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Abstract
Background: Patients with end-stage renal disease (ESRD) have elevated cancer risk. Cancer risk increases with age,
but associations of ESRD with specific malignancies are incompletely studied for older individuals.
Methods: We conducted a population-based case–control study (1,029,695 cancer and 99,610 controls) among the
U.S. elderly using SEER-Medicare linked data. We defined ESRD as presence of dialysis claims in the 3 months prior
to selection.
Results: Although ESRD was not associated with excess cancer risk overall (odds ratio 1.02; 95%CI 0.91-1.14), risk
was specifically increased for cancers of the stomach (1.45; 1.16-1.81), small intestine (1.92; 1.27-2.92), colon (1.17;
1.00-1.36), liver (1.53; 1.16-2.01), biliary tract (1.78; 1.20-2.65), lung (1.17; 1.02-1.34), cervix (2.12; 1.39-3.23), kidney (2.42;
2.01-2.92), and for multiple myeloma (1.77; 1.40-2.24) and chronic myeloid leukemia (1.74; 1.08-2.80). The association
between liver cancer and ESRD was attenuated upon adjustment for hepatitis B and C infection or diabetes
mellitus. Multiple myeloma risk was highest with short ESRD duration (p < 0.0001), possibly reflecting reverse
causality, while kidney cancer risk showed a borderline rise over time (p = 0.08).
Conclusions: Among elderly individuals with ESRD, the excess risks for some cancers may reflect immune
dysfunction or a high prevalence of other risk factors, such as viral infections or diabetes mellitus. Our results
underscore the need for studying biological pathways of carcinogenesis in ESRD.
Keywords: End-Stage Renal Disease, ESRD, ESKD, Dialysis, Cancer

Background
In 2009, a total of 571,414 people within the U.S. were
living with end-stage renal disease (ESRD) [1]. ESRD incidence increases with age, and therefore the prevalence
of ESRD is growing most quickly among individuals
aged sixty five and older, such that 36% of individuals
living with ESRD in the U.S. in 2009 were at least
65 years old [1]. ESRD patients are at high risk of
hospitalization and death due to infection, especially
related to vascular access, septicemia, and pneumonia;
uremia; and cardiovascular disease, which might be
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attributed to immune system abnormalities in ESRD
patients [2,3].
In addition, ESRD patients seem to a have modestly
increased risk of cancer, with overall standardized incidence ratios (SIRs, which measure risk relative to the general population) ranging from 0.9 to 1.5 [4-10].
Malignancies for which risk may be more substantially
increased include cancers of the kidney, bladder, and thyroid; multiple myeloma; and virus-related malignancies,
specifically Kaposi sarcoma, non-Hodgkin lymphoma,
and Hodgkin lymphoma. A large multi-national study
used U.S. data from the United States Renal Disease System (USRDS) and incorporated Medicare claims records
to ascertain the occurrence of cancer [5]. This approach
was limited by potential inaccuracies in Medicare claims
for cancer diagnoses, leading to possible confusion between incident and prevalent cancers [11]. The study
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reported an elevated risk for cancer among individuals
with ESRD and documented attenuation with advancing
age in the magnitude of this association. However, the
authors did not present results for individual cancer types
separately for people who were age 65 years or older [5].
The potential association of ESRD and cancer risk is
particularly important for the elderly, because with the
aging of the U.S. population, there is an increase in the
number and proportion of older adults living with ESRD,
and also because the incidence of most cancers increases
with age. However, because the epidemiology of cancer
among elderly ESRD patients has not been evaluated in
detail, it is unclear whether ESRD increases cancer risk
in this population, and if so, for which cancers the increase is present. We therefore conducted the present
study, using linked data from cancer registries and
Medicare, to assess cancer risk related to ESRD among
elderly individuals in the U.S.

Methods
SEER-Medicare dataset

This study evaluates cancer risk in elderly ESRD patients
living in Surveillance, Epidemiology, and End Results
(SEER) cancer registry areas. The National Cancer
Institute oversees and supports the SEER program
(http://seer.cancer.gov/) which is a consortium of U.S.
population-based cancer registries. SEER originated in
1973 and over time expanded registry coverage to
nearly 26% of the U.S. population. Medicare is a federally sponsored insurance program that provides primary health insurance for approximately 97% of the
U.S. population aged 65 years and older. In addition,
Medicare covers individuals with ESRD or disability
regardless of their age (http://www.cms.hhs.gov/).
Details of the SEER-Medicare dataset (http://healthservices.cancer.gov/seermedicare/) have been published
elsewhere [11]. Briefly, the SEER-Medicare database
links data on SEER cancer cases with Medicare to retrieve claims data on Medicare-covered individuals. The
SEER registry data contain demographic and clinical
information on all incident cancer cases. Medicare data
include claims from 1986 forward for inpatient hospitalizations (Part A), and 1991 forward for physician and
outpatient services (Part B). These claims use International Classification of Diseases (ICD-9), current procedures terminology (CPT-4) codes, and revenue center
codes to bill for services and related diagnoses. Comparable Medicare data are also available for a cohort of
cancer-free individuals comprising a 5% random sample
of Medicare beneficiaries residing in SEER areas.
Study design and subject selection

We used the SEER-Medicare data to conduct a
population-based case–control study of risk of cancer
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among the elderly. As described in detail elsewhere [12],
this study design is equivalent to a cohort study of Medicare recipients, from which we selected all cancer cases
and a random sample of cancer-free individuals, and it
has the advantage of computational efficiency. Thus, we
identified all cancer cases from individuals diagnosed in
SEER with a first malignancy during 1992–2005 who
were aged 66–99 years at diagnosis. Cases were required
to have at least 12 months of Medicare data prior to
diagnosis (1 year of prior Part A, Part B Medicare coverage while not enrolled in a health maintenance organization [HMO]) so that there was sufficient time in
which to identify ESRD information prior to the cancer
diagnosis. We excluded individuals whose cancer was
diagnosed only on autopsy or death certificate, since
these cases might be incidental or have atypical behavior.
We excluded cancer cases from the analysis if they had a
prior Medicare claim indicating a history of organ transplant or were ever infected with human immunodeficiency virus, to assure that cases were not due to known
causes of immunosuppression. Cancers were classified
using International Classification of Diseases for Oncology (third edition, ICD-O3) topography and morphology
codes and grouped using the SEER “site recode with
Kaposi sarcoma and mesothelioma.”
We randomly selected 100,000 controls from the 5%
sample of Medicare beneficiaries living in SEER areas to
match the total group of cancer cases. Specifically, controls were required, as of July 1 in the calendar year of
selection, to be alive, free of any SEER-reported malignancies, and have at least 12 months of prior non-HMO,
Part A, Part B Medicare coverage. From this eligible
group, we then selected controls who were frequency
matched to the entire group of cancer cases by individual calendar year of diagnosis, gender, and age in five
categories (66–69, 70–74, 75–79, 80–84, 85–99 years). A
subject could be selected as a control multiple times for
cases in different calendar years and could later become
a cancer case. Following selection of 100,000 controls,
we excluded individuals if they had a prior Medicare
claim of organ transplant or were ever infected with
human immunodeficiency virus.
Ascertainment of ESRD and other medical conditions

For each case and control subject, we defined ESRD to
be present based on Medicare claims for chronic dialysis
care that was consistent with ESRD. We used this ascertainment tactic because there were no ICD-9 diagnosis
codes in the Medicare claims files specific to ESRD. Specifically, we required that a claim from a physician or
hospital outpatient facility include one of the following
codes: CPT-4 code for dialysis of 90925 (ESRD service
for full month), 90935–90937 (hemodialysis service with
physician evaluation), 90945–90947 (dialysis [other than
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hemodialysis] service with physician evaluation), 90966
(services for home dialysis), or 90997–90999 (hemoperfusion, unlisted dialysis procedure); or revenue center
codes 0821–0825, 0829–0835, 0839–0845, 0849–0855,
or 0859. We required a minimum of one ESRD or dialysis claim in each of the three months immediately prior
to cancer diagnosis or control selection. Our list of
codes is similar to those used previously by Taneja et al.
to study the distribution of cancer stages among ESRD
patients [13], but it is more restrictive, because Taneja
et al. required the presence of codes for both chronic
renal disease and dialysis, whereas we did not require
both types of codes but required repeated claims over
three months.
For each individual, we searched Medicare claims files
for other conditions related to ESRD or specific cancers.
These conditions included obesity (ICD-9: 278.0x),
diabetes mellitus (250.0x), hypertension (401.x-405.x),
peptic ulcer (531.x-534.x), alcoholic liver disease (571.0571.3), hepatitis C virus infection (HCV, 070.41, 070.44,
070.51, 070.54, 070.70, 070.71, V02.62), hepatitis B virus
infection (HBV, 070.2, 070.3), hemochromatosis (275.0),
cholelithiasis (574.x), pernicious anemia (281.0, 281.1),
regional enteritis (555.x), ulcerative colitis (556.x), diverticular disease (562.x), and various kidney diseases
(753.x, 580.x-584.x, 587). Conditions were determined
to be present based on Medicare claims in inpatient,
outpatient, or physician files. We excluded the 3-year
period prior to cancer diagnosis/selection to focus on
conditions that were longstanding and therefore most
likely relevant to modify the association between ESRD
and cancer risk.
Statistical analysis

To compare ESRD prevalence in cancer cases and controls, we utilized unconditional logistic regression models to obtain odds ratios (ORs) and 95% confidence
intervals (CIs). We fitted separate logistic models for
each cancer type and used all controls in each analysis.
For cancers that were found to be associated with ESRD,
we assessed cancer risk according to the apparent duration of ESRD based on the date of the earliest supporting Medicare claim. We also evaluated models that
adjusted for the presence of other medical conditions
related to ESRD or the cancers of interest.
All logistic models were adjusted for age, gender, calendar year of cancer diagnosis/control selection, and
race. In addition, we adjusted the OR variance to accommodate the repeated selection of individuals as controls,
and the selection of some controls who later served as
cases [12]. To avoid sparse data and because the SEERMedicare data use agreement prevents presenting results
for 10 subjects or fewer, we did not analyze data for cancers with fewer than 3000 cases (based on an ESRD
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prevalence of 0.3% in controls, this number corresponds
to an expected 10 cancer cases with ESRD under the
null hypothesis of no association). For prostate cancer,
we also show associations with ESRD stratified by stage
of cancer diagnosis and according to whether a prior
Medicare claim for prostate-specific antigen (PSA) testing was present.

Results
The study included 1,029,732 cancer cases and 99,615
controls (Table 1). Cases and controls were wellmatched on age, gender, race/ethnicity, and calendar
year. The majority of subjects were non-Hispanic whites
(cases 86%, controls 84%), with a median age of 76 years
in cases and 75 years in controls.
ESRD was reported in 3,582 (0.35%) cancer cases and
357 (0.36%) controls. ESRD was thus not associated with
an overall increase risk of cancer (OR 1.02, 95% CI 0.911.14; Table 2). Based on the earliest Medicare claim for
ESRD or dialysis, the median duration of ESRD was
25 months (interquartile range 12–45) in cases and
25 months (interquartile range 14–43) in controls.
Nonetheless, with respect to specific cancers (Table 2),
ESRD was associated with significantly elevated risk for
cancers of the stomach (OR 1.45), small intestine (1.92),
colon (1.17), liver (1.53), biliary tract (1.78), lung (1.17),
and cervix (2.12), as well as for multiple myeloma (1.77)
and chronic myeloid leukemia (1.74). As shown in
Table 1 Characteristics of cancer cases and controls
Cancer cases

Controls

(n = 1,029,732)

(n = 99,615)

66-74

452,889 (44.0%)

47,389 (47.6%)

75-84

434,024 (42.2%)

39,378 (39.5%)

85-99

142,819 (13.9%)

12,848 (12.9%)

76

75

Male

544,023 (52.8%)

54,232 (54.4%)

Female

485,709 (47.2%)

45,383 (45.6%)

1992-1994

169,248 (16.4%)

14,893 (15.0%)

1995-1998

198,879 (19.3%)

19,775 (19.9%)

1999-2005

661,605 (64.3%)

64,947 (65.2%)

White

885,788 (86.0%)

83,730 (84.1%)

Black

80,226 (7.8%)

6,924 (7.0%)

Asian

24,980 (2.4%)

3,844 (3.9%)

Hispanic

14,992 (1.5%)

2,457 (2.5%)

Native American Indian

2,398 (0.2%)

321 (0.3%)

Other/unknown

21,345 (2.1%)

2,339 (2.4%)

Age in years, n (%)

Median age
Gender, n (%)

Selection year, n (%)

Race/ethnicity, n (%)
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Table 2 Associations between ESRD and cancer risk
N

ESRD

99,615

357 0.36

N
Controls
Overall cancer

OR (95%CI)

P value

ref

–

%

1,029,732 3582 0.35 1.02 (0.91, 1.14)

0.8

Specific cancer site:
Tongue

4,007

Gum and other
mouth

3,407

18

0.45 1.32 (0.82, 2.13)

0.3

<11 <0.4 0.95 (0.50, 1.78)

0.9

Esophagus

10,261

39

Stomach

20,106

118 0.59 1.45 (1.16, 1.81)

0.001*

24

0.002

Small intestine

3,502

0.38 1.02 (0.73, 1.43)
0.69 1.92 (1.27, 2.92)

0.9

Colon

104,002

390 0.37 1.17 (1.00, 1.36)

0.05

Rectum

33,086

91

0.28 0.82 (0.65, 1.04)

0.11

Liver

9,034

63

0.70 1.53 (1.16, 2.01)

0.003

Gallbladder

3,430

15

0.44 1.32 (0.78, 2.22)

0.3

Other biliary

4,389

27

0.62 1.78 (1.20, 2.65)

0.004

Pancreas

29,765

122 0.41 1.21 (0.98, 1.50)

0.07

33

0.4

Larynx

7,431

Lung

161,687

661 0.41 1.17 (1.02, 1.34)

0.44 1.15 (0.80, 1.66)

0.02

Soft tissue
(including heart)

4,202

<11 <0.4 0.56 (0.28, 1.12)

0.1

Melanoma of skin

24,626

75

0.30 1.07 (0.82, 1.41)

0.6

Other non-epithelial
skin

3,585

17

0.47 1.58 (0.96, 2.59)

0.07

Breast

122,315

Cervix

3,686

339 0.28 1.11 (0.90, 1.38)
28

0.76 2.12 (1.39, 3.23)

<0.001*

0.3

Uterine corpus

24,507

66

0.27 1.05 (0.77, 1.43)

0.8

0.27 1.07 (0.75, 1.54)

Ovary

14,683

40

Prostate

193,632

336 0.17 0.42 (0.35, 0.50)

Bladder

55,559

218 0.39 1.20 (1.00, 1.44)

0.05

Kidney and renal
pelvis

22,999

185 0.80 2.31 (1.92, 2.78)

<0.001*

Kidney

20,684

177 0.86 2.42 (2.01, 2.92)

<0.001*

Renal pelvis

2,315

<11 <0.4 1.13 (0.56, 2.28)

0.7

0.45 1.29 (0.85, 1.93)

0.7
<0.001*

Thyroid

5,520

25

Non-Hodgkin
lymphoma

50,513

120 0.24 0.77 (0.62, 0.96)

0.2

Multiple myeloma

13,949

92

0.66 1.77 (1.40, 2.24)

<0.001*

Acute myeloid
leukemia

7,571

25

0.33 1.02 (0.67, 1.53)

0.9

Chronic myeloid
leukemia

3,271

18

0.55 1.74 (1.08, 2.80)

0.02

0.02

Abbreviations: ESRD end-stage renal disease, OR odds ratio, CI confidence
interval.
Odds ratios are adjusted for age, race, sex and selection year. Cancers with
less than 3000 cases are not shown.
* P-value is significant at Bonferroni p-value threshold of 0.002.

Table 2, elevated risk was present for cancers of the kidney and renal pelvis (OR 2.31), but this increase was limited to cancers of the kidney itself (OR 2.42) and was
not significant for the renal pelvis (OR 1.13). Among the

kidney cancers, 18,707 (90.4%) were renal cell carcinomas, 633 (3.1%) were transitional cell carcinomas, and
1,344 (6.5%) were other/unspecified subtypes. Among
renal pelvis cancers, 2,164 (93.5%) were transitional cell
carcinomas, and 115 (5.0%) were other/unspecified subtypes. Analysis of these specific histologic subtypes of
kidney and renal pelvis cancers revealed an excess risk
for renal cell carcinoma in association with ESRD
(N = 18,743 cases, OR 2.38, 95% CI 1.96-2.89), but not
for transitional cell carcinoma (N = 2,797 cases, OR 0.93,
95% CI 0.46-1.87). In contrast, ESRD was associated
with reduced risk for prostate cancer (OR 0.42) and
non-Hodgkin lymphoma (OR 0.77) (Table 2).
Of all these cancers, only multiple myeloma showed a
significant change in risk with duration of ESRD. For
multiple myeloma, there was a substantial decline with
prolonged ESRD, such that risk was highest immediately
after the first Medicare claim for dialysis, with ORs of
3.74 in the 0–12 months, 1.89 in the 12–25 months,
0.89 in the 25–44 months, and 0.79 in the 44+ months
after first claim (p < 0.001). There was a borderline trend
of increasing risk of kidney cancer with longer duration
of ESRD (ORs 1.85 in the 0–12 months, 1.75 in the1225 months, 1.61 in the 25–44 months, and 3.57 in the
44+ months after first claim, p = 0.08).
We evaluated whether associations with ESRD were
affected when we adjusted for the presence of other
medical conditions. Adjustment for the presence of
obesity did not change the observed associations with
ESRD for any cancers (data not shown). Likewise, associations with ESRD were not materially affected when
we made the following model-based adjustments (data
not shown): risks of stomach and esophagus cancers
when adjusted for history of peptic ulcer or pernicious
anemia; risk of colon cancer when adjusted for diverticular disease, ulcerative colitis or regional enteritis; risks of
renal and urinary bladder cancers when adjusted for history of kidney disease or hypertension; and risk of biliary
tract cancer upon adjusting for the presence of
gallstones.
For liver cancer, the association with ESRD remained
significant after adjustment for alcoholic liver disease or
hemochromatosis (data not shown). However, the association between ESRD and liver cancer was attenuated
after adjustment for HBV, HCV infection, or diabetes
mellitus (adjusted ORs 1.25, 1.13, and 1.15 respectively).
We also examined associations with ESRD for prostate
cancer according to cancer stage. ESRD patients manifested a reduced risk of localized/regional cancer (OR
0.34), but not risk of distant/metastatic (OR 0.89) or
unstaged cancer (OR 0.84) (Table 3) Among controls,
men with ESRD were less likely than men without ESRD
to have a claim for a PSA test in the one-year period
prior to selection (24.1% vs. 35.5%, OR 0.58, 95% CI
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Table 3 Associations between ESRD and prostate cancer, by stage at cancer diagnosis and PSA screening
Prostate cancer
outcome

All cancers

Number of
cases

193,632

Association with ESRD, odds ratio (95% CI)
Overall

PSA in 1 year before
diagnosis/selection

No PSA in 1 year before
diagnosis/selection

0.42 (0.35, 0.50)

0.52 (0.39, 0.71)

0.52 (0.42, 0.66)

By stage
Localized/regional

136,904

0.34 (0.28, 0.41)

0.45 (0.33, 0.62)

0.42 (0.31, 0.55)

Distant/metastic

8,333

0.89 (0.62, 1.26)

0.98 (0.54, 1.79)

0.95 (0.61, 1.48)

Unstaged

8,302

0.84 (0.58, 1.22)

1.12 (0.66, 1.89)

0.91 (0.50, 1.66)

Abbreviations: ESRD end-stage renal disease, CI confidence interval, PSA prostate specific antigen test.

0.43-0.78). Among prostate cancer cases, a claim for
PSA testing was present in the year prior to diagnosis in
59.2% and 67.9% (OR 0.69, 95% CI 0.55-0.85) of those
with and without ESRD, respectively. Risk of prostate
cancer (in particular, localized/regional cancer) was significantly lower among individuals with ESRD compared
to controls regardless of their screening status (Table 3).

Discussion
In this population-based case–control study among elderly adults, we found that ESRD was not associated with
an overall increased risk of cancer. These results differ
from those seen in most previous studies [5,6,14], which
have shown a modest overall increased risk of cancer.
This difference may be explained by the restriction of
our study to elderly adults. As noted above, Maisonneuve
et al. reported an attenuation with age in the association
between ESRD and cancer risk, such that in the U.S. the
overall SIR for cancer declined from 4.6 for those whose
age at first dialysis was <35 years to 1.1 for individuals
who were age 65 years or older [5]. This overall attenuation could be due to the increase of background cancer
rates with age, but the results likely differ for individual
cancer types.
Indeed, although overall cancer risk was not elevated
in association with ESRD, we did see increased risks for
certain cancers such as cancers of stomach, small intestine, colon, liver, biliary tract, lung, cervix, and kidney,
as well as for multiple myeloma and chronic myeloid
leukemia, where risks were elevated 1.16 to 2.40-fold.
Among cancers of the kidney and pelvis, we found an approximately 3-fold excess of renal cell carcinoma but no
increase for transitional cell carcinoma. Previous studies
reported an excess risk of several of these malignancies,
including multiple myeloma and bladder and kidney cancers [4-6,15,16]. Some prior studies found increased risks
for other cancer that we did not find associated with
ESRD, including thyroid cancer, non-Hodgkin lymphoma
(for which we found a modest inverse association),
Hodgkin lymphoma, and Kaposi sarcoma [5,14]. Again,
the differing magnitudes of association between prior
studies and our study could potentially be attributed to

our subjects’ advanced age, while other studies included
a wider age range.
Notably, the increased risks that we observed for several infection-related cancers (i.e., liver, stomach, and
cervical cancers) could reflect immunodeficiency associated with ESRD. Chronic uremia leads to metabolic
abnormalities that alter the immune response such that
antigen-presenting cell (APC) function is impaired,
lymphocyte survival is shortened, proliferation of T-cells
is impaired, together with an increased suppressor T-cell
activity, decreased helper T-cell (Th) activity, and
increased Th1/Th2 ratio [2,3]. Nutritional abnormalities
that are prevalent among individuals with ESRD, such as
selenium deficiency, reduced glutathione peroxidase activity, and vitamin D deficiency [17-20] could also play a
role in development of cancer, particularly for colon cancer [21-23]. Individuals with ESRD commonly receive
erythropoietin for treatment of anemia, which might be
implicated in carcinogenesis and could potentially explain some of the observed excess cancer risk among
individuals with ESRD [24].
However, arguing against a biological effect underlying
some of these associations, we did not observe an increase in cancer risk with longer duration of ESRD. Another possibility is that, rather than reflecting the effects
of ESRD itself, the high risk of some cancers may arise
from a high prevalence of established cancer risk factors
(e.g., infections with human papillomavirus [cervical
cancer], HBV and HCV [liver cancer], or tobacco use
[lung cancer]) [25-28]. Indeed, this possibility is supported by our observation that the association between
ESRD and liver cancer was attenuated after we adjusted
for HCV infection, HBV infection, or diabetes mellitus.
In addition, excess risks were observed for malignancies (i.e., bladder and kidney cancers, multiple myeloma)
that could directly lead to ESRD or are related to such
conditions. Cancers of the renal pelvis and bladder may
be attributed to excess analgesic consumption, a cause
of renal failure [9,29,30]. Likewise, polycystic kidney disease, a cause of renal failure, predisposes to renal cell
carcinoma [31,32]. Nonetheless, ESRD itself probably
causes some kidney cancers, as the development of
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multiple renal cysts during dialysis, with the subsequent
occurrence of renal cell carcinoma, is well-described
[33-40]. This notion is further supported by the study of
Maisonneuve et al. [5] that detected an increased risk of
kidney cancer with increasing duration of dialysis.
In contrast, the strong increase in multiple myeloma
risk in the first 1–2 years after ESRD diagnosis, and declining risk over longer time intervals, could be attributed to reverse causality, such that multiple myeloma
leads to renal failure. This situation could arise if multiple myeloma was undiagnosed at initiation of dialysis,
or if the diagnosis date is in error in the cancer registry
due to delayed reporting. Maisonneuve et al. also noted
the excess of multiple myeloma cases and likewise attributed this observation to prevalent cases [5]. Finally,
treatment of glomerulonephritis with azathioprine or
cyclophosphamide may predispose to certain types of
cancers such as kidney cancer, bladder cancer, and multiple myeloma [41,42].
Our findings of markedly low risk of prostate cancer
deserve comment. A biologically protective effect of
ESRD seems unlikely, because the inverse association
was present only for localized cancer and not for distant/
metastatic cancer. We believe that the inverse association instead may be a manifestation of screening.
Recommendations for prostate cancer screening using
PSA testing and digital rectal examination are presently
in flux, but screening has typically been considered only
for men who have an extended life expectancy. One possibility is that, due to their lower life expectancy, men
with ESRD do not receive screening with the PSA test as
frequently as other men, which could lead to an apparent deficit of prostate cancer. Indeed, it is estimated that
40% of prostate cancer cases in the U.S. are detected
through PSA testing [43]. Among controls, we found a
lower prevalence of claims for testing among men with
ESRD, which supports that the apparent diminished risk
is partly due to lack of screening. However, we also
found a lower risk for prostate cancer associated with
ESRD among men who received PSA testing, which
could potentially be explained by decreased sensitivity of
PSA testing in men with ESRD. This notion is supported
by Bruun et al. [44], who reported that individuals with
chronic kidney disease have elevated levels of free PSA,
which is interpreted (when the total PSA is elevated) to
indicate the presence of benign prostate disease. In
addition, the association between ESRD and reduced risk
of prostate cancer among apparently unscreened men
may partly reflect confounding due to unmeasured
screening that we did not capture. In summary, we believe that the reduced risk of localized/regional prostate
cancer in men with ESRD may be explained by less frequent screening or reduced sensitivity of screening.
However, we do not advocate for increasing the
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frequency of screening among men with ESRD. Recently
the U.S. Preventive Services Task Force (USPSTF),
opposed the use of PSA for prostate cancer screening regardless of age because the harms overweigh the benefits
[45]. Given, the overall poor survival of men with ESRD,
PSA-based prostate cancer screening will not be of additional value.
Our study has several important strengths, including
the ability to assess all type of cancers and its large size.
Our study is representative of the elderly U.S. population, since it includes all cancers from SEER cancer
registries and a random sample of controls with Medicare from the same geographic areas [12]. The use of
SEER allowed comprehensive ascertainment of the occurrence of cancers, since these cancer registries achieve
largely complete surveillance and provide high-quality
data on incident cancers.
Limitations of our study should also be noted. For instance, SEER does not capture squamous cell and basal
cell carcinoma of the skin. In addition, we were unable
to assess cancer risk in people younger than 66 years
old, so our results are not generalizable to a younger
population. Furthermore, because ESRD is somewhat
uncommon, we may have missed some associations with
cancer. Ascertainment of ESRD in our study was likely
complete, because Medicare pays for dialysis care for
most U.S. ESRD patients. Our use of Medicare claims is
supported by the similar prevalence of ESRD among our
controls and reported by the USRDS program for the
same age group (0.31% of our controls vs. 0.21-0.44%
during 1992–2005) [46]. However, because we used dialysis claims to identify people with ESRD, we may have
inadvertently included some people with less severe kidney disease. In addition, we did not have the capability
to fully determine duration of ESRD because Medicare
claims were only available starting in 1991. Another
limitation that should be considered is the possibility
that competing mortality from secondary complications
of dialysis would attenuate the association between
ESRD and cancer. This effect would occur in any study
of the ESRD population, and the results should be interpreted to reflect risk of cancer among surviving patients.
A final limitation is that we made multiple comparisons,
and some associations might be due to chance. Fewer
associations would be statistically significant using a
conservative p-value threshold of 0.002 (based on a Bonferroni correction for 31 cancer types, see Table 2).
Our results may help inform clinical decisions about
cancer screening. Given the lower risk of prostate cancer in men with ESRD, and the lower life expectancy of
these men relative to the general population there is no
indication that men with ESRD should receive PSA
testing. These findings also do not support more aggressive screening for other common cancers, because
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there was no increased risk for breast cancer, and only
a modest increase in colon cancer risk. Similarly, others
have suggested that in the circumstances of high morbidity and mortality from other diseases, screening for
kidney cervical, colon, and breast cancers is less costeffective than other health interventions in the ESRD
population [47-49].
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6.

7.

Conclusions
In conclusion, we conducted the first comprehensive
population-based study of cancer risk associated with
ESRD in the elderly. Our results document an elevated
risk of some types of malignancy. Additional research on
the etiologic roles of disturbed immunity, viral infections, and the biological pathways underlying the development of cancer in ESRD is needed.

8.
9.

10.

Competing interests
All the authors declare no conflict of interest.

11.

Authors’ contributions
All authors contributed to the conception and design of the study. FMS
analyzed the data. FMS and EAE drafted the manuscript. All authors
contributed to the critical review of the manuscript. The final submitted
version of the manuscript was approved by all authors.

12.

Acknowledgements
This research was presented in part at the AACR 101st Annual meeting,
Washington, DC: April 17–21, 2010. This study used the linked SEER-Medicare
database. The interpretation and reporting of these data are the sole
responsibility of the authors. The authors acknowledge the efforts of the
Applied Research Program, National Cancer Institute; the Office of Research,
Development, and Information, Centers for Medicare and Medicaid Services;
Information Management Services, Inc.; and the Surveillance, Epidemiology,
and End Results (SEER) Program tumor registries in the creation of the
SEER-Medicare database. The authors thank Winnie Ricker (Information
Management Services, Rockville, MD) for assistance with database
management. This research was supported by the Intramural Research
Program of the National Cancer Institute.

14.

Author details
Division of Cancer Epidemiology and Genetics, National Cancer Institute,
National Institutes of Health, Department of Health and Human Services,
Rockville, MD, USA. 2Division of Cancer Control and Population Sciences,
National Cancer Institute, National Institutes of Health, Department of Health
and Human Services, Rockville, MD, USA. 3Kidney and Urology Epidemiology
Program, National Institute of Diabetes and Digestive and Kidney Diseases,
National Institutes of Health, Department of Health and Human Services,
Bethesda, MD, USA. 4Department of Chronic Disease Epidemiology, Yale
School of Public Health, New Haven, CT, USA.
1

Received: 25 April 2012 Accepted: 11 July 2012
Published: 26 July 2012
References
1. U.S. Renal Data System: USRDS 2011 Annual Data Report: Atlas of Chronic
Kidney Disease and End Stage Renal Disease in the United States. Betheda,
MD: National Institutes of Health, National Institute of Diabetes and
Digestive and Kidney Diseases; 2011.
2. Descamps-Latscha B: The immune system in end-stage renal disease. Curr
Opin Nephrol Hypertens 1993, 2(6):883–891.
3. Kato S, Chmielewski M, Honda H, Pecoits-Filho R, Matsuo S, Yuzawa Y,
Tranaeus A, Stenvinkel P, Lindholm B: Aspects of immune dysfunction in
end-stage renal disease. Clin J Am Soc Nephrol 2008, 3(5):1526–1533.

13.

15.
16.

17.

18.

19.

20.

21.
22.
23.

24.

25.
26.

Matas AJ, Simmons RL, Kjellstrand CM, Buselmeier TJ, Najarian JS: Increased
incidence of malignancy during chronic renal failure. Lancet 1975,
1(7912):883–886.
Maisonneuve P, Agodoa L, Gellert R, Stewart JH, Buccianti G, Lowenfels AB,
Wolfe RA, Jones E, Disney AP, Briggs D, et al: Cancer in patients on dialysis
for end-stage renal disease: an international collaborative study. Lancet
1999, 354(9173):93–99.
Inamoto H, Ozaki R, Matsuzaki T, Wakui M, Saruta T, Osawa A: Incidence
and mortality patterns of malignancy and factors affecting the risk of
malignancy in dialysis patients. Nephron 1991, 59(4):611–617.
Cengiz K: Increased incidence of neoplasia in chronic renal failure
(20-year experience). Int Urol Nephrol 2002, 33(1):121–126.
Mandayam S, Shahinian VB: Are chronic dialysis patients at increased risk
for cancer? J Nephrol 2008, 21(2):166–174.
Stewart JH, Buccianti G, Agodoa L, Gellert R, McCredie MR, Lowenfels AB,
Disney AP, Wolfe RA, Boyle P, Maisonneuve P: Cancers of the kidney and
urinary tract in patients on dialysis for end-stage renal disease: analysis
of data from the United States, Europe, and Australia and New Zealand.
J Am Soc Nephrol 2003, 14(1):197–207.
Stewart JH, Vajdic CM, van Leeuwen MT, Amin J, Webster AC, Chapman JR,
McDonald SP, Grulich AE, McCredie MR: The pattern of excess cancer in
dialysis and transplantation. Nephrol Dial Transplant 2009,
24(10):3225–3231.
Warren JL, Klabunde CN, Schrag D, Bach PB, Riley GF: Overview of the
SEER-Medicare data: content, research applications, and generalizability
to the United States elderly population. Med Care 2002, 40(8):3–18.
Engels EA, Pfeiffer RM, Ricker W, Wheeler W, Parsons R, Warren JL: Use of
surveillance, epidemiology, and end results-medicare data to conduct
case–control studies of cancer among the US elderly. Am J Epidemiol
2011, 174(7):860–870.
Taneja S, Mandayam S, Kayani ZZ, Kuo YF, Shahinian VB: Comparison of
stage at diagnosis of cancer in patients who are on dialysis versus the
general population. Clin J Am Soc Nephrol 2007, 2(5):1008–1013.
Vajdic CM, McDonald SP, McCredie MR, van Leeuwen MT, Stewart JH, Law
M, Chapman JR, Webster AC, Kaldor JM, Grulich AE: Cancer incidence
before and after kidney transplantation. JAMA 2006, 296(23):2823–2831.
Birkeland SA, Lokkegaard H, Storm HH: Cancer risk in patients on dialysis
and after renal transplantation. Lancet 2000, 355(9218):1886–1887.
Ishikawa I, Saito Y, Shikura N, Kitada H, Shinoda A, Suzuki S: Ten-year
prospective study on the development of renal cell carcinoma in dialysis
patients. Am J Kidney Dis 1990, 16(5):452–458.
Gonzalez EA, Sachdeva A, Oliver DA, Martin KJ: Vitamin D insufficiency and
deficiency in chronic kidney disease. A single center observational study.
Am J Nephrol 2004, 24(5):503–510.
Avissar N, Ornt DB, Yagil Y, Horowitz S, Watkins RH, Kerl EA, Takahashi K,
Palmer IS, Cohen HJ: Human kidney proximal tubules are the main
source of plasma glutathione peroxidase. Am J Physiol 1994,
266(2 Pt 1):C367–C375.
Bonomini M, Forster S, De Risio F, Rychly J, Nebe B, Manfrini V, Klinkmann H,
Albertazzi A: Effects of selenium supplementation on immune
parameters in chronic uraemic patients on haemodialysis. Nephrol Dial
Transplant 1995, 10(9):1654–1661.
Yoshimura S, Suemizu H, Nomoto Y, Sakai H, Katsuoka Y, Kawamura N,
Moriuchi T: Plasma glutathione peroxidase deficiency caused by renal
dysfunction. Nephron 1996, 73(2):207–211.
Connelly-Frost A, Poole C, Satia JA, Kupper LL, Millikan RC, Sandler RS:
Selenium, folate, and colon cancer. Nutr Cancer 2009, 61(2):165–178.
Lange JH: Reanalysis of epidemiological data for selenium anti-cancer
activity. Toxicol Ind Health 1991, 7(4):319–325.
Wu K, Feskanich D, Fuchs CS, Willett WC, Hollis BW, Giovannucci EL: A
nested case control study of plasma 25-hydroxyvitamin D
concentrations and risk of colorectal cancer. J Natl Cancer Inst 2007,
99(14):1120–1129.
Szenajch J, Wcislo G, Jeong JY, Szczylik C, Feldman L: The role of
erythropoietin and its receptor in growth, survival and therapeutic
response of human tumor cells From clinic to bench - a critical review.
Biochim Biophys Acta 2010, 1806(1):82–95.
Fabrizi F, Bunnapradist S, Martin P: HBV infection in patients with endstage renal disease. Semin Liver Dis 2004, 24(Suppl 1):63–70.
de Medina M, Ashby M, Schluter V, Hill M, Leclerq B, Pennell JP, Jeffers LJ,
Reddy KR, Schiff ER, Hess G, et al: Prevalence of hepatitis C and G virus

Shebl et al. BMC Nephrology 2012, 13:65
http://www.biomedcentral.com/1471-2369/13/65

27.

28.

29.

30.

31.
32.

33.
34.
35.
36.
37.
38.

39.
40.

41.

42.

43.

44.

45.
46.

47.

48.

49.

infection in chronic hemodialysis patients. Am J Kidney Dis 1998,
31(2):224–226.
Hinrichsen H, Leimenstoll G, Stegen G, Schrader H, Folsch UR, Schmidt WE:
Prevalence and risk factors of hepatitis C virus infection in haemodialysis
patients: a multicentre study in 2796 patients. Gut 2002, 51(3):429–433.
Fairley CK, Chen S, Tabrizi SN, McNeil J, Becker G, Walker R, Atkins RC,
Thomson N, Allan P, Woodburn C, et al: Prevalence of HPV DNA in cervical
specimens in women with renal transplants: a comparison with dialysisdependent patients and patients with renal impairment. Nephrol Dial
Transplant 1994, 9(4):416–420.
Bengtsson U, Angervall L, Ekman H, Lehmann L: Transitional cell tumors of
the renal pelvis in analgesic abusers. Scand J Urol Nephrol 1968,
2(3):145–150.
Johansson S, Angervall L, Bengtsson U, Wahlqvist L: Uroepithelial tumors of
the renal pelvis associated with abuse of phenacetin-containing
analgesics. Cancer 1974, 33(3):743–753.
Bonsib SM: Renal cystic diseases and renal neoplasms: a mini-review. Clin
J Am Soc Nephrol 2009, 4(12):1998–2007.
Hajj P, Ferlicot S, Massoud W, Awad A, Hammoudi Y, Charpentier B,
Durrbach A, Droupy S, Benoit G: Prevalence of renal cell carcinoma in
patients with autosomal dominant polycystic kidney disease and chronic
renal failure. Urology 2009, 74(3):631–634.
Grantham JJ: Polycystic kidney disease: neoplasia in disguise. Am J Kidney
Dis 1990, 15(2):110–116.
Ekart R, Hojs R: Acquired cystic kidney disease and arterial hypertension
in hemodialysis patients. Wien Klin Wochenschr 2006, 118(Suppl 2):17–22.
Ishikawa I: Acquired cysts and neoplasms of the kidneys in renal allograft
recipients. Contrib Nephrol 1992, 100:254–268.
Levine E: Renal cell carcinoma in uremic acquired renal cystic disease:
incidence, detection, and management. Urol Radiol 1992, 13(4):203–210.
Marple JT, MacDougall M, Chonko AM: Renal cancer complicating
acquired cystic kidney disease. J Am Soc Nephrol 1994, 4(12):1951–1956.
Ishikawa I, Saito Y, Asaka M, Tomosugi N, Yuri T, Watanabe M, Honda R:
Twenty-year follow-up of acquired renal cystic disease. Clin Nephrol 2003,
59(3):153–159.
Fleming S: Renal cell carcinoma in acquired cystic kidney disease.
Histopathology 2010, 56(3):395–400.
Gulanikar AC, Daily PP, Kilambi NK, Hamrick-Turner JE, Butkus DE:
Prospective pretransplant ultrasound screening in 206 patients for
acquired renal cysts and renal cell carcinoma. Transplantation 1998,
66(12):1669–1672.
Silman AJ, Petrie J, Hazleman B, Evans SJ: Lymphoproliferative cancer and
other malignancy in patients with rheumatoid arthritis treated with
azathioprine: a 20 year follow up study. Ann Rheum Dis 1988,
47(12):988–992.
Travis LB, Curtis RE, Glimelius B, Holowaty EJ, Van Leeuwen FE, Lynch CF,
Hagenbeek A, Stovall M, Banks PM, Adami J, et al: Bladder and kidney
cancer following cyclophosphamide therapy for non-Hodgkin's
lymphoma. J Natl Cancer Inst 1995, 87(7):524–530.
Draisma G, Etzioni R, Tsodikov A, Mariotto A, Wever E, Gulati R, Feuer E, de
Koning H: Lead time and overdiagnosis in prostate-specific antigen
screening: importance of methods and context. J Natl Cancer Inst 2009,
101(6):374–383.
Bruun L, Savage C, Cronin AM, Hugosson J, Lilja H, Christensson A: Increase
in percent free prostate-specific antigen in men with chronic kidney
disease. Nephrol Dial Transplant 2009, 24(4):1238–1241.
Moyer VA: Screening for Prostate Cancer: U.S. Preventive Services Task
Force Recommendation Statement. Ann Intern Med 2012, 157(2):120–134.
U.S. Renal Data System: USRDS 2007 Annual Data Report: Atlas of Chronic
Kidney Disease and End Stage Renal Disease in the United States. Betheda,
MD: National Institutes of Health, National Institute of Diabetes and
Digestive and Kidney Diseases; 2007.
Chertow GM, Paltiel AD, Owen WF Jr, Lazarus JM: Cost-effectiveness of
cancer screening in end-stage renal disease. Arch Intern Med 1996,
156(12):1345–1350.
Gornik HL, Lazarus JM, Chertow GM: Cancer screening and detection in
patients with end-stage renal disease. The International journal of artificial
organs 1998, 21(9):495–500.
Holley JL: Screening, diagnosis, and treatment of cancer in long-term
dialysis patients. Clin J Am Soc Nephrol 2007, 2(3):604–610.

Page 8 of 8

doi:10.1186/1471-2369-13-65
Cite this article as: Shebl et al.: Cancer risk among elderly persons with
end-stage renal disease: a population-based case–control study. BMC
Nephrology 2012 13:65.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

