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Post-transplant malignancy (PTM) is a leading cause of premature mortality among kidney
transplantation recipients. However, population-based cohort studies that cover incidence, mortality,
and risk factors for PTM are rarely reported, especially in East Asia. We designed a retrospective cohort
study using a national population-based database. A total of 9915 kidney recipients between 2003 and
2016 were included. During this period, 598 cases (6.0%) of de novo PTM occurred. The most common
PTM was thyroid cancer (14.2%), followed by colorectal (11.2%), kidney (10.7%), and stomach cancers
(8.9%). The standardised incidence ratio for all-site cancer was 3.9. The risks of Kaposi sarcoma

(192.9) and kidney cancer (21.1) were more than 10 times those of the general population. Cancer-
related deaths were 89 (14.9%) with liver cancer being the highest (14.6%), followed by lung cancer
(13.5%), non-Hodgkin lymphoma (NHL) (12.4%), stomach cancer (9.0%), and colorectal cancer (7.9%).
The standardised mortality ratio (SMR) was slightly elevated (1.4). A notable increase in SMR was
observed for lymphoma (9.3 for Hodgkin lymphoma and 5.5 for NHL). Older age and graft failure were
significantly related to PTM. These findings reflecting geographical variation have implications for the
development of strategies for fatal cancers to prevent premature deaths from PTM.

Post-transplant malignancy (PTM) is a devastating complication of kidney transplantation and the second most
common cause of mortality in kidney recipients'. In general, kidney transplant recipients have a higher incidence
of malignancies compared with the general population?. Poorer outcomes, including mortality and graft failure,
have been reported in patients with PTM?=. However, the incidence, mortality, and risk factors for PTM show
considerable ethnic and geographic variation. Non-melanoma skin cancer (NMSC) and non-Hodgkin lymphoma
(NHL) are the most common PTM:s in the United States and Europe®™. In contrast, stomach and kidney cancers
are commonly reported PTMs in Asian countries'®'2

There have only been a few reports of PTM in South Korea. Hwang et al.!' presented stomach cancer and
malignant lymphoma as the most common PTM:s based on a 40-year single-centre dataset. Most previous stud-
ies are derived from single-centre data with a relatively small number of recipients'*~°. Recently Heo et al.'® and
Park et al.'” found thyroid cancer to be the most common PTMs identified in from 5- and 8-year nationwide
databases, respectively. The relatively short mean duration of follow-up may affect the accuracy of data concern-
ing late-onset PTM. Furthermore, mortality data derived from PTM and risk factors for PTM were limited in the
previous studies. Reports from Western countries have yielded contradictory results on cancer mortality; risk
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Variable* Total patients | PTM Non-PTM | P-value
Age, years

<40 3225 (32.5) 154 (25.8) | 3071 (33.0)

40-59 5736 (57.9) 377 (63.0) | 5359 (57.5) 0.001
>59 954 (9.6) 67 (11.2) 887 (9.5)

Sex

Male 5970 (60.2) 341 (57.0) | 5629 (60.4) o110
Female 3945 (39.8) 257 (43.0) | 3688 (39.6)

Total person-years 53,835 2809 51,026

Male 32,175 1619 30,556

Female 21,660 1190 20,470

Induction immunosuppressant

Basiliximab 1135 (11.4) 47 (7.9) 1088 (11.7) | 0.004
Anti-thymocyte globulin 7821 (78.9) 442 (73.9) | 7379 (79.2) 0.002
Maintenance immunosuppressant

Tacrolimus + MMF + corticosteroid 6958 (70.2) 355 (59.4) | 6603 (70.9) | <0.001
Cyclosporine + MMF + corticosteroid 2158 (21.8) 210(35.1) | 1948 (20.9) | <0.001
Infection

CMV disease 1018 (10.3) 61 (10.2) 957 (10.3) 0.956
EBV mononucleosis 11 (0.1) 1(0.2) 10 (0.1) 0.670
Graft failure 442 (4.5) 63(10.5) | 408 (4.4) <0.001
Year of transplant

2003-2009 3473 (35.0) 383 (64.1) |3090(33.2) | <0.001
2010-2016 6442 (65.0) 215 (36.0) | 6227 (66.8)

Table 1. Comparison of characteristics between patients with post-transplant malignancies (PTM) versus
without PTM. CMV cytomegalovirus, EBV Epstein-Barr virus, MMF mycophenolate mofetil, PTM post-
transplant malignancy. *Data are expressed as number and percentage.

of death in USA transplant recipients was not increased'®, but those in Canada®, Australia, and New Zealand"’
were three times higher than the general population. A large population-based study with a lengthy follow-up is
essential in order to understand PTM and establish cancer surveillance strategies for kidney recipients.

The present study was based on the use of a comprehensive database operated by the National Health Insur-
ance (NHI) of the Korean government. This database contains all the records of healthcare utilisation by kid-
ney recipients who were enrolled in the Rare Intractable Disease (RID) system for reimbursement purposes.
Registration in such is confirmed by a certified physician based on the RID criteria, which reflect international
guidelines, and is verified by the NHI system. Therefore, the use of this database was suitable for the investiga-
tion of PTM among kidney recipients.

Using this database, we performed a comprehensive nationwide population-based analysis with the permit-
ted maximum lengthy follow-up duration to investigate the incidence, mortality, and risk factors for PTM. This
study can facilitate prevention and management of PTMs, which will contribute to outcome improvements in
kidney recipients.

Results

Characteristics of patients. A total of 9915 patients who underwent kidney transplantation from 2003 to
2016 were included in our study cohort. The median follow-up duration was 4.87 years, representing 53,835 per-
son-years of follow-up. During this period, 598 cases of de novo PTM occurred. The baseline characteristics of
these patients are presented in Table 1. Patients with PTM were older than the non-PTM group (median age: 48
vs. 46 years, P<0.001). There were significant differences between the PTM and non-PTM groups for immuno-
suppressive agents: induction (P=0.004 for basiliximab, and P=0.002 for anti-thymocyte globulin), and main-
tenance (P<0.001 for calcineurin inhibitors, mycophenolate mofetil, and corticosteroid). There was a higher
proportion of recipients who suffered from graft failure in the PTM group than the non-PTM group (P <0.001).
The proportion of PTM cases decreased from 383 (64.1%) in 2003-2009 to 215 (36.03%) in 2010-2016.

Incidence of PTM.  The overall incidence of PTM was 6.0% (598/9915). The cancer types and characteristics
of PTMs are presented in Table 2. The most common PTM was thyroid cancer (n =85, 14.2%), followed by colo-
rectal cancer (n=67, 11.2%), kidney cancer (n=64, 10.7%), stomach cancer (n=53, 8.9%), and prostate cancer
(n=49, 8.2%). The median age of patients at diagnosis of PTM was 52.0 years (interquartile range: 16.0 years).
Melanoma (40.0 years), cervical cancer (44.5 years), and oral cavity cancer (47.0 years) occurred in younger
recipients, who were also relatively younger at the time of kidney transplantation. In contrast, oesophageal can-
cer (65.0 years), pancreatic cancer (60.0 years), ureter cancer (59.5 years), and NMSC (59.0 years) developed
in older recipients, resulting in relatively longer duration from transplantation to PTM. The median interval
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Time between transplant and PTM,
Type of Number of cancer (%) Age at transplant, years* Age at diagnosis of PTM, years* years*
cancer Male Female Total Male Female Total Male Female Total Male Female Total
Thyroid 30(88) | 55(14) |85(142) ?gé?8—54.8) ?;lé?o-so.o) ?;1%?0-52.0) A(Lffo-ss.s) ?fi?o-s&o) ?22?0-55.0) 2.7 (1.8-6.5) | 4.0(2.1-6.6) | 3.4 (1.8-6.5)
Colorectal | 34(10.0) | 33(128) | 67(112) | (5% 565) | (340-540) | (365-55.0) | (453-59.0) | (36.0-59.0) | (ir0-50.0) | 39 23-82)| 45 (22-85)| 44 (22-8.4)
Kidney 46(135) [18(7.0) |64(107) | (575 o0 | (ra5-530) | (368-530) | (413-50.0) | (33-58.3) | (41 o50.0) | 61 2:4-9D) |36 (21-82)| 58(23-9.0
Stomach | 31(90) |22(86) |53(89) (52%90755.5) ?56?0753.0) ffé(‘)ofss.o) (SZé(.)sfsz.o) (556;.)3762.0) ?57i(.)0—62.0) 52(3.3-7.0) | 48 (2.7-6.5)| 5.0 (3.3-6.8)
Prostate | 49 (144) |0(0.0) |49(82) (555‘?0758.0) - (525?0758.0) (545;.)0760_0) - fjé(.)ofso.o) 3.6 (1.3-64) | - 3.6 (1.3-6.4)
Liver 3204 |1039) 142(7.0) (Sié(.)sfss.O) ?39i.55751.5) 4(126?3—54.8) (53%?0759.0) ?35.‘.3.50—56.0) 525?3—58.8) 33(1.7-60)] 2.7 (18-4.6) | 3.2 (18-5.7)
Lung 31(9.0) | 11(43) | 42(7.0) (53595759.0) ?4350,55_0) ?jfsfss.()) (Sfé(.)ofa.s) ?24?0—58.5) ff%(.)ysz.s) 43(27-6.0) | 3.8(1.0-53) | 4.2 (1.9-5.5)
Brast |103) 35038 (3660 |50 510) | (395-500) | (396-503) | (57.0-57.0) | (445-530) | (as-53g) |63 (6363|41(2259)|42(23-60)
ggg;gkm 1338) |14(54) |27(45) |320 45.0 45.0 380 530 49.0 3.3(1.6-9.0) | 5.3 (24-7.1) | 5.1 (1.7-7.8)
Ihoma (29.0-47.0) | (39.8-52.0) | (31.5-51.0) | (35.0-49.0) | (41.8-57.3) | (37.0-55.0)
badder |30 7072063 |55 soo) | 15510 | (358-543) | 45.0-570) | (48.0-545) | (478-57.0) |38 @587 53(27-62)| 5.4 (.4-81)
Cervix 0000 |14(.4) |1423) |- ?39%?0_45‘3) ?39;_"0_453) ; ?fi?0—49.8) ?fi?o-49.3) . 3.8 (23-6.0) | 3.8 (2.3-6.0)
g:rr;ansllilli 226 [4(le) 13(22) 514?0-59.0) ?fé(.)s-ss.o) ?:4(.)0-59.0) ?51;.)0—66.0) (55655—62.3) ?E?i(.)o-ss.o) 74(4.3-89) | 51 (41-6.6)| 7.2 (4.3-89)
Oralcavity | 9(26) | 4(16) |13(22) ?26?0—48.0) ?366(.)0-41.5) ?3?%(.)0-48.0) (S;)i?o-ss.o) ?31;.)3-43.5) ?Zi(.)o-sl.o) 2.8(1.9-4.9)| 3.1(1.7-4.6) | 2.8 (1.8-4.9)
Pancreas | 9(26) 12(08) | 11(18) (5574(.)0-61.0) 537%(.)5-54.5) ?575(.)5-62.0) ?gé(.)o-ﬁl.o) 52290-58.0) (6;)4(.)5-63.5) 28(09-3.5)| 43 (3.6-4.9) | 29 (1.0-36)
Leukaemia | 6(1.8) | 5(1.9) | 11(1.8) gi(.)o-so.s) ?375?0—48.0) ?37690-50.0) ?24(.)3—54.3) ?3%90-53.0) ?2690-53.5) 37(23-5.5)| 44 (1.6-67) | 42 (1.8-6.3)
gNezlepharynr 803|208 1007 |G 530y | as5oas8) | (485-523) | @90-573) | (00-520) | ($9.5-56.3) | 35 C458)|3224-41)| 35(18-50)
iarlzgrsrlla 8(23) 1(04) 915 ?325?0-55.5) ?665?0-63.0) ?364(.)0-57‘0) ?3?4(.)0-57.0) (6655(.)0-65.0) ?35;.)0—60.0) 22(11-5.0)| 24 (24-2.4) | 24 (1.1-42)
Ovarian  |0(0.0) |8G.0) |8(13) |- 4(126?0—50.8) ?:50750.8) - 5(31(1).;)?8—53,8) (523'?8753.8) - 3.5 (2.9-52) | 3.5 (2.9-5.2)
Uterus 000 |77 |702) |- (5326(.)075545) (532;_)0755_5) - ffé?&sao) (5:;_)5756_0) - 47 (1.9-7.0) | 4.7 (1.9-7.0)
Gallbladder | 5(1.5) | 1(04) | 6(10) ?561(.)0757.0) (525?0749.0) (539?5—56.8) (SS;.)O—GI.O) ?566(4)0—56.0) (5575(.)0—60.3) 17(1.7-3.2)| 7.1(7.1-7.1) | 2.5 (1.7-5.3)
Ureter 103 1302 1407 5566(.)0—56.0) (5425';?5-54.5) 555?8—57.0) (661i(.)o-61.0) (Sgé(.)o-ss.s) (559%.50-63.0) 53(5:3-53) (9%%-10.0) 7:5(5:2-98)
Oesophagus | 2(0.6)  |1(04) |3(05) ?57;3—59.8) (555(.)0-58.0) ?gé(.)s-m.o) (6676(.)0—68.0) ?65;.)0—65.0) ?655(.)0-67.0) (954-10.9) 71(7.1-7.1)| 7.2(7.2-9.6)
;%}E‘E‘ls 2(06) 0(0.0) 2(03) (55353—55.8) N 5(353f3—55.8) (55‘353-?8—57‘3) N (5553.58—57.3) 23(17-29) - 23(17-29)
Melanoma |1(0.3)  |0(00) [1(02) ?3?6(.)0—36.0) - ?366(.)0—36.0) ?26(.)0-40.0) - ?26(.)0-40.0) 42(42-42) | - 42(42-42)
Sx?fpg}ii?na 103 1000 1(0.2) (5535(.)0-53.0) - 5533(.)0-53.0) ?535(.)0-53.0) - 5535(.)0-53.0) 08(08-0.8) - 0.8(0.8-08)

Table 2. Distribution of post-transplant malignancies. *Data are expressed as median and interquartile range.

between transplantation and PTM was 4.0 years (interquartile range: 4.8 years). PTM occurred in 49 (8.2%)
recipients within 1 year, 305 (51.0%) between 1 and 5 years, 198 (33.1%) between 6 and 10 years, and 46 (7.7%)
over 10 years. Kaposi sarcoma, gallbladder, oral cavity, and pancreatic cancers developed within 3 years after
transplantation, whereas ureter, oesophageal, and NMSC cancers occurred later post-transplant.

The kidney recipients had 3.9 times higher cases of development of any type of cancer when compared with
the general Korean population (Table 3). The standardised incidence ratio (SIR) for PTM was higher in female
than in male recipients (4.5 vs. 3.3). The SIR of Kaposi sarcoma (192.9), kidney cancer (21.1), and ureter cancer
(14.5) were increased more than tenfold while those of gallbladder (1.1), central nervous system (1.2), and
oesophageal (1.7) cancers were not significantly higher compared with the general population. In terms of age
classes, the SIR of kidney recipients aged less than 40 years showed the highest values for PTMs (16.1 for total
PTM, 6.5 for thyroid cancer, 40.0 for colorectal cancer, and 110.8 for kidney cancer) (Supplementary Table S1).
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Observed rates of cancer Expected rates of cancer

cases cases* Standardised incidence ratio (95% CI)
Type of cancer Male | Female | Total | Male |Female | Total | Male Female Total
Thyroid 932 |2539 |157.9 |157 |729 442 |59(4.8-7.2) 35(3.1-3.9) 3.6 (3.0-4.2)
Colorectal 1057 |1524 | 1245 |454 252 342 |2.3(1.9-2.8) 6.0 (5.1-7.1) 3.6 (3.0-4.3)
Kidney 1430 |83.1 1189 |83 |33 56 | 17.1(144-201) | 252(20.1-312) |21.1(17.4-252)
Stomach 963 |101.6 |984 |626 |260 423 |15(1.2-1.9) 3.9 (3.2-4.7) 2.3 (1.9-2.8)
Prostate 1523 | 0.0 91.0 |220 |- 92 [69(59-8.1) - 9.9 (7.9-12.1)
Liver 995 462 780 |468 |[157 313 | 2.1(1.7-2.6) 2.9 (2.1-3.9) 2.5(2.0-3.1)
Lung 9.3 508 780 479 |146 285 |20 (1.6-2.4) 3.5 (2.6-4.6) 2.7 (2.2-3.4)
Breast 3.1 1616 669 |02 |446 225 | 15.5(3.1-43.8) 3.6 (3.1-4.2) 3.0 (2.3-3.8)
f\]‘mf"dgkm 404 | 646 502 |76 |52 64 |53(3.7-7.1) 123 (9.5-15.7) | 7.9 (5.8-10.4)
ymphoma
Urinary bladder | 404 [ 323 372 92 |17 49  |44(3.1-59) 19.5(13.2-27.3) | 7.6 (5.4-10.5)
Cervix 0.0 64.6 260 |- 12.9 66 |- 5.0 (3.9-6.4) 3.9 (2.6-5.8)
i‘i’:'melam’ma 28.0 18.5 24.1 44 |40 42 6.4 (4.2-9.1) 46 (2.6-7.1) 5.7 (3.6-8.4)
Oral cavity 280 |185 241 |43 |17 29  |6.6(43-93) 10.7 (6.2-16.4) | 8.3 (5.3-12.3)
Pancreas 280 |92 204 |84 |51 66 |33(22-48) 1.8(0.8-3.3) 3.1(1.9-4.7)
Leukaemia 186|231 204 |57 |41 48  [33(1.9-5.1) 5.6 (3.6-8.4) 43 (2.5-6.4)
Nasopharyngeal | 249  |9.2 186 |65 |10 34 |3.8(24-56) 9.6(43-17.8) |54 (3.2-8.5)
Kaposisarcoma | 249 |46 167 o1 |00 0.1 g;g:i)“”'z’ - 192.9 (109.9-306.9)
Ovarian 0.0 36.9 149 |- 63 32 |- 59 (4.1-8.1) 46(2.5-7.5)
Uterus 0.0 323 130 |- 57 29 |- 5.7 (3.8-7.9) 45(24-7.7)
Gallbladder 155 |46 111 101 |98 99 | 1.5(0.9-2.5) 0.5 (0.1-1.1) 1.1 (0.6-2.0)
Ureter 3.1 139 7.4 07 |03 05 |42(08-11.7) 442 (23.3-73.0) | 14.5(5.5-28.1)
Oesophagus 62 46 56 67 |05 32 ]0.9(0.3-2.0) 9.6(2.8-22.8) | 1.7 (0.6-3.9)
Scyes‘t‘etfsl nervous 16 0.0 3.7 35 |28 32 |18(06-3.7) - 1.2 (0.3-3.0)
Melanoma 3.1 0.0 1.9 07 |07 07  |42(0.8-12.0) - 2.8(0.2-9.5)
;I}‘l’frﬁl;m lym- 3.1 0.0 1.9 0.6 |03 04 |56(11-1538) - 4.4(0.3-153)
Total 1059.8 |1186.5 |1110.8 |322.1 |2654 |283.1 |3.3(3.1-3.5) 45 (4.2-4.7) 3.9 (3.7-4.2)

Table 3. Standardised incidence ratios according to the type of post-transplant malignancy. CI confidence

interval. *The expected rates of cancer cases are based on the general population in Korea, adjusted for age and
sex.

Mortality of PTM. Of the 598 recipients with PTM, 89 (14.9%; 55 males and 34 females) died during the
study period. The most common cause of cancer-related death in these patients was liver cancer (n=13, 14.6%),
followed by lung cancer (n=12, 13.5%), NHL (n=11, 12.4%), stomach cancer (n=8, 9.0%), and colorectal can-
cer (n=7,7.9%). The standardised mortality ratio (SMR) of total recipients with PTM was 1.4 and that of female
recipients (1.8) was significantly higher than that of male recipients (1.1) (Table 4). Patients with lymphoma (9.3
for Hodgkin lymphoma and 5.5 for NHL), NMSC (7.0), kidney cancer (5.8), and Kaposi sarcoma (5.6) showed
significantly higher SMRs than the general population.

Risk factors for PTM. The risk factors for PTM based on Cox multivariate analysis are shown in Table 5.
The risk factors independently related to PTM were older age (40-59 years, hazard ratio [HR] =1.70; 95% confi-
dence interval [CI] =1.41-2.06; P<0.001, and over 60 years, HR=2.30; 95% CI=1.72-3.06; P<0.001) and graft
failure (HR =1.64; 95% CI=1.26-2.13; P<0.001). A non-significant relationship between residuals and time was
identified (chi-square =2.30; P=0.682) using the Schoenfeld residuals test to confirm the Cox proportional-haz-
ards assumption (Supplementary Fig. S1). In addition, the Wald chi-square test for goodness of fit was significant
(60.98; P<0.001), and variance inflation factors ranged from 1.004 to 1.177 which were less than 10, indicating
non-multicollinearity. Figure la illustrates the total cumulative incidence of PTM and Fig. 1b,c illustrate the
effect of significant factors on cumulative incidence. The estimated cumulative incidence rates of PTM at 1, 2, 5,
10, and 14 years were 0.54%, 1.70%, 4.88%, 11.23%, and 17.49% respectively.

Discussion

In the present study, a comprehensive analysis of PTM after kidney transplantation was conducted based on
nationwide data from Korea with a lengthy follow-up duration and information on mortality. The SIR of PTM
was 3.9, similar to previous studies''®!”. The SMR of total PTM was 1.4, and that of lymphoma showed the
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Observed rates of cancer | Expected rates of cancer
death death* Standardised mortality ratio (95% CI)

Type of cancer Male | Female | Total | Male | Female | Total | Male Female Total

Liver 31.1 13.9 24.1 350 | 114 23.1 0.9 (0.6-1.3) 1.2 (0.6-2.0) 1.0 (0.7-1.5)
Lung 31.1 9.2 223 | 475 |17.0 323 | 0.7(0.4-0.9) 0.5(0.2-1.0) | 0.7 (0.4-1.0)
Non-Hodgkin lymphoma 15.5 27.7 20.4 4.1 3.2 3.7 3.8(2.1-6.2) 8.7 (5.7-12.5) |5.5(3.3-8.3)
Stomach 21.8 4.6 14.9 26.5 | 143 20.4 0.8 (0.5-1.2) 0.3 (0.1-0.8) 0.7 (0.4-1.2)
Colorectal 93 | 185 13.0 56 | 43 49 | 1.7(0.7-3.1) 43(25-6.6) | 2.7(1.4-4.5)
Kidney 6.2 13.9 9.3 2.2 0.9 1.6 2.8 (1.0-5.9) 15.4 (8.1-25.4) | 5.8 (2.6-10.7)
Nasopharyngeal 12.4 0.0 7.4 3.1 0.9 2.0 4.0 (2.0-6.8) 3.7 (1.4-7.2)
Urinary bladder 6.2 4.6 5.6 33 1.1 2.2 1.9 (0.7-4.0) 4.2 (1.2-10.0) |2.5(0.9-5.6)
Ovarian 00 | 139 5.6 0.0 | 35 1.7 4.0 (2.1-65) | 3.3(1.1-7.3)
Prostate 9.3 0.0 5.6 5.0 0.0 2.5 1.9 (0.8-3.4) 2.2(0.8-4.9)
Non-melanoma skin 3.1 9.2 5.6 0.8 0.8 0.8 3.9(0.8-11.0) |11.5(5.1-21.4) |7.0(2.4-15.5)
Breast 0.0 13.9 5.6 0.1 7.5 3.8 0.0 1.8 (1.0-3.0) 1.5 (0.5-3.3)
Kaposi sarcoma 6.2 4.6 5.6 1.0 0.9 1.0 6.2 (2.2-13.1) 5.1(1.5-12.2) |5.6(1.9-12.4)
Pancreas 6.2 0.0 3.7 9.0 8.0 8.0 0.7 (0.2-1.5) 0.5(0.1-1.2)
Central nervous system 6.2 0.0 3.7 2.6 2.2 24 2.4 (0.8-5.0) 1.5 (0.4-4.0)
Cervix 0.0 9.2 3.7 0.0 4.0 2.0 2.3 (1.0-4.3) 1.9 (0.4-4.8)
Thyroid 0.0 4.6 1.9 0.4 1.0 0.7 4.6 (1.4-11.0) |2.7(0.2-9.2)
Leukaemia 0.0 4.6 1.9 4.1 3.1 3.6 1.5 (0.4-3.5) 0.5 (0.0-1.8)
Oesophagus 3.1 0.0 1.9 54 0.5 3.0 0.6 (0.1-1.6) 0.6 (0.0-2.1)
Ureter 0.0 4.6 1.9 0.7 0.5 0.6 9.2(2.7-21.9) |3.1(0.2-10.7)
Hodgkin lymphoma 3.1 0.0 1.9 0.3 0.2 0.2 |10.4(2.1-29.2) 9.3(0.5-32.1)
Total 170.9 | 157.0 165.3 | 156.7 |85.3 120.5 1.1 (0.9-1.3) 1.8 (1.6-2.1) 1.4 (1.2-1.6)

Table 4. Standardised mortality ratios according to the types of post-transplant malignancies. CI confidence
interval. *The expected rates of cancer death are based on the general population in Korea, adjusted for age and

Sex.
Univariate for PTM Multivariate for PTM*
Variable HR (95% CI) P-value | HR (95% CI) P-value
Age, years
<40 Reference Reference
40-59 1.70 (1.41-2.06) <0.001 |1.70 (1.41-2.06) | <0.001
>59 2.29 (1.72-3.05) <0.001 |2.30(1.72-3.06) | <0.001
Sex
Male Reference Reference
Female 1.12 (0.95-1.32) 0.166
Induction immunosuppressant
Basiliximab 1.15 (0.86-1.56) 0.348
Anti-thymocyte globulin 1.26 (1.04-1.52) 0.017 | 1.20 (0.99-1.46) 0.058
Maintenance immunosuppressant
Tacrolimus + MMF + corticosteroid 1.14 (0.96-1.34) 0.135
Cyclosporine + MMF + corticosteroid | 1.03 (0.87-1.23) 0.715
Infection
CMV disease 1.04 (0.80-1.35) 0.788
EBV mononucleosis 1.10 (0.15-7.79) 0.928
Graft failure 1.56 (1.20-2.02) 0.001 | 1.64 (1.26-2.13) | <0.001
Year of transplant
2003-2009 Reference Reference
2010-2016 1.13 (0.94-1.39) 0.193

Table 5. Univariate and multivariate analysis for post-transplant malignancies. CMV cytomegalovirus,
EBV Epstein-Barr virus, MMF mycophenolate mofetil, HR hazard ratio, PTM post-transplant malignancy.
*Variables less than 0.05 of P-values in univariate analysis were included in the multivariate analysis.
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Figure 1. Cumulative incidence rate of post-transplant malignancy after kidney transplantation. (a) Total
incidence. (b) Older age and (c) graft failure were associated with post-transplant malignancy.

highest value (9.3 for Hodgkin lymphoma and 5.5 for NHL). Older age and graft failure were significant risk
factors for PTM.

Kidney recipients have higher cases of developing cancer (SIR, 1.7-3.9) compared with the general
population’'>2"22, The incidence of PTM varies according to country and type of malignancy. In general,
Asian countries (Taiwan, 3.75; Hong Kong, 2.94; and Japan, 2.78)101221 have higher SIR than Western countries
(Canada, 2.5; United Kingdom, 2.4; and United States, 2.1)"**%. The difference might stem from the number of
included patients, hospital- or population-based designs, and the epoch of transplantation.

Regarding the types of PTM, the most common malignancy was thyroid cancer, followed by colorectal, kid-
ney, stomach, and prostate cancer. The high frequency of these cancers demonstrated previously'®!” may result
from increased surveillance.

When compared with the general population, the cases of Kaposi sarcoma were the most prominent with an
SIR of 192.9 despite a small number of incident cases. An immunocompromised state after kidney transplantation
could increase the virus infection that plays an important role in the pathology of Kaposi sarcoma?®. Further,
the lower incidence of Kaposi sarcoma on Korean general population® could have caused the substantially high
SIR seen in this study. In terms of kidney cancer having high frequency and SIR, our results were consistent with
those of previous studies*"*. Although the exact mechanism has not been revealed, malignant transformation
of cysts developed during kidney failure, the duration of dialysis, and an immunocompromised state due to
nephrotoxic drugs might be the cause of these high kidney cancer values*"?.

Regarding mortality associated with PTM, only a few population-based studies have dealt with this subject.
According to a recently published Australian and New Zealand population-based cohort study, 20% of cancer
deaths were reported, which is slightly higher than our results (14.9%)". The most common cause of cancer
death was lung cancer (21%), followed by liver cancer (18%) and NHL (16%). This rank is similar to our results
(14.6% for liver cancers, 13.5% for lung, and 12.4% for NHL). Smoking is a well-known risk factor for lung
cancer” and hepatitis B virus is one of the established risks of liver cancer'®?. In particular, South Korea is an
epidemic region for this hepatitis virus. Virus vaccination, prohibitions against smoking, and low dose-computed
tomography should be recommended for recipients. In addition, the reduction of spicy food intake, eradication
of Helicobacter pylori, and screening with gastroscopy for stomach cancer (9.0% of cause of death), which still
shows a higher proportion of PTM in Asia'"'?, should be encouraged.

In terms of SMR, the Australian and New Zealand population-based cohort study reported an SMR of 2.9
for all-site cancers'. In the Asian population, a similar SMR value of 2.3 was reported based on the Hong Kong
Renal Registry?!. A population-based cohort study in Canada found an SMR of 2.8; however, the SMR decreased
to 1.9 when recipients with cancers before transplantation were excluded'®. In this study, we presented the SMR
for Korea and found a lower SMR (1.4) than the SMRs for Australian and New Zealand, and Hong Kong stud-
ies. However, the SMR was still significantly elevated, similar to the previous Canadian study. The exclusion of
recipients with pre-transplant malignancies is likely the cause of these results.

The cancer type with the highest SMR was lymphoma (9.3 for Hodgkin lymphoma and 5.5 for NHL). When
compared with our results, higher SMR values have been reported in previous studies (42.2 for Australian and
New Zealand; 18.2 for Hong Kong; and 14.1 for Italy)*!*2!. These different SMR values might be attributed to
the higher SIRs of lymphoma in previous studies mostly conducted in Western countries.

Multivariate analysis revealed that the recipient’s age at transplantation and graft failure were significant risk
factors for development of PTM. Concordant with our results, the recipient’s age has been widely reported to be
a risk factor for PTM!!. The close relationship between graft failure and development of cancers has also been
confirmed in previously reported studies”. Immunosuppression associated with graft failure might predispose
to the development of PTM. Therefore, alternative regimens to current immunosuppressants such as mammalian
target of rapamycin inhibitors that may lead to better outcomes regarding PTM have been investigated®**. In
South Korea, most recipients are on a triple therapy regimen that includes a calcineurin inhibitor, mycophe-
nolic acid, and steroids as the major initial maintenance immunosuppressants (81.4%)*'. Among calcineurin
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inhibitors, tacrolimus is prescribed far more than cyclosporine, which was reported to be associated with car-
cinogenic effects*’. Regarding level, a randomised comparison study demonstrated that recipients with a lower
level of cyclosporine had a lower incidence of PTM than those with a normal level®. The effects of combination
of immunosuppressant, and dosing of them for PTM according to cancer types are still controversial®, thus
further studies are necessary.

This study had several limitations. The lack of detailed clinical information such as type of pathology, labora-
tory data, smoking, drinking, donor status, immunologic profiles, family history, dosage of differently combined
immunosuppressive drugs, and target drug levels led to restrictions on the analysis of PTM. Moreover, inevitable
classification bias could exist because we used registry data based on physicians’ diagnoses. Furthermore, fatal
cancers such as early post-transplant lymphoproliferative disorder*, which could develop within 6 months after
kidney transplantation would be omitted because of predefined criteria based on a previous study investigating de
novo non-cutaneous PTM?>. The precise identification and calculation of SIR and SMR for multiple or recurrent
malignancies were also difficult in this type of dataset. Therefore, we considered the first malignancy as PTM due
to the strong effect of de novo malignancy on mortality. Further studies focusing on early-onset PTM, multiple
and recurrent malignancies, and specific risk factors for PTM are necessary. Hospital-based designs that include
participating multi-centres for precise identification of variables and a large study population would complement
our limits in the present study. Despite these limitations, the strength of this study is the use of a nationwide
population database of kidney recipients with 14 years of lengthy follow-up for late-onset malignancies. Stud-
ies handling PTM with SMR using a nationwide data source are rare, particularly in Asia. The relatively large
sample size of the entire national population and unbiased measures used in this study could provide reliable
information about PTM in kidney recipients.

In conclusion, our study presented a comprehensive analysis of PTM after kidney transplantation, including
SIR, SMR, and risk factors. We found that the SIR of malignancy in kidney transplant recipients was 3.9, and
provided information about late-onset PTM within 14 years, which might be useful for long-lived recipients.
Furthermore, this study is the first to reveal that the SMR of PTM is slightly higher than that in the general
population in South Korea. Although increases in cancer incidence of certain types of PTM translate into similar
increases in cancer mortality, fatal malignancies significantly related to mortality such as liver and lung cancers,
lymphoma, and stomach cancer need more intensive care based on data used in this study. Further, risk factors
for PTM including older age and graft failure should be considered when managing transplant recipients. These
findings reflecting geographical variation can facilitate the development of cancer prevention strategies and
follow-up recommendations for the improvement of the outcome of kidney recipients.

Methods

Study design. This was a retrospective and observational cohort study that used prospectively registered
national data sets for reimbursement purposes. All patients who underwent kidney transplantation procedures
(Z94.0 code of the International Classification of Disease, 10th revision, Clinical Modification [ICD-10-CM]) at
any Korean medical centre from January 2003 to December 2016 were included. We included first malignancy
after kidney transplantation as PTM because the outcome of multiple or recurrent cancers could be affected
by the type of first malignancy. De novo malignancy exhibited a more aggressive tendency, and was one of the
leading causes of mortality according to previous studies®>. The recipients with pre-transplant cancers were
excluded in order to focus on de novo malignancy'®. Cancer cases that occurred within 6 months after kidney
transplantation were excluded from analysis due to the possibility of undiagnosed malignancies before surgery
based on the criteria of a previous study for de novo non-cutaneous PTM®. Malignancies detected after graft
failure were also excluded. We investigated the incidence, mortality, and risk factors related to PTM.

This study was approved by the independent Institutional Review Board of Kosin University Gospel Hos-
pital (KUGH 2017-12-009). The data acquisition number for the National Health Insurance Sharing Service
was REQ0000019170. This study was conducted in accordance with the Declaration of Helsinki. The need for
informed consent was waived because anonymity of personal information was maintained.

Study population (patient selection). The study included all patients who had been listed for kidney
transplantation from January 2003 to December 2016 in the Health Insurance Review and Assessment Service
(HIRA). The patients were registered in the HIRA database after kidney transplantation, as defined by the ICD-
10-CM code Z94.0. During this period, 18,822 patients were enrolled in the database. We excluded 6089 patients
who were not diagnosed with cancer as the main disease, and registered in the reimbursement program for can-
cer patients properly. Additionally, 1898 patients who were diagnosed with cancer before transplantation, and
430 patients who were diagnosed with cancer within 6 months after kidney transplantation or after graft failure
were not included. Patients under 20 years (n=410) and 53 patients who underwent other organ transplanta-
tions were also excluded. Twenty-seven recipients with missing variables such as age, and sex were not included.
The final cohort consisted of 9915 patients and included 598 patients with PTM (Supplementary Fig. S2). The
records of medical visits, demographic characteristics, and death status were collected from the HIRA database
for all kidney recipients with and without PTM.

Study variables. We collected the following demographic data and baseline characteristics of kidney recipi-
ents from the HIRA database: age, sex, immunosuppressive agents, the presence of cytomegalovirus (CMV)
disease, Epstein-Barr virus (EBV) mononucleosis, year of transplantation, cancer type, and date of mortality.
CMYV infection included CMV diseases (mononucleosis, pneumonitis, hepatitis, and pancreatitis) and the post-
transplant administration of antiviral agent (ganciclovir or valganciclovir)””. The ICD-10-CM codes for CMV
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disease were B27.1, B25.0, B25.1, B25.8, and B25.9. In terms of EBV status, the ICD-10-CM code B27.0 was used.
We defined cases of more than 10 dialysis sessions after 90 days post kidney transplantation as graft failure®®.

Data source. The data used in this study were obtained from the HIRA database, which is based on the NHI
system operated by the Korean government. Healthcare institutions submit the medical data for all inpatients
and outpatients in electronic format to the HIRA for reimbursement purposes. The claims data integrated by
HIRA include all healthcare utilisation information on inpatients and outpatients. Data about the demographic
characteristics of the patients, principal diagnosis, prescription history, and performed procedures based on
ICD-10-CM codes are included in this database. In this study, we obtained all data about kidney recipients from
the RID program of the HIRA database who were registered between January 2003 and the end of December
2016. The Korean government assigned kidney transplantation to the RID system to reduce patient payments.
To ensure the quality of registration in the RID program, diagnosis must be based on the uniform criteria pro-
vided by the NHI and must be reviewed by the corresponding healthcare institution before submission to the
NHI, which confirms the medical record of each registered individual. Therefore, the data registered in the RID
registry that are linked with the national health insurance system are verified and reliable®**.

Causes of death for the deceased kidney recipients were also analysed by linking the Statistics Korea data with
the HIRA database. In the Statistics Korea data, the causes of death are documented according to the ICD-10
codes, which are verified by physicians at the time of death, and information regarding all casualties was included.
Cancer incidence and mortality of the general population were also obtained from the Statistics Korea data.

Statistical analysis. We evaluated the incidence, mortality, and risk factors for PTM. Descriptive statistics
were used for patient characteristics associated with PTM. Comparisons of nominal and continuous variables
between groups were assessed using the Chi-square and Mann-Whitney U tests, respectively. SIR was calculated
as the number of observed PTM cases divided by the expected number of malignancies based on the person-
years at risk and the cancer incidence rates in the general population. The SMR was calculated as the observed
rates divided by the expected rates of mortality in order to compare with the general population?'. The PTM
related mortality was defined as primary cause of death due to PTM?!, and was analysed based on the data pro-
vided by Statistics Korea. Multivariate Cox proportional hazards regression models were used to examine the
variables having P values less than 0.05, which were considered to be statistically significant based on univariate
analysis*"*** for PTM.

Statistical analyses were performed using R statistical software (version 3.4.4; R Foundation for Statistical
Computing, Vienna, Austria) and SAS statistical analysis software (version 9.4; SAS Institute Inc., Cary, NC,
USA). P values less than 0.05 were considered statistically significant.

Data availability

All data generated or analysed during this study are included in this published article (Tables and Figures) and
available from the corresponding author on reasonable request. The additional raw data are available on request
to the National Health Insurance Service, Korea.
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