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The disease entity of acquired cystic disease (ACD)-associated renal cell carcinoma 
(RCC) has been recently incorporated into the international renal tumor classification. 
However, there are a  few descriptions on clinicopathologic features. We performed 
a clinicopathologic study of seven cases with ACD-RCC. All tumors were incidentally 
found. Histologically, the tumor consisted of microcystic or cribriform pattern of neo-
plastic cells with deeply eosinophilic to oncocytic cytoplasm in the stroma of oxalate 
crystal deposition. Three cases contained the area of sarcomatoid transformation, of 
which one case also demonstrated rhabdoid phenotype foci. Six among seven patients 
had a hemodialysis history of more than 10 years and two patients showing the dedif-
ferentiation had a hemodialysis history of more than 20 years. The follow-up duration 
ranged from 18 to 107 months with a mean of 59.1 months. Regarding the outcome, 
four patients were alive without disease. One patient was alive with metastasis 10 
months after the operation. No patient died of disease. Finally, ACD-RCC generally 
pursues a  favorable clinical course, but tumors with a hemodialysis history of more 
than 20 years may cause the dedifferentiation such as sarcomatoid change or rhabdoid 
features and this phenomenon may lead to worse clinical outcome. 
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Introduction

The disease entity of acquired cystic kidney-asso-
ciated renal cell carcinoma （ACD-RCC） has been 
recently established [1, 2, 3, 4, 5, 6, 7] and incorpo-
rated into the recent International Society of Urolog-
ic Pathology and World Health Organization Classi-
fication [8, 9]. However, there are a few descriptions 
on the clinical outcome of ACD-RCC [3, 10]. In this 
article, we examined the clinicopathologic study of 
seven cases with ACD-RCC.

Material and methods

During April 2005 and December 2016, seven cas-
es with ACD-RCC have been selected for this study. 

Three cases have been previously reported [11, 12, 
13]. Clinical finding (sex, age, symptoms, hemodial-
ysis duration and stage) macroscopic findings (tumor 
size, color, necrosis and hemorrhage), microscopic 
findings (multiplicity, sarcomatoid change, rhab-
doid phenotype, Fuhrman Grade, and other lesions) 
and therapy/outcome (surgery, adjuvant therapy, 
follow-up duration and clinical outcome) were ret-
rospectively evaluated for each case. The disease-free 
survival of ACD-RCC was compared with that of 
clear cell RCC (24 cases) or chromophobe RCC (7 
cases), using Kaplan-Meier method and the long-
rank test. All p values were two sided and a p < 0.05 
was considered to be significant. This study (no. 151) 
was approved by the ethical committee of Kochi Red 
Cross Hospital. For the immunohistochemistry, tissue 

sections were cut and stained with Ventana Bench-
mark Ultra autostainer (Ventana Medical Systems, 
Tucson, AZ). Primary antibodies against cytokeratin  
7 (OV-TL 12/30, 1 : 800, DAKO, Glostrup, Den-
mark and AMACR(P504S) (13H4, 1 : 100, DAKO, 
Glostrup, Denmark) were employed in the present 
study. Fluorescence in situ hybridization (FISH) for 
p16 was performed in one tumor using Vysis CDK-
N2A/CEP probe kit (Abott Molecular, Wiesbaden, 
Germany). Pretreatment using VP-2000 Processor 
(Abott Molecular, Tokyo, Japan) was performed ac-
cording to the manufacturer’s protocol and hybrid-
ization was carried out using the ThermoBrite (Abott 
Molecular, Tokyo, Japan).

Results

Clinical features

Clinical characteristics are summarized in Table 
I. The patients consisted of five men and two wom-
en. The age of patients ranged from 38 to 78 years 
with a mean age of 52.9 years. No patient presented 
any symptoms such as hematuria, abdominal pain 
or mass and all tumors were incidentally found in 
the periodical imaging analysis on the follow-up of 
hemodialysis. The duration of hemodialysis ranged 
from 4 to 26 years with a mean of 15.7 years. The 
TNM stage was composed of five cases in stage I, one 

in stage III and one in stage IV. The cause of chronic 
renal failure was hypertension in three cases, and dia-
betes mellitus in one case. The cause of the remaining 
cases was uncertain. 

Pathological findings

Macroscopic findings

Macroscopic features are summarized in Table II. 
The size of tumors ranged from 2.2 to 8.5 cm with 
a mean size of 5.0 cm. The cut surface of the tumor 
showed light brown in three cases (Fig. 1), brown in 
two cases, red brown in one case and yellow color in 
one case. Hemorrhage and necrosis were identified in 
three and two tumors, respectively. 

Microscopic findings

Microscopic features are summarized in Table III. 
In all cases, the tumor histologically consisted of mi-
crocystic (Fig. 2A) or cribriform pattern of neoplastic 
cells with deeply eosinophilic to oncocytic cytoplasm 
on the background of oxalate crystal deposition (Fig. 
2B). Three cases contained the area of sarcomatoid 
transformation (Fig. 2C) and one case demonstrated 
rhabdoid phenotype foci（Fig. 2D). Atypical cysts 
consisting of stratified atypical cells with eosinophil-
ic cytoplasm and papillary adenoma were observed 

Table I. Clinical summary of ACD-RCC

Case Age Sex Symptoms HD duration Stage

1 38 M incidentally found 17 years I

2 78 F incidentally found 14 years I

3 66 M incidentally found 12 years I

4 72 M incidentally found 20 years III

5 47 M incidentally found 17 years I

6 56 F incidentally found 26 years IV

7 63 M incidentally found 4 years I
M – male; F – female; HD – hemodialysis 

Table II. Macroscopic findings of ACD-RCC

Case Tumor size Color Hemorrhage Necrosis

1 3.2 cm light brown + –

2 3.5 cm light brown – –

3 2.2 cm brown – –

4 7.5 cm red brown + +

5 5.3 cm light brown + –

6 8.5 cm yellow – +

7 5.0 cm brown – –
+, present; –, absent
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in two cases. Necrosis and lymphovascular invasion 
were observed in four cases and one case, respectively. 
Pseudocapusular formation and intrarenal metastasis 
were absent in all cases. In non-neoplastic area, thy-
roid-like appearance associated with chronic pyelone-
phritis was observed in all cases. 

Immunohistochemical results

In five cases, immunohistochemistry was per-
formed. Neoplastic cells in all cases were diffusely 
positive for AMACR, but negative for cytokeratin 7.

Prognosis

Therapy, follow-up duration and clinical outcome 
are summarized in Table IV. All tumors were resect-
ed by radical nephrectomy. Adjuvant therapy was 
performed in one patient (Case 6). The follow-up 
was available with five patients. The follow-up dura-
tion ranged from 18 to 107 months with a mean of 
59.1 months. Regarding the outcome, four patients 
(Cases 3, 4, 5, 7) were alive without disease and one 

patient (Case 6) presented with metastasis to rib, 
lung at the operating time and underwent interfer-
on therapy postoperatively. Subsequently, she devel-
oped the metastasis to para-aortic lymph nodes and 
received VEGF/PDGF inhibitor (sorafenib). She was 
alive with disease at 18 months after the operation. 
No patient died of the disease. Compared with dis-
ease-free survival of clear cell RCC or chromophobe 
RCC, there was statistically no difference between 
that of ACD-RCC (Fig. 3). 

FISH findings

Two-hundreds thirty-seven neoplastic cells of one 
tumor (Case 6) were counted and p16 loss was ob-
served in 24.2% of all tumor cells (Fig. 4). 

Discussion

Based on the present study, tumors with ACD-
RCC tend to be incidentally discovered during the 
periodical follow-up. Therefore, the periodical exam-
ination of bilateral kidneys with ACD seems to be 
very important to find the early renal tumors. We 
recommend the computed tomography scan exam-
ination once per a year. 

On gross examination, tumors are generally well 
circumscribed and show the brown, red brown to 
light brown color on the cut surface. Hemorrhage or 
necrosis may be occasionally observed. Histologically, 
as observed in the present study, the tumor is char-
acterized by microcystic or cribriform growth pattern 
of deeply eosinophilic to oncocytic cells and Fuhrman 
Grade 2 to 3 and oxalate crystal deposition in the 
stroma [3, 4, 5, 6, 7, 8, 9]. Papillary growth, clear cell 
change or foamy cell change may be noted. In some 
cases, ACD-RCC may be identified multiply and this 
phenomenon was also observed in the present study 
[3]. Additionally, other lesions such as clear cell RCC, 
papillary RCC, papillary adenoma, or atypical cysts 
may be often associated, as observed in the present 
study. We suggest that atypical cysts may be precur-

Fig. 1. Macroscopic findings. The background kidney 
demonstrates multicystic pattern, namely acquired cystic 
disease. On the cut surface, the tumor is well circumscribed 
and shows light brown color

Table III. Microscopic findings of ACD-RCC

Case ACD-RCC
Multiplicity

Sarcomatoid 
change

Rhabdoid pheno-
type

Fuhrman Grade Other lesions

1 – – – 2 –

2 – +, 10% – 4 –

3 – – – 2 CCP-RCC, ACs

4 + – – 3 CRCC, PRCC

5 – +, 1% – 4 –

6 + +, 90% +,1% 4 PA, ACs

7 – – – 3 PA
+, present; –, absent; CRCC – clear cell renal cell carcinoma; PRCC – papillary renal cell carcinoma; CCP-RCC – clear cell papillary renal cell carcinoma, PA – 
papillary adenoma; AC – atypical cysts 

sor lesions of ACD-RCC. It is well known that the 
frequency of ACD-RCC is positively associated with 
hemodialysis duration of more than 10 years [10, 14, 
15]. Sarcomatoid change was demonstrated in three 
cases of the present study [11, 13]. This transforma-
tion may be related to the long-term, more than 20 
years, hemodialysis, as Sassa et al. suugested [10]. In 

the present study, two cases of Stage III or IV had 
a hemodialysis history of more than 20 years. There-
fore, our result supports Sassa’s hypothesis. Howev-
er, rhabdoid change seems to be rare in ACD kidney 
[13]. Regarding the therapy of ACD-RCC, radical 
nephrectomy is the standard therapy. However, par-
tial resection may be one option in some feasible cas-

Fig. 2. Microscopic findings. A) Neoplastic cells with deeply eosinophilic to oncocytic cytoplasm proliferate with micro-
cystic or cribriform pattern. B) Oxalate crystals deposit in the tumorous stroma. C) Sarcomatoid change. Spindle neo-
plastic cells with marked cytologic atypia proliferate. D) Rhabdoid features. Tumor cells show the abundant eosinophilic 
cytoplasm with eccentric nuclei

Table IV. Therapy, follow-up duration and outcome of ACD-RCC

Case Surgery Adjuvant therapy Follow-up duration Outcome

1 RN NA lost –

2 RN NA lost –

3 RN NP 51 months AWOD

4 RN NP 69 months AWOD

5 RN NP 107 months AWOD

6 RN IFN, VEGF/PDGF-I 18 months AWD

7 RN NP 63 months AWOD
RN – radical nephrectomy, NA – not available; NP – not performed; IFN – interferon; VEGF/PDGF-I, vascular endothelial growth factor/platelet-derived growth 
factor-inhibitor; AWOD – alive without disease; AWD – alive with disease

A B

C D
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es. We speculate that VEGF/PDGF inhibitor may be 
one option for advanced stage tumors. There is no 
report on molecular targeted therapy of ACD-RCC 
because of the scarce cases with advanced stage. Im-
munohistochemically, neoplastic cells of ACD-RCC 
generally show positivity for AMACR and negativ-
ity for cytokeratin 7 [16]. Napsin A may express in 
this subtype [17]. Cytogenetic study of ACD-RCC 
frequently showed the numerical abnormalities of 
chromosomes 3 and 16 with gains of chromosomes 
7 and 17 [18, 19, 20, 21, 22]. We have suggested 
that loss of chromosome 9 or 14 may be related to 
the dedifferentiation of ACD-RCC such as sarcoma-
toid change or rhabdoid morphology [11, 13]. Taji-
ma et al. have suggested that pronounced polysomy of 
chromsomes 3 and 16 or p53 mutation may be associ-
ated with sarcomatoid change [22]. The prognosis of 
ACD-RCC seems to generally be favorable unless the 
proportion of dedifferentiation is predominant. Some 
investigations have suggested that loss of CDKNA2/
p16 gene at chromosome 9p21 may be related to ag-
gressive behavior in clear cell RCC [23, 24]. However, 
the abnormality of CDKN2A/p16 gene seems to be 
not involved in the pathogenesis of metanephric ad-
enoma [25]. In this study, we suggest that the loss of 
CDKN2A/p16 gene may be involved in the pathogen-
esis of ACD-RCC. Further examination in a large scale 
study will be required in order to elucidate the role of 
CDKN2A/p16 gene in ACD-RCC. 

In conclusion, most cases of ACD-RCC is inci-
dentally found in the periodical follow-up imaging. 

ACD-RCC frequently occurs in patients having 
a  long-term hemodialysis history of more than 20 
years. The further long-term hemodialysis history of 
more than 20 years can lead to the dedifferentiation 
such as sarcomatoid change or rhabdoid phenotype. 
CDKN2A/p16 gene may be involved in the patho-
genesis of ACD-RCC.

The authors declare no conflict of interest.

References
1.	 Rioux-Leclercq NC, Epstein JI. Renal cell carcinoma with in-

tratumoral calcium oxalate crystal deposition in patients with 
acquired cystic disease of the kidney. Arch Pathol Lab Med 
2003; 127: e89-e92.

2.	 Sule N, Yakupoglu U, Shen SS, et al. Calcium oxalate depo-
sition in renal cell carcinoma associated with acquired cystic 
kidney disease. Am J Surg Pathol 2005; 29: 442-451.

3.	 Tickoo SK, dePeralta-Venturina MN, Harik LR, et al. Spec-
trum of epithelial neoplasms in end-stage renal disease. An 
experience from 66 tumor-bearing kidneys with emphasis on 
histologic patterns distinct from those in sporadic adult renal 
neoplasia. Am J Surg Pathol 2006; 30: 141-153.

4.	 Kuroda N, Ohe C, Mikami S, et al. Review of acquired cystic 
disease-associated renal cell carcinoma with focus on patho-
biological aspects. Histol Histopathol 2011; 26: 1215-1218.

5.	 Kuroda N, Tanaka A. Recent classification of renal epithelial 
tumors. Med Mol Morphol 2014; 47: 68-75.

6.	 Nagashima Y, Kuroda N, Yao M. Transition of organizational 
category on renal cancer. Jpn J Clin Oncol 2013; 43: 233-242. 

7.	 Kuroda N, Hes O, Zhou M. New and emerging tumour enti-
ties. Diagn Histopathol 2016; 22: 2. 

8.	 Srigley JR, Delahunt B, Eble JN, et al.; The ISUP Renal Tu-
mor Panel. The International Society of Urological Pathology 
(ISUP) Vancouver Classification of renal neoplasia. Am J Surg 
Pathol 2013; 37: 1469-1489. 

9.	 Tickoo SK, Kuroda N. Acquired cystic disease-associated re-
nal cell carcinoma. World Health Organization Classification 
of Tumours of the Urinary System and Male Genital Organs. 
IRAC press, Lyon 2016, p39.

10.	Sassa N, Hattori R, Tsuzuki T, et al. Renal cell carcinomas in 
haemodialysis patients: does haemodialysis duration influence 

Fig. 4. Fluorescence in situ hybridization findings. The loss 
(arrows) of CKDN2A/p16 gene is observed

Fig. 3. The comparison of disease-free survival of ACD-
RCC and chromophobe RCC. There is no significant differ-
ence in survival rate between two tumors

1.0

0.8

0.6

0.4

0.2

0.0
0	 20	 40	 60	 80	 100	 120

p = 0.49

ACD Chromophobe

pathological cell types and prognosis? Nephrol Dia Transplant 
2011; 26: 1677-1682.

11.	Kuroda N, Tamura M, Taguchi T, et al. Sarcomatoid acquired 
cystic disease-associated renal cell carcinoma. Histol Histo-
pathol 2008; 23: 1327-1331.

12.	Kuroda N, Shiotsu T, Hes O, et al. Acquired cystic disease-as-
sociated renal cell carcinoma with gain of chromosomes 3, 7, 
and 16, gain of chromosome X, and loss of chromosome Y. 
Med Mol Morphol 2010; 43: 231-234.

13.	Kuroda N, Tamura M, Hamaguchi N, et al. Acquired cys-
tic disease-associated renal cell carcinoma with sarcomatoid 
change and rhabdoid features. Ann Diagn Pathol 2011; 15: 
462-466.

14.	Enoki Y, Katoh G, Okabe H, Yanagisawa A. Clinicopatholog-
ical features and CD57 expression in renal cell carcinoma in 
acquired cystic disease of the kidneys: with special emphasis 
on a  relation to the duration of hemodialysis, the degree of 
calcium oxalate deposition, histological type, and possible tu-
morigenesis. Histopathology 2010; 56: 384-394.

15.	Nouh MA, Kuroda N, Yamashita M, et al. Renal cell carci-
noma in patients with end-stage renal disease: relationship 
between histological type and duration of dialysis. BJU Int 
2010; 105: 620-627.

16.	Kuroda N, Tanaka A, Ohe C, Nagashima Y. Recent advances 
of immunohistochemistry for diagnosis of renal tumors. Pathol 
Int 2013; 63: 381-390.

17.	Zhu B, Rohan SM, Lin X. Immunoexpression of napsin A in 
renal neoplasms. Diagn Pathol 2015; 10: 4. 

18.	Pan CC, Chen YJ, Chang LC, et al. Immunohistochemical and 
molecular genetic profiling of acquired cystic disease-associat-
ed renal cell carcinoma. Histopathology 2009; 55: 145-153. 

19.	Kuntz E, Yusenko MV, Nagy A, Kovacs G. Oligoarray com-
parative genomic hybridization of renal cell tumors that de-
veloped in patients with acquired cystic renal disease. Hum 
Pathol 2010; 41: 1345-1349.

20.	Inoue T, Matsuura K, Yoshimoto T, et al. Genomic profiling of 
renal cell carcinoma in patients with end-stage renal disease. 
Cancer Sci 2010; 103: 569-576.

21.	Kuroda N, Yamashita M, Kakehi Y, et al. Acquired cystic dis-
ease-associated renal cell carcinoma: an immunohistochemical 
and fluorescence in situ hybridization study. Med Mol Morphol 
2011; 44: 228-232.

22.	Tajima S, Waki M, Doi W, et al. Acquired cystic disease-asoci-
ated renal cell carcinoma with a focal sarcomatoid component: 
Report of a case showing more pronounced polysomy of chro-
mosomes 3 and 16 in the sarcomatoid component. Pathol Int 
2015; 65: 89-94.

23.	El-Mokadem I, Lim A, Kidd T, et al. Microsatellite alteration 
and immunohistochemical expression profile of chromosome 
9p21 in patients with sporadic renal cell carcinoma following 
surgical resection. BMC Cancer 2016; 15.

24.	El-Mokadem I, Kidd T, Pratt N, Fleming S, Nabi G. Tumor 
suppressor gene (CDKN2A) status on chromosome 9p in re-
sected renal tissue improves prognosis of localized kidney can-
cer. Oncotarget 2016; 7: 73045-73054.

25.	Sun Z, Kan S, Zhang L,  et al. Immunohistochemical pheno-
type and molecular pathological characteristics of metanephric 
adenoma. Int J Clin Exp Pathol 2015; 8: 6031-6036.

Address for correspondence
Naoto Kuroda
Department of Diagnostic Pathology
Kochi Red Cross Hospital,
Shin-honmachi 2-13-51,
Kochi City, Kochi 780-8562, Japan
e-mail: kurochankochi@yahoo.co.jp


