
INTRODUCTION

With the introduction and prolonged use of hemodialysis as
a treatment modality for end-stage kidney patients Dunnill et
al. (6) and many consecutive authors have later reported
appearance of a new disease form called „acquired cystic
kidney disease“ (ACKD), frequently complicated by renal cell
neoplasms. The incidence of these tumors was higher than in
the general population. A complex review of this topic has
recetly been published by Bisceglia et al. (2).

Besides typical forms known in the category of spontaneous
adult malignant renal tumors accumulated data have shown
that these tumors may occasionally have distinctive

histological features not easily referable to the categories
described in the current WHO classification of kidney tumors
(8). Also it has been noted that many of these tumors reveal
tendency for multicentricity, bilaterality, earlier occurence,
frequent presence of oxalate crystals within the tumors, and
possibly an overall better prognosis (15). Therefore, attention
was concentrated on various studies, including
immunohistochemical, fluorescence in situ hybridization
(FISH) and chromosome analysis along with reporting
pertinent clinical data (4).

Rioux-Leclercq and Epstein (29) expressed the hope that
their study will stimulate presentation of additional information
on various aspects of this topic from other countries. The aim
of our report supports this proposal. It is of interest that most of
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acquired cystic kidney disease and development of variable precursor intratubular and intracystic lesions progressing to several papillary
adenomas and multifocal renal cell carcinomas with variegated microscopic structures in one kidney. 
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Súhrn

Dlhodobá dialyzačná liečba chronickej obličkovej nedostatočnosti sprevádzaná získanou cystickou
chorobou obličiek a súčasnými prednádorovými zmenami a mnohopočetnými nádormi ľavej obličky

Cieľ práce: opis a imunohistochemická analýza prednádorových zmien a nádora obličky u pacienta s chronickou obličkovou
nedostatočnosťou liečenou dlhodobou hemodialýzou.
Metódy: Nefrektomický bioptický materiál (ľavá oblička), bol vyšetrený mikroskopicky a polaroskopicky. Ďalej boli na analýzu použité tieto
protilátky: CK1/CK3, CK5/6, CK8, CK20, EMA, „Renal cells“, CD10, Ki-67, PCNA, p53 a E-cadherin.
Hlavné nálezy: Operačný preparát pochádzal z pacienta, liečeného pre renálnu insuficienciu 11 rokov hemodialýzou pre diabetickú
nefropátiu a chronickú tubulointersticiálnu nefritídu. Indikáciou pre urgentnú nefrektómiu bola bolesť a masívne intrarenálne krvácanie.
Spolu s nálezom vyššie uvedených obličkových ochorení zistili sme rozvinutý nález získanej cystózy vznikajúcej počas dlhodobej dialýzy,
viaceré malé papilárne adenómy a multifokálne karcinómy z buniek obličky vykazujúce konvenčný, ďalej papilárny a sarkomatoidný
charakter. Prítomné boli tiež známky ťažkej vaskulárnej nefrosklerózy a uremickej oxalózy. Horný pól orgánu bol masívne prekrvácaný.
Závery: Nami popísaný nález obsahuje súčasnú prítomnosť mikroskopických zmien vysvetľujúcich stav chronickej obličkovej
nedostatočnosti s prítomnou uremickou oxalózou, kombinovaných so získanou cystózou vznikajúcou v dôsledku dlhodobej hemodialýzy.
V takto zmenenom orgáne sa nachádzali dysplastické mikrotubulárne a intracystické zmeny, smerujúce ku vzniku viacerých papilárnych
adenómov a multifokálnych karcinómov z buniek obličky, vyznačujúcich sa rôznorodou diferenciáciou. 
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the up to now published data on this theme were published by
Japanese authors.

MATERIAL AND METHODS

The formalin-fixed whole-kidney biopsy specimen measured
12 x 6,5 x 5 centimeters. The surface of the organ was uneven
due to the presence of numerous expanding cysts varying
widely in diameter and some reaching up to 15 milimeters. On
the cut section, parenchymal atrophy, numerous cysts, fibrosis
and loss of structure and multiple white solid neoplastic tissue
replacing and infiltrating original parenchyma were seen
leading to the complete loss of original structure and
disappearance of the corticomedullary junction. Cysts were
mostly filled with clear serous fluid and their content was
occasionally hemorhagic. The neoplastic infiltration was
irregularly nodular with the biggest solid tumor measuring 11
milimeters in diameter. The upper pole area was intensively
hemorrhagic. The consistency of the kidney was firmly elastic.

Multiple blocks were excised, fixed, embedded in parrafin
and stained with HE, van Gieson stain, PAS stain and Weigert
stain for elastin. Several slides were immunohistochemically

stained with a panel of the following monoclonal antibodies:
AE1/AE3, CK 5/6, CK7, CK8, CK 20, RC (renal cell antibody),
CD10, Ki-67, PCNA, p53 and E-cadherin.

RESULTS

Clinical features
A 72-old-year patient underwent regular hemodialysis

through an 11-year-long time interval because of terminal
stage of chronic renal insufficiency due to diabetic nephro-
pathy associated with chronic tubulointerstitial nephritis. The
urgent nephrectomy was performed because of lumbar pain
and massive intrarenal bleeding. Due to symptoms of
progression of the primary disease, cachexia, anemia,
anorhexia, splenomegaly, immobility and terminal respiratory
infection his general condition was extremely poor and he has
died 4 months after nephrectomy. Unfortunately, the autopsy
was not performed.

Macroscopical findings
Macroscopical details seen in the nephrectomy specimen

were described in the chapter „Material and Methods“. The cystic
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Fig. 2. Some of the larger cysts were lined by papillary epithelium.
HE, 420x

Fig. 1. Transition from a low cylindrical to cribriform epithelium
lining the wall of a small renal cyst. HE, 420x

Fig. 4. Detail from a similar renal cyst lined by a higher cribriform
epithelium. HE, 420x

Fig. 3. Lining of many small cysts was complex and frequently
individually dysplastic. HE, 420x



and neoplastic changes explained why almost normal lenght and
width of the organ was preserved. Althogether, the thickness of
the kidney appeared slightly enlarged than normal mostly due to
presence of cystosis and multifocal neoplastic growth.

Microscopical findings
Microscopically, a complex picture of end stage kidney

disease consisting of diabetic nephropathy, chronic
tubulointerstitial nephritis, pyelitis cystica, severe vascular ne-
phrosclerosis, secondary uremic oxalosis, focal hemosi-
derosis, acquired cystic kidney disease and pyelitis cystica
was found. These changes were associated with variably
dysplastic intratubular and intracystic changes, several
papillary adenomas and multifocal renal cell carcinomas with
conventional (clear-cell) and papillary structure with rare small
areas of sarcomatoid character. Multiple tumor emboli were
observed in small intrarenal veins and lymphatics.

Two categories of cyst epithelial lining were observed. In the
one part the lining epithelium appeared atrophic, while the
epithelium of other cysts was proliferating and revealing focally
different grades of dysplasia (Figs. 1–4). Similar multiple
proliferative and dysplastic epithelial changes were focally
observed within some tubules (Figs. 5, 6). Some of these cysts
and tubules contained calcium oxalate crystals. Unfrequently,
areas with presence of psammoma bodies were found (Fig. 5).
The dysplastic epithelium variably expressed Ki-67 in
approximately 10 per cent of cells, p53 in 20 per cent of cells
and conspicuous expression of PCNA was found in about 40
per cent of cells. While no expression of these antibodies was
found in normal or atrophic tubules, 20 per cent of tubular
dysplastic nephrocytes were positive with p53 and up to 30 per
cent of cells expressed PCNA. Ki-67 staining left the cells
unstained. Tab. 1 and 2 presents a complex review of our
immunohistochemical analysis.
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Table 1. Immunohistochemical expression of a series of antibodies in tubular changes

Antibody
Renal tubules

Atrophic tubules With proliferating epithelium

RCC 0 0/weak focal +

CD10 From 0 to strong focal + From 0 to medium +

CK5/6 Predominantly 0, weak focal + From 0 to medium +

CK7 Medium to strong diffuse + Medium to strong diffuse +

CK8 From weak focal to medium + From weak focal to nearly diffuse strong +

CK20 0 0

AE1/3 Diffuse strong + Diffuse medium to strong +

Table 2. Immunohistochemical expression of a series of antibodies in cystic changes

Antibo-
dy

Epithelial lining of cysts

One layer Two or more layers Cribriform and papillary

RCC From 0 to focal weak + From 0 to focal weak to medium + Focal weak +

CD10 Focal weak to diffuse strong + From 0 to nearly diffuse strong + From focal weak to strong +

CK5/6 From 0 to focal to diffuse weak to medium + From 0 to medium + Weak to medium +

CK7 0 to focal to diffuse weak to strong + Focal to diffuse weak to strong + Focal to diffuse weak to medium +

CK8 From 0 to medium + From 0 to diffuse medium + Diffuse medium to strong +

CK20 0 to focal weak + 0 to focal weak + 0 to focal weak +

AE1/3 Diffuse medium to strong + Focal to diffuse weak to strong + Focal to diffuse weak to strong +

Fig. 6. Spectrum of tubular epithelia from atrophic to hyperplastic
forms. HE, 420krát

Fig. 5. A group of renal tubules lined by variable epithelium con-
taining a few psammoma bodies. HE, 420krát



Multiple small renal cell carcinomas were found in many
parts of the kidney: papillary (the largest tumor, 11 milimeters
in diameter) and conventional (clear-cell) with occasional small
areas of sarcomatoid differentiation. Areas of oncocytic
differentiation were also rarely encountered. In the largest
tumors scattered areas of necrosis were found. 

Immunohistochemical expression of a group of antibodies in
these tumors is summarized in the tab. 3.

DISCUSSION

Renal cysts or cystoses may have non-neoplastic
(congenital, developmental or acquired) or neoplastic origin.
Cysts of the first category are distributed diffusely and
bilaterally (35). Neoplastic cysts represent a characteristic
feature of the renal tumor, and in the rest of the parenchyma
their incidence is unusual. The number of such cystic kidney
tumors is relatively large and includes cystic nephroma, cystic
variant of the congenital mesoblastic nephroma, mixed
epithelial and stromal kidney tumor, cystic lymphangioma of
the kidney, cystic renal cell carcinoma and cystic sarcoma of
the kidney (2).

Pathogenesis of ACKD was not yet definitively clarified
(15). Among the possible pathogenic factors the following
data are discussed in the literature: secondary
immunodeficiency due to chronic uremia, depressed
antioxidant activity and increased synthesis of free radicals,
influences of mutations, influence of growth factors,
including hepatocyte growth factor and its receptor C-met
involved in renal cyst formation and subsequent tumor
transformation (16) and activated oncogens, including
a protooncogen c-Jun, playing a role in cell cycle
progression and neoplastic transformation (26),
immunosuppressive therapy of the basic disease or after
transplantation, accumulation of carcinogens during the
course of chronic renal inssuficiency, possible supportive
influence of oxalates on tumorigenesis (due to obstruction,
atrophy and rupture of nephrons and iniciating peritubular
inflammation). The latter factor was extensively studied by
Sule et al. (33). Konda et al. (17) conclude, that hypoxia-
inducible protein 2, hypoxia-inducible factor 1alpha and
phosphorylated nuclear factor-kappaB may be involved in
a continuous process of the evolution of phenotypic
expression from a simple cyst to epithelial hyperplasia and
eventually to tumor. According to Peces et al. (27) the
duration of renal disease rather than the dialysis procedure
itself appears to be the main determinant of development of
ACKD. The work of Huang et al. (11) represents an
extremely rare example of a rat model of cystic
transformation and development of a renal tumor.

The biochemical environment in end-stage kidney patients
represents according to Truong et al. (35) unrepeated
situation of an „acquired predisposition“ to series of steps
leading to the development of cysts, development of
hyperplasia of their epithelial lining and finally, gradual
transformation of epithelial dysplastic lesions to life-

threatening renal cell carcinoma. In ACKD the types of the
cysts include simple and atypical cysts (3).

Morphological changes of the end-stage renal disease
observed in necropsy or biopsy studies during the pre-
hemodialysis era were sufficiently described in the literature.
With some time delay, since the introduction of long-term
dialysis treatment of the end-stage renal disease or
nephrosclerosis of either origin a combination of pathogenic
factors may support development of acquired cystosis and in
protracted cases also premalignant, as well as finally
malignant neoplastic changes (6). In these circumstances
especially the ultimate microscopical picture is extremely
variable and complex. 

The ACKD develops within the first three years of therapy in
10-20% of patients, after the first five years of hemodialysis in
40-60% of patients, and after ten or more years of therapy in
more than 90% of cases (13). It also is well known that ACKD
can develop in end-stage kidney disease without dialysis
therapy as well as during the chronic rejection phase after
renal transplantation (31, 32).

An intersting report of a patient who was on hemodialysis for
37 uninterrupted years was published by Rifkin (28). His article
also presents a list of 8 patients living on uninterrupted
hemodialysis for at least 33 years.

Lining of the cysts is variable. On the one side of the
spectrum there is mostly flattened or low cuboid epithelium,
which sometimes contains larger, more spherical cells with
faintly eosinophilic cytoplasm. The degree of epithelial atrophy
depends on the dimesions of cysts. On the other side of the
spectrum the epithelium reveals different structural forms,
terminology, and architecture, e.g. atypical hyperplasia,
stratified epithelial projections, intracystic epithelial hyper-
plasia, atypical hyperplastic cyst, monostratified epithelial
intracavitary projections, atypical papillary hyperplasia,
papillary tufts and cribriform epithelial proliferations. According
to Sule et al. (33) such epithelial changes represent
precancerous lesion which are apt to neoplastic trans-
formation.

ACKD proceeds more frequently (86%) asymptomatically.
The data published by Truong et al. (35) describing
complications include spontaneous rupture and intracystic
bleeding as well as bleeding into perirenal or retroperitoneal
soft tissues (68%), renal colic (11,5%), persistent hematuria
(the frequency not shown), elevated or progressively lowered
hematocrit (4,9% and 1,6%), unexplained and prolonged fever
(9.8%), rare hypoglycemia and hypocalcemia, and finally
precancerous changes and bilateral (10%) and in 50%
a multicentric renal cell carcinoma, rarely associated with
spontaneous renal rupture and massive perirenal hematoma
(22). Significant kidney volume increase due to ACKD and
neoplasia was evaluated by Ishikawa et al. (13) in a long-term
study reviewing an 15 year long interval. Furthermore, it was
found to be still more intensive after 20 years. Non-papillary
renal cell carcinomas received shorter period of dialysis than
papillary tumors.

Surgical biopsy typing of kidney tumors developing in
dialysis-related ACKD includes papillary or tubular adenomas
(„microadenomas“), oncocytomas (mahagony-brown tumors)
and renal cell carcinomas (9, 25). According to Ticoo et al (34)
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Table 3. Immunohistochemical expressions of a series of antibodies in kidney tumors

n.a. = not analyzed because of minute areas of these changes not easily identifiable in slides
RCC = renal cell carcinoma

Strong or medium expression Weak expression No expression

Renal papillary Adenoma PCNA, AE1/3, CK7, CK8 Ki-67, p53, CD10 CK5/6, CK20, RCC

Clear cell carcinoma PCNA AE1/3 Ki-67, p53, RCC, CK5/6, CK7, CK8, CD10

Papillary carcinoma PCNA, CK7, CK8, AE1/3 Ki-67, p53 CD10, CK5/6, CK20, RCC

Sarcomatoid changes n.a. n.a. n.a.



these tumors may reveal most frequently papillary structures,
or in a lesser frequency, they correspond to conventional clear
cell type carcinoma, occasionally with a cystic subtype, or to
rare chromophobe cell carcinoma (7) and sarcomatoid
collecting duct carcinoma (1, 20). The largest series o0f
observations has been published by Denton et al. (5). It was
also noted, that in cases of multiplicity and bilaterality of renal
cell carcinoma different parallel types of tumors may be
encountered, mostly as a simultaneous presence of a clear-
cell and papillary type as well as sometimes described as
intermediate between clear cell and papillary types. In the
case described by Mazzucchelli et al. (23) the principal
disease leading to a series of discussed complications was
diabetic glomerulosclerosis, as in our case. Besides renal
oncocytosis, multiple papillary adenomas, papillary carcinoma
also a B cell lymphoma was found. In the study of 14 patients
by Hora et al. (10) the list of tumors included also one myxoid
liposarcoma.

In approximately 60% of observed cases new and unusual
histological patterns of malignant kidney tumors arise de novo
under specific pathogenic conditions, namely renal cell
carcinoma composed of large cells with ill-defined cell
membranes, abundant eosinophilic granular cytoplasm, large
nuclei and prominent nucleoli arranged in solid, acinar, or
tubulocystic architecture in ACKD and clear-cell papillary renal
cell carcinoma in end-stage-renal-disease (ESRD), with
different immune profiles and proximal tubular differentiation
(4, 30, 33). A rare combination of multiple renal cell carcinoma
and pheochromocytoma in ACKD and long-term hemodialysis
was described by Nagashima et al. (25). 

As additional characteristics of these latter tumors such
features as bilaterality (14, 36), multifocality (27), satellite
tumor lesion in renal-cell carcinoma (15), oncocytosis (24),
elevated kidney volumes (13), intracystic form of neoplastic
growth and micro- or macrocystic structures must be
considered. Fortunately, many of these renal cell carcinomas
are of small dimensions at the time of diagnosis.

Along with analysis of descriptive features in atypical
epithelial proliferations as well as in ACKD-related renal cell
carcinoma studies aimed at karyotypic features and the
demonstration of immunohistochemical findings have been
presented by a small group of authors (3, 4).

In our observation the cytogenetic study was not performed
and therefore will not be discussed in details. The rare
published data on this topic have demonstrated chromosomal
aberrations in the form of gain of various chromosomes
depending on the histologic substrate in atypical epithelial
proliferation and in the tumors. There appears to be sequential
accumulation of cytogenetic abnormalities in the spectrum of
epithelial proliferations leading to the emergence of
carcinoma, with gain of chromosome 7 as an early event,
followed by gain of chromosome 17. It was stressed, this
scenario is reminiscent of the adenoma-carcinoma sequence
(3, 4, 18, 19). 

The presence of several morphologically recognizable
types of atypical epithelial proliferations provides an
unparalleled opportunity also to evaluate
immunohistochemical profiles of atypical epithelial
proliferations and in neoplastic cells in our observation,
developing due to chronic renal insufficiency and ACKD.
Cosu-Rocca et al. (4) have presented immunohistochemical
data obtained by analysis of three renal cell carcinomas, but
no information has been presented regarding of such
findings in precancerous lesions. The tumor cells in their
observation expressed CD10, AE1/AE3, α-methyl-acyl-CoA
racemase, CAM5.2 and vimentin and were EMA, CK7,
HMWK, 34ßE12 negative. In their surgical biopsy material
analysis Aita et al. (1) have used immunohistochemistry and
lectins. Carcinomatous tumor cells were positive for EMA,
CK and reactive to soybeen and peanut agglutinin, whereas
the sarcomatous cells were positive for vimentin as well as

EMA. This spectrum confirmed that the tumor originated
from the medullary collecting ducts. Using PCNA
immunohistochemical labelling Ikeda et al (12) have
concluded, that ACKD-acquired renal cell carcinomas are
less proliferative and at the same time less aggressive
neoplasms than typical renal cell carcinomas.

According to Kojima et al. (15), Scandling et al. (31) and
Schwarz et al. (32) the elevated incidence of renal cell
carcinoma supports the need of periodical annual sono-
graphic, computerized axial tomography (CAT) screening and
magnetic resonance imaging (MRI) in dialysis patients. The
former authors have found longer duration of dialysis and
smaller tumors with better prognosis in their series. For these
patients prophylactic bilateral nephrectomy with the
perspective of kidney trasplantation was recommended. The
category of benign tumors complicating the ACKD and
supported by long-term hemodialysis may be best managed
with nephron sparing surgery conservatively (21). 
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