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Abstract

Recipients of kidney transplants have elevated cancer risk compared with the general population.
Improvements over time in transplant care and cancer treatment may have affected incidence and
outcomes of cancer among recipients of kidney transplant. To evaluate this, we used linked United
States transplant and cancer registry data to study 101,014 adult recipients of kidney transplants
over three decades (1987-1996, 1997-2006, 2007-2016). Poisson regression was used to assess
trends in incidence for cancer overall and seven common cancers. Associations of cancer with risk
of death-censored graft failure (DCGF) and death with functioning graft (DWFG) were evaluated
with Cox regression. We also estimated absolute risks of DCGF and graft failure following cancer
for recipients transplanted in 2007-2016. There was no significant change in the incidence of
cancer overall or for six common cancers in recipients across the 1987-2016 period. Only the
incidence of prostate cancer significantly decreased across this period after multivariate
adjustment. Among recipients of kidney transplants with non-Hodgkin lymphoma, there were
significant declines over time in elevated risks for DCGF and DWFG but no significant changes
for other combined cancers. For recipients transplanted in the most recent period (2007-2016),
risks following cancer diagnosis remained high, with 38% experiencing DWFG and 14% graft
failure within four years of diagnosis. Absolute risk of DWFG was especially high following lung
cancer (78%), non-Hodgkin lymphoma (38%), melanoma (35%), and colorectal cancer (49%).
Thus, across a 30-year period in the United States, there was no overall change in cancer incidence
among recipients of kidney transplants. Despite improvements for non-Hodgkin lymphoma,
cancer remains a major cause of morbidity and mortality.
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Introduction

Kidney transplantation is the preferred treatment for end-stage kidney disease (ESKD), but
eligible patients have to wait months or years due to a scarcity of donor organs.! Patient
survival on the kidney transplant waitlist has improved over time, most notably for
individuals over 55 years of age.l Hence, older patients comprise an increasing proportion of
kidney transplant recipients (KTRs), and they are living longer after transplantation.?

KTRs are at elevated risk of cancer compared with the general population.23 An important
component of this elevation is explained by the effects of immunosuppressive medications,
which are required to prevent graft rejection. Decreased immune surveillance results in loss
of control of oncogenic viral infections, leading to development, for example, of non-
Hodgkin lymphoma (NHL) caused by Epstein-Barr virus.23 Risk of certain other cancers,
including melanoma, lung cancer, and kidney cancer, is also increased among KTRs, with
contributions likely arising from immunosuppression as well as other factors including
additional carcinogenic effects of medications or underlying ESKD.#% Risk is not increased
to the same degree for other cancers that are common in the general population (e.g.,
colorectal cancer) and may actually be decreased for unclear reasons for certain other
cancers (notably, prostate and breast cancers).22 Among KTRs, changes over time in cancer
incidence could reflect factors unique to KTRs (e.g., changes in waitlist time or
immunosuppressive medications) or trends in the general population.

Contemporary health care has improved post-transplant disease management, resulting in
longer graft survival as well as a decrease in overall morbidity and mortality due to two of
the leading causes of death -- cardiovascular disease and infection.2:-2 Independent of
whether there has been a change in cancer incidence, the improved survival of transplant
recipients has resulted in an increased absolute risk for developing cancer.10 Cancer is the
second or third leading cause of death in KTRs, and KTRs with early-onset cancers have a
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3-fold higher risk of death in the first 3 years compared with those without cancer in the
same period of time.11-13 The last decade has led to a burgeoning knowledge about the
genetic and molecular complexity of cancer and the hopeful application of targeted
therapies.}4 Treatment of cancer in KTRs can be complicated by off-target effects, including
rejection and graft failure.1®

Among KTRs, failure of the transplanted kidney is associated with substantial morbidity,
poor quality of life, and mortality.16-19 Patients who return to dialysis after graft failure have
3-fold greater risk of death compared with patients with a functioning graft, and they
experience poorer quality of life and greater mortality than incident dialysis patients.16:19
There are multiple causes for graft failure, and the risk associated with cancer treatment is
unknown. Clinicians often reduce the intensity of maintenance immunosuppressive
medications in cancer patients to help control the malignancy, which may increase the risk
of graft rejection and failure.20

The field of oncology is rapidly changing and post-transplant survival is improving. In the
present study of KTRs in the United States, we assessed changes in the incidence of overall
cancer along with seven common cancers and their association with graft failure, mortality,
and the combined outcomes over the latest three decades.

We evaluated a cohort of 101,014 KTRs, with 351,127 person-years of follow-up over 3
decades of transplantation (1987-2016). Most KTRs were male (60.2%). Recipients in this
study were similar to the changing US KTR population (Table 1). In particular, there was an
increase in age at transplantation over time (mean age 44.3, 48.6, and 50.9 years,
respectively, for transplants in 1987-1996, 1997-2006, and 2007-2016) and growing racial/
ethnic diversity. We also observed increasing body mass index and prevalence of ESKD due
to diabetes mellitus or hypertension (Table 1). Across the 3 decades there were longer pre-
transplant waiting times and increased living donation rates, along with more use of
polyclonal or interleukin-2 receptor antibody induction and maintenance
immunosuppression with tacrolimus and mycophenolate-based therapies. The use of
corticosteroids for induction also increased, while use of corticosteroids for maintenance
declined over time.

Trends in cancer incidence in KTRs

Based on data in state/regional cancer registries, KTRs were linked to 3,378 first cancer
diagnoses during follow-up. There was no significant change in overall cancer incidence
over the three decades, both in unadjusted analyses and after adjustment for recipient and
transplant characteristics and immunosuppression medication regimen (Table 2). Similarly,
among seven selected cancer types, there was no change in the incidence of colorectal, lung,
or breast cancers, or of melanoma or NHL (Table 2). In contrast, while there was no change
in the incidence of prostate cancer in unadjusted analyses, there was a decrease over time
after multivariate adjustment (adjusted incidence rate ratio [IRR] [95% confidence interval
(C1)] 0.78 [0.46-1.31] and 0.48 [0.27-0.86] for 1997-2006 and 2007-2016, respectively,
compared with 1987-1996; p-trend=0.01). Furthermore, the incidence of kidney cancer

Kidney Int. Author manuscript; available in PMC 2022 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Blosser et al. Page 4

increased significantly over time in the unadjusted analysis (IRR [95%CI] 1.81 [1.01-3.22]
for 1997-2006 and 2.47 [1.36-4.49] for 2007-2016 compared with 1987-1996; p-
trend<0.01). This trend was attenuated and no longer significant after adjustment (p=0.18).

Table 3 presents standardized incidence ratios (SIRs) comparing cancer risk in KTRs to the
general population. The SIR for overall cancer was elevated but declined over time, from
1.57 (95%CI 1.44-1.70) in 1987-1996 to 1.28 (1.20-1.36) in 2007-2016 (unadjusted p-
trend=0.019), and similar significant declines in SIRs were observed specifically for
colorectal and prostate cancers. However, only the trend for prostate cancer was significant
in the adjusted analysis (p-trend=0.014).

Associations of cancer with death-censored graft failure and death with functioning graft
among KTRs

For each decade of transplant, we next assessed the associations of cancer with subsequent
risk for graft failure or death, capturing the earlier of these two outcomes. These outcomes
are referred to as death-censored graft failure (DCGF, i.e., graft failure treating death as a
censoring event) and death with functioning graft (DWFG, i.e., death treating graft failure as
a censoring event); we also assessed the combined event of graft failure or death. For all
cancers combined, there were persistently elevated risks in all three decades for DCGF
(adjusted hazard ratio [HR] range of 1.85-2.30), DWFG (range 9.74-10.97), and the
combined outcomes (range 5.38-6.12), without a significant change over the three decades
(Table 4). However, for NHL in particular, the associations with these outcomes significantly
diminished in magnitude across the calendar periods, with adjusted HR (95%CI) in 1987-
1996 and 2007-2016, respectively, of 6.32 (3.86-10.34) and 2.31 (0.60-8.85) for DCGF
(p=0.048 for heterogeneity across periods), 19.71 (14.01-27.74) and 11.72 (5.22-26.30) for
DWFG (p=0.007), and 11.68 (8.84-15.45) and 7.14 (3.61-14.10) for the combined
outcomes (p=0.002). For the non-NHL cancers combined, there were no significant changes
in the associations across the calendar periods for DCGF (adjusted HRs 1.54-2.29), DWFG
(9.30-10.17), or the combined outcome (4.69-5.80).

Absolute risks of DWFG and graft failure among KTRs with cancer

Finally, we estimated absolute risks for DWFG and graft failure over the 4-year period
following cancer diagnosis for individuals transplanted in 2007-2016; unlike in the Cox
models that produced the HRs above, these analyses treat graft failure and DWFG as
competing rather than censoring events for each other, so we refer to this outcome as “graft
failure” rather than “DCGF.” Overall, 38% of KTRs had a DWFG event and 14% had a graft
failure event within 4 years of a cancer diagnosis (Figure 1). The absolute risk of DWFG
was very high for KTRs with lung cancer (78%), NHL (38%), melanoma (35%), or
colorectal cancer (49%). Absolute risk of DWFG was 20% or higher for KTRs with kidney
or prostate cancer, and was noticeably lower only for breast cancer (7%). The absolute risk
of graft failure was highest in KTRs with breast cancer (24%), kidney cancer (23%), or
prostate cancer (23%). The absolute risk of the combined outcomes within 4 years after
cancer diagnosis ranged from 31% for breast cancer to 87% for lung cancer.
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Discussion

Cancer continues to be a major cause of morbidity and mortality among KTRs. In the
present study, there was no overall change in cancer incidence across a 30-year period in the
US. KTRs with NHL experienced improved outcomes over time, with declines in the
relative risk of DWFG and DCGF, but there was no change in these associations for other
cancers combined. Indeed, the absolute risks of DWFG and graft failure following a cancer
diagnosis remained high for the most recent KTRs who were transplanted in 2007-2016.

The KTR population has become increasingly older, more diverse and with a higher BMI
over time, while experiencing longer waiting times and relatively more living donor kidney
transplants. Diabetes mellitus and hypertension caused a greater percentage of ESKD while
glomerular diseases contributed a decreasing amount. Greater use of polyclonal and
interleukin-2 receptor antibodies for induction, and tacrolimus and mycophenolate-based
therapies as maintenance immunosuppression, was also noted. While maintenance
corticosteroid use has decreased, the combination of corticosteroids and polyclonal or I1L-2
receptor antibody induction has been a common approach over the last two decades and may
have longer-term impact on the risk of cancer. Because age, other demographic and
transplant characteristics, and individual immunosuppressive medications are associated
with cancer incidence among KTRs, we adjusted for these factors in our multivariate
analyses of cancer incidence (Table 2).3521-25 These changes in the transplant population
also led to trends in the cancer risk relative to the general population (Table 3); most SIR
trends were not significant after multivariate adjustment.

We did not find a significant change over time in the overall incidence of cancer, but there
was an increase in the incidence of kidney cancer in the unadjusted analysis. Most kidney
cancers are renal cell carcinomas and among KTRs occur in the native kidneys in
association with acquired cystic kidney disease.®26 The rise in kidney cancer incidence over
time could partly reflect the increasing age at transplantation, prior waitlist time, and body
mass index in the KTR population, since all are risk factors for renal cell carcinoma.6:27.28
The trend in kidney cancer incidence was attenuated after multivariate adjustment that
included these factors (Table 2), and we also did not observe a trend in risk relative to the
general population (Table 3).

In contrast, there was a strong decline in prostate cancer incidence that was apparent in our
adjusted analyses (Table 2). Male transplant recipients appear to have a reduced risk of
prostate cancer compared to the general population.3 Among KTRs, this deficit has become
more pronounced over time and was strongest in the most recent period (i.e., SIR of 0.68 in
2007-2016). The reasons for this pattern are unclear. Prostate cancer is often detected by
prostate-specific antigen screening when it is asymptomatic, and there has been a decrease in
prostate cancer screening in the US general population since 2012 reflecting changing
guidelines.2930 Two possible explanations for the deficit of prostate cancer among KTRs
both relate to screening: either candidates for kidney transplantation are screened more
frequently than men in the general population, so that there are fewer subsequent prostate
cancers remaining to be diagnosed after transplantation, or KTRs are screened less
frequently following transplantation than men in the general population, so that some
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cancers are missed. For both explanations, growing differences in screening between KTRs
and the general population could then explain the decreasing calendar trend in prostate
cancer incidence. It is not possible to determine which of these explanations, or whether
another explanation, underlies the prostate cancer trend without more data.

Importantly, cancer among KTRs was associated with a substantially elevated risk of DCGF,
DWFG and the combined outcomes. In the absence of strong unmeasured confounding, and
given the magnitude of the HRs for DWFG and (for NHL) for DCGF, most of these adverse
outcomes in cancer patients can be attributed to their cancer or its treatment. Specifically, the
attributable fraction is given by the formula (HR-1)/HR.3! As an example, 91% of DWFG
events among KTRs with cancer who were transplanted in 2007-2016 were attributable to
their cancer or its treatment (based on the HR of 10.97 in Table 4).

For cancers other than NHL, there was no significant change in the risk of these adverse
outcomes over time. These findings highlight the need for improved management of cancer
in KTRs, with the coordinated aim of directly targeting the malignancy and maintaining a
functioning kidney graft. Of note, the 2009 KDIGO Guidelines for the Care of Kidney
Transplant Recipients advise weaning immunosuppression as tolerated in the setting of
cancer.20 Although a reduction in immunosuppression may improve immunologic function
to control cancer, not all cancers are immunoresponsive, and there are higher risks of graft
failure when immunosuppression is decreased or withdrawn,32-34

For KTRs with NHL, we found significant declines in the relative risks for DCGF and
DWEFG over the 3 decades. The likely reasons for these improvements include greater
understanding of the role of Epstein-Barr virus, which has facilitated surveillance of high-
risk KTRs and early diagnosis of NHL and other forms of post-transplant
lymphoproliferative disorder.32:36 Moreover, the advent of rituximab therapy in 1997 and its
addition to chemotherapy regimens may also have contributed to improved outcomes.37-39
Despite these improvements over time, KTRs with NHL still had elevated risks of DCGF
and DWFG compared with KTRs without cancer in the most recent calendar period.

Overall, KTRs with cancer experienced a very high risk of DWFG or graft failure in the four
years after cancer diagnosis. The risk of graft failure in KTRs was higher with breast, kidney
and prostate cancers, while the risk of death was especially high with lung and colorectal
cancers, melanoma, and NHL. In light of relatively strong screening and treatment options
for colorectal cancer and melanoma, the risk of early death in KTRs with a new diagnosis of
either cancer was higher than expected. These cancers can be present and undiagnosed prior
to transplant, and immunosuppressive therapy may increase their aggressiveness.®
Additionally, the risk of adverse outcomes in KTRs with Kidney cancer and prostate cancer
was high and points to the need for improved diagnostic and therapeutic options. Kidney
transplant guidelines advise implementing a patient-centered cancer screening plan based on
individual history and risks.2? Updated general population guidelines include annual low-
dose computed tomography of the chest to screen for lung cancer in high risk individuals.4°
Since mortality from lung cancer is relatively high, performing targeted lung cancer
screening in KTRs appears appropriate.
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Many changes in cancer management, including advanced diagnostics plus molecular and
immune-based therapies, have markedly improved cancer outcomes in the general
population, and they offer new opportunities for treatment in KTRs.14:41.42 However, there
are unique risks in the KTR population that must be considered, including acute kidney
injury from multiple therapeutic-related mechanisms (e.qg., ischemic acute tubular necrosis,
autoimmune-related direct or indirect injury, rejection).21:37:43 Use of immunotherapies has
been attempted with variable success in organ transplant recipients, including achievement
of cancer cure in some cases, but there is also a high risk of graft rejection, graft loss, and
death.1544 Further research in this area is thus required to understand and mitigate the risks.

This study provides an extensive analysis of incidence and outcomes of cancer after kidney
transplant. Our study population is large and, due to selection based only on state of
residence, representative of the US KTR population. In addition, we achieved near complete
ascertainment of post-transplant cancers through linkage with cancer registries. A limitation,
however, is that we lacked data on cancer screening, some major cancer risk factors (e.g.,
smoking, Epstein-Barr virus infection), and cancer treatment, so we could not assess how
temporal changes in these factors might explain the trends we observed. Small numbers for
specific cancers limited our analyses of incidence and outcomes. Non-melanoma skin
cancers (specifically, squamous cell and basal cell carcinomas) are not collected in the
participating cancer registries, so could not be evaluated. Although these cancers are
common, they are not likely a major cause of graft loss or mortality.

In conclusion, with improvements in post-transplant management, KTRs are experiencing
longer graft and overall survival.l Unfortunately, there has been no major change in cancer
incidence among KTRs in the US over the last 3 decades, and only KTRs with NHL have
experienced declines in the relative risks for death and graft failure over time. Moreover,
absolute risks of DWFG and graft failure remain high for KTRs with cancer, including those
with NHL. These findings highlight the need for research on cancer screening, diagnostics,
and therapeutics to enable more timely and accurate diagnoses and improve curative
treatments in kidney transplant recipients.

The Transplant Cancer Match (TCM) Study (https://www.transplantmatch.cancer.gov) is a
cohort study linking data on US solid organ transplant recipients from the Scientific Registry
of Transplant Recipients (SRTR) with population-based cancer registries.3 At the time of
this study, the TCM Study included data for 1987-2016 from 18 state and metropolitan area
cancer registries (see Table 1 footnote) covering approximately half of the US transplant
population based on state of residence. This study was approved by human subjects review
committees at the National Cancer Institute and, as required, participating cancer registries.

For this study, we included all first kidney transplants that were performed in participating
TCM areas during years with cancer registry coverage (see Table 1 notes). From the initial
N=151,915 potentially eligible KTRs, we excluded those with less than 90 days of follow-up
or a cancer diagnosis before or up to 90 days after transplant (N=6062), HIV infection
(N=305), age < 18 years at transplantation (N=8345), or missing data on body mass index or
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waitlist time (N=36,189). Thus, our cohort included 101,014 KTRs. The SRTR provided
information on KTR demographic and transplant characteristics as well as baseline
immunosuppressive medications.

Cancer diagnoses in KTRs were identified from the linked cancer registries. In addition to
cancer overall, information was analyzed for seven common cancers that were specified a
priori. colorectal, lung, female breast, prostate, and kidney cancers, melanoma, and non-
Hodgkin lymphoma. Squamous and basal cell skin cancers are not reported to cancer
registries and were not included in this study. Only first cancers were considered.

Deaths were identified from the SRTR and cancer registries, and graft failure (i.e., chronic
dialysis re-initiation or retransplantation) was identified from the SRTR. KTRs with death
and graft failure recorded on the same day were classified as dying with a functioning graft.
We limited study outcomes to the first five years after transplant to allow KTRs in all three
calendar periods to have equivalent follow-up. Thus, follow-up began 90 days post-
transplant and ended at the earliest of death, graft failure, transplantation of another organ,
loss to follow-up, end of cancer registry coverage, or five years post-transplant.

KTRs were classified into three groups based on the decade in which they received their
transplant: 1987-1996, 1997-2006, and 2007-2016. We used Poisson regression to compare
cancer incidence rates across decades, with IRRs across decades calculated separately for
cancer overall and each of the seven cancer types. In addition, a multivariate model was
fitted adjusting for age (as a continuous variable), gender, race/ethnicity (white, black,
Hispanic, Asian), body mass index, kidney donor status (living vs. deceased), waiting time
for transplant (as a continuous variable, based on SRTR patient data), cause of ESKD, and
reported induction and initial maintenance immunosuppression medications. Primary cause
of ESKD was categorized as diabetes mellitus, glomerular diseases, hypertensive
nephrosclerosis, polycystic kidney disease, tubular/interstitial diseases, vascular diseases,
congenital/rare familial/metabolic disorders, or other/unknown conditions. Induction
medications included alemtuzumab, interleukin-2 receptor antagonists, muromonab-CD3,
polyclonal antibodies, and corticosteroids. Maintenance therapies included azathioprine,
cyclosporine, mTOR inhibitors, mycophenolate mofetil/mycophenolic acid, tacrolimus, and
corticosteroids. Induction and maintenance therapies were included as individual binary
variables. For maintenance therapies, statistical interactions were included for azathioprine
and cyclosporine, cyclosporine and mycophenolate mofetil/mycophenolic acid, as well as
tacrolimus and mycophenolate mofetil/mycophenolic acid. For each model, p-values for
linear trend across decade of transplant were calculated.

We calculated SIRs to compare cancer risk in KTRs to the general population. These SIRs
incorporate general population expected rates stratified by age, sex, race/ethnicity, calendar
year, and cancer registry region. SIR analyses exclude 62 Hispanic KTRs followed before
1992 because expected rates were unavailable. We used Poisson regression to assess
calendar trends in SIRs, with the same adjustments as in the models for incidence.

To assess associations of cancer as a risk factor for DCGF, DWFG, and the combined event
of graft failure or death within each period, we used Cox regression treating cancer as a
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time-dependent risk factor and included an interaction between decade of transplantation
and cancer. The analyses of DCGF and DWFG each treat the complementary outcome (i.e.,
DWFG and DCGF) as a censoring event. We present HRs from unadjusted models and
multivariate models with adjustment for the additional factors listed above. To assess
changes in the associations over time, p-values from likelihood ratio tests were calculated to
evaluate the significance of the interaction terms. Models were fitted for cancer overall,
NHL, and all non-NHL cancers grouped together, because the number of DWFG and DCGF
outcomes was too small for some decades to examine most cancers separately.

For the final decade of KTRs (transplanted in 2007-2016), absolute risks for graft failure
and DWFG were estimated for the 4-year period following cancer diagnosis by constructing
cumulative incidence curves using competing risk time-to-event methods. The estimates
correspond to the cumulative incidence of each as the first event to occur. These curves were
derived for cancer overall and each of the seven individual cancers. This manuscript satisfies
all relevant components of the STROBE checklist for observational studies.
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Figure 1. Cumulative incidence of DWFG and graft failure following a cancer diagnosis among
KTRs transplanted in 2007-2016.

Cumulative incidence was estimated using competing risk methods. Results are shown for
graft failure and death with functioning graft (DWFG) as stacked regions. The proportion of
KTRs with each event at four years after transplantation are presented below each panel.
Abbreviations: DWFG death with functioning graft, GF graft failure, NHL non-Hodgkin
lymphoma.
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Demographic and clinical characteristics of kidney transplant recipients in the United States, by transplant

year.
1987-1996 1997-2006 2007-2016 Total
Transplant recipients = | 16289 (16.1%) | 46595 (46.1%) | 38130 (37.7%) | 101014 (100.0%)
Person Years = | 64458 (18.4%) | 187658 (53.4%) | 99010 (28.2%) | 351127 (100.0%)
Gender
Female 6388 (39.2%) | 18614 (39.9%) | 15158 (39.8%) | 40160 (39.8%)
Male 9901 (60.8%) | 27981 (60.1%) | 22972 (60.2%) | 60854 (60.2%)
Age in Years at Transplant, Mean (Standard Deviation) 44.3 (12.8) 48.6 (13.3) 50.9 (13.5) 48.7 (13.5)
Race/Ethnicity
White, Non-Hispanic 9579 (58.8%) | 23503 (50.4%) | 17685 (46.4%) | 50767 (50.3%)
Black, Non-Hispanic 3676 (22.6%) | 11929 (25.6%) | 9418 (24.7%) | 25023 (24.8%)
Hispanic 2064 (12.7%) | 7902 (17.0%) | 8005 (21.0%) | 17971 (17.8%)
Asian/Pacific Islander 970 (6.0%) 3261 (7.0%) 3022 (7.9%) 7253 (7.2%)
Body Mass Index
<185 829 (5.1%) 1519 (3.3%) 839 (2.2%) 3187 (3.2%)
18.5-24.9 8016 (49.2%) | 16989 (36.5%) | 11370 (29.8%) | 36375 (36.0%)
25.0 - 29.9 4934 (30.3%) | 15697 (33.7%) | 12962 (34.0%) | 33593 (33.3%)
30-34.9 1818 (11.2%) | 8448 (18.1%) | 8689 (22.8%) | 18955 (18.8%)
>35.0 692 (4.2%) 3942 (8.5%) 4270 (11.2%) 8904 (8.8%)
Cause of ESKD
Diabetes Mellitus 3488 (21.4%) | 10910 (23.4%) | 10686 (28.0%) | 25084 (24.8%)
Hypertensive Nephrosclerosis 2498 (15.3%) 9686 (20.8%) 8904 (23.4%) 21088 (20.9%)
Glomerular Diseases 5101 (31.9%) | 12586 (27.0%) | 9591 (25.2%) | 27368 (27.1%)
Polycystic Kidneys 1537 (9.4%) 4729 (10.1%) | 3944 (10.3%) | 10210 (10.1%)
Vascular Disease 656 (4.0%) 2080 (4.5%) 816 (2.1%) 3552 (3.5%)
Tubular/Interstitial Diseases 632 (3.9%) 1300 (2.8%) 959 (2.5%) 2891 (2.9%)
Congenital/Rare Familial/Metabolic Disorders 525 (3.2%) 1569 (3.4%) 1027 (2.7%) 3121 (3.1%)
Other/Unknown 1762 (10.8%) 3735 (8.0%) 2203 (5.8%) 7700 (7.6%)
\E/)\ga\\/iit;?%r;ime for Transplant in Years, Mean (Standard 11(12) 24(33) 25(2.3) 22(2.7)
Donor Type
Deceased 13948 (85.6%) | 32025 (68.7%) | 24267 (63.6%) | 70240 (69.5%)
Living 2341 (14.4%) | 14570 (31.3%) | 13863 (36.4%) | 30774 (30.5%)
Induction Therapy
Alemtuzumab 0 (0%) 2352 (5.0%) 4983 (13.1%) 7335 (7.3%)
IL-2 Receptor Antagonists 57 (0.3%) 14865 (31.9%) | 10338 (27.1%) | 25260 (25.0%)
Muromonab-CD3 2567 (15.8%) 1141 (2.4%) 72 (0.2%) 3780 (3.7%)
Polyclonal Antibody 2724 (16.7%) | 12518 (26.9%) | 17852 (46.8%) | 33094 (32.8%)
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1987-1996 1997-2006 2007-2016 Total
Corticosteroids 6558 (40.3%) | 32970 (70.8%) | 25761 (67.6%) | 65289 (64.6%)
Maintenance Therapy
Azathioprine 10829 (66.5%) | 1360 (2.9%) 92 (0.2%) 12281 (12.2%)
Cyclosporine 13885 (85.2%) | 15623 (33.5%) | 2424 (6.4%) 31932 (31.6%)
Mycophenolate Mofetil 2119 (13.0%) | 37042 (79.5%) | 35278 (92.5%) | 74439 (73.7%)
Tacrolimus 1030 (6.3%) 25911 (55.6%) | 30615 (80.3%) | 57556 (57.0%)
mTOR Inhibitors 64 (0.4%) 5471 (11.7%) 1948 (5.1%) 7483 (7.4%)
Corticosteroids 15448 (94.8%) | 38570 (82.8%) | 25135 (65.9%) 79153 (78.4%)

This study includes data from 18 US cancer registries: California (years of coverage: 1988-2012), Colorado (1988-2014), Connecticut (1973-
2009), Florida (1981-2009), Georgia (1995-2010), Hawaii (1973-2007), Illinois (1986-2013), lowa (1973-2009), Kentucky (1995-2011),
Michigan (1985-2009), North Carolina (1990-2010), New Jersey (1979-2010), New York (1976-2010), Ohio (1996-2015), Pennsylvania (1985—

2013), Seattle-Puget Sound area of Washington State (1974-2014), Texas (1995-2014), Utah (1973-2008).

Abbreviations: ESKD end-stage kidney disease, IL-2 interleukin-2, mTOR mammalian target of rapamycin

Kidney Int. Author manuscript; available in PMC 2022 June 01.



Page 15

Blosser et al.

*(50°0 > d) ueonIubIs A)eonsne)s aJe ey} s1Nsai saledlpul 1xa) pjog

'Sael 0} Pa)oLIIsal 8. sasAjeur Jaourd 81eIsod pue ‘sajewus) 0) PaloLIISal ale sasAjeue Jsoued Jseaig

‘uoissaiddnsounwiwi

9oUBUBIUIRW pUB UORINPUI pue ‘(pasesdsp ‘sA BuIAll) sniels Jouop Asupiy Jue|dsuel) Joj awn Buniem ‘g3 Jo asned ‘xapul ssew Apog ‘ANoiuya/aoel ‘abe ‘1apusb Joy paisnipe are syy|

q

'066T—/86T apeoap st dnoib moce&mmw

ewoydwA| u{BpoH-uou = THN ‘[eAIBIUI 30USPIIUOD = [ ‘Ol1el 81R] 80UBPIdUI YY| SUOIIBIABIGGY

7860 v€8'0 (osz'tro) 10T  (06T'88°0)G80 (T8 290) 90T  (2¥'T ‘25°0) 980 44} 88T GL IHN
2810 €000 (LLv'vl0) 88T  (rze'L60) €T  (BYv'9€T) Lve  (22€'T0T) 18T 14 50T 6 Kaupry
¥10°0 §59'0 (980°2z0)8v'0 (1€T'9v'0)8L0 (T¥'1'85°0)T6'0 (SL'T‘28°0) 02T 50T 192 9. o°¥eIs01d
EvE0 600 (L9T'€20)290 (297 '62'0)89°0 (89T .y'0) 680 (EL'T'95°0) 860 €5 0T L€ o¥eed
SL¥'0 290 (€02 'zc0) 290 (€8T'SC0)890 (6€C‘650)6TT (26T '€S0) TO'T €S a8 6C BLIoUBBN
¥50°0 vSe0 (tot'620)¥50 (9zT'evo)v20 (L2T'150) 180 (9V°T'29'0) 660 €6 912 Gl pun
LETO 2IT0 (rz1'020)050 (02T '2€0)6L0 (ET'T'2€0)090 (9€T ‘67°0) T80 8¢ L6 114 wiN3o810]00
86€°0 85T°0 (L11°2900680 (92T'9.0)860 (E€T'G6'0)ETT (2€T'L6'0) ET'T 0.6 8781 095 180UeD IV
qPsnIPY  parsnipeun 9102-.002 900Z-166T 9102-.002 900Z-166T 9102-100Z  900Z-/66T 96612861

pual] 40} anjep-d

q 2{10%56) 1 paisnlpy

£(10%656) Y1 paysnipeun

saseD 10 JaquinN

Author Manuscript

juejdsue.) Jo apeaap Jepus|ed Aq ‘syuaidioal Juejdsueny Asupiy SN Buowe Jaourd 10} SOITR. 3. 92UapIdU|

‘¢ 9|qeL

Author Manuscript

Author Manuscript

Author Manuscript

Kidney Int. Author manuscript; available in PMC 2022 June 01.



Page 16

Blosser et al.

*(50°0 > d) JuronIuBIS A|[eonsiels aJe Jey) S1S8) PusI) S8IedIpUl 1X8) Plog "S8|ewW 0} PalolIIsal ale sasAjeue Jsoues a1elsold pue ‘safeway 0} PaloLIsal aJe sasAfeue 130ued isealq

Author Manuscript

q

‘uoissaiddnsounwiwi
adUeUBUIRW pUB UONANPUI pue ‘(paseadap ‘sA BUIAll) sniels Jouop Asupiy ‘quejdsuely Joj awi Bumnrem ‘@MS3 Jo asned ‘xapul ssew Apoq ‘Al1d1uylsy/adel ‘abe ‘Japuab Joy paisnipe ate spual IN

ewoydwA| u{BpoH-Uou = THN ‘[eAIBIUI BOUBPIUOD = | :SUOIRIABIGAY

1620 18€0 (yov-1827) 88’ (L€€-252)e6z  (G9'G-S5€) ISV IHN
LET0 8150 (08'5-LTV)v6'y  (L67-9L€)eEY  (9L'6-662) TCV Ksupry
¥10°0 2000 (2805500890 (€6'0-€2'0)28'0 (2€'T-€80)90T  °¥E0Id
€520 T0T°0 (08'0-9v'0) 290  (18'0-55'0) 290  (8T'T-09°0) 98°0 gteed
8220 0zv'0 (8Te-z8T)eve (9L2-8.T)€2e (Ev'y-9072) 80'E  wouelpiN
G/E0 08T°0 (Tz'1-08'0)66'0 (TE€T-00T)ST'T (8LT-CTT) VT pun
€220 000 (92°0-6€0) 550  (98'0-26°0) 020 (EST-T80) ET'T  WN2I0[0D
vv8'0 6700 (9e'1-02T) 82T (8 T-92T)TET (0L T-v¥'T)LGT  J90ueD IV

&PsNIPY  paysnipeun

910¢-200¢

900¢—L66T

966T1-/86T

puaJl] 1o} anfeA-d

(109%56) one. sduaploul paziplepuels

wejdsuen Jo apedap Jepusjed Aq ‘siuaidioal wuejdsueny Asupiy SN Buowe Jaoued 10) SOIRI AOUSPIJUI PazZIpJepuelS

‘€ 9|qeL

Author Manuscript

Author Manuscript

Author Manuscript

Kidney Int. Author manuscript; available in PMC 2022 June 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Blosser et al.

Table 4:

Page 17

Associations of cancer with DCGF, DWFG, and the combined outcomes across calendar periods, by cancer
diagnosis date lymphoma

DCGF HR (95%C) | P-value | DWFG HR (95%CI) | P-value | Combined Outcomes HR (95%CI) | P-value
All Cancer 0.346 0.257 0.258
1987-1996 1.97 (1.51, 2.55) 10.64 (9.19, 12.33) 5.38 (4.76, 6.10)
1997-2006 1.85 (1.04, 3.27) 9.74(7.12, 13.33) 5.55 (4.25, 7.24)
2007-2016 2.30 (1.24, 4.27) 10.97 (7.78, 15.47) 6.12 (4.57, 8.19)
NHL 0.048 0.007 0.002
1987-1996 6.32 (3.86, 10.34) 19.71 (14.01, 27.74) 11.68 (8.84, 15.45)
1997-2006 3.45 (1.15, 10.36) 9.78 (4.57, 20.95) 6.10 (3.27, 11.38)
007-2016 2.31(0.60, 8.85) 11.72 (5.22, 26.30) 7.14 (3.61, 14.10)
Non-NHL Cancer 0.080 0.570 0.068

1987-1996 154 (1.14, 2.10) 9.30 (7.94, 10.90) 4.69 (4.09, 5.38)
1997-2006 1.63 (0.84, 3.16) 9.33 (6.66, 13.06) 5.36 (4.00, 7.17)
2007-2016 2.29 (1.13, 4.62) 10.17 (7.03, 14.71) 5.80 (4.22, 7.98)

Abbreviations: DCGF death-censored graft failure, DWFG death with functioning graft, NHL non-Hodgkin lymphoma

Hazard ratio estimates (95% ClIs) compare KTRs with cancer to those without cancer and are adjusted for age, gender, race/ethnicity (white, black,
Hispanic, Asian), body mass index, kidney donor status (living vs. deceased), waiting time for transplant, cause of ESKD, and induction and

maintenance immunosuppression medications.

P-values are for tests of interaction of cancer by calendar period, and bold text indicates interactions that are statistically significant (p < 0.05).
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