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ABSTRACT

Background: Post-transplant cancer (PTC) is a critical complication after kidney
transplantation. However, whether successfully cured PTC affects the long-term graft
outcome remains unclear.

Methods: We retrospectively reviewed 1,629 kidney transplant recipients from 1995 to 2017
after excluding patients with post-transplant hematologic or advanced non-curable cancers
and who underwent allograft nephrectomy because of cancer. Cured PTCs were defined as
cancers treated with curative methods and/or adjuvant therapy without recurrence during > 2
years. Propensity score matching was performed to match cured PTC patients with cancer-
naive patients (i.e., non-PTC group).

Results: During the median period of 7 years (maximum, 23 years), 70 patients (4.3%) had
cured PTCs. The PTC group showed significantly higher risks of death-censored graft failure
(adjusted hazard ratio [HR], 2.56 [1.05-6.23]), class II donor-specific antibodies (adjusted
HRs, 3.37 [1.30-8.71]), estimated glomerular filtration rate < 30 mL/min/1.73 m? (adjusted
HR, 2.68 [1.43-5.02]) and random urine protein/creatinine ratio > 1 g (adjusted HR, 3.61
[1.92-6.79]) compared to non-PTC group. However, the risk of mortality was not different
between the PTC and non-PTC groups. According to the cancer type, only urogenital cancer
had a significant association with graft failure (adjusted HR, 4.26 [1.19-15.22]) and the
gastrointestinal cancer showed elevated risk of T cell mediated rejection compared to non-
PTC (adjusted HR, 20.44 [6.02-69.39]).

Conclusion: Appropriate monitoring of graft function is necessary in patients with cured PTCs.

Keywords: Cancer; Kidney Transplantation; Graft Function; Malignancy; Mortality

INTRODUCTION

Kidney transplantation is an effective treatment for end-stage renal disease. Patient and
graft survival among kidney recipients has greatly improved with the development of
potent immunosuppressants.! Because of the prolonged survival time, many long-term
complications such as cardiovascular disease, glucose intolerance, and post-transplant
cancer (PTC) are emerging as new and important issues in kidney recipients.25
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The incidence of solid organ cancer in kidney recipients is reportedly > 10% within 10 years
after transplantation and > 25% after 20 years, and it is two to four times higher than that in
the age- and gender-matched general population.®-9 This high risk is dependent on the type
of tissue that is affected, but it is highest for Kaposi sarcoma and skin cancer.10,11 Among
non-skin cancers, viral infection-related cancers such as post-transplant lymphoproliferative
disease have a high incidence among kidney recipients.113 The mechanisms of PTC include
oncogenic viruses, strong immunosuppression, and altered T cell immunity.1416 A previous
study demonstrated that the use of T cell-depleting antibody as a treatment for rejection
increases the risk of genitourinary PTC.16

The risk factors associated with the development of PTC and cancer-related mortality in
kidney recipients have been thoroughly evaluated.?8 PTC reportedly increased the mortality of
transplant recipients, but the severity of cancer and its treatment status were not described.?$
Because both advanced and localized cancers were considered in previous studies, little is
known about graft function or patient survival after complete removal of cancer in transplant
recipients. Patients with advanced cancer requiring long-term chemotherapy and frequent
imaging studies with contrast media might be at risk of deteriorating graft function; thus,
determination of the effect of the cancer itself on the graft outcome is difficult. Examination
of the events of cured and non-recurrent PTCs may resolve the above issue, but no studies

to date have focused on this issue. The present study addressed whether graft survival is
maintained or deteriorates in patients with cured PTCs and whether cancer type or a change in
immunosuppressive agents after the diagnosis of PTC affects transplant outcomes.

METHODS

Patient and data collection

In total, 2,036 patients who underwent kidney transplantation in Seoul National University
Hospital from 1995 to 2017 were reviewed. We excluded patients < 18 years of age (n =

299), patients received multiple organ transplants (n = 67), patients with post-transplant
hematologic malignancy (n = 12), and patients who had allograft nephrectomy for treatment
of cancer in the graft or its ureter (n = 2). The cured PTCs were defined when cancers were
treated with curative methods and/or adjuvant therapy and there had been no recurrence

for > 2 years. The other PTC patients who cannot meet this criteria were excluded (n = 27).
Consequently, 1,629 recipients were analyzed in the present study.

The following baseline characteristics were collected: age, gender, body mass index,
diabetes mellitus, type and duration of pre-transplant dialysis, history of pre-transplant
cancer, and cause of end-stage renal disease. Transplant-related information such as

donor type (deceased or living), ABO incompatibility, the mismatch number of human
leukocyte antigens (HLAs), and the prescription information for induction and maintenance
immunosuppressants were identified. The type of PTC and its treatment were reviewed.

The primary sites and stages of PTCs and their treatment regimens were reviewed. Most of
the cancer stages were classified according to American Joint Committee on Cancer (AJCC)
Cancer Staging Manual (8th edition) except Kaposi sarcoma and cervical cancer.1”

Transplant outcome

The primary outcome was graft and patient survival. Death-censored graft failure was defined
when death with a functioning graft was considered a censored case. All-cause mortality data
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were obtained from the National Database of Statistics Korea. The secondary outcome was
the development of immunological events such as acute rejection and de novo donor-specific
antibodies (DSAs). Protocol biopsy was performed at 10 days and 1 year after transplantation.
Additionally, if rejection was suspected based on clinical features such as decreased graft
function, a biopsy was performed. The pathologic diagnosis of acute rejection was confirmed
by a pathologist according to the Banff criteria.18 DSA was detected by the Luminex single-
antigen bead assay, which was performed every 2 years and when rejection was suspected.

Statistical analysis

All statistical analyses were performed using Stata version 15.1 (StataCorp, College Station,
TX, USA) and SPSS version 25.0 (IBM Corp., Armonk, NY, USA). Continuous variables

are expressed as mean + standard deviation if normally distributed and as median with
interquartile range if not normally distributed. Categorical variables are expressed as
proportions. The y? test was used for comparison of categorical variables (Fisher's exact test
if not applicable), and Student's #-test was used for continuous variables. The Mann-Whitney
test was used if variables were not normally distributed. Propensity score matching was
performed to account for the imbalance in baseline characteristics between groups. Scores
were created with matching variables including age, gender, donor type, and transplant era.
The cases were then matched based on the propensity score in a 1:2 block with a nearest-
neighbor matching algorithm with replacement using the statistical package psmatch?2.
Matched controls received weight according to their replacement status. Kaplan-Meier curves
were drawn to compare the risks between groups, and significance was calculated using the
log-rank test. To prevent immortal time bias, PTC was treated as a time-dependent variable in
the Cox regression model of graft and patient survival by the Stata code (i.e., stsplit). Hazard
ratios (HRs) were calculated using the Cox regression model with and without adjustment for
multiple covariates. A Pvalue of < 0.05 was considered statistically significant.

Ethics statement

The study design was approved by the Institutional Review Board of Seoul National University
Hospital (No. 1811-086-986) and complied with the Declaration of Helsinki. The requirement
of informed consent was waived by the board.

RESULTS

Baseline characteristics before and after propensity score matching

Among the 1,629 patients, 70 (4.3%) had cured PTCs. The median interval from
transplantation to diagnosis of PTC was 6 years (2-12 years). According to the primary site, the
urinary tract was the most common site of cured cancer (n = 20, 28.5%) followed by the thyroid
(n=14,20.0%), gastrointestinal tract (n =13, 18.6%), and skin (n = 8, 11.4%). The other cancer
types were breast cancer (n = 5), gallbladder cancer (n = 2), prostate cancer (n = 2), Kaposi
sarcoma (n = 2), cervical cancer (n = 1), intra-abdominal fibrosarcoma (n = 1), leiomyosarcoma
of the face (n =1), and lung adenocarcinoma (n =1). Among these cured PTCs, 69 patients
underwent curative surgery and 1 patient performed curative radiotherapy. Adjuvant
treatment was performed in 3 thyroid cancer patients with radioactive iodine therapy, 2
breast cancer patients with adjuvant radiotherapy after breast conserving surgery and 1 breast
cancer patient with adjuvant anastrozole treatment for 5 years. None of the 70 patients had
adjuvant and/or curative chemotherapy. Treatment and cancer stage of PTCs are described in
Supplementary Tables 1 and 2.
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Table 1. Baseline characteristics of patients

Variables Cured cancer (n = 70) No cancer? (n =1,559) P value No cancer® (n = 140) Pvalue
Age, yr 47.2 £11.9 44.4 £13.1 0.085 48.4 £11.7 0.469
Man 57.1 62.0 0.41 60.7 0.619
Body mass index, kg/m? 22.4+2.8 22.6 +3.3 0.528 22.3+2.8 0.954
Transplant era, yr <0.001 0.819
1995-1999 24.3 8.8 20.7
2000-2009 44.3 30.3 47.9
2010-2017 31.4 60.9 31.4
Deceased donor 30.0 31.4 0.801 31.4 0.833
ABO incompatibility 2.9 7.1 0.170 2.9 1.000
No. of HLA mismatch > 3 45.7 38.3 0.212 39.3 0.373
Duration of pre-transplant dialysis, mon 21 (4-66) 17 (2-63) 0.391 17 (2-55) 0.560
Type of pre-transplant dialysis 0.365 0.574
Preemptive 10.0 15.3 15.0
Hemodialysis 72.9 65.9 67.1
Peritoneal dialysis 171 18.9 17.9
Diabetes mellitus 14.3 18.2 0.410 15.0 0.891
History of pre-transplant cancer 5.7 3.3 0.285 2.9 0.308
Cause of end-stage renal disease 0.690 0.383
Diabetes mellitus 14.3 15.3 10.0
Hypertension 7.1 7.8 8.6
Glomerulonephritis 38.6 38.2 37.9
Polycystic kidney disease 2.9 6.9 10.0
Others 371 31.9 33.6
Induction regimen <0.001 0.495
None 50.0 25.1 41.4
Basiliximab 48.6 73.4 571
Antithymocyte globulin 1.4 1.4 1.4
Calcineurin inhibitor 0.003 0.536
None 1.4 2.8 4.3
Cyclosporine 35.7 19.3 36.4
Tacrolimus 62.9 77.9 59.3
Anti-proliferative agent <0.001 0.455
None 10.0 4.3 7.9
Mycophenolic acid 70.0 89.5 77.9
Azathioprine 20.0 6.2 14.3
mTOR inhibitor 87/ 31 0.205 1.4 0.079

Data are presented as percentage.
HLA = human leukocyte antigen, mTOR = mammalian target of rapamycin.
2Before propensity score matching; "After propensity score matching.

In the comparison of baseline characteristics, the patients with PTC had a lower prescription
rate of basiliximab for induction, a higher prescription rate of cyclosporine as a calcineurin
inhibitor, and more azathioprine use as an anti-proliferative agent compared with patients
without PTC (Table 1). Because of several unbalanced factors, we performed propensity
score matching with age, gender, and transplant era to mitigate differences in baseline
characteristics between the groups. After matching of the propensity scores (Supplementary
Fig. 1), there were no differences in baseline characteristics, including induction and
maintenance immunosuppressants, between the two groups. Accordingly, non-PTC group
after propensity score matching was used for the subsequent comparison analyses.

Transplant outcomes in patients with cured PTC

Among the 70 patients with cured PTC, 8 (11.4%) had graft loss after diagnosis. The median
time from cancer diagnosis to graft failure was 6 years (3-8 years). When the Kaplan-Meier
curves were drawn, the PTC group showed a lower graft survival rate than the non-PTC group
with marginal significance (Fig. 1). Although unclear statistical significance founded in
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Fig. 1. Death-censored graft survival curves in patients with cured post-transplant cancer and patients without
cancer. The P value in the graph was obtained by log-rank test.
PTC = post-transplant cancer.

univariate Cox regression, the PTC group showed significantly elevated risk of death censored
graft failure compared to non-PTC group in multivariable Cox regression with adjustment for
age and gender (Table 2). Among the 70 patients with PTC, 3 (4.3%) died. The cause of death
was sepsis (n = 2) and unknown (n = 1). Kaplan-Meier curves showed no difference of the
mortality risk between the PTC and non-PTC groups (Fig. 2).

As the secondary outcomes, the risks of immunologic complications such as acute T cell-

mediated rejection and acute antibody-mediated rejection were not different between the PTC
and non-PTC groups. However, the risk of de novo DSA, particularly against HLA class II, was

Table 2. Risk of transplant outcome according to post-transplant cancer

Outcomes Univariate Multivariate®
HR (95% ClI) P value HR (95% CI) P value
Primary outcome
Death-censored graft failure 2.09 (0.90-4.87) 0.087 2.56 (1.05-6.23) 0.039
All-cause mortality 1.52 (0.39-5.92) 0.546 1.33 (0.34-5.24) 0.679
Secondary outcome
TCMR 9.48 (1.07-5.79) 0.035 1.61 (0.70-3.74) 0.266
ABMR 1.48 (0.31-7.15) 0.626 0.85 (0.16-4.41) 0.846
De novo DSA 3.13 (1.33-7.34) 0.009 2.18 (0.90-5.26) 0.083
Class | 3.91 (1.09-9.41) 0.034 2.40 (0.78-7.39) 0127
Class Il 5.86 (2.39-14.32) <0.001 3.37 (1.30-8.71) 0.012
eGFR < 30 mL/min/1.73 m? 3.2 (1.67-5.83) <0.001 2.68 (1.43-5.02) 0.002
uPCR 3.89 (2.19-6.90) <0.001 3.61 (1.92-6.79) <0.001

HR = hazard ratio, Cl = confidence interval, TCMR = acute T cell-mediated rejection, ABMR = acute antibody-
mediated rejection, DSA = donor-specific antibody, eGFR = estimated glomerular filtration rate, uPCR = random
urine protein-to-creatinine ratio, HLA = human leukocyte antigen, ESRD = end-stage renal disease.

2Adjusted for variables with a P value of < 0.1in the univariate analysis: age and gender in death-censored graft
failure, age, gender, body mass index, and diabetes mellitus in all-cause mortality; age, transplant era, ABO
incompatibility, the number of HLA mismatch, and induction agents in TCMR and ABMR; transplant era and the
number of HLA mismatch in de novo DSA; gender, diabetes mellitus, and the number of HLA mismatch in eGFR
<30 mL/min/1.73 m? age, transplant era, diabetes mellitus, the number of HLA mismatch, induction agent, and
the cause of ESRD in uPCR > 1.0 g/g.

https://jkms.org https://doi.org/10.3346/jkms.2020.35.e166 5/M


https://jkms.org

JKMS

KT Outcomes with Cured Cancer

0.75
=
>
=
@
£ 0.50
c
.0
=1
©
o
0.25
—— Non-PTC
..... PTC P=0.543
0 T T T T T 1
0 4 8 12 16 20 24
Analysis time, yr
No. at risk
Non-PTC 210 154 n4 73 39 14 o]
PTC 70 63 51 32 22 mn 0

Fig. 2. Overall patient survival curves in patients with cured post-transplant cancer and patients without cancer.
The P value in the graph was obtained by log-rank test.
PTC = post-transplant cancer.

higher in the PTC group than in non-PTC group. Additionally, the risks of estimated glomerular
filtration rate < 30 mL/min/1.73 m? and proteinuria (i.e., random urine protein-to-creatinine
ratio > 1 g/g) were increased in PTC group compared to non-PTC group, indicating that cured
PTC significant correlates with allograft function after kidney transplantation (Table 2).

Risk of graft failure according to cancer type

The PTCs were classified according to the primary site of development to determine

whether graft loss was associated with the specific organ. Depending on the frequency of
cancer in this cohort, we divided the PTC group into four subgroups: urogenital, thyroidal,
gastrointestinal, and skin cancers. Among the four types of PTC, the median time to cancer
diagnosis was shortest in the urogenital cancer group (2.6 years [0.8-9.4 years]) and longest
in the skin cancer group (10.3 years [6.4-15.6 years]), but there was no significant difference
between the groups (P > 0.05). The median time from PTC to graft loss was 6.5 years (3.4-8.5
years) in the urogenital cancer group (n = 3), 2.5 years in the thyroid cancer group (n=1), 6.7
years (1.5-11.3 years) in the gastrointestinal cancer group (n = 3), and 4.7 years in the skin cancer
group (n =1). There was no difference in the median time from PTC to graft failure between the
groups (P=0.826). When the graft failure rate was compared with that in the non-PTC group,
the urogenital cancer group had a particularly elevated risk of graft failure (Table 3).

Table 3. Risk of death-censored graft failure according to type of cancer

Types of cancer Univariate Multivariable*

HR (95% ClI) P value HR (95% CI) P value
No cancer 1 (Reference) 1 (Reference)
Urogenital cancer (n = 20) 3.04 (0.89-10.37) 0.076 4.96 (119-15.22) 0.026
Thyroid cancer (n =14) 1.92 (0.26-14.46) 0.526 2.81(0.36-21.68) 0.323
Gastrointestinal cancer (n = 13) 2.78 (0.77-10.00) 0.118 3.86 (1.00-14.86) 0.050
Skin cancer (n = 8) 1.87 (0.24-14.81) 0.553 1.86 (0.22-15.43) 0.565

HR = hazard ratio, Cl = confidential interval.
2Adjusted for age and gender.
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Table 4. Information on patients with cured cancer and subsequent graft failure

No. Ageat Gender Timeto Timefrom Cancertype sCratcancer Operation Chemotherapy Change of IS after diagnosis Cause of GF

transplant cancer, yr cancer to diagnosis,

GF, yr mg/dL

1 43 Man 5.6 1.3 Gastric cancer 1.2 Yes No No change TCMR with IFTA
2 48 Woman 7.4 1.5 Gastric cancer 1.5 Yes No MMF 1,250 mg > CsA100 mg  TCMR with IFTA
3 53 Man 5.4 6.7 Cecal cancer 1.7 Yes No MMF 1,000 mg -> 750 mg TCMR with IFTA
4 36 Man 15.6 4.7 Skin cancer 2.5 Yes No No change TCMR with IFTA
5 31 Man 5.6 3.4 RCC 1.7 Yes No No change Unknown
6 45 Man 2.2 8.5 RCC 1.1 Yes No Pd 5 mg > 7.5 mg Recurrent IgAN
7 47 Man 13.4 6.5 RCC 1.0 Yes No No change Suspected CABMR
8 43 Woman 10.7 2.5 Thyroid cancer 1.2 Yes No No change Unknown

GF = graft failure, sCr = serum creatinine, IS = immunosuppressant, TCMR = acute T cell-mediated rejection, IFTA = interstitial fibrosis and tubular atrophy, MMF =
mycophenolate mofetil, CsA = cyclosporine, RCC = renal cell carcinoma, Pd = prednisolone, IgAN = IgA nephropathy, CABMR = chronic antibody-mediated rejection.

The characteristics of patients with cured PTC with subsequent graft failure are listed in
Table 4. The treatment was surgical ablation of the cancer without adjuvant treatment. There
was no evidence of postsurgical or post-contrast acute kidney injury, but the graft function
slowly decreased with time. Five patients underwent graft biopsy before graft loss, showing
acute T cell-mediated rejection with interstitial fibrosis and tubular atrophy (n = 4) and
recurrent IgA nephropathy (n = 1). Three patients showed positivity on the panel-reactive
antibody assay after treatment of PTCs; one patient was suspected to have chronic antibody-
mediated rejection because of positive DSAs against HLA-DR and thus received treatment for
rejection. The causes of the other two graft failures were unknown.

The risk of acute T cell-mediated rejection in patients with gastrointestinal cancer was higher
than that in the non-PTC group with an adjusted HR of 20.44 (6.02-69.39) (P < 0.001).
However, the risk of rejection did not differ between the other cancer groups and the non-
PTC group. The similarity of the risks of acute antibody-mediated rejection and de novo DSAs
between the PTC and non-PTC groups was not dependent on the cancer type.

Effect of change in immunosuppressants on transplant outcome

Among the 70 patients with cured PTCs, 3 discontinued calcineurin inhibitors including
tacrolimus and cyclosporine, 12 discontinued anti-proliferative agents including
mycophenolic acid and azathioprine, and 14 started mammalian target of rapamycin
(mTOR) inhibitors including everolimus and sirolimus after the cancer diagnosis. In the PTC
group, each immunosuppressant status was not associated with graft failure (P= 0.498 in
discontinuation of calcineurin inhibitors, P =0.142 in discontinuation of anti-proliferative
agents, and P=0.106 in starting mTOR inhibitors according to the ) test).

DISCUSSION

Because of the great improvements in allograft and patient survival among kidney transplant
recipients, long-term complications such as PTC have become a challenging issue. Although
several guidelines recommend screening of PTC and focused on the importance of early
detection and treatment of PTCs,19-21 the present study found that even successfully treated
PTC had a high risk of graft failure. The risks of graft failure and acute T cell-mediated rejection
were particularly related to urogenital and gastrointestinal cancer, respectively, but the change
in immunosuppressants with cancer diagnosis was not associated with graft failure.
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Cancer is a long-term complication after transplantation.8,9 Several studies to date have
focused on cancer-related mortality in kidney transplant recipients, wherein PTC was a
major cause of death compared with the general population or non-PTC patients.”9 The
standardized mortality rate in young recipients was significantly higher than that in the
general population (26.36 for patients 0-19 years old and 4.48 for those 20-39 years old),8
and patients with PTC had a shorter survival time (median, 2.1 years) than age- and gender-
matched patients without PTC (8.3 years).” Nevertheless, the effect of PTC on graft function
has not been studied in detail. A previous study showed an elevated risk of graft failure in
patients with non-cutaneous cancer but did not consider the curability of cancer.22 Another
study showed that kidney recipients with post-transplant lymphoproliferative disorder were
at risk of graft failure, but the authors did not analyze patients with solid organ cancers.?3
The present study only included patients with cured solid organ PTCs since non-curable
PTCs might affect grafts by not only cancer itself but also administration of nephrotoxic
chemotherapy or other agents that may confound the relationship between the cancer itself
and graft function.

According to the previous literature, cancer may alters immune system and produces tumor-
promoting signals through immunoediting.24 Thus, apart from using immunosuppressive
agents after transplant, the alloimmune response of host, kidney recipients, might be altered
by the PTC itself. In the present study, graft failure risk in patients with PTC was particularly
high in those with urogenital cancer. Renal cell carcinoma is a well-known immunogenic
cancer that harbors many tumor-infiltrating immune cells,?5 and various immune-
modulating agents have been applied to the treatment of advanced renal cell carcinoma.26

In one study, the CD4" T cells and the ratio of CD4* per CD8" T cells were elevated at 1 week
postoperatively, and the increase remained consistent until 3 months.25 Therefore, our
results suggest that tumorectomy of renal carcinoma in kidney recipients may alter immune
system of recipients, which in turn may affect graft survival by altering the response to
immunosuppressive agents. Additionally, the relationship between gastrointestinal cancer
and acute T cell-mediated rejection in the present study may provide another evidence for the
altered immune response due to the cancer or tumorectomy itself. A previous study showed
a decrease in CD4" T cells and an increase in CD8" T cells after gastrectomy for cancer.2”

The other study with the colon cancer patients reported a similar result after colectomy.28
Although these studies did not target PTCs, it is suggested that surgical stress can alter the
adaptive or alloimmune status. Further studies are needed to determine whether this is the
effect of the cancer itself or of the surgical stress associated with tumorectomy. All of these
altered immunological milieus may underlie that most of the PTC patients who had graft
failure showed gradually deteriorated renal function due to T cell mediated rejection with
interstitial fibrosis and tubular atrophy. Other patients with graft failure were attributable

to recurrence or antibody-mediated rejection, which might be also related with altered
immunological milieu. However, post-operative acute kidney injury (2 cases of PTC patients)
was not associated with later graft dysfunction. Collectively, the chronic immunological
events rather than acute injury might leave fibrotic legacy in grafts.

The change in immunosuppressants after PTC diagnosis was not correlated with graft loss,
and only one patient with graft failure changed immunosuppressants after PTC. Although the
long-term risk of PTC depending on the immunosuppressive agents has been studied,29-31
only one study has focused on the allograft outcome by the change in immunosuppressants
after diagnosis of PTCs.29 The study has reported that the cancer patients who converted to
an mTOR inhibitor resulted in graft function similar to that of the non-conversion group at
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the first year after cancer diagnosis.2? However, these studies, including the present study,
were not randomized controlled trials; thus, the effect of the change in immunosuppressants
after PTC should be carefully considered.

The main limitation of our study was the potential bias of the causal relationship because
of the retrospective study design. However, because the incidence of PTCs is relatively low,
arandomized controlled study would be difficult to perform. Hidden confounding factors
affecting graft outcomes might exist, such as circulating or graft-infiltrating alloimmune
cells. The further analysis of these immunologic factors will elucidate the underlying
mechanisms in changing allograft outcomes.

In summary, the kidney recipients with cured PTCs have poorer graft outcomes than non-
PTC recipients. In particular, urogenital and gastrointestinal cancers are associated with
worse transplant outcomes. Accordingly, continued monitoring of graft function despite
successful ablation of PTC should be emphasized. Additional studies are needed to confirm
the underlying mechanisms and establish targeted therapy for post-PTC graft dysfunction.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Detailed information of the cancer stage and treatment according to the primary site of cancer

Click here to view

Supplementary Table 2
Detailed information of the cancer stage and treatment according to the primary site of
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Supplementary Fig. 1
Balance plot of propensity score in PTC and non-PTC patients before and after propensity
score matching.
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REFERENCES

1. Hart A, Smith JM, Skeans MA, Gustafson SK, Wilk AR, Robinson A, et al. OPTN/SRTR 2016 annual data
report: kidney. Am J Transplant 2018;18 Suppl 1:18-113.
PUBMED | CROSSREF

2. Matas AJ, Gillingham KJ, Humar A, Kandaswamy R, Sutherland DE, Payne WD, et al. 2202 kidney transplant
recipients with 10 years of graft function: what happens next? Am J Transplant 2008;8(11):2410-9.
PUBMED | CROSSREF

3. Israni AK, Snyder JJ, Skeans MA, Peng Y, Maclean JR, Weinhandl ED, et al. Predicting coronary heart
disease after kidney transplantation: Patient Outcomes in Renal Transplantation (PORT) study. Am |
Transplant 2010;10(2):338-53.
PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2020.35.e166 9/1


https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2020.35.e166&fn=jkms-35-e166-s001.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2020.35.e166&fn=jkms-35-e166-s002.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2020.35.e166&fn=jkms-35-e166-s003.doc
http://www.ncbi.nlm.nih.gov/pubmed/29292608
https://doi.org/10.1111/ajt.14557
http://www.ncbi.nlm.nih.gov/pubmed/18925907
https://doi.org/10.1111/j.1600-6143.2008.02414.x
http://www.ncbi.nlm.nih.gov/pubmed/20415903
https://doi.org/10.1111/j.1600-6143.2009.02949.x
https://jkms.org

KT Outcomes with Cured Cancer

JKMS

https://jkms.org

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Gallagher MP, Kelly PJ, Jardine M, Perkovic V, Cass A, Craig JC, et al. Long-term cancer risk of
immunosuppressive regimens after kidney transplantation. J Am Soc Nephrol 2010;21(5):852-8.

PUBMED | CROSSREF

Porrini EL, Diaz JM, Moreso F, Delgado Mallén PI, Silva Torres I, Ibernon M, et al. Clinical evolution of
post-transplant diabetes mellitus. Nephrol Dial Transplant 2016;31(3):495-505.

PUBMED | CROSSREF

Grulich AE, van Leeuwen MT, Falster MO, Vajdic CM. Incidence of cancers in people with HIV/AIDS
compared with immunosuppressed transplant recipients: a meta-analysis. Lancet 2007;370(9581):59-67.
PUBMED | CROSSREF

van de Wetering J, Roodnat JI, Hemke AC, Hoitsma AJ, Weimar W. Patient survival after the diagnosis of
cancer in renal transplant recipients: a nested case-control study. Transplantation 2010;90(12):1542-6.
PUBMED | CROSSREF

Kiberd BA, Rose C, Gill JS. Cancer mortality in kidney transplantation. Am ] Transplant 2009;9(8):1868-75.
PUBMED | CROSSREF

Au E, Wong G, Chapman JR. Cancer in kidney transplant recipients. Nat Rev Nephrol 2018;14(8):508-20.
PUBMED | CROSSREF

Kasiske BL, Snyder JJ, Gilbertson DT, Wang C. Cancer after kidney transplantation in the United States.
Am J Transplant 2004;4(6):905-13.

PUBMED | CROSSREF

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

PUBMED | CROSSREF

Melosky B, Karim M, Chui A, McBride M, Cameron EC, Yeung CK, et al. Lymphoproliferative disorders
after renal transplantation in patients receiving triple or quadruple immunosuppression. | Am Soc Nephrol
1992;2(12 Suppl):$290-4.

PUBMED

Opelz G, Henderson R. Incidence of non-Hodgkin lymphoma in kidney and heart transplant recipients.
Lancet1993;342(8886-8887):1514-6.

PUBMED | CROSSREF

Hung YM, Chou KJ, Hung SY, Chung HM, Chang JC. De novo malignancies after kidney transplantation.
Urology 2007;69(6):1041-4.

PUBMED | CROSSREF

Morath C, Mueller M, Goldschmidt H, Schwenger V, Opelz G, Zeier M. Malignancy in renal
transplantation. ] Am Soc Nephrol 2004;15(6):1582-8.

PUBMED | CROSSREF

Lim WH, Turner RM, Chapman JR, Ma MK, Webster AC, Craig JC, et al. Acute rejection, T-cell-depleting
antibodies, and cancer after transplantation. Transplantation 2014;97(8):817-25.

PUBMED | CROSSREF

Amin MB, Edge S, Greene F, Byrd DR, Brookland RK, Washington MK, et al. AJCC Cancer Staging Manual.
8th ed. New York, NY: Springer International Publishing; 2017.

Haas M, Loupy A, Lefaucheur C, Roufosse C, Glotz D, Seron D, et al. The Banff 2017 Kidney Meeting
Report: revised diagnostic criteria for chronic active T cell-mediated rejection, antibody-mediated
rejection, and prospects for integrative endpoints for next-generation clinical trials. Am J Transplant
2018;18(2):293-307.

PUBMED | CROSSREF

Chadban §J, Barraclough KA, Campbell SB, Clark CJ, Coates PT, Cohney SJ, et al. KHA-CARI guideline:
KHA-CARI adaptation of the KDIGO clinical practice guideline for the care of kidney transplant
recipients. Nephrology (Carlton) 2012;17(3):204-14.

PUBMED | CROSSREF

Kidney Disease: Improving Global Outcomes (KDIGO) Transplant Work Group. KDIGO clinical practice
guideline for the care of kidney transplant recipients. Am | Transplant 2009;9(Suppl 3):S1-155.

CROSSREF

Knoll GA, Blydt-Hansen TD, Campbell P, Cantarovich M, Cole E, Fairhead T, et al. Canadian Society of
Transplantation and Canadian Society of Nephrology commentary on the 2009 KDIGO clinical practice
guideline for the care of kidney transplant recipients. Am J Kidney Dis 2010;56(2):219-46.

PUBMED | CROSSREF

Cena T, Musetti C, Quaglia M, Magnani C, Stratta P, Bagnardi V, et al. De novo noncutaneous
malignancies after kidney transplantation are associated with an increased risk of graft failure: results
from a time-dependent analysis on 672 patients. Transpl Int 2016;29(10):1085-93.

PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2020.35.e166 10/M


http://www.ncbi.nlm.nih.gov/pubmed/20431040
https://doi.org/10.1681/ASN.2009101043
http://www.ncbi.nlm.nih.gov/pubmed/26538615
https://doi.org/10.1093/ndt/gfv368
http://www.ncbi.nlm.nih.gov/pubmed/17617273
https://doi.org/10.1016/S0140-6736(07)61050-2
http://www.ncbi.nlm.nih.gov/pubmed/21076383
https://doi.org/10.1097/TP.0b013e3181ff1458
http://www.ncbi.nlm.nih.gov/pubmed/19563337
https://doi.org/10.1111/j.1600-6143.2009.02728.x
http://www.ncbi.nlm.nih.gov/pubmed/29802400
https://doi.org/10.1038/s41581-018-0022-6
http://www.ncbi.nlm.nih.gov/pubmed/15147424
https://doi.org/10.1111/j.1600-6143.2004.00450.x
http://www.ncbi.nlm.nih.gov/pubmed/17179459
https://doi.org/10.1001/jama.296.23.2823
http://www.ncbi.nlm.nih.gov/pubmed/1323341
http://www.ncbi.nlm.nih.gov/pubmed/7902900
https://doi.org/10.1016/S0140-6736(05)80084-4
http://www.ncbi.nlm.nih.gov/pubmed/17572182
https://doi.org/10.1016/j.urology.2007.02.046
http://www.ncbi.nlm.nih.gov/pubmed/15153569
https://doi.org/10.1097/01.ASN.0000126194.77004.9B
http://www.ncbi.nlm.nih.gov/pubmed/24521777
https://doi.org/10.1097/01.TP.0000442773.38510.32
http://www.ncbi.nlm.nih.gov/pubmed/29243394
https://doi.org/10.1111/ajt.14625
http://www.ncbi.nlm.nih.gov/pubmed/22212251
https://doi.org/10.1111/j.1440-1797.2011.01559.x
https://doi.org/10.1111/j.1600-6143.2009.02834.x
http://www.ncbi.nlm.nih.gov/pubmed/20659623
https://doi.org/10.1053/j.ajkd.2010.05.004
http://www.ncbi.nlm.nih.gov/pubmed/27343849
https://doi.org/10.1111/tri.12813
https://jkms.org

KT Outcomes with Cured Cancer

JKMS

23.

24.

25,

26.

27.

28.

29.

30.

31.

Rabot N, Biichler M, Foucher Y, Moreau A, Debiais C, Machet MC, et al. CNI withdrawal for post-
transplant lymphoproliferative disorders in kidney transplant is an independent risk factor for graft
failure and mortality. Transpl Int 2014;27(9):956-65.

PUBMED | CROSSREF

Chen DS, Mellman I. Elements of cancer immunity and the cancer-immune set point. Nature
2017;541(7637):321-30.

PUBMED | CROSSREF

Hotta K, Sho M, Fujimoto K, Shimada K, Yamato I, Anai S, et al. Prognostic significance of CD45RO+
memory T cells in renal cell carcinoma. BrJ Cancer 2011;105(8):1191-6.

PUBMED | CROSSREF

Raman R, Vaena D. Immunotherapy in metastatic renal cell carcinoma: a comprehensive review. Biomed
Res Int 2015;2015:367354.
PUBMED | CROSSREF

Ma Z, Bao X, Gu]J. Effects of laparoscopic radical gastrectomy and the influence on immune function and
inflammatory factors. Exp Ther Med 2016;12(2):983-6.
PUBMED | CROSSREF

Karanika S, Karantanos T, Theodoropoulos GE. Immune response after laparoscopic colectomy for
cancer: a review. Gastroenterol Rep (Oxf) 2013;1(2):85-94.
PUBMED | CROSSREF

Cheung CY, Man Ma MK, Chak WL, Chau KF, Tang SC. Conversion to mammalian target of rapamycin
inhibitors in kidney transplant recipients with de novo cancers. Oncotarget 2017;8(27):44833-41.
PUBMED | CROSSREF

Campistol JM, Eris J, Oberbauer R, Friend P, Hutchison B, Morales JM, et al. Sirolimus therapy after
early cyclosporine withdrawal reduces the risk for cancer in adult renal transplantation. ] Am Soc Nephrol
2006;17(2):581-9.

PUBMED | CROSSREF

Kauffman HM, Cherikh WS, Cheng Y, Hanto DW, Kahan BD. Maintenance immunosuppression

with target-of-rapamycin inhibitors is associated with a reduced incidence of de novo malignancies.
Transplantation 2005;80(7):883-9.

PUBMED | CROSSREF

https://jkms.org https://doi.org/10.3346/jkms.2020.35.e166 11/M


http://www.ncbi.nlm.nih.gov/pubmed/24964147
https://doi.org/10.1111/tri.12375
http://www.ncbi.nlm.nih.gov/pubmed/28102259
https://doi.org/10.1038/nature21349
http://www.ncbi.nlm.nih.gov/pubmed/21934683
https://doi.org/10.1038/bjc.2011.368
http://www.ncbi.nlm.nih.gov/pubmed/26161397
https://doi.org/10.1155/2015/367354
http://www.ncbi.nlm.nih.gov/pubmed/27446308
https://doi.org/10.3892/etm.2016.3404
http://www.ncbi.nlm.nih.gov/pubmed/24759813
https://doi.org/10.1093/gastro/got014
http://www.ncbi.nlm.nih.gov/pubmed/28160552
https://doi.org/10.18632/oncotarget.14908
http://www.ncbi.nlm.nih.gov/pubmed/16434506
https://doi.org/10.1681/ASN.2005090993
http://www.ncbi.nlm.nih.gov/pubmed/16249734
https://doi.org/10.1097/01.TP.0000184006.43152.8D
https://jkms.org

	Risk of Graft Failure in Kidney Recipients with Cured Post-Transplant Cancer
	INTRODUCTION
	METHODS
	Transplant outcome
	Statistical analysis
	Ethics statement

	RESULTS
	Transplant outcomes in patients with cured PTC
	Risk of graft failure according to cancer type
	Effect of change in immunosuppressants on transplant outcome

	DISCUSSION
	SUPPLEMENTARY MATERIALS
	Supplementary Table 1
	Supplementary Table 2
	Supplementary Fig. 1

	REFERENCES


