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Kidney transplant recipients (KTRs) are at increased risk of developing de novo post-
transplant malignancies (PTMs), with regional differences in types with excess risk
compared to the general population. A single-center, population-controlled,
retrospective cohort study was conducted at a tertiary care center in Thailand among
all adults who underwent their first kidney transplant from 1986 to 2018. Standardized
incidence ratios (SIRs) of malignancy by age, sex, and place of residence were obtained
using data from the National Cancer Registry of Thailand as population control. There were
2,024 KTRs [mean age, 42.4years (SD 11.4); female patients, 38.6%)] during
16,495 person-years at risk. Of these, 125 patients (6.2%) developed 133 de novo
PTMs. The SIR for all PTMs was 3.85 (95% CI 3.22, 4.56), and for pooled solid and
hematologic PTMs, it was 3.32 (95% CI 2.73, 3.99). Urothelial malignancies had the largest
excess risk, especially in women [female SIR 114.7 (95% Cl 66.8, 183.6); male SIR 17.5
(95% CI18.72, 31.2)]. The next two most common cancers were non-Hodgkin’s lymphoma

Abbreviations: BCC, Basal cell carcinoma; CI, Confident interval; CIF, Cumulative incidence functions; CNI, Calcineurin
inhibitor; E, Expected; EBV, Epstein-Barr virus; HL, Hodgkin’s lymphoma; HPV, Human papillomavirus; KDIGO, Kidney
Disease Improving Global Outcomes; KTR, Kidney transplant recipient; NCI, National Cancer Institute; NHL, Non-Hodgkin’s
lymphoma; ICD-10, International classification of diseases 10; IQR, Interquartile range; O, Observed; PTM, Post-transplant
malignancies; SIR, Standardized incidence ratio; SCC, Squamous cell carcinoma; SD, Standard deviation; Y, Year.
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and skin cancer [SIR 20.3 (95% CI 13.6, 29.1) and 24.7 (95% Cl 15.3-37.8), respectively].
Future studies are needed to identify the risk factors and assess the need for systematic
screening among PTMs with excess risk in KTRs.
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INTRODUCTION

Post-transplant malignancy (PTM) is one of the most devastating
long-term complications for kidney transplant recipients (KTRs),
leading to death with a functioning graft [1]. The excess risk of
PTMs in KTRs is 2.9-3.9 times that of the general population.
The risk is even higher for virus-related cancers, such as Kaposi’s
sarcoma, post-transplant lymphoproliferative disorder, and non-
melanoma skin cancer [2-7]. The excess risk is mainly due to
immunosuppressive agents that increase vulnerability to
oncogenic viral infection, disrupt the ability of the immune
surveillance systems to detect and remove abnormal cells, and
interfere with cell repair mechanisms [8]. However, the risk of
each cancer may vary by geographical area due to site-specific
environmental exposures and genetics.

Therefore, the incidence of PTMs among KTRs in each region
must be estimated to allow policymakers to plan for appropriate
service provision. To date, no study has estimated the excess risk
of PTMs in Thai KTRs compared with the Thai general
population. Thus, we aimed to estimate the incidence of PTMs
in adult Thai KTRs at the highest-volume transplant center
in Thailand.

PATIENTS AND METHODS
Study Design, Patients, and Setting

This was a single-center, retrospective cohort study conducted at
Ramathibodi Hospital, a tertiary care university hospital that
performs the highest volume of kidney transplants in the country,
accounting for one-quarter of the cumulative kidney transplant
surgeries in Thailand. This study included consecutive adult
patients aged >18 years who received a first kidney transplant
between 1 January 1986 and 30 July 2018 and had >1 month of
follow-up. All recipients were followed up from the date of kidney
transplantation to the date of a diagnosis of de novo incident
cancer, all-cause death, graft failure, loss to follow-up, or
administrative censoring on 31 December 2019, whichever
occurred first. The exclusion criteria were cancer occurring
after graft failure and cancer occurring before or <I month
following transplantation. The study was approved by the
Institutional Review Board, Faculty of Medicine, Ramathibodi
Hospital (MURA2022/503). Informed consent was not required
due to the de-identification of patient data. This study was
conducted in accordance with the tenets of the Declaration
of Helsinki.
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Data Collection
Data were collected from three sources. First, incidence data for the

Thai general population were obtained from the Thai National
Cancer Institute’s (NCI) nationwide cancer data registry. We
chose to compare incident malignancy rates between our KTRs
and the Thai general population between 2013 and 2015. We only
selected the 2013-2015 period because the place of residence to be
matched with that of our KTRs in the registry had been validated by
cross-checking with the Ministry of Interior'’s National Civil
Registration records [9]. Additionally, data after 2016 were not
available when we conducted the analysis. Moreover, the national
coverage of the Thai NCI has gradually grown since the
establishment of the first population-based only on data from
Chiangm Mai province in 1986 [10]. Thus, adjusting for
calendar year using historical subnational coverage would
have reduced our sample size and power to detect any
significant results. Diagnoses were initially coded by registry
personnel using the International Classification of Diseases for
Oncology (ICD-O, third edition), and the coding demonstrated
good reliability [9]. These codes were then transformed to the
International Classification of Diseases, Tenth Revision (ICD
10) for analysis. Second, we collected baseline patient data from
the Ramathibodi KTR database, including age, sex, region of
residence, and type and date of transplantation. Third, we
manually reviewed hospital electronic medical records to
collect outcomes and the date of outcomes. Diagnoses of de
novo PTMs were ascertained by histopathologic confirmation or
compatible radiographic studies with serologic testing. These
were then categorized according to the ICD-10.

Immunosuppressive Regimens
Immunosuppressive regimens for induction and maintenance
therapy in KTRs were carefully selected based on the
immunologic risks of the patients. Induction regimens included
methylprednisolone with or without an interleukin-2 receptor
antagonist or anti-thyroglobulin. The maintenance medications
were mainly calcineurin inhibitor (CNI)-based regimens. A
typical combination of these regimens before 2000 was
cyclosporine-azathioprine-prednisolone, which gradually changed
to  tacrolimus-mycophenolate  mofetil-prednisolone.  Other
regimens were used much less frequently, and they included
CNI-mTOR inhibitor-prednisolone and CNI-prednisolone.

Cancer Screening and Surveillance in
Kidney Transplant Candidates and

Recipients

At our center, age-appropriate pre-transplant cancer screening
and abdominal ultrasound have been performed since January
2013. Post-transplant cancer surveillance was opportunistic and
consistent with standard cancer screening recommended for the
general population [11].

Outcomes

The outcome was the standardized incidence ratio (SIR), which
represents the excess risk of malignancy compared to the Thai
general population.

Incidence of Post-Transplant Malignancy

Total kidney transplant patients from
Jan 1986 to July 2018
(N=2,448)

Exclusions (n=193)

—— [+ Age < 18 years (n=110)
* Incomplete electronical medical
record data (n=83)

Eligible (n=2,255)

Exclusions (n=231)

* Received more than one kidney
transplant (n=53)

Missing data on province of
residence (n=152)

Less than 30 days of follow-up
post kidney transplant (n=26)

|

Included in final analysis (n=2,024)

Eligible criteria

* Age = 18 years

* First kidney transplantation

* No history of cancer prior to transplantation

* Duration of follow up post kidney transplantation > 30

FIGURE 1 | Flowchart of patients in the study.

Statistical Analysis
Patient characteristics were analyzed descriptively. Continuous

data are presented as mean (SD) or median (interquartile range),
as appropriate. Categorical data are presented as frequencies (%).

The excess risk of de novo PTM in KTRs compared to the general
population was estimated by SIR by indirect standardization of the Thai
general population. Confidence intervals were estimated using the
Poisson distribution. We selected the 2013-2015 data from the Thai
NCI, which used the projected Thai population in mid-2014 based on
the 2010 national population census. We defined the start of the time at
risk as 1 month after the date of the kidney transplant to exclude non-de
novo PTMs. We defined the end of the time at risk as incident de novo
PTM, loss to follow-up, all-cause mortality, or administrative censoring
at the end of the study period, whichever happened first. We also
reported the incidence and SIRs stratified by sex, age at kidney
transplant, duration of follow-up after kidney transplant, and
transplant era of the top three cancers with the most excess risk. To
avoid underestimating the incidence due to multiple de novo PTMs, if a
second or third de novo PTM occurred, we generated time at risk from
1-month post-transplant to the date of the second or third incident
PTM. Statistical analyses were performed using Stata 15.1
(StataCorp. 2017. College Station, TX). A non-null 95% confidence
interval (CI) was considered significant.

RESULTS

Characteristics of the Kidney Transplant

Recipients
During the 32-year period from January 1986 to July 2018, there
were 2,448 kidney transplantations. After exclusions, a total of
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TABLE 1 | Characteristics of all kidney transplants.

Characteristic All kidney transplants

Total number 2,024
Female patients, n (%) 781 (38.6)
Deceased donor 998 (49.3)
Age at transplantation, mean + SD, y 424 +11.4
Male patients 426 +11.7
Female patients 422 £11.0
Region of residence in Thailand, n (%)
Central 1,273 (63.1)
North-eastern 210 (10.4)
Northern 162 (8.0)
Eastern 220 (10.9)
Southern 151 (7.5)
Total person-time-at-risk, y 16,382
Male patients 10,127
Female patients 6,254
Year of transplantation, n (%)
Before 1989 15 (0.7)
1989-1998 302 (14.9)
1999-2008 534 (26.4)
2009-2018 1,173 (568.0)
Length of follow-up in years, n (%)
<1 82 (4.0)
1-4 706 (34.9)
5-9 618 (30.5)
10-14 313 (15.5)
15-19 178 (8.8)
>20 127 (6.3)
Length of follow-up, median (IQR), y 6.35 (3.21, 11.5)
Male patients 6.39 (3.32, 11.6)
Female patients 6.19 (3.15, 11.4)

Abbreviations: IQR, interquartile range; SD, standard deviation.

2,024 cases were included in the final analysis, contributing to
16,495 patient-years of risk time in the follow-up (Figure 1;
Table 1). The mean age at transplantation was 42.4 years (SD
11.4), and 38.6% of the subjects were women (Table 1). The
median follow-up time was 6.4 years (interquartile range 3.21,
11.5) (Table 1).

Incidence of De Novo Post-Transplant

Malighancy

A total of 133 de novo PTMs were identified in 125 (6.2%)
patients. In total, eight (6%) patients developed secondary
cancer, including 2 non-melanoma skin cancers, 2 liver and
biliary cancers, 1 prostate cancer, 1 kidney cancer, 1 urothelial
cancer, and 1 colorectal cancer. The incidence by type of PTMS,
age at diagnosis, and time from transplantation to diagnosis are
shown in Table 2. The most common PTM was urothelial cancer
(n = 28), accounting for one-fifth of all PTMs in the cohort,
followed by non-Hodgkin’s lymphoma (NHL) at 22% and non-
melanoma skin cancer at 16%.

Table 3 shows the SIRs adjusted for age, sex, and place of
residence, comparing the KTRs to the Thai general population.
The excess risk of de novo PTMs in KTRs was nearly fourfold
compared with the general population. The top three cancers with
significantly increased risk were consistent across genders. This
risk was more pronounced for urothelial cancer, NHL, and non-

Incidence of Post-Transplant Malignancy

melanoma skin cancer, all of which had more than a 20-fold
excess risk. In particular, urothelial cancer showed the highest
significant excess risk in women with a SIR of 114.7 (95% CI 66.8,
183.6). The risk of the most common cancers in the Thai general
population, including lung, colorectal, breast, ovarian, and
cervical cancers was comparable. The SIR for prostate cancer
was significantly increased [SIR 8.11 (95% CI 3.71, 15.4)]. The SIR
calculations considering only the first de novo PTM are shown in
Supplementary Table S1.

Table 4 shows the SIRs for all PTMs stratified by age at
transplant, duration of follow-up, and era of transplantation. The
excess risk in KTRs compared to the general population by age at
transplant was greatest in KTRs aged 45-64 years, and there was a
comparable risk in KTRs transplanted at <20 years of age. By
duration of follow-up, there was a decreasing trend over the
duration of follow-up until the risk was comparable to the general
population at 15 years or more of follow-up.

Table 5 shows the incidence rates and SIRs for the top three
most common PTMs in Thai KTRs, which were urothelial cancer,
NHL, and non-melanoma skin cancer, stratified by age at
transplant, duration of follow-up, and era of transplant. All
three cancers showed no excess risk in KTRs aged >65 years at
transplantation. For urothelial cancer, age at transplant between
20 and 64 years old showed significant excess risk with the
greatest excess between 45-64years old [SIR 284 (95% CI
17.1, 44.4)], and duration of follow-up showed the greatest
significant excess risk between 1 and 5years of follow-up.
There was still a significant excess risk at >20 years of follow-
up. NHL had the greatest excess risk by age at transplant in KTRs
aged less than 20 years at transplant [SIR 362 (95% 9.15, 2,015)],
and the excess risk decreased with increasing age at transplant.
There was a significant excess risk of NHL at all follow-up
periods, with the risk decreasing over time. For non-
melanoma skin cancer, the greatest excess risk according to
age at transplantation was between 20 and 44 years old [SIR
1,820 (95% CI 46.1, 10,139)], and there was excess risk up
to >20 years of follow-up.

Supplementary Figures S1-S3 show the cumulative incidence
functions (CIF) of the three most common cancers adjusted for
competing risks. After adjusting for all-cause death, graft failure,
loss to follow-up, or administrative censoring, the odds of
developing any of the three cancers were mostly low, at less
than 5% over a period of nearly 20years post-kidney
transplantation.

DISCUSSION

We conducted the largest study of the excess risk of de novo PTMs
in Thai KTRs at the highest volume transplant center in Thailand,
accounting for a quarter of all historic kidney transplants in
Thailand. The excess risk of de novo PTMs in our KTRs was
approximately four times that of the general population after
adjusting for age, sex, and region of residence, which is similar to
the excess risk reported in other East Asian countries [2-4].
Furthermore, the top three cancers with excess risk among KTRs
were urothelial cancer, NHL, and non-melanoma skin cancer.
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TABLE 2 | Distribution and clinical characteristics of malignancies following kidney transplantation by sex.

Male Female All Percentage
patients patients

Solid
Urothelial 1Al 17 28 35.0
Prostate 9 9 1.3
Liver and bile duct 5 4 9 11.3
Breast 8 8 10.0
Colorectal 2 4 6 7.5
Trachea, lung, bronchus 5 1 6 7.5
Other solid malignancies, 1 1 2 2.5
unspecified
Cervix 3 3 3.8
Gallbladder 1 0 1 1.3
Kidney 3 0 3 3.8
Thyroid 0 2 2 2.5
Stomach 1 0 1 1.3
Ovary 1 1 1.3
Uterus, part unspecified 1 1 1.3
Total 38 42 80 100
Hematologic
NHL

Monomorphic B cell 15 8 23 71.9

Polymorphic 1 3 4 12.5

Monomorphic T cell 2 0 2 6.3
Leukemia, all types 1 1 2 6.3
HL 1 0 1 3.1
Total 20 12 32 100
Skin
SCC 12 4 16 76.2
BCC 4 1 5 23.8
Total non-melanoma 16 5 21 100

Age at transplantation,
mean = SD, y

Age at diagnosis of
PTM, mean = SD, y

Time from transplant to
PTM, median (IQR), y

497 +9.93 58.7 +12.7 6.63 (4.55, 10.4)
56.3 + 7.22 68.8 + 7.32 11.8 (8.70, 13.0)
460+ 112 53.5 + 14.1 4.96 (3.15, 9.34)
47.3 + 7.31 53.0 + 7.92 5.72 (2.64, 9.03)
47.8 + 9.91 62.8 + 7.80 13.0 (12.2, 14.4)
57.0 + 6.04 61.4 + 6.73 4.67 (3.24, 6.23)
54.8 + 5.59 58.7 + 6.54 3.79 (3.12, 4.46)
571 +2.77 61.5 + 5.53 3.49 (1.89, 7.85)
38.6 405 1.96
55.0 + 6.77 62.9 + 4.29 9.36 (4.43, 9.94)
496 + 2338 531 +213 3.43 (1.64, 5.22)
63.7 77.0 13.3
60.9 63.3 2.43
356 47.4 11.8
471 +102 572+ 11.1 11.4 (4.11, 15.4)
490+ 127 546+ 11.0 4.16 (4.11, 4.57)
373+ 137 445+ 196 484 (161,12.7)
54.1 + 6.52 58.4 + 6.23 4.36 (4.16, 4.57)
52.3 60.1 7.78
50.5 + 7.31 63.0 + 7.02 10.7 (7.10, 18.8)
52.4 +14.4 62.4 + 8.73 7.62 (3.15, 15.3)

Abbreviations: BCC, basal cell carcinoma; HL, Hodgkin’s lymphoma; IQR, interquartile range; NHL, non-Hodgkin’s lymphoma; PTM, post-transplant malignancy; SCC, squamous cell

carcinoma; SD, standard deviation.

The subgroup of KTRs with the greatest excess risk of one type of
PTM were female KTRs with urothelial cancer, who had a greater
than 100-fold excess risk.

KTRs are susceptible to new viral infections or the
reactivation of a latent one. The risk of oncogenic virus-
related cancers, such as Kaposi’s sarcoma, NHL, and lip
cancer, has been reported to be up to 10- to 100 times
higher in KTRs than in the end-stage renal disease
population [6, 7]. In the present study, urothelial cancer,
NHL, and non-melanoma skin cancer all showed a more
than 20-fold significant excess risk, and these have been

associated with infection with BK virus or human
papillomavirus (HPV), Epstein-Barr virus (EBV), and
human papillomavirus infection, respectively [12-14].

Conversely, cervical cancer, associated with HPV infection,
was not significant. Hepatitis B infection has been estimated
to affect up to 6%-9% of the general Thai population born
before the national hepatitis B vaccination program was rolled
out in 1992 [15]. Unfortunately, the excess risk in KTRs of
hepatocellular carcinoma associated with hepatitis B or C virus
infection was uninterpretable in our study because it was coded
together with bile duct cancer in some of our data sources.
In non-oncogenic virus-related cancers, susceptible KTRs with
genetic risk factors or exposure to carcinogens may have

preferential cancer cell transformation and growth due to
immunosuppressive agents that affect DNA repair, immune
surveillance, and pro- or anti-inflammatory cytokines [16, 17].
In the present study, we found just over a 10-fold excess risk for
kidney cancer. Goh et al. reported that long dialysis vintage and
native renal cysts predicted an increased risk of this cancer, which
may be due to prolonged exposure to uremic toxin-induced
oncogenic changes of epithelial cells [18]. With regard to
prostate cancer, we are not aware of any pathophysiologic
mechanism related to KTRs. The significance of the finding
may be due to more opportunistic screening of prostate-
specific antigen testing by urologists following up on KTR
patients to find de novo PTMs than in the general population,
or random sampling error.

With regard to urothelial cancer, we found that excess risk was
observed in both sexes, but the excess risk was much more
pronounced in female KTRs at more than 100-fold. Similar
excess risks have been reported in population-based studies in
Korea, Hong Kong, and particularly Taiwan, where the SIR for
urothelial cancer was also greater than 100-fold [2-4]. In Europe,
Australia, New Zealand, and the United States, although the
absolute risk seems to be higher in male KTRs, the SIRs remain
higher in female KTRs (SIRs 2.7-6.9), but they have been
reported to be much higher in Asia [19, 20]. The reasons for
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TABLE 3 | Standardized incidence ratios of different types of malignancies in kidney transplant patients by sex.

Cancer site ICD-10 Male patients Female patients All
O/E SIR (95% CI) O/E SIR (95% CI) O/E SIR (95% CI)

Prostate C61 9/1.109145  8.11(3.71, 15.4)

Breast C50 8/5.166225 1.56 (0.67, 3.08)

Ovary C56 1/0.7406286 1.35 (0.36, 5.07)

Cervix C53 3/1.728333 1.73 (0.86, 4.91)

Bronchus, lung, trachea €33, C34 5/4.185616  1.20 (0.39, 2.79)  1/1.232264 0.81 (0.02, 4.52) 6/5.41788 1.11 (0.41, 2.41)

Stomach C16 1/0.8211308  1.22 (0.03, 6.79)  0/0.4394963 0.0 (0.0, 6.82) 1/1.260627 0.79 (0.02, 4.42)

Liver and bile duct C22, C24 5/6.909814  0.73 (0.24, 1.55) 4/1.381054 2.90 (0.79, 7.42) 9/8.290868 1.09 (0.50, 2.06)

Gallbladder c23 1/0.0948561  10.5 (0.27, 58.7)  0/0.0948561 0 (0.0, 27.1) 1/0.2053207  4.87 (0.12, 27.1)

Colorectal C18 - C20 2/3.178986  0.63 (0.08, 2.27) 4/1.370327 2.92 (0.80, 7.47) 6/4.549313 1.32 (0.48, 2.87)

Kidney C64 3/0.2353302  12.7 (2.63,37.3)*  0/0.0575237 0.0 (0.0, 52.1) 3/0.2928539  10.2 (2.11, 29.9)

Urothelial C65 - C67 11/ 17.5(8.72,31.2) 17/ 114.7 (66.8, 28/0.6227172  36.0 (23.9, 52.0)*
0.6300718 0.1482415 183.6)*

Thyroid C73 0/0.2594859 0 (0.0, 11.5) 2/0.5199386 3.85 (0.47, 13.9) 2/0.7794246  2.57 (0.31, 9.27)

Uterus, part unspecified C55 1/0.0882458 11.3 (0.29, 63.1)

Other solid malignancies: unspecified o&u 1/1.03719 0.96 (0.02, 5.37)  1/0.3765939 2.66 (0.07, 14.8) 2/1.413784 1.42 (0.17, 5.11)

All solid malignancies 38/ 2.06 (1.46, 2.83)" 42/ 3.15 (2.27, 4.26)*  80/31.805353  2.52(1.99, 3.13)"
18.461626 13.343727

NHL** (C82-85, C96 18/ 19.7 (11.7,31.1) 11/ 21.3 (10.6, 38.2)* 29/1.429785  20.3(13.6, 29.1)*
0.9139875 0.5157974

HL C81 1/0.0270835 36.9 (0.94, 0/0.0121523 0 (0.0, 246.5) 1/0.0392358 25.5 (0.65,

205.7) 142.0)
Leukemia Ca1, 1/0.3327671  3.01 (0.08, 16.7) 1/0.136444 7.33 (0.19, 40.8) 2/0.4692111 4.26 (0.52, 15.4)
C92-C94

All hematologic malignancies 20/ 15.7 (9.59, 24.2)* 12/ 18.1(9.33, 31.6)*  32/1.9382318 16.5(11.3, 23.3)*
1.2738381 0.6643937

Non-melanoma skin cancer** C44 16/ 32.0(18.3,52.0* 5/0.3501561 14.3 (4.64, 33.9)  21/0.8501965 24.7 (15.3, 37.8)*
0.5000404

All solid and hematologic 58/ 2.94 (2.28, 3.80) 54/ 3.86 (2.90, 5.03)* 112/ 3.32(2.73, 3.99)

malignancies 19.735464 14.008121 33.743585

All cancers 74/ 3.66 (2.87, 4.59) 59/ 3.76 (2.82, 4.91)* 133/ 3.85 (3.22, 4.56)*
20.235504 14.358277 34.593781

Notes: *Significant results at 95% confidence interval. ** Includes monomorphic B cells, and polymorphic, monomorphic T cells. *** Includes squamous cell carcinoma and basal cell
carcinoma. The total risk time for the cohort was 16,495 person-years for standardized incidence ratio calculations.
Abbreviations: Cl, confidence interval; E, expected; HL, Hodgkin’s lymphoma; ICD-10, international classification of diseases 10; NHL, non-Hodgkin’s lymphoma; O, observed; SIR,

standardized incidence ratio.

TABLE 4 | Standardized incidence ratios for all malignancies stratified by age at
transplantation, duration of follow-up, and year of transplantation.

Parameter Person-years O/E SIR (95% CI)

Age at transplant, y

<20 191.9535 1/0.0729803 13.7 (0.35, 76.3)
20-44 9,859.359 38/14.12602 2.69 (1.90, 3.69)
45-64 6,247.127 88/27.16186 3.24 (2.60, 3.99)
> 65 196.1123 6/1.928599 3.11 (1.14, 6.77)
Duration of follow-up, y

<1 31.59206 6/0.069681 86.1 (31.6, 187)
1-5 2,100.715 39/4.575053 8.52 (6.06, 11.7)
5-10 4,465.733 39/11.0498 3.53 (2.51, 4.83)
10-15 3,839.713 24/10.8994 2.20 (1.41, 3.28)
15-19 3,067.138 14/8.118509 1.72 (0.94, 2.89)
>20 2,989.662 11/8.577023 1.28 (0.64, 2.30)
Year of transplant

Before 1989 191.2663 0/0.4592726 0
1989-1998 4,544.882 38/12.89968 2.95 (2.09, 4.04)
1999-2008 6,207.307 57/16.68373 3.42 (2.59, 4.43)
2009-2018 5,551.097 38/13.24678 2.87 (2.08, 3.94)

Abbreviations: Cl, confidence interval; E, expected; O, observed; SIR, standardized
incidence ratio.

this difference between the sexes remain to be elucidated. Of note,
the majority of urothelial cancers in our KTRs were upper tract
cancers, similar to the Taiwanese and Korean KTRs [21, 22]. The
main risk factors contributing to this cancer in Taiwanese KTRs
were exposure to herbal remedies containing Aristolochia and
heavy metals in groundwater [22]. In the present study, we
suspect that local Thai/Chinese herbal remedies may have
been a contributing factor, although we did not collect data on
such herbal remedies in this retrospective study. The hypothesis
of alink with these herbal remedies is plausible because up to 45%
of Thai patients with chronic kidney disease reported using local
Thai/Chinese herbal remedies in the previous year [23]. Although
the active ingredients of Thai/Chinese herbal remedies are not
well documented, at least one herb, Aristolochia acuminata,
known as “Krai-Krue,” has been identified by sampling
polyherbal pills from pharmacies in Bangkok [24].
Furthermore, unregulated local Thai/Chinese herbal products
may be contaminated with toxic heavy metals and analgesic
agents, posing additional risks to users [25]. However, further
study of these possible etiologic factors in Thai KTRs is needed to
estimate the increased risk.
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TABLE 5 | Incidence rates per 100000 person-years at risk and standardized incidence ratios of selected cancers.

Cancer type

Urothelial cancer

Non-Hodgkin’s lymphoma

Non-melanoma skin cancer

No. of Incidence rate per SIR No. of Incidence rate per SIR No. of Incidence rate per SIR
events 100,000 person-years (95% events 100,000 person-years (95% events 100,000 person-years (95% CI)
at risk (95% CI) Cl) at risk (95% CI) Cl) at risk (95% CI)
Age at transplant
<20 0 0 1 521 (73, 3,698) 362 0 0 0
(9.15,
2,015)
20-44 8 81 (41, 162) 18.7 11 112 (62, 201) 25.5 5 51 (21, 122) 1,820
(8.09, (12.8, (46.1,
36.9)" 45.7)* 10,139
45-64 19 306 (195, 480) 28.4 16 256 (157, 418) 19.2 15 240 (145, 398) 28.5 (16.0,
7.1, (11.0, 47.0)*
44.4) 31.1)*
>65 1 371 (52, 2,640) 15.3 1 510 (72, 3,620) 17.4 1 510 (72, 3,620) 22.3
(0.39, (0.44, (0.57, 124)
85.4) 96.8)
Duration of follow-up, y
<1 0 0 4 12,661 (4,752, 33,735) 1,903 1 3,165 (446, 22,471) 915 (23.2,
(518, 5,100)*
4,872)*
1-5 8 381 (190, 761) 86.2 6 286 (128, 635) 42.5 2 95 (24, 381) 30.1
37.2, (15.6, (3.65,
170)* 92.4)* 109)*
5-10 13 291 (169, 501) 51.8 4 89.6 (34, 239) 12.0 7 157 (75, 329) 39.5
(27.6, (3.27, (15.9,
88.6)" 30.7)* 81.5)
10-15 2 52 (13.0, 208) 7.29 8 208 (104, 417) 23.9 2 52 (13, 208) 10.5
(0.88, (10.5, (1.27,
26.3) 47 ) 38.0)
15-19 2 65 (16, 261) 1.8 7 228 (109, 479) 28.5 5 163 (68, 392) 34.6
(1.43, (11.5, 1.2,
42.5) 58.8) 80.8)*
>20 3 100 (32, 311) 13.8 0 0 4 134 (50, 356) 25.0
(2.84, (6.81,
40.3) 64.0)
Year of transplant
Before 0 0 0 0 0 0
1989
8 176 (88, 352) 25.4 6 132 (59, 294) 15.0 9 198 (1083, 381) 38.9
1989-1998 (11.0, (5.50, (17.8,
50.0)* 32.6) 73.8)
14 226 (134, 381) 37.5 15 242 (146, 401) 29.9 6 97 (43, 215) 20.3
1999-2008 (20.5, (16.7, (7.46,
62.9)" 49.9) 44.3)
6 108 (49, 241) 20.7 8 144 (72, 288) 19.8 6 108 (49, 241) 29.0
2009-2018 (7.59, (8.56, (10.6,
45.0) 39.1) 63.1)

Notes: *Significant results at 95% confidence interval.

Abbreviations: Cl, confidence interval; E, expected; O, observed; SIR, standardized incidence ratio; Y, year.

The excess risk of hematologic malignancies in KTRs is well-
established. Epstein-Barr virus infection, along with the
administration of T cell-depleting agents, can lead to the early
development of post-transplant lymphoproliferative disorders
(PTLD) [26]. In Asia, late-onset PTLD, defined as >1 year,
was more common and was associated with an increased
proportion of EBV-negative PTLD [27, 28]. Current KDIGO
guidelines suggest EBV serologic testing before transplantation

and monitoring for EBV reactivation in high-risk EBV mismatch
recipients. Immunosuppression is suggested to be reduced if the
EBYV viral load increases during the follow-up [29]. Although no
standard chemoprophylaxis regimen for EBV exists, a cohort
study of 4,765 organ transplant recipients reported that no
participant receiving a rituximab-containing induction regimen
developed PTLD [30]. Reducing the dose of T cell-depleting
agents was also found to reduce the risk of EBV reactivation, and
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showed a trend toward reducing the incidence of early PTLD
without compromising graft survival over 2years of
follow-up [31].

The three most common skin cancers reported in KTRs are
melanoma, non-melanoma, and Kaposi’s sarcoma, and this has
been shown to be a significantly increased risk compared to the
general population worldwide [32]. In the present study, de novo
incident cases of non-melanoma skin cancer were observed while
neither melanoma nor Kaposi’s sarcoma occurred. The risk of
developing non-melanoma skin cancer can be reduced by
educating patients about lifestyle modifications, such as
smoking cessation and reducing exposure to ultraviolet light.
In addition, in patients with a history of cancer, the physician may
consider avoiding the prescription of azathioprine or the use of
high-dose mycophenolate and may prefer to prescribe an mTOR
inhibitor instead if the patient’s condition is appropriate [33, 34].

In general, the excess risk of PTM:s rises in the first year post-
transplantation, after which it falls over time. Highly elevated
excess risk in the early post-transplantation period may not be
truly de novo cancers, but rather cancers that developed prior to
transplantation that were missed by preoperative screening.
Furthermore, it is noteworthy that not all cancer types behave
similarly. Krishnan et al. found that urinary tract cancer,
melanoma, and post-transplant lymphoproliferative disease
were the three most common incident cancers in the first year
post-transplantation. In addition, incident lung and colorectal
cancers were less common but were at a more advanced stage at
the time of diagnosis [35].

Early detection of de novo PTM in KTRs through systematic
cancer screening may provide a window of opportunity for effective
early cancer treatment. Regarding the current cancer screening
program in Thailand, the Thai Ministry of Public Health offers a
5-year PAP smear, bi-annual fecal occult blood, and opportunistic
mammogram as population cancer screenings [11]. However, cancer
screening among KTRs at a tertiary care center may be more
intensive because specialists are likely to order screening tests that
comply with international society recommendations [36]. This
practice is deemed to be in line with the clinical practice
guidelines of transplant organizations, which suggest that
screening of KTRs should follow the provisions for systematic
screening in the general population, with additional screening for
other common cancers seen in KTRs, such as skin cancer [37].
Although this policy may seem to help detect common cancers, it
may not cause survival benefits and may not be cost-effective due to
the decreased life expectancy in KTRs, or it may inadvertently cause
harm due to false-positive results, leading to over-investigation and
psychological distress [38, 39].

The extremely high excess risk of urothelial cancer in KTRs in our
study highlights the need for future action. Despite the
aforementioned limited benefit of systematic screening programs
in the general population, screening may be beneficial if the cancer
incidence is high, the screened candidate has a high risk of cancer
with a low risk of graft failure, and the screening tools are low-cost
with high sensitivity [40]. From the results of the present study, we
suggest that the special KTR subpopulation of women aged
45-65years with an extremely high excess risk of urothelial
cancer may be an initial candidate subgroup for systematic
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screening, especially in those who have been exposed to
carcinogens, such as exposure to aromatic amines (e.g., benzidine
and B-naphthylamine), high-dose cyclophosphamide, arsenic from
contaminated drinking water, and HPV or BK viral infection [22,
41]. The high incidence of upper tract cancers may require urinalysis
and cytology in combination with contrast-enhanced computed
tomography of the kidneys, ureters, and bladder as the primary
screening test. Abdominal ultrasound should not be used in this
setting as it has low sensitivity for detecting early-stage disease [42].
Of note, if the patient has aristolochic nephropathy, the most
effective way to improve the cancer outcome may be
prophylactic  bilateral nephrectomy, followed by annual
surveillance cystoscopy and urine cytology [43, 44]. Due to the
widespread use of unregulated Thai/Chinese medicinal herbs in the
Thai population, we suggest that, if possible, a urothelial sample be
obtained during the surgical procedure for a kidney transplant to test
it for aristolochic acid-adducted DNA, which is a hallmark
biomarker of aristolochic acid exposure [45]. This may identify
very high-risk patients, allowing for appropriate management.

Strengths and Limitations

There are strengths and limitations to our study. One strength is
that this is the first study to demonstrate the excess de novo cancer
risk among the Thai KTRs in a large sample size with a long
period of follow-up for most of the KTRs. In addition, all
pathologic diagnoses were confirmed by retrospective chart
review, and the stratification of the excess incidence based on
subnational regional risk in the Thai general population adjusted
for different underlying risk factors in each subnational region.
However, there are also limitations. One limitation is the use of
the 2013-2015 Thai general population. We would have preferred
to adjust our statistics for excess risk in KTRs compared to the
Thai general population incidence by calendar year. However,
there is a limitation as we have mentioned in the methodology
section. The reasons for potential bias in our estimated
standardized incidence ratio due to our choice of Thai general
population comparison group can be divided into differences in
age and sex distribution in the Thai population in mid-2014 and
differences in cancer incidence between 2013 and
2015 independent of age and sex (e.g, changes in the
prevalence of other cancer risk factors or national/subnational
systematic cancer screening) compared with an ideal comparison
group adjusting for age, sex, and cancer incidence by calendar
year. The age structure of the Thai population has changed in
recent years toward an aging society [46]. Due to the association
of older age with higher cancer incidence in most PTMs, recent
calendar year data with an older population may have higher
cancer incidence, creating a bias in our estimates toward lower
SIRs. The incidence of different types of cancer has changed at
different rates. For example, cancers of the liver, lung, stomach,
and Hodgkin’s lymphoma have had declining incidence trends,
while cancers of the colon, breast, ovary, prostate, kidney, and
non-Hodgkin’s lymphoma have had increasing trends. Hence,
the expected directions of bias are upward bias in SIRs for the
former group of cancers with decreasing trends and downward
bias for those with increasing trends. Given the strong
magnitudes of the strength of association at the lower bounds
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of the 95% ClIs for cancers with known viral etiologies, which are
known to be more likely in KTRs due to long-term maintenance
immunosuppression, we suggest that there are truly significantly
greater risks of these types of PTMs, regardless of bias due to choice
of population for indirect standardization and other methods of
adjusting for confounders [47]. We also acknowledge that the lack of
standardized mortality ratios in our study may not allow for the
interpretation of the data as to whether Thai KTRs are genuinely an
appropriate, special, and very high-risk population that requires
service provision for systematic screening for some cancers. Only
cancers with significant excess risk, adjusted for confounders,
compared to the Thai general population are attractive targets for
systematic screening service provision. This issue should be
investigated in future studies, but such studies may be
challenging due to historical vital statistics data quality issues [9].

CONCLUSION

The risk of de novo cancer increased after kidney transplantation
in Thai adults, especially oncogenic virus-related cancers. The
post-transplant malignancies with the greatest excess risk, such as
urothelial cancer, warrant further investigation of risk factors to
establish whether a systematic screening program is needed for
any special, very high-risk subgroups of KTRs.
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