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Preface

I have been involved in the treatment of chronic renal insufficiency for 40 years,
beginning with peritoneal dialysis immediately after graduation from medical school
in 1965, then with hemodialysis in 1967 after I first experienced it in Kanazawa, and
with renal transplantation since 1972, when I was studying in the United States.
During this period, the number of dialysis patients has continued to increase rapidly
to the present figure of 257765 (at the end of 2005), and with surprising increases in
the survival rate. However, new and unexpected pathological conditions have also
appeared as complications of long-term dialysis. One of these involves polycystic
changes and their malignant transformation in diseased kidneys. Since I have studied
these polycystic changes and their malignant transformation for many years, I decided
to compile the results of my work in a book. Such conditions of diseased kidneys pose
serious problems, particularly in Japan, where renal transplantation is performed
very infrequently compared with other countries, and a large number of patients are
managed by dialysis over a long period.
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Summary of Acquired Cystic Disease of
the Kidney and Renal Cell Carcinoma

1. Diseased kidneys shrink for 3 years after the initiation of dialysis, but enlarge
thereafter due to the development of acquired renal cysts with an associated increase
in the risk of renal cell carcinoma (see front cover). However, successful renal trans-
plantation results in a gradual regression of cysts, a shrinking of diseased kidneys,
and a decrease in the risk of renal cell carcinoma. Unfortunately, this effect may be
somewhat attenuated by immunosuppressants and further evaluation is necessary
(Fig. 1).

2. The incidence of renal cell carcinoma is higher in dialysis patients than in the
general population. Among dialysis patients, the risk of renal cell carcinoma is higher
in males, in those with a longer history of dialysis, and in those with more severe
cystic changes. In addition, as renal cell carcinomas are related to cysts, there is often
a papillary renal tumor, with a possible multistep progress from cysts to adenoma
and then to renal cell carcinoma. A renal cell carcinoma surrounded by cysts is diffi-
cult to diagnose. Although the prognosis is generally good, caution is necessary

F1G. 1. Relationship between the condition of chronic renal failure (serum creatinine), kidney
size, number of acquired cysts, and the estimated risk of renal cell carcinoma (Reproduced from
[14], with permission from Elsevier Inc.)
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because of metastasis and rapid tumor growth in some patients. Double cancers are
also frequently observed.

3. Renal cell carcinoma is an important complication of long-term dialysis, but
screening is necessary for diagnosis because it occurs frequently and is asymptomatic.
However, screening all dialysis patients is not reasonable from a cost-effect viewpoint.
Whether or not a patient should be screened must be evaluated on an individual basis.
Screening is necessary in high-risk patients and before all renal transplantations.

4. Since very few renal transplantations are performed in Japan, a very large
number of patients are receiving long-term dialysis. Patients with a high risk of devel-
oping renal cell carcinoma must be screened periodically, except for those who would
not tolerate surgery.



Chapter 1
Beginning the Research

In 1978, a 24-year-old man who had been managed by hemodialysis for 7 years was
referred to our department for emergency nephrectomy as his “autosomal dominant
polycystic kidney disease” was infected, and the condition had become uncontrol-
lable (Fig. 2). A large hematoma was present in the resected lower pole of the right
kidney, and multiple small cysts were observed in both kidneys. The pathology
department reported autosomal dominant polycystic kidney disease (ADPKD) com-
plicated by hematoma (Fig. 3). However, careful inquiry into the patient’s history
revealed that he had undergone renal biopsy 7 months before the initiation of dialy-
sis, and had been diagnosed as having rapidly progressive glomerulonephritis (Figs.
4 and 5). This reminded me of something I had learned in 1972 while I was studying
in the United States: “Cysts eventually develop in all end-stage kidneys.” Reviewing
the literature from that time, I came across an autopsy report by Dunnill et al. [1]
(Fig. 6) published in 1977. This described cysts complicated by renal cell carcinoma
(RCCQ). I therefore speculated that our patient had initially had rapidly progressive
glomerulonephritis and thereafter had developed acquired renal cysts, which were
then complicated by renal cell carcinoma, and that the hematoma was due to bleed-
ing of the renal cell carcinoma. I requested that the pathology department reevaluate
the case. The reevaluation disclosed a papillary renal cell carcinoma consisting of
a clear cell carcinoma and a granular cell carcinoma on the hematoma wall (Fig.
7). This was my first clinical case of acquired cystic disease of the kidney and renal
cell carcinoma, and also the first case in the world. This patient had developed
bladder cancer 6 years earlier, had been treated, and as of September 2006, he is
still in good health.

My research started with this clinical case in December 1978, when there were only
27048 dialysis patients in Japan. Fortunately, this discovery coincided with the intro-
duction of a computed tomography (CT) scanner to a hospital affiliated to our depart-
ment in 1978-1979. We performed a CT scan on 96 patients at the affiliated hospital
in order to examine their kidney size and discover whether they had any cysts or
tumors. These patients (mean age 40 years) had all received replacement therapy for
chronic glomerulonephritis, for a mean period of 3 years and 4 months. This study
showed that diseased kidneys shrink for 3 years after the initiation of dialysis, but
some of them begin to enlarge thereafter due to multiple cyst formation. Thus, the
conventional idea that diseased kidneys remain atrophic even after the initiation
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F1G. 2. Computed tomography (CT) images
of the world’s first clinical case. A large
number of small cysts can be seen. Above.
Acquired cystic disease of the kidney. Below.
A mass and a hematoma are suspected in the
right kidney

F1G. 3. Resected kidney. The world’s first clinical case of acquired cystic disease of the kidney

complicated by renal cell carcinoma

F1G.4. Renalbiopsy findings before the initia-
tion of dialysis. Above. No cyst suggestive of
autosomal dominant polycystic kidney dis-
ease was noted. Below. The findings indicated
rapidly progressive glomerulonephritis
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F1G. 5. Intravenous pyelogram (IVP) just
before renal biopsy. The kidney size was
normal or slightly large. The findings were
not consistent with those of autosomal domi-
nant polycystic kidney disease

F1G. 6. Titles of papers by Dunnill et al. and Ishikawa et al.

F1G. 7. Renal pathology. Papillary renal cell
carcinoma in the hematoma wall consisting of
clear and granular cells
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F1G. 8. Relationship of the duration of dialysis with the kidney volume and the presence or
absence of cysts in 96 patients receiving dialysis for end-stage renal failure due to chronic glo-
merulonephritis (Reproduced from [2], with permission from Dustri-Verlag Dr. Karl Feistle)

of dialysis was found to be incorrect (Fig. 8). Furthermore, this screening disclosed
the presence of renal cell carcinomas in two patients and adenoma in a patient
(Fig. 8). An article describing these results was submitted to Clinical Nephrology in
1979, and was published in 1980 (Fig. 6) [2].

This finding that the diseased kidneys of dialysis patients develop acquired poly-
cystic disease, and occasionally even renal cell carcinoma, was recognized as being
very interesting in that it indicated a close relationship between renal cysts and renal
cell carcinoma. In addition, since cell proliferation is indispensable for cyst develop-
ment in autosomal dominant polycystic kidney disease, and since cysts are fluid-
secreting neoplasms [3], the finding attracted the attention of cancer researchers as
a human model of the multistep development of renal cell carcinoma, i.e., cysts—
adenoma—>cancer.

In Japan, 96.3% of patients with end-stage renal disease are treated by hemodialy-
sis, with the largest number in the world of relatively young patients undergoing
long-term dialysis. Therefore, research in Japan into this complication of long-term
dialysis has gained global recognition [4-8].



Chapter 2
Acquired Cystic Disease of the Kidney

The designation of “acquired cystic disease of the kidney”: This disease is called
“acquired cystic disease of the kidney,” “acquired renal cystic disease,” or “acquired
cystic kidney disease” in the English-language literature. However, I considered that
these terms did not truly represent the characteristics of the disease and named it ta-
nouhouka-isyukujin in Japanese, thus implying that atrophic kidneys later develop
multiple renal cysts [9]. At present, the terms ta-nouhouka-isyukujin in Japanese,
ACDK, and “acquired cystic disease of the kidney” are used in Japan, of which the
first two are predominant.

1 Definition of Acquired Cystic Disease of the Kidney

The term “acquired cystic disease of the kidney” means a condition in which acquired
multiple cysts develop in the atrophied bilateral kidneys regardless of the primary
disease [10,11]. While the incidence of the disease is not related to age [12], cystic
changes tend to be more severe in younger patients [13]. In relation to specific diag-
nostic criteria, a condition in which 3-5 cysts are found in one kidney by imaging
studies is clinically diagnosed as acquired cystic disease of the kidney (ACDK) [2,14-
18]. However, there have been reports that about 20 cysts were found in a pathological
examination when only 1 cyst had been found by imaging studies [2,19], and therefore
a condition in which one cyst or more is observed in the bilateral kidneys may be
defined as ACDK [2]. The diagnostic criteria can vary according to the subjects and
the purpose of the research, but a pathological diagnosis is made when between 25%
[20] and 40% [21] or more of a renal cross section is occupied by cysts.

2 Prevalence

Concerning the relationship between the duration of dialysis therapy and the preva-
lence of cystic changes, cysts have been observed in 12% of patients before the initia-
tion of dialysis. Their prevalence increases progressively with the duration of dialysis:
44% after less than 3 years, 79% after 3 years or longer, 90% after 10 years or longer,
and 93% after 20 years or longer [11] (Fig. 9).
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F1G. 9. Duration of dialysis and the prevalence of acquired cystic disease of the kidney

F1G. 10. Relationship between autosomal dominant polycystic kidney disease (ADPKD) and
acquired cystic disease of the kidney (ACDK)

3 Primary Disease

I consider that ACDK occurs regardless of the primary disease, and that it may also
occur in autosomal dominant polycystic kidney disease (ADPKD). However, I have
the impression that the development of cysts is delayed in diabetic nephropathy [22],
and that there are fewer cysts in hypoplastic kidneys. Figure 10 shows the relation-
ships between primary diseases and ACDK.

4 Histology of Acquired Cystic Disease of the Kidney

With ACDK, the weight of the bilateral kidneys combined is often 20-300g, but one
kidney may weigh as much as 1250g [20] and attain a size which is indistinguishable
from those found in ADPKD [23].
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F1G. 11. A macroscopic cross section of a
kidney with acquired cystic disease of the
kidney (transverse section, CT cut). Although
small cysts were observed in large numbers,
only one cyst in the upper middle area could
be diagnosed by imaging techniques. The
other cysts were difficult to delineate (Repro-
duced from [11], with permission from S.
Karger AG)

F1G. 12. Scanning electron microscopy of the
cyst wall. The cyst epithelium has a brush
border and shows the characteristics of the
proximal tubules

Figure 11 shows a cross section of a kidney with ACDK. Most of the renal paren-
chyma has been replaced by cysts. Many of the cysts are small, with a diameter of
0.02-2cm, and 94% of them are 0.6cm or less in diameter [19,24]. The pathological
features indicating the sequence cysts—adenoma—renal cell carcinoma, as reported
by Dunnill et al. [1], are also often noted. Renal cell carcinoma is often observed in
dialysis patients because it frequently occurs with ACDK due to its relationship with
cysts, and dialysis patients often have ACDK. In other words, a histological charac-
teristic of ACDK is epithelial hyperplasia (a high proliferation ability of cyst epithe-
lium), which suggests a precancerous condition. In addition, the kidney becomes
larger as there are more renal cysts with high proliferation ability, and the risk of
renal cell carcinoma is higher as the kidney becomes larger due to cysts.

A study of the course of the development of cysts in early lesions showed that
acquired renal cysts begin to develop in young patients aged less than 50 years while
the glomerular filtration rate (GFR) remains between 52 and 71 ml/min [25].

5 Origin of Cysts

On scanning electron microscopy, the brush border can be observed on the cyst epi-
thelium (Fig. 12). In ACDK, the cyst fluid/serum ratio is 1.0 for Na, high at 5-7 for
creatinine, but abnormally low at 0.06 for f,-microglobulin, and the concentrations
of these factors are in agreement with those in tubular fluid in the distal part of
the proximal tubules [26,27] (Table 1). Therefore, cysts of ACDK are considered to
originate from proximal tubules. Moreover, the following findings also suggest that
the proximal tubules are the origins of cysts. On immunological staining using lectin,
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TaBLE 1. Cyst fluid/serum ratios of Na, creatinine, and B,-microglobulin

Case Cyst fluid/serum ratio
Na Creatinine f3, microglobulin
ACDK 1 1.096 + 0.036* (7)** 7.058 = 1.311 (7) 0.053 £ 0.057 (7)
2 1.087 + 0.027 (10) 5.363 + 1.369 (10) 0.060 % 0.022 (8)
3 1.038 £ 0.012 (9) 6.855 * 1.465 (9) 0.004 £ 0.008 (7)
mean 1.07 £ 0.036 (26) 6.332 + 1.581 (26) 0.040 + 0.008 (22)
Simple cysts 4 1.075 0.867 1.864
5 1.077 1.000 0.846
6 1.109 1.375
mean 1.087 £ 0.019 (3) 1.081 + 0.263 (3) 1.355 (2)
ADPKD 7 1.007 0.843 —

*, Mean * SD; **, Number of cysts; ACDK, acquired cystic disease of the kidney; ADPKD, autosomal
dominant polycystic kidney disease

F1G. 13. Lectin immunological staining. On lectin staining of the monolayer epithelium (left)
and the multilayer cyst epithelium (atypical cyst) (right), tetragonolobus (T) was positive (+),
and peanut lectin (P) was negative (-), indicating the proximal tubular origin of the tumor
(Reproduced from [28], with permission from S. Karger AG)

F1G. 14. Scanning electron microscopy. Holes (arrows) suggestive of communication with renal
tubules can be seen on the wall surface of acquired renal cysts

tetragonolobus lectin, indicating the proximal tubules, is positive, but peanut lectin,
indicating the distal tubules, is negative [28] (Fig. 13), paraaminohippuric acid is
excreted into the cyst fluid [29], and intramuscularly administered gentamicin is
recovered from the cyst fluid [29]. In addition, cysts communicating with renal
tubules are observed more frequently in ACDK than in simple renal cysts or in
ADPKD [30] (Fig. 14).
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6 Complications of Acquired Cystic Disease of
the Kidney

While the incidence of ACDK is high, there is no clinical problem unless there are
any of the first four of the following five complications: (1) renal cell carcinoma; (2)
retroperitoneal bleeding; (3) renal abscess; (4) protein stones [17]; (5) a high hema-
tocrit. Among these complications, renal cell carcinoma and retroperitoneal bleeding
due to cyst rupture are particularly serious. Figure 15 shows computed tomography
(CT) scans of a massive hemorrhage caused by a ruptured cyst.

6.1 Renal Cell Carcinoma

Renal cell carcinoma is discussed in Chapter 3.

6.2 Retroperitoneal Bleeding

Prevalence. The cases of retroperitoneal bleeding were reported by Tuttle et al. and
others [31-33]. From our experience, we consider that its prevalence is about 0.5%,
or one-third of that of renal cell carcinoma. I have encountered 10 cases of this condi-
tion [10,34].

Risk. There are considered to be four main risk factors for retroperitoneal bleeding:
(1) male sex; (2) enlargement of the kidney due to marked cystic changes with long-
term dialysis therapy; (3) use of anticoagulants; (4) mechanical stress such as
coughing.

Symptoms. Retroperitoneal bleeding must be considered first if a patient exhibits
symptoms such as sudden shock, a decrease in blood pressure, loin pain, lateral

F1G. 15. Retroperitoneal bleeding due to rupture of an acquired renal cyst (arrow). Images of
a continuous ambulatory peritoneal dialysis (CAPD) patient (Reproduced from [34], with per-
mission from Elsevier Inc.)
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abdominal pain, or nausea/vomiting after mechanical stress such as coughing while
the patient is still under the influence of an anticoagulant after dialysis.

Diagnosis. A CT scan is the most reliable way to diagnose retroperitoneal bleeding.
It should be performed first, because it allows an estimation of the volume of the
hemorrhage as well as confirming the diagnosis of retroperitoneal bleeding.

Mechanism of bleeding. Bleeding appears to be caused by the rupture of an artery
in the cyst wall [31]. Retroperitoneal bleeding includes bleeding from a renal cell
carcinoma occurring in the cyst wall or developing as a mass.

Treatment. The patient should first be treated conservatively by a blood transfusion.
If the blood pressure cannot be maintained even after the transfusion of 1000 ml blood,
renal artery embolization or nephrectomy should be performed. However, even if con-
servative therapy has been successful, continued observation is important because
about 30% of patients with retroperitoneal bleeding have renal cell carcinoma [20].

6.3 Renal Abscess

We reported the first case of renal abscess as a complication of ACDK in 1980 [35],
but we have seen only a few cases since then, and few are reported in the literature;
renal abscess is a rare complication of ACDK.

6.4 Protein Stones

Although Mickisch et al. [17] described protein stones as a complication of ACDK, it
is presently considered to be unrelated to the complications or causes of ACDK.

6.5 Increase in Hematocrit

Because anemia is mild in autosomal dominant polycystic kidney disease (ADPKD),
there is a very attractive hypothesis that the hematocrit increases as acquired renal
cysts develop. I have doubts as to whether this hypothesis is valid, because anemia is
reported to be alleviated with the development of acquired renal cysts in about half
of the articles published, but not in the remaining half [14]. According to our research,
no increases in serum erythropoietin concentration or hematocrit were observed with
increases in cysts [36]. Moreover, the hematocrit increased while the kidneys remained
small in some patients on long-term dialysis therapy, and some female patients did
not develop cysts but showed an alleviation of anemia even on long-term dialysis.
The relationship between the development of acquired renal cysts and an improve-
ment in the hematocrit is now difficult to clarify because anemic patients are rare due
to the use of erythropoietin (rHuEpo).

7 Characteristics of Acquired Cystic Disease of
the Kidney

7.1 Prevalence Increases with Duration of Dialysis

The prevalence of ACDK is closely related to the duration of dialysis and, as men-
tioned above, is 44% when the duration of dialysis is less than 3 years, but reaches
79% when dialysis lasts for 3 years or longer [2].
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7.2 Sex Differences

Cystic changes in the kidney occur more frequently and are more severe in males
than in females [37] (Fig. 16). Figure 17 shows the CT scans of two patients, both of
whom had a 14-year history of hemodialysis. While many cysts can be seen in the
male patient, few can be seen in the female patient. We started a follow-up study of
diseased kidneys in 96 dialysis patients in 1979. After 10 years, the mean kidney

F1G. 16. Sex differences in the kidney volume in acquired cystic disease of the kidney. Cystic

changes are more prevalent and more severe in males (Reproduced from [37], with permission
from S. Karger AG)

F1G. 17. Sex differences in acquired cystic
disease of the kidney. Cystic changes were
more severe in the male (M) than in the
female (F), both of whom had a 14-year
history of dialysis
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F1G. 18. Changes in kidney volume over 20 years. The kidney volume was larger in male than
in female patients. An increase in kidney volume indicates the occurrence of cysts (Reproduced
from [13], with permission from Dustri-Verlag Dr. Karl Feistle)

volume had increased 2.7 times from 81 ml to 207 ml in males, but had increased only
1.5 times from 66 ml to 86 ml in females [34,38,39]. Sex differences were also observed
in my 20-year follow-up study, where the kidney volume differed between males and
females after 15 years [40] and 20 years [13] (Fig. 18).

7.3 Dialysis Modality

The prevalence of cystic changes is not affected by the dialysis modality [38,39]. A
comparison among dialysis modalities showed that the incidence of cystic changes
was similar between continuous ambulatory peritoneal dialysis (CAPD) and hemo-
dialysis [41] (Fig. 19). Figure 15 shows CT scans of a 28-year-old man treated by CAPD
after having undergone hemodialysis for 5 years. Cystic changes are known to occur
under management by CAPD as they do with hemodialysis.

7.4 Dialyzer Membrane

The incidence of cystic changes is not affected by the dialyzer. We examined whether
the incidence of ACDK differs among types of dialyzer. No difference was observed
between cellulose membranes, which are reported to markedly activate cytokines, and
synthetic membranes, which do not [42] (Fig. 20).
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F1G. 19. Comparison of the occurrence of acquired renal cysts (acquired cystic disease of the
kidney) in CAPD patients and hemodialysis patients. Paired cases are indicated by the same
numbers (Reproduced from [41], with permission from Multimed Inc.)

F1G. 20. Comparison of kidney volume between patients who received dialysis using a dialyzer
with a cellulosic membrane and those who received dialysis using a dialyzer with a synthetic
membrane. No differences in the kidney volume were observed. The numbers in the figure
indicate the number of cases
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7.5 Relationship with Erythropoietin

Figure 21 shows the relationships of the kidney volume to the serum erythropoietin
concentration and the hematocrit. There was no difference in either the erythropoie-
tin concentration or the hematocrit between the patients who showed a 2-fold or
greater increase in kidney volume (blue) and those who showed a smaller increase
(red) [36]. Therefore, neither the serum erythropoietin concentration nor the hema-
tocrit was higher in patients with marked cystic changes.

Next, we examined what effects the administration of erythropoietin (rHuEpo)
exerts on cystic changes or kidney volume. We found that this treatment was not
associated with an increased occurrence of cysts or a larger kidney volume [43] (Fig.
22). Therefore, I speculate that the administration of rHuEpo does not promote the
growth of renal cell carcinoma.

F1G. 21. Comparisons of changes in the serum erythropoietin concentration and hematocrit
between a group with a 2-fold increase in kidney volume or more and a group with a less than
2-fold increase during a 10-year period. Neither the erythropoietin level nor the hematocrit was
higher in the group that showed a marked increase in cysts

F1G. 22. Changes in kidney volume in male patients with a 5-year history of hemodialysis or
longer with and without erythropoietin (rHuEpo) administration
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8 Effects of Renal Transplantation

After renal transplantation, ACDK regresses. Following successful renal transplanta-
tion, acquired cysts regressed in a few months, and both kidneys markedly decreased
in size [44] (Fig. 23). This phenomenon was so surprising that at first I wondered
whether I had misread the photographs. Later, I also encountered a case in which the
cysts had almost disappeared as early as 4 weeks after transplantation [10] (Fig. 24).
The regression of cysts after renal transplantation was also a common phenomenon
in other cases (Fig. 25). A recent evaluation also demonstrated that regression starts
within 1 month after transplantation, i.e., during the recovery period from acute
tubular necrosis (ATN) [45]. The mechanisms of the regression of cysts may be as
follows. (1) Most importantly, the serum creatinine level becomes almost normal,

F1G. 23. The first image that indicated the regression of acquired cystic disease of the kidney
after successful renal transplantation (Reproduced from [44], with permission from S. Karger
AG)

F1G. 24. Regression of acquired cystic disease of the kidney after renal transplantation (Repro-
duced from [11], with permission from S. Karger AG)
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F1G. 25. Changes in kidney volume after renal transplantation. A decrease in kidney volume
due to the regression of acquired cysts was observed immediately after transplantation

which will resolve the uremic environment. (2) The blood flow in the native kidney
decreases with a decrease in osmotic pressure load. This is caused by a decrease in
the urine volume from the native kidney after transplantation of a graft kidney. (3)
The cysts are smaller and have more communication with renal tubules and glomeruli
in ACDK than in ADPKD [30]. (4) If there are cyst proliferation factors [46], they may
not be removed by dialysis, but they may be excreted into the urine by the graft kidney
even if its renal function is not adequate. (5) Immunosuppressants induce shrinkage
of renal cysts. However, there are no data that support this mechanism, and there is
areport that cysts are more likely to develop after renal transplantation if cyclosporin
(CsA) is used [47]. Therefore, using my own protocol, I examined the patients with
highly functional grafted kidneys from a group who had received renal transplanta-
tion using cyclosporin. I observed no difference in parenchymal atrophy or cyst
regression of the native kidney after renal transplantation, or in the development of
new cysts, whether or not cyclosporin was used [48]. (6) Cells of the cyst wall in ACDK
decrease due to apoptosis, causing a decrease in cysts. Eventually, ACDK may trans-
form into the original atrophic kidneys.

Recently, a 20% decrease in the kidney volume was also observed in a patient in
whom renal function had just begun to improve, and the graft kidney had excreted
only 400 ml/day urine (Fig. 26). I now present some cases of patients in which the
cysts disappeared almost completely as early as 2 weeks after transplantation. The
first patient (Fig. 27) was a 52-year-old man who had received dialysis for 231 months
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F1G. 26. The rate of decrease in kidney volume during the first month after renal transplanta-
tion. The kidney volume began to decrease because of a regression of cysts even when the urine
volume was low due to acute tubular necrosis. Case 1 showed an early decrease, and Case 2
showed a slow decrease

F1G. 27. Regression of acquired renal cysts early after renal transplantation. Regression began
even during the period of acute tubular necrosis in a case that showed early regression (Case 1
in Fig. 26)
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(19 years and 3 months). In November 1997, hemodialysis was initiated for terminal
renal failure due to chronic glomerulonephritis. In February 1997, the patient received
a renal transplantation from a cadaveric donor at our hospital, and underwent the
first postoperative CT on day 14 after surgery. In this patient, renal cysts were observed
on preoperative CT, and the bilateral kidney volume had increased to 417 ml. Urine
began to be excreted on day 4 after surgery, the urine volume exceeded 1000 ml on
day 12, and the patient was weaned from dialysis on day 14. On this day, the first CT
after transplantation showed that the bilateral kidney volume was reduced to 249 ml,
or 60% of the preoperative value. During this period, the patient’s serum creatinine
level decreased from about 9 mg/dl immediately after the operation to about 3 mg/dl
(Fig. 27). In the second case, the patient’s bilateral kidney volume decreased to 75%
of the preoperative value (100%) after 1 month, to 17% after 1 year, and to 13% (or
44 ml) after 3 years. In this patient, the preoperative size of the cysts was smaller than
in the first patient, and they occurred in groups (Fig. 28). The regression of cysts after
renal transplantation may provide an important clue to an evaluation of the etiology
of ACDK.

Thereafter, detailed examinations of cysts in native kidneys after renal transplanta-
tion showed that the cysts remained regressed if the renal function was adequate, but
that new cysts developed occasionally [49]. These cysts may have been simple renal
cysts. However, an exploration for tumors is essential if cysts in the native kidney do
not regress [50] or if they enlarge [51] after renal transplantation [52,53].

F1G. 28. Regression of acquired renal cysts early after renal transplantation. A case that showed
slow regression (Case 2 in Fig. 26)
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F1G. 29. Many cysts appeared in the native
kidney (above) with the decline in the func-
tion of the graft kidney. Since the period of
chronic renal failure was short (below), fewer
cysts developed in the graft kidney than in the
native kidney (Reproduced from [54], with
permission from Elsevier Inc.)

TaBLE 2. Clinical characteristics of acquired cysts in acquired cystic disease of the kidney

. High incidence of renal cell carcinoma

. Relationship to the duration of chronic renal failure and hemodialysis
. Male preponderance

. No relationship to dialysis modality

. No relationship to dialysis membrane

. Regression of acquired cysts after renal transplantation

[ NS B O S

Naturally, if the function of the graft kidney is reduced, cysts again increase in the
native kidney. A small number of cysts also appear in the graft kidney if reduced
function persists [54] (Fig. 29).

The clinical characteristics of acquired cysts in ACDK are summarized in
Table 2.

9 Diagnosis of Acquired Cystic Disease of the Kidney

Acquired cystic disease of the kidney can be diagnosed if a total of three to five cysts
are found in one kidney (or three to five cysts in both kidneys combined according
to some authors) on an imaging study [11]. The imaging technique may be either
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ultrasonography or a CT scan. In ACDK, the cysts are characteristically small, with a
diameter of 0.02-2 cm, and occur in large numbers. In cross sections, a large number
of small cysts are observed, but sometimes only one cyst on the top can be seen by
CT or ultrasonography (see Fig. 11). Cysts 0.5cm or greater in diameter can usually
be detected by imaging techniques, while smaller cysts are undetectable. However,
imaging techniques are useful not only for the diagnosis of renal cell carcinoma,
which is rarely symptomatic, but also for an evaluation of the severity of cystic
changes, and the risks of complications such as renal cell carcinoma and retroperi-
toneal bleeding.

10 Causes of Acquired Cystic Disease of the Kidney

Why do cysts develop and grow in the kidneys in end-stage renal failure or after the
initiation of dialysis? At present, the causes or pathogenic mechanism of such cysts
remain unclear. During the past 26 years, many hypotheses have been proposed, as
shown in Table 3, including proliferation of the tubular epithelium due to uremic
metabolites and growth factors, ischemia, factors related to hemodialysis such as
plasticizers, obstruction of the renal tubules by oxalate crystals, f3,-microglobulins,
etc., hormone imbalance, trace elements such as vanadium, and regional acidosis
[10]. However, all these hypotheses, with the exception of proliferation of the tubular
epithelium due to uremic metabolites and growth factors, are currently considered
to be unlikely.

Since cysts enlarge during long-term dialysis whether it is hemodialysis or CAPD,
and since they regress after successful renal transplantation [44], I speculated that
proliferation of the tubular epithelium due to uremic metabolites and growth factors
is involved in the mechanism of cyst formation (Table 3), and that these uremic
metabolites and growth factors are mainly active in males. However, these factors
remain to be identified.

Itis also of interest that the cyst fluid of ACDK showed a different pattern compared
with the cyst fluid of ADPKD or of simple renal cysts on examination using a surface-
enhanced laser desorption/ionization time-of-flight mass spectrometer (SELDI-TOF-
MS) and ProteinChips. These findings are being analyzed (Fig. 30).

TABLE 3. Hypotheses of the pathogenic mechanisms of acquired cystic disease of the kidney

1. Epithelial hyperplasia theory due to:
Uremic metabolites and/or growth factors due to the loss of functioning nephrons
Ischemia
A dialysis-related substance (plasticizer, etc)
2. Tubular obstruction theory due to:
Oxalate crystals, B,-microglobulin, etc
3. Other theory (trace element-vanadium, regional acidosis)
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F1G. 30. A heat-map showing the results of proteome analysis of cyst fluid by SELDI-TOF-MS.
Proteins in the cyst fluid of acquired renal cysts are classified into different clusters. The clusters
indicate, from left to right, acquired cystic disease of the kidney without renal cell carcinoma,
acquired cystic disease of the kidney with renal cell carcinoma, and autosomal dominant poly-
cystic kidney disease. Proteins in some cysts of acquired cystic disease of the kidney with renal
cell carcinoma revealed clusters which were similar to those of autosomal dominant polycystic
kidney disease

11 Twenty-Year Follow-up of Acquired Cystic Disease of
the Kidney

We followed up 96 patients who had undergone renal function replacement therapy
for chronic glomerulonephritis since 1979 [13]. During this period, 44 died, 36
required hemodialysis (19 males and 17 females) and could be followed up for 20
years, and 7 were managed for 20 years by renal transplantation alone. During this
period, renal cell carcinoma occurred in 6 patients and 4 of these died, but the deaths
were not due to the renal cell carcinoma. Table 4 shows the causes of death in the 44
patients. Enlargement of the kidneys was observed more frequently in male patients
than in female patients. Figure 31 shows the severity of cystic changes. After 20 years,
advanced grade 4 cystic changes were observed in many male patients. When the male
patients were divided into those aged less than 40 years and those aged 40 years and
above, and the percentages of those who showed a 4-fold or greater enlargement of
the kidneys were compared, the kidneys were enlarged due to cysts more often in
those aged less than 40 years. In other words, cysts among male patients were found
to be more likely to develop in relatively young subjects.

Figure 32 shows the CT scans for this study. Images of a 47-year-old man who had
undergone hemodialysis for 1 year and 7 months are shown on the left. His kidney
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TABLE 4. Causes of death in patients who died during a 20-year

follow-up of acquired cystic disease of the kidney (Reproduced

from [13], with permission from Dustri-Verlag Dr. Karl Feistle)
Causes of death in 44 patients

Myocardial infarction 8 (+RCC) (18.2%)
Congestive heart failure 7 (15.9%)
Cerebrovascular accident 7 (+RCC) (15.9%)
Malignancy 7 (15.9%)

Stomach 1 (+RCC)

Rectum 1

Pancreas 1

Myeloma 1

Uterus 2 (+RCC)

Breast 1
Infection 5 (11.4%)
Cachexia 2 (4.5%)
Hepatic failure 2 (4.5%)
Accident 2 (4.5%)
Ileus 2 (4.5%)
Retroperitoneal bleeding 1 (2.3%)
Respiratory failure 1 (2.3%)

RCC, renal cell carcinoma

F1G. 31. A 20-year follow-up of acquired cystic disease of the kidney. The graphs show the fre-
quencies of the grades of cysts during the follow-up. Severe grade-4 cystic changes were observed
in many of the male patients after 20 years (Reproduced from [13], with permission from
Dustri-Verlag Dr. Karl Feistle)
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F1G. 32. A 20-year follow-up of acquired cystic disease of the kidney. Images of a male and a
female patient during the follow-up. Sex differences are evident (Reproduced from [13], with
permission from Dustri-Verlag Dr. Karl Feistle)

volume, which was originally 62ml, decreased slightly to 54ml after 1 year, but
increased markedly to 467 ml after 15 years, and to 665ml after 20 years, but with
increases in the number of cysts. Images of a 28-year-old woman who had undergone
dialysis for 2 years and 8 months are shown on the right. Very few cysts developed
during the 20-year follow-up period, and her kidney volume, which was originally
65ml, was 56 ml, 112ml, and 134 ml after 1 year, 15 years, and 20 years, respectively,
which were much smaller increases. To summarize the results of our 20-year follow-
up, cystic changes in the kidney were more notable in male patients, and the kidney
volume showed marked increases, particularly in young male patients. Although
renal cell carcinoma was detected in six patients during this period, they all died of
unrelated reasons.



Chapter 3
Renal Cell Carcinomas in
Dialysis Patients

1 The Two Types of Renal Cell Carcinoma in
Dialysis Patients

Two types of renal cell carcinoma (RCC) are found in dialysis patients, i.e., those
that complicate and those that do not complicate acquired cystic disease of the
kidney (ACDK). The type that complicates ACDK accounts for 81% of all renal cell
carcinomas, and is observed more frequently in male patients, younger patients,
and patients who have been managed longer by dialysis than the type which does
not complicate this disease [55]. Histologically, the type of renal cell carcinoma that
complicates ACDK is most often papillary renal cell carcinoma, which is closely
related to cysts. On the other hand, the type of renal cell carcinoma that does not
complicate ACDK is frequently observed in elderly patients, its occurrence is unre-
lated to the duration of dialysis therapy, and the percentage of clear cell carcinomas
is high.

2 Histology

When acquired cystic disease of the kidney (ACDK) is complicated by renal cell car-
cinoma, the kidney size varies with the duration of dialysis and the sex of the patient,
and may become indistinguishable from that of kidneys with autosomal dominant
polycystic kidney disease (ADPKD) [23].

Figure 33 shows a kidney of a 64-year-old man who had received hemodialysis for
13 years. Multiple cysts were observed in the bilateral kidneys, and a mass 4.5cm in
diameter was noted in the lower pole of the right kidney. When the resected kidney
was cut along the same planes as the CT slices (Fig. 34), renal cell carcinomas (repre-
sented as areas with red diagonal lines), cysts with monolayer epithelium (surrounded
by a black line), multilayered so-called atypical cysts (surrounded by a red or blue
line), and solid adenomas (represented as areas of solid color) were distributed in a
multicentric pattern. Such simultaneous presence of cysts, atypical cysts, solid adeno-
mas, and renal cell carcinomas in the same kidney, their multicentric occurrence, and
the presence of precancerous lesions are histological characteristics of ACDK [1,11].
Renal cell carcinoma is bilateral in 9%-15% of patients [56-58].

25
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F1G. 33. A macroscopic image of acquired cystic disease of the kidney in a 64-year-old man
with a 13-year history of hemodialysis. A renal cell carcinoma can be seen in the lower pole

F1G. 34. Cross-sectional pathology of the resected kidney shown in F1G. 33. Cysts, atypical cysts,
solid adenoma, and renal cell carcinoma were seen in the same kidney
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As shown in Fig. 35, microscopic examination showed that this patient had (a)
proximal tubules with epithelial hyperplasia, (b) cysts with monolayer epithelium, (c)
atypical cysts with multilayered epithelium, (d) adenoma, and (e) papillary renal cell
carcinoma.

Acquired cystic disease of the kidney characteristically shows precancerous lesions
such as atypical cysts and adenomas. The presence of the brush border (microvilli)
in the cyst epithelium and the composition of the cyst fluid suggest a proximal tubular
origin for the cysts (both cysts with monolayer epithelium and atypical cysts). On
examination of their proliferative ability using vimentin, EGF receptor, and c-erb B2,
73% of atypical cysts were positive for vimentin, 95% were positive for EGF receptor
[59], and 100% were positive for c-erb B2 [59,60]. However, only 9.7% of the samples

F1G. 35. Microscopic images. a Hyperplastic proximal tubules. b Cyst with monolayer epi-
thelium. ¢ Atypical cyst with multilayer epithelium. d Adenoma. e Papillary renal cell
carcinoma
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of the cyst walls with monolayer epithelium were positive for c-erb B2. These findings
indicate that cyst epithelial cells of patients with ACDK have high proliferative
ability.

Concerning the proliferative ability of renal cell carcinomas of dialysis patients, the
doubling time varied widely between those which grew slowly and those which grew
rapidly. According to Takebayashi et al. [61], the doubling time of tumors varied from
0.08 to 23.31 years (5.09 £ 6.99 years), and the rate of increase in cyst volume varied
from 0.07 to 17.34cm’/year (4.14 £ 5.66 cm’/year).

Dunnill et al. [1] classified the renal tumors of dialysis patients as papillary, tubular,
or solid tumors, and Ishikawa and Kovacs [62] showed that a higher percentage of
papillary renal cell carcinomas occurred in dialysis patients than in patients who had
not undergone dialysis (Table 5). This result appears reasonable because of the rela-
tionship between papillary renal cell carcinoma and cysts. According to a recent
questionnaire [63] of patients in whom renal cell carcinoma was recorded, 55% were
clear cell carcinomas and 18% were papillary renal cell carcinomas in dialysis patients,
but 83% were clear cell carcinomas and 5% were papillary renal cell carcinomas in
nondialysis patients. In addition, it was shown that while clear cell carcinoma devel-
ops at any time after the initiation of dialysis, papillary renal cell carcinoma increases
as dialysis is continued over a longer period. Both tumors may occur in the same
kidney.

Other histological types include oncocytoma [64,65], chromophobe renal cell car-
cinoma, Bellini duct tumor, and erythropoietin-producing tumor [66]. Among some
rare histological types, one foreign patient [67] and five Japanese patients [68-71]
(including Case 33) with sarcomatoid renal cell carcinoma (spindle cell carcinoma)
with a poor outcome [50], and cystic renal cell carcinoma with a good outcome [72],
have been reported. Transitional cell carcinoma has also been observed, although
rarely, as well as renal cell carcinoma [73,74].

As mentioned, in a survey in 2004 [63] of the histological types of a total of
1049 cases of renal cell carcinoma, based on the General Rule for Clinical and Patho-
logical Studies on Renal Cell Carcinoma in 1999, there were 565 clear cell carcinomas
(53.9%), 197 granular cell carcinomas (18.8%), 12 chromophobe renal cell carcinomas
(1.1%), 68 cyst-associated renal cell carcinomas (6.5%), 180 papillary renal cell carci-
nomas (17.2%), and 27 spindle cell carcinomas (2.6%) (Fig. 36).

TaBLE 5. Comparison of the histology of renal cell carcinoma
in the general population and in hemodialysis patients (Repro-
duced from [62], with permission from Blackwell Publishing)

General Hemodialysis
population patients
Nonpapillary RCC 73* (88.0%) 22* (51.2%)
Papillary renal cell tumor 4* (4.8%) 21* (48.8%)
Chromophobe RCC 6 (7.2%) 0
Number of cases 83 43

*y* =31.9, p < 0.001. RCC, renal cell carcinoma



Renal Cell Carcinomas in Dialysis Patients 29

F1G. 36. Comparison of the histological characteristics of renal cell carcinomas between dialysis
patients and the general population. In dialysis patients, clear cell carcinoma is less frequent,
and granular cell carcinoma and papillary renal cell carcinoma are more frequent, than in the
general population. Papillary renal cell carcinoma is particularly frequent in renal cell carci-
noma related to acquired cystic disease of the kidney

TABLE 6. Prevalence of acquired cystic disease of the kidney,
renal tumors, and renal cell carcinoma as reported in the

literature
Total cases Cysts Renal tumor RCC
from 25 references (ACDK)

examined (CT,
US, autopsy)

1103 Cases 520 Cases 53 Cases 17 Cases
(47.1%) (4.8%) (1.5%)

CT, computed tomography

3 Prevalence

In relation to the prevalence of renal cell carcinoma observed in 1103 dialysis patients,
as reported in the literature (including imaging and pathological diagnoses), cysts
were observed in 47.1%, renal tumors in 4.8%, and renal cell carcinomas in 1.5% [14]
(Table 6).

According to the results of my 10-year follow-up data, the annual incidence of renal
cell carcinoma was 0.4% [34]. Based on a questionnaire survey in 2004 it was 0.2%,
and in a 20-year follow-up study it was 0.3%. This means that the first screening of
100 patients at a dialysis center reveals renal cell carcinoma in 1-2 dialysis patients,
and further screenings of the same group reveal the disease in 1 patient every 2.5 years
thereafter.

Acquired renal cysts are observed in about 50% of dialysis patients, and since the
prevalence of renal cell carcinoma is 1.5%, about 3% of the patients with ACDK are
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expected to have renal cell carcinoma. According to the data of Hughson et al. [75],
atypical cysts were found in 30%, and adenoma in 14%, of the kidneys of patients
receiving dialysis. In a review of the literature, Grantham and Levine [76] reported
that renal cell carcinoma occurs in 7% of dialysis patients. Among recent pathological
evaluations, Segerer and Meister [77] reported adenoma in 10%-20% of patients with
ACDK 3 years after the initiation of dialysis, and renal cell carcinoma in 3%-6% of
patients with ACDK after 5 years. Denton et al. [56] histologically examined 260
patients after unilateral nephrectomy for renal transplantation, and found acquired
cysts in 33%, adenoma in 14%, and renal cell carcinoma in 4.2%; renal cell carcinoma
was bilateral in 4 (36%) of the 11 patients. The occurrence of renal cell carcinoma
showed no racial difference, but was less frequent in continuous ambulatory perito-
neal dialysis (CAPD) patients. They suggested that male sex, long-term dialysis, and
aging were risk factors for RCC.

We carried out a total of 12 surveys in the form of questionnaires concerning renal
cell carcinoma in dialysis patients every 2 years from 1982 to 2004 [55,57,63,78-86].
Based on the results of the surveys in 1996-2004, the annual incidence of renal cell
carcinoma was found to be 146-191 per 100000 patients (0.146%-0.191% of all
patients). However, it was 88-112 per 100000 (0.088%-0.112%) in patients with a
history of less than 10 years dialysis, but it was 344-438 per 100000 (0.344%-0.438%)
in those who had undergone dialysis for 10 years or longer. These figures show that
the incidence of renal cell carcinoma increases with the duration of dialysis, and that
this increase is about four times greater in those with a 10-year history of dialysis or
longer compared with those with a history of less than 10 years (Fig. 37).

We also compared the prevalence of renal cell carcinoma in dialysis patients with
that in the general population, using sex- and age-matched subjects based on the
results of our questionnaires, i.e., we calculated the standardized incidence ratio (SIR)
[63]. According to the results from 2004, the SIR was 14.8 (95% CI, 13.1-16.7) in all
patients, 14.3 (95% CI, 12.4-16.7) in males, and 17.1 (95% CI, 12.9-23.2) in females
(Fig. 38). The incidence of renal cell carcinoma was 9-18 times higher in male patients
and 8-17 times higher in female patients than in the general population, and 0.8-2.0

F1G.37. Annualincidence of renal cell carcinoma per 100000 dialysis patients, and the duration
of dialysis (Reproduced from [63], with permission)
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F1G. 38. Standardized incidence ratio (SIR) of renal cell carcinoma in dialysis patients and their
95% confidence intervals

TaBLE 7. Comparison of the standardized incidence ratio (SIR)
of renal cell carcinoma in male and female hemodialysis
patients in each questionnaire (Reproduced from [63], with

permission)

Questionnaire year Males Females Male/Female
1990 16.5 8.3 2.0
1992 16.9 12.1 1.4
1994 18.2 15.0 1.2
1996 14.7 11.7 1.3
1998 9.7 9.3 1.0
2000 8.9 9.1 1.0
2002 13.1 15.2 0.9
2004 14.3 17.1 0.8

times higher in male patients than in female patients (Table 7). In patients aged less
than 40 years, in particular, the incidence was 54-143 times higher in male patients
and 284-412 times higher in female patients. As the survey was repeated over time,
the incidence in female patients increased [63], and the male predominance gradually
became less conspicuous.

In 2003, Stewart et al. [87] analyzed the cases reported in a registry covering three
continents, and reported that the incidence of renal cell carcinoma was 2053 (United
States Renal Data System: USRDS 1303; European Dialysis and Transplantation Asso-
ciation: EDTA 680; Australia/New Zealand: A/NZ 70) per 2045035 patient-years
(0.100%). The SIR of renal cell carcinoma (International Classification of Disease:
ICD-9189, renal cell carcinoma and tumors of the urinary system except bladder
cancer) was high at 3.6 in all patients, was higher in younger patients, and was higher
in female patients (4.6) than in male patients (3.2). These tendencies were observed
regardless of the primary disease (Fig. 38). Thus, the occurrence of renal cell carci-
noma is dependent on the duration of dialysis rather than on the primary disease or
dialysis modality, and increases as the duration of dialysis increases (SIR = 3.2 at 1
year, 3.7 at 3-5 years, and 6.8 at 10 years or longer).
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4 Results of Surveys Concerning Renal Cell Carcinoma
in Dialysis Patients

4.1 Results in 1982-2004

The results of the surveys performed from 1982 to 2004 are presented below
[55,57,63,78-86,88,89].

4.2 Number of Registered Patients

We were able to collect data for 2873 dialysis patients with renal cell carcinoma (Table
8). When the annual rate of increase was compared between renal cell carcinoma
patients and dialysis patients, it was found to be slightly higher in renal cell carcinoma
patients (Fig. 39).

4.3 Sex Differences

We know that acquired renal cysts are observed more frequently in male patients,
and in these surveys of dialysis patients, renal cell carcinoma was observed in 2293
males (80%), 574 females (20%), and 6 patients of unknown gender. The prevalence
was four times higher in male patients than in female patients. However, Stewart

TABLE 8. Number of dialysis patients with renal cell carcinoma as collected by questionnaire
surveys (Reproduced from [63], with permission)
1982 1984 1986 1983 1990 1992 1994 1996 1998 2000 2002 2004 Total

Males 25 31 40 91 112 150 216 222 285 320 381 420 2293
(80.0%)
Females 9 6 8 24 18 34 57 55 68 79 104 112 574
(20.0%)
Unknown 4 2 6
Total 34 37 48 115 130 184 273 277 353 399 489 534 2873

F1G. 39. Annual changes in the numbers of renal cell carcinoma patients and dialysis patients
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et al. [87] reported that the SIR was slightly higher in female patients than in male
patients, and our data were similar (SIR 14.3 in males, 17.1 in females).

4.4 Age

The mean age of patients with renal cell carcinoma is lower (55.5 + 11.5 years) than
that of the general population, and many patients with renal cell carcinoma were in
their 30s or 40s (Fig. 40). The mean age of patients with renal cell carcinoma also
increased at every survey. It was 47.9 years in 1982 (51.9 years at the end of 1983, 48.3
years at the initiation of dialysis), but was 58.9 + 10.9 years in 2004, i.e., it had
increased by 11 years during the 20 years of the surveys (Table 9). The mean age
of all dialysis patients also increased by 15.1 years from 47.1 years during the same
period (Fig. 41). The mean ages of both the renal cell carcinoma patients and all the

F1G. 40. Age distribution of renal cell carci-
noma patients

F1G. 41. Annual changes in the mean age of
dialysis patients with and without renal cell
carcinoma
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TABLE 9. Summary of the results of surveys from 1982 to 2004 (Reproduced from [63], with
permission)

1982a 1984 1986 1988 1990 1992
Number of RCC 34 37 48 115 130 184
patients
Males 25 31 40 91 112 150
(81.5%)
Females 9 6 8 24 18 34
(18.5%)
Male: Female 2.8:1 5.2:1 5.0:1 3.8:1 6.2:1 44:1
Mean age (years) 47.94+15.6b 49.7+11.1 50.5+10.0 51.4+11.7 52.6+10.9 53.8+11.8
(183)
Mean duration of 494 +32.8 73.6 +46.3 83.9+452 94.6+54.5 106.1 £61.2 111.0=+ 64.3
dialysis (months) (183)
Presence of acquired 23/32 20/32 39/46 92/115 102/124 142/179
cysts (%) (71.9) (62.5) (84.8) (80.0) (82.3) (79.3)
Tumor size (cm) 4.25+3.21 4.90+3.99 5.39+3.78 4.58+3.44 4.22+2.53 4.70+3.20
(166)
Metastasis (%) 7/33 8/33 10/48 17/106 19/126 29/182
(21.2) (24.2) (20.8) (16.0) (15.1) (15.9)
Total number of 42223 53017 66310 80553 88534 116303
dialysis patients (81.12) (83.12) (85.12) (87.12) (88.12) (90.12)
in Japan (year,
month)

a, Questionnaire year; b, Mean + SD

F1G. 42. Comparison of the incidence of renal cell carcinoma per 100000 people between the
general population and dialysis patients according to sex and age

dialysis patients increased, probably because the age at the initiation of dialysis was
gradually increasing, while renal cell carcinoma occurred more frequently in patients
who had received dialysis for a long period from a relatively young age, and because
renal cell carcinoma occurred at relatively young ages in dialysis patients.

When the relationship between the incidence of renal cell carcinoma and age was
evaluated separately in male and female patients, the incidence was higher at younger
ages in dialysis patients (Fig. 42).



Renal Cell Carcinomas in Dialysis Patients 35

1994 1996 1998 2000 2002 2004 Total
273 277 353 399 489 534 2873
216 222 285 320 381 420 2293
(79.1%) (80.1%) (80.7%) (80.2%) (78.6%) (78.9%) (80.0%)
57 55 68 79 104 112 574
(20.9%) (19.9%) (19.3%) (19.8%) (21.4%) (21.1%) (20.0%)
3.8:1 4.0:1 42:1 4.1:1 3.7:1 3.8:1 4.0:1
535+11.3 5414117 5514113 5614107 5754114 5894109  55.5+11.5
(272) (276) (348) (397) (484) (533) (2856)
1182+71.0 125.8+79.5 131.5+87.9 132.8+858 1369+952 1457+950 1269+ 84.9
(271) (276) (345) (392) (464) (529) (2831)
224/271 222/271 293/345 304/380 384/476 422/518 2267/2789
(82.7) (81.9) (84.9) (80.0) (80.7) (81.5) (81.3)
4.00+£2.70  3.98+2.81  3.96+2.37  3.96+292  3.77+240  3.53+2.01  3.97+2.67
(242) (260) (323) (360) (464) (505) (2653)
35/269 45/273 56/341 57/379 72/473 73/524 428/2787
(13.0) (16.5) (16.4) (15.0) (15.2) (13.9) (15.4)
123000 143709 167192 185322 206134 229538
(92.12) (94.12) (96.12) (98.12) (00.12) (02.12)

F1G. 43. Duration of dialysis and number of renal cell carcinoma patients

4.5 Duration of Dialysis

The mean duration of dialysis in renal cell carcinoma patients was 126.9 + 84.9
months (10.6 years) (Fig. 43). Renal cell carcinoma occurred more frequently within
1 year or between 5 and 15 years after the initiation of dialysis. The incidence of renal
cell carcinoma increased with the duration of dialysis (Fig. 44). According to the
results of the survey in 2004, the duration of dialysis was 10 years or longer in 55.6%
of the 534 renal cell carcinoma patients, and 20 years or longer in 18.1% [63]. In other
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F1G. 44. Comparison of the annual incidence
of renal cell carcinoma per 100000 dialysis
patients according to the duration of dialysis

TABLE 10. Comparison of renal cell carcinomas with and without acquired cystic disease of the

kidney

With ACDK Without ACDK
n 2267 (81.3%) 522 (18.7%)
Males 1857 (82.1%) 370 (70.9%) p =0.000
Females 405 (17.9%) 152 (29.1%)
Age (years) 54.7 £ 11.2 58.8 +12.1 p = 0.000
Duration of dialysis (months) 142.2 £ 81.8 63.0 £ 66.9 p = 0.000
Tumor size (cm) 39+26 4.1+2.38 NS
Metastasis 327/2220 (14.7%) 77/513 (15.0%) NS
Outcome (Cancer death) 169/2250 (7.5%) 42/520 (8.1%) NS

words, the duration of dialysis was 10 years or longer in about half the dialysis
patients with renal cell carcinoma. When the results of the surveys were compared,
the number of renal cell carcinoma patients with a longer duration of dialysis gradu-
ally increased (Table 9).

When the occurrence of renal cell carcinoma was compared between patients with
and without acquired cystic disease of the kidney (ACDK), the patients with ACDK
complicated by renal cell carcinoma were more often males, were younger, and had
a longer duration of dialysis (Table 10).

When a comparison was made between renal cell carcinoma patients with a dura-
tion of dialysis of less than 10 years and those with a duration of dialysis of 20 years
or longer, those with a longer duration of dialysis were younger, were more often
males, more often had acquired cysts, more often had papillary renal cell carcinoma,
more often had metastases, and more often died as a result of the renal cell carcinoma
[90] (Table 11).

4.6 Aids to Diagnosis

Aids to a diagnosis of renal cell carcinoma were obtained by screening using imaging
techniques such as ultrasonography and CT scan in 90% of patients (Fig. 45). Only
7.6% were found to be symptomatic, and therefore screening was shown to be
useful.
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TaBLE 11. Comparison of the prevalence of renal cell carcinoma in patients with a history of
dialysis of 10 years or less and those with a history of dialysis of 20 years or longer (Reproduced
from [90], with permission from S. Karger AG)

Less than More than

10 years 20 years p value
n 215 84
Age (years) 59.8 £ 13.1 55.0+7.1 0.001
Males 74.3% (159/214) 90.1% (73/81) 0.003
Presence of acquired cysts 62.5% (130/208) 96.3% (79/82) 0.000
Tumor size (cm) 37+23 43+24 0.036
Papillary RCC 8.1% (13/161) 17.5% (10/57) 0.046
Metastasis 10.6% (22/208) 31.3% (25/80) 0.000
Cancer death 3.7% (8/214) 13.1% (11/84) 0.003
Duration of dialysis (months) 49.0 + 34.2 283.5 +32.7 0.000

F1G. 45. Diagnostic aids for renal cell carcinoma, metastasis, and outcomes in dialysis patients

4.7 Symptoms

In symptomatic patients (Fig. 46), as expected, the most frequent symptom was gross
hematuria (146 cases), and symptoms due to metastasis (20 cases), fever (13), and
abdominal/loin pain (10) were also observed. It is noteworthy that an increase in the
hematocrit or erythrocytosis led to the detection of renal cell carcinoma in 9 patients

(Fig. 46).

4.8 Metastasis

Metastasis occurred in 428 (15.4%) of 2787 cases (Table 9).

4.9 Qutcome

The outcome after a mean follow-up period of 1 year (Fig. 45) was 2054 alive without
tumor (72%), 387 alive with tumor (14.5%), 230 dead due to renal cell carcinoma
(8%), and 169 dead due to other diseases (6%).
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F1G. 46. Symptoms of renal cell carcinoma in dialysis patients

F1G. 47. Comparison of the prevalence of renal cell carcinoma in chronic dialysis patients
among prefectures. The prevalence is shown as the number of dialysis patients without renal
cell carcinoma for every patient with renal cell carcinoma. The disease is more prevalent when
the number is smaller

4.10 Detection Rates in Different Prefectures

The detection rate varied considerably among prefectures. These differences are
believed to be caused by the level of interest of the attending physicians in renal cell
carcinoma of dialysis patients, and whether or not they performed screening, rather
than by regional differences in the incidence of the disease. The detection rate of renal
cell carcinoma patients per unit number of dialysis patients was high in Miyagi,
Tokyo, Ishikawa, and Fukui prefectures (Fig. 47).
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4.11 Size of Renal Cell Carcinoma and Diagnostic Methods

The mean size of the tumors found was 4.0 * 2.7cm in diameter (Fig. 48). Small
tumors of less than 2 cm are difficult to detect by either CT scan or ultrasonography
(Fig. 49), but such tumors have been detected by the full use of imaging techniques.
However, many renal cell carcinomas have only been detected after they have grown
to a very large size.

5 Differences Between Japan and the United States

We compared renal cell carcinomas in dialysis patients in Japan and the United States.
The incidence was 113 per 100000 patient-years in the U.S. [91], but was slightly
higher at 193 per 100000 patient-years in Japan [63].The incidence of renal cell

F1G. 48. Size of renal cell carcinoma

F1G. 49. Size of renal cell carcinoma and diagnostic aids
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TaBLE 12. Comparison of renal cell carcinoma in dialysis
patients in Japan and in the United States

General Dialysis SIR (standardized
population patients incidence ratio)
Japan 3/100000 193/100000% 14.3-17.1*
USA 71100000 113/199000** 3.7%*

*, Questionnaire study in 2004
** Maisonneuve P: Lancet 354:93, 1999

F1G.50. Comparison of the duration of dialysis (years) in renal cell carcinoma patients between
Japan and the United States

carcinomas in dialysis patients was 3.7 times higher than that in the general popula-
tion in the U.S., and 14-17 times higher in Japan (Table 12). The prevalence (number
of cancer patients/number of all patients) was 0.46%-0.49% in the U.S. [91], but was
0.85%-1.45% in Japan. The increase in renal cell carcinomas with the duration of
dialysis from 5-10 years to 10 years or longer was greater in Japan than in the U.S.
[84]. However, the most striking difference between the two countries was observed
in the duration of dialysis in renal cell carcinoma patients. This was 10 years or longer
in only 2.5% of patients in the U.S. [91] but in 50.6% of patients in Japan (Fig. 50). In
addition, the age at which dialysis was initiated was 34 years or less in 5.2% of the
renal cell carcinoma patients in the U.S., but in 28.2% of patients in Japan.

6 Characteristics

The characteristics of renal cell carcinoma in dialysis patients may be summarized as
follows. (1) Renal cell carcinoma occurs more frequently in younger patients, male
patients, and patients with a long history of dialysis. (2) It is often asymptomatic and
difficult to diagnose. (3) The prognosis is relatively good, but metastasis is occasion-
ally observed, and death due to renal cancer is not rare. (4) Histologically, granular
cell carcinoma and papillary renal cell carcinoma are noted more frequently than in
the general population due to their relationships with cysts. (5) Renal cell carcinoma
is often bilateral and multiple [62,92]. According to outcome studies of renal cell
carcinoma [11,58,93], renal cell carcinoma was bilateral in 78 (14.5%) of 539 cases.
(6) Renal cell carcinoma occurs less frequently after renal transplantation because of
the regression of cysts. However, the effects of immunosuppressants cannot be
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ignored. In Japan, renal cell carcinoma is the most frequent malignant tumor diag-
nosed after renal transplantation.

From these characteristics, (1) being a young male, (2) having received dialysis over
a long period, and (3) enlargement of the kidneys due to acquired renal cysts are
considered to be risk factors for renal cell carcinoma.

7 Diagnosis

Since renal cell carcinoma is rarely symptomatic, dialysis patients must be screened
periodically by imaging techniques to ensure its early detection. Imaging studies are
essential when gross hematuria is observed [11,93,94].

7.1 Ultrasonography

Ultrasonography is performed first for imaging screening because it is not invasive,
can readily be repeated, and is inexpensive [95]. Its disadvantages are that the effec-
tiveness is largely operator-dependent, that delineation of small tumors is difficult,
that renal cell carcinomas are imaged as masses with an internal echo while cysts have
no internal echo, and that small kidneys are difficult to image if there is much fat
(Table 13). In Figs. 51 and 52, a tumor 4 cm in diameter is clearly delineated, and the
renal cell carcinoma is imaged as a mass with an internal echo. However, the detection
of renal cell carcinomas of 2cm or less in diameter is occasionally difficult, and
depends on the operator’s skill. Because of these disadvantages of ultrasonography,
a CT scan is more reliable for the diagnosis of renal cell carcinoma [11,93].

7.2 CT Scan

The point of diagnosis of renal cell carcinoma by CT scan is to examine whether there
is a mass with the same X-ray absorption value as renal parenchyma [11,96] (Cases
7 and 16) (see Figs. 53,54,85,103). If part of the kidney has the same X-ray absorption
value as the parenchyma in a patient with a long history of dialysis, and if it retains

TaBLE 13. The use of ultrasonography for the diagnosis of renal cell carcinoma in dialysis
patients

1. Renal cell carcinoma appears as a mass with an internal echo

2. A mass which appears “intermediate” by a CT scan is a hemorrhagic or high-protein-containing
cyst if there is no echo in the mass by ultrasonography. Renal cell carcinoma and hemorrhagic
cysts can be differentiated using ultrasonography

3. However, 50% of hemorrhagic cysts may show an internal echo if they contain blood clots. In
this situation it is difficult to differentiate between renal cell carcinoma and hemorrhagic (blood
clot) cysts

4. Detection of cysts by ultrasound is more reliable than by CT scan. The sensitivity of the detection
of renal cell carcinoma in dialysis patients is lower by ultrasound scan than by CT scan

5. Detection of renal cell carcinoma by ultrasonography is operator-dependent. A comparison of
images between the current year and the previous year is more difficult in ultrasonography than
in CT scan

6. Contrast (Levovist)-enhanced ultrasonography is a promising development for the future
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F1G. 51. Ultrasound findings of renal cell carcinoma (arrows), 1

F1G. 52. Ultrasound findings of renal cell carcinoma (arrows), 2
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F1G. 53. CT images of renal cell carcinoma (arrows), 1. Renal cell carcinoma is often hyper-
vascular in patients with a short history of dialysis (<10 years). The tumor in Case 3 was
not proved to be a hypervascular tumor because of the poor timing of the procedure (CT in
Case 6: Reproduced from [6], by permission of Oxford University Press)

a normal thickness, the finding is clearly abnormal, and this is an important point
for the detection of a small renal cell carcinoma (Table 14). In addition, if a suspicious
mass is detected by plain CT, whether or not there is blood flow (contrast enhance-
ment) in the mass must be examined by dynamic CT [97], because there is no blood
flow in the mass and no contrast enhancement is observed if the mass is a hemor-
rhagic cyst or a cyst filled with a high-protein fluid.

In patients with a short history of dialysis, renal cell carcinoma is often imaged as
a mass projecting from the renal margin (Figs. 53 and 55), and is relatively easy to
diagnose. However, diagnosis is difficult in patients with a long history of dialysis
because a renal cell carcinoma is often surrounded by many cysts, and located in the
interior of the kidney without any irregularity of the renal margin or protrusion of
the tumor on the renal surface [98] (Figs. 54, 55, 103). In male patients in particular
cysts occur in large numbers, and renal cell carcinomas are buried in these cysts, so
they are very difficult to diagnose even by CT scan, and often are only detected after
they have grown to a large size. Dynamic helical CT rather than delayed CT should
be used for a definitive preoperative diagnosis. Dynamic helical CT is particularly
useful for the examination of early contrast enhancement [99]. Figure 56 shows a mass
that clearly showed contrast enhancement on dynamic CT, and was diagnosed as a
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TABLE 14. The use of CT scan for the diagnosis of renal cell carcinoma in dialysis patients

1. CT scan is more reliable than ultrasound for detecting renal cell carcinoma in dialysis patients

2. A mass with an isodensity which is the same as that of renal parenchyma should be suspected to
be a renal cell carcinoma. If the contrast enhancement of a mass is more than 10-20HU by an
enhanced helical CT scan, then it is a renal cell carcinoma

3. A large renal cell carcinoma often shows calcifications in the center or in the peripheral area, and
there is also an irregular margin and inhomogeneous enhancement in the tumor

4. The image of a CT scan is not operator-dependent, and therefore it can easily be compared with
the previous CT scan

5. Renal cell carcinoma in dialysis patients is often multicentric and bilateral. A CT scan is the most
suitable in this situation

F1G. 54. CT images of renal cell carcinoma (arrows), 2. Renal cell carcinoma is often hypo-
vascular in patients with a long history of dialysis (>10 years) (CT in Case 29: Reproduced
from [6], by permission of Oxford University Press)

hypervascular renal cell carcinoma. The dynamic CT curve also showed contrast
enhancement in the vascular phase in the area of the tumor.

Some renal cell carcinomas of dialysis patients show contrast enhancement but not
a very high enhancement rate, i.e., hypovascular tumors in the angiographic term. As
shown in Fig. 57, contrast enhancement is smaller in papillary renal cell carcinoma
than in nonpapillary renal cell carcinoma. In such cases, the CT value of the mass
must be determined by dynamic CT before the administration of the contrast medium
and in the arterial phase, and blood flow is judged to be present in the mass if a
contrast enhancement of 10-20 HU or greater is observed in the arterial phase (see
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F1G. 55. Duration of dialysis and protrusion of renal cell carcinoma from the renal margin.
Renal cell carcinoma often protrudes from the renal margin in patients with a short history of
dialysis, but not often in those with a long history of dialysis

F1G. 56. Contrast enhancement of renal cell carcinoma on dynamic CT. Contrast enhancement
is more intense in renal cell carcinoma (2) than in the renal parenchyma (3)

F1G. 57. Ratio of contrast enhancement of the tumor relative to that of the aorta (T/A). Com-
parison between nonpapillary renal cell carcinoma and papillary renal cell carcinoma
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Fig. 53, 54). If the diagnosis is impossible even by helical CT, magnetic resonance
imaging (MRI) must be performed.

7.3 MRI

By MRI, the T1 and T2 times are prolonged in cysts, which show as black images in
the T1-weighted image and as white images in the T2-weighted image. Fat appears
white in the T1-weighted image and black in the T2-weighted image. In addition, the
renal parenchyma and tumor show no marked changes in signal intensity in T1- or
T2-weighted images, and are often imaged as gray areas (Figs. 58-61). In addition,
hemorrhagic cysts are imaged as white areas in both T1- and T2-weighted images if
the hemorrhage is fresh, but are imaged as areas with intermediate signal intensity
in the T1-weighted image and as black areas in the T2-weighted image if the hemor-
rhage is old. Therefore, hemorrhagic cysts can be excluded if gray lesions are observed
in the T2-weighted image [98,100]. However, a diagnosis of renal cell carcinoma is
often difficult by MRI alone, because there are few findings which are specific to renal
cell carcinoma. In such cases, the accuracy of the diagnosis is further improved by
the concomitant use of dynamic MRI with gadolinium diethylenetriaminopentoacetic
acid (Gd-DTPA).

Some examples of MR images are now presented. In Case 24 (see Fig. 119), since
the findings on dynamic CT or ultrasonography were not sufficiently convincing, we

F1G. 58. Magnetic resonance (MR) images of renal cell carcinoma (arrows), 1. The signal inten-
sity of the renal tumor is close to that of the renal parenchyma
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F16. 59. MR images of renal cell carcinoma (arrows), 2. Renal cell carcinoma is delineated as a
gray area, particularly in T2WI, unlike cysts, which appear as white areas. This difference is
important when renal cell carcinoma is surrounded by cysts

F1G. 60. MR images of renal cell carcinoma (arrows), 3. The gray lesion in the right T2WT (Case
29) is particularly important
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F1G. 61. MR images of renal cell carcinoma (arrows), 4. In patients with a long history of dialy-
sis, cysts often occur in large numbers, renal cell carcinoma may be surrounded by cysts, and
renal cell carcinoma may develop in the calcified walls of hematomas. Note the gray lesion in
the second T2WI from the right (Case 33)

TABLE 15. Summary of the use of MRI for the diagnosis of renal cell carcinoma in dialysis
patients

1. MRI is used when a diagnosis of renal cell carcinoma is equivocal by enhanced helical CT scan

2. A renal cell carcinoma surrounded by extensive cystic changes may be diagnosed by MRI

3. Renal cell carcinoma is strongly suspected when there is a region of intermediate intensity by T2
weighted images (T2WTI)

4. The age of fresh or old bleeding may be diagnosed by MRI

5. If a mass shows enhancement by gadolinium-diethylenetriaminopentoacetic acid (Gd-DTPA)-
enhanced MRI, a diagnosis of renal cell carcinoma can be made. However, it should be noted that
some tumors reveal only a little enhancement

performed gadolinium DTPA-enhanced MRI. This showed an area with clear contrast
enhancement, and we could operate on this patient with confidence.

The upper photographs in Figs. 58-61 are T1-weighted images of 12 of my renal cell
carcinoma patients. The lower photographs in Figs. 58-61 are T2-weighted images of
the same patients. The signal intensity was high in parts of the tumors, but the tumors
were mostly difficult to distinguish from the surrounding tissues. In some cases, the
diagnosis appears to be easier by T2-weighted images (Figs. 60 and 61) when a renal
cell carcinoma is surrounded by cysts. Table 15 summarizes the MRI findings.
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7.4 Difficulties in the Diagnosis of Renal Cell Carcinoma in
Dialysis Patients [98]

1. Renal cell carcinoma is often asymptomatic and can be overlooked without
screening.

2. Renal cell carcinoma can be diagnosed relatively easily in patients with a short
duration of dialysis, because it is observed as a protrusion from the renal margin.
However, in patients with a long duration of dialysis, it is concealed by many cysts
and is difficult to diagnose. T2-weighted MRI may be useful for the diagnosis of renal
cell carcinoma surrounded by cysts. However, the diagnosis becomes easier 1 month
or longer after renal transplantation because of regression of the cysts.

3. Since papillary renal cell carcinoma is often a hypovascular tumor, it is difficult
to diagnose. Papillary renal cell carcinoma located in the hematoma wall is even more
difficult to diagnose. Its differentiation from a hemorrhagic cyst is important.

4. Contrast-enhanced helical CT is the best for the diagnosis of renal cell car-
cinoma. However, caution is necessary, because no contrast enhancement is observed
in spindle cell carcinoma (sarcomatoid renal cell carcinoma), as mentioned below.

7.5 Screening

A flowchart for the detection of renal cell carcinoma is shown in Fig. 62. In addition
to screening symptomatic patients, we consider that periodic screening is necessary
once a year for asymptomatic male patients, and once every 2 years for asymptomatic

F1G. 62. Methods for screening diseased kidneys for renal cell carcinoma, examinations, and
treatments (Reproduced from [11], with permission from S. Karger AG)
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F1G. 63. Screening dialysis patients for renal cell carcinoma

female patients and patients who have undergone renal transplantation [11]. Ques-
tions concerning screening for renal cell carcinoma were incorporated in a question-
naire survey of dialysis centers in Japan. It was found that some screening was
performed at 1364 dialysis facilities (67.9%), and periodic screening was performed
at 956 facilities (47.6%) [84] (Fig. 63). The frequency of screening was once a year in
78.9% of the facilities and twice a year or more in 18.3%. Screening was performed
by ultrasonography at 42% of the facilities, by CT scan at 23%, and by both ultras-
onography and CT scan at 21%.

Chandhoke et al. [101] reported that screening was unnecessary, because renal cell
carcinoma did not occur frequently in dialysis patients, and was unrelated to cysts,
but we disagree with this view [102]. Sarasin et al. [103] evaluated the effectiveness
of screening of dialysis patients for renal cell carcinoma by decision analysis. They
assumed that the annual incidence of renal cell carcinoma in dialysis patients was
0.9%, and compared the benefits of screening all patients every 3 years by CT or
ultrasonography with screening symptomatic patients after the appearance of symp-
toms. As a result, they concluded that the survival period can be prolonged for 1.6
years by screening a 20-year-old patient with an expected survival period of 25 years,
but for 4-5 days in a 58-year-old patient with an expected survival period of 5 years,
and reported that screening is of no value for patients with a short expected survival
period due to old age or complications. Therefore, they did not support the screening
of all dialysis patients, but considered that screening would be beneficial for patients
who were in a good general condition, and had a long expected survival period and
many cysts, i.e., young patients, and patients before renal transplantation. However,
the simulation by Sarasin et al. [103] needs to be reevaluated in terms of whether the
assumption used is appropriate, whether it is applicable to any particular country,
and when the expected survival period for dialysis patients can be extended in the
future.

Furthermore, Denton et al. [56] indicated that prospective studies are necessary in
order to evaluate the usefulness of screening high-risk patients. Choyke [104] reported
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F1G. 64. Comparison of the survival rate between patients in whom renal cell carcinoma was
detected because of their symptoms and those in whom it was detected by screening (deaths
from all causes) (p = 0.0119) (Reproduced from [105], with permission from Blackwell
Publishing)

that the screening of most patients is recommended in countries where the expected
survival period of dialysis patients is long, such as Japan.

According to our evaluation, the outcomes of treatment were better in patients
whose diagnosis of renal cell carcinoma was by screening than in those who were
diagnosed by examinations after the appearance of symptoms [105] (Fig. 64).

Also on the basis of the results for Japanese dialysis patients obtained by our ques-
tionnaire survey in 2002, Brown observed in the editorial of the May 2004 issue of
Nephron: “There is no doubt that such screening should take place. Common sense
should be used to select patients for screening and to thereby avoid unnecessary stress
and anxiety in patients at low risk or those who are unlikely to benefit as their survival
is not going to be extended by the finding and removal of a renal tumor” [106].
Apart from the frequency, we agree that this principle of screening is appropriate at
present [90].

8 Treatment

Nephrectomy after early diagnosis is considered to be the only treatment for renal
cell carcinoma [11,14]. Only the kidney with the tumor should be resected, and the
other kidney should be examined by imaging techniques once every 3-6 months. The
surgery may be simple nephrectomy or radial nephrectomy, but the less invasive
peritoneoscopic nephrectomy, laparoscopic nephrectomy, and retroperitoneoscopic
nephrectomy have been performed recently [107-109]. According to one question-
naire survey [58], simple nephrectomy was performed in 283 patients (54.4%), and
radical nephrectomy in 237 patients (45.6%); nephrectomy was unilateral in 377
patients (78.9%) and bilateral in 101 patients (21.1%).

Interferon is used occasionally as an adjuvant therapy. Out of 491 patients, 410
were observed, 68 (13.8%) were administered interferon, and 13 received other treat-
ments [58].

Regarding surgical indications, nephrectomy should be performed if a vascularized
tumor of any size with an X-ray value similar to that of the renal parenchyma is
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detected by dynamic CT, on condition that the patient tolerates the surgery. At
present, usually only the kidney with the tumor is resected.

9 Prognosis

The prognosis of renal cell carcinoma is generally good, but occasional poor out-
comes are possible. According to the results of a questionnaire survey, metastasis was
observed in 15% of the patients (during a follow-up for a mean of 1 year), and the
sites of metastasis included bone, liver, lung, lymph nodes, and brain. Renal cell car-
cinomas with metastases are larger than those without metastases, but even renal cell
carcinomas 1.2cm and 1.5c¢m in diameter were reported to have metastasized [4].
According to the first report on prognosis by Matson and Cohen [110], the 5-year
survival rate of dialysis patients with renal cell carcinoma was 35%, which was the
same as that of nondialysis patients with renal cell carcinoma.

We studied the outcomes of 848 patients in 9 questionnaire surveys [58]. In these
patients, the mean duration of dialysis was 10 years, the mean age at the diagnosis of
renal cell carcinoma was 53 years, and the mean follow-up period after the diagnosis
was 4.7 years. The observed 5-year survival rate was 64.0% (10-year survival rate
47.2%, 15-year survival rate 35.0%). The 5-year survival rate of patients who did not
develop renal cell carcinoma was 78.1% [58] (Fig. 65). On closer analysis, the survival
rate of patients with renal cell carcinoma was found to have decreased markedly
within 2 years after the diagnosis, and remained 14% lower than the survival rate of
patients without renal cell carcinoma 2-6 years after the diagnosis. These parallel
changes in the survival rate in the two groups indicate that, if treatment (surgery)
is performed appropriately, renal cell carcinoma is unlikely to affect the outcome

F1G. 65. Observed survival rate and cancer-specific survival rate in dialysis patients with renal
cell carcinoma (Reproduced from [58], with permission)
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F1G. 66. Observed survival rate and cancer-specific survival rate in dialysis patients with renal
cell carcinoma (surgical cases) (Reproduced from [58], with permission)

thereafter. Regarding the renal cell carcinoma-specific survival rates, the 5-year, 10-
year, and 15-year survival rates were 81.5%, 76.5%, and 76.0%, respectively.

Of the 761 patients who mentioned their history of surgery in the questionnaire,
662 (87%) had undergone surgery. In these patients, the mean age at the diagnosis of
renal cell carcinoma was 52 years, the mean duration of dialysis was 10 years, and the
mean postoperative follow-up period was 5.5 years. The observed 5-year survival rate
was 79.7%, which was close to the 78.1% of those who did not develop renal cell car-
cinoma (Fig. 66). The cancer-specific 5-year survival rate was 91.7%. These results
suggest that the outcome is dependent on the age and stage of the tumor at diagnosis,
and that it is poorer as these are more advanced [58].

From our experience, we consider that the mortality rate due to renal cell carci-
noma, i.e., its prognosis, is similar in dialysis patients and in the general population
if the comparison is made between grade- and stage-matched subjects. However,
many investigators consider that the prognosis of renal cell carcinoma is better in
dialysis patients than in the general population [11,111,112]. It is likely that this is
primarily because renal cell carcinoma tends to be detected in an earlier stage in
dialysis patients due to screening [105].

10 Etiology

10.1 History of Research into the Etiology

I first evaluated whether there were mutagenic factors in cyst fluid in 1980. I requested
the National Cancer Center to examine this by the Ames test, but cyst fluid was
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negative for mutagenic factors. An examination at our university also showed that
the EGF level in the cyst fluid was not abnormally high. In addition, no abnormality
was noted in the N-, H-, or K-ras gene, and no significant staining was observed by
in situ hybridization of cystic fibrosis transmembrane conductance regulator (CFTR).
Moreover, no tuberous sclerosis complex 2 (TCS2) mutation of chromosome 16 could
be demonstrated in papillary renal cell carcinoma (in collaboration with A. Hino,
1996). I therefore examined trisomies 16, 7, and 17 in renal cell carcinoma tissues by
in situ hybridization, but no consistent results were obtained by FISH even with the
concomitant use of the microwave oven method, although the possibility was sug-
gested in some samples. Thus, many studies have yielded negative data, and there has
been no marked progress in etiological investigations.

10.2 Examination of Tumor Tissues for Trisomies

Figure 67 shows the karyotype of papillary renal cell carcinoma in a 41-year-old man
who had received dialysis for 11 years. The presence of renal cell carcinoma was sus-
pected before renal transplantation, but it was confirmed by the regression of acquired
renal cysts after transplantation (Case 24), and right nephrectomy was performed 5
months after transplantation. Histologically, the tumor was a papillary renal cell car-
cinoma, and its karyotype was 48, X, —Y, 45, +16, +20 instead of trisomy 7 (+7) or
trisomy 17 (+17).

Figure 68 summarizes the karyotypes of papillary renal cell carcinomas in our 15
cases and 10 cases in the literature [6]. Trisomy 16 (+16), trisomy 7 (+7), and Y dele-
tion were observed frequently, but trisomy 17 (+17) was not frequent, and the karyo-
types of papillary renal cell carcinomas in dialysis patients appeared to be slightly
different from those in the general population [113-120].

Next, we examined 3p deletion in 4 of our patients with nonpapillary renal cell car-
cinomas. The 3p deletion, i.e., the deletion of a tumor suppressor gene, was observed
in 3 of the 4 patients, and loss of heterozygosity (LOH) was noted in 3p21.3, 3p14.2,
5q21, and 17p13, 17p13.3. However, their karyotypes did not appear to differ from
those of nonpapillary renal cell carcinomas in the general population [117] (Fig. 69).

F1G. 67. Karyotype of papillary renal cell carcinoma. The karyotype of this case was 48,X,
—Y,+5,+16,+20, and no +7 and +17 were observed (Reproduced from [118], with permission
from Elsevier Inc.)
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F1G. 68. Changes in the number of chromosomes in papillary renal cell carcinoma (Reproduced
from [6], with permission by permission of Oxford University Press)

F1G. 69. Search for loss of heterozygosity (LOH) by restriction fragment length polymorphism
(RFLP) in dialysis patients who developed nonpapillary renal cell carcinoma (Reproduced from
[117], with permission)

Subsequently, we studied the LOH of von Hippel-Lindau (VHL) disease gene at
3p25, which we had not done previously. In a joint study with Yoshida et al. [121] of
VHL mutations for clear cell carcinoma, we detected the LOH of VHL (3p25) in 3 of
8 patients with clear cell carcinoma. By microsatellite allelotyping using D3S1038,
tumors that showed the 618del A mutation (Fig. 70) were detected. However, no c-Met
mutation was noted in the 6 patients with papillary renal cell carcinoma.

Thus, the karyotypes of renal cell carcinomas of dialysis patients appear to be
mainly similar to those of the general population, and this is also true from a mole-
cular biological viewpoint, but there do seem to be a few differences, and further
research is necessary.
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F1G. 70. von Hippel-Lindau disease (VHL) gene mutations in nonpapillary renal cell carcinoma
(clear cell carcinoma). a The tumor in Case 1 showed 618delA mutation, but the noncancerous
parts showed the normal sequence. b Tumor 4 showed 386del 10bp mutation. ¢ Tumor 6
showed 723-724insTC mutation (Reproduced from [121], with permission from John Wiley &
Sons, Inc.)

Recently, Cheuk et al. [113] studied the karyotypes of areas other than renal cell
carcinoma in one patient. As a result, the karyotype was +7 in the papillary tuft,
+7,4+17 in the cribriform part, +7,+12,+17,+20,+Y in atypical cysts, and +7,+12,+17,+20
in renal cell carcinoma. These findings are of profound interest if chromosomes 7 and
17 are related to growth factors such as EGFR and c-erbB2 [60].

We now look at research from some other facilities into the proliferation of cyst
epithelial cells. Mutation of the p32 gene was rarely observed in renal cell carcinomas
of dialysis patients [122]. In an early stage of renal cell carcinoma in dialysis patients,
Connexin 32 (hypermethylation of its CpG island) may be acting as a tumor suppres-
sor gene [123]. In the epithelium of atypical cysts, the HGF and c-met of its receptors
were intensely stained, and the staining of Bcl-2 was similar [124].

Cytokines are related to the growth, differentiation, and apoptosis of cells, and the
concentrations of IL-6, IL-8, and vascular endothelial growth factor (VEGF) were high
in the cyst fluid of acquired cystic disease of the kidney [125]. Activator protein-1
(Jun, Fos) plays a central role in cytokine signal transmission, but phosphorylated
c-Jun was positive in the epithelium of atypical cysts. Activation of c-Jun was also
observed in early renal cell carcinomas. Therefore, stimulation by cytokines, includ-
ing c-Jun, may be related to the proliferation of cyst epithelium [126].

Furthermore, Ca oxalate crystals are often found in tissues of acquired cystic
disease of the kidney, and the plasma oxalate level is increased in dialysis patients.
The differentiation and proliferation of proximal tubular cells associated with this
increase in the oxalate level are related to oxalate deposition in the tumor [127]. Since
renal cell carcinomas of dialysis patients often show Ca oxalate deposition, they are
often bilateral or multicentric [128].
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10.3 Hypotheses of the Pathogenic Mechanisms of Renal Cysts
and Renal Cell Carcinoma

I have developed the following hypotheses concerning the pathogenic mechanisms of
renal cysts and renal cell carcinoma (Fig. 71). In acquired cystic disease of the kidney,
uremic metabolites increase with decreases in nephrons, and they affect the renal
tubules. As a result, tubular cells change to poorly differentiated cells, causing
abnormalities of proliferation, fluid secretion, and extracellular matrix, leading to
cyst formation. As the production of uremic metabolites continues, they further act
on the renal tubules along with growth factors and oxidative stress (free radicals). In
addition, with decreases in active oxygen scavengers, a decrease in apoptosis, and
impairment of the DNA repair mechanism, cysts develop into adenoma and renal cell
carcinoma. A multistep pathogenic mechanism of renal cell carcinoma in dialysis
patients that advances from cystic changes in tubular cells to atypical cysts, adenoma,
and renal cell carcinoma has also been hypothesized by other investigators [3,129,130],
but has not been validated (Fig. 71).

As for chromosomes, in the terminal stage of renal disease, changes occur in cell
division, and acquired renal cysts develop. Numerical abnormalities in chromosomes
may occur in cell division. In particular, I consider that trisomies 7 and 17 and Y
chromosome deletion cause papillary adenoma, and trisomies 16, 12, and 20, in addi-
tion to these changes, cause papillary renal cell carcinoma. Uremic metabolites, local
growth factors (overexpression of PDGF, EGF), mutagens in end-stage renal failure,
and the impairment of the immunosurveillance mechanisms are also considered to
change in this process, but this remains speculative. On the other hand, nonpapillary
renal cell carcinoma is considered to occur, as in the general population, if structural

F1G. 71. Mechanism of the occurrence of acquired cystic disease of the kidney and renal cell
carcinoma (hypothesis)
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F1G. 72. Causes of renal cell carcinoma in dialysis patients seen from the viewpoint of chromo-
somal change

changes in chromosomes occur, particularly 3p deletion, i.e., deletion of a tumor
suppressor gene (Fig. 72).

Gardner [131] suggested that the diseased kidneys of dialysis patients are “poststy-
gian” kidneys, which alone are 100-150 years old irrespective of patient age. In such
“poststygian” kidneys, vascular sclerosis, tubular proliferation, and the formation of
cysts, adenoma, and cancer are observed. We speculate that cystic changes and malig-
nant transformation occur in diseased kidneys with increases in the number of
mitoses of tubular cells, which increase the possibility of DNA mutation and cause
disorders of the immunosurveillance system.



Chapter 4
Atlas of Renal Cell Carcinoma in Our
Dialysis Patients

Table 16 summarizes the renal cell carcinoma observed in our dialysis patients (Cases
1-34). The patients were listed in order of the duration of dialysis, and the images
and pathological findings are presented in Figs. 73-140.

Case 1. A 63-year-old man with chronic glomerulonephritis 2 months before the
initiation of dialysis and with a high creatinine level of 6.0 mg/dl. Clear cell carcinoma
was detected before the initiation of dialysis by screening (Figs. 73 and 74). A mass
protruding from the renal margin was detected by computed tomography (CT), and
was diagnosed as renal cell carcinoma by magnetic resonance imaging (MRI).
Nephrectomy was performed.

Case 2. A 72-year-old man with chronic glomerulonephritis and with a history
of dialysis of 3 days. On dynamic helical CT, contrast enhancement was observed,
and blood flow was shown in the tumor by Doppler ultrasonography. Nephrectomy
was performed 3 days after the initiation of hemodialysis (clear cell carcinoma)
(Figs. 75 and 76). A hypervascular tumor was found protruding from the renal
margin.

Case 3. A 71-year-old man with possible chronic glomerulonephritis and with a
history of dialysis of 2 months. A clear cell carcinoma was observed in this elderly
patient with a short history of dialysis (Figs. 77 and 78). Although contrast enhance-
ment was observed on dynamic CT, the timing for the demonstration of hypervascu-
larity was missed.

Case 4. A 69-year-old man with possible chronic glomerulonephritis and with a
history of dialysis of 1 year and 2 months. A clear cell carcinoma with metastasis was
observed in this elderly patient with a short history of dialysis (Figs. 79 and 80). The
tumor that protruded from the renal margin invaded surrounding tissues and meta-
stasized to the lung.

Case 5. A 57-year-old man with chronic glomerulonephritis and with a history of
dialysis of 1 year and 4 months. This was the smallest clear cell carcinoma and was
5mm in diameter (Figs. 81 and 82). The small renal cell carcinoma that had developed
in the cyst wall was diagnosed by dynamic CT.

Case 6. A 43-year-old man with chronic glomerulonephritis and with a history of
dialysis of 2 years and 2 months. A clear cell carcinoma, 2cm in diameter, was
detected by CT screening (Figs. 83 and 84). The tumor protruded from the renal
margin and was hypervascular.
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TABLE 16. Our cases of renal cell carcinoma complicating end-stage renal disease (in order of the
duration of dialysis)

Age Sex Primary disease Gross hematuria Diagnostic aids Duration of dialysis
(years)
1 63 M Chronic glomerulonephritis  — CT screening Minus 2 months
2 72 M Chronic glomerulonephritis ~ — CT screening 3 days
3 71 M Suspected chronic - CT screening 2 months
glomerulonephritis
4 69 M Suspected chronic - CT screening 1 year 2 months
glomerulonephritis
5 57 M Chronic glomerulonephritis ~ + (after diagnosis)  CT screening 1 year 4 months
6 43 M Chronic glomerulonephritis ~ — CT screening 2 years 2 months
7 63 F Diabetic nephropathy - US screening 2 years 7 months
8 64 F Diabetic nephropathy - CT screening 2 years 11 months
9 65 M Diabetic nephropathy - Autopsy 4 years (CAPD)
10 44 M Chronic glomerulonephritis ~ + CT screening 5 years 5 months
11 28 M Chronic glomerulonephritis  — CT screening 5 years 8 months
(biopsy-proven)
12 73 M Chronic glomerulonephritis  — CT screening 6 years
13 34 M Chronic glomerulonephritis ~ — CT screening 6 years
9 months
(transplantation)
14 30 F Chronic glomerulonephritis ~ — CT screening 7 months
5 years 8 months
(transplantation)
15 24 M Rapidly progressive - Symptom (fever) 6 years 11 months
glomerulonephritis
(biopsy-proven)
16 31 M Chronic glomerulonephritis ~ — CT screening 7 years 8 months
17 28 F Chronic glomerulonephritis - CT screening 8 years
18 39 M Chronic glomerulonephritis ~ — CT screening 8 months
(biopsy-proven) 8 years 4 months
(transplantation)
19 38 F Toxemia of pregnancy - CT screening 8 years 11 months
20 62 M Diabetic nephropathy + (after diagnosis)  CT screening 9 years 6 months
(CAPD)
21 47 M Chronic glomerulonephritis ~ — Autopsy 10 years 6 months
22 55 F Chronic glomerulonephritis ~ — CT screening 11 years 3 months
23 41 M Chronic glomerulonephritis  — At nephrectomy 11 years 3 months
(retroperitoneal
bleeding)
24 41 M Chronic glomerulonephritis ~ — CT screening 11 years
(biopsy-proven) 5 months
(transplantation)
25 64 F ADPKD - Autopsy 12 years 2 months
26 64 M Suspected chronic - CT screening 13 years
glomerulonephritis
27 68 M Chronic glomerulonephritis ~ — Autopsy 13 years 6 months
28 52 M Chronic glomerulonephritis ~ — CT screening 14 years 6 months
29 40 M Chronic glomerulonephritis ~ — CT screening 15 years 8 months
30 31 M Chronic glomerulonephritis ~ — CT screening 15 years 9 months
31 77 M Chronic glomerulonephritis  — Autopsy 11 years (CAPD)
8 years 10 months
(HD)
32 59 M Chronic glomerulonephritis  — Symptom (anemia) 21 years 3 months
33 50 M Chronic glomerulonephritis ~ + Symptom 21 years 5 months
34 41 M Chronic glomerulonephritis ~ — CT screening 25 years 1 month

* Multifocal RCCs. RCC, renal cell carcinoma; CAPD

, continuous ambulatory peritoneal dialysis
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Tumor size (cm) Pathology Metastasis Outcome (on January 15,
2006)
4.8 Clear cell carcinoma - Alive (1 year)
4.0 Clear cell carcinoma - Alive (0.8 year)
2.9 Clear cell carcinoma - Congestive heart failure (5.1 years)
6.0 Clear cell carcinoma + (lung) Died of RCC (1.2 years)
0.5 Clear cell carcinoma - Alive (3.5 years)
2.0 Clear cell carcinoma - Alive (15.9 years)
3.8 Clear cell carcinoma - Alive (4.0 years)
3.0 Clear cell carcinoma - Alive (1.5 years)
1.0 Granular cell carcinoma — Died of cerebral infarction
2.5 Papillary RCC - Alive (13.2 years)
2.0 Clear cell carcinoma - Died of myocardial infarction
(18.9 years)
2.9 Clear cell carcinoma - Alive (1.7 years)
3.5 Cyst-associated RCC - Alive (4.1 years)
3.5, 6.0 *Clear cell carcinoma - Alive (1.8 years)

(Size of cyst)

7.0 (including hematoma)

2.5

2.3
2.4

1.5
4.5

0.3
2.5

0.9
4.5

1.8
2.3
2.0
4.5
2.0
5.0 (including hematoma)

4.8

10.0 (including hematoma)
3.0
6.5

Papillary RCC

Granular cell carcinoma

Granular cell carcinoma
*Clear cell carcinoma

Granular cell carcinoma
*Papillary RCC

*Papillary RCC
Oncocytoma

Granular cell carcinoma
*Papillary RCC

Papillary RCC

Oncocytoma
*Papillary RCC

Clear cell carcinoma
*Papillary RCC
*Papillary RCC
*Papillary RCC
*Papillary RCC
Clear cell carcinoma

Granular cell carcinoma
*Papillary RCC

Spindle cell carcinoma
Papillary RCC

+ (lymph node)
+ (bone)

Alive (27.1 years)

Died of cerebral bleeding (9.2
years)

Died of uterine cancer (11 years)

Alive (16.6 years)

Alive (9.7 years)

Died of acute myocardial infarction
(1.1 years)

Died of gastric cancer

Alive (8.8 years)

Alive (3.5 years)

Alive (13.6 years)

Died of perforation of peptic ulcer

Died of perforation of jejunum
(2.1 years)

Died of sepsis

Alive (3.6 years)

Alive (13.2 years)

Alive (17.4 years)

Died of encapsulating peritoneal
sclerosis

Died of RCC (0.8 year) (lung)
Died of RCC (0.7 year)

(lung, pleura, diaphragm, liver)
Alive (8.0 years)
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F1G. 73. Case 1. A 63-year-old man with chronic glomerulonephritis 2 months before the
initiation of dialysis and with a high serum creatinine level (6.0 mg/dl). Clear cell carcinoma
was detected before the initiation of dialysis. Clear cell carcinoma, pT1b,pNx,pMx,G2,INFo,

v(-)

F1G. 74. Case 1. HE stain, x200
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F1G. 75. Case 2. A 72-year-old man with chronic glomerulonephritis with a 3-day history of
dialysis. Nephrectomy was performed because of clear cell carcinoma 3 days after the initiation
of hemodialysis. Clear cell carcinoma, pT1b,pNx,pMx,G1>2,INFB,v(-)

F1G. 76. Case 2. HE stain, X100
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F1G. 77. Case 3. A 71-year-old man with possible chronic glomerulonephritis with a 2-month
history of dialysis. This is a clear cell carcinoma in an elderly patient with a short history of
dialysis. Clear cell carcinoma, pT1a,pNx,pMx,G1,INFo,v(-)

F1G. 78. Case 3. HE stain, x400
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F1G. 79. Case 4. A 69-year-old man with possible chronic glomerulonephritis with a history of
dialysis of 1 year and 2 months. This is a case of clear cell carcinoma with metastasis in a patient
with a short history of dialysis. Clear cell carcinoma, pT3a,pN0,pM1,G3,INFf,v(-)

F1G. 80. Case 4. HE stain, x400
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F1G. 81. Case 5. A 57-year-old man with chronic glomerulonephritis with a history of dialysis
of 1 year and 4 months. The smallest clear cell carcinoma of 5mm in diameter could be diag-
nosed. Clear cell carcinoma, pT1la,pNx,pMx,G2,INFo,v(-)

F1G. 82. Case 5. HE stain, X400
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F1G. 83. Case 6. A 43-year-old man with chronic glomerulonephritis with a history of dialysis
of 2 years and 2 months. Clear cell carcinoma was detected by CT screening. Clear cell carci-
noma, pTla,pNx,pMx,G1,INFo,v(-)

F1G. 84. Case 6. HE stain, x400
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Case 7. A 63-year-old woman with diabetic nephropathy and with a history of
dialysis of 2 years and 7 months. This was a clear cell carcinoma observed in an elderly
patient with a short history of dialysis (Figs. 85 and 86). The renal parenchyma
appeared to be thickened in the area of the left kidney, as indicated by the arrow.
However, it was rare that the renal parenchyma remained only in this area in end-
stage renal failure, and the finding was considered to be abnormal. Contrast enhance-

F1G. 85. Case 7. A 63-year-old woman with diabetic nephropathy with a history of dialysis of 2
years and 7 months. This is a case of clear cell carcinoma in an elderly patient with a short
history of dialysis. Clear cell carcinoma, pT1a,pNx,pMx,G2>1,INFo,v(—) (CT in the lower panel:
Reproduced from [6], by permission of Oxford University Press)

F1G. 86. Case 7. HE stain, X200
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ment was observed by dynamic CT, and a diagnosis of renal cell carcinoma was
made.

Case 8. A 64-year-old woman with diabetic nephropathy and with a history of
dialysis of 2 years and 11 months. This was a clear cell carcinoma observed in an
elderly patient with a short history of dialysis (Figs. 87 and 88). Protrusion of the mass
from the renal margin suggested renal cell carcinoma, and a diagnosis of hyper-
vascular tumor was made by dynamic CT.

F1G. 87. Case 8. A 64-year-old woman with diabetic nephropathy with a history of dialysis of 2
years and 11 months. This is a case of clear cell carcinoma in an elderly patient with a short
history of dialysis. Clear cell carcinoma, pT1la,pNx,pMx,G2>1,INFo.,v(-)

F1G. 88. Case 8. HE stain, X100
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Case 9. A 65-year-old man with diabetic nephropathy and with a 4-year history of
continuous ambulatory peritoneal dialysis (CAPD). A granular cell carcinoma was
confirmed by autopsy (Figs. 89 and 90). No protrusion was observed in the left kidney
by CT performed before death.

Case 10. A 44-year-old man with chronic glomerulonephritis and with a history of
dialysis of 5 years and 5 months. This was a case of metachronous bilateral renal cell
carcinoma, also with alesion in the opposite kidney (Figs. 91 and 92). An oppositelesion
was found in Case 28. Hematuria was noted, and CT revealed a hypervascular tumor.

F1G. 89. Case 9. A 65-year-old man with diabetic nephropathy with a 4-year history of CAPD.
Granular cell carcinoma was found at autopsy, and was not suspected from CT before death.
Granular cell carcinoma, pT1a,pN0,pM0,G1,INFa,v(—)

F1G. 90. Case 9. HE stain, x400
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F1G6.91. Case 10. A 44-year-old man with chronic glomerulonephritis with a history of dialysis
of 5 years and 5 months. This is a case of metachronous bilateral renal cell carcinoma. The
lesion in the opposite kidney is Case 28. Papillary renal cell carcinoma, pT1a,pNx,pMx,G1>>2,
INFo,v(-)

F1G. 92. Case 10. HE stain, X200
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Case 11. A 28-year-old man with chronic glomerulonephritis and with a history of
dialysis of 5 years and 8 months. This was an early case of clear cell carcinoma
detected by screening, and the patient underwent bilateral nephrectomy (Figs. 93 and
94). A tumor with a calcified margin was observed. No cyst appeared to be present in
the renal parenchyma or other areas by CT scan, but small cysts were noted in the
resected kidneys.

F1G. 93. Case 11. A 28-year-old man with chronic glomerulonephritis with a history of
dialysis of 5 years and 8 months. This is an early case in which clear cell carcinoma was de-
tected by screening, and bilateral nephrectomy was performed. Clear cell carcinoma, pTla,
PNx,pMx,G1,INFo,v(-)

F1G. 94. Case 11. HE stain, x400
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Case 12. A 73-year-old man with chronic glomerulonephritis and with a history of
dialysis of 6 years. A clear cell carcinoma was detected by CT screening (Figs. 95 and
96). A TIWI mass with similar signal intensity to that of the renal parenchyma was
observed.

Case 13. A 34-year-old man with a 6-year history of dialysis, with chronic glomeru-
lonephritis 9 months after renal transplantation. Cystic renal cell carcinoma was
present in the area that showed no regression of cysts after renal transplantation [72]

F1G. 95. Case 12. A 73-year-old man with chronic glomerulonephritis and with a 6-year his-
tory of dialysis. The clear cell carcinoma was detected by CT screening. Clear cell carcinoma,
pT1a,pNx,pMx,G2>1,INFa,v(-)

F1G. 96. Case 12. HE stain, X100
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(Figs. 97 and 98). Since the cyst size in this area alone did not change even 9 months
after renal transplantation, nephrectomy was performed, and cystic renal cell carci-
noma was confirmed. Note the yellow color of the surface of the resected kidney. After
renal transplantation, few cysts in the right kidney persisted, but those in the left
kidney mostly disappeared except in the region of the renal cell carcinoma.

Case 14. A 30-year-old woman with a 7-month history of dialysis, and with chronic
glomerulonephritis 5 years and 8 months after renal transplantation. Renal cell

F1G. 97. Case 13. A 34-year-old man with chronic glomerulonephritis 9 months after renal
transplantation, and with a 6-year history of dialysis. The cystic renal cell carcinoma was found
in an area that did not show cyst regression after renal transplantation. Cystic renal cell carci-
noma, pT1a,pNx,pMx,G1,INFa,v(-) (Reproduced from [72])

F1G. 98. Case 13. HE stain, X100 (Reproduced
from [72])
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carcinoma occurred at 2 sites in the right kidney after renal transplantation [51] (Figs.
99 and 100). Masses in the upper (yellow arrows) and lower (white arrows) poles of
the kidney enlarged into a tumor of the cyst wall and a solid (hypervascular) tumor,
respectively, 5 years and 8 months after renal transplantation.

Case 15. A 24-year-old man with rapidly progressive glomerulonephritis and
with a history of dialysis of 6 years and 11 months. This is the first clinical case in the
world in which acquired cystic disease of the kidney was complicated by renal cell

F1G. 99. Case 14. A 30-year-old woman with chronic glomerulonephritis 5 years and 8 months
after renal transplantation, and with a 7-month history of dialysis. This is a case in which renal
cell carcinoma occurred at two sites in the right kidney after renal transplantation. Clear cell
carcinoma, pT1la,pNx,pMx,G1>2,INFo,v(-)

F1G. 100. Case 14. HE stain: left, x40; right,
%200



76 Acquired Cystic Disease of the Kidney and Renal Cell Carcinoma

F1G. 101. Case 15. A 24-year-old man with rapidly progressive glomerulonephritis and with a
history of dialysis of 6 years and 11 months. This was the world’s first clinical case. Papillary
renal cell carcinoma occurred in the wall of a very large hematoma. Papillary renal cell carci-
noma, pT1la,pNx,pMx,G1,INFa,v(-)

F1G. 102. Case 15. HE stain, x400

carcinoma. A papillary renal cell carcinoma was observed in the wall of a very large
hematoma (Figs. 101 and 102). This was an early case in which plain CT delineated a
mass suggestive of a very large hematoma.

Case 16. A 31-year-old man with chronic glomerulonephritis and with a history of
dialysis of 7 years and 8 months. Renal cell carcinoma was detected at an unexpected
site (Figs. 103 and 104). In this patient, who had a long history of dialysis, the mass
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F1G. 103. Case 16. A 31-year-old man with chronic glomerulonephritis and with a history of
dialysis of 7 years and 8 months. Renal cell carcinoma was detected at an unexpected site not
protruding from the renal margin. Granular cell carcinoma, pT1la,pNx,pMx,G1,INFo,v(-)
(Reproduced from [34], with permission from Elsevier Inc.)

F1G. 104. Case 16. HE stain, X100

did not protrude from the renal margin, and small acquired renal cysts were observed
in large numbers in areas other than the renal cell carcinoma.

Case 17. A 28-year-old woman with chronic glomerulonephritis and with a history
of dialysis of 8 years. This was an early case, detected by screening, in which renal
cell carcinoma was complicated by multiple cancers (uterine cancer) (Figs. 105 and
106). The mass appeared to be residual renal parenchyma or a protrusion from the
renal margin.
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F1G. 105. Case 17. A 28-year-old woman with chronic glomerulonephritis and with an 8-year
history of dialysis. An early screened case with multiple cancers (uterine cancer). Granular cell
carcinoma, pT1la,pNx,pMx,G1,INFo,v(—) (Reproduced from [2], with permission from Dustri-
Verlag Dr. Karl Feistle)

F1G. 106. Case 17. HE stain, X200

Case 18. A 39-year-old man with an 8-month history of dialysis, and with chronic
glomerulonephritis 8 years and 4 months after renal transplantation. Renal cell car-
cinoma was detected 7 years and 4 months after renal transplantation [52], but it may
have occurred preoperatively (Figs. 107 and 108). Among the cysts that persisted in
the native kidney after renal transplantation, the one indicated by the arrows showed
intense contrast enhancement.
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F1G. 107. Case 18. A 39-year-old man with chronic glomerulonephritis 8 years and 4 months
after renal transplantation, and with an 8-month history of dialysis before transplantation.
The renal cell carcinoma may have been present from before the renal transplantation, but was
only detected 8 years and 4 months after surgery. Clear cell carcinoma, pT1la,pNx,pMx,Gl1,
INFo,v(-)

F1G. 108. Case 18. HE stain, X200

Case 19. A 38-year-old woman with toxemia of pregnancy and a history of dialysis
of 8 years and 11 months. This is a case of a clear cell carcinoma observed in a dialysis
patient (Figs. 109 and 110). During the follow-up, a mass developed in the interior of
the kidney and showed contrast enhancement.

Case 20. A 62-year-old man with diabetic nephropathy and with a history of dialysis
(CAPD) of 9 years and 6 months. An example of a papillary renal cell carcinoma
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F1G. 109. Case 19. A 38-year-old woman with a history of dialysis of 8 years and 11 months due
to toxemia of pregnancy. This is a case of clear cell carcinoma in a dialysis patient. Granular
cell carcinoma, pT1a,pNx,pMx,G1>2,INFa,v(-)

F1G. 110. Case 19. HE stain, x400

observed in the left kidney of a patient on long-term CAPD (Figs. 111 and 112). The
tumor had partially invaded the left renal vein (yellow arrows). A renal cell carcinoma
extended from the hilum to the lower pole of the left kidney (white arrows). The
tumor was hypovascular with weak contrast enhancement, and did not protrude from
the renal margin.

Case 21. A 47-year-old man with chronic glomerulonephritis and with a history of
dialysis of 10 years and 7 months. The patient died from gastric cancer, but an autopsy
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F1G. 111. Case 20. A 62-year-old man with diabetic nephropathy with a history of CAPD of 9
years and 6 months. This is a case of papillary renal cell carcinoma in a patient receiving CAPD.
There was venous infiltration. Papillary renal cell carcinoma, pT3b,pNx,pMx,G2,INFo,v(+)

F1G. 112. Case 20. HE stain, x200
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F1G. 113. Case 21. A 47-year-old man with chronic glomerulonephritis and with a history of
dialysis of 10 years and 7 months. This patient died from gastric cancer, and a renal tumor
(papillary adenoma) was detected at autopsy. Papillary renal adenoma

Fi1G. 114. Case 21. HE stain, X100

revealed a renal tumor (papillary adenoma) (Figs. 113 and 114). CT performed before
death indicated only acquired cystic disease of the kidney with no mass.

Case 22. A 55-year-old woman with chronic glomerulonephritis and with a history
of dialysis of 11 years and 3 months. The patient developed renal cell carcinoma and
oncocytoma (Figs. 115 and 116). A mass that showed contrast enhancement was
detected by periodic CT screening, and surgery was performed, resulting in the detec-
tion of an oncocytoma 2.5cm in diameter.
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F1G. 115. Case 22. A 55-year-old woman with chronic glomerulonephritis and with a history of
dialysis of 11 years and 3 months. This is a case of oncocytoma

F1G. 116. Case 22. HE stain, X200

Case 23. A 41-year-old man with chronic glomerulonephritis and with a history of
dialysis of 11 years and 3 months. Nephrectomy was performed because of retroperi-
toneal bleeding, and papillary renal cell carcinoma 1cm in diameter in the cyst wall
was detected (Figs. 117 and 118).

Case 24. A 41-year-old man with an 11-year history of dialysis, and with chronic
glomerulonephritis 5 months after renal transplantation. The patient had been sus-
pected to have renal cell carcinoma before renal transplantation, and surgery was
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F1G. 117. Case 23. A 41-year-old man with chronic glomerulonephritis and with a history of
dialysis of 11 years and 3 months. Nephrectomy was performed because of retroperitoneal
bleeding, and papillary renal cell carcinoma was found in the resected kidney. Papillary renal
cell carcinoma, pT1a,pNx,pMx,G2,INFo,v(-)

F1G. 118. Case 23. HE stain, X200

performed because no postoperative regression was observed at the site of the tumor
[118] (Figs. 119 and 120). Dynamic CT was performed before renal transplantation,
but little contrast enhancement was observed (white arrows), and the diagnosis of
renal cell carcinoma was uncertain. However, diagnosis became possible after renal
transplantation because cysts regressed except in the suspected area. At this time,
contrast enhancement (yellow arrows) was confirmed on enhanced MRI using
gadolinium-diethylenetriaminopentoacetic acid (Gd-DTPA).
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F1G. 119. Case 24. A 41-year-old man with chronic glomerulonephritis 5 months after renal
transplantation, and with an 11-year history of dialysis. Renal cell carcinoma was suspected
before renal transplantation, and nephrectomy was performed because there was no regression
at the suspected site after renal transplantation. Papillary renal cell carcinoma, pT1a,pNx,pMx,
G2,INFo,v(—) (Reproduced from [118], with permission from Elsevier Inc.)

F1G. 120. Case 24. HE stain, x200

Case 25. A 64-year-old woman with autosomal dominant polycystic kidney disease
(ADPKD) and with a history of dialysis of 12 years and 2 months. At autopsy, the
autosomal dominant polycystic kidney disease was found to be complicated by onco-
cytoma (Figs. 121 and 122). The diagnosis was impossible by imaging studies before
death.

Case 26. A 64-year-old man with possible chronic glomerulonephritis and with a
history of dialysis of 13 years. The patient had papillary renal cell carcinoma and
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F1G. 121. Case 25. A 64-year-old woman with ADPKD and with a history of dialysis of 12 years
and 2 months. This is a case of ADPKD in which oncocytoma was found at autopsy (not
observed in the cross section). Oncocytoma 9mm in diameter

F1G. 122. Case 25. HE stain, x400

multiple cancers (Figs. 123 and 124), and underwent nephrectomy, thyroidectomy,
and parathyroidectomy due to thyroid cancer and secondary hyperparathyroidism.
A hypovascular tumor was detected in the lower pole of the right kidney by dynamic
CT.

Case 27. A 68-year-old man with chronic glomerulonephritis and with a history of
dialysis of 13 years and 6 months. Renal cell carcinoma was suspected before death,
and clear cell carcinoma was confirmed at autopsy (Figs. 125 and 126). Although CT
and MRI suggested renal cell carcinoma, surgery could not be performed because of
the patient’s poor general condition.
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F1G. 123. Case 26. A 64-year-old man who might possibly have chronic glomerulonephritis,
and who had a 13-year history of dialysis. This was a case of papillary renal cell carcinoma
and multiple cancers. Nephrectomy, thyroidectomy, and parathyroidectomy were performed
because of thyroid cancer and secondary hyperparathyroidism. Papillary renal cell carcinoma,
pT1b,pNx,pMx,G2,INFo.,v(—)

Fi1G. 124. Case 26. HE stain, X200

Case 28. A 52-year-old man (the same patient as in Case 10) with chronic glomeru-
lonephritis and with a history of dialysis of 14 years and 6 months. Renal cell carci-
nomas developed in the left kidney 9 years after right nephrectomy due to renal cell
carcinoma (Figs. 127 and 128). A mass about 5mm in diameter was observed in the
cyst wall (indicated by a white arrow in the left upper panel and a white arrow in the
upper part of the right panel), and contrast enhancement was noted. The primary
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F1G. 125. Case 27. A 68-year-old man with chronic glomerulonephritis and with a history of
dialysis of 13 years and 6 months. Renal cell carcinoma was suspected before death, and clear
cell carcinoma was found at autopsy. Clear cell carcinoma, pT1a,pN0,pM0,G1,INFo.,v(-)

F1G. 126. Case 27. HE stain, x400

renal cell carcinoma (surrounded by white arrows) was observed in the hilum of the
kidney, and part of it protruded into the renal pelvis (blue arrow). Although not
diagnosed by imaging techniques, there was another renal cell carcinoma of 8 mm in
diameter, and the disease was multiple and bilateral.

Case 29. A 40-year-old man with chronic glomerulonephritis and with a history of
dialysis of 15 years and 8 months. In this patient, who had a long history of dialysis,
the renal cell carcinoma was surrounded by many cysts, did not protrude from the
renal margin, and was hypovascular on dynamic CT, so the diagnosis was difficult
(Figs. 129 and 130). The disease was papillary renal cell carcinoma.



Atlas of Renal Cell Carcinoma in Our Dialysis Patients 89

F1G. 127. Case 28. A 52-year-old man (the same patient as Case 10) with chronic glomerulone-
phritis 9 years after right nephrectomy, and with a history of dialysis of 14 years and 6 months.
Renal cell carcinoma was found in the other kidney 9 years after unilateral nephrectomy for
renal cell carcinoma. The renal cell carcinoma was exposed in the renal pelvis. Papillary renal
cell carcinoma, pTla,pNx,pMx,G2,INFB,v(-) (CT in the lower panel: Reproduced from [6], by
permission of Oxford University Press)

F1G. 128. Case 28. HE stain, x200

Case 30. A 31-year-old man with chronic glomerulonephritis and with a history of
dialysis of 15 years and 9 months. A papillary renal cell carcinoma 4.5 cm in diameter
appeared in the lower pole of the left kidney after a 9-year follow-up, and nephrec-
tomy was performed. The renal cell carcinoma was surrounded by many cysts, did
not protrude from the renal margin, showed no marked contrast enhancement, and
was hypovascular (Figs. 131 and 132). Simple nephrectomy was performed. Renal
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F1G. 129. Case 29. A 40-year-old man with chronic glomerulonephritis and with a history of
dialysis of 15 years and 8 months. This was a case of papillary renal cell carcinoma not protrud-
ing from the renal margin. Papillary renal cell carcinoma, pT1a,pNx,pMx,G1>>2,INFa,v(-) (CT
in the lower panel: Reproduced from [6], by permission of Oxford University Press)

F1G. 130. Case 29. HE stain, X200

cell carcinoma recurred at the site of the nephrectomy after 9 years and 4 months
(Case 34).

Case 31. A 77-year-old man with chronic glomerulonephritis, and with a history of
CAPD of 11-years and a history of hemodialysis of 8 years and 10 months. Renal cell
carcinoma was suspected while the patient was receiving CAPD and hemodialysis,
but he died from encapsulated peritoneal sclerosis. Papillary renal cell carcinoma and
nonpapillary renal cell carcinoma were found at autopsy (Figs. 133 and 134). Acquired



Atlas of Renal Cell Carcinoma in Our Dialysis Patients 91

F1G. 131. Case 30. A 31-year-old man with chronic glomerulonephritis and with a history of
dialysis of 15 years and 9 months. A renal cell carcinoma 4.5cm in diameter (not protruding
from the renal margin) occurred in the lower pole of the left kidney after a 9-year follow-up.
Renal cell carcinoma recurred at the site of resection after 9 years and 4 months (Case 34).
Papillary renal cell carcinoma, pT1b,pNx,pMx,G2,INFo,v(-) (Reproduced from [34], with per-
mission from Elsevier Inc.)

F1G. 132. Case 30. HE stain, x400
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F1G. 133. Case 31. A 77-year-old man with chronic glomerulonephritis, with a history of CAPD
of 11 years and a history of hemodialysis of 8 years and 10 months. Renal cell carcinoma was
suspected while the patient was receiving CAPD and hemodialysis. Papillary and nonpapillary
renal cell carcinomas were found at autopsy after death from encapsulated peritoneal sclerosis.
Papillary renal cell carcinoma, pT1a,pN0,pMO0,G1,INFo,v(-)

F1G. 134. Case 31. HE
stain: fop, x400; bottom,
%200
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cystic disease of the kidney and left renal hematoma (5cm) strongly suggested renal
cell carcinoma, and the patient had been followed up. The primary tumor (papillary
renal cell carcinoma) was found in the left kidney (white arrows), a clear cell carci-
noma was found in the wall of a very large cyst (red arrows), and a clear cell carcinoma
was also found in the right kidney. This case is an example of the extreme difficulty
of diagnosing small renal cell carcinoma in kidneys with markedly advanced acquired
cystic disease of the kidney.

Case 32. A 59-year-old man with chronic glomerulonephritis and with a history of
dialysis of 21 years and 3 months. A renal cell carcinoma had metastasized to the
lymph nodes (Figs. 135 and 136). In this patient with a long history of dialysis, a mass
in the left kidney (white arrows) and a very large lymph node metastasis (yellow
arrows) were found. Both the mass in the left kidney and the very large lymph
node metastasis showed little contrast enhancement on dynamic CT and were
hypovascular.

Case 33. A 50-year-old man with chronic glomerulonephritis and with a history of
dialysis of 21 years and 5 months. Renal cell carcinoma was detected because of the
presence of hematuria. Papillary renal cell carcinoma developed in the wall of a very
large hematoma in the left kidney, and spindle cell carcinoma occurred simultane-
ously above the first tumor [50] (Figs. 137 and 138). The patient died from metastasis
of a spindle cell carcinoma. A hemorrhagic cyst with a calcified wall 10 cm in diameter

F1G. 135. Case 32. A 59-year-old man with chronic glomerulonephritis and with a history of
dialysis of 21 years and 3 months. The renal cell carcinoma metastasized to lymph nodes.
Granular cell carcinoma, pT1b,pN1,pM0,G2,INFo.,v(-)
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F1G. 136. Case 32. HE stain, x400

F1G. 137. Case 33. A 50-year-old man with chronic glomerulonephritis and with a history of
dialysis of 21 years and 5 months. Renal cell carcinoma was detected due to hematuria. There
was a simultaneous occurrence of a papillary renal cell carcinoma in the wall of a very large
hematoma in the left kidney and a spindle cell carcinoma above the first lesion. The patient
died from metastasis of the spindle cell carcinoma. Spindle cell carcinoma + papillary renal cell
carcinoma, pT1la,pNO,pM1,G3>2,INFf3,v(—) (Reproduced from [50], with permission)
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F1G. 138. Case 33. Right. Spindle cell carcinoma. HE stain, x400. Left. Papillary renal cell carci-
noma. HE stain, X200

F1G. 139. Case 34. A 41-year-old man with chronic glomerulonephritis and with a history of
dialysis of 25 years and 1 month (the same patient as Case 30). This is a possible recurrence at
the same site 9 years and 4 months after the resection of renal cell carcinoma. Papillary renal
cell carcinoma, pT1b,pNx,pMx,G2,INFa,v(—) (Reproduced from [132], by permission of Oxford
University Press)
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F1G. 140. Case 34. HE stain, X100

was observed near the hilum of the left kidney, and slight contrast enhancement (blue
arrows) was noted on helical dynamic CT. A diagnosis of renal cell carcinoma was
made, surgery was performed, and a papillary renal cell carcinoma was disclosed
which was similar to that found in the first clinical case in the world. A mass 3.0cm
in diameter (white arrows) that showed no contrast enhancement was observed in
the upper pole, and this white tumor (upper white arrow) was spindle cell carcinoma
and had metastasized to bone (yellow arrow). This case shows the difficulty of diag-
nosing spindle cell carcinoma even by contrast-enhanced CT, as well as the impor-
tance of screening.

Case 34. A 41-year-old man with chronic glomerulonephritis and with a history
of dialysis of 25 years and 1 month (the same patient as Case 30). Renal cell carci-
noma appeared to have occurred at the site of a previous renal cell carcinoma 10
years after its resection [132] (Figs. 139 and 140). Following simple nephrectomy for
papillary renal cell carcinoma, a mass appeared at the same site and became enlarged,
and another operation was required. The mass showed slight contrast enhancement
on CT. The tumor was inconspicuous in T1- or T2-weighted MR images, but the
signal level of the cysts was low on T1-weighted imaging and high on T2-weighted
imaging.



Postscript

This book, Acquired Cystic Disease of the Kidney and Renal Cell Carcinoma: Compli-
cations of Long-Term Dialysis, is a compilation of the cases that I have encountered
to date, including the world’s first clinical case, the results of a follow-up which con-
tinued for more than two decades, nationwide questionnaire surveys which were
carried out during the past 24 years, and the results of our studies on the etiology of
the disease. The history of this research is summarized in Table 17.

Figure 141 is a photograph taken at the residence of Prince Takamatsu on the
occasion of the 18th International Cancer Symposium subsidized by the Princess
Takamatsu Cancer Research Fund (November 17-19, 1987, Tokyo). Princess
Takamatsu, Dr. Knudson, who proposed the multistep theory of oncogenesis, and
Dr. Li, who described Li-Fraumeni syndrome, are seen in the photograph. Figure 142
is a wooden cup with the family emblem of Prince Takamatsu, which was given in
memory of this event.

Figure 143 is a commemorative photograph of the participants in the U.S.-Japan
Symposium on Cancer of the Kidney (February 18-19, 1991, East-West Center,
Honolulu, Hawaii) surrounding Prince Hitachi.

In addition to the presentations at these international conferences, I have delivered
educational lectures at the conferences of the Japanese Society for Dialysis Therapy,
and 38 lectures at dialysis symposia throughout Japan.

Acknowledgments. This book would never have been completed without the tireless
efforts of many people, including fellow members of my department, doctors from
related hospitals, dialysis facilities, and urology departments in various parts of Japan
who kindly cooperated in the questionnaires, and investigators who provided the
research material. I would like to express my gratitude by acknowledging their con-
tributions here.
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F1G. 141. A commemorative photograph taken at the 18th International Conference on Cancer
subsidized by the Princess Takamatsu Cancer Fund (at the residence of Prince Takamatsu)

F1G. 142. Wooden cup with the family emblem of Prince Takamatsu, which was presented on
this occasion

F1G. 143. A commemorative photograph taken at the Japan-U.S. Cancer Symposium in Hawaii,
Campus of the University of Hawaii
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Brief History of the Author

1965: Graduated from the Kanazawa University School of Medicine.

1970: Completed a course in the Department of Medical Research, Kanazawa Univer-
sity Graduate School (First Department of Internal Medicine, instructed by Prof.
Takeuchi), and obtained a doctorate of medicine (PhD).

1972-1973: Joined kidney disease study activities as a fellow at Mt. Sinai Hospital of
Cleveland in the United States.

1973-1975: Studied under Prof. Hollenberg and Prof. Merrill at Peter Bent Brigham
(the present Brigham and Women’s) Hospital (Boston) and the School of Medicine,
Harvard University, in the United States.

1975: After returning to Japan, took office as an associate professor in the Department
of Nephrology, Kanazawa Medical University.

April 1989: Took office as a professor in the Department of Nephrology, Kanazawa
Medical University, and as a professor at the Medical Research Institute.

September 1994: Took office as the chief professor in the Department of Nephrology,
Kanazawa Medical University.

April 2004: After a departmental reorganization, took office as a professor in the
Department of Kidney Function Therapeutics (Nephrology), Kanazawa Medical
University.

March 2006: Retired at the normal retirement age.

April 2006: Emeritus professor of Kanazawa Medical University and Division of
Nephrology, Asanogawa General Hospital.

TaBLE 17. Progress in research into acquired cystic disease of the kidney and renal cell
carcinoma

1972 While I studied in the United States, I was taught that “cysts eventually develop in all end-stage
kidneys”

1977 Dunnill et al. [1] reported from observation of an autopsy that acquired renal cysts and renal
cell carcinoma develop in long-term hemodialysis patients

1978 We experienced the world’s first clinical case of acquired renal cysts and renal cell carcinoma,
which had developed in a long-term hemodialysis patient (Nippon Jinzo Gakkai Shi (Jpn ] Nephrol)
1979, 21: 1145)

1980 We reported that “A diseased kidney becomes smaller 3 years after the start of hemodialysis,
and thereafter become larger because of the development of acquired cysts. Sometimes a renal cell
carcinoma develops in the acquired cystic disease” [2]
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TABLE 17. Continued

1982 We started a nation-wide questionnaire study on renal cell carcinoma in dialysis patients [55]

1983 Acquired cysts regress after successful renal transplantation [44]

1984 Acquired cysts develop in continuous ambulatory peritoneal dialysis (CAPD) patients [38]

1985 The development of acquired cysts is more prevalent in male patients [37]

1985-1989 Acquired cysts are derived from proximal tubules [26-29]

1989 When a renal graft fails to function, it causes the development of more acquired cysts in the
native kidneys than in the failed graft [54]

1990 A 10-year follow-up study of acquired cystic disease of the kidney in 96 hemodialysis patients
with glomerulonephritis [34]

1991 After renal transplantation, acquired cystic disease can develop in the native kidneys in some
patients [49]

1991 There is no difference in the rate of development of acquired renal cysts according to the dialysis
modality (hemodialysis or CAPD) [41]

1993 The frequency of papillary renal cell carcinoma is high in hemodialysis patients with renal cell
carcinoma [62]

1993 A karyotypic study on a hemodialysis patient with papillary renal cell carcinoma [118]

1996 A cytogenetic study of renal cell carcinoma in hemodialysis patients [117]

1997 A 15-year follow-up for acquired cystic disease of the kidney in 96 hemodialysis patients with
glomerulonephritis [40]

1998 The recurrence of renal cell carcinoma in a resected hemodialysis patient [132]

2000 Acquired renal cysts communicate more frequently with renal tubules than do renal cysts in
autosomal dominant polycystic kidney disease (ADPKD) [30]

2000 From a study of renal biopsies, it was found that acquired renal cysts start to develop after only
a mild reduction of renal function [25]

2003 A 20-year follow-up study of acquired cystic disease of the kidney in 96 hemodialysis patients
with glomerulonephritis [13]

2004 The outcome for renal cell carcinoma is better when it is detected by screening than by symptoms
[105]

2005 The results of a questionnaire study in 2004 and a review of past questionnaires is published
[63]
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