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Abstract
Introduction: End-stage renal disease (ESRD) and ac-
quired cystic kidney disease (ACKD) are known risk fac-
tors for renal cell carcinoma (RCC). Hereby, the clinico-
pathological features of RCCs developed in ESRD were
investigated. Methods: A database consisting of 34 tu-
mors from 31 patients with ESRD among 2,566 nephrec-
tomy samples of RCC was built. The demographic, clinical,
and follow-up data along with pathological parameters
were analyzed. The RCCs were diagnosed according to
the current WHO Classification of Urinary and Male Gen-
ital Tumors. Results: Twenty-two tumors developed in
men and 12 in women, with a median age of 56 years
(range: 27–75 years). The causes of ESRD were glomer-
ulonephritis (n = 7), hypertensive kidney disease (n = 6),

autosomal dominant polycystic kidney disease (n = 6),
chronic pyelonephritis (n = 4), diabetic nephropathy (n =
3), chemotherapy-induced nephropathy (n = 1), and un-
determined (n = 4). ACKD complicated ESRD in 12 pa-
tients. The following histological subtypes were identi-
fied: clear cell RCC (n = 19), papillary RCC (n = 5), clear cell
papillary tumor (n = 5), ACKD RCC (n = 3), and eosinophilic
solid and cystic RCC (n = 2). The median tumor size was
31 mm (range: 10–80 mm), and 32 tumors were confined
to the kidney (pT1-pT2). There was no tumor-specific
death during the period of this study. Progression was
registered in 1 patient. Conclusion: In our cohort, the
most common RCC subtype was clear cell RCC (55%), with
a frequency that exceeded international data appreciably
(14–25%). The incidence of clear cell papillary tumor and
ACKD RCC (14.7% and 8.5%) was lower than data reported
in the literature (30% and 40%). Our results indicate a
favorable prognosis of RCC in ESRD.
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Introduction

End-stage renal disease (ESRD) is rapidly increasing
worldwide, with the highest incidence rate in well-
developed countries [1]. Generally, ESRD is associated
with diabetes, hypertension, obesity, and primary glo-
merular diseases, such as IgA nephropathy [2]. Even
though ESRD could be treated by kidney transplantation,
the number of available donors is insufficient; therefore,
patients with ESRD are maintained by long-term peri-
toneal or hemodialysis (HD) [3]. Approximately 20% of
these patients develop acquired cystic kidney disease
(ACKD) as an adverse effect [4]. ACKD is defined as
more than 3 cysts per kidney or cysts involving >25% of
the renal parenchyma [5]. ESRD and ACKD are well-
known risk factors for renal cell carcinoma (RCC) [6].
The pathogenesis of RCC in ESRD is considered a com-
plex process, attributed to the decreased immune sur-
veillance, increased oxidative stress, and hypermethyla-
tion of tumor suppressor genes [7]. The estimated risk for
RCC in ESRD varies in the literature; still, generally 3–7%
of ESRD patients will develop RCC that is much higher
compared to healthy individuals (approximately 4–5/
100,000) [8]. The time period of hemodialysis determines
the extent of ACKD, while the longer duration of dialysis
is associated with elevated RCC incidence and dismal
clinical events [9, 10]. Furthermore, it must be empha-
sized that the number of the developed cysts may start to
decrease after kidney transplantation. According to his-
tology, all RCC types can be developed in ESRD, but there
are some discrepancies between ESRD patients and the
general population [11]. First of all, ACKD RCC occurs
mutually in ACKD patients [11, 12]. ACKD RCC was
primarily defined in the 4th edition of the World Health
Organization (WHO) Classification of 2016, based on its
unique clinical background, behavior, and morphology
[12]. However, clear cell papillary tumor (CCPT) that was
earlier designated as clear cell papillary RCC also devel-
ops at a higher frequency in ESRD kidneys [11]. The first
papers on this entity linked CCPTs directly to ESRD, but
later on, CCPTs were proven to occur in otherwise
healthy kidneys, as well. Finally, the emerging/provisional
entities, including eosinophilic solid and cystic (ESC)
RCC and low-grade oncocytic tumor of the kidney,
also have a higher prevalence in ESRD patients [13].
The clinical outcome for RCCs in ESRD is yet uncertain.
On one hand, these patients more commonly undergo
imaging modalities; therefore, there is a higher chance of
finding these tumors in an early stage [7]. On the other
hand, the longer duration of dialysis is associated with
unfavorable risk factors, including advanced tumor stage,

sarcomatoid transformation, and rhabdoid morphology
[14]. In this retrospective, consecutive study RCCs of
Caucasian patients with ESRD were reviewed. We as-
sessed and analyzed the clinical and pathological data, to
expand the landscape of these unique tumors.

Materials and Methods

Study Cohort and Review Process
We collected all RCCs with ESRD from 1935 to 2022 of the

archive of the Department of Pathology, Albert Szent-Györgyi
Medical School, University of Szeged. We enrolled both in-house
and consultation cases, although we excluded biopsy samples, and
analyzed nephrectomy specimens only. ESRDwas defined as either
chronic kidney failure stage 5 or chronic kidney failure treated by
kidney transplantation or dialysis. Regarding ACKD, the above-
mentioned definition was applied. Two pathologists (SD and LK)
reviewed all the available hematoxylin-eosin-stained and immu-
nohistochemical slides, while remaining unaware of the previous
pathological diagnosis and the clinical outcome. If needed, we
ordered additional immunohistochemical stains and molecular
studies. Lastly, we established the final diagnosis of the tumors
based on the 5th edition of the WHO Classification Urinary and
Male Genital Tumors [15].

Clinical and Pathological Data
The main clinical characteristics included were symptoms, age,

sex, the underlying cause of ESRD, type, and duration of dialysis.
We collected the follow-up data from the electronic patient files
and general practitioners. The data on multifocality, laterality,
surgical technique, tumor size, and stage were obtained from the
original histopathological report; however, the stage was amended
according to the 8th edition of the American Joint Committee on
Cancer Staging Manual [16] and applied only for carcinomas. For
clear cell RCCs and papillary RCCs, the grade was given based on
the WHO and International Society of Urological Pathology
(WHO/ISUP) criteria during the review process [17]. In addition,
we recorded the presence of invasion (renal vein, renal sinus, and
fatty capsule) and adverse features (sarcomatoid differentiation,
rhabdoid change, and microscopic tumor cell necrosis). Further-
more, we screened the non-tumorous kidney parenchyma for
ACKD and papillary adenomas, as well.

Comparison of the Frequencies of ESRD and Non-ESRD RCCs
From the same archive, non-ESRD RCC samples were obtained

between 1983 and 2022 and compared the frequency of the
investigated RCC subtypes.

Results

Using the inclusion criteria, 34 tumors associated with
ESRD among 2,556 nephrectomy samples of RCC were
included in this study, revealing that 1.3% of RCCs
developed on the basis of ESRD.
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Clinical Characteristics and Follow-Up
In our cohort, 22 tumors developed in males and 12 in

females. A male and female patient had synchronous
tumors in both kidneys at the time of the discovery, while
in patient 26, 2 years after his right-sided renal tumor,
another metachronous RCC developed in the contralateral
kidney. The median age was 56 years (mean: 56.3 years;
range: 27–75 years). Radical nephrectomy was carried out
in all 34 patients. Furthermore, surgical removal was
ordered because of a clinically detected tumor in every
case. Four patients had cancer-related symptoms, and
tumors were incidental findings in the remaining cases

(online suppl. Table 1; for all online suppl. material, see
www.karger.com/doi/10.1159/000529276). The causes of
ESRD were as follows: hypertensive kidney disease (n =
6), autosomal dominant polycystic kidney disease (n = 6),
IgA nephropathy (n = 4), chronic pyelonephritis (n = 4),
diabetic nephropathy (n = 3), focal segmental glomerulo-
sclerosis (n = 2), chemotherapy-induced nephropathy (n =
1), and chronic glomerulonephritis (n = 1). In 4 patients,
the cause of ESRD remained unknown. In most of the
patients, hemodialysis was carried out, and the time interval
of dialysis had a median of 47 months (mean: 55 months;
range: 13–204 months). Twelve patients were suitable for

Table 1. Clinical features of the patients investigated

Patient Age,
years

Sex Etiology of ESRD Type of
dialysis

Duration of dialysisa,
months

Tx Follow-up,
months

Status

1 27 F FSGS HD 13 Yes 352 NCRD
2 68 M ND ND ND No 0 NCRD
3 75 F ND ND ND No ND LTF
4 54 M ADPKD HD 23 No 26 LTF
5 61 M HTKD HD 46 Yes 58 NCRD
6 56 M ADPKD HD 24 Yes 85 NCRD
7 46 M ADPKD PD + HD 27 Yes 194 NED
8 56 M IgAN HD 33 No 57 NCRD
9 64 M DNP HD 26 Yes 138 NCRD
10 56 F FSGS HD 91 No 144 NED
11 57 M ADPKD HD 48 Yes 61 NCRD
12 66 F ADPKD HD 51 Yes 26 NCRD
13 66 F Chemotherapy-

induced NP
HD 64 No 60 NCRD

14 47 M IgAN PD + HD 204 Yes 96 NED
15 48 M Chr pyelonephritis HD 25 No 202 LTF
16 43 M Chr GN HD 57 Yes 47 NED
17 47 M ND ND ND No ND LTF
18 41 M Chr pyelonephritis ND ND No ND LTF
19 62 M HTKD HD 154 No 6 NCRD
20 64 F ADPKD PD 25 Yes 40 AWD
21 58 F HTKD HD 53 No 27 NED
22 47 M IgAN HD 82 No 11 NED
23 53 M DNP PD 48 No 11 NED
24 50 M ND HD 16 ND ND LTF
25 51 F Chr pyelonephritis HD 36 Yes 3 NCRD
26 66 M IgAN HD ND No 25 NED
27 63 F HTKD HD 32 NO 41 NED
28 71 F HTKD ND ND No 34 NED
29 53 M Chr pyelonephritis HD 60 Yes 3 NED
30 74 M DNP PD + HD 46 No 2 NED
31 56 M HTKD PD 83 Yes 98 NED

ESRD, end-stage renal disease; Tx, kidney transplantation; F, female; M, male; FSGS, focal segmental glomerulosclerosis; ND, no
data; ADPKD, autosomal dominant polycystic kidney disease; IgAN, IgA nephropathy; DNP, diabetic nephropathy; chr GN, chronic
glomerulonephritis; HTKD, hypertensive kidney disease; HD, hemodialysis; PD, peritoneal dialysis; NCRD, not a cancer-related death,
LTF, lost to follow-up; NED, no evidence of disease; AWD, alive with disease. aDuration of dialysis was measured from the beginning
of dialysis until the nephrectomy.
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kidney transplantation during the study period. Only 6
patients were lost to follow-up, and the median follow-up
time was 41 months (mean, 68.4 months; range: 0–352
months). Twelve patients died of non-cancer-related
causes, while 13 patients were alive without any evidence
of disease. Regional lymph node metastasis was seen in a
single patient that was eradicated along with the renal
tumor. Before the nephrectomy, distant metastasis was not
detected in any case. Progression was registered only for 1
patient. She had a multifocal primary tumor and developed
pancreatic, breast, and hepatic metastases 10 months after
her nephrectomy. She has been receiving combined im-
muno- and tyrosine kinase inhibitor therapy, while her
clinical condition remaining stable. The principal clinical
data are summarized in Table 1.

Morphological Aspects
Among the tumors studied, in 2 patients, synchronous

tumors were present in both kidneys. Also, only one tumor
was multifocal. The largest diameter of the tumors ranged
from 10 mm to 80 mm, and the median was 31 mm (mean:
35.2 mm). In two cases, the actual size of the tumors was
unknown. Grossly, the tumors had a diverse appearance,
influenced by the RCC subset. In the kidney parenchyma,
papillary adenomas and/or cysts were present (shown in
Fig. 1). We identified the following histological subtypes:
clear cell RCC (n = 19), papillary RCC (n= 5), CCPT (n = 5),
ACKD RCC (n = 3), and ESC RCCs (n = 2). None of the
tumors showed sarcomatoid transformation, rhabdoid
change, and microscopic tumor cell necrosis. Thirty-two
tumors were organ-confined (pT1+pT2), while 2 tumors
had a pT3 stage with the invasion of the renal sinus in 1
tumor, andwith the invasion of the renal vein in the other. In

the peritumoral parenchyma, severe tubulointerstitial dam-
age was seen along with sclerotic glomeruli and chronic
inflammation. In addition, papillary adenomas and ACKD
were observed in 7 and 12 cases, respectively. In two ACKD
RCCs, both lesions were present. The main pathological
parameters in detail are summarized in Table 2, while we
listed the immunoprofile and the molecular features in
online supplementary Table 2.

Clear Cell RCC
This subtype was the most common, with the fre-

quency of 55.9%. Only 2 tumors had grade 3 nuclear
atypia by the WHO/ISUP grading system, and one of
these resulted in metastatic disease. In the peritumoral
parenchyma, ACKD was seen in 9 cases, but papillary
adenoma never occurred alongside clear cell RCC.

Papillary RCC
Among the 5 tumors, 3 were identified as low grade

and 2 as high grade. These tumors were built up by either
basophilic or eosinophilic cells. Foamymacrophages were
present in all tumors, and papillary adenomas were
observed in 2 kidneys. ACKD and calcium oxalate crys-
tals were not seen at all.

Clear Cell Papillary Tumor
Along with the papillary RCC, this tumor was the

second most common subtype (14.7%). All tumors had a
thick, smooth muscle-rich pseudocapsule. The dominant
growing pattern was tubular with irregular “shark smile”-
like glands, and the papillary architecture was a minor
component. A linear arrangement of nuclei away from
the basal membrane was present in 4 tumors. In 2
patients, papillary adenomas were located next to the
main tumor mass, although ACKD was not detected in
these tumors. The immunohistochemistry showed the
usual phenotype in all cases, and the molecular tests
performed revealed no von Hippel-Lindau (VHL) gene
anomalies in 2 cases (see online suppl. Table 2). Repre-
sentative images are shown in Figure 2.

Acquired Cystic Kidney Disease RCC
Three ACKD RCCs were observed, and in our set,

these were the largest tumors with a median size of 47
mm. ACKD RCCs were composed of eosinophilic tumor
cells with papillary and sieve-like architecture. The char-
acteristic calcium oxalate crystals and ACKD were ob-
served in every case. One tumor produced regional lymph
node metastasis. Representative images are shown in
Figure 3.

Fig. 1. Multifocal renal tumor in end-stage renal disease. The
parenchyma is severely damaged with signs of acquired cystic
kidney disease and multifocal tumors.
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Eosinophilic Solid and Cystic RCC
Both cases had been originally diagnosed as unclas-

sified RCCs. These cases had a typically solid and cystic
growing pattern. The tumor cells contained coarse
cytoplasmic granules and expressed CK20 (see online
suppl. Table 2). In one of these tumors, a pathogenic
mutation in the tuberous sclerosis 2 (TSC2) gene was
revealed by whole exome sequencing. In the atrophic
kidney parenchyma, neither papillary adenomas nor
ACKD was present. Representative images are shown
in Figure 4.

Comparison of the Frequencies of ESRD and
Non-ESRD RCCs
During the study period, 2,407 RCCs developed in

non-ESRD patients and were treated with nephrectomy.
Clear cell RCC was the most common subtype in both
ESRD (77.7%) and non-ESRD (55.9%) patients. In addi-
tion, 25% and 18.5% of our ESC RCC and CCPT tumors
occurred in ESRD kidneys, respectively. By definition, no
ACKD RCC arose in non-ESRD patients. Table 3 briefly
summarizes the frequencies of the tumors observed in
ESRD and non-ESRD patients.

Table 2. Pathological features of the tumors investigated

Patient Histological subtype Gradea Stageb Size, mm Papillary adenoma ACKD

1 Clear cell RCC 2 pT1a 22 No No
2 Papillary RCC 1 pT1a 30 No No
3L Clear cell RCC 1 pT2b 33 No No
3R Clear cell RCC 1 pT2a 70 No No
4 Papillary RCC 2 pT1a 40 Yes No
5 Clear cell RCC 3 pT2a 80 No Yes
6 Clear cell papillary tumor NA – 10 No No
7 Clear cell RCC 1 pT1a 35 No No
8 Clear cell RCC 1 pT2a 73 No Yes
9 Clear cell RCC 1 pT1a 19 No Yes
10 Clear cell RCC 2 pT3a 56 No Yes
11 Clear cell RCC 1 pT1a 25 No Yes
12 Clear cell RCC 2 pT3a 35 No No
13 Clear cell RCC 1 pT1a 25 No Yes
14 Clear cell papillary tumor NA – 19 Yes No
15 Clear cell RCC 2 pT1a 25 No No
16R Clear cell RCC 1 pT1a 45 No Yes
16L Clear cell RCC 2 pT1a 19 No Yes
17 Clear cell RCC 2 pT1a ND No Yes
18 Papillary RCC 2 pT1a ND Yes No
19 ACKD RCC NA pT1bN1 60 No Yes
20 Clear cell RCC 3 pT1b 52 No No
21 Clear cell papillary tumor NA – 25 No No
22 ACKD RCC NA pT1a 47 Yes Yes
23 Clear cell RCC 2 pT1a 30 No No
24 ACKD RCC NA pT1b 41 Yes Yes
25 Papillary RCC 3 pT1b 44 No No
26R Eosinophilic solid and cystic RCC NA pT1a 20 No No
26L Papillary RCC 3 pT1a 38 No No
27 Eosinophilic solid and cystic RCC NA pT1a 32 No No
28 Clear cell RCC 2 pT1a 24 No No
29 Clear cell papillary tumor NA – 23 Yes No
30 Clear cell papillary tumor NA – 11 No No
31 Clear cell RCC 1 pT1a 19 Yes No

By definition, the clear cell papillary tumor is in pT1 stage. RCC, renal cell carcinoma; ACKD, acquired cystic
kidney disease; L, left; R, right; NA, not applicable; ND, no data. aGrade was defined by the World Health
Organization and International Society of Urological Pathology Criteria Stage. bThe removal of the regional
lymph nodes was performed solely for patient 19.
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Discussion

In the present study, we examined the clinicopatholog-
ical features of RCCs in ESRD. The incidence of ESRD is
increasing, due to the high number of patients with hyper-
tension and diabetes [18]. In our data set, hypertensive
kidney disease and autosomal dominant polycystic kidney
disease were the most common causes of ESRD. It is a fact
that ESRD significantly elevates the risk for RCC [19], and
this risk increases proportionally with the period of being
on dialysis [20]. Altogether, in the native population, RCC
develops when the patients are in their early sixties, yet
RCCs in ESRD patients occur earlier [21]. According to our
experience, ESRD RCCs were noticed 4–6 years before
RCCs in healthy individuals. All RCC subtypes have been
reported in ESRD kidneys, and in contrast to the non-
ESRD population, papillary RCC, CCPT, and ACKD RCC
are the most frequently seen tumors [11, 22].

ACKD is one of the adverse effects of dialysis and
develops in 40–90% of patients [23]. It must be emphasized
that ACKD RCC never develops without the presence of

cysts in the surrounding kidney parenchyma, and it is the
most common subset in ESRD patients with ACKD [10].
Despite this, our cohort had a slightly different composi-
tion. ACKD was present in 12 tumors, and in most cases,
clear cell RCC was the final diagnosis. Literature data are
limited on the RCC subsets in ACKD patients, different
from ACKD RCC.

It has been proven that the population’s genetic features
influence the RCC subtype. Papillary RCC is more frequent
in black individuals, while clear cell RCC is more common
in Caucasians [24, 25]. It has to be noted that our tumor set
is smaller than in those fundamental papers that defined
ACKDRCC. Still, this alteration is considered a result of the
different genetic backgrounds of the investigated patients. In
84% of the patients, the clear cell RCC was organ-confined,
and the majority of the tumors belonged to the low-grade
group by the WHO/ISUP grading system. In the native
population, approximately 30% and 40% of the tumors are
high grade and already left the renal parenchyma at the time
of the diagnosis, respectively [26]. The lack of adverse
prognostic factors can explain the excellent outcome of

200 μm

50 μm200 μm

a

b c

Fig. 2. Clear cell papillary tumor. a Ac-
cording to our experience, tumors were
composed of clear cytoplasm tumor cells
forming primarily atypical glands, and
papillary architecture was a minor com-
ponent. The cytological and nuclear atypia
was mild, and a linear arrangement of the
nuclei away from the basement mem-
brane was present (insert picture).
b The cytokeratin 7 immunohistochem-
istry labeled the tumor cells diffusely and
strongly. c The carbonic anhydrase 9
stains were less intense and had a char-
acteristic cup-shaped positivity.
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the clear cell RCC patients in our study, since progression
was registered solely in 1 patient. In addition, at the end of
the registration of follow-up data, no cancer-specific death
occurred. It must be stated that these patients are under
strict surveillance to monitor their kidneys’ status or screen
them for kidney transplantation. This close follow-up re-
sults in earlier tumor discovery and better outcome.

Concerning ESRD (including ACKD), any RCC may
arise in these kidneys; however, tumors with a papillary
architecture have an increased prevalence [27]. These
RCC subtypes include the aforementioned ACKD
RCC, papillary RCC, and CCPT. The latter was described
as a renal angio-adenomyomatous tumor [28], then later
designated as clear cell papillary carcinoma [29]. The
2022 WHO classification retitled it again as CCPT and
considered it a renal tumor with an indolent clinical
course [15]. CCPT was initially observed in ESRD

patients, but later turned out to be able to evolve from
native kidneys, as well [30, 31]. In our cohort, its fre-
quency was only 14%, which is significantly lower than
those reported by others [32]. Although CCPT is built up
by clear cytoplasm tumor cells and expresses CA9, it lacks
any chromosome 3-related alterations, including VHL
mutation, hypermethylation, and deletion [33]. In 2 cases,
genetic data supported this observation. In all patients,
CCPT followed an indolent clinical course.

ACKD RCC is another subtype with a papillary growing
pattern [34]. This tumor is extensively studied and consid-
ered the most frequent RCC subset in ACKD kidneys;
therefore, it serves as a main differential diagnostic challenge
in patients with a clinically diagnosed renal tumor and
ACKD [11, 21, 35]. Our cohort only included 3 ACKD
RCC cases, and all of these were kidney-confined tumors,
although one of these had a regional lymph node metastasis

50 μm

500 μm

cm 1 2 3 4 5a

b

Fig. 3. Acquired cystic kidney disease-
associated renal cell carcinoma. a Grossly,
the tumor was well defined and had a
brownish cut surface. Surrounding kidney
parenchyma contained a great number of
smaller and larger cysts along with two
papillary adenomas (asterisk). bHistolog-
ically, the tumors had a diverse growing
pattern with papillary architecture and a
sieve-like appearance. The tumor cells had
eosinophilic cytoplasm, large nuclei, and
prominent nucleoli. Also, among the tu-
mor cells, numerous calcium oxalate crys-
tals were present (inset picture).
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at the time of the nephrectomy. Intriguingly, in the same
patient’s kidney, a marginal zone lymphoma was identified
as well, and the patient died due to the complications of this
disease. Generally speaking, the outcome for ACKD RCC is
difficult to predict [36]. In the fundamental paper of Tickoo

et al. [11], there was 1 patient with cancer-specific death, and
another 2 with spread to the regional lymph nodes. In the
study of Przybycin et al. [12], 4 patients were found with
adverse events, and 1 of them died from the consequences of
the tumor. In terms of genetics, frequent gains of

20 mm

*

a

b c

ed f50 μm

200 μm

50 μm 50 μm

Fig. 4. Eosinophilic solid and cystic renal
cell carcinoma. a Macroscopically, these
tumors had a light-brown color with
cystic and solid areas (asterisk). b Histo-
logically, eosinophilic tumor cells were
observed with the aforementioned cystic
and solid growth pattern. c The cytoplasm
of the tumor cells contained coarse baso-
philic inclusions (arrows). d, e These tu-
mors lacked cytokeratin 7 and CD117
expression. The red arrow indicates a
mast cell as a positive control for
CD117 stain. f Characteristically, the tu-
mors were positive with cytokeratin 20.

Table 3. Frequencies of RCCs in ESRD
and non-ESRD patients Histological subtype ESRD (n = 34) (%) Non-ESRD (n = 2,407) (%)

Clear cell RCC 19 (55.9) 1,870 (77.7)
Papillary RCC 5 (14.7) 199 (8.3)
Clear cell papillary tumor 5 (14.7) 22 (0.9)
Eosinophilic solid and cystic RCC 2 (6.5) 6 (0.3)
ACKD RCC 3 (8.8) –

The non-ESRD group contains 310 other RCC subtypes, but those were not seen
among the ESRD patients. ESRD, end-stage renal disease; RCC, renal cell carcinoma;
ACKD, acquired cystic kidney disease.
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chromosomes 3, 7, 16, and 17 were observed in ACKDRCC,
suggesting a relationship between papillary RCC and ACKD
RCC [37]. Inoue et al. [38] used array comparative genomic
hybridization and found 2 clusters of tumors in ESRD
kidneys. One was composed of mainly clear cell RCC, while
the other encompassed the RCCswith papillarymorphology.

Lastly, ESC RCC was encountered in two cases, that is, a
newly recognized entity [15, 39, 40]. ESC RCC may occur
either sporadically or be associated with tuberous sclerosis
[41]. Our ESC RCCs were sporadic but developed in
association with ESRD. Previously, Lerma et al. [42] ob-
served such clinical scenario in their tumor set. We are
aware that we had low number of cases, but in our set, 25%
of all ESC RCCs appeared in ESRD patients. CK20 pos-
itivity is practically seen only in ESC RCC among the RCC
subsets, and these tumors harbor mutations of the mTOR
pathway [43, 44]. Both of our cases had a patchy CK20
expression, and importantly, they lacked any positivity with
CK7 and CD117. Those markers are observed in the well-
known eosinophilic tumors of oncocytoma and chromo-
phobe RCC. Also, CK7 and CD117 expressions have a
decisive role in diagnosing emerging/provisional entities of
eosinophilic vacuolated tumor and low-grade oncocytic
tumor of the kidney [45, 46]. In addition, genetic analysis
can be particularly useful for the further classification of
renal tumors. For one of our ESC RCC cases, a whole
exome sequencing was carried out as part of a different
study, and pathogenic TSC2 mutation was described. The
patient had no other tumors nor a family history of
tuberous sclerosis; therefore, no germline testing was or-
dered. The clinical course was indolent in these two cases,
but in progressive cases, mTOR targeting agents might
have a positive therapeutic effect [47].

To conclude, the clinicopathological features of 34
RCCs developed in ESRD patients were examined. Our
observations aligned with the earlier findings, although
some discrepancies were also noticed. First of all, among
ACKD patients, clear cell RCC was the most common
subtype. Second, our database included a relatively low
number of CCPT and ACKD RCC cases. Third, we
observed ESC RCCs in ESRD patients, and ours is the
second paper with this phenomenon. Lastly, the outcome
of tumors was excellent since there was no cancer-specific
death, and progression was registered in only a single
case. This fine clinical course might be the consequence of
the early discovery and surgical treatment.
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