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Abstract

Background. Patients on chronic dialysis are prone
to developing acquired cystic kidney disease (ACKD),
which may lead to the development of renal cell
carcinoma (RCC). The risk factors for the develop-
ment of RCC so far have not been determined in pre-
dialysis patients with co-existent renal disease. The
aim of this study was to evaluate the clinico-
pathological features of RCC in pre-dialysis patients
with associated renal diseases or in those undergoing
chronic dialysis and renal transplantation.
Methods. We studied 32 kidneys from 31 patients
with RCC and associated renal diseases. Of those,
18 kidneys were from 17 patients not on renal
replacement therapy (RRT) when diagnosed with
RCC; 14 patients received dialysis or dialysis followed
by renal transplantation. Several clinico-pathological
features were analysed and compared between the
two groups.
Results. Overall, there was a preponderance of
males (75%); nephrosclerosis was the predominant
co-existent disease (31%). The median intervals from
renal disease to RCC in the dialysis and transplanted
groups were significantly longer than in the pre-dialysis
group (15.8±1.1 vs 2.4±0.7 years, P<0.0001). In
contrast to pre-dialysis RCC, the dialysis and trans-
plant RCC groups had greater frequency of ACKD
(100 vs 28%, P<0.0001), papillary type RCC (43 vs
11%, P<0.05) and multifocal tumours (43 vs 5%,
P<0.05). At the end of the study, 71% of dialysis and
transplanted patients and 72% of pre-dialysis patients
were alive.

Conclusions. ACKD develops in dialysis patients, as
it does in those with renal disease prior to RRT. The
duration of renal disease, rather than the dialysis
procedure itself, appears to be the main determinant
of ACKD and RCC. The RCC occurring in patients
with ACKD and prolonged RRT is more frequently
of the papillary type and multifocal than the RCC
occurring in patients with no or few acquired cysts and
a short history of renal disease. Long-term outcomes
did not differ between the two groups.

Keywords: acquired cystic kidney disease; haemodial-
ysis; nephrectomy; pre-dialysis; renal cell carcinoma;
renal transplantation

Introduction

Renal cell carcinoma (RCC) accounts for 2–3% of
all adult cancers, and has many unusual features in
its presentation, diagnosis and management [1]. The
pre-malignant lesions of RCC have not been fully
described. Acquired cystic kidney disease (ACKD) is
a well-recognized disorder associated with chronic
renal failure (CRF) and is accompanied by a high
incidence of RCC [2]. To date, the pathogeneses of
ACKD and the RCC associated with it remain undeter-
mined. Several factors are considered to contribute to
the development of ACKD and RCC in CRF patients:
ischaemia, obstruction of renal tubules due to oxalate
deposits, uraemia, dialysis-related substances, genetic
changes and growth factors [3–6]. Specific RCC
variants have distinctive chromosome alterations,
and several genes have been implicated in the develop-
ment of RCC. However, concerning ACKD lesions

Correspondence and offprint requests to: Dr R. Peces, Sección de
Nefrologı́a, Hospital General La Mancha Centro, Avenida de la
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as the precursor of RCC, there are no convincing
reports of molecular alterations. In addition, depressed
immunity due to the use of immunosuppressive agents
is considered to cause cancer in transplanted kidneys
[3,5,7]. We have reported previously the incidence of
RCC in the general population in an area of Spain
(Asturias) as 11 in 100 000 persons per year [8]. Also
in accord with other studies, we found a prevalence
of RCC in haemodialysis and renal transplant patients
�40–100 times greater than in the general population
[2,5,7]. However, no study has been done to examine
the characteristics of RCC in pre-dialysis patients
with co-existent renal diseases, and no study has
compared the co-existent pathology in these patients
with any that developed after the start of renal
replacement therapy (RRT).

We present our findings in 32 instances of RCC
from 31 patients with other renal disease who had
RCC before or after the start of RRT. Moreover,
we attempted to identify significant differences in the
clinico-pathological features of RCC in both groups of
patients with associated renal disease to account for
differences in their biological behaviours. The long-
term outcomes of these patients were also analysed.

Patients and methods

We obtained the following clinical information on any
patient with RCC and associated renal disease: sex, age
at diagnosis of renal disease, age at diagnosis of RCC, age
at onset of end-stage renal disease (ESRD), the presenting
features of the renal disease, the underlying lesions, dura-
tion of dialysis and transplantation, the reason for diagnosing
RCC, the confirmations of diagnosis, renal function at
presentation, pathological stage, surgical outcome and the
type of treatment received.

We studied a total of 32 kidneys with RCC and other
co-existent renal diseases from 31 patients at four medical
centres. Two of the specimens were from one patient who
had both kidneys removed at nephrectomies performed
29 months apart, pre-dialysis and after dialysis was started.
For the purpose of this study, the kidneys and tumours
from each of the two operations are given separate case
numbers. Eighteen patients were not on RRT at the time
RCC was diagnosed, eight were on haemodialysis alone
and six patients had haemodialysis followed by renal trans-
plantation. Until tumour development, grafts in four patients
had functioned well, but the grafts in two patients did not,
and in them haemodialysis had to be resumed. The underlying
pathologies were confirmed by ultrasound, computed tomog-
raphy (CT) and, in some cases, magnetic resonance imaging
(MRI) and arteriography. The 32 RCC were histologically
proven and graded after nephrectomy (29 patients) or
autopsy (two patients). Radical nephrectomy was done on
28 patients and partial nephrectomy on one. The nephrec-
tomies or autopsies were performed between February 1981
and March 2001. All renal specimens were fixed in 10%
formalin, and routinely processed for paraffin embedding.
Histological sections were cut at 6mm and were stained
with haematoxylin and eosin. For the purpose of this study,
all specimens were inspected by two of us (M.L.P. and M.F.).

Tumours exhibiting mixed histological patterns were classi-
fied according to the predominant pattern. Tumours with
papillary structures, regardless of extent, were categorized
as papillary RCC. Papillary tumours of <0.5 cm in diameter
were labelled renal adenomas. Sarcomatoid change was
considered the high grade end of the cytological spectrum
of any of the histological patterns observed to contain
prominent spindle cell features. The non-tumorous parts of
the kidneys were inspected for the presence of other lesions.
The histological features of ACKD include markedly dilated
cysts, with or without papillary or stratified epithelial pro-
jections, and clusters of multiple small cysts lined with
faintly eosinophilic cytoplasm. Tumour stage was determined
according to the type of tumour and the nodes and metastases
system (TNM), and the cellular grade as G1–G4 [1,9]. All
patients were evaluated at regular intervals post-operatively
with chest X-rays, ultrasound and CT.

Among those who received renal transplants, six patients
had haemodialysis. Cyclosporin, prednisone and azathioprine
were used for immunosuppression in four patients, cyclo-
sporin and prednisone in one, and cyclosporin, prednisone
and mycophenolate mofetil in one.

All data were analysed using the Student t-test, �2 and
Fisher’s exact tests. The values are given as means±SEM.
The adopted significance level was P<0.05.

Results

The overall data and outcomes of the pre-dialysis
RCC patients with co-existent renal diseases are pre-
sented in Tables 1 and 2. Three patients had mild renal
insufficiency at the time of presentation, 10 had mild to
moderate renal insufficiency, and five had advanced
renal failure. In this group, 11 of the 18 patients ended
up on haemodialysis. In cases 1, 2, 4, 9, 10, 17 and 18,
radical nephrectomies necessitated immediate post-
operative haemodialysis. Case 3 started haemodialysis
3 weeks before nephrectomy. Cases 5, 6 and 7 needed
haemodialysis at 5 years, 6 months and 9 months,
respectively, after surgery. Cases 8, 15 and 16 remained
in stable chronic renal failure. In cases 1, 2 and 18
considered to have anatomically or functionally soli-
tary kidneys, the non-tumorous parts of the kidneys
revealed sclerotic glomerular lesions and dysplastic
tubular epithelium adjacent to RCC. There were signs
of ACKD in the non-tumorous parts of the kidneys in
5 of 18 cases (28%). All of them had hyperplasia of
the cyst wall epithelium. In addition, the pre-operative
CT showed multiple cysts in contralateral kidney in
those five patients. The incidence of papillary tumour
in this group was 11% (2 out of 18). One patient (case 3)
died of septicaemia after 6 months on haemodialysis
with no evidence of malignancy at death. One patient
(case 11) died of a cerebral vascular accident after
nephrectomy. Two patients (cases 13 and 14) died of
metastatic disease (brain and lung, respectively) at 9 and
2 months, after surgery. Nine patients were alive and
free of malignancy for 17–240 months after the start of
haemodialysis, one was alive after a resection of an
intestinal metastasis and 32 months on haemodialysis,
and three remained alive free of malignancy but with
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stable CRF. One patient in this group (case 12), in
addition to RCC, presented another type of malig-
nancy (breast carcinoma with metastasis).

The overall data and outcomes for patients with
RCC detected in dialysis or after transplantation are
presented in Tables 3 and 4. The median interval from
the onset of haemodialysis to RCC in males was
significantly shorter than in females (68±19 vs 189±29
months, P<0.005). The native kidneys showed non-
specific features of ESRD with extensive tubular
atrophy, interstitial fibrosis and arteriosclerosis. In
the non-tumorous parts of the kidneys, ACKD was
found in all cases. In all of them, there was epithelial
hyperplasia of the cyst wall, and four cases had papil-
lary adenomas. In addition, the pre-operative CT
showed multiple cysts in the contralateral kidneys of
all of them. Six patients were alive on haemodialysis
and free of recurrence for 1–211 months after surgery,
and three were alive with functioning renal grafts. One
patient (case 3) died of cardiac arrest after 24 months
on haemodialysis with no evidence of malignancy at
death. One patient (case 4) who died had pulmonary
metastasis. Two cases of RCC in this group (cases 9 and
10) were categorized as sarcomatoid and they died of
causes related to the tumour. Four patients in this
group (cases 3, 12, 13 and 9) in addition to RCC had
several different types of tumours. Case 3 had had a
sigmoid adenocarcinoma 10 years before and case 12
a rectal adenocarcinoma 26 months earlier. Case 13, in
addition to RCC (found at autopsy), had a verrucous
carcinoma of the larynx 24 months earlier, 2 months
earlier had been diagnosed to have a bronchial squa-
mous cell carcinoma with metastasis, and his autopsy
revealed an ipsilateral transitional cell carcinoma of
the renal pelvis. In case 9, in addition to RCC, a
medullary thyroid carcinoma was found at autopsy.
Table 5 shows a summary of the clinical and patho-
logical data from the five patients with RCC and other
tumours.

Table 6 compares clinical and pathological data from
both groups of patients with RCC. There was an
overall preponderance of males (75%).

Discussion

Although the risk of RCC, especially the papillary type,
has been reported to be increased in patients with
ACKD-associated CRF who are on dialysis, reports of
ACKD and RCC developing in CRF without dialysis
treatment are limited [10]. In contrast to RCC in non-
uraemic patients, RCC patients with ACKD have
a high incidence of papillary RCC. Atypical cysts with
extensive papillary hyperplasia often are the precursors
of papillary renal adenoma and cancer in these
patients. Papillary tumours have an incidence of�50%
in non-uraemic patients and account for �4.8% of
renal neoplasms in them [11]. Papillary RCC has a
better prognosis than non-papillary RCC, and genetic
and molecular analyses reveal that papillary RCC
differs from non-papillary RCC [5,11–13]. Whether or T
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not clinico-pathological features of RCC in pre-dialysis
patients with co-existent renal disease differ from those
on dialysis and those of transplanted patients is unclear
at present.

Our study provides a clinico-pathological analysis
of a large series of patients who developed RCC before
or after starting RRT. The pre-dialysis RCC group
comprised a wide spectrum of renal diseases with
a predominance of nephrosclerosis and diabetic
nephropathy. In some cases, considered to have ana-
tomically or functionally solitary kidneys, the non-
tumorous parts of the kidneys revealed sclerotic
glomerular lesions and dysplastic tubular epithelium
adjacent to the RCC. The remaining cases had light-
moderate to severe CRF when RCC was diagnosed,
and the histology of the non-tumorous parts of theirT
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Table 6. Comparison of clinical and pathological data from both
groups of patients with RCC

Variable Pre-dialysis
RCC patients

Dialysis or
transplanted
RCC patients

P

Sex (M/F) 15/3 9/5 NS
Age at diagnosis of
renal disease (years)*

59.5±3.2 41.0±3.5 <0.005

Age at diagnosis
of RCC (years)*

62.0±3.2 56.7±3.5 NS

Duration of renal
disease (years)*

2.4±0.7 15.8±2.1 <0.0001

Incidental presentation 13/18 (72%) 10/14 (71%) NS
Maximum diameter
of the tumour (cm)*

7.0±0.9 5.2±1.0 NS

ACKD frequency 5/18 (28%) 14/14 (100%) <0.0001
PC frequency 2/18 (11%) 6/14 (43%) <0.05
Multifocal frequency 1/18 (5%) 6/14 (43%) <0.05
T3 and T4 frequency 9/18 (50%) 4/14 (28%) NS
G3 and G4 frequency 1/18 (5%) 3/14 (21%) NS
Overall survival rate 13/18 (72%) 10/14 (71%) NS
Follow-up period of
survivors (months)*

39.9±14.2 45.3±21.6 NS

Metastasis rate 3/18 (17%) 2/14 (14%) NS

*Mean±SEM.
ACKD¼ acquired cystic kidney disease; PC¼ papillary carcinoma;
NS¼not significant.

Table 5. Clinical and pathological data from five patients with
RCC and other associated tumours

RCC type Situation at
diagnosis of RCC

Associated carcinomas

CCC Pre-dialysis Breast (concomitant)
CCC HD Sigmoid (10 years earlier)
CDCa HD (previous RT) Medullary thyroid (concomitant)
PC RT Rectal (26 months earlier)
CCCa RT Larynx (2 years earlier),

bronchial (concomitant),
transitional renal pelvis
(concomitant)

CCC¼ clear cell carcinoma; CDC¼ collecting duct carcinoma;
PC¼papillary carcinoma; HD¼haemodialysis; RT¼ renal trans-
plantation.
aMultifocal.
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kidneys revealed variable grades of nephrosclerosis
and interstitial fibrosis. On the other hand, only some
cases in this group had ACKD, and a low propor-
tion of the cases had papillary RCC or multifocal
tumours.

The RCC in dialysis and transplanted patients
also represented a wide spectrum of renal diseases,
with a predominance of nephrosclerosis and glomerulo-
nephritis. Several cases had a long history of CRF and
were on haemodialysis when RCC was diagnosed;
other cases also had long histories of CRF, were on
haemodialysis and had a renal transplant, and some
of the latter had functioning renal grafts when RCC
was diagnosed. In this group, males had shorter dura-
tions of RRT at their diagnosis of RCC than females.
Histological studies on the non-tumorous parts of
the kidneys revealed in all 14 of the cases the presence
of ACKD (four with adenomas). A high proportion
of cases in this group had multifocal renal tumours.
In addition, the incidence of papillary tumour in this
group was high.

It is difficult to confirm whether or not ACKD
and RCC are more common in patients with under-
lying hypertensive renal disease and nephrosclerosis
[14–16]. Further studies are necessary to clarify this
issue. Intratubular epithelial dysplasia associated with
nephrosclerosis and adjacent to RCC might represent
precursor lesions along the spectrum ranging from
dysplasia to frank carcinoma [14]. The severe nephro-
sclerosis of CRF dissects the nephron into unattached
tubular and cystic elements that show both atrophic
and hyperplastic changes. Hyperplasia seems to repre-
sent attempts at regeneration promoted by renotropic
substances that have the attributes of growth factors
[6]. Normal regeneration is impossible in these diseased
kidneys, and the outcomes of attempted growth seem
to be ACKD, papillary cystic hyperplasia or renal
tumours. Thus, it has been demonstrated that patients
with mild CRF in various renal diseases may develop
ACKD [17]. Renal cyst development may be a mani-
festation of tubulointerstitial damage. Whether or not
mild and moderate renal impairment cause ACKD and
RCC has not yet been determined.

Our findings indicate that dialysis and transplant
patients had longer durations of renal disease before
developing RCC than pre-dialysis patients. ACKD
was a constant finding in dialysis and transplanted
patients, and less frequent in pre-dialysis patients. In
addition, the incidence of papillary RCC in dialysis
and transplanted patients was higher than in pre-
dialysis patients. This may represent an aetiological
link between ACKD and papillary RCC in dialysis
and transplanted patients. Moreover, these findings
suggest that different cellular mechanism underlie the
development of papillary RCC and non-papillary
RCC. The frequency of multifocal RCC in dialysis
and transplanted patients also was higher than in pre-
dialysis patients. Therefore, despite the similar histo-
logical appearances of the tumours, RCC that occurs
in patients with ACKD because of long-term RRTmay
be different from the carcinoma that occurs in patients

with no or few acquired cysts and very short histories
of renal disease.

As other studies, this study confirms that ACKD
is not restricted to patients undergoing RRT, since
it also develops in those with chronic renal disease
but not on dialysis [10]. Irrespective of the original
renal disease, ACKD may predispose to RCC not
only in dialysis and transplanted patients, but also
in those who have chronic renal disease before the
initation of dialysis. However, RCC also develops
in patients with co-existent renal disease without
ACKD. This suggests a factor that mediates cyst or
tumour proliferation, or both, independent of treat-
ment with dialysis or transplantation. The super-
imposition of depressed immunity due to uraemia
on ACKD may accelerate the growth of pre-existing
pre-malignant lesions in chronic dialysis patients
[12]. Due to the use of inmunosuppressive agents
after renal transplantation, the risks of malignancy
in the kidney or of the development of other types
of tumours would increase [5,18].

In our present study, whereas RCC in the majority
of patients without RRT were discovered incidentally
during the work-up of renal disease, in dialysis and
transplanted patients most tumours were discovered
through ultrasound screening for ACKD. This finding
indicates that the tumours might exist for long
periods before clinical expression. The increasing use
of imaging procedures to detect pre-symptomatic
tumours may be contributing to the rapidly increasing
incidence of RCC [8,19,20].

It has been reported that the prognosis for dialysis
patients with RCC may be better than that for non-
uraemic patients with RCC because of the low rate
of metastasis in them [2]. In our study, tumour size, the
frequency of an RCC with an advanced clinical stage
and metastasis rate were not different between the
two groups.

In summary, ACKD develops not only in dialysis
patients, but also in those with co-existent renal disease
before initiation of RRT. ACKD in patients with
chronic renal disease before and after the introduction
of RRT may predispose to RCC. The duration of
renal disease, rather than the dialysis procedure itself,
appears to be the main determinant of ACKD and
RCC. RCC that occurs in patients with ACKD and
long RRT is more frequently of the papillary type
and multifocal than RCC that occurs in patients with
no or few acquired cysts and a rather short history
of renal disease. Long-term outcomes did not differ
between the two groups. Regular screening of patients
with chronic renal disease may contribute to an increase
the detection of pre-symptomatic tumours, allowing
earlier treatment.
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