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Abstract

Transplant recipients have elevated cancer risk, but it is unknown if cancer risk differs across race
and ethnicity as in the general population. U.S. kidney recipients (N=87,895) in the Transplant
Cancer Match Study between 1992 and 2008 were evaluated for racial/ethnic differences in risk
for six common cancers after transplantation. Compared to white recipients, black recipients had
lower incidence of non-Hodgkin lymphoma (NHL) (adjusted incidence rate ratio [alRR] 0.60,
p<0.001) and higher incidence of kidney (alRR 2.09, p<0.001) and prostate cancer (alRR 2.14,
p<0.001); Hispanic recipients had lower incidence of NHL (alRR 0.64, p=0.001), and lung (alRR
0.41, p<0.001), breast (alRR 0.53, p=0.003) and prostate cancer (alRR 0.72, p=0.05). Colorectal
cancer incidence was similar across groups. Standardized incidence ratios (SIRs) measured the
effect of transplantation on cancer risk and were similar for most cancers (p=0.1). However, black
and Hispanic recipients had larger increases in kidney cancer risk with transplantation (SIRs: 8.96
in blacks, 5.95 in Hispanics vs. 4.44 in whites), and only blacks had elevated prostate cancer risk
following transplantation (SIR: 1.21). Racial/ethnic differences in cancer risk after transplantation
mirror general population patterns, except for kidney and prostate cancers where differences
reflect the effects of end-stage renal disease or transplantation.
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Introduction

Kidney transplantation offers improved survival and quality of life compared to other
treatments for end-stage renal disease (ESRD) [1]. These benefits are not without risk,
however, including increased risk for cancer after transplantation [2-4]. The reasons for this
increased risk are multifactorial and stem from a combination of decreased control of
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oncogenic viruses due to the chronic immunosuppression necessary to prevent rejection, the
high prevalence of certain chronic medical conditions associated with ESRD, and the
intrinsic oncogenic properties of maintenance immunosuppression medications that may
also contribute.

In the U.S. general population, cancer risk varies substantially across different races and in
people of Hispanic ethnicity compared with non-Hispanics. Compared to whites, blacks
have increased risk for cancers of the lung (among men), kidney, colorectum, prostate,
pancreas, liver, and esophagus, as well as for multiple myeloma [5-10]. Blacks have
decreased risk for non-Hodgkin lymphoma (NHL), breast cancer, and endometrial cancer
compared to whites in the general population [5, 11-13]. Hispanics have increased risk for
cancers of the cervix, liver, gall bladder, and stomach, and for acute lymphocytic leukemia,
and decreased risk for cancers of the lung, colorectum, prostate, and breast compared to
whites [14]. Many factors contribute to these differences, including differing environmental
exposures, diets, occupations, health behaviors, genetics, socioeconomic status, access to
health care, and cancer screening behaviors [15-22].

We are unaware of any previous research into racial/ethnic differences in cancer risk after
transplantation. In the present study, we used several approaches to understand if different
racial/ethnic groups face different risks for cancer after transplantation. First, we compared
the incidence of common cancers among kidney recipients according to race/ethnicity. Since
baseline (general population) cancer risks vary by race/ethnicity, we also explored whether
the risk attributable to the transplant differed across groups. Finally, since risk of one of the
cancers of interest (namely, kidney cancer) is elevated among people with ESRD [23, 24],
and this increase could vary by race/ethnicity, we compared the risk of kidney cancer
between kidney recipients and candidates on the transplant waitlist. We used data on more
than 87,000 U.S. kidney recipients from the Transplant Cancer Match Study.

The Transplant Cancer Match Study links data from the Scientific Registry of Transplant
Recipients (SRTR, 1987-2008) with 14 population-based U.S. cancer registries (http://
transplantmatch.cancer.gov/) [4]. The SRTR includes data on all solid organ transplants in
the United States. Participating cancer registries, which together cover approximately 43%
of the U.S. transplant population, ascertained the occurrence of malignancies (other than
basal cell and squamous cell skin cancer) based on mandatory reporting from hospitals,
medical providers, and pathology laboratories. Following linkage with the SRTR,
investigators retain only anonymized data from the cancer registries. The study was
approved by human subjects committees at the National Cancer Institute and, as required, at
participating cancer registries.

In the present study, we included kidney-only recipients classified by the SRTR as white,
black/African American, or Hispanic/Latino. The SRTR race/ethnicity variable is derived
from kidney transplant candidate registry forms completed by transplant centers as required
by participation in the U.S. transplant network. Multiple races/ethnicities may be marked for
a given individual, although in practice more than 99% of candidates have a single race/
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ethnicity entered. In our analysis, any recipient with the category Hispanic/Latino indicated
was included in our Hispanic category. This approach assumes that remaining recipients
categorized as white are non-Hispanic whites, and those categorized as black are non-
Hispanic black, although it is likely that the white and black categories include some
Hispanics.

For kidney recipients, follow-up started at transplantation and ended at death, graft failure,
retransplantation, loss of follow-up by the transplant registry, or end of cancer registry
coverage. Recipients were further restricted to those who received their transplant during
years of cancer registry coverage between 1992 and 2008. We used the linked cancer
registry data to identify incident cancers following transplantation. We focused on the six
most common cancers after kidney transplantation: NHL, and cancers of the lung, kidney,
colorectum, prostate, and breast. Breast cancer analyses were limited to female recipients;
prostate cancer analyses were limited to male recipients.

Because kidney cancer incidence is markedly elevated in ESRD patients [23, 24], we
assessed data for this cancer in candidates as well as recipients. We evaluated first-time
candidates for kidney transplantation who were listed in the SRTR. Follow-up started on the
date of first active waitlisting or January 1, 1992 (whichever was later) and continued until
transplantation, death, or end of cancer registry coverage. We included 132,308 candidates
residing in areas covered by participating cancer registries and followed during 1992-2008.
As for recipients, kidney cancers were identified using linked cancer registry data.

Statistical analyses

For kidney recipients, we used Poisson regression to quantify racial/ethnic differences in
cancer incidence (the number of cases observed per unit person-time at risk) after
transplantation. Incidence rate ratios (IRRs) comparing recipients were adjusted for age at
transplant (0-35, 36-50, 51-60, >60), gender, calendar year of transplant (1987-1996,
1997-2003, 2004-2008), retransplantation (i.e., whether this was a first kidney vs.
subsequent kidney transplant), and HLA mismatch (1-6 vs. 0).

As noted above, racial/ethnic differences in cancer incidence after transplantation could be
caused by different baseline cancer incidence in the general population, different risks
attributable to transplantation, or both. To test for differences in the effect of transplantation,
we calculated the standardized incidence ratio (SIR) of each cancer of interest separately for
each racial/ethnic group. The SIR compares cancer risk in kidney transplant recipients to
people in the general population who are demographically similar, including in terms of
race/ethnicity. The SIR is the observed count of cancers divided by the expected count,
which is calculated by applying general population rates to person-time in the transplant
cohort stratified by gender, age, race/ethnicity, and calendar year. For whites and blacks, the
general population rates were derived from data from all participating cancer registries. For
Hispanics, general population rates were from NCI's Surveillance, Epidemiology, and End
Results program (SEER, www.seer.cancer.gov); because SEER data on Hispanics were first
available in 1992, all kidney recipients transplanted in earlier years were excluded. We
calculated 95% confidence intervals for the SIR using an exact method. We compared SIRs
across racial/ethnic groups using Poisson regression. An elevated SIR (SIR>1) indicates an
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increased risk for that cancer type after transplantation compared to the same racial/ethnic
group in the general population, while a difference in SIRs between racial/ethnic groups
implies that transplantation has a different effect on cancer risk across racial/ethnic groups.

Since kidney cancer is associated with ESRD, we did an additional set of analyses to clarify
the relationship between race/ethnicity, ESRD, and kidney cancer risk. First, we calculated
SIRs for kidney candidates vs. the general population, similar to the approach for recipients
stratified by race/ethnicity. Second, we compared kidney cancer incidence in kidney
recipients and candidates separately for each race/ethnic group, adjusting for attained age
(0-14, 15-29, 30-44, 45-59, >59), gender, and attained calendar year (1992-1996,
1997-2003, 2004-2008) using Poisson regression. We then assessed whether these IRRs
differed across the race/ethnicity groups by testing for an interaction between candidate/
recipient status and race/ethnicity.

All p-values were two-sided and a p-value of 0.05 was considered significant. Analyses
were performed using Stata 12.0/MP for Linux (StataCorp, www.stata.com, College Station,
TX).

There were 87,895 patients in the Transplant Cancer Match Study who underwent kidney
transplantation between 1992 and 2008, of whom 56.7% were white, 23.5% black, and
19.8% Hispanic. Demographic characteristics differed slightly among the racial/ethnic
groups (Table 1). Black and Hispanic recipients were slightly younger (median age at
transplant 45 years in blacks, 43 in Hispanics, vs. 47 in whites), less likely to have received
a retransplantation, less likely to have zero HLA mismatches, and more likely to have
undergone transplantation in the most recent calendar years.

As shown in Table 2, black kidney recipients had lower incidence of NHL (adjusted
incidence rate ratio [alRR] 0.60, 95% CI 0.46-0.77) and breast cancer (alRR 0.62, 95% ClI
0.43-0.91), and higher incidence of kidney cancer (alRR 2.09, 95% CI 1.68-2.60) and
prostate cancer (alRR 2.14, 95% CI 1.75-2.63) compared to white recipients. Hispanic
recipients had lower incidence of NHL (alRR 0.64, 95% CO 0.49-0.82), lung cancer (alRR
0.41, 95% CI 0.28-0.60), prostate cancer (alRR 0.72, 95% CI 0.52-0.99) and breast cancer
(alRR 0.53, 95% CI 0.35-0.80) compared to white recipients.

Compared to the same racial/ethnic group in the general population, kidney recipients in all
racial/ethnic groups had higher risk of NHL and kidney cancer (Table 3). SIRs for NHL
were similar in the three racial/ethnic groups (ranging from 4.87 to 6.02), but the SIRs for
kidney cancer in blacks and Hispanics were significantly higher than in whites (8.96 and
5.95 vs. 4.44, Table 3). Lung cancer risk was approximately 30-40% higher than in the
general population, with similar SIRs (1.33-1.39) in the three racial/ethnic groups.
Colorectal cancer risk was similar to risk in the general population, and SIRs did not vary
among the three groups. For breast cancer, female recipients in all groups had lower risk
than the general population, although the deficit was most pronounced and statistically
significant only for blacks (SIR 0.61, 95% CI 0.43-0.86). Among males, white and Hispanic
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kidney recipients had lower risk of prostate cancer than the general population (SIRs
0.70-0.75), but black recipients had a higher risk than the general population (SIR 1.21, 95%
Cl 1.03-1.42).

As shown in Table 4, kidney candidates in all racial/ethnic groups had increased risk of
kidney cancer compared to the same racial/ethnic group in the general population. The SIR
for kidney cancer in black candidates (14.20) was higher than in whites or Hispanics (5.87
and 6.99, respectively; Table 4). Furthermore, kidney cancer risk was actually lower after
transplant than in candidates of the same race/ethnicity. The degree of this reduction was
similar across race/ethnicity (adjusted IRRs vs. candidates 0.68-0.86, p-values for
interaction with race/ethnicity 0.28 for blacks and 0.61 for Hispanics).

Discussion

Among kidney recipients, risk for several common cancers differs by race/ethnicity. Black
kidney recipients have a higher risk for kidney cancer and prostate cancer, and lower risk for
NHL and breast cancer than white kidney recipients. Hispanic kidney recipients have a
lower risk for NHL, lung cancer, prostate cancer, and breast cancer compared to white
kidney recipients. We found that most of these racial/ethnic differences after transplantation
were attributable to baseline differences in risks of cancer, since the cancer risk attributable
to transplantation (as assessed by the SIR) was similar between races/ethnicities. We discuss
below two exceptions to this pattern—Kkidney and prostate cancers—for which varying SIRs
suggest different effects of transplantation and ESRD on risk across racial/ethnic groups.

First, though, we highlight that in the U.S. general population, racial/ethnic groups have
different risks for each of the cancers that we studied. Compared to whites, blacks have
increased risk for lung, kidney, colorectal, and prostate cancers while Hispanics have
decreased risk for lung, kidney, and colorectal cancers [5, 14]. Causes for these racial/ethnic
differences in baseline risk are varied and are posited to include differences in exposures,
diet, health conditions, lifestyle, genetics, and screening rates [15-22]. In addition, cancer
risk factors might have different effects across groups. For instance, there is evidence that
blacks may have an increased susceptibility to cigarette smoke, while Hispanics may have
decreased susceptibility [25, 26]. The incidence of NHL is lower for blacks than whites in
the U.S. general population, although the explanation is unclear [27]. Differences in breast
cancer risk may reflect differences in genetics or lifetime reproductive history, or perhaps
variation in breast cancer screening related to healthcare access [19, 28-31].

Transplantation has a variable effect on risk for specific cancers [2-4]. A markedly elevated
risk of NHL is largely due to the adverse effects of immunosuppression on control of
Epstein-Barr virus infection [2-4]. An elevated risk for lung cancer with kidney
transplantation has been demonstrated across studies and, among smokers, could be partly
caused by chronic pulmonary inflammation or repeated lung infections [2-4, 32]. Among
kidney recipients, risk for colorectal cancer is typically similar to the general population or
slightly increased, while the risks of breast and prostate cancers are decreased [2, 3]. The
reasons for the deficits in breast and prostate cancers are unclear, but one possibility is the
effect of pre-transplant cancer screening. It is recommended that ESRD patients undergo
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age-appropriate cancer screening before placement on the kidney waitlist [33]. If breast or
prostate cancer were found, those patients would be ineligible for transplantation. Removal
of such patients with cancer from the transplant population would lessen the incidence of
these cancers among recipients after transplantation.

SIRs were similar across races/ethnicities with the exception of kidney cancer and prostate
cancer. This finding suggests that for many cancer outcomes, the cancer risk attributable to
transplantation is similar across racial/ethnic groups. That is, the biological effects of
transplantation add to other risk factors to promote the development of cancer similarly
across racial/ethnic groups, and transplantation preserves the relative ranking in cancer risk
among groups. For example, in lung cancer, the prevalence of smoking or its effects may
differ by race/ethnicity, but immunosuppression or other transplant-related factors amplify
the risk associated with smoking with the same intensity across racial/ethnic categories.
Among female recipients, the deficit of breast cancer appeared to be stronger in blacks than
whites (Table 3), but the difference was of borderline significance (p=0.04).

In contrast, kidney cancer risk was elevated for all kidney recipients compared to the general
population, but it increased more for black kidney recipients than for white or Hispanic
recipients. However, when compared to kidney candidates, we observed that recipients
actually had less risk. Thus, the increased risk for kidney cancer among black kidney
recipients does not appear to be attributable to transplantation: instead there are strong
racial/ethnic differences in risk among kidney candidates. Given the association of kidney
cancer with acquired polycystic kidney disease (APKD) and the increased prevalence of
APKD with time on dialysis [34, 35] the difference among black candidates may partly
result from longer waitlist time and time on dialysis for blacks compared to whites [36, 37].
The amplification of kidney cancer risk associated with ESRD in blacks could also be a
result of racial differences in the primary cause of ESRD or the prevalence of obesity or
uncontrolled hypertension [38]. The effect of hypertension on development of kidney cancer
may be stronger in blacks than whites and could explain our findings [39].

For prostate cancer, the risk was lower in white and Hispanic kidney recipients than in the
general population, while for black men the risk was actually increased after transplantation.
Because a large fraction of prostate cancers are detected in asymptomatic men due to
screening [40], one possibility is that black kidney recipients received more prostate cancer
screening than whites and Hispanics. In turn, higher rates of screening in black kidney
recipients could have been driven by clinicians’ recognition of a higher risk of prostate
cancer among black men in the general population.

Strengths of our study include use of a large, nationally representative cohort of ethnically
diverse kidney recipients. Cancer ascertainment was based on cancer registry data with
mandatory reporting, and was reliable and uniform across racial/ethnic groups. Nonetheless,
any study that examines differences in racial/ethnic groups must acknowledge the imperfect
nature of these classifications. We relied on transplant centers’ classification of recipients at
the time of initial evaluation for transplantation, and the white and black categories likely
included an unknown proportion of Hispanics. Furthermore, our Hispanic category
represents a heterogeneous population in terms of genetic background, culture, and duration
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of U.S. residence. In general, race/ethnicity serves as a marker for other genetic, exposure,
and lifestyle factors [41]. Although we conjectured that racial/ethnic differences in screening
rates for cancers before and after transplantation could have contributed to variation in
cancer risk, we do not have data on cancer screening practices among transplant candidates
or recipients. In addition, we lacked data on other health behaviors and exposures that could
have impacted cancer risk.

To conclude, we found that cancer risk varies by race/ethnicity in kidney recipients. For the
most part, these differences parallel the patterns seen in the general population, suggesting
that transplantation has a consistent effect across groups on underlying biological processes
and preserves the underlying racial/ethnic differences in cancer risk. Nonetheless, the risk
attributable to transplantation or ESRD for kidney and prostate cancer was increased in
blacks compared to whites or Hispanics. Further research should aim to elucidate the
mechanisms that underlie racial/ethnic differences in cancer risk among transplant recipients
and candidates and to determine optimal cancer screening and prevention measures.

Acknowledgements

The authors gratefully acknowledge the support and assistance provided by individuals at the Health Resources and
Services Administration (including Monica Lin), the SRTR (Ajay Israni, Bertram Kasiske, Paul Newkirk, Jon
Snyder), and the following cancer registries: the states of California (Christina Clarke), Colorado (Jack Finch),
Connecticut (Lou Gonsalves), Georgia (Rana Bayakly), Hawaii (Marc Goodman), lowa (Charles Lynch), Illinois
(Lori Koch), Michigan (Glenn Copeland), New Jersey (Karen Pawlish, Xiaoling Niu), New York (Amy Kahn),
North Carolina (Chandrika Rao), Texas (Melanie Williams), and Utah (Janna Harrell), and the Seattle-Puget Sound
area of Washington (Margaret Madeleine). We also thank analysts at Information Management Services for
programming support (David Castenson, Ruth Parsons).

The views expressed in this paper are those of the authors and should not be interpreted to reflect the views or
policies of the National Cancer Institute, Health Resources and Services Administration, SRTR, cancer registries, or
their contractors. This research was supported in part by the Intramural Research Program of the National Cancer
Institute and by training grant number T32CA126607, Clinical and Laboratory Research Training for Surgical
Oncologists.

During the initial period when registry linkages were performed, the SRTR was managed by Arbor Research
Collaborative for Health in Ann Arbor, MI (contract HHSH234200537009C); beginning in September 2010, the
SRTR was managed by Minneapolis Medical Research Foundation in Minneapolis, MN (HHSH250201000018C).
The following cancer registries were supported by the National Program of Cancer Registries of the Centers for
Disease Control and Prevention: California (agreement 1U58 DP000807-01), Colorado (U58 DP000848-04),
Georgia (5U58DP000817-05), Illinois (5658DP000805-04), Michigan (5U58DP000812-03), New Jersey (5U58/
DP000808-05), New York (15-0351), North Carolina (U58DP000832), and Texas (5U58DP000824-04). The
following cancer registries were supported by the SEER Program of the National Cancer Institute: California
(contracts HHSN261201000036C, HHSN261201000035C, and HHSN261201000034C), Connecticut
(HHSN261201000024C), Hawaii (HHSN261201000037C, N01-PC-35137, and N01-PC-35139), lowa (NO1-
PC-35143), New Jersey (HHSN261201000027C NO01-PC-54405), Seattle-Puget Sound (N01-PC-35142), and Utah
(HHSN261201000026C). Additional support was provided by the states of California, Colorado, Connecticut,
Ilinois, lowa, New Jersey, New York (Cancer Surveillance Improvement Initiative 14-2491), Texas, and
Washington, as well as the Fred Hutchinson Cancer Research Center in Seattle, WA.

Abbreviations

NHL non-Hodgkin lymphoma
alRR adjusted incidence rate ratio
SIR standardized incidence ratio

Am J Transplant. Author manuscript; available in PMC 2014 November 24.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hall et al. Page 8
ESRD end-stage renal disease
u.s United States
SRTR Scientific Registry of Transplant Recipients
SEER Surveillance Epidemiology and End Results
APKD acquired polycystic kidney disease
References
1. Wolfe RA, Ashby VB, Milford EL, Ojo AO, Ettenger RE, Agodoa LY, et al. Comparison of

mortality in all patients on dialysis, patients on dialysis awaiting transplantation, and recipients of a
first cadaveric transplant. N Engl J Med. Dec 2; 1999 341(23):1725-30. [PubMed: 10580071]

. Collett D, Mumford L, Banner NR, Neuberger J, Watson C. Comparison of the incidence of

malignancy in recipients of different types of organ: A UK registry audit. Am J Transplant. Aug;
2010 10(8):1889-96. [PubMed: 20659094]

. Grulich AE, van Leeuwen MT, Falster MO, Vajdic CM. Incidence of cancers in people with HIV/

AIDS compared with immunosuppressed transplant recipients: A meta-analysis. Lancet. Jul 7; 2007
370(9581):59-67. [PubMed: 17617273]

. Engels EA, Pfeiffer RM, Fraumeni JF Jr, Kasiske BL, Israni AK, Snyder JJ, et al. Spectrum of

cancer risk among US solid organ transplant recipients. JAMA. Nov 2; 2011 306(17):1891-901.
[PubMed: 22045767]

. American Cancer Society. Cancer facts & figures for African Americans 2011-2012. American

Cancer Society; Atlanta: 2011.

. Decastro GJ, McKiernan JM. Epidemiology, clinical staging, and presentation of renal cell

carcinoma. Urol Clin North Am. Nov.2008 35(4):581, 92, vi. [PubMed: 18992612]

. Lipworth L, Tarone RE, McLaughlin JK. Renal cell cancer among African Americans: An

epidemiologic review. BMC Cancer. Apr 12.2011 11:133. [PubMed: 21486465]

. Lowenfels AB, Maisonneuve P. Risk factors for pancreatic cancer. J Cell Biochem. Jul 1; 2005

95(4):649-56. [PubMed: 15849724]

. Pearlman BL. Hepatitis C virus infection in African Americans. Clin Infect Dis. Jan 1; 2006 42(1):

82-91. [PubMed: 16323096]

10. Alexander DD, Mink PJ, Adami HO, Cole P, Mandel JS, Oken MM, et al. Multiple myeloma: A

review of the epidemiologic literature. Int J Cancer. 2007; 120(Suppl 12):40-61. [PubMed:
17405120]

11. Wu XC, Andrews P, Chen VW, Groves FD. Incidence of extranodal non-Hodgkin lymphomas

among whites, blacks, and Asians/Pacific islanders in the United States: Anatomic site and
histology differences. Cancer Epidemiol. Nov; 2009 33(5):337-46. [PubMed: 19853554]

12. Koshiol J, Lam TK, Gridley G, Check D, Brown LM, Landgren O. Racial differences in chronic

immune stimulatory conditions and risk of non-Hodgkin's lymphoma in veterans from the United
States. J Clin Oncol. Feb 1; 2011 29(4):378-85. [PubMed: 21172877]

13. Allard JE, Maxwell GL. Race disparities between black and white women in the incidence,

treatment, and prognosis of endometrial cancer. Cancer Control. Jan; 2009 16(1):53-6. [PubMed:
19078930]

14. American Cancer Society. Cancer facts & figures for Hispanics/Latinos 2009-2011. American

Cancer Society; Atlanta: 2009.

15. Mechanic LE, Bowman ED, Welsh JA, Khan MA, Hagiwara N, Enewold L, et al. Common

genetic variation in TP53 is associated with lung cancer risk and prognosis in African Americans
and somatic mutations in lung tumors. Cancer Epidemiol Biomarkers Prev. Feb; 2007 16(2):214—
22. [PubMed: 17301252]

16. Kauh J, Brawley OW, Berger M. Racial disparities in colorectal cancer. Curr Probl Cancer. May-

Jun;2007 31(3):123-33. [PubMed: 17543944]

Am J Transplant. Author manuscript; available in PMC 2014 November 24.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hall et al.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Page 9

Hall MJ, Ruth K, Giri VN. Rates and predictors of colorectal cancer screening by race among
motivated men participating in a prostate cancer risk assessment program. Cancer. Jul 12.2011

Crawford ED. Epidemiology of prostate cancer. Urology. Dec 22; 2003 62(6 Suppl 1):3-12.
[PubMed: 14706503]

Bernstein L, Teal CR, Joslyn S, Wilson J. Ethnicity-related variation in breast cancer risk factors.
Cancer. Jan 1; 2003 97(1 Suppl):222-9. [PubMed: 12491485]

Giovannucci E. Vitamin D and cancer incidence in the Harvard cohorts. Ann Epidemiol. Feb; 2009
19(2):84-8. [PubMed: 18291673]

Ward E, Jemal A, Cokkinides V, Singh GK, Cardinez C, Ghafoor A, et al. Cancer disparities by
race/ethnicity and socioeconomic status. CA Cancer J Clin. Mar-Apr;2004 54(2):78-93. [PubMed:
15061598]

Haile RW, John EM, Levine AJ, Cortessis VK, Unger JB, Gonzales M, et al. A review of cancer in
U.S. Hispanic populations. Cancer Prev Res (Phila). Feb; 2012 5(2):150-63. [PubMed: 22307564]

Vajdic CM, McDonald SP, McCredie MR, van Leeuwen MT, Stewart JH, Law M, et al. Cancer
incidence before and after kidney transplantation. JAMA. Dec 20; 2006 296(23):2823-31.
[PubMed: 17179459]

Maisonneuve P, Agodoa L, Gellert R, Stewart JH, Buccianti G, Lowenfels AB, et al. Cancer in
patients on dialysis for end-stage renal disease: An international collaborative study. Lancet. Jul
10; 1999 354(9173):93-9. [PubMed: 10408483]

Alberg AJ, Nonemaker J. Who is at high risk for lung cancer? Population-level and individual-
level perspectives. Semin Respir Crit Care Med. Jun; 2008 29(3):223-32. [PubMed: 18506660]
Haiman CA, Stram DO, Wilkens LR, Pike MC, Kolonel LN, Henderson BE, et al. Ethnic and
racial differences in the smoking-related risk of lung cancer. N Engl J Med. Jan 26; 2006 354(4):
333-42. [PubMed: 16436765]

Morton LM, Wang SS, Devesa SS, Hartge P, Weisenburger DD, Linet MS. Lymphoma incidence
patterns by WHO subtype in the United States, 1992-2001. Blood. Jan 1; 2006 107(1):265-76.
[PubMed: 16150940]

Hines LM, Risendal B, Slattery ML, Baumgartner KB, Giuliano AR, Sweeney C, et al.
Comparative analysis of breast cancer risk factors among Hispanic and non-Hispanic white
women. Cancer. Jul 1; 2010 116(13):3215-23. [PubMed: 20564638]

Sweeney C, Baumgartner KB, Byers T, Giuliano AR, Herrick JS, Murtaugh MA, et al.
Reproductive history in relation to breast cancer risk among Hispanic and non-Hispanic white
women. Cancer Causes Control. May; 2008 19(4):391-401. [PubMed: 18080775]

Fejerman L, Romieu I, John EM, Lazcano-Ponce E, Huntsman S, Beckman KB, et al. European
ancestry is positively associated with breast cancer risk in Mexican women. Cancer Epidemiol
Biomarkers Prev. Apr; 2010 19(4):1074-82. [PubMed: 20332279]

Fejerman L, Haiman CA, Reich D, Tandon A, Deo RC, John EM, et al. An admixture scan in
1,484 African American women with breast cancer. Cancer Epidemiol Biomarkers Prev. Nov;
2009 18(11):3110-7. [PubMed: 19843668]

Engels EA. Inflammation in the development of lung cancer: Epidemiological evidence. Expert
Rev Anticancer Ther. Apr; 2008 8(4):605-15. [PubMed: 18402527]

Kasiske BL, Cangro CB, Hariharan S, Hricik DE, Kerman RH, Roth D, et al. The evaluation of
renal transplantation candidates: Clinical practice guidelines. Am J Transplant. 2001; 1(Suppl 2):
3-95. [PubMed: 12108435]

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. Dec 27; 1998 66(12):1669-72. [PubMed: 9884257]

Marple JT, MacDougall M, Chonko AM. Renal cancer complicating acquired cystic kidney
disease. J Am Soc Nephrol. Jun; 1994 4(12):1951-6. [PubMed: 7919148]

Fan PY, Ashby VB, Fuller DS, Boulware LE, Kao A, Norman SP, et al. Access and outcomes
among minority transplant patients, 1999-2008, with a focus on determinants of kidney graft
survival. Am J Transplant. Apr; 2010 10(4 Pt 2):1090-107. [PubMed: 20420655]

Am J Transplant. Author manuscript; available in PMC 2014 November 24.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Hall et al.

Page 10

37. Hall EC, Massie AB, James NT, Garonzik Wang JM, Montgomery RA, Berger JC, et al. Effect of

eliminating priority points for HLA-B matching on racial disparities in kidney transplant rates. Am
J Kidney Dis. Nov; 2011 58(5):813-6. [PubMed: 21802805]

38. Chow WH, Devesa SS. Contemporary epidemiology of renal cell cancer. Cancer J. Sep-Oct;2008

14(5):288-301. [PubMed: 18836333]

39. Colt JS, Schwartz K, Graubard BI, Davis F, Ruterbusch J, DiGaetano R, et al. Hypertension and

risk of renal cell carcinoma among white and black Americans. Epidemiology. Nov; 2011 22(6):
797-804. [PubMed: 21881515]

40. Draisma G, Etzioni R, Tsodikov A, Mariotto A, Wever E, Gulati R, et al. Lead time and

overdiagnosis in prostate-specific antigen screening: Importance of methods and context. J Natl
Cancer Inst. Mar 18; 2009 101(6):374-83. [PubMed: 19276453]

41. Gibbons MC, Brock M, Alberg AJ, Glass T, LaVeist TA, Baylin S, et al. The sociobiologic

integrative model (SBIM): Enhancing the integration of sociobehavioral, environmental, and
biomolecular knowledge in urban health and disparities research. J Urban Health. Mar; 2007
84(2):198-211. [PubMed: 17216571]

Am J Transplant. Author manuscript; available in PMC 2014 November 24.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Hall et al.

Demographic characteristics of U.S. kidney recipients in the Transplant Cancer Match Study by race/ethnicity

Table 1

White N (%) 49,827 (100)

Black N (%) 20,678 (100)

Hispanic N (%) 17,390 (100)

Ageat transplant, years
0-35
36-50
51-60
>60
Gender
Male
Female
Calendar year of transplant
1992-1996
1997-2003
2004-2008
Retransplantation
No
Yes
HLA mismatches
0
1-6
Missing

12,709 (25.5)
16,415 (32.9)
11,863 (23.8)
8,840 (17.7)

30,139 (60.5)
19,688 (39.5)

12,176 (24.4)
23,056 (46.3)
14,595 (29.3)

44,052 (88.4)
5,775 (11.6)

8,406 (16.9)
40,935 (82.2)
486 (1.0)

5,635 (27.3)
7,420 (35.9)
4,951 (23.9)
2,672 (12.9)

12,094 (58.5)
8,584 (41.5)

4,190 (20.3)
9,545 (46.1)
6,943 (33.6)

19,051 (92.1)
1,627 (7.9)

1,409 (6.8)
19,129 (92.5)
140 (0.7)

6,176 (35.5)
5,428 (31.2)
3,543 (20.4)
2,243 (12.9)

10,363 (59.6)
7,027 (40.4)

3,215 (18.5)
7,772 (44.7)
6,403 (36.8)

15,992 (92.0)
1,398 (8.0)

2,539 (14.6)
14,670 (84.4)
181 (1.0)
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Table 3

Page 13

Comparison of cancer risk in kidney recipients with risk in the general population, according to race/ethnicity

Cancer Outcome

Standardized incidenceratio (95% CI)

White

Black

Hispanic

P-valuefor differencein SIRs

Black vs. white  Hispanic vs. white

NHL
L ung cancer

Kidney cancer

Colorectal cancer

Prostate cancer

Breast cancer

6.02 (5.43-6.68)
1.39 (1.23-1.57)
4.44 (3.84-5.09)
0.94 (0.78-1.12)
0.75 (0.65-0.85)
0.91 (0.77-1.06)

4.87 (3.80-6.14)
1.34 (1.08-1.63)
8.96 (7.54-10.57)
0.93 (0.68-1.23)
1.21 (1.03-1.42)
0.61 (0.43-0.86)

5.57 (4.37-6.99)
1.33 (0.89-1.91)
5.95 (4.63-7.53)
0.75 (0.47-1.13)
0.70 (0.51-0.94)
0.77 (0.50-1.12)

0.1 0.5
0.7 0.8
<0.001 0.02
0.9 0.3
<0.001 0.7
0.04 04

Standardized incidence ratios (SIR) are the observed count of each cancer divided by the expected count calculated by applying general population
rates to person-time in the transplant cohort stratified by gender, age at transplant, race/ethnicity, and calendar year of transplant. General
population rates were derived from all participating cancer registries (whites and blacks) and SEER registries (Hispanics). Poisson regression was

used to compare SIRs between racial/ethnic groups.
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Table 4

Comparison of kidney cancer risk in candidates for kidney transplantation, kidney recipients, and the general
population, according to race/ethnicity.

White Black Hispanic
SIR in candidates (95% ClI) 5.87 (5.15-6.65) 14.20 (12.85-15.64)  6.99 (5.77-8.40)
SIR in recipients (95% CI) 4.44 (3.84-5.09)  8.96 (7.54-10.57)  5.95(4.63-7.53)

alRR for recipientsvs. candidates (95% Cl)  0.80 (0.65-0.97) 0.68 (0.57-0.81) 0.86 (0.66-1.13)

Standardized incidence ratios (SIR) are the observed count of each cancer divided by the expected count calculated by applying general population
rates to person-time in the cohort stratified by those variables available for both recipients and candidates, namely: gender, attained age, race/
ethnicity, and attained year. General population rates were derived from all participating cancer registries (whites and blacks) and SEER registries
(Hispanics). Poisson regression was used to compare adjusted incidence rates (alRR) between recipients and candidates and to test for interaction
by racial/ethnic group.
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