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Abstract

Objective Malignancy following renal transplantation remains inconsistent with the reported safety of kidney donation
during the long-term follow-up.

Methods We conducted searches of the published literature which included healthy participants, recipients, living kidney
donors (LKDs), and the availability of outcome data for malignancy. Eight from 938 potentially relevant studies were ana-
lyzed by means of fixed-effects model or random-effects model, as appropriately.

Results In 48,950 participants, the follow-up range was 18 months to 20 years, and the mean age of the subjects was approxi-
mately 41 years. The incidence rate with 95% confidence interval (CI) for malignancy after kidney transplantation was 0.03
(0.01-0.05) in recipients and 0.03 (0.1-0.07) in LKDs, giving a pooled incidence rate of 0.03 (95% CI 0.02-0.04). LKDs
contrasted nondonors by the overall odds ratio and 95% CI for total cancer of 2.80 (2.69-2.92).

Conclusions Kidney transplantation was associated with an increased risk of cancer during a long-term follow-up. Long-
term risk for cancer in LKDs and kidney recipients should be monitored.
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Introduction

A person has only one working kidney because of birth
defect, surgical removal of a kidney, kidney transplanta-
tion and kidney donation. As the organ shortage increases,
inherently the demand for donor kidneys continues to rise,
while living kidney donation is essential for expanding the
donor pool (Segev et al. 2010). It is necessary to considered
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extended criteria for living kidney donors (LKDs). Yet, liv-
ing kidney donation in young donors seems to be dangerous
as the outcome is comparable to old donors (up to 70 years
of age) (Robitaille et al. 1985). Analogously, obese donors
have comparable outcome to lean donors, in short- and
mid-term follow-up. Some literature has proved the safety
of donation of hypertensive donors (Boudville et al. 2006;
Lewington et al. 2002). And, vascular multiplicity poses
no direct danger to the donors, albeit caution is advised.
Even women of childbearing age and minors can be safely
included as living donors. Recently, more attention is being
paid to the long-term outcomes of recipients and donors in
the domains of metabolic function, risk of chronic renal dis-
ease, and health-related quality of life (Li et al. 2016).

In the United States, 40% of kidney transplants have
been derived from living donors (Schold et al. 2014). Pre-
vious studies have suggested that LKDs maintain long-
term renal function and experience no increase in cardio-
vascular or all-cause mortality (Schold et al. 2013). These
minimal long-term health consequences after donation
are limited due to the non-comprehensive design, such
as inadequate control, insufficient follow-up period, and
simplistic outcomes (Robitaille et al. 1985; Schold et al.
2013). As we reported previously, uninephrectomized rats
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progressively developed renal impairments accompanied
by metabolic disorders (Sui et al. 2007), fat redistribution
(Zhao et al. 2008), lipid partitioning (Zhao et al. 2011),
renin—angiotensin system (RAS) activation (Sui et al.
2010; Yang et al. 2009b, 2016), and remnant kidney cancer
(Sui et al. 2009; Yang et al. 2009b). Similarly, albuminu-
ria, proteinuria, end-stage renal disease, and death might
be the major concerns of LKDs after 5 years and onward
(Li et al. 2016).

Renal function plays an important role in immune
response, especially for the development of T cells which
is dependent on thymus. A long-term immune dysfunction
in LKDs would lead to one of the significant severe out-
comes, cancer. The wide participation of healthy persons as
kidney donors calls for awareness of cancer risk associated
with donation which may have a long latency period (Spital
2015). Most strikingly, both LKDs and kidney recipients
with some degree of immunity dysfunction face a similarly
increased risk of incident cancer (Kasiske et al. 2004; Len-
tine et al. 2012), although these two groups of persons are
biologically completely different. Based on this initial find-
ing, we pooled these extracted effects sizes using meta-ana-
Iytical techniques. Thus, the primary question of this study
is whether kidney transplantation increases the risk of cancer
over a long-term follow-up in LKDs or recipients.

Methods

We use the preferred reporting items for systematic reviews
and meta-analyses statement as guide in this study.

Literature search

Three reviewers systematically compiled citations and
searched English databases including PubMed, Cochrane
Library, MEDLINE, EMBASE, and the U.S. Organ Pro-
curement and Transplantation Network; Chinese databases
including Wangfang database, Chinese National Knowledge
Infrastructure; and Japan science and technology informa-
tion aggregator electronic from 1955 through May 2016.
The strategies included the terms “living kidney donation”,
“living kidney transplantation”, “renal transplantation”,
and “unilateral nephrectomy” were used in various com-
binations with “cancer”, “mortality”, “incidence”, “malig-
nancy”, “tumor”, “neoplasm”, and “carcinoma”. We also
conducted manual search of the bibliographies and reference
lists to identify relevant studies. Countries worldwide were
involved in this study, including America, Spain, Norway,
Korea, Danmark, Poland, Canada, Japan, Swiss, Pakistan,

and China.
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Study selection

All published articles were meeting the following eligibility
criteria (Li et al. 2016): (a) comparisons were conducted
between donation/transplantation and controls or before and
after donation/transplantation; (b) available data were cancer
outcomes including incidence and mortality of malignan-
cies, or they could be calculated by disclosed sufficient data;
(c) for the recipients and LKDs, duration of follow-up was
accrued from the date of uninephrectomy, and non-donors
were accrued from the enrollment into the study; (d) if there
were multiple articles, we cited the most representative one
with the largest number of participants and longest duration
of follow-up; (e) all relative literatures were in Chinese or
English, and published in their entirety. After systematical
training, pairs of reviewers independently evaluated the eli-
gibility of all English language and non-English language
publications. A third reviewer resolved disagreements.

The following literatures were excluded: studies that did
not investigate the development of cancer as end point out-
comes, outcomes were unclear; non-clinical nature, duplica-
tions, and non-original reports including reviews, editorials,
letters, and commentaries.

Data abstraction

Four reviewers independently abstracted the following data
from all eligible studies: description of study design, gen-
eral characteristics of participants, cancer outcomes, meas-
urement of various outcomes. We conducted comparison
between LKDs and non-donors to avoid the age-related risk
for development of cancer in this study. The primary out-
comes included incidence and mortality of cancer.

Validity assessment

In this study, we chose the Risk of Bias Assessment Tool for
Nonrandomized Studies (RoBANS) to assess the quality of
the included studies for the purpose of validity, feasibility
and reliability, like our previous report (Kim et al. 2013).
A total of six sections composed the assessment system,
including selection of individuals, consideration of con-
founding variables, blinding of outcome assessments, meas-
urements of outcomes, handling of incomplete outcome data
and selective reporting of outcomes.

Statistical analysis

Summarized mean or odds ratio estimates were calculated
by the fixed-effect or random-effect models with generalized
least-squares estimation. Q test was used to ensure whether
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between-study heterogeneity was present and a 2-tailed P
value less than 0.1 was considered statistically significant.
The 7 statistic was used to examine the magnitude of hetero-
geneity among the literatures. /> > 75% indicates high hetero-
geneity and random-effects model is appropriate, otherwise
fixed-effects model was selected.

Publication bias was evaluated through visual inspection
of funnel plot. Egger regression tests the symmetry of fun-
nel plot and a 2-tailed P value less than 0.05 indicates the
presence of publication bias. All analyses were conducted
using Review Manager 5 software package (version 5.1; The
Nordic Cochrane Center, Copenhagen Denmark), Microsoft
Excel 2010 (Microsoft Corporation., Washington), and Stata

Potential studies
N=938

Excluded: N=684

Not meet inclusion criteria

A4

Full-text articles
assessed for eligibility
N=254

Excluded: N=246

Non-clinical and non-human: 166
f————> | Unclear of outcome evaluation: 41
Duplicate publication: 5
Inapplicable reports: 34

v

Included studies
N=8

Fig. 1 Flow chart of study selection process

11.0SE statistical software package (StataCorp, College Sta-
tion, TX). Results were graphed in SigmaPlot 12.0 software
package (Systat Software International., Chicago).

Results
Preparation and description of studies

A total of eight full-text articles (Birkeland and Storm 2002;
Chu et al. 2012; Kasiske et al. 2004; Lentine et al. 2012;
Nafar et al. 2005; Park et al. 2000; Schold et al. 2014; Ver-
oux et al. 2004) with 48,950 participants derived from 938
potential studies in six countries were eligible in this study
(Fig. 1). The eight articles were published between 2002 and
2014. Table 1 shows the essential information of these eight
studies. Most studies were conducted in America (37.5%).
Five studies reported the frequency of being lost to follow-up
with an average rate of 5.5% in selected participants. Three
articles conducted the comparison between donors and con-
trols, and five showed outcomes between post-donation and
pre-donation. Of the eight studies, six provided classification
and only two calculated the incidence of each type of cancer.

Methodological quality and bias of studies

According to the results of ROBANS, there is no distinct
risk of bias in this meta analysis. For all studies included,
the overall risk of bias analysis showed low-risk vs. high-
risk of bias for selection of participants (87.5% vs. 0), con-
founding variables (62.5% vs. 0), measurement of exposure
(50.0% vs. 0), blinding of outcome assessments (75.0% vs.
0), incomplete outcome data (100.0% vs. 0), and selective
reporting (100.0% vs. 0), as shown in Fig. 2. No significant

Table 1 Characteristics of the included eight clinical trials of living kidney transplantation

References Location Lost to Donors,n Women, % Age at donation Duration of follow- Period of donation
follow- (years) up
up, %
Birkeland et al. Copenhagen, Den- NR 626 NR NR NR 1969-1996
(2002) mark
Chu et al. (2012) Hong Kong, China  27.4 149 56.0 33.9+9.7 160.39+87.96 M 1980-2009
Kasiske et al. Minneapolis, NR 35,765 40.0 NR NR 1995-2001
(2004) America
Lentine et al. (2012) Missouri, America 0 4650 54.0 37.2+10.0 77Y 1987-2007
Nafar et al. (2005)  Tehran, Iran 0 2117 NR 435+12.1 81.1+61 M 1984-2004
Park et al., (2000) Seoul, Korea NR 1130 379 NR 51+39Y 1969-1999
Schold et al. (2014) Cleveland, America 0 4524 61.0 41.1+11.5 NR 2005-2010
Veroux et al. (2004) Catania, Italy 0 138 NR NR 18.1 M 2000-2003

Data are shown as mean + standard deviation

NR not report, D days, M, months; Y, years
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Selection of participants

Confounding variables

Blinding for outcome assessment

Incomplete outcome data
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| |
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| |
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| |
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‘ I:‘ Low risk of bias D Unclear risk of bias . High risk of bias I

Fig.2 Risk of bias graph of all included quasi-randomized trials

biases existed in the analyses shown by funnel plots (Fig. 3,
P=0.070) and egger regression test (P> 0.050).

Increased risk of cancer after kidney transplantation

Six studies involved the observed incidence of cancer
in 4803 recipients and LKDs over 6.7 years of follow-
up (Fig. 4), and the pooled overall rate was 0.03 (95% CI
0.02-0.04; P <0.001) by random effects model (P=83.2%).
Furthermore, the estimated incidence rates of cancer were
almost the same as recipients (0.03; 95% CI 0.01-0.05;
P <0.001) and LKDs (0.03; 95% CI 0.1-0.07; P=0.001).
Two studies assessed the risk for cancer in 9102 LKDs and
recipients compared with 3319 controls from 1987 to 2007
(Fig. 5). One study detected the occurrence of cancer after
kidney transplantation by comparing rates of cancer in first-
time kidney transplant recipients with rates in the general
US population (Kasiske et al. 2004). Another study carried
out this comparison in prior LKDs and age- and sex-matched
non-donor controls, and both cohorts were from the same
database, the US Organ Procurement and Transplantation
Network (Lentine et al. 2012). An increased risk for all
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Fig.4 Rate of cancer after donation

cancer after transplantation was detected, with an overall
odds ratio (OR) 2.80 (95% CI 2.69-2.92) by random effects
model (>=99.0%). Especially, both recipients and LKDs
showed a significant higher risk of melanoma than controls,
with an overall OR 2.94 (95% CI 2.39, 3.61) by random
effects model (>=96.7%). The same results were found in
skin cancer and non-skin cancer (Figure S1).

Discussion

The eight studies included in this analysis varied greatly
in methodological rigor, follow-up period, and conclusions
on whether living kidney transplantation increases risk
of cancer. In this study, we mathematically pooled results
from a subset of small inconclusive studies that conducted
non-donors. Here we show that living kidney donation was
associated with an increased risk of cancer in both LKDs
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Total cancer

Study, years Donation ~ Control * OR (95% CI)
Recipient

Kasiske et al., 2004 7142 929 = 8.20(7.66,8.79)
Subtotal ' 8.20 (7.66, 8.79)

Living kidney donor

Lentine et al., 2012 1960 2390 m 0.82(0.77, 0.87)
Subtotal ‘ 0.82(0.77, 0.87)
Pooled estimate 9102 3319 ‘ 2.80 (2.69, 2.92)
(1= 99.0%)
r )
0.11 1 8.79
Melanoma
Study, years Donation ~ Control * OR (95% CI)
Recipient
Kasiske et al., 2004 195 31 —=—  630(431,920)
Subtotal ’ 630 (4.31, 9.20)
Living kidney donor
Lentine et al., 2012 160 90 - 1.78 (1.37,2.30)
Subtotal ’ 1.78 (1.37,2.30)
Pooled estimate 355 121 ‘ 2.94(2.39,3.61)
(P=96.7%)
r 1
0.109 1 9.2

Fig.5 Risk of all cancer and melanoma at least 5 years after dona-
tion (Rate per 100,000 person-years). *The control was defined as
the general US population in Kasiske et al. (2004), and age- and sex-
matched nondonor in Lentine et al. (2012). OR, odds radio

and recipients. However, these finding are based on limited
access to trial results from publicly available source. Fur-
thermore, some results are derived from a relatively small
number of events, resulting in OR that could be affected
by small changes in the classification of events, such as
included types of cancer and sample size of each study.

Cancer in recipients

Although we did not have access to the adequate source
data to construct a composite outcome that indicates the
risk for various malignancies after donation, cancer is the
one of the most common causes of death in renal transplant
recipients (Howard et al. 2001). It is well-recognized that
the development of post-transplant cancer is a complica-
tion of kidney transplantation mainly due to immunosup-
pressive therapy (Rostami et al. 2011). Immunotherapeutics
that promote effector T cell responses have the potential to
eliminate tumors when used in a therapeutic setting. There is
growing evidence that long-term renal transplant survivors
with immunotherapeutics are at an increased risk for cancer
(Peddi et al. 1998). One study reported that organ transplant
recipients are at high risk for post-transplant lymphoma
(Opelz and Dohler 2004). Kidney transplantation increase
risk for cancer of the genitourinary system by the odds ratio
of 7.3 in males and 11.2 in females (Schmidt et al. 1995).

Compared with the general population, the rates for most
malignancies are higher in patients after kidney transplanta-
tion. In the present study, recipient group showed the odds
ratio of 6.3 for melanoma. Similar results emerged after
comparing incidence of malignancies in patients on the
waiting list and after kidney transplantation (Kasiske et al.
2004). Skin tumors, especially Kaposi’s sarcoma and non-
melanoma skin malignancies, were highly prevalent with
up to 20-fold increase in recipients than the general popu-
lation (Moray et al. 2004; Strauss and Thomas 2010; Yan
et al. 2014). In observational studies, both kidney recipients
and patients on the waiting list showed increased risk of the
above-mentioned tumors.

Generally, the cumulative incidence of cancer in recipi-
ents increased noticeably in the second and third post-trans-
plantation decades and the overall rates were currently raised
with period after post-transplantation, from 1.8% at 5 years
to 25.6% at 25 years (Arichi et al. 2008). A higher estimated
incidence rate of cancer (3000 per 100,000) emerged in
recipients in our study than the global estimated incidence
rate of cancer for 182 per 100,000 reported in 2014 (Ber-
nard 2014). Thus, transplant-related malignancies in the
organ-recipient population have become a major contribu-
tor to morbidity and mortality in long-term studies of kid-
ney transplantation. Most often develop de novo or recurrent
cancer in the immunosuppressed recipients after transplan-
tation (Mazuecos et al. 2009). Although the increased risk
for cancer in kidney recipients has long been established, a
similarly increased risk for cancer in LKDs is a surprisingly
novel finding.

Risk of cancer for living kidney donors

Until now, de novo development of cancer in the solitary
remnant kidney and elsewhere after donation remains con-
troversial (Gupta et al. 2004). Here we show that, as com-
pared with nondonors, donors were associated with a signifi-
cant increase in the risk of melanoma. The different trends
appeared in the risk of total cancer and melanoma for LKDs
probably due to selected controls. In Fig. 5, recipients were
compared with the general US population and LKDs vs.
nondonors who passed selection criteria for living kidney
transplantation. In fact, general population included a large
proportion of individuals with chronic disease and other
health-related conditions that might be associated with
an increased risk of cancer. Therefore, the risk of cancer
is more likely underestimated when LKDs are compared
with the general populations. Of the donors, about 60% rated
their physical and mental health higher than average for their
age—gender peers in the USA general population (Ibrahim
et al. 2009). That means the risk of total cancer and mela-
noma in LKDs were underestimated again. Thus, a higher
estimated incidence rate of cancer for 3100 per 100,000
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was found in LKDs than the global estimated incidence
rate of cancer in 2014 (Bernard 2014). The mechanism for
the apparent increase of cancer in LKDs associated with
unilateral nephrectomy remains uncertain. One potential
contributing factor may be attributed to the persistent acti-
vation of renin—angiotensin system, hemodynamic distur-
bance and fluid overload in the residual kidney (Stocks et al.
2012). LKDs might have impaired glomerular filtration rate
in short-term after donation, followed by albuminuria and
end-stage renal disease as long-term outcomes (Gossmann
et al. 2005; Hew et al. 2014; Li et al. 2016). Previously, we
have performed a series of studies using uninephrectomized
rats to show uninephrectomy-induced renal carcinogenesis
under metabolic disorders of insulin resistance and renal
dysfunction (Sui et al. 2010, 2009, 2007; Yang et al. 2009b;
Zhao et al. 2008, 2011). The uninephrectomy-induced renal
carcinogenesis and metabolic disorders might be associated
with cross-talks of persistent RAS activation with disturbed
insulin-like growth factor-1 and adenosine 5’-monophos-
phate-activated protein kinase signaling pathways (Yang
et al. 2016, 2017). Indeed, RAS blockade protects against
cancer, renal failure and death in systemic review and meta-
analysis (Shen et al. 2016a, b). Alternatively, albuminuria
and proteinuria might increase the risk of cancer in LKDs
and patients with type 2 diabetes. (Li et al. 2016; Yang et al.
2009a).

Our previous studies have found the important role of
RAS and lipid metabolism in the development of cancer in
uninephrectomized rats and type 2 diabetes patients usually
accompanied by immune disorders (Yang et al. 2009a, b).
It is well-established that adaptive immunity can restrain
tumor growth, in particular, IFN-y-secreting T cells. The
induction of protective antitumor immunity is compromised
by innate immunosuppressive mechanisms and regulatory
cells that often dominate the tumor microenvironment (Butt
and Mills 2014). However, immune escape and immune sup-
pression are also evolved in tumor growth through the induc-
tion or recruitment of regulatory cells and the production of
molecules that suppress antitumor effector T cell responses
(Byrne et al. 2011). Presence of hypertension, obesity and
inflammatory mediators increased over time after transplan-
tation (Kasiske et al. 2015). These findings could provide
further support for the similar cancer risks in both LKDs
and kidney recipients as long as disorders of metabolic and
immunologic homeostasis are concerned.

Better living donation

Monitoring the short- and long-term health of LKDs
remains critically important to the continued success of liv-
ing donation (Davis 2009; Schold et al. 2013; Srinivas and
Poggio 2012). Further study of cancer after kidney donation
and transplantation is warranted to ensure that evaluation,
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selection, and long-term follow-up outcomes support overall
good health of the donors (Lentine et al. 2012). We must
encourage financing studies that follow large diverse cohorts
of LKDs over their entire lifetime to detect key characteris-
tics that influence outcomes. As follow-up of LKDs in gen-
eral is limited in scope, duration, completeness, definition
of control groups, different surgical techniques (Lentine and
Patel 2012), additional methods for quantifying risk of can-
cer among diverse LKDs are urgently needed.

Acknowledgements The authors thank all the participants for their
contribution to this study. The authors also thank the eight authors
of included studies that generously confirmed and provided informa-
tion and performed additional analyses for this study. This work was
supported by grants from the National Natural Science Foundation of
China (81270934, 81471054) and the Natural Science Foundation of
Guangxi (2016GXNSFBA380009).

Author contributions MW composed manuscript, checked results, and
drew table and figures. HZ wrote the first draft of manuscript and per-
formed statistical analyses. DZ and YCQ performed literature search-
ing. YHP provided administrative help. YCW extracted information.
HLZ designed the project and revised the manuscript.

Funding This study was funded by the National Natural Science Foun-
dation of China (81270934, 81471054) and the Natural Science Foun-
dation of Guangxi (2016GXNSFBA380009).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval The study protocols conformed to the ethical guide-
lines of the Declaration of Helsinki and was approved by the Ethics
Committee Board of Guilin Medical University (GLMC20120308HL).

Informed consent Informed consent was obtained from all individual
participants included in the study.

References

Arichi N, Kishikawa H, Nishimura K, Mitsui Y, Namba Y, Tokugawa
S, Ichikawa Y (2008) Malignancy following kidney transplanta-
tion. Transplant Proc 40:2400-2402. https://doi.org/10.1016/j.
transproceed.2008.07.103

Bernard WS, Christopher PW (2014) World cancer report 2014. France
the international agency for research on cancer

Birkeland SA, Storm HH (2002) Risk for tumor and other disease
transmission by transplantation: a population-based study of
unrecognized malignancies and other diseases in organ donors.
Transplantation 74:1409-1413. https://doi.org/10.1097/01.
TP.0000034717.19606.B5

Boudville N, Prasad GV, Knoll G, Muirhead N, Thiessen-Philbrook
H, Yang RC, Rosas-Arellano MP, Housawi A, Garg AX, Donor
Nephrectomy Outcomes Research, N (2006) Meta-analysis:
risk for hypertension in living kidney donors. Ann Intern Med
145:185-196

Butt AQ, Mills KH (2014) Immunosuppressive networks and check-
points controlling antitumor immunity and their blockade in the


https://doi.org/10.1016/j.transproceed.2008.07.103
https://doi.org/10.1016/j.transproceed.2008.07.103
https://doi.org/10.1097/01.TP.0000034717.19606.B5
https://doi.org/10.1097/01.TP.0000034717.19606.B5

Journal of Cancer Research and Clinical Oncology (2018) 144:543-550

549

development of cancer immunotherapeutics and vaccines. Onco-
gene 33:4623-4631. https://doi.org/10.1038/onc.2013.432

Byrne WL, Mills KH, Lederer JA, O’Sullivan GC (2011) Targeting
regulatory T cells in cancer. Cancer Res 71:6915-6920. https://
doi.org/10.1158/0008-5472.CAN-11-1156

Chu KH, Poon CK, Lam CM, Cheuk A, Yim KF, Lee W, Tang
HL, Chan HW, Fung KS, Tong KL (2012) Long-term out-
comes of living kidney donors: a single centre experience
of 29 years. Nephrology (Carlton) 17:85-88. https://doi.
org/10.1111/j.1440-1797.2011.01524.x

Davis CL (2009) Living kidney donors: current state of affairs. Adv
Chronic Kidney Dis 16:242-249. https://doi.org/10.1053/j.
ackd.2009.05.007

Gossmann J, Wilhelm A, Kachel HG, Jordan J, Sann U, Geiger H,
Kramer W, Scheuermann EH (2005) Long-term consequences of
live kidney donation follow-up in 93% of living kidney donors in
a single transplant center. Am J Transpl 5:2417-2424. https://doi.
org/10.1111/1.1600-6143.2005.01037.x

Gupta NP, Albani JM, Novick AC, Sivaramakrishna B, Kumar
R (2004) Renal cell cancer in solitary kidney after donor
nephrectomy. Urology 64:808—809. https://doi.org/10.1016/j.
urology.2004.05.015

Hew MN, Opondo D, Cordeiro ER, van Donselaar-van der Pant KA,
Bemelman FJ, Idu MM, de la Rosette JJ, Laguna MP (2014) The
1-year decline in estimated glomerular filtration rate (¢GFR) after
radical nephrectomy in patients with renal masses and matched
living kidney donors is the same. BJU Int 113:E49-55. https://doi.
org/10.1111/bju.12345

Howard RJ, Reed AI, Van Der Werf WJ, Hemming AW, Patton PR,
Scornik JC (2001) What happens to renal transplant recipients
who lose their grafts? Am J Kidney Dis 38:31-35. https://doi.
org/10.1053/ajkd.2001.25178

Ibrahim HN, Foley R, Tan L, Rogers T, Bailey RF, Guo H, Gross
CR, Matas AJ (2009) Long-term consequences of kidney dona-
tion. N Engl J Med 360:459-469. https://doi.org/10.1056/
NEJMo0a0804883

Kasiske BL, Snyder JJ, Gilbertson DT, Wang C (2004) Cancer after
kidney transplantation in the United States. Am J Transpl 4:905—
913. https://doi.org/10.1111/j.1600-6143.2004.00450.x

Kasiske BL, Anderson-Haag T, Israni AK, Kalil RS, Kimmel PL,
Kraus ES, Kumar R, Posselt AA, Pesavento TE, Rabb H, Steffes
MW, Snyder JJ, Weir MR (2015) A prospective controlled study
of living kidney donors: three-year follow-up. Am J Kidney Dis
66:114-124. https://doi.org/10.1053/j.ajkd.2015.01.019

Kim SY, Park JE, Lee YJ, Seo HJ, Sheen SS, Hahn S, Jang BH, Son
HJ (2013) Testing a tool for assessing the risk of bias for non-
randomized studies showed moderate reliability and promising
validity. J Clin Epidemiol 66:408—414. https://doi.org/10.1016/j.
jelinepi.2012.09.016

Lentine KL, Patel A (2012) Risks and outcomes of living donation.
Adv Chronic Kidney Dis 19:220-228. https://doi.org/10.1053/j.
ackd.2011.09.005

Lentine KL, Vijayan A, Xiao H, Schnitzler MA, Davis CL, Garg AX,
Axelrod D, Abbott KC, Brennan DC (2012) Cancer diagnoses
after living kidney donation: linking USA Registry data and
administrative claims. Transplantation 94:139-144. https://doi.
org/10.1097/TP.0b013e318254757d

Lewington S, Clarke R, Qizilbash N, Peto R, Collins R, Studies P, C
(2002) Age-specific relevance of usual blood pressure to vascular
mortality: a meta-analysis of individual data for one million adults
in 61 prospective studies. Lancet 360:1903-1913

Li SS, Huang YM, Wang M, Shen J, Lin BJ, Sui Y, Zhao HL (2016).
A meta-analysis of renal outcomes in living kidney donors.
Medicine (Baltimore) 95:e3847. https://doi.org/10.1097/
MD.0000000000003847

Mazuecos A, Munoz Terol JM, Garcia Alvarez T, Sola E, Rodri-
guez Benot A, Dsuna A, Bedoya R, Gentil MA (2009) Increase
in malignancies as cause of death in renal transplant patients.
Transplant Proc 41:2159-2162. https://doi.org/10.1016/j.
transproceed.2009.05.029

Moray G, Basaran O, Yagmurdur MC, Emiroglu R, Bilgin N, Haberal
M (2004) Immunosuppressive therapy and Kaposi’s sarcoma after
kidney transplantation. Transplant Proc 36:168-170. https://doi.
org/10.1016/j.transproceed.2003.11.016

Nafar M, Einollahi B, Hemati K, Gholi FP, Firouzan A (2005) Devel-
opment of malignancy following living donor kidney transplan-
tation. Transplant Proc 37:3065-3067. https://doi.org/10.1016/j.
transproceed.2005.08.011

Opelz G, Dohler B (2004) Lymphomas after solid organ transplan-
tation: a collaborative transplant study report. Am J Transpl
4:222-230

Park JH, Park JH, Bok HJ, Kim BS, Yang CW, Kim YS, Kim SY, Moon
IS, Koh YB, Bang BK (2000) Posttransplant malignancy during
30 years at a single center. Transpl Proc 32:1979

Peddi VR, Whiting J, Weiskittel PD, Alexander JW, First MR (1998)
Characteristics of long-term renal transplant survivors. Am J Kid-
ney Dis 32:101-106

Robitaille P, Mongeau JG, Lortie L, Sinnassamy P (1985) Long-term
follow-up of patients who underwent unilateral nephrectomy in
childhood. Lancet 1:1297-1299

Rostami Z, Einollahi B, Lessan-Pezeshki M, Nourbala MH, Nemati E,
Pourfarziani V, Shahbazian H, Khosravi M, Jalalzadeh M (2011)
Old male living renal transplant recipients more likely to be at
risk for colorectal cancer. Transpl Proc 43:588-589. https://doi.
org/10.1016/j.transproceed.2011.01.073

Schmidt R, Stippel D, Krings F, Pollok M (1995) Malignancies of the
genito-urinary system following renal transplantation. Br J Urol
75:572-577

Schold JD, Goldfarb DA, Buccini LD, Rodrigue JR, Mandelbrot DA,
Heaphy EL, Fatica RA, Poggio ED (2013) Comorbidity burden
and perioperative complications for living kidney donors in the
United States. Clin J] Am Soc Nephrol 8:1773-1782. https://doi.
org/10.2215/CIN.12311212

Schold JD, Goldfarb DA, Buccini LD, Rodrigue JR, Mandelbrot D,
Heaphy EL, Fatica RA, Poggio ED (2014) Hospitalizations fol-
lowing living donor nephrectomy in the United States. Clin ] Am
Soc Nephrol 9:355-365. https://doi.org/10.2215/CIN.03820413

Segev DL, Muzaale AD, Caffo BS, Mehta SH, Singer AL, Taranto SE,
McBride MA, Montgomery RA (2010) Perioperative mortality
and long-term survival following live kidney donation. JAMA
303:959-966. https://doi.org/10.1001/jama.2010.237

Shen J, Huang YM, Song XN, Hong XZ, Wang M, Ling W, Zhang XX,
Zhao HL (2016a). Protection against death and renal failure by
renin-angiotensin system blockers in patients with diabetes and
kidney disease. J Renin Angiotensin Aldosterone Syst. https://doi.
org/10.1177/1470320316656481

Shen J, Huang YM, Wang M, Hong XZ, Song XN, Zou X, Pan
YH, Ling W, Zhu MH, Zhang XX, Sui Y, Zhao HL (2016b).
Renin-angiotensin system blockade for the risk of cancer
and death. J Renin Angiotensin Aldosterone Syst. https://doi.
org/10.1177/1470320316656679

Spital A (2015) Regarding ‘Long-term risks for kidney donors’. Kidney
Int 87:660. https://doi.org/10.1038/ki.2014.397

Srinivas TR, Poggio ED (2012) Do living kidney donors have CKD?
Adv Chronic Kidney Dis 19:229-236. https://doi.org/10.1053/j.
ackd.2012.05.008

Stocks T, Van Hemelrijck M, Manjer J, Bjorge T, Ulmer H, Hall-
mans G, Lindkvist B, Selmer R, Nagel G, Tretli S, Concin H,
Engeland A, Jonsson H, Stattin P (2012) Blood pressure and risk
of cancer incidence and mortality in the Metabolic Syndrome

@ Springer


https://doi.org/10.1038/onc.2013.432
https://doi.org/10.1158/0008-5472.CAN-11-1156
https://doi.org/10.1158/0008-5472.CAN-11-1156
https://doi.org/10.1111/j.1440-1797.2011.01524.x
https://doi.org/10.1111/j.1440-1797.2011.01524.x
https://doi.org/10.1053/j.ackd.2009.05.007
https://doi.org/10.1053/j.ackd.2009.05.007
https://doi.org/10.1111/j.1600-6143.2005.01037.x
https://doi.org/10.1111/j.1600-6143.2005.01037.x
https://doi.org/10.1016/j.urology.2004.05.015
https://doi.org/10.1016/j.urology.2004.05.015
https://doi.org/10.1111/bju.12345
https://doi.org/10.1111/bju.12345
https://doi.org/10.1053/ajkd.2001.25178
https://doi.org/10.1053/ajkd.2001.25178
https://doi.org/10.1056/NEJMoa0804883
https://doi.org/10.1056/NEJMoa0804883
https://doi.org/10.1111/j.1600-6143.2004.00450.x
https://doi.org/10.1053/j.ajkd.2015.01.019
https://doi.org/10.1016/j.jclinepi.2012.09.016
https://doi.org/10.1016/j.jclinepi.2012.09.016
https://doi.org/10.1053/j.ackd.2011.09.005
https://doi.org/10.1053/j.ackd.2011.09.005
https://doi.org/10.1097/TP.0b013e318254757d
https://doi.org/10.1097/TP.0b013e318254757d
https://doi.org/10.1097/MD.0000000000003847
https://doi.org/10.1097/MD.0000000000003847
https://doi.org/10.1016/j.transproceed.2009.05.029
https://doi.org/10.1016/j.transproceed.2009.05.029
https://doi.org/10.1016/j.transproceed.2003.11.016
https://doi.org/10.1016/j.transproceed.2003.11.016
https://doi.org/10.1016/j.transproceed.2005.08.011
https://doi.org/10.1016/j.transproceed.2005.08.011
https://doi.org/10.1016/j.transproceed.2011.01.073
https://doi.org/10.1016/j.transproceed.2011.01.073
https://doi.org/10.2215/CJN.12311212
https://doi.org/10.2215/CJN.12311212
https://doi.org/10.2215/CJN.03820413
https://doi.org/10.1001/jama.2010.237
https://doi.org/10.1177/1470320316656481
https://doi.org/10.1177/1470320316656481
https://doi.org/10.1177/1470320316656679
https://doi.org/10.1177/1470320316656679
https://doi.org/10.1038/ki.2014.397
https://doi.org/10.1053/j.ackd.2012.05.008
https://doi.org/10.1053/j.ackd.2012.05.008

550

Journal of Cancer Research and Clinical Oncology (2018) 144:543-550

and Cancer Project. Hypertension 59:802-810. https://doi.
org/10.1161/HYPERTENSIONAHA.111.189258

Strauss DC, Thomas JM (2010) Transmission of donor melanoma
by organ transplantation. Lancet Oncol 11:790-796. https://doi.
org/10.1016/S1470-2045(10)70024-3

Sui Y, Zhao HL, Ma RC, Ho CS, Kong AP, Lai FM, Ng HK, Rowlands
DK, Chan JC, Tong PC (2007) Pancreatic islet beta-cell deficit and
glucose intolerance in rats with uninephrectomy. Cell Mol Life Sci
64:3119-3128. https://doi.org/10.1007/s00018-007-7395-1

Sui Y, Zhao HL, Lee HM, Guan J, He L, Lai FM, Tong PC, Chan JC
(2009) Renal carcinogenesis after uninephrectomy. Transl Oncol
2:258-263

Sui Y, Zhao HL, Fan RR, Guan J, He L, Lee HM, Chan JC, Tong
PC (2010) Renin-angiotensin system activation in renal adipo-
genesis. Am J Physiol Renal Physiol 298:F391-400. https://doi.
org/10.1152/ajprenal.00445.2009

Veroux M, Puliatti C, Fiamingo P, Cappello D, Macarone M, Puliatti
D, Vizcarra D, Gagliano M, Veroux P (2004) Early de novo malig-
nancies after kidney transplantation. Transpl Proc 36:718-720.
https://doi.org/10.1016/j.transproceed.2004.03.021

Yan L, Chen P, Chen EZ, Gu A, Jiang ZY (2014) Risk of bladder
cancer in renal transplant recipients: a meta-analysis. Br J Cancer
110:1871-1877. https://doi.org/10.1038/bjc.2014.44

Yang X, So WY, Ma RC, Ko GT, Kong AP, Zhao H, Luk AO, Lam
CW, Ho CS, Tong PC, Chan JC (2009a) Low LDL cholesterol,

@ Springer

albuminuria, and statins for the risk of cancer in type 2 diabetes:
the Hong Kong diabetes registry. Diabetes Care 32:1826-1832.
https://doi.org/10.2337/dc09-0725

Yang X, Zhao H, Sui Y, Ma RC, So WY, Ko GT, Kong AP, Ozaki R,
Yeung CY, Xu G, Tong PC, Chan JC (2009b) Additive interac-
tion between the renin-angiotensin system and lipid metabolism
for cancer in type 2 diabetes. Diabetes 58:1518—1525. https://doi.
org/10.2337/db09-0105

Yang KK, Sui Y, Zhou HR, Shen J, Tan N, Huang YM, Li SS, Pan
YH, Zhang XX, Zhao HL (2016). Cross-talk between AMP-acti-
vated protein kinase and renin-angiotensin system in uninephrec-
tomised rats. J Renin Angiotensin Aldosterone Syst. https://doi.
org/10.1177/1470320316673231

Yang KK, Sui Y, Zhou HR, Zhao HL (2017). Interaction of renin-angi-
otensin system and adenosine monophosphate-activated protein
kinase signaling pathway in renal carcinogenesis of uninephrec-
tomized rats. Tumour Biol 39:1010428317699116. https://doi.
org/10.1177/1010428317699116

Zhao HL, Sui Y, Guan J, He L, Zhu X, Fan RR, Xu G, Kong AP,
Ho CS, Lai FM, Rowlands DK, Chan JC, Tong PC (2008) Fat
redistribution and adipocyte transformation in uninephrectomized
rats. Kidney Int 74:467-477. https://doi.org/10.1038/ki.2008.195

Zhao HL, Sui Y, He L, Guan J, Xiao SJ, Zhong DR, Xu Q, Zeng SE
(2011) Lipid partitioning after uninephrectomy. Acta Diabetol
48:317-328. https://doi.org/10.1007/s00592-011-0286-9


https://doi.org/10.1161/HYPERTENSIONAHA.111.189258
https://doi.org/10.1161/HYPERTENSIONAHA.111.189258
https://doi.org/10.1016/S1470-2045(10)70024-3
https://doi.org/10.1016/S1470-2045(10)70024-3
https://doi.org/10.1007/s00018-007-7395-1
https://doi.org/10.1152/ajprenal.00445.2009
https://doi.org/10.1152/ajprenal.00445.2009
https://doi.org/10.1016/j.transproceed.2004.03.021
https://doi.org/10.1038/bjc.2014.44
https://doi.org/10.2337/dc09-0725
https://doi.org/10.2337/db09-0105
https://doi.org/10.2337/db09-0105
https://doi.org/10.1177/1470320316673231
https://doi.org/10.1177/1470320316673231
https://doi.org/10.1177/1010428317699116
https://doi.org/10.1177/1010428317699116
https://doi.org/10.1038/ki.2008.195
https://doi.org/10.1007/s00592-011-0286-9

	Risk for cancer in living kidney donors and recipients
	Abstract
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Literature search
	Study selection
	Data abstraction
	Validity assessment
	Statistical analysis

	Results
	Preparation and description of studies
	Methodological quality and bias of studies
	Increased risk of cancer after kidney transplantation

	Discussion
	Cancer in recipients
	Risk of cancer for living kidney donors
	Better living donation

	Acknowledgements 
	References


