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Background: Immunosuppression plays an essential role to overcome immune-related allograft
rejection, but it also causes some nephrotoxicity. This study aimed to investigate how the immu-
nosuppressant combinations affect graft outcomes in kidney transplant recipients.

Methods: A nationwide population-based cohort study using the Taiwan National Health Insurance
Database was conducted. A total of 3,441 kidney transplant recipients who underwent kidney trans-
plantation during the targeted period were included. The effects on graft outcomes contributed by
conventional immunosuppressants, including corticosteroid, calcineurin inhibitors, antimetabolite
purine antagonists, and mammalian target of rapamycin inhibitors, were compared.

Results: A total 0f423 graft failures developed after the index date. Therapy regimens incorporated
with purine antagonists had a comparable reduction of graft failure among four main drug groups
regardless of whether they were given as monotherapy or in combination (adjusted hazard ratio:
0.52,95% confidence interval: 0.42-0.63). Corticosteroid was found to have inferior effects among
four groups (adjusted hazard ratio: 1.67, 95% confidence interval: 1.28-2.21). Furthermore, all 15
arrangements of mutually exclusive treatment combinations were analyzed by referencing with
corticosteroid monotherapy. As referenced with steroid-based treatment, regimens incorporated with
purine antagonists all have superior advantage on graft survival regardless of whether given in mono-
therapy (65% of graft failure reduced), dual therapy (48%—67% reduced), or quadruple therapy (43%
reduced). In all triple therapies, only corticosteroid combined with calcineurin inhibitor and purine
antagonist demonstrated superior protection on graft survival (52% of graft failure reduced).
Conclusion: The results may recommend several superior regimens for contributing to graft sur-
vival, and for supporting a steroid-minimizing strategy in immunosuppression maintenance.
Keywords: chronic rejection, corticosteroid, graft survival, purine antagonist, steroid-minimizing
strategy

Introduction
Kidney transplantation for patients with end-stage renal disease is an effective option to
improve the quality and length of life, and is globally increasing with time.' Allograft
rejections, including acute and chronic rejections, seriously limit the function and
survival of transplant grafts.>* With the advancement of immunosuppressant therapy,
acute rejection is dramatically decreased; however, chronic rejection is cause for long-
term damage within a decade of transplant, and rates are poor for long-term survival.'
Chronic rejection happens relatively more frequently than does acute rejection, and is
responsible for the majority of graft failure after transplantation.’
Immunosuppressive therapy is imperative to reduce the likelihood of immune-
related injury to immunologically nonidentical kidney allograft and to prevent
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allograft rejection and functional failure. Immunosuppres-
sive treatments for maintenance usually consist of multiple
classes of agents which provide different mechanisms of
action. A combination of immunosuppressants will be
steadily maintained within the first few months after kidney
transplantation. As the risks of acute and chronic rejection
decrease over time, the maintenance immunosuppression
is decreased to reduce the associated risks of infection and
posttransplant malignancy.® In some cases, modification of
immunosuppression regimens is needed when drug toxicity
or posttransplant complications develop. Almost all kidney
transplant recipients (KTRs) are maintained on immuno-
suppressive therapy because of the risk of chronic rejection
or late acute rejection. The best policy is to maximize the
overall effectiveness of graft survival and to minimize the
drawbacks of immunosuppressive combinations. The optimal
maintenance regimen for kidney transplantation is not well
established at present.

Since 1980, cyclosporine has been given to KTRs to
suppress immunologic reactions, resulting in a boost in
the success rate of organ transplantation.®’ The dosage and
time length of steroid use were slowly reduced to decrease
systemic side effects and complications from the immuno-
suppressant itself. Calcineurin inhibitors are found to
induce nephrotoxicity that could be a contributor to chronic
rejection.®? It is essential to adjust the suitable concentra-
tion of immunosuppressive regimens and to develop novel
agents in transplantation medicine. The protocol of multiple
immunosuppressants is designed with less adverse effects
and better therapeutic ratios.'

The conventional regimens include corticosteroid, cal-
cineurin inhibitors, antimetabolite purine antagonists, and
less routinely used mammalian target of rapamycin inhibitors
(mTORISs)." The first three immunosuppressants are the most
commonly used maintenance combination by most transplant
centers.'? The purpose of immunosuppression modifications
is to reduce the side effects related to immunosuppressants,
and keep the protective effects needed for graft survival. The
combinations of regimens may be prescribed differently due
to recipient tolerance, comorbidity, physician experience,
and geographic area. Until now, there is still no general
comparison for all immunosuppressant combinations on
long-term observation. It is important to evaluate the best
drug combinations of maintenance immunosuppression that
provide superior prevention of chronic rejection and protec-
tion of graft survival. The purpose of the present study was
to compare the protective benefits to chronic graft survival
by different immunosuppressant combinations in kidney
transplantation.

Methods

Data source and study population

Our population-based open cohort studied KTRs in Taiwan
who received kidney transplant surgery between 1996
and 2011. We used the Taiwan National Health Insurance
Research Database (NHIRD) as our primary data source,
which routinely collects health information from the entire
Taiwan National Health Insurance (NHI) beneficiaries since
1995. The NHI is a single-payer system, and all residents
in Taiwan must enroll in this NHI by law, resulting in a
coverage rate of over 99.6%.'3> The NHIRD includes demo-
graphic data and diagnoses, medical procedures, operations,
and prescriptions in primary and specialist care as well as
information for other programs, including dental services,
maternity, rehabilitation, pharmacy, and preventive care. All
the information within the database is linked by a unique per-
sonal identification, which is encrypted before the database is
released for research use. All retrieved data from the NHIRD
were de-identified and computerized. The diagnostic coding
system in NHIRD followed the International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM). The validity, representativeness, and clinical
consistency of this database have been reported.'*

The study protocol was according to the guidelines
of the 1975 Declaration of Helsinki and was approved by
the Institutional Review Board of Chang Gung Memorial
Hospital and the NHIRD research committee. All data on
individual information and medical records that we received
from the NHIRD in the study cohort were anonymized and
de-identified; therefore, informed consent from the KTRs
was unavailable due to privacy policy.

Inclusion and exclusion criteria of the

study population

We initially identified 3,882 KTRs who received kidney
transplantation from 1996 to 2011 in Taiwan (Figure 1).
The selected KTRs were included on the basis of the opera-
tion code of kidney transplant surgery (ICD-9-CM coded
55.69) within this period. All the KTRs were treated with
immunosuppressants for the purpose of offsetting the immu-
nological rejection to increase graft survival. We excluded
29 patients who were not coded any prescription drugs for
immunosuppression during the full cohort period. The main
aim of present study was to evaluate the protective effects
of different immunosuppressant combinations on graft
failure. To avoid the interferences from surgical-related or
postoperative complication-related graft dysfunctions, KTRs
who survived more than 6 months after transplantation were
identified (Figure 2). We excluded 110 patients who died
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99.6% of entire residents in Taiwan were enrolled in NHIRD (n=23.22 million).

v

Patients received kidney transplant surgeries (ICD-9-CM code 55.69) registered in
1996-2011 (n=3,882).

.| Exclude 29 patients without any record of immunosuppressive
"| treatment in cohort.

A 4

Patients received immunosuppressive treatments after kidney transplant surgeries
in 1996-2011 (n=3,853).

412 patients were excluded:

1) Patients died within 6 months after kidney transplant
surgery (n=110).

2) Not expose to immunosuppressant 6 months after kidney
transplant surgery (n=301).

3) Incomplete data of birth date and gender (n=1).

Study cohort (n=3,441)

A 4 A

423 patients were diagnosed as

graft failure:

1) Regularly received at least
3-month hemodialysis
6 months after kidney
transplant surgery.

2) Had another kidney
transplant surgery.

Patients without graft failure
(n=3,018).

Figure | Flow diagram of patients in study cohort.
Abbreviations: |ICD-9-CM, International Classification of Disease, Ninth Revision, Clinical Modification; NHIRD, National Health Insurance Research database.

within 6 months after transplantation, and 301 patients who
received no immunosuppressant therapy for 6 months after
transplant surgery. In order to reduce the effects from factors
other than immunosuppressants on chronic rejection, the
targeted period of observation was defined as the period since

Initial date of patients
received kidney
transplant surgery
between 1996
and 2011

Follow-up started at
6 months after kidney
transplant surgery
(dispensing date)

beginning 6 months after kidney transplantation. In addition,
one patient was excluded due to incomplete coding for birth
date and gender. Finally, 3,441 KTRs were included in our
cohort study. In this study, the ascertainment of organ trans-
plantation was considered to be essentially 100% complete

Maximal follow-up:
Outcome:

Graft failure

Death

End of study period

( A

’ P Time

Y
Excluded: patients who died within
6 months after kidney transplant

surgery

v

Determination of

graft failure

Figure 2 Study design for the comparison of graft failure after kidney transplant surgery with different immunosuppressant therapies.
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since the costs of kidney transplantation are fully covered
by the NHI program.

Definition of graft failure in the study

cohort

Only KTRs who survived more than 6 months after trans-
plant were enrolled. The primary outcome of interest was
graft failure, which was defined as requirement of another
kidney transplant surgery, or for regular hemodialysis more
than 3 months postoperatively. This was because some KTRs
may remain on hemodialysis as a transitional treatment soon
after kidney transplantation and wait for functioning of the
donated kidney. The hemodialysis treatment was identified
from the outpatient and inpatient files. Among 3,441 KTRs
in the cohort, 423 patients were diagnosed with graft failure
in the observation period, and 3,018 recipients were without
graft failure.

Exposure data

The exposures of interest for KTRs were the four main types
of immunosuppressants including corticosteroid (predniso-
lone), calcineurin inhibitors, purine antagonists, and mTORIs.
Calcineurin inhibitors include cyclosporine and tacrolimus.
Purine antagonists include azathioprine and mycophenolate
mofetil. mTORIs include sirolimus and everolimus. All
individual prescriptions for all types of immunosuppres-
sants were extracted. We did two different analyses. First,
we analyzed the usage of any type of immunosuppressant
drug as a binary exposure variable for each treatment period,
regardless of whether it was in combination with any other
drug. Second, we grouped different combinations of four
immunosuppressant types into 15 mutually exclusive groups
for mono-, dual-, triple-, and quadruple-therapy combina-
tions. The duration of each treatment period was defined
from the earliest date of prescription to the latest date of that
specific drug use for the group of treatment. The follow-up
time was partitioned into different treatment periods, and
each period corresponded to the specific type or combina-
tion of immunosuppressants. It could be partitioned as a no
treatment period if no immunosuppressant was prescribed.
If another group of immunosuppression drugs was added
before the previous treatment was stopped, the treatment
period of the initial treatment was defined from the earliest
date of the initial treatment to the earliest date of the next
treatment. This would be partitioned as two different treat-
ment periods. We assumed that medications may still have
withdrawal effects after drug use was stopped. The events
would be added for 30 days after the last date on stopping

drug use, and it was attributed to the previous treatment rather
than counting as unexposed time.

Confounding variables

Besides the immunologic contributors, nonimmunologic
ones are also considered to potentially contribute to acute
or chronic kidney graft loss. The covariates included patient
demographics, comorbidities, and co-medications. Patient
demographics included age, gender, place of residence,
occupation, and socioeconomic level. A place of residence
for each individual was categorized according to the level of
urbanization.'” Patients’ occupations were classified into five
categories, and their socioeconomic levels were categorized
into five specific income quintiles. Age was calculated at the
start of every treatment. The place of residence, occupation,
and income level were defined at the year of the relevant
treatment period.

We analyzed comorbidities to represent individual health
status, including malignancy, hypertension, cerebrovascular
disease, congestive heart failure, thrombosis, myocardial
infarct, peripheral vascular disease, diabetes mellitus, hyper-
lipidaemia, liver disease, ulcer disease, chronic pulmonary
disease, autoimmune disease (psoriasis, ankylosing spon-
dylitis, myasthenia gravis, multiple sclerosis, and rheuma-
tologic disease), dementia, hemiplegia or paraplegia, and
psychosis.' Each comorbidity was evaluated at the start of
each treatment period.

The analyses of prescription co-medications included
nonsteroid anti-inflammatory drugs (NSAIDs), antico-
agulants, aspirin, anticonvulsants, lipid-lowering agents (ie,
statins, fibrates, and other), antihypertensives (ie, angiotensin-
converting enzyme inhibitors/angiotensin-receptor antago-
nists, beta blockers, calcium channel blockers, diuretics,
and other), nitrates, insulin, other hypoglycemic agents, and
vitamin D. We defined patients with co-medication status
when they were treated with that specific drug at the relevant
period of immunosuppression drug treatment.

Statistical analysis

The Cox proportional hazards model was used to estimate
the risk of graft failure among KTRs between immunosup-
pressant exposure and non-exposure. Hazard ratio (HR) was
also adjusted by the aforementioned confounding variables.
The counting process model was adopted in this study, and
the exposure to immunosuppressant was treated as time vary-
ing exposures. We calculated unadjusted and adjusted HRs
of the four immunosuppressant types; the exposures in each
type were binary variable (use or other immunosuppressant
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use). We also calculated unadjusted and adjusted HRs in the
mutually exclusive combinations group. We conducted two
analyses: one analysis was to compare each immunosup-
pression drug group of patients used with the other three
types of immunosuppression drug groups, and the other
analysis was to compare each treatment combination group
referenced with the corticosteroid alone group. All tests of
statistical hypothesis were done on the two-sided 5% level
of significance. All analyses were performed using SAS,
version 9.4 (SAS Institute, Cary, NC, USA).

Results

Baseline characteristics of the KTRs

In total, this cohort included 3,441 KTRs who received immu-
nosuppressant treatment for 6 months after kidney transplan-
tation. All cohort patients received prescriptions for at least
one immunosuppressant during the follow-up period. Of the
cohort, 3,350 KTRs (97.36%) were prescribed corticosteroid,
2,562 KTRs (74.46%) were prescribed calcineurin inhibitors,
3,188 KTRs (92.65) were prescribed purine antagonists, and
1,797 KTRs (52.22%) were prescribed mTORIs (Table 1).
We compared the characteristics of KTRs who were pre-
scribed each of the four types of immunosuppressants dur-
ing follow-up. The comorbidity status was identified at the
start of the first treatment period. Co-medication exposure
was defined at the first point of treatment of that specific
immunosuppression drug. All the baseline characteristics,
comorbidities, and co-medication usages among the four
groups were similar with no statistical significance.

Comparing immunosuppressants to find

relative advantage on graft protection

Immunosuppression is induced for reducing immunologic-
related graft loss after organ transplantation. All KTRs in our
cohort were given at least one type of immunosuppressant
during follow-up. We compared the important outcome asso-
ciated with the four main categories including, corticosteroid,
calcineurin inhibitors, purine antagonists, and mTORIs. The
HR of graft failure in KTRs treated with each immunosup-
pressant type was compared with KTRs prescribed with other
types of immunosuppressants. The exposures of immunosup-
pressant types in Table 2 are not mutually exclusive, and they
may include any use of other types as dual, triple, or quadruple
therapy. HR was adjusted by multiple covariances such as the
use of co-medications and the potential confounders listed
in Table 1 to rule out nonimmunologic contributions. The
results of adjusted HR showed the overall relative advantages
between the different types of immunosuppressants, and they

are not indicated to increase graft failure rates. Among the
main exposures of interest, purine antagonists were shown to
have a significantly superior advantage for reducing 48% of
graft loss (adjusted HR: 0.52, 95% confidence interval [CI]:
0.42-0.63) compared with other types (Table 2). Corti-
costeroid (adjusted HR: 1.67, 95% CI: 1.28-2.21) and
mTORIs (adjusted HR: 1.25, 95% CI: 1.00—1.56) showed an
inferior protection of graft survival in KTRs.

Comparisons of graft survival associated

with different treatment combinations

All treatment strategies can be further broken down in detail
into 15 mutually exclusive combinations. Treatment periods
included 5.7 million person-years in total. The corresponding
adjusted HRs for each different combination were compared
with monotherapy with corticosteroid (Table 3). For mono-
therapy comparison, purine antagonists showed a superior
protection of 65% reduction in graft loss compared with
corticosteroid (adjusted HR: 0.35, 95% CI: 0.18-0.63). Cal-
cineurin inhibitors decreased 53% of graft loss compared with
corticosteroid (adjusted HR: 0.47, 95% CI: 0.19-0.98).

For dual therapy, corticosteroid combined with purine
antagonists reduced 48% of graft failure. Calcineurin inhibi-
tors combined with purine antagonists reduced 63% of graft
failure. Calcineurin inhibitors combined with mTORIs
reduced 74% of graft failure. Purine antagonists combined
with mTORIs reduced 67% of graft failure. For triple com-
binations, only corticosteroid combined with calcineurin
inhibitors and purine antagonists reduced 52% of graft
failure. Quadruple therapy with a four-drug combination
was also shown to reduce graft failure by 43%.

We also further analyzed all the patients throughout
the observation period after kidney transplantation. These
results included KTRs with acute rejection, chronic rejection
and surgical-related mortality, and the results are listed in
Tables S1 and S2.

Discussion

As conventional immunosuppressant therapy improves, the
1-year survival rate of kidney grafts has increased from 82.5%
to 91.2% due to the reduction of acute rejection.” However,
chronic rejection and long-term survival of allograft remain
a difficult problem. Chronic rejection is the most com-
mon cause of allograft failure in kidney transplantation in
recent decades.’ The present study reported the important
differences between diverse immunosuppressant combina-
tions and their protective benefits to graft survival against
chronic rejection in KTRs after kidney transplant surgery.
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Table | Characteristics of kidney transplant recipients treated with different types of immunosuppressants

Characteristic

Immunosuppressant type

Corticosteroid Calcineurin inhibitors Purine antagonists mTORIs
Total no of patients exposed 3,350 2,562 3,188 1,797
Mean age (SD), years 42.26x12.21 42.66x12.71 42.45%12.35 43.05+12.15
Male sex, n (%) 1,650 (49.25) 1,270 (49.57) 1,575 (49.40) 910 (50.64)
Place of residence, n (%)
Urban 2,279 (68.03) 1,715 (66.94) 2,173 (68.16) 1,274 (70.90)
Suburban 862 (25.73) 691 (26.97) 829 (26.00) 427 (23.76)
Rural 175 (5.22) 130 (5.07) 154 (4.83) 85 (4.73)
Unknown 34 (1.01) 26 (1.01) 32 (1.00) Il (0.61)
Income level, n (%)
Quintile | 743 (22.28) 554 (21.75) 728 (22.94) 367 (20.49)
Quintile 2 793 (23.78) 552 (21.67) 686 (21.62) 324 (18.09)
Quintile 3 522 (15.65) 465 (18.26) 531 (16.73) 446 (24.90)
Quintile 4 651 (19.52) 483 (18.96) 618 (19.48) 348 (19.43)
Quintile 5 626 (18.77) 493 (19.36) 610 (19.22) 306 (17.09)
Occupation, n (%)
Dependents of the insured individuals 646 (19.28) 530 (20.69) 616 (19.32) 343 (19.09)
Civil servants, teachers, military personnel, and 173 (5.16) 111 (4.33) 160 (5.02) 87 (4.84)
veterans
Nonmanual workers and professionals 978 (29.19) 704 (27.48) 924 (28.98) 497 (27.66)
Manual workers 1,246 (37.19) 960 (37.47) 1,167 (36.61) 694 (38.62)
Other 307 (9.16) 257 (10.03) 321 (10.07) 176 (9.79)
Comorbidities, n (%)
Hyperlipidemia 1,219 (36.39) 1,060 (41.37) 1,224 (38.39) 713 (39.68)
Hypertension 2,957 (88.27) 2,310 (90.16) 2,860 (89.71) 1,627 (90.54)
Myocardial infarct 56 (1.67) 57 (2.22) 63 (1.98) 29 (1.61)
Congestive heart failure 977 (29.16) 821 (32.05) 962 (30.18) 562 (31.27)
Peripheral vascular disease 383 (11.43) 309 (12.06) 374 (11.73) 215 (11.96)
Cerebrovascular disease 404 (12.06) 337 (13.15) 398 (12.48) 235 (13.08)
Dementia 34 (1.01) 24 (0.94) 33 (1.04) 19 (1.06)
Chronic pulmonary disease 811 (24.21) 672 (26.23) 792 (24.84) 453 (25.21)
Autoimmune disease 472 (14.09) 385 (15.03) 456 (14.30) 274 (15.25)
Ulcer disease 1,409 (42.06) 1,162 (45.36) 1,390 (43.60) 832 (46.30)
Mild liver disease 290 (8.66) 263 (10.27) 294 (9.22) 151 (8.40)
Moderate or severe liver disease 23 (0.69) 17 (0.66) 22 (0.69) 10 (0.56)
Diabetes mellitus 597 (17.82) 504 (19.67) 624 (19.57) 385 (21.42)
Diabetes with chronic complications 418 (12.48) 347 (13.54) 446 (13.99) 234 (13.02)
Hemiplegia or paraplegia 73 (2.18) 70 (2.73) 81 (2.54) 37 (2.06)
Any malignancy, including leukemia and lymphoma 592 (17.67) 518 (20.22) 594 (18.63) 415 (23.09)
Metastatic solid tumor 36 (1.07) 29 (1.13) 37 (1.16) 39 (2.17)
AIDS 5(0.15) 6(0.23) 5(0.16) 4(0.22)
Psychosis 199 (5.94) 163 (6.36) 195 (6.12) 11 (6.18)
Other medications, n (%)
Non-steroid anti-inflammatory drugs 1,138 (33.97) 699 (27.28) 1,085 (34.03) 432 (24.04)
Proton pump inhibitor 427 (12.75) 346 (13.51) 404 (12.67) 197 (10.96)
Insulin 309 (9.22) 243 (9.48) 314 (9.85) 163 (9.07)
Hypoglycemic agents 359 (10.72) 270 (10.54) 362 (11.36) 195 (10.85)
Lipid lowering agents 992 (29.61) 702 (27.40) 951 (29.83) 669 (37.23)
Anticoagulants 114 (3.40) 103 (4.02) 111 (3.48) 53 (2.95)
Aspirin 220 (6.57) 188 (7.34) 232 (7.28) 139 (7.74)
Nitrates 163 (4.87) 121 (4.72) 157 (4.92) 88 (4.90)
Anticonvulsants 172 (5.13) 135 (5.27) 179 (5.61) 56 (3.12)
Vitamin D 97 (2.90) 76 (2.97) 88 (2.76) 33 (1.84)
Bisphosphonate 29 (0.87) 17 (0.66) 26 (0.82) 6 (0.33)

Note: The comorbidities status was identified at the start of the first treatment period; other medications exposure was defined at the first period of patients treating that

specific immunosuppression drug.

Abbreviation: mTORIs, mammalian target of rapamycin inhibitors.
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Table 2 Number of incident events, person-years, rates per 100,000 person-years of exposure, and adjusted HRs for graft failure for
different types of immunosuppressants in the period beginning 6 months after kidney transplantation

Immunosuppressant No of No of Rate per 100,000 Crude HRs Adjusted HRs
type events person-years person-years (95% CI) (95% CIy*
Corticosteroid 359 4,527,092 7.93 (7.11-8.75) 1.81 (1.40-2.40)* 1.67 (1.28-2.21)*
Calcineurin inhibitors 215 2,869,461 7.49 (6.49-8.49) 1.20 (0.98-1.46) 0.90 (0.73-1.01)
Purine antagonists 262 4,508,374 5.81 (5.11-6.52) 0.55 (0.45-0.68)* 0.52 (0.42-0.63)*
mTORlIs 125 1,690,033 7.40 (6.10-8.69) 1.13 (0.90-1.39) 1.25 (1.00-1.56)*

Notes: HR for each immunosuppression drug group is compared with patients who used three other types of immunosuppression drugs. HRs adjusted for sex, age,
occupation, place of residence, income level, hyperlipidemia, hypertension, thrombosis, myocardial infarct, congestive heart failure, peripheral vascular disease, cerebrovascular
disease, dementia, chronic pulmonary disease, autoimmune disease, ulcer disease, mild liver disease, moderate or severe liver disease, diabetes mellitus, diabetes with
chronic complications, hemiplegia or paraplegia, psychosis, non-steroid anti-inflammatory drugs, proton pump inhibitor, insulin, hypoglycemic agents, lipid-lowering agents,

anticoagulants, aspirin, nitrates, anticonvulsants, and vitamin D. This analysis excluded patients who died within 6 months after kidney transplant surgery. *P < 0.05.
Abbreviations: Cl, confidence interval; HRs, hazard ratios; mTORIs, mammalian target of rapamycin inhibitors.

Many published studies were either clinical trials limited
to shorter observation periods and smaller sample sizes, or
one that focused on few targeted drugs.'”2° Our cohort study
provided the important comparisons of graft protection by
different immunosuppressant combinations in KTRs based in
anationwide population. Because KTRs may stay on hemo-
dialysis while waiting for the donated kidney to function in
the period right after kidney transplantation, graft failure was
defined solely during the period beginning 6 months after
kidney transplantation.

Chronic rejection can induce progressive loss of graft
function after 3 months posttransplantation, and most
KTRs could be histologically proofed of chronic allograft
nephropathy. Acute rejection episodes usually occurred
within the first 3 months. Some acute rejections that develop
after 2 to 6 months have the greatest impact on the risk of
chronic rejection.? To reduce the effects from factors other
than immunosuppressants on chronic rejection, such as
surgical-related or graft-related confounding bias, we stud-
ied the protective effects of immunosuppressants solely in

Table 3 Number of incident events for graft failure, person-years of exposure, and rates per 100,000 person-years of exposure for

mutually exclusive immunosuppressant combinations in the period beginning 6 months after kidney transplantation

Immunosuppressant combinations No of No of person- Rate per 100,000 Crude HRs Adjusted HRs
events years person-years (95% CI) (95% CIl)*
Monotherapy
Corticosteroid alone 56 604,726 9.26 (6.83—-11.69) | Reference | reference
Calcineurin inhibitors alone 7 114,885 6.09 (245-12.55)  0.71 (0.29-1.46) 0.47 (0.19-0.98)*
Purine antagonists alone 13 362,792 3.58 (1.64-5.53) 0.42 (0.22-0.75)* 0.35 (0.18-0.63)*
mTORIs alone 8 102,277 7.82(3.38-15.41)  0.92 (0.40-1.85) 0.98 (0.42-1.99)
Dual therapy
Corticosteroid and calcineurin inhibitors 54 279,980 19.29 (14.14-24.43) 2.25 (1.52-3.34)* 1.47 (0.98-2.20)
Corticosteroid and purine antagonists 65 1,179,620 5.51 (4.17-6.85) 0.63 (0.43-0.90)* 0.52 (0.36-0.75)*
Corticosteroid and mTORIs 17 168,342 10.1 (5.30-14.90) 1.15 (0.64—1.98) 1.05 (0.58-1.83)
Calcineurin inhibitors and purine antagonists 20 478,667 4.18 (2.35-6.01) 0.49 (0.28-0.82)* 0.37 (0.21-0.62)*
Calcineurin inhibitors and mTORIs 2 66,843 2.99 (0.36-10.81) 0.36 (0.06—1.17)  0.26 (0.04-0.86)*
Purine antagonist and mTORIs 6 224,163 2.68 (0.98-5.83) 0.31 (0.12-0.68)* 0.33 (0.13-0.73)*
Triple therapy
Corticosteroid, calcineurin inhibitors, and purine antagonists 83 1,304,833 6.36 (4.99-7.73) 0.74 (0.52-1.07)  0.48 (0.33-0.70)*
Corticosteroid, calcineurin inhibitors, and mTORIs 17 170,109 9.99 (5.24-14.74) 1.16 (0.64—1.99) 0.83 (0.46—1.44)
Corticosteroid, purine antagonists, and mTORIs 43 504,155 8.53 (5.98-11.08) 1.00 (0.65—1.52) 0.93 (0.61-1.44)
Calcineurin inhibitors, purine antagonists, and mTORIs 8 138,817 5.76 (2.49-11.36) 0.68 (0.29-1.37) 0.57 (0.25-1.16)
Quadruple therapy
Four types combined 24 315,327 7.61 (457-10.66)  0.90 (0.53—1.46) 0.57 (0.34-0.94)*

Notes: HRs adjusted for sex, age, occupation, place of residence, income level, hyperlipidemia, hypertension, myocardial infarct, congestive heart failure, peripheral vascular
disease, cerebrovascular disease, dementia, chronic pulmonary disease, autoimmune disease, ulcer disease, mild liver disease, moderate or severe liver disease, diabetes
mellitus, diabetes with chronic complications, hemiplegia or paraplegia, renal disease, autoimmune deficiency syndrome, psychosis, non-steroid anti-inflammatory drugs,
proton pump inhibitor, insulin, hypoglycemic agents, lipid-lowering agents, glucocorticoid, anticoagulants, aspirin, nitrates, anticonvulsants, vitamin D, and bisphosphonate.
This analysis excluded patients who died within 6 months after kidney transplant surgery. *P < 0.05.

Abbreviations: Cl, confidence interval; HRs, hazard ratios; mTORIs, mammalian target of rapamycin inhibitors.
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the period beginning 6 months after kidney transplantation,
and this research was focused on chronic rejection with less
influence of acute rejection.

The protective effects on graft contributed by conven-
tional immunosuppressants including corticosteroid, cal-
cineurin inhibitors, antimetabolite purine antagonists, and
mTORIs were compared. Overall, our study indicated that
a treatment regimen that incorporated purine antagonists
had a comparable reduction of graft failure among the four
main drug groups regardless of whether it was monotherapy
or in combination (adjusted HR: 0.52, 95% CI: 0.42-0.63)
(Table 2). In contrast, corticosteroid and mTORIs showed
an inferior protection on chronic rejection among the four
targeted classes. Furthermore, an advanced analysis was
studied to compare the differences among treatment com-
binations that were prescribed as monotherapy or multiple
therapies with other drugs. We analyzed all arrangements
of mutually exclusive treatment combinations using mono-
therapy with corticosteroid as a reference because it is the
most commonly used immunosuppressant (97.36%). Most
immunosuppressive protocols for KTRs usually include a
large dosage of steroid as the fundamental composite of
the regimen. The results of our study indicated that purine
antagonists, azathioprine and mycophenolate mofetil, have an
advantage on reducing graft loss compared with steroid-based
treatment. Purine antagonists showed more protection against
chronic rejection no matter whether they were prescribed as
monotherapy or multiple combinations, despite adjustments
for risk factors at baseline. However, the risk of graft failure
when prescribed in combination with purine antagonists is
similar to the risk with purine antagonist monotherapy. In
the monotherapy analysis, calcineurin inhibitors and purine
antagonists showed the superior advantage for graft survival,
but mTORISs did not.

Comparing the effects of all dual-therapy combinations,
only a calcineurin inhibitor combined with an mTORI and
any purine antagonist-based combinations showed a superior
advantage on graft survival as compared with steroid-based
treatment (Table 3). The dual-therapy regimens of corti-
costeroid combined with a calcineurin inhibitor (adjusted
HR: 1.47, 95% CI: 0.98-2.20) or mTORI (adjusted HR:
1.05, 95% CI: 0.58-1.83) showed no difference of graft
protection compared with monotherapy using corticosteroid.
We further analyzed the intragroup comparisons in dual-
and triple-therapy combinations respectively by regrouping
them according to whether they were incorporating with or
without corticosteroid (Table S3). In dual therapy groups,
the combination without corticosteroid revealed less risk

of graft failure then the combination with corticosteroid
administration. This result supported the steroid-avoidance
strategy and was generally compatible with previous data of
intergroup comparisons in Table 3.

In triple-therapy combinations, only corticosteroid
combined with a calcineurin inhibitor and purine antagonist
was obviously superior to steroid-based treatment (adjusted
HR: 0.48, 95% CI: 0.33-0.70), but any other triple-therapy
combinations were not. Our findings also showed that the
conventional triple immunosuppression protocols markedly
improved long-term graft outcome compared with steroid
monotherapy. Furthermore, in intragroup analyses of triple
therapy, the combination without corticosteroid showed no
difference in the risk of graft failure with the combinations
with corticosteroid administration (Table S3). In addition,
quadruple-therapy combinations also showed better protec-
tion on chronic rejection compared with the steroid-based
treatment (adjusted HR: 0.57, 95% CI: 0.34-0.94).

KTRs treated with immunosuppressive protocols that
include large doses of steroid may be prompted to steroid-
related morbidity.?*> Long-term use of high-dose steroids
induces a few serious side effects and steroid-induced mor-
bidity, including hypertension, hyperlipidemia, new-onset
diabetes mellitus, cataract, osteoporosis, and cardiovascular
events.? For the sake of minimization of these side effects,
strategies for steroid avoidance or rapid discontinuation were
advocated and attempted recently.?** Infection is the second
most prevalent cause of mortality in KTRs with a function-
ing graft.?® Interestingly, a steroid-avoidance protocol was
reported to decrease cytomegalovirus (CMV) infection and
steroid-related infections.” It is desirable to seek a suitable
immunosuppressant combination that can decrease infection
rate without loss of graft function. However, recent studies
have shown conflicting results. Study trials of late steroid
minimization in selected KTRs showed an increase of acute
rejection and a decrease of graft survival.?”? Some modified
trials rapidly tapered the steroid dosage and stopped within
1 week. The results showed that the acute rejection rate was
increased, but no differences in graft or patient survival
rates were noted when compared with long-term steroid
maintenance.?*** Moreover, rapid discontinuation of steroid
was related to decreases in the rates of cardiovascular events
and new-onset diabetes mellitus.>'** A recently updated
review reported that steroid avoidance and withdrawal for
KTRs increase the rate of acute rejection but showed no dif-
ference in graft and patient survival for 5-year follow-up after
kidney transplantation.?* However, the long-term benefits of
steroid minimization strategies remain unclear at present.
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Our study is valuable in providing the long-term evaluations
of graft survival with different immunosuppressant com-
binations. Some steroid-free regimens have lower chronic
rejection rates compared with monotherapy with steroids.
How best to tailor an effective regimen and plan the timing
of withdrawal without compromising efficacy would be an
attractive topic for further investigation.

There are some limitations in our study. First, the NHIRD
could not provide pathological data of renal biopsy, serum
creatinine concentration, or the mean estimated GFR levels.
We defined graft failure as the primary outcome, and the defi-
nition of diagnosis criteria was the requirement for another
kidney transplant surgery or for regular hemodialysis more
than 3 months postoperatively. The subclinical progressive
fibrosis and transplant vasculopathy in some grafts may be
underdiagnosed. Second, human leukocyte antigen match-
ing can avoid a lot of graft rejections and provide a better
long-term survival rate.> However, our data were unable to
analyze the degree of histoincompatibility between graft
and recipient. Otherwise, the confounding variables were
incomplete with few donor or graft factors examined such
as donor sex, age, and cold ischemic time of graft which
NHIRD could not provide. Third, the use of a particular
immunosuppressive agent also introduced a significant
degree of clinician’s bias.

Conclusion

We have presented a multitude of immunosuppressant com-
bination options that provide better prevention of chronic
rejection and improved graft survival in KTRs. We have
also provided some optimal options to achieve an excellent
steroid-avoidance regimen in immunosuppression main-
tenance. Since long-term benefits of steroid minimization
strategies remain unclear, our study is valuable to provide
the long-term evaluations of graft survival with different
immunosuppressant combinations.
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Supplementary materials

Table S1 Number of incident events, person-years, rates per 100,000 person-years of exposure, and adjusted HRs for graft failure by
use different type of immunosuppressants throughout the observation period after kidney transplantation

Immunosuppressant type No of No of Rate per 100,000 Crude HRs Adjusted HRs
events person-years person-years (95% CI) (95% CI)*
Corticosteroid 430 5,126,629 8.39 (7.59-9.18) 1.82 (1.44-2.33)* 1.29 (1.01-1.67)*
Calcineurin inhibitors 274 3,213,611 8.53 (7.52-9.54) 1.07 (0.90-1.28) 0.90 (0.75-1.07)
Purine antagonists 340 4,989,349 6.81 (6.09-7.54) 0.70 (0.58-0.85)* 0.64 (0.53-0.77)*
mTORlIs 138 1,775,298 7.77 (6.48-9.07) 0.88 (0.72-1.07) 1.18 (0.96—1.44)

Notes: HR for each immunosuppression drug group is compared with patients used other three types of immunosuppression drugs. HRs adjusted for sex, age, occupation,
place of residence, income level, hyperlipidemia, hypertension, thrombosis, myocardial infarct, congestive heart failure, peripheral vascular disease, cerebrovascular
disease, dementia, chronic pulmonary disease, autoimmune disease, ulcer disease, mild liver disease, moderate or severe liver disease, diabetes mellitus, diabetes with
chronic complications, hemiplegia or paraplegia, psychosis, non-steroid anti-inflammatory drugs, proton pump inhibitor, insulin, hypoglycemic agents, lipid-lowering agents,
anticoagulants, aspirin, nitrates, anticonvulsants, and vitamin D. This analysis included patients died within 6 months after kidney transplant surgery, except 24 patients who
received trial-related drug and | missing in baseline information, giving a total of 3,827 patients. *P < 0.05.

Abbreviations: HRs, hazard ratios; mTORIs, mammalian target of rapamycin inhibitors.

Table S2 Number of incident events for graft failure, person years of exposure, and rates per 100,000 person-years of exposure for
mutually exclusive immunosuppressant combinations throughout the observation period after kidney transplantation

Immunosuppressant combinations No of No of Rate per 100,000 Crude HRs Adjusted HRs
events person-years person-years (95% CI) (95% Cl)*
Monotherapy
Corticosteroid alone 52 683,072 7.6 (5.54-9.68) | reference | reference
Calcineurin inhibitors alone 12 117,729 10.2 (4.43-15.96)  0.86 (0.44-1.55) 1.08 (0.55-1.98)
Purine antagonists alone 15 367,583 4.1 (2.02-6.15) 0.47 (0.25-0.81)* 0.62 (0.33—1.08)
mTORIs alone 7 103,224 6.8 (2.73-13.97) 0.79 (0.33-1.63) 1.14 (0.47-2.35)
Dual therapy
Corticosteroid and calcineurin inhibitors 57 302,042 18.9 (13.97-23.77) 1.97 (1.35-2.88)* 1.92 (1.31-2.82)*
Corticosteroid and purine antagonists 87 1,344,792 6.5 (5.11-7.83) 0.87 (0.62—-1.23)  0.84 (0.60-1.20)
Corticosteroid and mTORIs 19 177,376 10.7 (5.90-15.53)  1.23 (0.71-2.04) 1.54 (0.88-2.57)
Calcineurin inhibitors and purine antagonists 29 490,975 5.9 (3.76-8.06) 0.65 (0.41-1.02) 0.85 (0.53—-1.34)
Calcineurin inhibitors and mTORIs 3 67,807 4.4 (0.91-12.93) 0.37 (0.09-1.00) 0.48 (0.12—1.33)
Purine antagonist and mTORIs 4 225,544 1.8 (0.48—4.54) 0.20 (0.06-0.48)* 0.31 (0.09-0.75)*
Triple therapy
Corticosteroid, calcineurin inhibitors, and purine antagonists |18 1,556,301 7.6 (6.21-8.95) 0.90 (0.65—-1.25)  0.65 (0.47-0.92)*
Corticosteroid, calcineurin inhibitors, and mTORIs 18 197,193 9.1 (4.91-13.35) 0.88 (0.50-1.48) 0.96 (0.55-1.62)
Corticosteroid, purine antagonists, and mTORIs 50 522,590 9.6 (6.92—-12.22) 1.10 (0.74-1.62)  1.46 (0.98-2.17)
Calcineurin inhibitors, purine antagonists, and mTORIs 8 138,301 5.8 (2.50-11.40) 0.56 (0.25-1.11) 0.79 (0.35-1.58)
Quadruple therapy
Four types combined 29 343,263 8.5 (5.37-11.52) 0.78 (0.49-1.21) 0.82 (0.51-1.30)

Notes: HRs adjusted for sex, age, occupation, place of residence, income level, hyperlipidemia, hypertension, myocardial infarct, congestive heart failure, peripheral vascular
disease, cerebrovascular disease, dementia, chronic pulmonary disease, autoimmune disease, ulcer disease, mild liver disease, moderate or severe liver disease, diabetes
mellitus, diabetes with chronic complications, hemiplegia or paraplegia, renal disease, AIDS, psychosis, non-steroid anti-inflammatory drugs, proton pump inhibitor, insulin,
hypoglycemic agents, lipid-lowering agents, glucocorticoid, anticoagulants, aspirin, nitrates, anticonvulsants, vitamin D, and bisphosphonate. This analysis included patients who
died within 6 months after kidney transplant surgery, except 24 patients who received trial-related drug and | missing in baseline information, giving a total of 3,827 patients.
*P < 0.05.

Abbreviations: HRs, hazard ratios; mTORIs, mammalian target of rapamycin inhibitors.
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Table S3 A comparison of the risk of graft failure within the dual and triple therapy group in the period beginning 6 months after
kidney transplantation

Immunosuppressant combinations No of No of Rate per 100,000 Crude HRs Adjusted HRs
events person-years person-years (95% ClI) (95% CI)*
Dual therapy
With corticosteroid and one of any immunosuppressant drug 143 1,979,097 7.23 (6.09-8.51) | reference | reference
Two of any immunosuppressant drug, except corticosteroid 8 138,817 5.76 (2.49-11.36)  0.42 (0.27-0.62)* 0.39 (0.25-0.60)*
Triple therapy
With corticosteroid and two of any immunosuppressant drug 136 1,627,942 8.35(7.01-9.88) | reference | reference
Three of any immunosuppressant drug, except corticosteroid 28 769,673 3.64 (2.42-5.26) 0.85 (0.38-1.62) 0.87 (0.39-1.71)

Notes: This analysis excluded patients who died within 6 months after kidney transplant surgery. *P < 0.05.
Abbreviation: HRs, hazard ratios.
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