy or LOH of
2p. On the other hand, the concept of metanephric
tumors has recently become broadened. These tumors
include metanephric adenomas, adenofibromas and
stromal tumors, and they compose a continuous
histological spectrum. Therefore, further studies on
various aspects are needed to identify the gene
responsible for the occurrence of metanephric tumors
and, furthermore, to clarify the association among the
three types of metanephric tumors. 
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History of the establishment of the disease entity

Metanephric adenoma was first described as a
bilateral and diffuse tumor in a 7-year-old boy by Bove
et al. in 1979. Pages and Granier proposed the name
nephrogenic nephroma in 1980. The concept of
metanephric adenoma was recognized as a distinct entity
in a retrospective study of adult-onset Wilms' tumor by
Mostofi et al. in 1988. This disease is also known as
embryonal adenoma (Werbrouck et al., 1990; Perlman et
al., 1995; Zafar et al., 1997). If the tumor is
characterized by proliferation of spindle cells

surrounding multifocal nodules of epithelial cells, it
should be designated as a nephrogenic adenofibroma or
metanephric adenofibroma (Henniger and Beckwith,
1992; Shek et al., 1999). Argani and Beckwith have
recently described another renal tumor designated as a
metanephric stromal tumor that consists purely of a
mesenchymal component without an epithelial
component (Argani and Beckwith, 2000). Pathologists
should consider that the spectrum of these three
metanephric tumors is morphologically continuous
(Argani and Beckwith, 2000). 

Epidemiology

Metanephric adenoma is a rare neoplasm (Fleming
and O’Donnell, 2000). Metanephric adenomas generally
occur in adults, particularly in middle-aged women
(male:female = 1:2-6), but also occur in children (Davis
et al., 1995; Jones et al., 1995; Strong and Ro, 1996;
Grignon and Eble, 1998). The mean age and age range
of patients with metanephric adenoma are 41 years and
5-83 years, respectively, in a large series studied by
Davis et al. (1995) and 48.6 years and 38-64 years,
respectively, in a large series studied by Jones et al.
(1995). 

Clinical signs and symptoms

Most tumors are incidentally discovered during
detailed examinations for other problems, including
polycythemia, or during physical checkups. Abdominal
or flank pain, hematuria and palpable mass are
frequently presented. Some patients complain of fever
(Davis et al., 1995; Jones et al., 1995; Strong and Ro,
1996; Grignon and Eble, 1998). 

Laboratory data

Results of the blood examinations in some patients
with metanephric adenoma show increased number of
erythrocytes (polycythemia) (Henninger and Beckwith,
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1992; Davis et al., 1995; Grignon and Eble, 1998).

Radiological findings

Imaging techniques such as ultrasonography and
computerized tomography (CT) scan reveal well-
circumscribed renal lesions (Werbrouck et al., 1990;
Perlman et al., 1995; Zafar et al., 1997). A renal
arteriogram of the tumor generally shows
hypovascularity (Werbrouck et al., 1990; Nagashima et
al., 1991; Ban et al., 1996).

Pathological findings

Macroscopic findings

The mean size and range of sizes of the tumor were
5.5 cm and 0.3-15 cm, respectively, in a study by Davis
et al. (1995) and 4.7 cm and 0.6-8 cm, respectively, in a
study by Jones et al. (1995). Bouzourene et al. (1997)
reported a case with a largest tumor measuring
20x19x15 cm that was previously described. The cut
surface of a metanephric adenoma is tan to gray or
yellow in color, and tumors generally form well
demarcated masses (Davis et al., 1995; Jones et al.,
1995; Perlman et al., 1995; Strong and Ro, 1996;
Grignon and Eble, 1998). Many tumors have no fibrous
capsules, but some tumors do possess fibrous capsules
(Werbrouck et al., 1990; Nagashima et al., 1991; Davis
et al., 1995; Jones et al., 1995; Perlman et al., 1995;
Strong and Ro, 1996; Grignon and Eble, 1998).
Hemorrhage and necrosis in larger tumors are common
(Davis et al., 1995). Protrusion above the renal surface
may be seen, but extrarenal invasion is not seen
(Werbrouck et al., 1990; Nagashima et al., 1991; Davis

et al., 1995; Jones et al., 1995; Perlman et al., 1995;
Strong and Ro, 1996; Grignon and Eble, 1998). 

Microscopic findings

Typically, tumors are composed of small epithelial
cells that form small acini. Glomeruloid bodies, which
are composed of lobulated papillary projections, are
frequently observed (Werbrouck et al., 1990; Nagashima
et al., 1991; Davis et al., 1995; Jones et al., 1995; Strong
and Ro, 1996; Zafar et al., 1997; Grignon and Eble,
1998). Polypoid and microcystic growth patterns are also
seen (Davis et al., 1995). Tumor cells have uniformly
small and oval-to-round nuclei, small and indistinct
nucleoli, and scanty and basophilic cytoplasm
(Werbrouck et al., 1990; Nagashima et al., 1991; Davis
et al., 1995; Jones et al., 1995; Perlman et al., 1995;
Strong and Ro, 1996; Grignon and Eble, 1998). Nuclei
with coffee bean-like grooves are also seen. Scar
formation and calcification are often observed (Davis et
al., 1995; Grignon and Eble., 1998). The stroma is
generally acellular, edematous or hyalinous (Davis et al.,
1995; Jones et al., 1995; Strong and Ro, 1996; Grignon
and Eble, 1998). Myxoid degeneration may also be
present (Grignon and Eble, 1998). Pleomorphism is
absent. Abnormal mitotic figures are never seen (Davis
et al., 1995; Jones et al., 1995; Strong and Ro, 1996;
Grignon and Eble, 1998).

Histochemical and immunohistochemical findings

Tumor cells show weakly positive reaction to PAS
staining. As for lectin histochemical study, tumors
showing a positive reaction to peanut agglutinin (PNA),
Dolichos biflorus agglutinin (DBA) and soybean
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Fig. 1. Tumor cells proliferate with the formation of small acini.
Glomeruloid bodies, which are composed of lobulated papillary
projections, are also seen. x 25

Fig. 2. Tumor cells have uniformly small and oval-to-round nuclei, small
and indistinct nucleoli, and scanty cytoplasm. The stroma is edematous.
x 50
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agglutuinin (SBA) have been reported (Nagashima et al.,
1991; Ban et al., 1996). Various immunoreactivities for
divergent antigens (cytokeratin, EMA, S-100, etc.) have
been reported (Henninger and Beckwith, 1992; Ban et
al., 1996). Tumor cells are often positive for vimentin
and Leu7 (Jones et al., 1995; Strong and Ro, 1996).
Tumor cells also demonstrate an occasional positive
reaction to WT1 and CD57, as do maturing Wilms'
tumors and nephrogenic rests (Muir et al., 2001).

Cytological findings 

Cellular smears show small blue cells with scanty
cytoplasm, evenly distributed and fine chromomatin in
the nulceus, and occasionally small nucleoli.
Furthermore, these cells are arranged in a vague rosette-
like pattern (Zafar et al., 1997; Xu et al., 2000). In cell
blocks, on the other hand, these cells are arranged as
compact, primitive, tubular rosette or, rarely, more-solid
clusters (Zafar et al., 1997; Xu et al., 2000).

Ultrastructural findings

The tumor cells contain various amounts of
mitochondria, rough endoplasmic reticulum, lysosomes,
ribosomes and lipid droplets.Tumor cells are surrounded
by a basement membrane, and nuclear polarity is poor.
Structures such as desmosomes or tight junctions are
also observed. Short microvilli are present (Nagashima
et al., 1991; Jones et al., 1995; Ban et al., 1996; Strong
and Ro, 1996; Baschinsky and Niemann, 1999). 

Flow cytometric analysis

DNA content analysis of metanephric adenomas
reveals diploid histograms (Jones et al., 1995; Nonomura
et al., 1995a; Strong and Ro, 1996).

Chromosomal abnormalities (karyotyping,
fluorescence in situ hybridization (FISH) ,
comparative genomic hybridizazion (CGH) and
microsatellite analysis)

Cytogenetic analysis in some cases has revealed
normal karyotypes (Jones et al., 1995; Perlman et al.,
1995; Gatalica et al., 1996; Strong and Ro, 1996;
Granter et al., 1997). However, Brown et al. (1996)
reported a case with gain of chromsosomes 7 and 17 and
loss of chromosome Y, and they later found combined
trisomy of chromosome 7 and 17 in 8 out of 11 tumors
using FISH. They have thus shown a close relationship
between metanephric adenomas and papillary renal cell
carcinomas (Brown et al., 1996, 1997) However, some
investigators consider that tumors designated as
metanephric adenomas by Brown et al. (1996, 1997)
may be solid variants of papillary renal cell carcinomas.
In constrast to reports by Brown et al. (1996, 1997),
Renshaw et al. (1997, 2000) found, by using FISH, a
disomic pattern (two copies) of chromosomes 7 and 17

in two cases, one in a child and one in an adult. Tsuji et
al. (1999) and Birgisson et al. (1999) also reported a case
showing similar results to those of the cases studied by
Renshaw et al. (2000). Stumm et al. (1999) found a case
with partial monosomy 2p in a case using karotyping,
FISH and CGH. Pesti et al. (2001) found by
microsatellite analysis of 12 cases that allelic loss
frequently occurs in the loci between D2S2153 and
D2S380 on 2p13.

Differential diagnosis in histopathology

Distinction from nephrogenic rests (nodular renal
blastema), Wilms' tumors, renal cell carcinomas (RCCs)
and metastatic cancers is required (Brisgotti et al., 1992;
Nonomura et al., 1995b; Renshaw et al., 1997; Grignon
and Ro, 1998). Nephrogenic rests do not form
macroscopically evident masses, and classical Wilms'
tumor is multinodular. Furthermore, both nephrogenic
rests and Wilms' tumor microscopically contain a
blastema component, whereas metanephric adenomas do
not possess a blastema component. Moreover,
metanephric adenomas are composed of uniform-sized
cells and lack abnormal mitotic figures and marked
cytological atypia. In the distinction from renal cell
carcinomas, particular attention must be paid to papillary
carcinomas. If fibrovascular cores, a number of
macrophages or hemosiderins in the stroma and marked
cytological atypia are present, the tumor is more likely to
be a papillary RCC than metanephric adenoma (Granter
et al., 1997). Metanephric adenomas must also be
distinguished from metastatic cancers, particularly from
those in the thyroid gland or lung (Granter et al., 1997;
Renshaw et al., 1997; Pins et al., 1999). In cytology,
metanephric adenomas also show similar characteristics
(nuclear grooves and intranuclear inclusions) to those of
papillary carcinoma of the thyroid gland (Granter et al.,
1997; Renshaw et al., 1997). In such a situation, clinical
information is very important. Immunohistochemical
study of thyroid transcription factor 1 (TTF-1) may also
provide useful information. 

The age of disease onset is important information for
differential diagnosis (Nonomura et al., 1995b). For
example, it is known that 90% of Wilms' tumors occur in
children younger than the age of 6 years (Renshaw et al.,
2000). 

Chromosomal analysis may also be helpful (Granter
et al., 1997; Renshaw et al., 1997, 2000). Wilms' tumors
show alterations at chromosome 11p. Conventional
RCCs and papillary renal tumors are characterized by
loss of chromosome 3p and by trisomy of chromosome 7
and 17, and loss of the Y chromosome, respectively
(Kovacs, 1989, 1990, 1993a,b; Kovacs et al., 1997,
1998; Kovacs, 1989; Kovacs and Frisch, 1989; Kovacs
and Kung, 1991).

Treatment and prognosis

Werbrouck et al. (1990) reported that nephrectomy
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alone or even simple enuclation is justifiable. Almost all
metanephric adenomas show a favorable clinical course
(Davis et al., 1995; Jones et al., 1995; Strong and Ro,
1996; Grignon and Eble, 1998). However, Renshaw et
al. (2000) reported a case in a 7-year-old child that
metastasized to regional lymph nodes. 

Conclusions and perspectives

Based on previously reported results, metanephric
adenoma can be regarded as a distinct entity. However,
genetic studies on metanephric tumors have been limited
because of the rarity of such tumors. Therefore, further
studies on various aspects of metanephric tumors,
including adenoma, adenofibroma and stromal tumors
are needed to clarify the relationship among these three
types of tumor and to identify the key gene that causes
metanephric tumors. 

References

Argani P. and Beckwith J.B. (2000). Metanephric stromal tumor:Report
of 31 cases of a distinct pediatric neoplasm. Am. J. Surg. Pathol. 24,
917-926. 

Ban S., Yoshii S., Tsuruta A., Gotoh Y., Onoda T., Shimizu Y. and
Shibata T. (1996). Metanephric adenoma of the kidney:
Ultrastructural, immunohistochemical and lectin histochemical
studies. Pathol. Int. 46, 661-666.

Baschinsky D.Y. and Niemann T.H. (1999). Pathologic quiz case: Renal
mass in a 36-year-old woman. Arch. Pathol. Lab. Med. 123, 1285-
1286.

Birgisson H., Einarsson G.V., Steinarsdottir M. and Jonasson J.G.
(1999). Metanephric adenoma. Scand. J. Urol. Nephrol. 33, 340-
344.

Bouzourene H., Blaser A., Francke M.L., Chaubert P. and Bouzourene
N. (1997). Metanephric adenoma of the kidney: A rare benign
tumour of the kidney. Histopathology 31, 480-490.

Bove K.E., Bhathena D., Wyatt R.J., Lucas B.A. and Holland N.H.
(1979). Diffuse metanephric adenoma after in utero aspirin
intoxication. Arch. Pathol. Lab. Med. 103, 187-190. 

Brisgotti M., Cozzutto C., Fabretti G., Sergi C. and Callea F. (1992).
Metanephric adenoma. Histol. Histopathol. 7, 689-692.

Brown J.A., Sebo T.J. and Segura J.W. (1996). Metaphase analysis of
metanephric adenoma reveals chromosome Y loss with
chromosome 7 and 17 gain. Urology 48, 473-475.

Brown J.A., Anderl K.L., Borell T.J., Quan J., Bostwick D.G. and Jenkins
R.B. (1997). Simultanous chromosome 7 and 17 gain and sex
chromosome loss provide evidence that renal metanephric adenoma
is related to papillary renal cell carcinoma. J. Urol. 158, 370-374.

Davis C.J., Barton J.H., Sesterhenn I.A. and Mostofi F.K. (1995).
Metanephric adenoma: Clinicopathological study of fifty patients.
Am. J. Surg. Pathol. 19, 1101-1114.

Fleming S. and O'Donnell M. (2000). Surgical pathology of renal
epithelial neoplasms: recent advances and current status.
Histopathology 36, 195-202. 

Gatalica Z., Grujic S., Kovatich A. and Peterson R.O. (1996).
Metanephric adenoma: Histology, immunophenotype, cytogenetics,
ultrastructure. Mod. Pathol. 9, 329-333.

Granter S.R., Fletcher J.A. and Renshaw A.A. (1997). Cytologic and

cytogenetic analysis of metanephric adenoma of the kidney. Am. J.
Clin. Pathol. 108, 544-549.

Grignon D.J. and Eble J.N. (1998). Papillary and metanephric
adenomas of the kidney. Semin. Diagn. Pathol. 15, 41-53.

Henniger R.A. and Beckwith J.B. (1992). Nephrogenic adenofibroma: A
novel kidney tumor of young people. Am. J. Surg. Pathol. 16, 325-
334.

Jones E.C., Pins M., Dickersin G.R. and Young R.H. (1995).
Metanephric adenoma of the kidney: A clinicopathological,
immunohistochemical, flow cytometric, cytogenetic, and electron
microscopic study of seven cases. Am. J. Surg. Pathol. 19, 615-626.

Kovacs G. (1989). Papillary renal cell carcinoma. A morphologic and
cytogenetic study of 11 cases. Am. J. Pathol. 134, 27-34.

Kovacs G. (1990). Application of molecular cytogenetic techniques to
the evaluation of renal parenchymal tumors. J. Cancer Res. Clin.
Oncol. 116, 318-323.

Kovacs G. (1993a). Molecular differential pathology of renal cell
tumours. Histopathology 22, 1-8.

Kovacs G. (1993b). Molecular cytogenetics of renal cell tumors. Adv.
Cancer Res. 62, 89-124.

Kovacs G. and Frisch S. (1989). Clonal chromosome abnormalities in
tumor cells from patients with sporadic renal cell carcinomas.
Cancer Res. 49, 651-659.

Kovacs G. and Kung H. (1991). Nonhomologous chromatoid exchange
in hereditary and sporadic renal cell carcinomas. Proc. Natl. Acad.
Sci. USA 88, 194-198.

Kovacs G., Erlandsson R., Boldog F., Ingvarsson S., Muller-Brechlin R.,
Klein G. and Sumegi J. (1988). Consistent chromosome 3p deletion
and loss of heterozygosity in renal cell carcinoma. Proc. Natl. Acad.
Sci. USA 85, 1571-1575.

Kovacs G., Füzesi L., Emanuel A. and Kung H. (1991). Cytogenetics of
papillary renal cell tumors. Genes Chromosomes Cancer 3, 249-
255.

Kovacs G., Akhtar M., Beckwith J.B., Bugert P., Cooper C.S., Delahunt
B., Eble J.N., Fleming S., Ljungberg B., Medeiros L.J., Moch H.,
Reuter V.E., Ritz E., Roos G., Schmidt D., Srigley J.R., Störkel S.,
van den Berg E. and Zbar B. (1997). The Heidelberg classification of
renal cell tumours. J. Pathol. 183, 131-133.

Mostofi F.K., Sesterhenn I.A. and Davis C.J. (1988). Benign tumors of
the kidney. In: Progress and controversies in oncological urology II.
EORTC Genitourinary Group Monograph 5. Smith P.H., Pavone-
Macaluso M. (eds). Alan R. Liss. New York. pp 329-344.

Muir T.E., Cheville J.C. and Lager D.J. (2001). Metanephric adenoma,
nephrogenic rests, and Wilms' tumor: A histologic and
immunophenotypic comparison. Am. J. Surg. Pathol. 25, 1290-
1296.

Nagashima Y., Arai N., Tanaka Y., Yoshida S., Sumino K., Ohaki Y.,
Matsushita K., Morita T. and Misugi K. (1991). Two cases of a renal
epithelial tumour resembling immature nephron. Virchows Arch. A
418, 77-81.

Nonomura A., Mizukami Y., Hasegawa T. and Ohkawa M. (1995a).
Metanephric adenoma of the kidney: An electron microscopic and
immunohistochemical study with quantitive DNA measurement by
image analysis. Ultrastruct. Pathol. 19, 481-488.

Nonomura A., Mizukami Y., Hasegawa T., Ohkawa M. and Kadoya M.
(1995b). Metanephric adenoma of the kidney. Pathol. Int. 45, 160-
164.

Pages A. and Granier M. (1980). Nephrogenic nephroma. Arch. Anat.
Cytol. Pathol. 28, 99-103. (In French)

256

Metanephric adenoma



Perlman E.J., Brooks J., Gordon A.H., Griffin C.A. and Schoenberg M.
(1995). Embryonal adenoma of the kidney in an adult: Case report.
J. Urol. 154, 1473-1474.

Pesti T., Sükösd F., Jones E.C. and Kovacs G. (2001). Mapping a tumor
suppressor gene to chromosome 2p13 in metanephric adenoma by
microsattelite allelotyping. Hum. Pathol. 32, 101-104. 

Pins M.R., Jones E.C., Martul E.V., Kamat B.R., Umlas J. and Renshaw
A.A. (1999). Metanephric adenoma-like tumors of the kidney: Report
of 3 malignancies with emphasis on discriminating features. Arch.
Pathol. Lab. Med. 123, 415-420.

Renshaw A.A., Maurici D. and Fletcher J.A. (1997). Cytologic and
fluorescence in situ hybridization (FISH) examination of metanephric
adenoma. Diagn. Cytopathol. 16, 107-111.

Renshaw A.A., Freyer D.R. and Hammers Y.A. (2000). Metastatic
metanephric adenoma in a child. Am. J. Surg. Pathol. 24, 570-574.

Shek T.W.H., Luk I.S.C., Peh W.C.G., Chan K.L. and Chan G.C.F.
(1999). Metanephric adenofibroma: Report of a case and review of
the literature. Am. J. Surg. Pathol. 23, 727-733.

Strong J.W. and Ro J.Y. (1996). Metanephric adenoma of the kidney: A
newly characterized entity. Adv. Anat. Pathol. 3, 172-178.

Stumm M., Koch A., Wieacker P.F., Phillip C., Steinbach F., Allhoff E.P.,
Buhtz P., Walter H. and Tönnies H. (1999). Partial monosomy 2p as
the single chromosomal anomaly in a case of renal metanephric
adenoma. Cancer Genet. Cytogenet. 115, 82-85.

Tsuji M., Murakami Y., Kanayama H., Sano T. and Kagawa S. (1999). A
case of renal metanephric adenoma: Histologic, immunohisto-
chemical and cytogenetic analysis. Int. J. Urol. 6, 203-207. 

Werbrouck P., Casselman J. and Defloor E. (1990). Embryonal
adenoma of the kidney. Eur. Urol. 17, 264-266.

Xu X., Acs G., Yu G.H., Guttenberg M. and Vautour R.J. (2000).
Aspiration cytology of metanephric adenoma of the kidney. Diagn.
Cytopathol. 22, 330-331.

Zafar N., Spencer D. and Berry III A.D. (1997). Embryonal adenoma of
the kidney: A report of two cases. Diagn. Cytopathol. 16, 42-46. 

Accepted September 12, 2002

257

Metanephric adenoma


