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Abstract

Transplant recipients have elevated cancer risk including risk of human papillomavirus (HPV)-

associated cancers of the cervix, anus, penis, vagina, vulva, and oropharynx. We examined the 

incidence of HPV-related cancers in 187,649 U.S. recipients in the Transplant Cancer Match 

Study. Standardized incidence ratios (SIRs) compared incidence rates to the general population, 

and incidence rate ratios (IRR) compared rates across transplant subgroups. We observed elevated 

incidence of HPV-related cancers (SIRs: in situ 3.3–20.3, invasive 2.2–7.3), except for invasive 

cervical cancer (SIR 1.0). Incidence increased with time since transplant for vulvar, anal, and 

penile cancers (IRRs 2.1–4.6 for 5+ vs. <2 years). Immunophenotype, characterized by decreased 

incidence with HLA DRB1:13 and increased incidence with B:44, contributed to susceptibility at 

several sites. Use of specific immunosuppressive medications was variably associated with 

incidence; for example, tacrolimus, was associated with reduced incidence for some anogenital 

cancers (IRRs 0.4–0.7) but increased incidence of oropharyngeal cancer (IRR 2.1). Thus, specific 

features associated with recipient characteristics, transplanted organs, and medications are 

associated with incidence of HPV-related cancers after transplant. The absence of increased 

incidence of invasive cervical cancer highlights the success of cervical screening in this population 

and suggests a need for screening of other HPV-related cancers.
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INTRODUCTION

Solid organ transplant recipients are at increased risk of several pathogen-associated 

cancers, including those caused by infection with human papillomavirus (HPV), Epstein 

Barr virus, and hepatitis B and C viruses. These virus-related cancers emerge in the setting 

of immune suppression maintained by drugs that prevent rejection of transplanted organs. 

The level of immune suppression varies by factors such as type of organ, level of HLA 

matching between donor and recipient, and drug regimen (1).

HPV is the central etiologic agent in cervical and anal cancers and is causally associated 

with subsets of vaginal, vulvar, penile, and oropharyngeal cancers (2;3). The mechanism by 

which HPV oncoproteins contribute to genetic instability and cancer in the transplant setting 

is likely similar to that in the immune competent population, but time to development of 

HPV-related cancers may be accelerated by iatrogenic immune suppression. Published 

studies of cancers arising after solid organ transplant, including a meta-analysis (4) and a 

large study in England (5), indicate that HPV-related malignancies occur in substantial 

excess after solid organ transplantation.

The U.S. Transplant Cancer Match (TCM) Study (http://transplantmatch.cancer.gov/) is an 

ongoing linkage between the nationwide U.S. organ transplant registry and 15 state and local 

cancer registries (6). The TCM Study found that solid organ transplant recipients are at 

approximately 2-fold increased risk of any type of cancer compared to the general 

population (6). Further, the risks for pathogen-associated cancers, such as non-Hodgkin 

lymphoma, liver cancer, and Kaposi sarcoma, were sharply elevated. In this analysis we 

focused on the excess incidence for HPV-related malignancies, namely in situ and invasive 

cervical, anal, penile, vaginal, vulvar, and oropharyngeal cancers, among transplant 

recipients in the TCM Study.

METHODS

Detailed methods for the ongoing TCM Study were published (6). This report extends our 

prior study by including estimates of cancer risk related to demographic and transplant-

associated risk factors, immune-related factors, and medications. We also included in situ 

cancers in this study but not in our prior report. We linked national transplant and cancer 

registry data. The Scientific Registry of Transplant Recipients (SRTR), which provides 

complete ascertainment of the US transplant population, includes information on transplant 

characteristics and demographics. The cancer registries all comply with the high standards 

of the CDC National Program of Cancer Registries and/or the NCI Surveillance, 

Epidemiology and End Results Program, which sponsor the cancer registries used in this 

match. Vital status information was obtained through linkage with the US Social Security 

Death Master File. The cancer registries were analyzed for all malignancies after transplant 

until death, failure of a transplanted organ, a subsequent transplant, loss to follow up, or last 

date of cancer registry coverage. Thus, malignancies arising after graft failure and cessation 

of immunosuppression would not be included.

Madeleine et al. Page 2

Am J Transplant. Author manuscript; available in PMC 2014 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://transplantmatch.cancer.gov/


The current analysis was restricted to recipients transplanted at 18 years of age or older, 

since HPV-related cancers are very rare at younger ages. We divided person-time among 

transplant recipients according to several time-varying characteristics, such as calendar year 

and transplant number, so recipients were included more than once if they received more 

than one transplant. The study was approved by human subjects’ committees at participating 

cancer registries, as required, and at the National Cancer Institute.

The HPV-related cancers examined in this study include in situ and invasive cervical, 

vaginal, vulvar, anal, and penile cancers. Invasive cancers of the oropharynx, defined to 

include base of tongue, tonsils, and other oropharynx sites (7), were also included; cancers at 

other oral sites are less likely to be HPV-related. In situ cancers of the oropharynx were 

excluded due to inconsistent reporting across registries. We restricted this report to case 

groups with 25 or more cases, and therefore excluded invasive vaginal cancers (n=10).

Data from the SRTR were available from 1987 to 2009. Cancers were identified through the 

linkage with cancer registries, so analysis was restricted to recipients residing in a cancer 

registry region. Follow-up started at transplantation or start of cancer registry coverage 

(whichever was later) and ended at death, graft failure, re-transplantation, loss to follow-up 

by the transplant registry, or end of cancer registry coverage. This yielded a cohort of 

187,649 transplants for record linkage to the cancer registries. Of note, in situ cervical 

cancer surveillance was stopped by most registries after 1995, but two registries collected 

data until 2008. Analyses of in situ cervical cancers were therefore restricted to 17,010 

women residing in registry regions while this cancer was actively being ascertained. 

Geographic registry regions were defined as described in our prior paper (6), except for in 

situ cervical cancer analyses for which we further restricted the cohort to women who were 

followed during a period when this cancer type was ascertained by cancer registries.

In addition to the SRTR variables used to characterize the recipients and their transplant, we 

examined several surrogate measures of immunity. These included the number of transplants 

(1 versus 2+) and level of HLA mismatch across the three loci used for matching (HLA*A, 

*B, and *DR). We also constructed two HLA-family group variables for DRB1:13 and B:

44, which compared recipients with zero copies of each allele to those with one or (rarely) 

two copies. These specific HLA variables were constructed to test for associations with 

decreased risk (DRB1:13) or increased risk (B:44), based on associations previously seen for 

cervical cancer (8;9). We focused our analysis on these two alleles because we wanted to 

limit multiple comparisons. Based on prior studies, these alleles represent the most 

consistent finding (DRB1:13) and highest risk estimate (B:44) associated with cervical 

cancer across the polymorphic HLA region. We investigated associations with history of 

diabetes mellitus for transplants after 1995, when data on diabetes were most complete. We 

also examined alcoholic liver disease as an underlying cause of liver transplant, using 

diagnosis codes available in the transplant database.

We present incidence rates and standardized incidence ratios (SIRs) separately for in situ 

and invasive cancers. The SIR is defined as the ratio of the observed incidence to the 

incidence expected based on general population rates. Expected counts were derived by 

applying cancer rates from the cancer registries, specific to sex, age, race/ethnicity, and 
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calendar year, to person-time at risk among recipients. Incidence rates were calculated as 

observed counts divided by the person-time at risk accumulated in specific strata within the 

cohort. Incidence rates were compared across strata using Poisson regression to calculate 

incidence rate ratios (IRRs).

RESULTS

Selected characteristics of the 187,649 solid organ transplant recipients and the subset 

followed for in situ cervical cancers are described in Table 1. Over half of the recipients 

were male and white, and the most frequently transplanted organ was the kidney and/or 

pancreas (59.4% kidney alone; 4.8% kidney and pancreas, or pancreas alone). Compared to 

the full cohort, the women in the smaller subset followed for in situ cervical cancer were 

younger at transplant and more often received their transplant between 1987 and 1994.

In the total cohort, we observed 890 HPV-related cancers, including 500 in situ and 390 

invasive cancers. The most common HPV-related cancer site was the vulva (n=350). 

Compared to the general population, transplant recipients had significantly elevated 

incidence of in situ and invasive cancers at all sites except invasive cervix (Table 2). Among 

in situ cancers, we observed the smallest increases for cervical cancer (SIR 3.3), larger 

increases for vaginal (SIR 10.6) and anal cancers (SIR 11.6), and the largest increases for 

penile cancers (SIR 18.6) and vulvar (SIR 20.3). The SIRs for invasive cancers were lower, 

and ranged from no increased incidence (SIR 1.0) for cervical cancer, to the highest 

incidence for invasive vulvar cancer (SIR 7.3). Median age at diagnosis was younger for in 

situ compared to invasive cases for cancers of the cervix (6.5 years younger), vulva (10 

years), and anus (11 years), but 3 years older for men with in situ compared to invasive 

penile cancer. The time from transplant to diagnosis was similar for in situ and invasive 

cancers and ranged from a median of 2.6 to 5.7 years.

Table 3 presents IRRs comparing incidence of these cancers for subgroups of recipients 

defined by demographic and transplant-related characteristics; counts and incidence rates for 

each cancer type are detailed in Supplemental Table 1. Among transplant recipients, anal 

cancer incidence was higher in women than men (in situ IRR 3.0 and invasive IRR 1.8); in 

contrast, oropharyngeal cancer incidence was lower in women than men (IRR 0.4). 

Compared to recipients who were 50+ years old at time of transplant, younger recipients 

(18–34 years old) had higher incidence of in situ cervical, vulvar, and anal cancers (IRRs 

4.7, 4.1, and 4.7, respectively) and also invasive cervical cancer (IRR 2.4). In contrast, lower 

incidence of in situ penile cancer (IRR 0.4) and invasive oropharyngeal cancer (IRR 0.1) 

was observed among the younger recipients.

Compared to white women, Hispanic women had higher incidence of in situ cervical cancer 

(IRR 2.8). Hispanics did not have higher incidence for other in situ or invasive cancers, 

including invasive cervical cancer (IRR 1.3). Reduced incidence was noted for in situ 

vulvar, invasive vulvar, and oropharyngeal cancers for non-white compared with white 

recipients.
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Compared to kidney and/or pancreas recipients, liver recipients had a higher incidence of 

oropharyngeal cancer (IRR 4.4). We investigated the incidence of oropharyngeal cancer 

among liver recipients by reason for transplant, and found an elevated incidence associated 

with alcoholic liver disease as the indication for transplant (IRR 5.4, 95% CI 3.3–8.9, 

compared with other liver recipients). Heart and/or lung recipients had higher incidence of 

in situ penile cancer (IRR 2.7) and invasive vulvar (IRR 1.9), anal (IRR 1.8), and 

oropharyngeal (IRR 2.0) cancers. Strikingly, incidence of in situ and invasive vulvar, anal, 

and penile cancers all increased with duration of time since transplant, but this pattern was 

not present for in situ or invasive cervical, in situ vaginal, or invasive oropharyngeal cancers 

(Table 3).

In Table 4, we explored immune markers related to cancer incidence. Receiving a second 

transplant was associated with increased incidence of in situ vulvar (IRR 2.0) and anal 

cancers (in situ IRR 4.4 and invasive IRR 2.1), but not invasive vulvar cancer (IRR 1.7). 

HLA mismatch between donor and recipient (HLA-A, -B, and -DRB1 loci) was associated 

with reduced incidence of vaginal cancer (IRR 0.2 for 5–6 vs. 0–2 mismatches); only 

oropharyngeal cancer was associated with number of mismatches in the predicted direction 

(IRR 1.9 for 3 or more mismatches). DRB1:13 carriage was associated with marginally 

decreased incidence of cervical cancer (in situ IRR 0.4 and invasive IRR 0.4), and this 

decrease was also noted for in situ vulvar (IRR 0.4) and anal cancers (in situ IRR 0.5 and 

invasive IRR 0.6). Carriage of B:44 was associated with increased incidence for anal cancer 

(in situ IRR 1.8 and invasive IRR 1.7) and penile cancer (in situ IRR 1.9), but not cervical 

cancer.

There was a significantly increased incidence of vulvar cancer associated with pancreas 

transplants (counted as pancreas alone or pancreas plus kidney compared to kidney alone, in 

situ IRR 3.1, 95% CI 2.2–4.4 and invasive IRR 2.6, 95% CI 1.1–5.3). However, a history of 

diabetes mellitus was not significantly associated with incidence of HPV-related cancers 

(Table 4).

As shown in Table 5, the maintenance immunosuppressive medications cyclosporine and 

azathioprine were related to increased incidence of in situ vulvar, in situ penile, and invasive 

anal cancers. In contrast, we observed decreased incidence with tacrolimus or 

mycophenolate at these same sites. An inverse pattern was observed for oropharyngeal 

cancer and these maintenance drugs, so that decreased incidence was associated with 

cyclosporine and azathioprine and increased incidence with tacrolimus. Almost all transplant 

recipients (over 90%) received maintenance regimens that included corticosteroids. 

Corticosteroid use was associated with strongly increased incidence of in situ anal cancer 

(IRR 5.3) but not for invasive anal cancer (IRR 1.2) or other cancers. In contrast, sirolimus, 

a newer drug, was used as a maintenance medication for fewer than 10% of transplant 

recipients. A decreased incidence of invasive anal cancer (IRR 0.2) associated with 

sirolimus was based on exposure of one case and the estimate had wide confidence intervals. 

Use of induction medications after transplant was associated with decreased incidence of 

invasive cervical cancer (IRR 0.5) and oropharynx cancer (IRR 0.7 We evaluated the 

induction medications by mechanisms of action (monoclonal antibody, polyclonal antibody, 

and interleukin 2 receptor antagonists), to investigate the two significant findings. None of 
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the individual types of induction medications was significantly associated with a decreased 

incidence of invasive cervical cancer. The decreased incidence of oropharyngeal cancer was 

associated with monoclonal antibodies (n=2 exposed cases, IRR 0.2, 95% CI 0.0–0.5), but 

not other types of induction.

DISCUSSION

HPV is the known cause of cervical cancer (10) and is causally related to substantial subsets 

of vaginal, vulvar, anal, penile, and oropharyngeal cancers (2;11). We used the Transplant 

Cancer Match Study data to explore the excess incidence of HPV-related cancers among 

U.S. solid organ transplant recipients. Compared to the general population, transplant 

recipients had especially high incidence of in situ cancers (SIRs ranging from 3-fold higher 

for cervical cancer to 20-fold for vulvar and penile cancers), and increased incidence (SIRs 

2- to 7-fold) for most invasive cancers, with the exception of cervical cancer.

We observed that most in situ HPV-related cancers occurred at younger ages than invasive 

cancers, reflecting a continuum of progressively disrupted epithelium along a gradient from 

persistent HPV infection to pre-invasive in situ cancer to invasive cancer (12). Higher 

incidence of in situ cancers may partly reflect the increased frequency of interactions that 

transplant recipients have with medical professionals who monitor their health and immune 

status after transplant. Thus, it may be that HPV-related cancers come to clinical attention 

earlier and more often among transplant recipients. Indeed, the lack of increased incidence 

for invasive cervical cancer points to effective surveillance and treatment of cervical 

neoplasia in this population.

The most frequently occurring HPV-related cancers in the study were vulvar cancers 

(n=350). Increased incidence for this cancer was associated with earlier age at transplant, 

increased time since transplant, and use of the older drugs cyclosporine and azathioprine. 

The second most frequent cancer was anal cancer (n=156), which shared most risk factors 

with vulvar cancer. Anal cancer occurred more frequently in women than men, which 

reflects the sex ratio of anal cancer in the general population (13). This is in contrast to the 

pattern seen for anal cancer among HIV-infected populations, in which men-who-have-sex-

with-men are a large subgroup and shift the sex ratio toward men (14). The third most 

frequent cancer was oropharyngeal cancer (n=144), of which 81.3% occurred in men. In 

men and women combined, oropharyngeal cancer incidence was higher with older age at 

transplant, non-white race, non-kidney organ transplant, increased HLA mismatch, and use 

of tacrolimus.

Two findings support the idea that cumulative duration of immunosuppression contributes to 

the risk of these cancers. First, longer time since transplant (5+ years) was associated with 

increased incidence of in situ and invasive vulvar, anal, and penile cancers. Second, the 

incidence of in situ vulvar and anal cancers was higher with second or later transplants than 

with first transplants. The degree of incompatibility between donor and recipient, and thus 

the intensity of immunosuppression required to prevent rejection, depends on the level of 

HLA mismatch (15). However, HLA mismatch seems unlikely to be an important predictor 
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for HPV-related cancers, as only incidence of oropharyngeal cancer increased with the 

number of mismatches (IRR 1.9).

We assessed two HLA markers that are putative markers of susceptibility to HPV, based on 

prior studies in immunocompetent women demonstrating associations with cervical cancer 

risk. DRB1:13 was associated with decreased risk for cervical cancer in prior studies (8), 

and in this study it was associated with a significantly lower incidence of in situ vulvar 

cancer (IRR 0.4). Although results for other sites were inconclusive, DRB1:13 was also 

associated with lower incidence of cervical, anal, and penile cancers. HLA-B:44, an allele 

related to increased risk of cervical cancer in a U.S. population-based study (9), was 

associated with elevated incidence of in situ vaginal, anal, penile, and invasive anal cancers 

in our study, although most of these increases were not statistically significant.

Some HPV-related cancers may occur more frequently in recipients with specific medical 

conditions. For example, we observed an increased incidence of oropharyngeal cancer 

among liver recipients compared to kidney recipients, and incidence was even higher in the 

subset who had alcoholic cirrhosis as the indication for liver transplant (IRR 5.4 vs. other 

indications among liver recipients). Alcohol is a key risk factor in oropharyngeal cancer 

(16), and our finding supports that damage from alcohol contributes in the transplant setting 

as well (17). Likewise, smoking is a risk factor common to HPV-related squamous cell 

cancers, including cervical, penile, vulvar, anal, and oropharyngeal cancers (13;16). 

Increased incidence of these cancers among heart and/or lung recipients may be attributable 

in part to tobacco-related conditions that commonly lead to these transplants. In addition, we 

found a significantly increased incidence of vulvar cancer associated with pancreas 

transplants, which suggested that type 1 diabetes mellitus, the common indication for 

pancreas transplant, might contribute to cancer incidence. However, among recipients 

overall, we found no association between history of diabetes and incidence of any HPV-

related cancers.

Maintenance immune suppressive drug regimens generally include a combination of agents 

that work together to prevent graft rejection: calcineurin inhibitors (tacrolimus or 

cyclosporine), anti-metabolites (mycophenolate or azathioprine), and corticosteroids 

(prednisone). Current maintenance regimens, combining tacrolimus and mycophenolate, 

have largely replaced the older regimen, cyclosporine and azathioprine, though both 

combinations are still used (18) (19). In our study, the older regimen drugs were associated 

with approximately 2-fold increased incidence of the anogenital cancers. In contrast, the 

newer regimen was associated with reduced incidence of anogenital cancers. Opposite 

impacts of the two calcineurin inhibitors were seen for oropharyngeal cancers (i.e., increased 

incidence with tacrolimus and decreased with cyclosporine). These observations suggest that 

although the drugs act through the same general pathway, they are not identical in their 

effects.(20)

Corticosteroids were associated with 5-fold excess of in situ anal cancer and 3-fold 

borderline excess of invasive vulvar cancer. Outside of the transplant setting, corticosteroids 

have been associated with excess skin cancer (21). Cancers at anogenital sites sometimes 

occur on cutaneous skin, and increased risk of these cancers may be related to this subset. 
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Sirolimus is a member of a new class of drugs, mTOR inhibitors, and is considered to have 

anti-cancer effects (22;23). We observed a significant decreased incidence of invasive anal 

cancer (IRR 0.2) that was not seen for in situ anal cancer; but we note that only one 

transplant recipient with anal invasive cancer received sirolimus. Various anti-

lymphoproliferative induction therapies have been in use among transplant patients since the 

early 1990s (19), and induction was associated with reduced incidence of invasive cervical 

cancer (IRR 0.5) and oropharyngeal cancer (IRR 0.7). The potential positive impact of 

induction needs to be replicated in other studies.

There were strengths and limitations in this analysis. The large size of the TCM population 

provided sufficient cases to examine separately in situ and invasive cancers. A limitation of 

our study is that tumor tissue was unavailable, so we could not determine the HPV status of 

tumors. Our hypothesis was that transplant-related immunosuppression increases the 

incidence of the HPV-related subset, and that most of the excess cancers are HPV-related. 

However, without knowing which cases were HPV-positive, the incidence estimates 

included a small number of HPV-negative cases. In addition, information about duration of 

medication use and intensity of immune suppression was not available, which may have 

been of interest if, for example, high doses of specific drugs were related to specific 

outcomes. Another concern is the possibility that type 1 error from multiple comparisons 

might have led to some significant associations in this study. The probability of false 

positive results is lower for some of the associations presented, for which we had a priori 

hypotheses and demonstrated consistent associations across multiple sites. In addition, 

although we do not have systematic information on recipients moving out of the area where 

they were transplanted, we do have an estimate of 6% at 10 years after transplantation from 

a sample in our prior study (6). The SIRs may therefore be underestimated by a small 

amount. Finally, some of the results were based on a very small numbers of events, as such, 

misclassifications of the types of cancers could dramatically alter estimates. Thus these 

findings, although statistically significant, should be interpreted with caution.

The absence of an increased incidence of invasive cervical cancer is likely due to effective 

cytologic screening (i.e., routine use of Pap smears). The target group for screening in the 

U.S. is women 21–65 years old, with cytology initially recommended every 3 years. For 

women over 30 years old, a longer interval of 5 years between screens is suggested when 

cytology and HPV co-testing are negative (24). The Kidney Disease: Improving Global 

Outcomes group suggested that screening for cervical cancer in transplant recipients should 

follow the general population guidelines (25). However, screening for women with 

transplants may be performed outside the guidelines if the patient and provider determine it 

is clinically indicated (26).

Anal cytological screening is available for people who are at high risk of anal cancer, 

including men-who-have-sex-with-men, HIV-infected individuals, women with vulvar 

neoplasia, and transplant recipients (27). A cost-benefit analysis of anal cytology in HIV-

infected men-who-have-sex-with-men indicated that screening would be effective in that 

population (28), and screening might be useful for transplant recipients as well. Others 

consider anal cytology screening to be of unclear benefit until more is known about the 

natural history of anal precursor lesions (29). HPV16 cotesting with anal cytology may be 

Madeleine et al. Page 8

Am J Transplant. Author manuscript; available in PMC 2014 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



predictive of low grade lesions at risk of progression (30), and might be a beneficial adjunct 

to testing in the transplant setting. No guidelines for screening transplant recipients for 

vulvar, penile, vaginal, or oropharyngeal neoplasia have been established. Our study and 

others suggest that screening could be focused; for example, it may be most feasible to begin 

inspection of external genitalia starting at 2 years post-transplant or limit evaluation of the 

oropharynx to liver recipients with a history of alcoholism. Future guidelines developed by 

expert groups would also need evidence that screening for HPV-related cancers leads to 

timely and effective treatment.

In conclusion, our findings point to the importance of demographic characteristics, medical 

conditions, genetics (HLA), duration of immunosuppression, and use of specific 

immunosuppressive medications as possible risk factors for HPV-related cancers. With 

cervical cancer screening as a model, it is possible that screening for other HPV-related 

cancers would facilitate identification of pre-cancerous lesions, thereby preventing 

development of invasive cancers and improving outcomes for transplant recipients. Future 

studies may focus on elucidating specific underlying conditions and other exposures that 

participate in causing HPV-related cancers in solid organ transplant recipients.
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Table 1

Selected characteristics of Transplant Cancer Match study cohort*

Characteristic

Total Cohort CIS Cohort

N % N %

Sex

 Male 115,614 61.6 0 0

 Female 72,035 38.4 17,010 100

Age at Transplant

 18–34 33,443 17.8 4,279 25.2

 35–49 63,831 34.0 6,234 36.6

 50+ 90,375 48.2 6,497 38.2

Race/Ethnicity

 White, Non-Hispanic 117,502 62.6 11,302 66.4

 Black, Non-Hispanic 31,527 16.8 2,839 16.7

 Hispanic 28,073 15.0 1,952 11.5

 Asian/Pacific Islander 10,547 5.6 917 5.4

Transplanted Organ**

 Kidney and/or pancreas 119,756 63.8 11,624 68.3

 Liver 39,784 21.2 3,558 20.9

 Heart and/or Lung 25,877 13.8 1,716 10.1

 Other 2,232 1.2 112 0.7

Transplant Number

 First 171,337 91.3 15,691 92.2

 Second 14,991 8.0 1,226 7.2

 Third or Higher 1,321 0.7 93 0.5

Year of Transplant

 1987–1994 35,049 18.7 9,120 53.6

 1995–1999 48,193 25.7 5,000 29.4

 2000–2009 104,407 55.6 2,890 17.0

*
Data represent all transplants combined (1987–2009) and separately for those followed for in situ cervical cancer (CIS).

**
Kidney and/or pancreas transplants combine recipients with kidney alone, kidney/pancreas, or pancreas only; “other” transplants include 

intestine transplants and individuals who received other multiple organs (such as kidney and liver).
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