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Summary

AIMS OF THE STUDY: Primary maintenance immuno-
suppressive therapies for renal transplant recipients un-
derwent significant changes in recent years. We aimed
to assess time trends and the impact of immunosuppres-
sive regimens in first renal transplant recipients without im-
munological risk (blood group incompatibility, pre-existing
donor-specific antibodies, positive B/T cell cross-match) in
a prospective national multicentre cohort.

METHODS: The Swiss Transplant Cohort Study (STCS)
prospectively enrols all patients receiving solid organ
transplants in Switzerland since 2008 and systematically
collects high quality clinical and laboratory data using
standardised definitions. The current STCS nested study
enrolled all adult transplant-naïve normal-immunological
risk renal transplant recipients up to the end of 2017 and
investigated different immunosuppressive strategies
across a variety of transplantation relevant outcomes.

RESULTS: Of 1191 recipients enrolled at six transplant
centres, 115 (10%) died with a functioning allograft and 92
(8%) lost their allograft during a median follow-up time of
5.8 years. The predominant immunosuppressive therapy
comprised tacrolimus, mycophenolate mofetil and pred-
nisone (73.7%), whereas 24.3% were treated with ci-
closporin instead of tacrolimus. Primary immunosuppres-
sion with an mTOR inhibitor (1.1%) or other
immunosuppressive combinations (0.8%) was rare. In the
years following 2011, ciclosporin-based immunosuppres-
sion decreased significantly. The incidence of graft loss
was significantly higher in patients with ciclosporin-based
than with tacrolimus-based immunosuppression (adjusted
hazard ratio [HR] 1.66, 95% confidence interval [CI]
1.29–2.14; p <0.01), but the occurrence of acute trans-

plant rejections did not differ significantly (adjusted HR
1.48, 95% CI 0.82–2.65; p = 0.19). The longitudinal course
of the renal allograft function was significantly better (p =
0.013) in recipients of tacrolimus-based immunosuppres-
sive therapy. Graft failure-free survival was higher (HR
1.25, 95% CI 0.97– 1.6; p = 0.08) with tacrolimus-based
than with ciclosporin-based immunosuppression. Cy-
tomegalovirus infections occurred more frequently with ci-
closporin-based immunosuppression (9.7% vs 6.4% after
1 year), whereas the incidence of BK virus infections was
similar in both groups. The median time to prednisone dis-
continuation was 1.9 years and did not differ between the
two groups. Eleven cases of post-transplantation lympho-
proliferative disorder were observed during the follow-up
period (1 with ciclosporin-based and 10 with tacrolimus-
based immunosuppression).

CONCLUSIONS: The available data show that primary
maintenance immunosuppression with tacrolimus has dis-
placed ciclosporin-based therapies. The tacrolimus-based
immunosuppression therapy showed consistently better
results across almost all assessed clinically relevant out-
comes. (ClinicalTrials.gov Number: NCT01204944)

Keywords: graft failure, acute graft rejection, steroid with-
drawal, CMV infection, BKV infection, PTLD, living
donors, deceased donors

Introduction

Kidney transplantation is the most frequently performed
organ transplantation worldwide, improving overall life
expectancy and quality of life in patients with end-stage re-
nal disease. Alongside the general progress in medical care
and surgical procedures, important drivers of improved
transplant outcomes are the risk-adapted immunosuppres-
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sion management and the detection and treatment of allo-
graft rejection.

A major breakthrough that largely improved renal allograft
survival was the introduction of the calcineurin inhibitor
ciclosporin in the 1980s. In the 1990s, tacrolimus was
introduced and after evolving evidence of its superiority
to reduce the rate of acute rejection compared with ci-
closporin [1–5], the latter was subsequently replaced. Soon
after, mycophenolate mofetil replaced azathioprine.

Finally, in the late 1990s, the mammalian target of ra-
pamycin (mTOR) inhibitors sirolimus and everolimus
completed the immunosuppressive therapy options [1, 2].
However, since the introduction of these potent new im-
munosuppressive drugs, the incidence of infectious dis-
eases and malignancies during the post-transplantation pe-
riod has increased [6–8]. Modern immunosuppressive
therapy therefore requires an approach balanced between
the prevention of allograft rejection (immunosuppression)
and infectious and malignant complications (immunocom-
petence).

In recent years, immunological risk stratification that is
based around donor-specific antigens has become standard
practice in Switzerland. It is of interest to comprehensively
observe the consequences of different maintenance im-
munosuppressive therapy approaches across a variety of
clinically relevant outcomes on the national level.

The current study is a nested project of the multicentre
Swiss Transplant Cohort Study (STCS) [9]. The study aims
to describe and compare patterns and consequences of
modern maintenance immunosuppressive therapies, biop-
sy performance and occurrence of transplant relevant out-
comes in patients with a normal immunological risk who
underwent renal transplantation in Switzerland.

Materials and methods

Study design and data source
We performed a STCS nested study [9]. The STCS is
a prospective, nationwide, observational cohort enrolling
patients undergoing solid organ transplantation at all six
transplant centres in Switzerland (Basel, Bern, Geneva,
Lausanne, St Gallen, and Zurich) since May 2008. In the
STCS, clinical and laboratory data are prospectively col-
lected via electronic case report forms using standard de-
finitions [10–12]. Transplant physicians regularly see the
patients at the time of transplantation (baseline), 6 and 12
months, and yearly thereafter. Transplant biopsies are per-
formed at each centre when deemed indicated as part of
routine practice. Patients provided written informed con-
sent to the STCS and the ethics committee affiliated with
each transplantation centre approved the STCS and the
current nested study.

Study participants
For this study, we considered all adult transplantation-
naïve single and double (dual) renal transplant recipients
at any Swiss transplantation centre between May 2008 and
the end of 2017. Follow-ups were considered until the end
of 2019 (censoring). For comparability and clinical sig-
nificance, the current study focuses on the largest nor-
mal-immunological risk stratum. The description of the
study population with specific exclusion criteria is pro-

vided in supplementary figure S1 (appendix 1). The final
study population consists of 1191 renal transplant recipi-
ents. Specific exclusion criteria were primary non-function
of the graft, a positive B and/or T cell cross-match test,
ABO incompatibility, human leucocyte antigen identical
match and the presence of donor-specific antibodies at the
time of transplantation. Immunological high-risk patients
who had anti-thymocyte globulin, thymoglobulin, ritux-
imab, intravenous immunoglobulin or plasmapheresis as
induction therapy administered up to the first 10 days after
the transplantation procedure were excluded (appendix 1).

Definitions
We defined four immunosuppressive regimen classes.
“Tacrolimus-based immunosuppression” was defined as
the combination of prednisone, tacrolimus and mycophe-
nolate mofetil. “Ciclosporin-based immunosuppression”
was defined as the combination of ciclosporin, prednisone
and mycophenolate mofetil. “mTOR-based immunosup-
pression” was defined as the combination of everolimus
or sirolimus, any calcineurin inhibitor and prednisone, op-
tionally with mycophenolate mofetil or azathioprine. Any
remaining immunosuppressive drug combination was
summarised as “other immunosuppression”.

Graft loss was defined as return to dialysis post-trans-
plantation or re-transplantation without prior dialysis. We
considered only biopsy-proven allograft rejection episodes
and classified them as acute humoral (capillaritis,
glomerulitis, C4d positivity), acute cellular, and acute
mixed. We considered only clinical rejections and disre-
garded subclinical rejections diagnosed by screening biop-
sies. A patient was defined as being free from prednisone
treatment in the case of uninterrupted discontinuation of
at least 6 months. We estimated renal allograft function
by using the CKD-EPI equation [13]. Occurrence of cy-
tomegalovirus and BK virus infections were defined ac-
cording to the STCS Infectious Diseases working group
[14]. We considered proven and probable infections, as
well as viral infectious syndromes. Any occurrence of
post-transplantation lymphoproliferative disorder (PTLD)
was considered [15].

Statistical analysis
We performed a descriptive analysis of the different im-
munosuppressive drug combinations prescribed at the time
of hospital discharge and displayed the temporal changes
in prescription practice over the last 10 years. Additionally,
we examined the age trends among donors and recipients
since 2008 using non-parametric time-series methods with
locally estimated scatterplot smoothing.

The effect of immunosuppressive therapy regimens on
time to event outcomes was investigated using the Kaplan-
Meier method and cause-specific Cox proportional-haz-
ards models using robust variance estimation [16]. The cu-
mulative incidence function method was used to estimate
the probability of graft failure occurrence treating patients’
death as competing event [17–19]. We estimated graft fail-
ure-free survival, defined as the time from transplantation
until the composite endpoint of graft loss, death, dropout,
or censoring, whichever occurred first. Analogously, we
chose the composite endpoint prednisone discontinuation,
graft failure or death to display the effect of immunosup-
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pression treatment on steroid weaning. Where necessary,
we chose composite endpoint definitions to prevent com-
peting risks issues. Moreover, we applied the cause-specif-
ic Cox model to assess the direct effect of immunosuppres-
sion treatments on the time to prednisone discontinuation
[16].

We performed a longitudinal analysis within patient re-
peated measurements of the estimated glomerular filtration
rate (eGFR) values [13] across all available cohort visit
time points. Subsequently, we derived model-based esti-
mations for the 1-, 3-, and 5-year time points using a gen-
eralised estimating equation (GEE) model [20]. Due to
probably diverse time courses of eGFR in patients in dif-
ferent immunosuppressive therapy classes, an interaction
between time and immunosuppressive therapy was includ-
ed into the model. The longitudinal data structure was ac-
counted for using an autocorrelation structure of first order.
Values of eGFR over time are illustrated additionally with
box plots.

Due to low numbers, recipients treated with mTOR-based
immunosuppression or other immunosuppression were
disregarded in model-based analyses.

We computed descriptive summaries for the 1-year post-
transplantation occurrence of cytomegalovirus and BK
virus. Numbers of PTLD cases were reported. Finally, the
number of renal transplant recipients who had at least one
biopsy in the first year post-transplantation or within the
entire observation period were derived and associated with
the number of acute rejections in the same time window for
the given immunosuppressive therapy groups.

All statistical analyses were performed using R statistical
software version 4.0.0 [21].

Role of the funding source
The funders of the study had no role in the study design,
data collection, data analyses, data interpretation, or writ-
ing of the report. The corresponding author had full access
to the data access used for the study and the final responsi-
bility for the decision to submit for publication.

Results

Of 1191 renal transplant recipients enrolled at all six trans-
plant centres, 143 (12%) died during the follow up. 115
(80%) died with a functioning allograft and 92 (8%) lost
their allograft during a median follow-up time of 5.8 years.
Only 16 patients (1.3%) were lost to follow-up. Primary
tacrolimus-based immunosuppression was prescribed most
frequently (73.7%), followed by a ciclosporin-based im-
munosuppression (24.3%) (table 1). Only a minority of
renal transplant providers were prescribed mTOR-based
immunosuppression (1.1%) or other immunosuppression
therapies (0.8%). Tacrolimus-based immunosuppression
has been the dominating strategy over the last 10 years
with an increasing displacement of a ciclosporin-based
regimens since 2011 (fig. 1). mTOR-based immunosup-
pression or other immunosuppression therapies remained
constantly marginal during the reported 10-year period.

Renal transplant recipients were similar regarding age,
gender and follow-up time, except for those treated with
mTOR-based immunosuppression. Patients treated with ci-
closporin-based immunosuppression had fewer living do-

Table 1: Patient baseline characteristics in the final study population, overall and by immunosuppressive therapy classes.

Total Immunosuppressive therapy

TAC-based CsA-based mTOR-based Other

Number of patients, n (% of total) 1191 (100%) 878 (73.7%) 290 (24.3%) 13 (1.1%) 10 (0.8%)

Recipient

Female, n (%) 373 (31.3%) 282 (32.1%) 87 (30%) 1 (7.7%) 3 (30%)

Ethnicity: Caucasian, n (%) 1098 (92.2%) 807 (91.9%) 268 (92.4%) 13 (100%) 10 (100%)

Single renal transplant, n (%) 1166 (97.9%) 855 (97.4%) 288 (99.3%) 13 (100%) 10 (100%)

Median age at TX in years, (IQR) 55.8
(44.6–64.4)

56.3
(44.7–64.8)

55.1
(44.1–63.1)

54.3
(46.6–63.2)

55.2
(48.3–63.2)

Median follow-up time in years,
(IQR)

5.8
(3.5–8.8)

5.4
(3.4–8.1)

7.8
(4.3–9.7)

9.9
(5.6–10.8)

5.1
(3.3–9.4)

Donor

Living donation, n (%)* 507 (42.6%) 385 (43.8%) 111 (38.3%) 9 (69.2%) 2 (20%)

Median age at donation in years,
(IQR)

56
(46–64)

56
(47–65)

56
(44.2–64)

49
(44–59)

54
(44–67.8)

Allograft

Dialysis beyond post-transplant
day seven, n (%)

127 (10.7%) 82 (9.3%) 41 (14.1%) 1 (7.7%) 3 (33.0%)

Cold ischaemia time in hours,
median (IQR)

6.2
(1.5–10.2)

6.1
(1.5–10.1)

6.3
(1.5–10.1)

2.4
(1.5–6.8)

7.9
(4.8–11.8)

CMV status, n (%)

R+ 690 (57.9%) 523 (59.6%) 154 (53.1%) 6 (46.2%) 7 (70%)

D−/R− 249 (20.9%) 180 (20.5%) 63 (21.7%) 5 (38.5%) 1 (10%)

D+/R− 240 (20.2%) 164 (18.7%) 72 (24.8%) 2 (15.4%) 2 (20%)

Missing CMV information 12 (1%) 11 (1.3%) 1 (0.3%) 0 (0.0%) 0 (0.0%)

Induction therapy, n (%)

Basiliximab 1090 (91.5%) 842 (95.9%) 226 (77.9%) 12 (92.3%) 10 (100%)

TX = transplantation; IQR = interquartile range; CMV = cytomegalovirus; R+ = seropositive recipient; R− = seronegative recipient; D+ = seropositive donor; D− = seronegative
donor “TAC-based” was defined as the combination of prednisone, tacrolimus and mycophenolate mofetil. “CsA-based” corresponds to the combination of ciclosporin, prednisone
and mycophenolate mofetil. “mTOR-based” corresponds to the combination of any calcineurin inhibitor, everolimus and prednisone, with or without mycophenolate mofetil. All
other immunosuppressive drug combinations and therapies were summarised as “Other” immunosuppression. * cf table S2 (appendix 1)
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nations (table 1). Early allograft dysfunction occurred less
frequently in tacrolimus-based immunosuppression recip-
ients, whereas cold ischaemia time was similar in both
dominating groups.

The probability of graft failure was higher among renal
transplant recipients treated with ciclosporin-based than
with tacrolimus-based immunosuppression. This observa-
tion was valid for the entire follow-up period (10 years af-
ter transplantation: 15.1% with ciclosporin-based vs 9.4%
with tacrolimus-based immunosuppression) (fig. 2). The
hazard for graft failure was bigger with ciclosporin-based

immunosuppression than tacrolimus-based immunosup-
pression (adjusted hazard ratio [HR] 1.66, 95% confidence
interval [CI] 1.29–2.14; p <0.01) (table 2) and, similarly,
the probability of graft failure-free survival was higher
with tacrolimus-based than with ciclosporin-based im-
munosuppression (fig. S3 in appendix 1).

Although more biopsies were performed in the tacrolimus-
based immunosuppression group than in the ciclosporin-
based immunosuppression group (particularly at year one:
62.5% vs 54.8%; end of follow-up: 71.1% vs 69%), acute
rejection episodes were less frequent in the former (table

Figure 1: Illustration of time trends for the prescription of different immunosuppressive (IS) regimens in normal-risk renal transplant (TX) recip-
ients between 2008 and 2017.“TAC-based” was defined as the combination of prednisone, tacrolimus and mycophenolate mofetil. “CsA-
based” corresponds to the combination of ciclosporin, prednisone and mycophenolate mofetil. “mTOR-based” corresponds to the combination
of any calcineurin inhibitor, everolimus and prednisone, with or without mycophenolate mofetil. All other immunosuppressive drug combina-
tions and therapies were summarised as “Other” immunosuppression.

Figure 2: Renal allograft function displayed as estimated glomerular filtration rate (eGFR in ml/min/1.73m2).TX = transplantation; IS = im-
munosuppression“TAC-based” was defined as the combination of prednisone, tacrolimus and mycophenolate mofetil. “CsA-based” corre-
sponds to the combination of ciclosporin, prednisone and mycophenolate mofetil.
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3). However, the cause-specific Cox analysis of the acute
rejection endpoint showed a nonsignificantly higher haz-
ard with ciclosporin-based than with the tacrolimus-based
immunosuppression (table 2, adjusted HR 1.48, 95% CI
0.82–2.65; p = 0.19).

There was no noticeable difference in time to prednisone
discontinuation in renal transplant survivors free of allo-
graft failure (fig. 3), nor did we see a significant effect
of immunosuppressive therapy in the cause-specific Cox
model (HR 0.82, 95% CI 0.41–1.63; p = 0.57). Overall, the
median time to prednisone discontinuation was 1.9 years.

The longitudinal course of renal allograft function estimat-
ed using the CKD-EPI formula showed increasingly larg-
er differences between the two immunosuppression groups
over time (fig. 4) with a significant difference in favour of
tacrolimus-based immunosuppression (p = 0.013, table 4).

The probability of contracting CMV infection within the
first-year post-transplantation was noticeably higher in re-
cipients of ciclosporin-based immunosuppression (9.7% vs
6.4%) (table 5). In contrast, tacrolimus-based immunosup-
pression seemed to increase the probability of BK virus in-

fection within the first year post-transplantation (5.0% vs
4.1% with ciclosporin-based immunosuppression). Over-
all, PTLD was observed in only 11 renal transplant re-
cipients. All but one case occurred in patients receiving
tacrolimus-based immunosuppression. Five of these 11
PTLD cases were observed within the first year after trans-
plantation.

Living and deceased donor recipients
In our study, 42.6% were living-donor transplant recipients
(LDTRs) (table S1 in appendix 1). There was no relevant
evolution of age over the assessed time span, neither for
donors nor for recipients (fig. 5). The number of renal
transplant recipients with a tacrolimus-based immunosup-
pression was slightly higher in LDTR than in deceased
donor transplant recipients (DDTRs) and the proportion of
early allograft dysfunction was clearly higher in DDTRs
than in LDTRs. LDTRs had a slightly higher incidence of
BK virus infections and a slightly lower number of cy-
tomegalovirus infections compared with DDTR.

Table 2: Effect estimates from cause-specific Cox proportional hazard models.

HR
(95% CI)
[p-value]

Cause-specific endpoint

Graft failure* Acute rejection†

Number of events 86 301

Univariate Multivariable Univariate Multivariable

Risk factor

CsA-based vs TAC-based IS 1.97
(1.52–2.55)

[<0.01]

1.66
(1.29–2.14)

[<0.01]

1.69
(0.83–3.46)

[0.15]

1.48
(0.82–2.65)

[0.19]

Living vs deceased donor 0.42
(0.23–0.79)

[0.01]

0.43
(0.22–0.83)

[0.01]

0.95
(0.82–1.11)

[0.52]

0.88
(0.75–1.03)

[0.12]

Donor age by 10 years increase 1.42
(1.15–1.75)

[<0.01]

1.39
(1.21–1.60)

[<0.01]

0.97
(0.87–1.08)

[0.52]

0.99
(0.87–1.13)

[0.91]

Female vs male recipient 0.8
(0.48–1.32)

[0.38]

0.84
(0.52–1.35)

[0.46]

0.72
(0.64–0.82)

[<0.01]

0.73
(0.66–0.81)

[<0.01]

Recipients age by 10 years increase 1.17
(0.98–1.4)

[0.09]

0.98
(0.82–1.17)

[0.81]

0.91
(088–0.94)

[<0.01]

0.9
(0.87–0.94)

[<0.01]

TX year (2013–2017) vs (2008–2012) 0.48
(0.31–0.74)

[<0.01]

0.53
(0.35–0.78)

[<0.01]

0.55
(0.32–0.95)

[0.03]

0.6
(0.39–0.92)

[0.02]

IS = immunosuppression; HR = hazard ratio; CI = confidence interval; TX = transplantation “TAC-based” was defined as the combination of prednisone, tacrolimus and mycophe-
nolate mofetil. “CsA-based” corresponds to the combination of ciclosporin, prednisone and mycophenolate mofetil. * Competing event: death (n = 113). CsA-based vs TAC-based:
HR 0.98 (0.67–1.43) [0.91] (results from multivariable cause-specific Cox model for death). † Competing events: (1) graft failure (n = 40). CsA-based vs TAC-based: HR 1.3
(0.65–2.60) [0.46]; (2) death (n = 75). CsA-based vs TAC-based: HR 0.67 (0.41–1.11) [0.12] (results from multivariable cause-specific Cox model for graft failure or death, respec-
tively).

Table 3: Biopsy performance and occurrence of acute rejections in normal-immunological risk patients after renal transplantation.

Total Immunosuppressive therapy

TAC-based CsA-based mTOR-based Other

Number of patients, n (% of total) 1191 (100%) 878 (73.7%) 290 (24.3%) 13 (1.1%) 10 (0.8%)

Renal transplant recipients with at least one biopsy, n (%)

Within 1 year post-TX 723 (60.7%) 549 (62.5%) 159 (54.8%) 12 (92.3%) 3 (30.0%)

Over entire period 842 (70.7%) 624 (71.1%) 200 (69.0%) 12 (92.3%) 6 (60.0%)

Renal transplant recipients with at least one acute rejection episode, n (%)

Within 1 year post-TX 254 (21.3%) 168 (19.1%) 81 (27.9%) 3 (23.1%) 2 (20.0%)

Over entire period 312 (26.2%) 198 (22.6%) 108 (37.2%) 3 (23.1%) 3 (30.0%)

TX = transplantation “TAC-based” was defined as the combination of prednisone, tacrolimus and mycophenolate mofetil. “CsA-based” corresponds to the combination of ci-
closporin, prednisone and mycophenolate mofetil. “mTOR-based” corresponds to the combination of any calcineurin inhibitor, everolimus and prednisone, with or without my-
cophenolate mofetil. All other immunosuppressive drug combinations and therapies were summarised as “Other” immunosuppression.
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The probability of graft loss was higher in DDTRs than
in LDTRs in the raw comparison (fig. S2 in appendix 1),
as well as in the multivariable model (HR 0.43, 95% CI
(0.22–0.83; p = 0.01) (table 2). Although the number of
biopsies and the number of biopsy-proven rejections was
lower in LDTRs than in DDTRs (table S1), donor type

was not predictive for the occurrence of acute rejection in
the multivariable cause-specific Cox model (HR 0.88, 95%
CI 0.75–1.03; p = 0.12) (table 2). Time to prednisone dis-
continuation was significantly shorter in surviving DDTRs
than in LDTRs with a functioning allograft (fig. S5, p
<0.01). Average eGFR was significantly lower in DDTRs

Figure 3: Median age of renal transplant recipients and organ donors between 2008 and 2017.

Figure 4: Probability of graft failure post renal transplantation, stratified by immunosuppression therapy.“TAC-based” was defined as the com-
bination of prednisone, tacrolimus and mycophenolate mofetil. “CsA-based” corresponds to the combination of ciclosporin, prednisone and
mycophenolate mofetil.

Table 4: Mean estimated glomerular filtration rate according to immunosuppressive therapy at different time points post-transplantation.

Estimate (95% CI)* Time since transplantation

1 year 3 years 5 years

TAC-based IS 53.4 (52.2–54.6) 52.7 (51.5–53.9) 51.9 (50.6–53.3)

CsA-based IS 50.6 (48.3–52.9) 49.2 (47.0–51.4) 47.7 (45.3–50.2)

CI= confidence interval “TAC-based” was defined as the combination of prednisone, tacrolimus and mycophenolate mofetil. “CsA-based” corresponds to the combination of ci-
closporin, prednisone and mycophenolate mofetil. * p = 0.013 for the overall effect of TAC-based vs CsA-based immunosuppression from generalised estimating equation model.
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than in LDTRs at 1, 3, and 5 years post-transplantation
(table S2 in appendix 1).

Discussion

We investigated the evolution of immunosuppressive ther-
apies among very strictly defined normal-immunological
risk renal transplant recipients in Switzerland from the
year 2008 until the end of 2017, considering demographic
changes, living and deceased donor transplants, prednisone
withdrawal, graft function, graft failure, and the occur-
rence of the most relevant infectious diseases and PTLD.

Throughout the investigated period, renal transplant re-
cipients were predominantly treated with tacrolimus-based
immunosuppression. A proportion of 30–40% were still
being treated with ciclosporin-based immunosuppression
from 2008 to 2011, with a subsequent decline to below
20%. The choice of immunosuppressive maintenance ther-
apy for Swiss renal transplant recipients was compared
with other European countries. A recently published Euro-
pean-wide analysis showed that between 2006 and 2015,
about 74.6% of renal transplant recipients had immuno-
suppressive therapy containing tacrolimus, whereas 20.5%
were treated with a regimen containing ciclosporin [22].
Accordingly, 73.7% were receiving tacrolimus-based and
24.3% ciclosporin-based immunosuppression in Switzer-

land between 2008 and 2017. During the analysed period,
mTOR-based immunosuppression and other immunosup-
pression were scarcely used as primary immunosuppres-
sants.

The frequency of acute rejection episodes has been sub-
stantially reduced in recent decades, mainly by more effi-
cacious immunosuppressive drugs and sophisticated allo-
cation strategies. The observed 1-year biopsy proven acute
rejection rate of 21.3% fits well with published data [23].
Not surprisingly, the raw overall acute rejection rate for re-
nal transplant recipients treated with the older ciclosporin-
based immunosuppression and the less efficient mTOR-
based immunosuppression was higher compared with
tacrolimus-based immunosuppression. These findings are
in accordance with previously conducted trials [1, 2, 24].
However, fitting cause-specific Cox models to our data
did not reveal any significant difference in the occurrence
of acute rejection with tacrolimus-based than with ci-
closporin-based immunosuppression. We only discovered
a time-effect, with significantly fewer acute rejections dur-
ing the transplantation period 2013–2017 as compared
with 2008–2012. Nevertheless, centre-specific differences
in post-transplantation monitoring (including biopsies) and
management may also be important contributing factors.

Table 5: Occurrence of CMV and BKV infection at 1 year post transplantation.

Immunosuppressive therapy

Total TAC-based CsA-based mTOR-based Other

Number of patients, n (% of total) 1191 (100%) 878 (73.7%) 290 (24.3%) 13 (1.1%) 10 (0.8%)

One-year post-transplantation

CMV, n (%) 84 (7.1%) 56 (6.4%) 28 (9.7%) 0 (0%) 0 (0%)

BKV, n (%) 56 (4.7%) 44 (5%) 12 (4.1%) 0 (0%) 0 (0%)

CMV = cytomegalovirus; BKV = BK virus “TAC-based” was defined as the combination of prednisone, tacrolimus and mycophenolate mofetil. “CsA-based” corresponds to the
combination of ciclosporin, prednisone and mycophenolate mofetil. “mTOR-based” corresponds to the combination of any calcineurin inhibitor, everolimus and prednisone, with
or without mycophenolate mofetil. All other immunosuppresive drug combinations and therapies were summarised as “Other” immunosuppression.

Figure 5: Time to discontinuation of prednisone in renal transplant survivors without graft failure*, stratified by immunosuppression thera-
py.“TAC-based” was defined as the combination of prednisone, tacrolimus and mycophenolate mofetil. “CsA-based” corresponds to the combi-
nation of ciclosporin, prednisone and mycophenolate mofetil.* There is no test statistic provided for the difference of the two curves to prevent
any causal conclusions drawn about the effect of different IS treatments on time to prednisone discontinuation (for further explanation see fig.
S4 in appendix 1).
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Acute rejection rates in DDTRs were higher than in
LDTRs, which can be explained by longer cold ischaemia
time, higher incidence of early graft dysfunction and the
higher number of graft biopsies in DDTRs (table S1 in ap-
pendix 1).

Glucocorticoids are usually the first agents to be with-
drawn or reduced to avoid side effects in renal transplant
recipients. In a Spanish study, 23.3% of renal transplant re-
cipients were weaned off glucocorticoids within 12 months
after transplantation [25]. In our population, 31% of all
recipients were able to discontinue prednisone after 12
months and 60% were free of prednisone 5 years post-
transplantation (results not shown). Patients treated with
tacrolimus-based immunosuppression had on average a
higher hazard for prednisone discontinuation; however, the
difference did not reach statistical significance. This result
is in line with the observation that patients with ci-
closporin-based immunosuppression had a statistically
nonsignificant higher risk of acute rejection, which is po-
tentially treated with prednisone. Graft outcome and graft
function have gradually improved over recent decades
[26], which is mainly attributable to more sophisticated
allocation criteria, more efficacious immunosuppressive
drugs, and globally better management. Accordingly, our
data show an encouragingly low cumulative incidence for
graft failure after renal transplantation (fig. 3) and quite
stable graft function over the observation period (table 4).
Tacrolimus-based immunosuppression led to a further re-
duction of graft failure compared with ciclosporin-based
immunosuppression. This finding is in accordance with
previously published studies [1, 2].

If graft loss occurred, however, the mortality rate during
subsequent dialysis remained high in our data, which is
comparable to a recent STCS publication [27].

Cytomegalovirus and BK virus are common and ubiq-
uitous infections that usually cause latent infections in
healthy adults. However, in renal transplant recipients
these infections are among the most important pathogens,
since they increase the risk of allograft failure, morbidity
and death. The rates of cytomegalovirus and BK virus in-
fection were low in our cohort (table 5) and comparable
to other data [28–30]. The favourable numbers might in-
dicate the awareness of these complications in the Swiss
transplantation community, as well as efficient prophylac-
tic, diagnostic and therapeutic strategies. Furthermore, our
analysis excluded renal transplant recipients with high im-
munological risk, who are prone to more aggressive im-
munosuppression and therefore exhibit a higher risk for vi-
ral infections.

PTLDs comprise a heterogeneous group of lymphoprolif-
erative disorders after solid organ or haematopoietic trans-
plantation with a high morbidity and mortality. A signif-
icant number of PTLDs are associated with Epstein-Barr
virus [31]. In our study, the incidence, as compared with
the literature, was low (0.92%). Since our patient collective
had a normal immunological risk, most of them were treat-
ed with an anti-interleukin-2 receptor antibody (e.g., basil-
iximab) as induction therapy (table 1). For these patients,
lower incidences of PTLDs have been described than in
patients treated with mono- or polyclonal T-cell depleting
antibodies (e.g., OKT3, thymoglobulin) [8].

This real-life cohort study is limited by its lack of a ran-
domised and blinded design and the potential confounder
of time, as tacrolimus-based immunosuppression is more
recent. Furthermore, we restricted our analyses to normal-
immunological risk renal transplant recipients. Therefore,
low- and high-immunological risk renal transplant recipi-
ents were excluded. A further limitation is the absence of
an internationally coherent definition of the immunologi-
cal risk stratification. In this study, we used the local con-
vention for immunological risk stratification (see appendix
1). Time-dependent switches between different immuno-
suppressive regimens were not considered.

We conclude that kidney graft recipients with normal im-
munological risk in Switzerland nowadays are mainly
treated with tacrolimus-based immunosuppression that
consists of tacrolimus, mycophenolate mofetil and pred-
nisone. Prednisone can be successfully discontinued in up
to 60%. Rates of graft failure, long-term graft function and
complications are favourable. Thus, this regimen is associ-
ated with better renal allograft and patient outcomes.
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Appendix 1

Supplementary material

Immunological-risk stratification according to local con-
vention

Figure S1: Selection of the final study population by exclu-
sion criteria, illustrated as flow-chart.

Figure S2: Probability of graft failure post renal transplan-
tation, stratified by donor type.

Figure S3: Graft failure free survival, stratified by im-
munosuppression therapy.

Figure S4: Graft failure free survival, stratified by donor
type.

Figure S5: Time to discontinuation of prednisone in renal
transplant survivors without graft failure, stratified by
donor type.

Table S1: Patient’s baseline characteristics, biopsy and
acute rejection information and occurrence of CMV and
BKV infections post renal transplantation in the final study
population, overall and by donor type.

Table S2: Mean estimated glomerular filtration rate for
donor types at different time points post renal transplanta-
tion.

The members of the Swiss Transplant Cohort Study
(STCS)

The appendix is available as a separate file at:
https://smw.ch/article/doi/smw.2020.2054.
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