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Abstract

Objectives: The relationship between autosomal dominant polycystic kidney disease (ADPKD) and
renal cell carcinoma (RCC) is investigated to determine a link that would guide management due
to elevated RCC risk. Current literature is inconclusive on this topic. Methods: This study is a re-
trospective chart review of patients having undergone nephrectomy. Those with pathology and
history consistent with ADPKD were reviewed for presence of RCC. Results: The review at this in-
stitution revealed RCC in 18% of ADPKD patients who underwent nephrectomy. These rates are
significantly higher than those found in the general population, and even greater than those would
be expected in patients suffering end-stage renal disease (ESRD). Conclusions: Due to the in-
creased prevalence of RCC in ADPKD, clinicians managing patients with ADPKD should maintain a
high index of suspicion. Our data suggest a link between ADPKD and RCC, most likely at the genetic
level. In light of this, we feel that further genetic research is needed to potentially discover the link
between these two disease processes.
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1. Introduction
Autosomal dominant polycystic kidney disease (ADPKD) is the most common inherited renal cystic disease
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affecting up to 1:400 people [1]. Approximately 5% of people in the United States with end stage renal disease
requiring renal replacement therapy (RRT) can be attributed to an underlying pathology of ADPKD [2] [3].
Renal cell cancer (RCC), on the other hand, is a fairly rare disorder affecting only 10 - 20 per 100,000 [4]. The
connection between these two diseases has been postulated, but currently, ADPKD is not held to be a risk factor
for the development of RCC. This may be secondary to the limited number of cases, as well as confounding
factors. It has been shown, however, that those with ADPKD develop RCC earlier than the general population
and that many signaling proteins implicated in cancer are upregulated in individuals with ADPKD [5] [6]. Our
institution reported the prevalence of RCC in nephrectomy specimens of ADPKD patients up to the year 2010
[7]. The goal of this study is to update the data and to review the current literature regarding this clinical entity.

2. Methods

After obtaining IRB approval (approval # L15-021), all nephrectomies performed in our institution from May
2010 to October 2014 were reviewed yielding 229 cases. World Health Organization criteria were used for clas-
sification of all cases [8]. Those cases with pathology and history consistent with ADPKD were included while
those with renal cystic disease from all other causes were excluded. A total of 16 cases met the qualifications for
ADPKD [9]. Pathology for these cases was reviewed for the presence of RCC.

Pubmed was systematically reviewed using “renal cell carcinoma” and “autosomal polycystic kidney disease”
as keywords and subsequent survey for case reports and case series, yielding 42 papers published within the last
10 years regarding the incidence of RCC in ADPKD patients (see Table 3 summarizing these papers). The vast
majority of these papers state that there is no generally accepted association between ADPKD and RCC, but
most do not refute the possibility due to lack of statistically significant numbers of patients in trials.

3. Results

16 cases of ADPKD were identified between May 2010 and October 2014 (Table 1). Of these cases there were
2 out of 16 pathology reports that revealed the presence of RCC (13%). The median age was 54 years. Of the 2
patients identified with RCC, one had a 10-year history of RRR, while the other had a 1-year history of RRT.
The RCC subtypes identified were clear cell and mixed (clear cell, papillary, sarcomatoid).

In a prior ADPKD study from our institution by Lane et al., 2 cases of RCC were found out of 6 cases of
nephrectomy (Table 2) [7]. Combining their data with the current study gives a total of 4 cases of RCC among
22 nephrectomies (18%) from 2007 until 2014 at our institution.

Figure 1 illustrates a representative histological example of an ADPKD kidney specimen showing features of
cysts and dysplastic ducts (Figure 1(a)), as well as harboring an area of renal cell carcinoma within the paren-
chyma of the same kidney (Figure 1(b)).

4. Discussion

A possible association between RCC and ADPKD was first suspected and described by Walters and Brasch in
1934 [10]. Their findings were initially considered to be coincidental, but over 60 case reports and case series
have supported their hypothesis [6] [11]-[13]. The results from our institution’s case series endorse the same id-
eation. Despite this, some clinicians have continued to dispute any association between these two disease
processes. Even in the recent literature, there is still no consensus regarding ADPKD and the associated risk for
RCC [6] [11] [14]-[17].

When considering autopsies of deceased ADPKD patients, RCC is not listed under the most common causes
of mortality [17]. Therefore, many clinicians believe that the issue of RCC in ADPKD patients is not relevant. In
addition, the presence of RCC in the specimen is easily missed. The RCC tumor clusters can be small and easily
“overlooked”, particularly if the pathologist is not suspicious of these lesions [6] [18]. In contrast to sporadic
RCC, the diagnosis of RCC in ADPKD kidneys can only be made in surgical specimens. Imaging studies fail to
confirm or rule out RCC, making this a more difficult diagnosis in these patients. Thus, the true prevalence and
incidence in ADPKD patients cannot be determined. This may explain why some studies do not demonstrate any
significant statistical support for the association of ADPKD and RCC.

Regardless which side of the discussion is favored, nearly all agree that the sample size is too small. There
simply are not enough cases to statistically support either argument [6] [11] [18] [19]. This case series is intended
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Table 1. Summary of clinical data and histopathological features of the patients who underwent unilateral or bilateral neph-
rectomy due to ADPKD from the years 2010 until 2014.

Sex .  Ethnicity vearof  'Ndication for nephrectomy  Time on RRT' RCC? RCCH Tumor
Age M/E H E:)aacr;(lc: =20'o%2:ti ; 1 Nephrectomy SSIfJTi; r%1,acslsalzm?lj|cgttlrt])enrs:=42 prior to(nephrectomy No =: 0 features Size
) , years) Yes=1 (cm) L/R

59 M 1 7/2010 2 0 0

57 F 3 7/2010 2 5 0

53 F 1 8/2010 4 0 0

68 M 1 2/2011 2 45 0

Mixed (clear
58 F 1 2/2011 3,4-retroperitoneal bleed 10 1 cell, papillary, (6)L
sarcomatoid)

61 M 1 5/2011 2 0 0

57 M 1 5/2012 A-infections 0 1 :gz'r:?r% 0.4) L
58 F 1 6/2012 3 0 0

57 M 0 6/2013 4-recurrent hematoma 7 0

57 M 1 7/2013 1 25 0

58 F 1 12/2013 1 0 1 ;32::(')% 0.3) L
67 F 3 1/2014 1,23 0 0

43 F 0 2/2014 1 6 0

45 M 1 5/2014 1 1 0

4 M 1 8/2014 1 1 1 Clear Cell B)R
52 M 1 8/2014 1 0.25 0

Renal Replacement Therapy, *Renal Cell Carcinoma.

Table 2. Lists a previous series of ADPKD patients undergoing nephrectomy at our institution in the years 2007 through
2010. Three out of six patients had confirmed RCC. These data were published in 2011 [7].

Indication for nephrectomy Time on RRT' RCC? o .
Age Sex M/F NeYheraercgm Size = 1, Calcifications = 2 prior to nephrectomy  No=0 f;&cr:es T?CTnc))rL?g €
P y Solid mass = 3, Other = 4 (years) Yes=1
Papillary (0.4)
64 F 6/2010 1 25 1 Adenoma L/(0.4)R
59 M 5/2010 2 0 0 - -
(1.1,0.55)
57 M 5/2009 3 3 1 Clear Cell L/(02) R
41 F 11/2008 1 2 0 - -
50 F 6/2007 1 15 0 - -
51 M 5/2007 1 . 1 Clear Cell B5R

Renal Replacement Therapy, *Renal Cell Carcinoma, "Data Not Available.
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Figure 1. (a) A representative example of a polycystic kidney composed of cysts in different sizes (hematoxylin and eosin
staining; x100); (b) Renal cell carcinoma with pleomorphic nuclei removed from a tumor nodule in the same kidney speci-
men as shown in Figure 1(a) (hematoxylin and eosin staining; x400).

to expand the pool of data, so that sufficient numbers will be available to complete epidemiologic studies on this
phenomenon in the future.

According to the National Cancer Institute SEER program, the incidence of sporadic RCC is estimated to be
21.02 per 100,000 in men and 10.4 per 100,000 in women [4]. Amongst these cases the most common variant of
RCC is clear cell carcinoma, accounting for nearly 80%. This is followed by papillary carcinoma, which contri-
butes 15% of the RCC variants [20] [21].

Irrespective of the variant diagnosed via specimen histology, all subtypes initially originate within the renal
cortex and have common, well-established risk factors. Smoking, hypertension and obesity are considered weak
risk factors for RCC; however, ESRD is unequivocally considered a major risk factor for this malignancy. Bon-
sib et al. reported rates as high as 8% of RCC in patients with ESRD or undergoing dialysis for an average of 9
years [17].

The association of RCC and ESRD is widely accepted in the literature [6] [11] [17] [18]. The prevalence of
RCC in ESRD patients is significantly higher than the prevalence of sporadic RCC in the general population (by
a factor of 1000), and therefore, ESRD is a well-established risk factor for this malignancy. Because the majori-
ty of ADPKD patients develop ESRD requiring long-term dialysis, some clinicians assume that their ESRD sta-
tus alone is the only significant and relevant risk factor for RCC. On the contrary, numerous studies have dem-
onstrated that the rates of RCC in ADPKD patients are still higher when adjusted for time spent on dialysis and
compared with ESRD patients whose kidneys failed due to other causes than ADPKD [6] [18].

When compared to RCC, ADPKD is much more common in the general population. Genetic mutations asso-
ciated with the disease are as common as 1 per 1000, or at least one hundred times more prevalent than RCC.
There are three common mutations currently known and related to ADPKD pathogenesis: PKD1, PKD2, and
PKD3. Chromosome 16 houses the mutation in PKD1, which accounts for 85% of APKD cases. PKD2, found
on chromosome 4, is much less common [1]. According to current literature, the significance of determining the
specific mutation helps stratify the risks and prognosis of disease progression. PKD1 mutations are associated
with much earlier onset of ESRD than PKD2 [22].

While there is a much higher incidence of ESRD development in ADPKD patients, and ESRD leads to higher
RCC risk, the data obtained at our institution supports the hypothesis that ADPKD patients still demonstrate
higher rates of RCC than would be expected by ESRD alone. Furthermore, RCC in ADPKD patients develops at
much younger ages (average 47 years) and is often bilateral (29%) and multicentric (25%) [12]. These rates are
significantly higher than those found in sporadic RCC development, with 61 years being their median onset, 2%
- 6% are bilateral, and only 5% are multicentric [12] [13] [22]. These clinical features of RCC in the ADPKD
population are specific and unique, and the increased prevalence could be attributed to the associated ADPKD
genetics and pathophysiology.

The data collected at our institution and presented in this papersupport this relationship with an 18% preva-
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lence of RCC in ADPKD patients. Hajj and other clinicians described rates varying from 5% to 12% depending
on the time frame of RRT. Although these rates are high, some researchers argue that they are low estimates.
Soft tissue nodules, which may harbor RCC within the ADPKD specimen after nephrectomy, can easily be
overlooked, in particular, when the clinician does not alert the pathologist that RCC is suspected. One purpose
of this paper is to make clinicians and pathologists more attentive to this issue when submitting kidney speci-
mens of ADPKD patients.

By restricting our epidemiologic pool to patients with nephrectomy, many proponents believe that the preva-
lence of RCC in ADPKD is underreported [6] [18]. Comparing these rates to the previously mentioned 0.021%
prevalence of sporadic RCC in the population or the 4.8% prevalence of RCC in ESRD patients further supports
the hypothesis of strong association between ADPKD and RCC.

With the literature equivocal regarding an increased risk for RCC in ADPKD, there is a lack of clear guidance
regarding early nephrectomy in patients who develop new or growing soft tissue nodules within their kidneys.
Table 3 provides an overview of the body of literature published on the topic “RCC in ADPKD” [11] [12] [18]
[23]-[30]. A review of these studies shows that the majority of investigators and clinicians acknowledge a link
between ADPKD and the risk for RCC beyond the current risk associated with ESRD.

Table 3. Literature review.

Age Sex Involvement L/R RCC* pathology RRT' (years) Citation
58 M Bilateral Papillary Renal Cell Carcinoma 0 [11]
32 M Bilateral Papillary Renal Cell Carcinoma 0 [11]
45 M R Clear Cell and Papillary Renal Cell Carcinoma (17 foci) 10 [12]

’ M L Papillary Non-Invasive Urothelial Carcinoma 0 [18]
’ M L Multi-locular Cystic Renal Cell Carcinoma 5 [18]
: M Bilateral Papillary Renal Cell Carcinoma 0 [18]
: M R Papillary Renal Cell Carcinoma (2 foci) 25 [18]
’ M L Clear Cell Renal Cell Carcinoma 1 [18]
’ M L Papillary Renal Cell Carcinoma 3 [18]
’ M R Clear Cell and Papillary Renal Cell Carcinoma 3 [18]
’ M L Papillary Renal Cell Carcinoma 5 [18]
* M R Papillary Renal Cell Carcinoma (2 foci) 25 [18]
* M R Clear Cell Renal Cell Carcinoma 0 [18]
- F R Clear Cell Renal CeI_I Ca_rcinoma (1 focus), Papillary Adenoma 7 [18]
(<0.5 cm, current guidelines classified as adenoma)
* F L Papillary Adenoma (<0.5 cm, current guidelines classified as adenoma) 0 [18]
* M R Cysts with Polypous and Papillary Proliferation 0 [18]
- M R Cysts with Polypous and Papillary Proliferation 4 [18]
- F R Cysts with Polypous and Papillary Proliferation 0 [18]
: M L Papillary Renal Cell Carcinoma 0 [18]
67 F L Clear Cell Renal Cell Carcinoma 11 [23]
57 M L Papillary Renal Cell Carcinoma 7 [24]
47 M R Clear Cell Renal Cell Carcinoma : [25]
58 F R Clear Cell Renal Cell Carcinoma 0 [26]
57 M L Clear Cell Renal Cell Carcinoma 10 [27]
58 M Bilateral Papillary Renal Cell Carcinoma 19 [28]
68 F L Clear Cell Renal Cell Carcinoma 8 [29]
47 M Bilateral Renal Cell Carcinoma (unspecified) 0 [30]

Renal Replacement Therapy, *Renal Cell Carcinoma, "Data Not Available.
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According to our data, approximately 18% of these ADPKD cases harbor RCC within their kidneys. There-
fore, early nephrectomy should be seriously considered, and when possible, bilaterally in patients with nonfunc-
tioning native kidneys. These statistics again suggest a genetic link between ADPKD and RCC. This presents a
new and exciting challenge to explore the genetics of these two diseases more closely.

The main limitations of our study are related to the current diagnostic shortcomings and limited statistical data.
By relying upon histopathology reports on surgical specimens, the observed prevalence is grossly underesti-
mated and does not represent the true prevalence in all ADPKD patients. Until a less-invasive modality can
prove as accurate and even timelier, the field will continue to depend on the data of surgical candidates in
ADPKD. As with all rare diseases, time will provide additional data. The continual publishing of case reports
and series on this topic will expand the foundation of medical knowledge and we encourage others to continue
to do so. It is our hope that then physicians will be equipped with the tools and knowledge base to accurately
and effectively manage RCC in ADPKD patients.

Conflict of Interest

None of the contributing authors have any conflict of interest, including specific financial interests or relation-
ships and affiliations relevant to the subject matter or materials discussed in the manuscript.

References

[1] Torres, V.E. and Harris, P.C. (2009) Autosomal Dominant Polycystic Kidney Disease: The Last 3 Years. Kidney In-
ternational, 76, 149-168. http://dx.doi.org/10.1038/ki.2009.128

[2] Torres, V.E., Harris, P.C. and Pirson, Y. (2007) Autosomal Dominant Polycystic Kidney Disease. The Lancet, 369,
1287-1301. http://dx.doi.org/10.1016/S0140-6736(07)60601-1

[3] Harris, P.C. and Torres, V.E. (2009) Polycystic Kidney Disease. Annual Review of Medicine, 60, 321-337.
http://dx.doi.org/10.1146/annurev.med.60.101707.125712

[4] Howlader, N., Noone, A.M., Krapcho, M., et al. (2012) SEER Cancer Statistics Review, 1975-2011. National Cancer
Institute, Bethesda. http://seercancer-gov/csr/1975 2009 pops09/

[5] Tan, M., Wettersten, H.1., Chu, K., et al. (2014) Novel Inhibitors of Nuclear Transport Cause Cell Cycle Arrest and

Decrease Cyst Growth in ADPKD Associated with Decreased cdk4 Levels. The American Journal of Physiology—
Renal Physiology, 307, F1179-F1186.

[6] Hajj, P., Ferlicot, S., Massoud, W., et al. (2010) Prevalence of Renal Cell Carcinoma in Patients with Autosomal Do-
minant Polycystic Kidney Disease and Chronic Renal Failure. Urology, 74, 631-634.

[7] Lane, W., Lacefield, E., Tran, R. and de Riese, W. (2011) The Clinical Association of Autosomal Dominant Polycystic
Kidney Disease and Renal Cell Carcinoma. Open Journal of Urology, 1, 11-14.

[8] Lopez-Beltran, A., Scarpelli, M., Montironi, R. and Kirkali, Z. (2004) WHO Classification of the Renal Tumors of the
Adults. European Urology, 49, 798-805. http://dx.doi.org/10.1016/j.eururo.2005.11.035

[9] Torres, V.E., Harris, P.C. and Pirson, Y. (2007) Autosomal Dominant Polycystic Kidney Disease. The Lancet, 369,
1287-1301. http://dx.doi.org/10.1016/S0140-6736(07)60601-1

[10] Walters, W. and Braasch, W.F. (1934) Surgical Aspects of Polycystic Kidney. SurgGynecolObstet, 647-650.

[11] Konosu-Fukaya, S., Nakamura, Y., Fujishima, F., Kasajima, A., Takahashi, Y., et al. (2013) Bilateral Papillary Renal
Cell Carcinoma and Angiomyolipoma in the Patients with Autosomal Dominant Polycystic Kidney Disease: Case Re-
port of Two Cases and Literature Review. Polish Journal of Pathology, 64, 303-307.

[12] Na, K.Y., Kim, H.S., Park, Y.K., Chang, S.G. and Kim, Y.W. (2012) Multifocal Renal Cell Carcinoma of Different
Histological Subtypes in Autosomal Dominant Polycystic Kidney Disease. Korean Journal of Pathology, 46, 382-386.
http://dx.doi.org/10.4132/KoreanJPathol.2012.46.4.382

[13] Truong, L.D., Choi, Y.J., Shen, S.S., Ayala, G., Amato, R. and Krishnan, B. (2003) Renal Cystic Neoplasms and Renal
Neoplasms Associated with Cystic Renal Diseases: Pathogenetic and Molecular Links. Advances in Anatomic Pathol-
ogy, 10, 135-59.http://dx.doi.org/10.1097/00125480-200305000-00003

[14] Vogelzang, N.J. and Stadler, W.M. (1998) Kidney Cancer. Lancet, 352, 1691-1696.

[15] Keith, D.S., Torres, V.E., King, B.F., Zincki, H. and Farrow, G.M. (1994) Renal Cell Carcinoma in Autosomal Domi-
nant Polycystic Kidney Disease. Journal of the American Society of Nephrology, 4, 1661-1669.

[16] Einollahi, B. (2012) Are Acquired Cystic Kidney Disease and Autosomal Dominant Polycystic Kidney Disease Risk
Factors for Renal Cell Carcinoma in Kidney Transplant Patients? Journal of Neuropathology, 1, 65-68.



http://dx.doi.org/10.1038/ki.2009.128
http://dx.doi.org/10.1016/S0140-6736(07)60601-1
http://dx.doi.org/10.1146/annurev.med.60.101707.125712
http://seercancer-gov/csr/1975_2009_pops09/
http://dx.doi.org/10.1016/j.eururo.2005.11.035
http://dx.doi.org/10.1016/S0140-6736(07)60601-1
http://dx.doi.org/10.4132/KoreanJPathol.2012.46.4.382
http://dx.doi.org/10.1097/00125480-200305000-00003

C.C.Hansen et al.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

http://dx.doi.org/10.5812/nephropathol.7447

Bonsib, S.M. (2009) Renal Cystic Diseases and Renal Neoplasms: A Mini-Review. Clinical Journal of the American
Society of Nephrology, 4, 1998-2007. http://dx.doi.org/10.2215/CJN.02020309

Jilg, C.A., Drendel, V., Bacher, J., Pisarski, P., Neeff, H., et al. (2013) Autosomal Dominant Polycystic Kidney Dis-
ease: Prevalence of Renal Neoplasias in Surgical Kidney Specimens. Nephron Clinical Practice, 123, 13-21.
http://dx.doi.org/10.1159/000351049

Orskov, B., Sorensen, V.R., Feldt-Rasmussen, B. and Strandgaard, S. (2012) Changes in Causes of Death and Risk of
Cancer in Danish Patients with Autosomal Dominant Polycystic Kidney Disease and End-Stage Renal Disease. Neph-
rology Dialysis Transplantation, 27, 1607-1613. http://dx.doi.org/10.1093/ndt/gfr467

Kane, C.J., Mallin, K., Ritchey, J., Cooperberg, M.R. and Carroll, P.R. (2008) Renal Cell Cancerstage Migration: Ana-
lysis of the National Cancer Data Base. Cancer, 113, 78-83. http://dx.doi.org/10.1002/cncr.23518

Patard, J.J., Leray, E., Rioux-Leclercq, N., Cindolo, L., Ficarra, V., et al. (2005) Prognostic Value of Histologic Subty-
pes in Renal Cell Carcinoma: A Multicenter Experience. Journal of Clinical Oncology, 23, 2763-2771.
http://dx.doi.org/10.1200/JC0.2005.07.055

Hateboer, N., v Dijk, M.A., Bogdanova, N., Coto, E., Saggar-Malik, A.K,, et al. (1999) Comparison of Phenotypes of
Polycystic Kidney Disease Types 1 and 2. European PKD1-PKD2 Study Group. Lancet, 353, 103-107.
http://dx.doi.org/10.1016/S0140-6736(98)03495-3

Ito, K., Asano, T., Tominaga, S., Yoshii, H., Sawazaki, H. and Asano, T. (2014) Erythropoietin Production in Renal
Cell Carcinoma and Renal Cysts in Autosomal Dominant Polycystic Kidney Disease in a Chronic Dialysis Patient with
Polycythemia: A Casereport. Oncology Letters, 8, 2032-2036.

Misumi, T., Ide, K., Onoe, T., Banshodani, M., Tazawa, H., et al. (2012) Incidental Renal Cell Carcinoma Presenting
in a Renal Transplant Recipient with Autosomal Dominant Polycystic Kidney Disease: A Case Report. Journal of
Medical Case Reports, 6, 154.

Zeile, M., Andreou, D., Poellinger, A., Tunn, P.U. and Dudeck, O. (2011) Identification of the Primary Tumour with
the Help of Diffusion-Weighted MRI in a Patient with Autosomal Dominant Polycystic Kidney Disease and Metastatic
Renal Cell Carcinoma. British Journal of Radiology, 84, e142-5. http://dx.doi.org/10.1259/bjr/32867810

Chang, M.Y., Chen, Y.M., Chen, Y.C., Tian, Y.C,, Fang, J.T. and Yang, C.W. (2009) Concurrent Renal Cell Carcino-
ma and Central Nervous System Lymphoma in a Patient with Autosomal Dominant Polycystic Kidney Disease. Medi-
cal Principles and Practice, 18, 486-489. http://dx.doi.org/10.1159/000235900

Nishimura, H., Ubara, Y., Nakamura, M., Nakanishi, S., Sawa, N., et al. (2009) Renal Cell Carcinoma in Autosomal
Dominant Polycystic Kidney Disease. American Journal of Kidney Diseases, 54, 165-168.
http://dx.doi.org/10.1053/j.ajkd.2009.01.270

Chang, Y.L., Chung, H.J. and Chen, K.K. (2007) Bilateral Renal Cell Carcinoma in a Patient with Autosomal Domi-
nant Polycystic Kidney Disease. Journal of the Chinese Medical Association, 70, 403-405.
http://dx.doi.org/10.1016/S1726-4901(08)70029-7

Hama, Y., Kaji, T., Ito, K., Hayakawa, M., Tobe, M. and Kosuda, S. (2005) Erythropoietin-Producing Renal Cell Car-
cinoma Arising from Autosomal Dominant Polycystic Kidney Disease. British Journal of Radiology, 78, 269-271.
PubMed PMID: 15730996. http://dx.doi.org/10.1259/bjr/28214940

Lang, E.K. and Davis, R. (2005) Autosomal Dominant Polycystic Disease with Renal Cell Carcinoma. Journal of
Urology, 173, 987. http://dx.doi.org/10.1097/01.ju.0000153739.20733.6a



http://dx.doi.org/10.5812/nephropathol.7447
http://dx.doi.org/10.2215/CJN.02020309
http://dx.doi.org/10.1159/000351049
http://dx.doi.org/10.1093/ndt/gfr467
http://dx.doi.org/10.1002/cncr.23518
http://dx.doi.org/10.1200/JCO.2005.07.055
http://dx.doi.org/10.1016/S0140-6736(98)03495-3
http://dx.doi.org/10.1259/bjr/32867810
http://dx.doi.org/10.1159/000235900
http://dx.doi.org/10.1053/j.ajkd.2009.01.270
http://dx.doi.org/10.1016/S1726-4901(08)70029-7
http://dx.doi.org/10.1259/bjr/28214940
http://dx.doi.org/10.1097/01.ju.0000153739.20733.6a

	The Association between Autosomal Dominant Polycystic Kidney Disease and Renal Cell Carcinoma
	Abstract
	Keywords
	1. Introduction
	2. Methods
	3. Results
	4. Discussion
	Conflict of Interest
	References

