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Abstract

Introduction: In the last decades, immunosuppressive therapy for pediatric kidney recipients has changed dramatically. Early
steroid withdrawal, being one of these, has shown comparable outcomes on graft function and survival compared to steroid-
based regimens. Less is known about the possible negative effects of this regimen.

The aim of this study was to evaluate the safety of the steroid-sparing TWIST regimen in pediatric kidney recipients.

Design: Data were collected among pediatric kidney transplant recipients during the first five years of follow-up in a single
center. Documented data included immunosuppressive protocols, infections, hypertension, diabetes, anemia, leucopenia,
candiduria, growth retardation, gastrointestinal complaints, nephrotoxicity, lymphoma and rejection. Occurrence of these
effects was compared between patients that started on a steroid-sparing regimen and those starting on a steroid-containing
regimen using an intention to treat analysis with censoring at the moment of switching.

Results: Out of 100 recipients, 44 patients started the steroid-sparing regimen immediately after transplant surgery. Twenty
(45%) of these remained on this regimen during whole follow-up period.

Patients on a steroid-based regimen had significantly more urinary tract infections, cmv infections and rejections than those
on a steroid-sparing regimen. Other side effects did not differ between the groups.

Conclusion: Steroid-sparing immunosuppressive therapy regimen is preferable and safe in pediatric kidney transplant

recipients without additional potential risk factors and is accompanied with less opportunistic infections.
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Introduction

Pediatric kidney transplantation is the treatment of
choice for children with end-stage renal disease (ESRD). It
significantly improves survival, growth and health-related
quality of life compared to dialysis [1]. In the Netherlands,
approximately 30 pediatrickidney transplants are performed
yearly.

In the last decades, overall graft survival has significantly
improved, among others due to changes in both type of
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immunosuppressive medication and regimens. Large
variabilities still exist between various immunosuppressive
therapy regimens, centers and countries [2].

Pediatric protocols are mainly based on data of adult
transplant care. However, pediatric metabolism involves
different age and weight, - drug processing capacity and
calculated doses and requires adjusted immunosuppression
[3]- Because of the relatively small numbers of pediatric
recipients compared to adult kidney recipients, adequate
powered randomized controlled trials are currently
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missing. As a result, little is known of the effects of
different immunosuppressive regimens used in this specific
population. Since the TWIST (Transplant Without STeroids)
study in 2010, steroid withdrawal has been preferred by
most centers [2].

Previous literature suggests steroid-sparing regimens to
result in better growth [4], but also cause an increased risk
for Epstein Barr virus (EBV) infection and post-transplant
lymphoprloliferative disorder (PTLD) [5]. The goal remains
to find the best combination of immunosuppressive agents
in order to optimizes graft survival and function. A balance
between preventing rejection while limiting side effects can
be challenging.

The aim of this study was to evaluate the safety of the
steroid-sparing TWIST regimenin pediatrickidneyrecipients.
In addition this study examines the occurrence of side effects
and infections with regard to the immunosuppressive
regimens.

Method
Design

A retrospective single center cohort study was
conducted. Our pediatric kidney transplant recipients,
actively under control during the last five years, were
reviewed. After obtaining informed consent, medical records
of these patients were analyzed for a maximum of five-year
post-transplant or until graft loss. Transplantations were
performed between 2002 and 2018. Patients with numerous
missing data or those who received their kidney transplant
elsewhere were excluded.

Data Collection

Uses of immunosuppressive drugs over time were
documented, including type of medication, documented side
effects, moment and reason for switching medication. The
following parameters were studied: patient demographics,
type of donation, previous therapy, age of donor and
recipient, placement of the graft, ischemia time, peri-
operative parameters, height standard deviation score (SDS),
number of episodes of CMV, EBV and BKV infection, number
of culture proven urinary tract infections (UTIs), occurrence
of side effects of the different regimens: hypertension,
diabetes, anemia, leucopenia, candiduria, growth retardation,
gastrointestinal complaints, nephrotoxicity, PTLD and acute
rejection [6]. Based on protocol, CMV prophylaxis in high-
risk patients (CMV serostatus Donor+ Recipient-) consisted
of valganciclovir during three months post-transplant.
All recipients received uro-prophylaxis, by means of
trimethoprim, during the first three months after transplant.
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In our nation, pneumocystis pneumonia (PCP) prophylaxis
is not standard protocol because of the low incidence in this
region.

Basiliximab was given as induction therapy in all
patients. Before 2012, maintenance therapy consisted of
three immunosuppressive agents including prednisone
(TRIPLE). In 2012, the steroid-sparing TWIST protocol was
introduced for all patients, except those who were highly
sensitized or had glomerular kidney disease with high risk
of recurrence [7]. The TWIST protocol limits steroid-use
to the first five days after transplant. Immunosuppressive
treatment was according to the protocol active at the
moment of transplant and personalized on clinical course. In
the analysis, difference between TWIST and TRIPLE regimen
only consist in the use of prednisone.

Height-SDS was calculated and compared pre- and
post-transplant. The pretransplant data were collected a
few weeks before transplant, and the post-transplant values
were documented yearly during the study period of five
years of follow-up.

Rejection was defined as a biopsy-proven acute rejection
using the Banff classification [8]. UTI was defined as urine
culture demonstrating the presence of >50 000 colony
forming units/mL of a single pathogen in combination with
clinical symptoms and fever [9].

CMV and EBV infections were defined as more than
250 copies/ml in plasma CMV/EBV viremia by PCR testing
at any moment during follow-up [10]. BKV replication was
quantified using real-time quantitative PCR assay using
BKYV specific primers [11]. Surveillance CMV, EBV, and BKV
blood viral loads were obtained at a minimum of every three
months during the first year and thereafter once a year
scheduled according to protocol. Children were monitored
for any clinical symptoms and additional viral testing was
performed at the discretion of the treating physician. In
order to determine whether there was a primo-infection or
a reactivation, CMV and EBV serology was tested, at least
yearly.

Data Analysis

Data were analyzed wusing SPSS statistics 25.0.
Descriptive statistics were used to describe the baseline
demographics and the frequency of occurrence of
independent and dependent variables, including the mean,
median, standard deviation and percentage. Maintenance
on initial therapy was analyzed using Kaplan-Maier curves.
Differences between groups were analyzed using chi-square
tests, independent T-tests and Mann Whitney U test for data
that were not distributed normally. Data were analyzed using

Copyright© Loes Oomen, et al.



International Journal of Transplantation & Plastic Surgery

an intention to treat method with censoring at the moment
of regimen switch. Differences were considered statistically
significant at p <0.05.

Results
Demographic Characteristics

In total, 108 patients were reviewed. Eight patients

were excluded because of numerous missing data, loss of
follow-up or transplants in other hospitals. The demographic
characteristics are shown in Table 1. Median donor age
was 42 years and ranged between 5 and 69 years. Patients
intentional treated according the TWIST protocol received
more often a graft from a living donor and had more pre-
emptive and first transplantations. Follow-up was longer in
the TRIPLE group.

TWIST TRIPLE Total
(N=44) (N=56) (N=100) p-value
Male: Female 27:17 30:26 57:43 0.23
Age at transplantation (years) [range] 8.0 [2,18] 7.5[1,16] 8.0[1, 18] 0.45
Follow-up (months) [range] 180, 60] 45 [3, 63] 47 [3, 64] <0.01*
Donor type % (n)
Deceased donor 16% (7) 41% (23) 30% (30) 0.02*
Heart-beating donor 14% (6) 32% (18) 24% (24)
Non heart-beating donor 2% (1) 9% (5) 6% (6)
Living donor 84% (37) 59% (33) 70% (70)
First transplant: Second transplant 44:00 48:08 92:08 0.01*
Pre-emptive: Dialysis prior to transplant 23:21 19:37 42:58 0.05
Retro-peritoneal: Intra-abdominal placement 28:16 49:07 77:23 0.05

Table 1: Patient characteristics.

Median [range]. TRIPLE: steroid containing, TWIST: transplantation without steroids, regimen * p <0.05.

Use of Inmunosuppressants

In the past, standard immunosuppressive regimens
included prednisolone, mycophenolate (MMF) and
cyclosporine. In 2012, a steroid-sparing regimen (TWIST)
was introduced. Over time, a decline in use of prednisone,
cyclosporine and MMF was seen, whereas use of tacrolimus
increased.

Since the introduction in 2012, 44 out of 67 patients
started withthe TWIST regimen, directly after transplantation.
During follow-up, 45% (20) remained on this regimen
(Figure 1). Switches between regimen occurred mainly in the
first year after transplantation. After two years half of the
patients that started steroid-free were still on TWIST

regimen. In our cohort of 100 recipients, 51 patients (33
were transplanted before 2012) remained on the TRIPLE
regimen during follow-up, 5 stopped using prednisone. In
total 29 patients switched regimens during follow-up. Main
reasons for switching regimens were gastro-intestinal
complaints, nephrotoxicity, infection and bone marrow
depression (Table 2). Most common TRIPLE regimens were
prednisone/MMF /Tacrolimus (after rejection), prednisone/
azathioprine/tacrolimus (after intestinal complaints),
prednisone/tacrolimus (high infection pressure).

In total, 69% of the patients did switch medication during
follow-up. The main reasons for changing medication dosage
and/or regimen were gastrointestinal side effects (23%) and
viremia of EBV of BK (23% and 17%, respectively).

Switch (N=29)

Male: Female 16:13
Age at transplantation (years) [range] 8[2,17]
Follow-up (months) [range] 36 [3, 64]

Donor type % (n)
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Deceased donor 28% (8)
Heart-beating donor 28% (8)
Non heart-beating donor
Living donor 72% (21)
Total mismatches 310, 5]
HLA-DR mismatches
0 31% (9)
1 66% (19)
2 3% (1)
First transplant: Second transplant 28:01
Pre-emptive: Dialysis prior to transplant 13:16
Retro-peritoneal: Intra-abdominal placement 21:08
Reason for switch % (n)
Gastro-intestinal complaints 21% (6)
Bone marrow depression 7% (2)
Nephrotoxicity 21% (6)
Rejection 21% (6)
BKV or EBV infection 21% (6)
Other 10% (3)

Table 2: Characteristics of the switch group.
Median [range]. BKV: BK- virus, EBV: Epstein-Barr virus, HLA: human leukocyte antigen.

e N\

Figure 1: Kaplan-Meier curve depicting maintenance on
initial regimen over time. TWIST: steroid-sparing regimen,

TRIPLE: steroid containing regimen.
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Side Effects by Initial Immunosuppressive
Regimen

Patients that started on a TRIPLE regimen had more
UTI (p< 0.01) overall, more UTI’s in the first year (p=0.04)
and more often recurrent UTI’s (p=0.02) (Table 3). In this
group there was a significant higher incidence of CMV primo
infection (p=0.03), whereas there was no difference in use of
CMV prophylaxis.

No differences were seen in occurrence of
gastrointestinal complaints, nephrotoxicity, lymphoma
(PTLD). Nor did groups did differ in hypertension, diabetes,
anemia, leucopenia and candiduria (Table 3). PCP did not
occur in these patients.

Biopsy proven rejection was found in 10 patients of
which 6 did switch regimen during follow up. Switching
took place when those patients had already switched to the
TRIPLE regimen. Rejection was nota reason for switching. No
rejection occurred in the TWIST group, which was significant
less than in TRIPLE group (p=0.02). Donor specific antibodies
were found in 3 patients (1 had class I antibodies, 2 had class
Il antibodies).
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TWIST TRIPLE
N =44 N =56 p-value
Opportunistic infections
UTI
UTI during follow-up 25% 63% <0.01*
UTI during first year 18% 46% 0.04
Recurrent (2 or more) 14% 41% 0.02*
Candiduria 2% 4% 0.59
cMV
Primo infection 0% 11% 0.03*
Re-activation 7% 5% 0.54
CMV prophylaxis 59% 64% 0.54
BKV
BKV viremia 14% 9% 0.33
EBV
Primo infection 14% 14% 0.58
Re-activation 9% 14% 0.32
PTLD 2% 4% 0.59
Other side effects
Need of antihypertensives | 96% 100% 0.57
Bone marrow depression
Anemia (need of erythropoietin) 46% 30% 0.09
Leucopenia (leucocytes <3.0 *10°/L) 5% 2% 0.41
Diabetes
Need of antidiabetics 7% 9% 0.5
HbA1lc (mmol/mol) [range] 35[23, 41] 46 [20, 49] 0.87
Height
<-2.5 SDS at transplant 16% 14% 0.52
<-2.5 SDS at end of follow-up 14% 27% 0.09
A SDS height per year [range] -0.02 [-2.0, 1.3] -0.06 [-4.1, 1.0] 0.83
Nephrotoxicity 12% 20% 0.41
Biopsy proven acute rejection 0% 18% 0.02*
Gastrointestinal complaints 18% 20% 0.53

Table 3: Occurrence of opportunistic infections and side effects during follow-up for different immunosuppressive regimens.
Median [range]. BKV: BK- virus, CMV: cytomegalovirus, EBV: Epstein-Barr virus, HBAlc: Hemoglobin Alc, PTLD: post-transplant
lymphoproliferative disease, SDS: standard deviation score, TRIPLE: steroid containing regimen, TWIST: transplantation without
steroids, UTI: urinary tract infection, * p <0.05.

Graft Function Over Time medication regimens. Graft function decreases equally in all
. ) . ) i groups.
Figure 2 depicts graft function over time for the different
Loes Oomen, et al. Steroid Withdrawal in Pediatric Kidney Recipients: Is it Safe?. Int ] Transplant & Copyright© Loes Oomen, et al.

Plastic Surg 2021, 5(1): 000159.



International Journal of Transplantation & Plastic Surgery

Figure 2: Course of graft function after transplantation.
Censored at moment of switch/ end of follow-up. TWIST:
steroid-sparing regimen, TRIPLE: steroid containing

regimen.

Opportunistic infections

In our cohort of 100 patients, CMV-, BK- and EBV-viremia
was diagnosed in 14, 11 and 24 children, respectively. Co-
infection of CMV + EBV or EBV+ BK was seen in five children,
co-infection of CMV + BK in two recipients. UTIs occurred in
55 patients of which 41 (75%) had an UTI in the first year
and 37 (67%) having 2 or more UTI’s. Infections occurred
mainly in the first year.

Discussion

Immunosuppressive protocols used in pediatric kidney
transplant have changed substantially over time in order
to improve patient and graft survival in kidney recipients
and reduce adverse effects [2]. This study revealed a 50%
decrease in prolonged prednisone use after introduction of
TWIST (steroid-sparing regimen) in 2012. During the follow-
up, 45% of the patients who started with a steroid-sparing
regimen, remained on this protocol. In our cohort, starting
a steroid-sparing protocol was possible safe, resulting in
less side effects and rejection without risk for loss of graft
function. Opportunistic infections occurred mainly during
the first year after kidney transplant and more often in the
steroid-based TRIPLE regimen.

Immunosuppressive Regimen

Half of the patients starting on a steroid-sparing
regimen remained steroid free during follow-up. Switching
regimen was mostly due to a combination of complaints,
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caused by immunosuppressants. Main reasons to switch
immunosuppressive agents were consistent with literature
on gastro-intestinal complaints following mycophenolate
mofetil use and tacrolimus nephrotoxicity [12,13].
Additionally, occurrence of infection led to switches in
immunosuppressants. The regimen that was used after
switching depended on the cause of switching, as we practice
personalized medicine

Efficacy

Graft function seems to be comparable between groups,
supporting the hypotheses that starting on a TWIST regimen
does not endanger the graft function, whereas it result in
less side effects. However, groups were too small to draw
conclusions on these data.

In our study, acute rejection occurred significantly more
in patients starting on a TRIPLE regimen. Even more, there
was no rejection in the TWIST group. This doesn’t meet
the expectations of TRIPLE being a more potent regimen
and might be caused by the differences in follow-up period
between the groups and the differences in deceased and
living donors. Additionally, patients starting on a TWIST had
a relatively better starting position because patients at high
risk for recurrence of rejection would start with TRIPLE.
However, these results show that starting on a TWIST
regimen does not lead to increased rejection.

Opportunistic Infections

Immunosuppressive therapy interferes with the
individual balance between virus replication and the
immune response which might result in viremia. Children
on an immunosuppressive regimen are prone for CMV,
EBV and BKV infections [14]. These infections remain a
significant cause of morbidity and mortality following kidney
transplantation [14]. They can impair graft survival, patient
survival and quality of life through multiple hospitalizations
[15].

Viral infections were mainly present in the first year
after transplant, which has been reported by other studies
a well [14]. Without viral prophylaxis, infection is most
likely to occur in the early months after transplant because
of transmission trough the donor kidney and potentiated
immunosuppression during this period [16]. With the use
of prophylaxis, the onset of CMV disease usually occurs after
the cessation of prophylaxis [16-18]. According to literature,
the incidence of viral infections after kidney transplant
ranges between 10% and 30% for CMV infection, 9 to 67%
for EBV infection, and 7% and 10% for BKV viremia [17-19].
This study supports these results with an incidence of 14%,
24% and 11% for respectively CMV, EBV and BKV.
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Consistent with findings in the adult population, a
steroid-sparing regimen was not associated with an increase
in CMV infections [20]. Even more, patients that started
on a TRIPLE regimen had more urinary tract infections
and primo cmv infections regardless of prophylaxis. This
is in consistence with earlier studies in adults, showing a
decrease in CMV infections after steroid withdrawal [20,21]
and might be due to a diminished suppression of the native
immune system.

Little is known about the effect of steroid-sparing
regimen on UTI in children. This study showed that patients
on a steroid-sparing regimen had significant less UTI's
compared to those on a steroid-based regimen, which is
consistent with literature in adults [22].

Uro-prophylaxis is standard care in the first three
months after transplantation for all patients. Prolongation to
6 or 12 months might be considered given the fact that 43%
of all UTI’s occur in months 4 to 12 after transplantation.

Consistent with findings in the adult population, a
steroid-sparing regimen was not associated with an increase
in EBV or BKV infections [18,20,23,24]. No difference
between both regimens was found. In contrast to other
studies no association could be found in PTLD occurrence
[5,25]. This probably due to the relative short time of follow-
up for malignancies to develop and low patient numbers.
Previous studies hypothesized that avoiding corticosteroids
leads to an increase in PTLD because of the intensification of
other immunosuppressive drugs. In our centre, target values
are comparable between TWIST and TRIPLE regimens.

Growth

In concordance to the 130-subject SNS01 RCT of Sarwall,
et al. steroid withdrawal was not was not associated with
improved growth velocity [4]. This in contrast to previous
literature studies [2]. This might be explained by the wide
recipient age range in this study, the majority of prepubertal
patients or the limited follow-up, as a catch-up growth might
be expected later.

The limited follow-up might as well explain the fact that
we found no differences in the incidence of diabetes mellitus.
We do expect a steroid withdrawing regimen to decrease the
risk on diabetes on a later age [26-28].

Limitations

These data must be interpreted with caution since the
analyzed groups were not identical. After 2012 the patients
who received TWIST, had a better starting position because
the patients that were highly sensitized or at risk for

Loes Oomen, et al. Steroid Withdrawal in Pediatric Kidney Recipients: Is it Safe?. Int ] Transplant &

Plastic Surg 2021, 5(1): 000159.

recurrence of the native disease were excluded from TWIST
and treated with TRIPLE. Before 2012 however, all patients
received the same therapy and patient characteristics did
not differ between groups. When analyses were conducted
only on patients transplanted after 2012, results do not differ
from those currently shown (data not shown).

Previous literature supports the idea that starting with
steroid avoidance might even be safe in high-risk patients
[29]. Differences found might also be biased by the use
of other immunosuppressive medication, since the use of
these was personalized. Retrospective data collection was a
limitation of this study, as was a follow-up period of only five
years after kidney transplant. Patients on TRIPLE regimen
had significantly longer follow-up periods which might bias
the results.

The present study provides an analysis of a relatively
large cohort of pediatric patients with well-documented long-
term post-transplant follow-up in a single center. It provides
new insight in the use and switches in immunosuppressive
medication over time.

Conclusion

Based on the presented data, we conclude the
TWIST protocol to be safe in pediatric kidney recipients.
Introduction of a steroid-sparing regimen was not associated
to an increase in rejection or other feared side effects.
Steroid withdrawal was associated with less opportunistic
infections. In addition, efficacy was similar to steroid-based
immunosuppressive regimens. Therefore, we recommend
considering this protocol for patients without additional
potential risk factors, e.g. highly sensitized patients or high
chance of recurrence of disease in the kidney.
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