PART III

CHAPTER 7

Kidney Cancers

Epidemiology of Renal Cell Carcinoma

Wong-Ho Chow, Susan S. Devesa, and Joseph F. Fraumeni, Jr.

Malignant tumors of the kidney account for more than 2% of
cancer incidence and mortality in the United States, with
nearly 30,000 new cases and 12,000 deaths estimated for
1998 (1). More than 80% of kidney cancers arise in the renal
parenchyma, with the remainder in the renal pelvis (2).
Nearly all kidney cancers originating in the renal parenchyma
are adenocarcinomas (renal cell carcinoma), whereas the vast
majority of renal pelvis cancers are transitional cell carcino-
mas. It is estimated that 80% to 85% of the renal cell carci-
nomas are of the clear cell type, while approximately 10% are
of the papillary type, with the remainder consisting of rare
histologic types, such as oncocytomas and chromophobe
carcinomas (3,4).

The etiology of renal carcinomas varies by subsite of ori-
gin. Cigarette smoking and phenacetin-containing anal-
gesics (now withdrawn from most markets worldwide) are
the major determinants of renal pelvis cancer (5-7),
whereas the risk factors for renal cell carcinoma are more

. diverse. The remainder of this chapter focuses on renal cell
carcinoma.

DESCRIPTIVE EPIDEMIOLOGY

Incidence Patterns

Based on data from the U.S. Surveillance, Epidemiology,
and End Results (SEER) program (8), the age-adjusted inci-
dence rates of renal cell carcinoma during 1975 to 1995 for
white men, white women, black men, and black women
were 9.6, 44, 11.1, and 4.9 per 100,000 person-years,
respectively. Incidence rates increase consistently with age
before plateauing at approximately age 70 years (Fig. 7.1).
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Overall, rates for men are more than twice those for women,
with the excesses most prominent after age 40 years. In both
men and women, rates are higher among blacks than whites
younger than age 60 years.

Asians in the United States have incidence rates of renal
cell cancer at approximately half the rate of those in other
major racial and ethnic groups, including whites, blacks,
Hispanics, and American Indians (2,7,9). Internationally,
incidence rates tend to be low in Asian countries and high in
the United States and Canada (Fig. 7.2) (10). Low rates have
been reported in Central and South America, although can-
cer ascertainment and subsite specificity may be incomplete
in some registries. The highest rates in the world have been
reported in several central European countries, although
rates vary substantially across Europe.

Geographic patterns of age-adjusted incidence (8) and
mortality rates (11) have not revealed evidence of an urban
versus rural gradient, as suggested in some eatlier studies
(7,12). Studies examining educational level, a crude mea-
sure of socioeconomic status, have shown no clear relation
to renal cancer (7), nor has a consistent association with
income or social class been observed (13-17).

Time Trends

Incidence rates of renal cell carcinoma and mortality rates
of kidney cancer have increased steadily over time in the
United States (Fig. 7.3) (18). Between 1975 and 1995, inci-
dence increased annually by 2.3% among white men, 3.1%

among white women, 3.9% among black men, and 4.3%

among black women. Since the mid-1980s, the incidence
rates among blacks have exceeded those among whites of
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FIG. 7.1. Age-specific incidence rates per 100,000 person-
years for renal cell carcinoma by gender and race, U.S. Sur-
veillance, Epidemioclogy, and End Results, 1975~1995.

both sexes. Rapid increases in the incidence of kidney cancer
also have been observed in other countries (10,19-21). To a
lesser extent, mortality rates for kidney cancer also have been
rising among the four major race and gender groups in the
United States (see Fig. 7.3).
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FIG. 7.2. International variation in age-adjusted (world
standard) incidence of total kidney cancer, renali cell cancer,
and renal pelvis cancer by gender, 1988-1992. (Data from
Parkin DM, Whelan SL, Ferlay J, Raymond L, Young J. Can-
cer incidence in five continents, vol VIl [IARC Sci. Pub. No.
143}. Lyon, France: International Agency for Research on
Cancer, 1997.)

Clinical surveys of patients with renal cell carcinoma have
revealed that the incidental detection of renal tumors is rising.
owing at least partly to increased use of imaging procedures
such as ultrasonography. computed axial tomography scan-
ning, and magnetic resonance imaging (22-24). Examination
of incidence rates over time by tumor stage supports this
observation, because the most rapid increases are seen for
localized tumors (Fig. 7.4). Upward trends also are observed,
however, for tumors diagnosed at more advanced stages,
except for distant tumers among white men and women.
These patterns suggest that the diagnosis of presymptomatic
tumors is not likely to fully explain the upward trends of renal
cell carcinoma.

Stage at Diagnosis and Sarvival

Overall, approximately one-half of the renal cell carcinomas
reported to the SEER program: from 1975 to 1995 were diag-
nosed while localized, with regiomal amd distamt tumors com-
prising approximately 20% and 25%, respectively (Table 7.1).
The distribution by stage at diagnosis is gemerally comparable
among the four race amd gender groups, except for a shghtly
higher proportion of localized tumors accompeanied by a shigiht
deficit ofreg[oual UMOrS AMORE bllacks cmmpmed to whites..
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FIG. 7.3. Age-adjusted (1970 U.S. standard) U.S. Surveil-

lance, Epidemiology, and End Results incidence rates for
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cancer per 100,000 person-years by gender and race,
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Results, 1975-1977 to 1993—-1995.

In general, approximately 60% of patients diagnosed
with renal cell cancer survive 5 years after diagnosis com-
pared to the expected survival experience for the general
population (Table 7.2). The survival patterns are similar for
men and women. The overall 5-year relative survival rates,
as well as survival rates by tumor stage at diagnosis, have
improved substantially over time for whites, but not for
blacks. During the period 1986 to 1995, nearly 90% of
white men and women with localized tumors survived 5

years after diagnosis. The S5-year relative survival rates
were only approximately 60% for those with regional dis-
ease and less than 10% for those with distant metastases.
During the same period, black men had lower relative sur-
vival rates than white men overall, with the difference
being most pronounced among those with localized dis-
ease (75% versus 89%) for each tumor stage. In contrast,
black women had survival rates similar to white women.
The race and gender differentials in survival patterns argue

TABLE 7.1. Number and percent distribution and age-adjusted incidence rates? per 100,000 person-years for renal cell
carcinoma by gender, race, and tumor stage at diagnosis, SEER,® 1975-1995

Stage White male White female Black male Black female
at diagnosis Number (%)  Rate Number (%)  Rate Number (%)  Rate Number (%) Rate
Total invasive 17,840 (100) 9.6 10,396 (100) , 4.4 1,812 (100)  11.1 1,057 (100) 4.9
Localized 8,132 (46) 4.3 4,989 (48) | 2.2 901 (50) 5.5 583 (55) 27
Regional 3,960 (22) 21 1,994 (19)° 0.9 281 (16) 1.7 149 (14) 0.7
Distant 4,572 (26).. 25 2,613(25) . 1.1 474 (26) 29 231 (22) 1.1
Unstaged 1,176 (7) . 0.6 .800 (8) .03 156 (9) 1.0 94 (9) 0.4

aAdjusted to the 1970 U.S. standard population.

bgurveillance, Epldemlology, and End Results program supported by the National Cancer Institute.
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TABLE 7.2. Relative 5-year survival rate (%) for renal cell carcinoma by gender, race, and time period, SEER," 1975-1995

Stage at White male White female Black male Black female
diagnosis 1975-1985 1986—1995 1975-1985 1986-1995 1975-1985 1986-1995 1975-1985 1986-1995

" Total invasive 50 61 49 59 50 51 55 58

Localized 82 89 82 86 82 75 83 84

Regional 54 62 48 59 52 52 49 44

Distant 7 9 5 7 10 7 6 8

Unstaged 35 31 27 21 24 21 33 35

*Surveillance, Epidemiology, and End Results program supported by the National Cancer Institute.

against early detection of preclinical tumors as the sole

explanation for the increasing incidence trends of renal cell
carcinoma.

RISK FACTORS

Several risk factors have been implicated in the develop-
ment of renal cell carcinoma, including environmental expo-
sures, such as smoking and certain medications; preexistent
conditions, such as obesity and hypertension; and genetic
predisposition. Most of the information on risk factors has
come from case-control studies, although cohort studies and
family-based investigations have also contributed new
insights.

Cigarette Smoking

Although the findings are not entirely consistent, most
case-control studies have reported significantly elevated
risks of renal cell carcinoma among cigarette smokers
(12,14-16,25-36). The absence of significant association in
a few studies may be partly explained by small sample size
and the use of hospital controls with a high prevalence of
smoking (13,37-41). Cohort studies with sufficient sample
size have been generally positive, with a follow-up of U.S.
veterans showing a clear dose-response relation (42-44).

The relative risks reported with cigarette smoking have

been moderately elevated, ranging from 30% to twofold.
A dose-response relation has been observed in both men
and women, whereas the risk has been shown to decline
after smoking cessation (15,31,33,34,36). In one large
international case-control study, those who quit smoking
for more than 25 years had a risk reduction of 15% com-
pared to current smokers (34), but other studies have
reported greater decreases in risk (7,36). An association
with other tobacco products, including cigars, pipes, and
chewing tobacco, has not been consistently observed
(12,16,25-27,33-37).

Population-based attributable risks indicate that
between approximately 27% to 37% of the renal cell can-
cers in men and 10% to 24% in women may be caused by

cigarette smoking (25,30,45). It is unlikely, however, that
cigarette smoking has contributed to the upward trends of
renal cell cancer, because the prevalence of smoking in the
United States has declined since the mid-1960s (46).

Obesity

With a few exceptions (39,47,48), nearly all studies exam-
ining the relation of body weight and renal cell carcinoma have
found a positive association. Obese persons have experienced
elevated risks of 20% to more than threefold, with risks gener-
ally greater in women than men. The risks tend to rise with
increasing levels of body mass index. The range of risks found
in case-control studies (12,14,25,26,29-33,37-40,49-54) are
comparable to those reported in several cohort studies
(44,55-60), reinforcing the validity of this association. Weight
fluctuation (51) and weight gain during adulthood (25,60)
have been suggested as independent risk factors, but have not
been consistently observed (38,52,53).

In a case-control study conducted in Minnesota, it was
estimated that approximately 20% of renal cell cancer -
cases are attributable to excess weight (45). Thus, the
marked increases in the prevalence of obesity in the
United States during the past few decades (61) may have
contributed to the rising incidence of this cancer. The
mechanism by which obesity predisposes to renal cell
cancer is unclear. Obesity may influence risk by increas-
ing the levels of endogenous estrogens (62), because
estrogenic compounds have been shown to induce renal
carcinoma in hamsters (63,64). Obesity also may increase
the bioavailability of free insulin-like growth factors (65),
which may be involved in renal carcinogenesis (66). In
addition, obesity predisposes to hypertension, arterio-
nephrosclerosis, and metabolic changes that may render
the kidney more susceptible to tumor induction (67,68).

Hypertension

‘Most epidemiologic studies that have examined the relation
between hypertension and risk of renal cell carcinoma have
found excess risks ranging from 20% to nearly threefold. It
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remains unclear, however, whether hypertension or its treat-
ment is the main risk factor. After adjustment for use of diuret-
ics and other antihypertensive medications, some studies have
found that the hypertension-related risk remains elevated
(49,69-72), whereas others have found that the risk is attenu-
ated to insignificant levels (26,31,48,73~75). Still others have
not adjusted for medications because their use is highly corre-
lated with hypertension (25,29,43,47,54,59,76-78). Although
some investigations have found an excess risk only among
hypertensive subjects who were medically treated (44,60,79),
it is possible that treatment reflects severity of underlying dis-
ease and prolongs the course of hypertension and associated
renovascular and other changes that may promote the devel-
opment of cancer.

Because certain.types of renal cell carcinoma can cause
hypertension (80), several studies have focused on the risks
among patients with long-term hypertension. Similar or
greater excess risks were reported among hypertensive
patients diagnosed from 5 to more than 20 years earlier
(29,43,49,54,79), suggesting that the elevated risk of hyper-
tension is unlikely to be an early manifestation of renal
tumors.

In the United States, national surveys indicate that the
prevalence of hypertension in the population remained rel-

,atively stable between 1960 and 1980, but subsequently
declined (81). Thus, it would appear unlikely that hyperten-
sion has contributed to the rising incidence of renal cell
_cancer. Because the number of prescriptions and variety of
medications used for treatment of hypertension have
increased consistently (82,83), however, it is important to
separate the effects of hypertension from various antihyper-
tensive medications in the etiology of renal cell carcinoma.

Medications

Diuretics have been linked to renal cell carcinoma in sev-
eral epidemiologic studies, including follow up of cohorts
of patients hospitalized for conditions requiring diuretic
treatment (84,85). The elevated risk has varied from 30% to
fourfold (26,29,31,44,47-49,54,60,71-75,78,79,86,87),
with a dose-response relation suggested in a few studies
(48,72,75,79,87). Some studies have reported that the ele-
vated risk is mainly among women (26,29,31,48,74,86,87)
and that the risks associated with various classes of diuret-
ics are generally similar (54,72-75,79). In some studies, the
excess risk associated with diuretics has been mainly
among hypertensive patients (54,78,79), but the findings
are not consistent and it has been hard to disentangle the
effects of diuretics from hypertension per se or from other
antihypertensive drugs.

In studies of renal cell cancer, the risks reported for other
antihypertensive medications have varied from unity to

increases’ greater than twofold, but no particular class of

drugs has been singled out in the positive studies
(28,29,49,54,71-75,78,79,88).

As with diuretics, it has been difficult to distinguish treat-
ment effects from the underlying disease. The problem is
complicated by the insidious nature and inconsistent defini-
tion of hypertension (89), the potential for misclassification -
of highly correlated events, and the possible confounding by
factors that influence the development and course of hyper-
tension and renal cell cancer, such as obesity (68). Advances
in molecular genetics may help to further delineate the
effects of hypertension from its treatment by incorporating
genetic polymorphisms in drug metabolism in epidemiologic
studies of gene-environment interactions in renal cell cancer.

After attempts to adjust for the effect of obesity, the use of
diet pills, including those containing amphetamine, has been
associated with risk of renal cell cancer, but it has been diffi-
cult to truly control for the independent effect of obesity
(26,49,50-54).

Analgesics have been related to renal cell cancer in some
studies, but the epidemiologic evidence is not conclusive.
Major suspicion from case-control and cohort studies has
centered on phenacetin-containing analgesics, although the
data are less persuasive than for renal pelvis cancer
(25,28,29,31,74,90-92). Little support exists in the literature
for an association with aspirin products or acetaminophen
(7). Because phenacetin products have been generally
unavailable in the United States and elsewhere since the
1970s and were withdrawn from the U.S. market in 1983
(93), any impact of phenacetin on renal cell cancer risk
should diminish over time. Furthermore, acetaminophen is a
major metabolite of phenacetin (94), and its use in the
United States did not become widespread until the mid-
1970s, so continued monitoring of risks associated with
acetaminophen use is needed.

Preexisting Renal Conditions

Increased incidence of renal cell carcinoma has been
observed among uremic patients undergoing hemodialysis,
particularly among those with acquired cystic kidney dis-
ease (95-98). The prevalence of acquired cystic disease has
been shown to increase with years on dialysis (95,99), sug-
gesting that this condition represents a precursor state to
renal cell cancer.

An elevated risk of renal cell carcinoma has been associ-
ated in some studies with a number of kidney diseases,
including stones, cysts, and infection (14,17,25,39,49,71,74).
The findings, however, have not been consistent (25-28,
31,33,54), suggesting that recall bias and unstable risk esti-
mates caused by small study size may contribute to the
reported associations. In a cohort study with long-term
follow-up of patients hospitalized for kidney or ureter stones,
no excess risk of renal cell cancer was found (100).

The role of developmental defects in renal cell cancer has
been suggested by reports of associated renal anomalies,
including polycystic kidneys (101), horseshoe kidneys
(102), and familial glomerulopathy (103).
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Diabetes Mellitus

An elevated incidence of renal cell carcinoma has been
observed during long-term follow-up of patients hospitalized
for diabetes mellitus (104-106), although mortality from
renal cancer was not increased in an earlier cohort of diabetic
patients (107). Cohort studies involving the general popula-
tion, however, have shown little evidence of an association
based on small numbers of cases with both conditions
(43,60). Several case-control studies have reported a positive
association of borderline significance (17,54,71,108),
whereas others have found no significant relation (29,31,33,
37.49,74,109). Given the strong correlation between diabetes
and the risk factors of obesity and hypertension, a detailed
assessment of potential confounding by associated condi-
tions is needed before a causal link between diabetes melli-
‘tus and renal cell carcinoma can be accepted.

Reproductive and Hormonal Factors

A potential hormonal mechanism for renal cell carcinoma
is suggested by animal models showing estrogen-induced
renal adenomas and carcinomas in hamsters (63,64,110) and
by the finding of sex hormone receptors in normal and malig-
nant renal tissue (111,112). Although obesity is thought to
possibly increase risk by promoting hormonal changes, the
epidemiologic evidence relating renal cancer to reproductive
factors or exogenous hormones is scarce (7). Some studies
have suggested an increased risk associated with number of
births, particularly among women with a history of hyper-
tension or high body mass index (31,113,114). If this obser-
vation is confirmed, it may provide clues to mechanisms of
renal dysfunction that predispose to renal cell carcinoma.

i

Diet and Beverages |

Epidemiologic studies of renal cell cancer have linked
_excess risks with intake of certain meats (13,14,25,29,31,115),
dairy products (25,28,116,117), and margarine and oils (39),
but associations with specific food items have not been con-
sistently observed. In a large international study, excess risk
was related to fried or sautéed and well done or charred meat
but not to meat in general (118), suggesting a possible effect of
pyrolysis compounds, such as heterocyclic amines, produced
during high-temperature cooking of meat (119). Still unclear is
whether any specific macronutrient, such as protein or fat, or
“total caloric intake elevates risk (14,115,118).

Most studies of renal cell carcinoma evaluating the associ-
ation with fruits and vegetables have found a reduced risk
with selected foods (14,29,39,47,116-118), although
micronutrients that are common in plant sources, such as vit-
amin C and carotenoids, have not been consistently impli-
cated (14,60,115-118). Overall, the limited evidence to date
suggests that a prudent diet low in animal protein and fat and

high in fruits and vegetables may protect against renal cell
cancer.

A relation between renal cell cancer and consumption of
alcohol, coffee, and tea has been suggested in some studies,
but the overall epidemiologic evidence suggests no clear
association with these beverages (7,120,121).

Occupation

Renal cell cancer is generally not considered an occupa-
tional cancer, but reports of increased risk among several
occupational groups exist, including insulators and shipyard
workers exposed to asbestos (122-124), coke-oven workers
exposed to polycyclic aromatic hydrocarbons (124,125), dry
cleaners exposed to a variety of solvents (124,126,127), oil
refinery workers and service station attendants exposed to
gasoline and other petroleum products (124,128,129), and
workers exposed to lead and cadmium (124,130). In addi-
tion, increased risk has been reported among pulp and paper
mill workers (131), paperboard printing workers (132), card-
board workers (133), and architects (134). None of these
occupations or exposures, however, have been conclusively
related to risk in epidemiologic studies. It is noteworthy that
a mutational hot spot in the von Hippel-Lindau (VHL) gene
was found in tumor DNA of renal cell cancer patients with
high cumulative exposure to trichloroethylene, but not in
tumors of unexposed patients (135). This observation raises
the possibility that trichloroethylene may be a renal carcino-
gen and suggests that further assessment of occupational risk
of renal cell cancer is warranted.

Genetic Factors

The role of genetic susceptibility is evident from numerous
reports of familial renal cell cancer, studies of which have led
to the identification of genes responsible for different syn-
dromes of inherited carcinomas of the kidney (136-139). To
date, three major dominantly inherited forms of renal cell can-
cer have been described (3,4,140). Tumors associated with
VHL syndrome are predominantly of the clear cell type and
are associated with germline mutations of the tumor suppres-
sor VHL gene located on chromosome 3p (141). Familial
occurrence of clear cell renal cancer also has been described in
the absence of VHL syndrome and has featured constitutional
balanced translocations involving -chromosome 3p (142).
Hereditary papillary renal cell carcinoma is related to germline
mutations of the MET protooncogene located on chromosome
7q (137,143). It is noteworthy that somatic mutations in the
VHL and MET genes have been described in 4 high proportion
of sporadic cases with clear cell tumors and in some papillary
tumors, respectively, implicating these genes in the develop-
ment of renal cell cancer generally (143-145). Evidence exists
that other genes may contribute to the origins of renal cancer,
as suggested, for example, by studies of families with heredi-
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tary renal oncocytoma (146). Whether the risk factors identi-
fied for renal cell cancer vary by histologic and molecular cat-
egories remains to be determined.

Polymorphisms in metabolic genes involved in the activa-
tion or detoxification of environmental or endogenous agents
have been linked to risk of certain cancers (147-149). Data on
renal cell cancer are scarce, however, except for a few small

. studies exploring the role of GSTMI, which encodes an

enzyme that is involved in detoxifying polycyclic aromatic

! hydrocarbons from cigarette smoke and other sources; the role

- of GSTT1, which catalyzes the detoxification of a wide range

of endogenous and exogenous compounds, including oxidized
lipid and DNA, epoxides, and certain chlorinated solvents; and
a study of NQOI, which is implicated in detoxification of
quinone compounds (150,151). Given the moderate risks asso-
ciated with cigarette smoking, use of various medications, and
other risk factors, the evaluation of polymorphic genes
involved in metabolizing tobacco carcinogens and other expo-
sures may: help to clarify risk estimates, gene-environment
interactions, and mechanisms of renal carcinogenesis.

CONCLUSIONS

Convincing epidemiologic evidence exists linking cigarette
smoking, obesity, and hypertension and its treatment to an
elevated risk of renal cell carcinoma. In combination, these
three factors are estimated to account for nearly 50% of cases
in a U.S. population (45) and may have contributed to the
increasing incidence trends as well as the racial disparities.
Preventive measures aimed at reducing these exposures will
help to lower incidence rates. The 50% of unexplained cases,
however, underscores the need for further research into the
environmental and genetic determinants of this increasingly
common cancer. In particular, work is needed to disentangle
the effects of hypertension from its treatment arg to identify
antihypertensive medications that are not related to renal can-
cer risk. The role of obesity also warrants further clarification,
including its mechanisms of action and its determinants,
including dietary factors and physical activity that may inde-
pendently affect the risk of renal cell cancer. Discoveries in
the molecular genetics of renal cell carcinoma provide new
opportunities to clarify the multifactorial origins of this
tumor, including gene-environment interactions that may be
unraveled by epidemiologic studies that incorporate biochem-
ical and molecular biomarkers. Finally, the high survival rates
for patients diagnosed with localized tumors indicate the
importance of early detection and the screening of high-risk
individuals to reduce mortality from renal cell cancer.
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