Original Research

Continuous Insulin Therapy to Prevent Post-Transplant
Diabetes Mellitus: A Randomized Controlled Trial

Amelie Kurnikowski, Johannes Werzowa, Sebastian Hodlmoser, Simon Krenn,
Christopher Paschen, Sebastian Mussnig, Andrea Tura, Jiirgen Harreiter, Michael Krebs,
Peter X.K. Song, Kathrin Eller, Julio Pascual, Klemens Budde, Manfred Hecking, and

Elisabeth Schwaiger

Rationale & Objectives: Hyperglycemia is
frequently observed early after transplantation and
associated with development of post-transplant
diabetes mellitus (PTDM). Here, we assessed
continuous subcutaneous insulin infusion (CSlI)
targeting afternoon hyperglycemia.

Study Design: Open-label randomized parallel 3-
arm design.

Settings & Participants: In total, 85 kidney trans-
plant recipients without previous diabetes diag-
nosis were randomized to postoperative CSlI
therapy, basal insulin, or control.

Interventions: Insulin was to be initiated at afternoon
capillary blood glucose level of 2140 mg/dL
(7.8 mmol/L; CSll and basal insulin) or fasting plasma
glucose level of 2200 mg/dL (11.1 mmol/L; control).

Outcomes: Hemoglobin A1c (HbA1c) levels at 3
months post-transplant (primary endpoint). PTDM
assessed using oral glucose tolerance test at 12

Results: CSlI therapy lasted until median day 18
and maximum day 88. The median HbA1c value at
month 3 was 5.6% (38 mmol/mol) in the CSII
group versus 5.7% (39 mmol/mol) in the control
group (P=0.70) and 5.4% (36 mmol/mol) in the
basal insulin group (P=0.02). At months 12 and
24, the odds for PTDM were similar compared with
the control group (odds ratios [95% confidence
intervals], 0.80 [0.18-3.49] and 0.71 [0.15-3.16],
respectively) and the basal insulin group (0.96
[0.18-5.68] and 1.51 [0.24-12.84], respectively).
Mild hypoglycemia events occurred in the CSII
and the basal insulin groups.

Limitations: This study is limited by outdated in-
sulin pump technology, frequent discontinuations
of CSIl, a complex protocol, and concerns
regarding reliability of HbA1c measurements.

Conclusions: CSI| therapy was not superior at
reducing HbA1c levels at month 3 or PTDM
prevalence at months 12 and 24 compared with
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and 24 months.

ransplantation is the optimal treatment for eligible in-

dividuals who require kidney replacement therapy, but
post-transplant diabetes mellitus (PTDM) is a common
consequence and incurs elevated risks for cardiovascular
disease and mortality."” Hyperglycemia may affect the
large majority of patients early after kidney transplantation
and is a strong predictor of subsequent PTDM
development.”*

In the early post-transplant period, steroid-induced
hyperglycemia may require potent glucose-lowering
agents, insulin thus being the recommended treat-
ment.” However, insulin carries a considerable risk of
hypoglycemia.'® Continuous subcutaneous insulin infu-
sion (CSII) is an advanced technology for insulin
administration, has been shown to improve glycemic
control and risk for hypoglycemia in the non-
transplanted general population, and may therefore be
beneficial in transplanted individuals.'' In
augmented insulin pump therapy, interstitial glucose
levels are measured continuously to additionally provide
real-time feedback to the patients.'” "

Afternoon hyperglycemia following steroid adminis-
tration in the morning inspired the use of an intermediate
acting insulin dosing scheme post kidney transplantation.
In 2 previous randomized controlled trials, conceptualized
in 2008 and 2012, we showed that early initiation of basal
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the control or basal insulin group.

insulin on elevated afternoon glucose levels (>140 mg/dL)
could prevent sustained PTDM after kidney trans-
plantation.'”*'® The studies foresaw tight glucose control
during the early post-transplant period that provides an
opportunity for PTDM prevention.'”'* In the latter
multicenter trial, a third study arm was opened at one
study center, comprising a single-center randomized trial
with 3 treatment arms. The CSII therapy algorithm has
previously been published.'” Here, we assessed long-term
glucose control in patients treated with CSII therapy versus
standard-of-care and subcutaneous once-daily basal insulin
therapy using HbAlc levels at month 3 after kidney
transplantation and during the 2-year follow-up, hypoth-
esizing that glucose control may be improved using early
postoperative CSII therapy.

METHODS

Study Design

This study was an investigator-initiated, open-label, ran-
domized single-center clinical trial with an unblinded
end point evaluation performed at the Medical Uni-
versity of Vienna between April 2013 and November
2017. Adult kidney transplant recipients without previous
diabetes diagnosis and who were treated with triple
immunosuppression consisting of once-daily tacrolimus,
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mycophenolic acid, and glucocorticosteroids were eligible.
Participants were randomized 1:1:1 to the CSII group,
standard-of-care group, and basal insulin group (BI
group). The study was externally monitored and under-
taken in accordance with the Declaration of Helsinki.
Written informed consent was obtained from all patients
after approval from the institutional review board
(EK#10/2012). The study was registered with
ClinicalTrials.gov (Identifier: NCT01680185). A more
detailed description of the study methods can be found in
the Supplemental Methods (Item S1) and the published
study protocol.'”

Study Intervention

Study interventions were introduced face-to-face by ne-
phrologists familiar with the used systems. Participants in
the CSII group received Medtronic MiniMed Paradigm Veo
754 insulin pumps with a Paradigm Quick-set (Medtronic,
Inc). Patients were instructed to perform 4-point capillary
blood glucose (CBG) measurements using glucometers and
test strips (Contour Link, Bayer HealthCare Diabetes Care).
Starting at day 1-2 post-transplant, basal insulin infusion
was to be initiated when preprandial afternoon CBG levels
reached 140 mg/dL (7.8 mmol/L), targeting 110 mg/dL.
Average infusion rates over the day using CSII were pre-
viously published. o Additionally, patients were to receive
real-time continuous glucose monitoring (CGM) using
Enlite sensors with MiniLink transmitters (Medtronic, Inc).
However, after the inclusion of 4 patients, it was decided
to discontinue the use of the glucose sensors because they
were too complicated to handle for patients and staff
(main difficulties involved the alarming system of the real-
time transmitter).

In the control group, in addition to fasting plasma
glucose measurements, 4-point CBG measurements were
performed as part of the center’s routine. If fasting glucose
measurements  persistently  exceeded 200 mg/dL
(11.1 mmol/L) short-acting insulin was to be introduced,
aiming at pre-lunch and afternoon capillary glucose levels
of <200 mg/dL (11.1 mmol/L) (Supplemental Methods,
Item S1). For maintenance therapy, sulfonylureas were
recommended.

Participants in the BI group were trained to use interme-
diate acting insulin injections administered in the morning
(human insulin isophane, Humulin N [Eli Lilly]) and to
perform CBG measurements in analogy to the CSII group.
Insulin was to be initiated when preprandial afternoon CBG
levels reached 140 mg/dL (7.8 mmol/L), aiming at after-
noon CBG levels of 110 mg/dL (6.1 mmol/L). BI titration
and mealtime short-acting insulin followed a predefined
tapering scheme (Supplemental Methods, Ttem S1)."°

Outcome Measures

Primary Endpoint

The level of hemoglobin Alc (HbAlc) at 3 months post-
transplantation in patients treated with CSII compared

with the standard-of-care control group constituted the
primary endpoint. The safety of the intervention was
evaluated by the number of hypoglycemia episodes,
confirmed by CBG levels below 60 mg/dL (3.3 mmol/L).
For the main analysis set, a per-protocol (PP) analysis was
intended; however, in light of the available data and the
influence of protocol adherence in our previous trial, the
intention-to-treat (ITT) analysis was presented as the pri-
mary analysis.'®

Secondary Endpoints

Secondary endpoints included the following: (1) level of
HbAlc at 3 months in the CSII group compared with the BI
group; (2) course of HbAlc (specifically, increase
of 20.5% at month 3 and stability after 3 months); (3)
PTDM development at 6, 12, and 24 months; (4) CBG
measurements; and (5) kidney function. PTDM was
defined as use of glucose-lowering medication, oral
glucose tolerance test (OGTT)-derived two-hour plasma
glucose (2hPG) level of 2200 mg/dL (11.1 mmol/L) and
HbAlc level of 26.5% (48 mmol/mol).

Additional Details Regarding the Outcome Measures
Consistent with the ITP-NODAT study, a PP analysis
included patients with completed follow-up.'® Patients
misclassified or not properly treated were excluded (BI was
not weaned in one patient and not initiated in a second
patient). We also conducted sex-specific analyses and
descriptive analyses of CSII treatment duration and dis-
continuations. For the analysis by sex, we used biological
sex, as was documented in the patient records.

Post hoc Analysis in Participants with High Risk
versus Low Risk for PTDM

Following literature review and our previous analysis,
participants were considered at high risk for PTDM if
any of the following criteria applied at baseline: (1)
family history of diabetes; (2) polycystic kidney disease;
(3) age= 60 years; (4) age=45 years and triglyceride
level = 200 mg/dL; (5) age=45 years, triglyceride lev-
el 2150 mg/dL, and body mass index =27 kg/m?; (6)
age = 45 vyears, triglyceride level = 150 mg/dL and high-
density lipoprotein level = 40 mg/dL (men) or =50 mg/
dL (women).'**%**

Statistical Analysis

The sample size calculation revealed a minimal group size
of 25, and the sample size calculations of the ITP-NODAT
study revealed that 26 participants would be needed to
detect a 0.7% difference in the HbAlc level with a power
of 80% (Supplemental Methods, Item S1)."” Categorical
outcomes were presented as frequencies and proportions,
whereas continuous variables were presented as mean-
s + standard deviations (SD) or medians and interquartile
ranges (IQR), depending on their distribution. P values
were reported according to two-tailed analyses, and P
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values < 0.05 were considered statistically significant. For
independent samples, the t test or the Mann—Whitney U
test was used and for paired data, and the paired t test or
Wilcoxon signed-rank test was used depending on the data
distribution. Given the explorative nature of the secondary
endpoints, P values were not adjusted for multiple testing.
Calculations were performed using Microsoft Excel 2020
for macOS (Microsoft Corporation), IBM SPSS Statistics for
macOS Version 27.0 (IBM), and R 4.1.2 (R Core Team).

RESULTS

Flow and Characteristics of the Trial Participants
In total, 85 kidney transplant recipients were randomized
into the control group (N = 31), CSII group (N = 28) and
BI group (N = 26), respectively (Fig 1). In 3 patients, CSII
was discontinued early, and few patients experienced pain
or local reactions related to the pump as previously re-
ported in detail by Werzowa et al.'” Hospitalization after
transplant lasted a median (IQR) of 20 (15-37) days and
was similar between groups (Fig S1). In total, 69 partici-
pants reached the primary endpoint at month 3, and 55
participants were included in the PP analysis. Baseline
patient characteristics have partly been published previ-
ously (Table 1)."” CSII group participants had a tendency
toward higher comorbid conditions or risk in several
variables compared with the control group (male sex,
current smoker, 3 or more antihypertensives, family his-
tory of diabetes, repeat transplant, polycystic kidney dis-
ease, or cardiovascular comorbid condition). Glomerular
disease as primary condition was most frequent in the
control group.

HbA1c Levels at Month 3 and During Follow-up

At month 3, most participants had adequate glucose con-
trol, regardless of the group with HbAlc values = 6.5%
(48 mmol/mol) noted in 4 (21%), 4 (20%), and 0 (0%)
in the control group, CSII group and BI group, respectively
(Table S1). In the ITT population, median (IQR) HbAlc
levels at month 3 were 5.7% (4.7-6.4) in the control
group, 5.6% (5.4-6.1) in the CSII group (P=10.70, pri-
mary endpoint) and 5.4% (4.7-5.6) in the BI group
(P=0.02), respectively (Fig 2 and Fig S2 for the PP
population). The corresponding changes from baseline
and during follow-up were similar between groups
(Table S2). HbAlc level increases of 20.5% from baseline
are provided in Table S3.

Hyperglycemia and Glucose-lowering Medication

Glucose-lowering therapy and BI doses are provided in
Figure 3. A detailed description of the insulin doses in the
CSII group was previously provided by Werzowa et al.'”
CSII therapy lasted until median (IQR) postoperative day
18 (14-28). Four participants continued CSII therapy after
hospital discharge. CSII was mostly replaced by subcu-
taneous injections (19 out of 24 participants) (Panel D).
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Over the first 3 months, the median (IQR) cumulative
basal insulin dose was 632 (336-963) IU in the BI group
versus 571 (258-711) in the CSII group. The median BI
dose per treatment day was 11.2 (8.2-14.3) versus 8.2
(5.7-13.4) IU, respectively. The insulin doses adminis-
tered by CSII only were 85 (52-151) IU and 6.0 (5.2-8.7)
IU per CSII treatment day. Although daily basal insulin
doses tended to be lower in the CSII group, mean (SD)
CBG values were similar compared with the BI group
(Panel C). In months 12 and 24, 5 (21%) and 4 (19%)
participants in the control group versus 3 (14%) and 3
(14%) participants in the CSII group still received (any)
glucose-lowering treatment, respectively (Fig 4). The
four-point CBG measurements of the CSII and the BI
groups are provided in Figure S4.

PTDM at 12 and 24 Months

Proportion of patients with PTDM at months 6, 12 and 24
is provided in Figure 5. Detailed OGTT outcome is pro-
vided in Figure S5. The odds for PTDM in months 12 and
24 in the CSII versus control group were not significantly
different (odds ratio [95% confidence interval], 0.80
[0.18-3.49] and 0.71 [0.15-3.16], respectively; ITT
analysis). Likewise, the odds for PTDM in months 12 and
24 in the CSII versus BI group were not significantly
different (odds ratio [95% confidence interval], 0.96
[0.18-5.68] and 1.51 [0.24-12.84]; ITT analysis).

Metabolic Parameters and Laboratory Values

Laboratory values pretransplantation and over the 2-year
follow-up post-transplant are provided in Table 2 (ITT) and
Table S4 (PP). At month 3 post-transplant, estimated
glomerular filtration rate (eGFR) measurements were similar
between groups, whereas at month 12, eGFR in the CSII group
was higher than in the BI group (P=0.02). The number of
patients with a protein-to-creatinine ratio = 500 mg/g or
protein excretion rate = 500 mg/day at month 12 was 6
(33.3%) in the control group versus 1 (5%) in the CSII
(P=10.04) and 2 (14.3%) in the BI group (P = 0.41).

CSII did not influence weight change between baseline
and month 3 and between month 3 and month 12
compared with the control group (P> 0.05). Hemoglobin
levels in the CSII group were not significantly different from
the control group at baseline and month 3 (P=1.0 and
P=0.18, respectively). In the total cohort, hemoglobin
levels at baseline and month 3 as well as the hemoglobin
change did not correlate with HbAlc levels at baseline and
month 3 as well as the HbAlc change (all P> 0.05).

Safety of CSIl Therapy

Adverse events during the first 3 weeks have previously
been published.'” No severe hypoglycemia (blood glucose
measurements < 40 mg/dL [2.2 mmol/L]) was observed
(Table 3). Mild hypoglycemia events occurred in the CSII
(N=12) and the BI (N =2) groups (blood glucose 40-
60 mg/dL [2.3-3.3 mmol/L]), both of which occurred
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[ Control group ]

n = 361 kidney transplantations
during the inclusion period

]

n = 85 randomized

oo

[ CSII group ]
I

n =276 excluded
n= 82 did not meet the inclusion criteria
n =74 declined participation
n = 120 not invited due to other reasons (participation in
other studies, unavailability of study team)

l Basal insulin group ]

n =31 allocated to the control group

n =3 did not receive allocated intervention
n =1 withdrew consent
n =2 lost graft

n =28 received allocated intervention

n =1 early withdrawal of consent

n=28all d to the i b
infusion (CSII) group
n = 3 did not receive allocated intervention
n =1 withdrew consent
n =2 lost graft
n =25 received allocated intervention (insulin pump)

and withdrawal of consent
n =3 early removal of insulin pump at patient’s wish

insulin

n =1 immediate removal of insulin pump at patient’s wish

n = 26 allocated to the basal insulin group
n =3 did not receive allocated intervention
n =2 withdrew consent
n=1died
n =23 received allocated intervention

n =1 early graft loss

Month 3
(primary endpoint)
I

n = 27 control group participants available at month 3
n =4 discontinued before month 3
n =2 withdrew consent
n =2 lost graft
n = 8 outcome data (HbAlc at month 3) unavailable
n =19 HbAIc values available in ITT analysis

n = 23 CSII group participants available at month 3
n =5 discontinued before month 3
n =2 withdrew consent

n = 19 basal insulin group participants available at month 3
n = 7 discontinued before month 3
n =3 withdrew consent
n =2 lost graft
n=2 died
n =3 outcome data (HbAlc at month 3) unavailable
n =16 HbAlc values available in ITT analysis

n =27 control group participants available at month 6
n = 0 discontinued before month 6

n =3 lost graft
n =3 outcome data (HbA1c at month 3) unavailable
n =20 HbAlc values available in ITT analysis
[ Month 6 ]
n =22 CSII group participants available at month 6
n =1 discontinued before month 6
n=1died

n =19 basal insulin group participants available at month 6
n = 0 discontinued before month 6

|
Month 12

n = 24 control group participants available for analysis at
month 12
n = 3 discontinued before month 12

n =2 withdrew consent

n=1 lost graft

|

n = 22 CSII group participants available at month 12
n = 0 discontinued before month 12

n = 16 basal insulin group participants available at month
2
n =3 discontinued before month 12

n =3 withdrew consent

-

[
Month 24

Data from n = 21 control group participants available at
month 24
n =3 discontinued before month 24

Data from n = 21 CSII group participants available at
month 24
n =1 discontinued before month 24

at month 24
n =1 discontinued before month 24

1 Data from n = 15 basal insulin group participants lVllllble}

ST

n =1 withdrew consent n=1died n =1 withdrew consent

n=1died

n =1 lost graft

[ n = 55 available for per-protocol (PP) analysis ]

n =21 control group participants available for PP \
analysis
n = 10 discontinued before month 24
n =5 withdrew consent
n =4 lost graft
n=1died
n =0 additionally excluded due to severe protocol violations
n = 6 outcome data (HbA Ic at month 3) unavailable
n =15 HbAlc values available in PP analysis

- /

n

analysis

n =7 discontinued before month 24
n =2 withdrew consent

21 of the CSII group participants available for PP\

= 13 basal insulin group participants available for Pl\
analysis
n =11 discontinued before month 24

n =7 withdrew consent

\

n = 3 outcome data (HbA1c at month 3) unavailable
n =18 HbAlc values available in PP analysis

-

n =3 lost graft n =2 lost graft
n =2 died n =2 died
n = 0 additionally excluded due to severe protocol viol n =2 additionally excluded due to severe protocol violations

n = 1 no insulin weaning attempt besides normal HbAlc

and OGTT results

n =1 did not receive insulin although required by the
study protocol

3 outcome data (HbA 1c at month 3) unavailable
0 HbA 1c values available in PP analysis

/

Figure 1. Flow chart. Adapted consolidated standards of reporting trial (CONSORT) flow chart of participants available for intention-
to-treat (ITT) analysis. Exclusions for the per-protocol (PP) analysis are listed at the bottom of the figure. Number of patients receiving
glucose-lowering medication at the respective time point are listed in Figure 3. Abbreviations: CSII, continuous subcutaneous insulin

infusion; OGTT, oral glucose tolerance test.
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Table 1. Participant Characteristics at Baseline
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Control, N Csil|, N Basal insulin, N

Characteristic N =312 Missing N =282 Missing N = 26° Missing

Demographic and
anthropometric characteristics
Female 15 (48.4%) 0 10 (35.7%) 0 10 (40.0%) 1
Recipient age (y) 53.3+15.2 0 52.8+11.6 0 55.8+12.9 0
Recipient age 2 60 y 12 (38.7%) 0 6 (21.4%) 0 10 (38.5%) 0
Weight (kg) 75.5 (68.8-85.1) 3 76.8 (70.0-86.8) 0 76.7 (70.5-85.7) 3
BMI (kg/m?) 26.1 (22.5-28.5) 3 24.8 (22.9-29.0) 0 25.6 (23.4-30.1) 3
BMI = 30 kg/m? 6 (21.4%) 3 7 (25.0%) 0 6 (26.1%) 3

Smoking status 10 5 5
Current 3 (14.3%) 6 (26.1%) 5 (23.8%)

Former 9 (42.9%) 5 (21.7%) 4 (19.0%)
Never 9 (42.9%) 12 (52.2%) 12 (57.1%)

Antihypertensive medications 4 2 3
None 5 (18.5%) 4 (15.4%) 4 (17.4%)
1or2 14 (51.9%) 9 (34.6%) 8 (34.8%)

3 or more 8 (29.6%) 13 (50.0%) 11 (47.8%)

Transplant-related risk factors
Family history of diabetes 2 (8.7%) 8 5 (19.2%) 2 5 (23.8%) 5
Chronic hepatitis C 1 (3.6%) 3 0 (0.0%) 0 0 (0.0%) 4
CMV antibody positive 16 (57.1%) 3 20 (71.4%) 0 13 (56.5%) 3
CMV high risk 5 (18.5%) 4 5 (17.9%) 0 7 (30.4%) 3
PRA highest 2 10% 2 (7.1%) 3 4 (14.8%) 1 2 (8.7%) 3
Number of mismatches 24114 3 29+1.1 1 30x14 3
Repeat transplant 4 (14.3%) 3 6 (21.4%) 0 5 (21.7%) 3
Living donor 1 (3.6%) 3 0 (0.0%) 0 0 (0.0%) 3

Primary kidney disease 5 0 3
Glomerular disease 12 (46.2%) 6 (21.4%) 4 (17.4%)

Vascular disease 6 (23.1%) 6 (21.4%) 7 (30.4%)
Polycystic kidney disease 3 (11.5%) 5 (17.9%) 5 (21.7%)
Tubulointerstitial disease 1 (3.8%) 1 (3.6%) 0 (0.0%)

Unknown 4 (15.4%) 10 (35.7%) 7 (30.4%)

Comorbid conditions 4 0 3

Cardiovascular 10 (37.0%) 16 (567.1%) 10 (43.5%)
Respiratory 0 (0.0%) 5 (17.9%) 4 (17.4%)
Urinary 1 (3.7%) 2 (7.1%) 1 (4.3%)
Endocrinologic 3 (11.1%) 6 (21.4%) 1 (4.3%)
Neurologic 0 (0.0%) 0 (0.0%) 2 (8.7%)
Psychiatric 0 (0.0%) 0 (0.0%) 1 (4.3%)
Other 0 (0.0%) 1 (3.6%) 0 (0%)

Maintenance immunosuppression
early after transplantation
Tacrolimus 31 (100.0%) 0 28 (100.0%) 0 26 (100.0%) 0
Mycophenolate mofetil 20 (71.4%) 3 16 (567.1%) 0 11 (47.8%) 3
Mycophenolic acid 8 (28.6%) 3 12 (42.9%) 0 12 (52.2%) 3
Steroid 31 (100.0%) 0 28 (100.0%) 0 26 (100.0%) 0

Abbreviations: CSlI, continuous subcutaneous insulin infusion; BMI, body mass index; CMV, cytomegalovirus; PRA, panel reactive antibodies.

®n (%), mean * SD, median (Q1-Q3).

before month 3. One hypoglycemia event in the CSII
group was reported to be symptomatic.

Post Hoc Analyses of the Study Outcomes by Risk

Group and Sex

In randomized participants, 20 (64.5%), 17 (60.7%), and
19 (73%) patients were identified as being at increased risk
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for PTDM in the control group, CSII group, and BI group,
respectively. Over the 2-year follow-up time, HbAlc
values tended to be higher in the high-risk group (Fig S6).
Treatment group sizes stratified by risk group were very
small. Among individuals with high baseline risk, BI
treatment group participants seemed to have slightly better
HbAlc control and OGTT results (Figs S6 and S7). HbAlc
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Baseline (%), median (IQR) n=30 5.4 (4.8-5.5) n=27 5.3 (4.9-5.5) n=26 5.1(4.7-5.3) 0.50 0.28
Month 3 (%), median (IQR) n=19 5.7 (4.7-6.4) n=20 5.6 (5.4-6.1) n=16 5.4 (4.7-5.6) 0.70 0.02
Month 6 (%), median (IQR) n=24 5.4 (4.9-6.0) n=22 5.7(5.3-5.9) n=17 5.5(5.2-5.9) 0.18 0.16
Month 12 (%), median IQR)  n =23 5.4(5.0-5.7) n=22 56(53-59) n=16 5.6 (5.1-6.0) 0.04 0.52
Month 24 (%), median (IQR) ~ n =20 5.4 (49-6.0) n=21 55(54-61) n=I5 55(5.3-5.9) 021 0.80

Figure 2. Glycated hemoglobin A1c. Hemoglobin A1c (HbA1c) levels in kidney transplant recipients of the intention-to-treat pop-
ulation Boxplots show median and interquartile ranges (IQR) of HbA1c. * = extreme outliers. Variables were tested using the
Mann—Whitney U test. Abbreviations: Ctrl, control; CSlI, continuous subcutaneous insulin infusion; BI, basal insulin.

measurements and the number of patients with PTDM
were similar between men and women (Figs S8 and S9).

DISCUSSION

In the present trial, we investigated whether early post-
operative insulin intervention using CSII therapy provided
superior glycemic control in kidney transplant recipients
(KTRs) without previous history of diabetes. By month 3,
most participants in the 3 groups had adequate glucose
control. CSII therapy was, however, not superior at
reducing HbAlc levels at month 3 or PTDM prevalence at
months 12 and 24 compared with the control or BI group.

Our negative trial results may be interpreted in the
context of a relatively normoglycemic control group,
evaluated using HbAlc levels at month 3 and the HbAlc
change from baseline (median <0.4% during follow-up).
In comparison, in our previous proof-of-concept trial
evaluating BI, there had been higher steroid doses and
consequently a higher mean change in HbAlc levels (+0.9
at month 3) and more patients on glucose-lowering
treatment at month 12 (32%).'” We observed only 2
mild and quickly resolving episodes of hypoglycemia in
both the CSII and BI groups, respectively.

We hypothesized CSII would benefit KTRs because it is
effective in nontransplanted individuals.”*** Beta-cell
function decline in type 2 diabetes responds to early

insulin or lifestyle interventions, and CSII achieved this
effect in some studies.”®*® Given that beta-cell exhaustion
plays a pivotal role in the development of PTDM, early
intensive insulin therapy was seen as a plausible prevention
strategy in KTRs.'”"'®*”? Here, the CSII group had lower
insulin doses and adequate glucose control, but showed no
apparent PTDM prevention.'’

An earlier trial in KTRs showed that intensive insulin
therapy targeting 70-110 mg/dL glucose versus a basal
bolus regimen targeting 70-180 mg/dL increased the risk
for a composite of rejection or graft loss.”” In non-
transplanted patients in the intensive care unit, the mul-
ticentric NICE-SUGAR study showed that maintaining 81-
108 mg/dL over 24 hours increased the 90-day mortality
in comparison to a control group targeting <180 mg/dL.
KTRs without intensive care may need different glucose
targets, but evidence is scarce.”"’” Here, rejection and
graft loss rates were comparable between groups, as
observed in our previous trial.'® The CSII group had less
severe proteinuria than control at 12 months, and the BI
group had slightly less. These differences are likely because
of group differences in recurrent or de novo disease rather
than a treatment effect.

Although this study demonstrates feasibility (mostly
during hospital admission), the insulin pumps were very
demanding to handle. Only 18 of 28 randomized patients
received CSII therapy at least until day 14 post-transplant,

Kidney Med Vol 6 | Iss 8 | August 2024 | 100860
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Figure 3. Glucose-lowering medication: Part 1. Glucose-lowering therapy in the CSlI versus control group and basal insulin group.
(A) Relative numbers of participants with glucose-lowering medication (insulin and/or oral glucose-lowering agents). Proportion of
patients receiving treatment within 14 days (representing the immediate post-transplant period) are displayed as a peak in the figure.
Note: CSII group participants received insulin beyond the insulin pump maximum until day 88 (red dotted line). After discontinuation
of the insulin pumps, most participants changed to injectable isophane insulin (any treatment=solid red line). (B) Basal insulin rates
administered through insulin pump in the CSII group. Color gradient (from light to dark) indicates overlapping values. Low doses on
the first and the last day of CSIl were not displayed. Lines and gray ribbons: loess smoothing line indicates the trend over time. Tri-
angles indicate medians. (C) Mean of 4-point CBG (capillary blood glucose) measurements presented as means * standard devia-
tions and medians (triangles). Daily documentations in week 1 were averaged and presented on day 7. (D, E) Basal insulin doses at
study visits until month 3 in the CSII group (D) and basal insulin group (E). Minimum and maximum doses in week 1 are displayed at
days 1 and 7. Triangles indicate medians. In the CSII group, basal insulin administration through injections is displayed as gray dots,
and administration through CSlI is displayed as red dots. Abbreviations: Ctrl, control; CSll, continuous subcutaneous insulin infusion;
Bl, basal insulin.

and the majority of those who discontinued CSII were can reduce mean glucose levels and the time out of target

placed on BI afterward. Only 4 patients were willing to use
CSII after discharge. Study staff reported that the applica-
tion of CSII equipment was clearly more sophisticated than
the single BI injection in the morning. Regarding user-
friendliness, the availability of closed-loop systems may
change the prerequisites of future studies for post-
transplant hyperglycemia.’® Also, CGM sensors had to be
omitted because of technical difficulties, but this could be a
single-center observation that may not apply to trans-
planted or hospitalized patients in general. In fact, CGM

Kidney Med Vol 6 | Iss 8 | August 2024 | 100860

range in hospitalized patients.”’*® Some participants re-
ported general discomfort or premature removal. Infusion
set and site difficulties are common.’” Therefore, first-time
use after major surgery in a population that requires insulin
for few weeks to months only might not be practical. Few
studies evaluated first-time in-hospital CSII therapy.”’ "’
One study reported recruiting difficulties because patients
were overwhelmed by acute illness and that CSII and CGM
required a lot of attention during the study.”” These ob-
servations may reflect our experiences.
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A Proportion of patients on glucose-lowering treatment (95% confidence intervals)
control csa basal insulin
Month 3 n=4 0.15 (0.06, 0.32) n=11 0.48 (0.29, 0.67) n=6 0.32 (0.15, 0.54)
Month 6 n=>5 0.19 (0.08, 0.37) n=>5 0.23 (0.10, 0.43) n=4 0.21 (0.09, 0.43)
Month 12 n=5 0.21 (0.09, 0.40) n=3 0.14 (0.05, 0.33) n=1 0.06 (0.01, 0.28)
Month 24 n=4 0.19 (0.08, 0.40) n=3 0.14 (0.05, 0.35) n=20 0.00 (0.00, 0.20)
B Glucose-lowering agent
insulin alone oral agent alone oral agent and insulin
Crrl. (6AY/4 BI Crrl. [\Y/4 BI Ctrl. CSI11 BI
Month 3 13.7) 11(478)  6(31.6) 3(11.1) 0(0) 0(0) 0(0) 0(0) 0(0)
Month 6 2(7.4) 5(21.7) 4(21.1) 2(7.4) 0(0) 0 (0) 13.7) 0(0) 0 (0)
Month 12 4(16.7) 3(13.6) 1(6.3) 1(4.2) 0(0) 0(0) 0(0) 0(0) 0(0)
Month 24 1(4.8) 3(14.3) 0 (0) 3(14.3) 0(0) 0(0) 0(0) 0(0) 0 (0)

Figure 4. Glucose-lowering medication: Part 2. Glucose-lowering therapy in the CSlI versus control group and basal insulin group.
(F) Proportions and their 95% confidence intervals for glucose-lowering medication at months 3, 6, 12, and 24 post-transplantation.
(G) Type of glucose-lowering medication. Abbreviations: Cirl, control; CSII, continuous subcutaneous insulin infusion; BI, basal
insulin.

It does not appear sensible to disregard insulin pump  treatment for post-transplant hyperglycemia.”'” This is the
therapy altogether. Our previous trial showed a reduction first study of CSII in KTRs without a history of diabetes
of PTDM using BI, and insulin remains the preferred showing that CSII may not be beneficial for de novo
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S n=6 n=s n=5 it n=5 n=3
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o
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4 0,
E 20%
o -
" o n=3 n=1 n=1 a=1
month 6 month 12 month 24 month 6 month 12 month 24 month 6 month 12 month 24
n=27 n=24 n=21 n=22 n=22 n=21 n=19 n=16 n=15
control group CSII group basal insulin group
Req for glucose-1 ing medication, 2-hour plasma glucose >200 mg/dL, Fasting plasma glucose >126 mg/dL in patients with 2-hour
| HbAlc >6.5% in patients who missed their OGTT O plasma glucose < 200 mg/dL
2h Plasma glucose < 200 mg/dL, . . . .
B HbAIc < 6.5% in patients who missed their OGTT [] Patients who missed their OGTT and HbA ¢ analysis
B Odds ratios (95% confidence intervals) for PTDM
Ctrl. cs1t BI CSII vs. ctrl. p-value CSII vs. BI p-value
Month 6 n=6 n=6 n=35 1.06 (0.24, 4.76) 1.00 0.98 (0.22, 3.99) 1.00
Month 12 n=>5 n=4 n=3 0.80 (0.18, 3.49) 1.00 0.96 (0.18, 5.68) 1.00
Month 24 n=>5 n=4 n=2 0.71 (0.15, 3.16) 0.72 1.51(0.24, 12.84) 1.00

Figure 5. PTDM development. Oral glucose tolerance test (OGTT) outcomes at 6, 12, and 24 months post-transplantation. (A) Post-
transplantation diabetes mellitus (PTDM) (red) was defined by requirement for glucose-lowering medication, 2-hour plasma gluco-
se 2200 mg/dL, or HbA1c level 2 6.5% in participants who missed their OGTT. Absence of diabetes (green) was defined by 2-
hour plasma glucose (2hPG) < 200 mg/dL or HbA1c level < 6.5% in participants who missed their OGTT. Fasting plasma gluco-
se 2126 mg/dL in participants with 2-hour plasma glucose < 200 mg/dL is shown above the green part of the bar chart. Missing
data for oral glucose tolerance test or HbA1c (white) are presented at the bottom, and a more detailed presentation of the glucose
metabolism is provided in Supplemental Figure 4. (B) Odds ratios and their 95% confidence intervals for diabetes at months 6, 12,
and 24 in the intention-to treat population. Diabetes definition using the additional FPG = 126 mg/dL criterion is provided in
Supplemental Figure 4. Abbreviations: Ctrl, control; CSlI, continuous subcutaneous insulin infusion; Bl, basal insulin; FPG, fasting
plasma glucose.
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Table 2. Metabolic Parameters, Electrolytes, and Parameters of Kidney Function: Intention-to-Treat

Baseline, N =85 Month 3, N=69 Month 6, N =68 Month 12, N =62 Month 24, N =57
Basal Basal Basal Basal Basal
Control, Pump, insulin, Control, Pump, Insulin, Control, Pump, Insulin, Control, Pump, Insulin, Control, Pump, Insulin,
Characteristic N =317 N =28 N = 26 N =272 N =23 N=19% N =272 N =22 N=19% N = 24 N =227 N =16 N =217 N =21° N =15
Weight (kg) 75.5 76.8 76.7 71.0 70.1 72.0 75.5 73.5 72.0 72.5 75.0 74.0 74.8 74.8 75.0
(68.8- (70.0-88.3) (70.5-85.7) (56.3-75.8) (66.8-80.8) (69.0-80.0) (56.8-83.0) (67.4-82.6) (63.5-79.5) (59.5-82.5) (68.0- (67.6-82.0) (59.6-81.5) (70.5-86.0) (69.0-79.0)
85.1) 86.5)
BMI (kg/m?) 26.1 25.2 25.6 24.4 23.8 23.3 25.3 23.7 23.5 24.4 23.8 23.9 24.5 24.3 24.9
(22.5- (22.6-29.7) (23.4-30.1) (19.7-25.4) (21.8-24.4) (20.8-25.2) (20.5-28.1) (22.2-25.1) (20.9- (21.9-28.1) (22.0-25.8) (21.8-27.2) (21.7-28.2) (22.1-26.3) (22.8-26.5)
28.5) 25.9)
Creatinine 7.9 6.5 6.9 1.6 1.7 1.9 1.4 1.6 1.8 1.3 1.3 1.7 1.3 1.3 1.5
(mg/dL) (5.4-10.1) (5.2-8.7) (6.2-9.5) (1.2-1.9) (1.3-2.0) (1.3-2.4) (1.1-1.7) (1.2-1.8) (1.3-1.9) (1.0-1.6) (1.1-1.6) (1.5-1.9) (1.1-1.8) (1.1-1.8) (1.4-1.9)
eGFR (mL/ 6.5 79 7.0 50.2 42,9 41.2 55.2 52.0 44.4 58.8 55.8 46.1 59.0 55.7 44.3
min/1.73m?) (5.1-9.3) (6.2-11.2) (4.9-9.3) (37.2-60.1) (34.6- (29.4-60.2) (37.6-63.8) (36.4-70.0) (38.8- (40.3-66.4) (49.1-78.3) (38.0-50.1) (40.2-73.3) (43.5-74.4) (40.3-57.8)
58.5) 55.3)
Hemoglobin 11.2 11.4 11.2 11.6 12.4 10.9 125 13.0 12.3 13.0 14.2 12.8 13.2 13.9 14.3
(g/dL) (10.4- (10.0-12.2) (10.3-12.4) (9.6-12.9) (11.6-13.0) (9.5-11.8) (12.0-13.7) (12.6-14.4) (11.7- (10.6-14.0) (12.4-15.4) (11.5-14.9) (11.8-14.3) (13.3-14.6) (12.6-15.0)
12.1) 13.5)
Potassium 4.9 4.6 4.9 4.4 4.6 4.8 4.4 4.6 4.3 4.4 4.5 4.6 4.7 4.4 4.5
(mmol/L) (4.4-5.6) (4.4-5.1) (4.4-5.2) (4.0-4.9) (4.4-4.8) (4.6-5.0) (4.2-4.8) (4.3-5.0) (4.1-4.9) (4.3-4.8) (4.2-4.8) (4.5-4.7) (4.3-4.8) (4.1-4.6) (4.4-4.8)
Sodium 1370 138.0 138.0 139.0 142.0 141.0 140.0 141.0 141.0 140.0 141.0 139.0 141.0 140.0 141.0
(mmol/L) (135.8- (137.0- (187.0- (138.0- (189.5- (139.0- (139.0- (138.0- (139.0- (138.5- (187.3- (137.0- (138.0- (138.0- (139.0-
139.0) 139.0) 140.0) 140.5) 143.0) 142.0) 140.5) 141.5) 142.8) 142.0) 142.0) 143.0) 142.3) 142.5) 143.0)
Uric acid 5.4 5.0 5.4 6.4 7.0 7.0 6.7 6.5 71 6.4 6.7 7.2 6.5 6.7 7.9
(mg/dL) (4.3-7.1) (3.8-6.1) (4.2-6.0) (5.6-7.2) (6.1-7.9) (6.0-8.0) (5.8-9.5) (5.6-7.2) (6.0-8.4) (5.5-8.6) (5.8-7.5) (6.7-8.1) (5.9-7.9) (5.6-8.1) (7.1-8.1)
Triglycerides 122.5 142.5 146.5 148.0 212.0 159.0 117.0 128.5 1445 153.0 166.5 128.5 1575 146.0 1315
(mg/dL) (92.0- (99.3- (100.3- (126.5- (150.0- (118.0- (91.0- (101.8- (127.0- (102.0- (131.5- (116.0- (107.3- (120.0- (100.8-
194.0) 217.5) 231.0) 185.5) 247.0) 185.0) 171.5) 176.8) 194.5) 216.0) 222.0) 204.5) 173.3) 168.0) 188.5)
HDL (mg/dL)  44.0 43.0 470 48.0 41.0 52.0 63.0 545 53.5 58.0 56.0 60.5 55.5 59.0 62.0
(35.3-61.8) (34.0- (40.8-65.3) (44.5-59.0) (35.0-52.5) (44.0- (58.0-74.0) (41.0-61.8) (43.0- (47.0-67.0) (50.0-89.0) (52.3-67.3) (45.8-67.3) (47.0-74.0) (56.8-69.5)
51.0) 60.0) 65.5)
LDL (mg/dL)  98.3 93.5 87.7 1254 1264 96.0 121.0 132.8 110.7 111.6 120.0 113.7 116.5 116.5 117.7
(69.9- (78.3- (779-109.8) (579-146.7) (1124- (90.0- (96.0-1386) (118.5- (87.5- (98.2- (102.6- (986-1489) (101.5- (99.0- (103.5-
112.9) 123.8) 189.6) 141.2) 154.0) 140.4) 149.5) 137.4) 126.7) 138.9) 142.7)
C—reactive 0.6 0.4 0.4 0.3 0.2 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.2
protein (mg/ (0.2-1.5) (0.2-1.6) (0.2-0.8) (0.1-1.7) (0.1-0.4) (0.1-0.8) (0.1-0.6) (0.1-0.3) (0.1-0.6) (0.1-0.9) (0.1-0.4) (0.1-0.3) (0.1-0.3) (0.2-0.7) (0.1-0.6)
dL)
PCR (mg/g) NA NA NA NA NA NA 153.0 112.0 141.0 182.5 169.0 250.0 191.0 166.0 95.0
(106.0- (84.8- (96.0- (93.3- (99.5- (99.3- (69.0- (98.0- (74.0-
289.0) 208.0) 286.0) 703.8) 263.0) 418.3) 608.5) 323.0) 405.5)
Urine albumin  NA NA NA NA NA NA 28.6 11.5 21.3 43.6 30.0 26.3 25.3 35.2 13.7
(mg/L) (8.7-87.0)  (6.7-35.2) (10.6- (6.0-464.9) (10.9-55.6) (7.8-78.8) (7.2-236.2) (11.1- (7.7-21.2)
61.7) 110.9)

Abbreviations: eGFR, estimated glomerular filtration rate using the 2021 CKD-EPI formula; BMI, body mass index; CSlI, continuous subcutaneous insulin infusion; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PCR,

urine protein-to-creatinine ratio; NA, not applicable because data were not measured per the study’s protocol.
*Median (Q1-Q3).
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patients with early PTDM revert during follow-up.”” As
our previous trial showed reduced HbA1c levels at month
3 and PTDM prevalence over the first year post transplant,
we hypothesized that an intensified and individualized
insulin administration using CSII could lead to an even
clearer benefit versus the control group.'” Overall, the use
of HbAlc level as the primary endpoint (in view of its
shortcomings as marker of hyperglycemia in kidney dis-
ease and anemia) limits the interpretation of our results.

Our study is further limited because we did not per-
formed diabetes screening before inclusion. In a study by
Bergrem et al,”® OGTT screening revealed 8% undiagnosed
diabetes mellitus in transplant candidates. Finally, we
acknowledge that our study center does not routinely
collect self-reported ethnicity. Study investigators, how-
ever, reported that the large majority of our study popu-
lation were European White individuals. In view of the
association between ethnicity and altered HbAlc mea-
surements, our results might not be applicable to other
ethnic groups.’’

In conclusion, first-time CSII use after kidney trans-
plantation in patients without previous diabetes diagnosis
did not improve HbAlc levels at month 3. Even though
CSII was feasible during hospital stay, it was labor-
intensive for patients and staff. This therapy may be
offered safely to patients with excellent therapy adherence
who are aware of the advantages and disadvantages of
insulin pump therapy. Individuals who are familiar with
insulin pump therapy or those with very poor glucose
control after transplantation might, in the future, opt for
CSII therapy, and we suggest it may be important to study
their experiences further.
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