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Mixed epithelial and stromal tumor (MEST) is a rare benign renal neoplasm composed of epithelial and stromal components.
Here, we report a 61-year-old woman presenting with a left complex cystic renal mass. The lesion was found incidentally on
ultrasound for abdominal discomfort. CT scan and MRI showed a 7.4cm complex cystic lesion in the left kidney. The
differential diagnoses included complex renal cyst and cystic renal cell carcinoma. Laparoscopic nephrectomy showed a large
7.5cm multicystic tumor with thick and thin septae and smooth walled-cysts containing clear watery fluid. Histologic
examination showed variable sized cysts lined by flattened, cuboidal to columnar epithelium with focal hobnailing. No
significant cytologic atypia or mitoses were noted. The cyst lining epithelium was positive for CK7 and high molecular weight
cytokeratin (34Bel2). The stroma was positive for alpha smooth muscle actin, CD10, estrogen receptor, and progesterone
receptor. This report contributes an additional case to our collective knowledge of these lesions and summarizes the literature

around these rare neoplasms.

1. Introduction

Renal mixed epithelial and stromal tumors (MEST) along
with adult cystic nephroma (ACN) are rare renal neo-
plasms that are included in the mixed epithelial and stro-
mal tumor family in the 2022 WHO classification of renal
neoplasms. These are mostly benign renal neoplasms with
infrequent local recurrences reported. Rarely, there could
be malignant transformation of the epithelial or stromal
component. Imaging studies show complex cystic lesions,
but these cannot be further subclassified accurately as
there are no distinguishing features of mixed epithelial
and stromal tumors on imaging studies. Histological and
immunohistochemical studies are required for a definite
diagnosis. We describe a case of MEST in a 61-year-old
woman who presented with a left complex cystic renal mass.
The pathologic and immunohistologic features of this rare
renal neoplasm are described along with a review of litera-

ture. Differential diagnoses, theories of histogenesis, and
molecular genetic mechanisms are also discussed.

2. Materials and Methods

2.1. Case Report. A 61-year-old female patient presented
with vague abdominal discomfort. A left-sided large com-
plex renal cyst was found incidentally on ultrasound exami-
nation leading to subsequent CT scan examination. The left
kidney on CT scan measured 11 cm in length. The complex
cystic lesion was present at the upper pole measuring 7.3
cm x 6.3cm There were thin faint septations throughout
the lesion with some septations showing enhancement. The
lesion had well-defined margins, and it compressed nondi-
lated upper and midpole calyces. There was no evidence of
hydronephrosis, renal calculi, or other focal renal lesions.
There was no evidence of ureteric obstruction or ureteric
calculi. CT impression was that of a complex renal cyst or
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FIGURE 1: Gross appearance of the tumor. A well-circumscribed
solid and cystic neoplasm is present at upper pole of the kidney
and shows cysts of variable sizes on cut surface. The cysts were
filled with clear watery fluid.

a cystic renal neoplasm (cystic renal cell carcinoma). Apart
from a 6.4 cm right simple renal cyst, there were no other
significant intra-abdominal or pelvic findings on CT imag-
ing. Subsequent MRI examination confirmed CT scan find-
ings and, in addition, showed no abnormality in the
perinephric fat, left renal vein, or lymph nodes. MRI impres-
sion was that of a predominantly cystic renal cell carcinoma.
Of note, there was no family history of renal neoplasms in
the patient.

Laparoscopic left nephrectomy was carried out. The
patient’s postoperative course was unremarkable. She has
been regularly followed up by annual imaging studies of
the thorax, abdomen, and pelvis. There is no evidence of
tumor recurrence or metastases after four years of initial
diagnosis. The right-sided simple renal cyst is also stable
on imaging studies.

2.2. Pathology. The specimen received for pathological
examination consisted of a kidney with perinephric fat alto-
gether weighing 554 grams. The kidney per se measured
12.3cm superior to inferior, 8.3 cm medial to lateral, and
5.5 cm anterior to posterior. A large multiloculated complex
cystic lesion was present in the upper pole (Figure 1), mea-
suring 7.5cm medial to lateral, 6.3 cm superior to inferior,
and 5.4 cm anterior to posterior. The lesion was confined
to kidney with no extension into the perinephric adipose tis-
sue. On sectioning, the cut surface demonstrated multilocu-
lated cystic and solid lesion with cysts of variable sizes
ranging from 0.3 to 3.0cm, with thick and thin septae
between them. The cysts were filled with clear watery fluid.
There were no areas of hemorrhages and necrosis. There
was no invasion of the renal pelvis or hilar blood vessels.
The uninvolved kidney was grossly unremarkable with
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well-defined corticomedullary junction. The renal pelvis
and calyces were grossly unremarkable. No adrenal gland
or lymph nodes were present in the perinephric adipose tis-
sue. The lesion was extensively sampled for histological
examination.

Histological examination showed multiple cysts sepa-
rated by intervening stroma consisting of elongated spindle
cells which resembled ovarian type stroma in many areas
(Figure 2). The cysts were lined by cuboidal to columnar
cells with focal hobnail cells, and in many areas, the lining
was markedly attenuated and flattened. The stroma showed
thick-walled blood vessels. No cellular atypia was noted.
No mitoses were identified. The adjacent kidney, renal pel-
vis, hilum, and ureter were unremarkable.

Immunohistochemical studies demonstrated positivity
for CK7 and high molecular weight cytokeratin (34BE12)
of the cyst lining (Figure 3). The stromal cells showed posi-
tivity for ER (estrogen receptor), PR (progesterone receptor),
CD10, and SMA (smooth muscle actin) (Figure 4). The
immunohistochemical profile was in keeping with the diag-
nosis of mixed epithelial and stromal tumor (MEST).

3. Discussion

Mixed epithelial and stromal tumor of the kidney (MEST) is
an uncommon neoplasm composed of variable cystic and
solid components with diverse epithelial and stromal ele-
ments. It was first described by Michal and Syrucek in
1998 as a distinctive tumor composed of well-differentiated
ducts with a surrounding spindle cell stroma [1] and has
subsequently been referred to by various names such as
adult mesoblastic nephroma, cystic hamartoma of renal pel-
vis, lelomyomatous renal hamartoma, and renal epithelial
and stromal tumor (REST). It typically occurs in perimeno-
pausal women often with long-term hormonal replacement
therapy. The female to male ratio is 7:1 [2]. The age range
is from 36 to 80 years (mean 49.7 years) [3]. The tumor in
most cases is unilateral, although Sangoi and Higgins [4]
reported the first case of bilateral MEST in a 41-year-old
dialysis dependent woman with end stage renal disease.
Suzuki et al. [5] reported the first case of malignant MEST
in a male patient. An association with estrogen exposure
has been suggested because of their occurrence in women
on hormonal replacement therapy and in men receiving
androgen deprivation or estrogen therapy for prostate can-
cer. There was no history of hormone replacement therapy
in our patient.

Clinically and radiologically, it mimics other cystic renal
neoplasms, especially cystic renal cell carcinoma, necessitat-
ing histopathological examination and immunohistochemi-
cal studies for definite diagnosis [6]. The tumor is often
incidentally found, although in some instances, patients
present with abdominal/flank pain, hematuria, or urinary
tract infection [3].

The clinicopathologic features of MEST described in the
literature are summarized in Table 1. The tumors range
from 0.3cm to 21cm [3, 7-12]. Grossly, these tumors are
generally solitary, unencapsulated but well circumscribed
with a mixture of solid and cystic components. The cystic
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FIGURE 2: (a) Hematoxylin and eosin sections from the neoplasm. The tumor consists of cysts of variable sizes separated by septae and
mesenchymal stroma (40x). (b) Higher magnification from the tumor showing cysts lined by flattened and cuboidal epithelium with
hobnail appearance of nuclei in some areas (100x). (c) Ovarian type stroma is present in some areas (40x). (d) Higher magnification

showing ovarian type stroma (100x).

()

(b)

F1Gure 3: Immunohistochemical staining. (a) The cyst lining epithelium showing positivity for HMWCK (100x). (b) Positivity for CK7 in

the cyst lining epithelium (100x).

areas consist of noncommunicating clear serous fluid-filled
cysts of variable sizes and shapes with smooth glistening lin-
ings. Adult cystic nephroma (ACN) is a predominantly cys-
tic tumor with very little or no solid component and
generally felt to be within the spectrum of the MEST family
of tumors. Antic et al. [3] in their study of 15 cases (8 MEST

and 7 cystic nephromas) found that most cases involved
renal cortex with only 2 cases of MEST involving renal
pelvis.

Histologically, MEST is composed of a stromal and an
epithelial component. The stroma is paucicellular to hyper-
cellular and shows diverse morphologies ranging from dense
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FIGURE 4: Immunohistochemical staining. The stroma showing positivity for (a) smooth muscle actin (SMA, 200x), (b) estrogen receptor
(ER, 200x), (c) progesterone receptor (PR, 200x), and (d) CD10 (CD10, 200x).

collagenous to edematous and fibrous stroma composed of
slender to plump stromal cells. Areas of smooth muscle dif-
ferentiation or ovarian type of stroma can be seen as well as
stromal condensation around epithelial components. The
stroma may also show slit-like to thick-walled blood vessels,
and on occasion, foamy histiocytes and calcifications may be
present. In the largest study of 53 MEST tumors [7], the
investigators found a high degree of stromal variability with
more than 50% tumors containing more than four different
types of stromal elements. This included hypocellular and
cellular fibrous stroma, smooth muscle, edematous stroma,
hypervascular stroma, and stroma with sclerotic blood ves-
sels. Adipose tissue was present in 34%. A hypocellular
stroma predominated in patients with larger tumors,
whereas cellular stroma predominated with smaller tumors.

The epithelial component of MEST consists of cysts and
glands of varying sizes. The gland and cyst lining epithelium
also displays a broad spectrum of morphology ranging from
flat, cuboidal, columnar, epithelium to hobnail, urothelial-
like, clear cells, and ciliated epithelium. Combinations of dif-
ferent epithelial elements are commonly seen. The number
of epithelial elements found is directly proportional to the
number of blocks analyzed, indicating the importance of
generous sampling [7]. Cytologic atypia is absent to mini-
mal. Mitoses, hemorrhages, and necrosis are infrequent;
however, it should be noted that rare cases of malignant
transformation have been reported. Jung et al. [13] described
2 cases of MEST of the kidney with malignant transforma-
tion. Sukov et al. [14] described a case of malignant mixed
epithelial and stromal tumor of the kidney with rhabdoid
features. In addition, MEST can coexist with renal cell carci-
noma. Mudaliar et al. [15] described a biphasic renal tumor
consisting of MEST with focal papillary renal cell carcinoma,
while Arriola et al. [16] described a case of malignant MEST
with 2 simultaneous renal cell carcinomas in a male patient.

The immunohistochemical features of MEST reported in
the literature are summarized in Table 1. The epithelial com-
ponent shows positivity for cytokeratins, GATA3, PAX2,
and PAXS8. In most tumors, the stroma is positive for
smooth muscle actin (SMA), desmin, caldesmon, ER and
PR, and CD10. Inhibin, calretinin, FOXL2, HMB45, Melan
A, WT1, CD34, and S100 are noted in the stroma in some
studies. Mai et al. [9] reported positivity for HMB 45 in
the stromal component in one of the fourteen cases studied,
and they suggested that this case might represent a PEComa-
tous variant of MEST.

It is important to differentiate MEST from cystic renal
cell carcinoma, Wilms’ tumor, monophasic spindle cell
tumors like leiomyoma, solitary fibrous tumor, and meta-
nephric adenofibroma. Angiomyolipoma with epithelial
cysts (AMLEC) and rare cases of renal endometriosis should
also be considered in the differential diagnosis of MEST.
Unlike renal cell carcinoma, epithelial component of MEST
rarely forms sheets, and spindle cell areas of MEST may be
cellular but lack pleomorphism, cytologic atypia, necrosis,
and mitotic figures that are typical of sarcomatoid renal cell
carcinoma. MEST can be distinguished from Wilms’ tumor,
and cystic partially differentiated nephroblastoma by the
lack of blastema and other distinctive morphologic and clin-
ical features of MEST. Monophasic spindle cell tumors such
as leiomyoma and solitary fibrous tumor rarely occur in the
kidney and should be ruled out by careful examination and
thorough sampling of the tumors. The smooth muscle com-
ponent of angiomyolipoma is like that of MEST; however,
glandular elements are usually not noted in angiomyolipoma
and when rarely identified, represent entrapped tubules.
Metanephric adenofibroma, a rare biphasic renal lesion,
can be differentiated from MEST based on clinical and path-
ologic features. Metanephric adenofibroma usually occurs in
children and young adults. The epithelial components of
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metanephric adenofibroma do not usually show cystic com-
ponent, and when seen is focal. The spindle component is
usually negative for both actin and desmin in adenofibroma.

Renal angiomyolipomas are mesenchymal tumors that
often present in the kidneys on a background of underlying
tuberous sclerosis, a rare autosomal dominant disease [17].
As angiomyolipomas are generally solid tumors, they do
not enter the differential diagnoses of adult cystic renal neo-
plasms. However, AMLEC, a distinctive variant of angiomyo-
lipoma bearing grossly apparent epithelial cysts and a cellular
mullerian-appearing subepithelial stroma, has been reported.
[12, 18-23]. There are many similarities between MEST and
AMLEC. Both the tumors are characterized by cystic and solid
component in variable distribution. Smooth muscle fascicles
and cysts lined by hobnail or columnar epithelium are com-
mon features of MEST and AMLEC. Additionally, stromal
cells of MEST and AMLEC are immunoreactive for smooth
muscle actin, desmin, ER, and PR. There are, however, several
differences between MEST and AMLEC. MEST occurs pre-
dominantly in women and male patients with long-term his-
tory of estrogen exposure. In contrast, AMLEC occurs in
men without history of exogenous hormone exposure. The
vessels of AMLEC have dysplastic features which are not
seen in MEST. Smooth muscle cells in the wall of AMLEC
form less well-developed fascicles, are often epithelioid,
and have clear cytoplasm than those of MEST. Most impor-
tantly, MEST is negative for melanocytic markers HMB45
and Melan A.

Urinary tract endometriosis is exceedingly rare. Most
cases of urinary tract endometriosis involve bladder followed
by ureter, renal involvement being extremely rare. [24-30].
Renal endometriosis may present as flank pain and hematu-
ria like renal neoplasms. There may be a significant mass
effect which can mimic malignancy on imaging studies.
Microscopic features of renal endometriosis are similar to
those seen in other body sites with inactive or proliferative
endometrial glands surrounded by endometrial stroma.
The stroma in endometriosis is different than the diverse
stromal component seen in MEST. The endometriosis may
be associated with areas of cystic change and foamy and
hemosiderin laden macrophages indicating old hemor-
rhages. Sometimes, there may be prominence of smooth
muscle or a fibrotic reaction. The immunohistochemistry
demonstrates positivity for CK7, ER, PR, PAX8, CA125,
and vimentin in the glandular epithelial cells. The stroma
shows positivity for vimentin, ER, PR, and CD10.

Molecular studies showing similar mRNA expression
profile between adult cystic nephroma (ACN) and mixed
epithelial and stromal tumor (MEST) indicate that these
tumors represent opposite ends of the same disease spec-
trum [31]. Jin-Ping et al. [32] described a mixed epithelial
and stromal tumor in a 75-year-old man and two of his
daughters and compared histological and molecular profile
in 2 familial and 3 sporadic cases. They concluded that
MEST could occur in a familial and hereditary setting. There
was no family history of MEST in our patient. The histolog-
ical and molecular profile of the hereditary and sporadic
cases was similar in their studies. Vanecek et al. [33] con-
ducted mutation analysis of DICER 1 gene in 29 cases of

mixed epithelial and stromal tumor/adult cystic nephroma,
which included 1 case of malignant mixed epithelial and
stromal tumor/adult cystic nephroma with sarcomatoid
differentiation of the stromal component. All 29 cases
studied using polymerase chain reaction and direct gene
sequencing were negative for mutations in DICER 1 hot
spot codon 1705, 1709, 1809, 1810, 1813, and 1814. Their
results concluded that mixed epithelial and stromal tumor/
adult cystic nephroma has no relation to pediatric cystic
nephroma on a molecular genetic level. A sizable portion
of pediatric cystic nephroma carries DICER 1 gene muta-
tions in the form of either loss of function or missense
mutations [34, 35].

Calio et al. [7] conducted clinicopathologic study of 53
cases of MEST and considered MEST and adult cystic
nephroma as separate entities. Areas like adult cystic
nephroma were present in 6 out of the 53 cases they studied.
Vast majority (74%) of their cases showed cystic component,
and only 26% of the cases were composed exclusively of
solid component. In the 2022 WHO classification of renal
neoplasms [36], MEST is classified as MEST family along
with adult cystic nephroma, and this is supported by molec-
ular studies.

The definite histogenesis of mixed epithelial and stromal
tumor/adult cystic nephroma is not known. Based on
ovarian type stroma and Mullerian-related immunohisto-
chemical profile, Turbiner et al. [8] suggested that these
tumors may originate from Mullerian remnants misplaced
during embryogenesis. Tickoo et al. [37] observed estrogen
and progesterone receptor positive stroma in some non-
neoplastic kidneys as well as tumor-bearing kidneys away
from the tumor. The only common findings in all cases
were generalized or segmental hydronephrosis or tumor
compression-related focal obstruction. This suggested that
it may represent a metaplastic change in the renal intersti-
tial cells surrounding obstructed epithelial structures.
Based on Mullerian-like stroma and epithelial component
displaying features of Mullerian epithelium, Mai et al. [9]
suggested that the mixed epithelial and stromal tumor rep-
resented a tumor developing from Mullerian-like stromal
cells, and this stroma had the potential of stimulating growth
of renal tubules by contact with development into cysts, and
Mullerian stroma likely induces the renal tubules to differen-
tiate into Mullerian-like epithelium. Adsay et al. [38] postu-
lated that a deranged hormonal milieu (perimenopausal
changes or therapeutic hormones with unopposed estrogen)
induces proliferation of mesenchyme, which in turn drives
the growth of the epithelial component. They also propose
that possible cell of origin for these tumors is the primary
mesenchyme which has the capacity for dual (mesenchymal
and epithelial) differentiation.

Extensive cystic renal neoplasms cannot be distinguished
on preoperative imaging studies. A preoperative biopsy
and intraoperative frozen section analysis do not lead to
a correct diagnosis in many cases. Fortunately, the opera-
tive strategy is the same for all these tumors. In such
cases, nephron sparing surgery is indicated whenever tech-
nically feasible as almost all extremely cystic neoplasms
have a good prognosis.
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4. Conclusion

Mixed epithelial and stromal tumor (MEST) is a rare benign
renal neoplasm composed of epithelial and stromal compo-
nent and shows variable solid and cystic areas. Along with
adult cystic nephroma, it is included in the family of mixed
epithelial and stromal tumor in the 2022 WHO classification
of renal neoplasms. Most tumors are benign; however, they
may recur if incompletely excised. Rare examples of malig-
nant transformation of the epithelial or stromal component
have been reported. This case emphasizes the value of histo-
logical examination; as radiologically, there are no features
to distinguish it from other cystic renal lesions including
cystic renal cell carcinoma.

Data Availability

The data used to support the findings of this study are
included within the article.
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