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teroid Withdrawal in Simultaneous Pancreas-Kidney Transplantation:
7-Year Report

. Malheiro, L. Martins, I. Fonseca, A.M. Gomes, J. Santos, L. Dias, J. Dores, F. Oliveira, R. Seca,
. Almeida, A. Henriques, A. Cabrita, and M. Teixeira

ABSTRACT

Simultaneous pancreas-kidney transplantation (SPK) is the treatment of choice for
selected diabetic patients with end-stage renal disease. Maintenance steroid therapy is
associated with significant morbidity and mortality among SPK transplant recipients.
Steroid withdrawal regimens are becoming more common, albeit with reservations
regarding its safety and efficacy. We performed a retrospective review of 77 SPK transplant
recipients from May 2000 to December 2007. The subjects received induction therapy with
thymoglobulin followed by maintenance immunosuppression with tacrolimus and myco-
phenolate mofetil. A late steroid withdrawal protocol was adopted. The rates of acute
rejection, graft and patient survival, and side effects were analyzed. One-year patient,
kidney, and pancreas survivals were 93%, 91%, and 86%, respectively. Eleven patients
experienced acute rejection. Mean follow-up time was 1155.5 � 776.1 days. Prednisolone
withdrawal was carried out between 6 and 12 months posttransplantation in 42 patients
(77.8%) with at least 1 year follow-up; no case of acute rejection occurred. At present, 72
patients have a functioning kidney graft, and 65 patients also have a functioning pancreas
graft. The mean serum creatinine is 1.12 � 0.49 mg/dL and the mean HbA1c concentration
is 4.5% � 0.4%. The patients have a low prevalence of hypertension, hyperlipidemia, and
obesity. Steroid withdrawal was successful and safe in the majority of in-study patients and
safe without an increase of immune events. Our patient and graft outcomes are within

other international SPK transplant units standards.
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IMULTANEOUS PANCREAS-KIDNEY (SPK) trans-
plantation has been developed for patients suffering

rom type 1 diabetes mellitus and end-stage renal disease.
atients are generally given conventional immunosuppres-
ive treatment after transplantation, using steroids, cal-
ineurin inhibitors, and antagonists of purine metabo-
ism.1,2 Most centers also use induction with antilymphocyte
reparations.3,4

The use of steroids for maintenance therapy in solid
rgan transplant recipients is common, despite their detri-
ental effects on osteoporosis, bone fractures, arterial

ypertension, insulin resistance, and cataracts.5,6 These side
ffects among patients undergoing SPK transplantation are
articularly troublesome, given their long course of type 1
iabetes and their increased cardiovascular risk. The mini-
ization or withdrawal of steroids in these patients is,

herefore, an objective. Nevertheless, late steroid with-
rawal has been reported to be associated with a significant

isk of acute rejection episodes and/or functional adrenal E
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ransplantation Proceedings, 41, 909–912 (2009)
mpairment.7–9 Herein we have presented our experience
ith the safety and feasibility of corticosteroid withdrawal
mong SKP transplant recipients.

ATIENTS AND METHODS

rom May 2000 to December 2007, 77 C-peptide-negative patients
ith type 1 insulin-dependent diabetes mellitus underwent SPK

ransplantation. All subjects received induction therapy with anti-
hymocyte globulin (Fresenius) administered at 3 mg/kg for 7 to 10
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910 MALHEIRO, MARTINS, FONSECA ET AL
oses; tacrolimus at a dose of 0.1 mg/kg twice daily; mycophenolate
ofetil (MMF) 2 g/d; and intravenous methylprednisolone for 4

ays (day 1: 500 mg; day 2: 250 mg; day 3: 250 mg; and day 4: 125
g). The maintenance immunosuppression included tacrolimus

target trough level- 8–14 ng/mL), MMF adjusted according to
olerability, and oral prednisolone started (day 5) at 1 mg/kg/d and
apered to 10 mg/d by the end of the third month after transplan-
ation. A further taper of the prednisolone dose was made after 6
onths posttransplant when clinically feasible. Full steroid with-

rawal was evaluated after 6-month follow-up, considering the
xclusion criteria of a previous acute rejection episode, gastroin-
estinal intolerance to MMF, and clinical context to avoid MMF
amely, previous severe infectious episodes and the presence of BK
irus nephritis. It was started at 6 months with the purpose of
omplete steroid suspension by the end of the first year.

We performed a retrospective review of recipient demographic
nd clinical data, SPK transplantation details, patient and allograft
utcomes, as well as serial laboratory measurements. Delayed graft
unction was defined as the need for dialysis during the first week
fter transplantation. Biopsy-proven rejection was diagnosed using
he Banff criteria. No pancreatic biopsy was made.

tatistical Analysis

escriptive statistics were expressed as mean values � standard
eviations or median (interquartile range). Differences between
atients with versus without steroids were tested by the nonpara-
etric Mann-Whitney U test due to the small number of patients
ith steroids. Categorical variables were analyzed with the chi-

quare or Fisher exact probability test. Patient and graft survivals
ere estimated using a life table statistical technique. A P value less

han .05 was considered significant. Data were analyzed using the
PSS 15.0 statistical package.

ESULTS

e reviewed the clinical records of the 77 SPK transplants
erformed in our unit between May 2000 and December
007. Average age at the time of transplantation was 33.7 �
.3 years. Time on dialysis was 34 � 26 months. Four
atients underwent premptive transplantation. Forty-eight
atients were women. Mean diabetes mellitus duration had
een 22.7 � 5 years. Mean body mass index was 22.5 � 2.8
g/m2. Nineteen patients had no HLA match with the
onor. Average donor age was 22.3 � 11.1 years.
Sixteen patients (20.8%) experienced delayed graft func-

ion. Acute rejection within the first month posttransplant
ccurred in 11 patients (14.3%); the diagnosis was clinically
resumed or biopsy-proven; nine were corticosteroid-
ensitive; one was a humoral rejection treated with plas-
apheresis and human immunoglobulin; and one a late,

efractory acute rejection treated with OKT3. Except for
his case, no other acute rejection episode was documented
fter the first month. Median hospitalization time was 23
ays, with 2-day stay in the intensive care unit. Early failure
f pancreas and kidney grafts (�3 months) occurred in 12
nd 2 patients, respectively.

Mean follow-up time is 1155.5 � 776.1 days (range �
0–2779 days). Seventy-two patients have a functioning
idney graft, and 65 also a functioning pancreas graft.

mong the 72 patients with at least one functioning graft,
7 had to change their maintenance immunosuppression
rom MMF to sirolimus (n � 23) or mycophenolic acid
odium (n � 4), because of digestive side effects. In four
ases, both MMF and sirolimus were suspended: three
atients had a severe infection event and one, thrombotic
icroangiopathy. These patients were maintained on ta-

rolimus and prednisolone.
The objective of full steroid withdrawal at 1 year was

ccomplished in 42/54 patients (77.8%) with more than
-year follow-up. No acute rejection episode was registered,
or any case of adrenal failure. Hence, 12 patients main-
ained steroids beyond the first year posttransplant. The
ost common cause for failure to withdraw was a previous

cute rejections episode (n � 6 ); a significant infectious
vent that determined the suspension of MMF or sirolimus
n � 4); BK-driven nephritis with the need for a low-dose or
ven suspension of MMF therapy (n � 2). Patient and graft
urvivals among this subset of patients at 2 and 5 years are
resented in Table 1.
The patients with a functioning pancreas graft (n � 65)

howed normal fasting glycemia and an average HgA1c of
.5% � 0.4%. Patients with a functioning kidney graft (n �
2) displayed a mean serum creatinine of 1.12 � 0.49
g/dL, a mean 24-hour measured creatinine clearance of

5.1 � 25.8 mL/min, and a mean 24-hours proteinuria of
.3 g. Only two patients have a serum creatinine higher than
mg/dL. No significant differences were observed concern-

ng renal and pancreas graft function between patients with
ersus without steroids (Table 2).

Considering all patients in the follow-up, the average
eight gain was 1.5 kg since the transplant. At the last visit,

he mean total cholesterol was 166 � 34 mg/dL; the mean
riglyceride level, 97 � 47 mg/dL, and the mean high-
ensity lipoprotein cholesterol, 58 � 17 mg/dL. Only 12
atients need statins and 15, some antihypertensive drug.
erum lipids compared between groups with versus without
teroids showed no significant differences (Table 2). Patient
nd graft survivals at 1 and 5 years are shown in Table 3.

ISCUSSION

he use of steroids as a maintenance immunosuppressive
rug in solid organ transplantation is still common, al-

Table 1. One-Year Follow-up Patients: Patient and Graft
Survivals at 2 and 5 Years, According to Steroid Strategy

2 Years (%) 5 Years (%)

teroid-free (n � 42)
Patient 100 98
Kidney graft 98 98
Censored kidney graft* 98 98
Pancreas graft 95 90

teroid-based (n � 12)
Patient 92 83
Kidney graft 92 83
Censored kidney graft* 100 100
Pancreas graft 83 75
*Death-censored kidney allograft survival.
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STEROID WITHDRAWAL IN SPK TRANSPLANTATION 911
hough it is associated with significant morbidity and mor-
ality. Death is the leading cause of failure in renal trans-
lantation, accounting for 46% of graft failures occurring
fter 3 years posttransplantation.10 The major causes are
ardiovascular disease and infection, both of which may be
riggered or favored by the use of steroids.

Several studies have tried to address the feasibility of
teroid withdrawal in SPK transplant recipients. Two rou-
ine approaches to limit steroid-related side effects are
ystematic steroid withdrawal in stable allograft recipients
nd complete steroid avoidance or their rapid elimination.

2004 meta-analysis of late steroid withdrawal in kidney
ransplantation showed an increased risk of acute rejection
pisodes, but no increased risk of early graft failure.9

However, the development of new immunosuppressive
rugs has decreased the immediate immunologic risks,
llowing greater emphasis on improving long-term wellness
n SPK transplant recipients. The initial cyclosporine-mi-
roemulsion-based trials showed a 30% risk of acute and
hronic rejection following late corticosteroid withdrawal,
mposing the need to maintain virtually all renal transplant
atients on low-dose steroids.11,12 The addition of MMF to
yclosporine-microemulsion enabled prednisolone with-
rawal at 6 months posttransplant without an increase in
cute rejection episodes.13 Likewise, with the association of
yclosporine-microemulsion and sirolimus, steroid tapering
initiated at a mean of 415 days posttransplant) was main-
ained for 3 years in 78% of kidney recipients.14 Mainte-
ance immunosuppression with tacrolimus and MMF
howed a 94% likelihood of patients being maintained off
teroids following late steroid withdrawal with good graft
unction.15 A recent report showed a steroid-free regimen
ith thymoglobulin induction followed by tacrolimus and
MF for maintenance in SPK transplantation to be safe

nd effective in preventing rejection episodes, with a re-
uced incidence of cytomegalovirus infections and better-

Table 2. Graft Function and Metabolic Data Comparison
Between Steroid-Based and Steroid-Free Groups

Steroid-Based
(n � 12),

median (IQ)

Steroid-Free
(n � 42),

median (IQ) P

erum creatinine (mg/dL) 1.15 (0.83–1.60) 1.10 (0.88–1.30) .41*
rea (mg/dL) 54 (45–72) 49.0 (43–62) .37*
asting glycemia (mg/dL) 78 (70–85) 81 (74–87) .49*
bA1c (%) 4,8 (3.8–4.9) 4.5 (4.2–4.8) .92*
otal cholesterol (mg/dL) 172 (151–186) 165 (139–194) .61*
riglycerides (mg/dL) 82 (75–98) 81 (64–117) .68*
DL cholesterol (mg/dL) 61 (40–74) 54 (42–61) .33*
eight (kg) 59 (49–65) 58 (52–66) .73*
MI (kg/m2) 23.8 (22.0–26.1) 22.6 (21.1–25.1) .57*
ntihypertensive, n (%) 4 (33.3) 10 (23.8) 0.49†

tatin, n (%) 1 (8.3) 10 (23.8) 0.42†

HDL, high-density lipoprotein; BMI, body mass index; IQ, interquartile range.
*Mann-Whitney U test; †Fisher exact probability test.
reserved kidney function.3
Recently approaches have been numerous. Several units
ave reported early steroid withdrawal at the end of the 1
eek posttransplant with favorable short-term results in

erms of graft function and recipient survival, without
eopardizing the risk of acute rejection episodes.3,16–19

imilar results were reported by other SPK centers, al-
hough using a late schedule for the withdrawal: namely, the
nd of 3 months20 or between 6 months and 1 year
osttransplant.21,22

Cantarovich et al compared the benefits of early versus
ate (�3 months) steroid withdrawal.20 Despite a small
umber of patients in this study, they observed that the rate
f acute rejection episodes was similar in both groups, but
hat the serum creatinine concentration tended to be lower
n the group with late steroid withdrawal. Notwithstanding,
ew studies have investigated the long-term effects of ste-
oid withdrawal on graft and patient survivals. Opelz in the
ollaborative Transplant Study showed that among a group
f patients who received steroids for a minimum of 6
onths after transplantation and who were clinically stable

t the time of steroid elimination,23 90% of grafts func-
ioned without steroids.

The pursuit of a steroid-free or reduced exposure among
PK transplant recipients has the purpose of controlling
ardiovascular risk factors (obesity, hyperlipidemia, hyper-
ension, and glucose intolerance) in this high-risk popula-
ion. The published data about the long-term effects of
teroid withdrawal to reduce vascular risk/events in this
etting are scarce, although better control of these risk
actors would allow us to expect such an outcome. Jaber et
l published a report showing that an early steroid with-
rawal protocol was associated with a reduced incidence of
besity, posttransplant diabetes, and hyperlipidemia among
enal transplant recipients. No difference was acknowl-
dged in the need for antihypertension drugs.18 Notewor-
hy, hyperlipidemia is a known side effect not only of
teroids but also of tacrolimus and sirolimus.18,24

Control of cardiovascular risk factors is possible in these
atients as demonstrated by our data. Nevertheless, the
omparison of the lipid profiles and the need for antihyper-
ensive drugs did not show a significant difference between
he steroid-treated and steroid-free patients. The need for
tatins was more frequent in the steroid-free group. The
yperlipidemic effects of sirolimus (more patients under
irolimus in this group) cannot be disregarded as a contrib-
ting factor. However, the rate of patients needing these
reatments can be considered to be low, compared with
esults in kidney transplantation alone. We acknowledge

Table 3. All SKP Transplant Patients: Patient and
Grafts Survivals

1 Year (%) 5 Years (%)

atient 93 90
idney graft 91 88
ancreas graft 86 81
SPK, simultaneous pancreas-kidney.
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912 MALHEIRO, MARTINS, FONSECA ET AL
he limitations of this report, as it is observational, retro-
pective, single center without randomization. Moreover,
he criteria for selection of patients between the two groups,
lthough clinically based, showed some degree of hetero-
eneity.

However, the previous studies allow us to put forward
ur late steroid withdrawal protocol. Hence, steroid with-
rawal is usually undertaken in situations where there is a
ood long-term graft prognosis, evidence of steroid-induced
orbidity and tolerance to the remaining maintenance drugs

MMF, tacrolimus).
Complete steroid withdrawal by the end of the first year

as accomplished in 77.8% of our patients with more than
year follow-up (n � 54) and no subsequent acute rejection
pisodes. Our data showed good, stable graft function. No
ignificant differences in graft function were noted between
he steroid-based and steroid-free groups. The overall
atient and graft survivals were similar to other SPK
ransplant units.20 More precise clinical criteria are neces-
ary for full implementation of this immunosuppressive
trategy.
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