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Abstract

Purpose Sodium-glucose co-transporter-2 inhibitor (SGLT-2i) administration is associated with some concerns in regard
to the increased risk of genital and urinary tract infections (UTI) in kidney transplant recipients (KTR). In this study, we
present the results of SGLT-2i use in KTR, including the early post-transplant period.

Methods Participants were divided into two groups: SGLT-2i-free diabetic KTR (Group 1, n=21) and diabetic KTR using
SGLT-2i (Group 2, n=36). Group 2 was further divided into two subgroups according to the posttransplant prescription
day of SGLT-2i; < 3 months (Group 2a) and >3 months (Group 2b). Groups were compared for development of genital and
urinary tract infections, glycated hemoglobin alc (HgbAlc), estimated glomerular filtration rate (¢GFR), proteinuria, weight
change, and acute rejection rate during 12-month follow-up.

Results Urinary tract infections prevalence was 21.1% and UTI-related hospitalization rate was 10.5% in our cohort. Preva-
lence of UTI and UTI-related hospitalization, eGFR, HgbAlc levels, and weight gain were similar between the SGLT-2i
group and SGLT-2i-free group, at the 12-month follow-up. UTI prevalence was similar between groups 2a and 2b (p=0.871).
No case of genital infection was recorded. Significant proteinuria reduction was observed in Group 2 (p=0.008). Acute
rejection rate was higher in the SGLT-2i-free group (p=0.040) and had an impact on 12-month follow-up eGFR (p=0.003).
Conclusion SGLT-2i in KTR is not associated with an increased risk of genital infection and UTI in diabetic KTR, even
in the early posttransplant period. The use of SGLT-2i reduces proteinuria in KTR and has no adverse effects on allograft
function at the 12-month follow-up.
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Introduction known over time. This is not surprising because individuals
with chronic kidney disease (CKD), especially those with

Nephrology is, unfortunately, unlucky in regards to available =~ advanced renal disease, are not generally enrolled in drug

drug variety and the chance of using a novel drug immedi-  development studies due to safety concerns.

ately soon after its introduction. Experience with the effects Sodium-glucose cotransporter-2 (SGLT-2), a member of

of some drugs on the kidneys only becomes indirectly  the “solute carrier” group of proteins, is encoded in humans
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by the SLC5A2 gene [1]. This protein facilitates the trans-
port of glucose in a sodium-dependent manner and is the
major pathway in the kidney responsible for glucose reab-
sorption [2, 3]. SGLT-2 inhibitor (SGLT-2i), namely gliflo-
zin, induces glucosuria and lower blood glucose [3, 4]. How-
ever, the benefit of SGLT-2i goes beyond lowering blood
glucose [3, 6]. The unique mechanism of SGLT-2i allows for
(i) lowering blood glucose, (ii) weight loss through enhanced
diuresis via the glucose-induced osmotic effect, and (iii)
lowering proteinuria by restoring the impaired tubuloglo-
merular feedback mechanism [5, 6]. Given all this, SGLT-
2i(s) are now considered first-line agents for the treatment
of patients with type 2 diabetes mellitus (DM), heart failure
with low ejection fraction, and diabetic nephropathy [7-9].

Diabetes mellitus is the leading cause of end-stage
renal disease (ESRD) worldwide, but experience with the
use of SGLT-2i in diabetic ESRD patients is limited. In
addition, the use of SGLT-2i in diabetic kidney transplant
recipients (KTR) is an important issue that remains to be
clarified given the potential benefits in weight changes and
proteinuria after transplantation. Recently, some reports
on the use of SGLT-2i in renal transplant recipients have
been published, encouraging clinicians to consider the use
of SGLT-2i in renal transplant recipients [9]. However, de
novo use of SGLT-2i immediately after renal transplantation
is associated with several concerns, including increased risk
of genital and urinary tract infections (UTI), unpredictable
hemodynamic effects, and volume loss, all of which are risk
factors for worse allograft function. The available evidence
on the safety and efficacy of SGLT-2i therapy in KTR is very
limited, with only 9 published studies as of October 2021,
consisting of 8 manuscripts and 1 abstract involving 182
patients from 8 countries [10].

In this study, we aim to share our experience in a small
sample-sized cohort with de novo use of SGLT-2i in KTR,
including the early post-transplant period.

Materials and methods

This retrospective study was conducted between January
2021 and July 2022 in the organ transplant departments of
Istanbul Yeni Yuzyil University, Gaziosmanpasa Private
Hospital, and Medicana International Ankara Hospital. The
study design was approved by the local Human Research
Ethics Committee (date: 11/04/2022, number: 2022/14). In
the first step, the hospital’s automation software systems
were scanned with E.10 and E.14 codes of the International
Classification of Diseases (ICD), and a group of recipi-
ents who received an SGLT-2i continuously for at least six
months were labeled. In addition, to confirm the diagnosis
of DM, these codes were compared with patients’ prescrip-
tions and data from the National Health Surveillance System
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(E-Nabiz; https://enabiz.gov.tr/). Thus, diagnosis of previous
DM and posttransplant blood glucose courses were assessed
in two ways. KTR with DM and individuals who developed
new-onset diabetes mellitus after transplantation (NODAT)
were included in the study. Baseline characteristics of par-
ticipants (age, sex, underlying disease, duration of renal
replacement therapy, donor and transplant type, cardiovascu-
lar disease, diagnosis of previous diabetes, hospitalizations,
etc.) were recorded. Recipients with hyperglycemia detected
during a hospitalization or outpatient visit were initially
instructed to a low-calorie diet, and patients with persistent
hyperglycemia were intensified on antiglycemic treatment.
Patients with NODAT initially received antihyperglycemic
treatment without SGLT-2i, however, if this approach failed
to reduce hyperglycemia, SGLT-2i was added to the therapy.
Study participants were divided into two main groups and
two subgroups as follows;

Group 1 (SGLT-2i-free) =Diabetic KTR (long-standing
DM or NODAT) who received antiglycemic therapy, not
including an SGLT-2i.

Group 2 (SGLT-2i) =Diabetic KTR (long-standing DM
or NODAT) who received antiglycemic therapy, including
an SGLT-2i.

Group 2a=Diabetic KTR who received an SGLT-2i in
the early posttransplant period (<3 months).

Group 2b =Diabetic KTR who received an SGLT-2i
posttransplant > 3 months.

Case selection and exclusion

Non-diabetic recipients were excluded. Data before 2021
were not analyzed because there were few cases of SGLT-2i
users. KTR who had to discontinue SGLT-2i during follow-
up periods because of attenuation of hyperglycemia were
also excluded (< 6 months SGLT-2i users were excluded
and > 6 months SGLT-2i users were included in the study).
Empagliflozin and dapagliflozin were used in hyperglycemic
patients randomly. The initial doses were 10 mg/day and
when necessary, doses were titrated to 25 mg/day. The data
of KTR during an active infection or rejection were not used
and the next data in a stable period of at least one month
(eGFR, proteinuria, glycolized hemoglobin Alc [HgbAlc],
glucose, etc.) were considered for evaluation. In collecting
the study data, we noticed that previous or recent UTI was
not considered as an exclusion criterion by the transplant
team, because some cases had received an SGLT-2i soon
after UTI recovery, especially in the early posttransplant
period. The study design is shown in Fig. 1.

Diagnosis of the urinary tract and genital infections

Routine physical examination of the genitalia was not
performed if the patient did not report specific symptoms
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Fig. 1 Flow-chart of the
included population. NODAT
new-onset diabetes mellitus
after transplantation, KTR
kidney transplant recipient,
SGLT-2i sodium-glucose
cotransporter-2 inhibitor

Group 1 (SGLT-2i-free)

n=21

12 months follow-up

such as swollen labia or changes in color, odor, or amount
of vaginal discharge. UTI was diagnosed if > 10> colony
forming unit/ml was detected in urine culture and symp-
toms included dysuria, frequency, urinary urgency, fever,
or pain were suggestive of the diagnosis [11]. Symptoms
and findings such as vaginitis, and vulvitis in women and
balanitis, orchitis, epididymitis, and balanoposthitis in
men were used in the diagnosis of genital infections [12].

NODAT definition

In this study, we tried to adhere to the American Diabe-
tes Association Professional Practice Committee for the
diagnosis criteria of NODAT (2022) which are; HgbAlc
value > 6.5%, fasting plasma glucose > 126 mg/dL, plasma
glucose > 200 mg/dL 2 h after an oral glucose load, and
random plasma glucose >200 mg/dL in a patient with
traditional symptoms of hyperglycemia. However, in this
study, in hospitalized patients, the diagnosis of NODAT
mostly depended on random plasma glucose levels. All
recipients with multiple random plasma glucose lev-
els >200 mg/dL and a few individuals with multiple fast-
ing plasma glucose levels > 126 mg/dL were classified as
NODAT. Posttransplant hyperglycemia resolving within
the first weeks after transplantation was excluded from the
study. An oral glucose tolerance test was not performed in
any case. HgbAlc level was used to diagnose NODAT only
if fasting or postmeal plasma glucose levels were abnormal
but did not correspond to the diagnosis of NODAT, and
if the posttransplant period was more than 1 month [13].

Five KTR were excluded:
3 due to recovery in
hyperglycemia, 2 died due
to sudden cardiac death and
COVID-19

Group 2 (SGLT-2i
n=36

Group 2a Group 2b
n=11 n=11
SGLT-2i is used <3 SGLT-2i is used >3
months posttranslant months posttranslant

Data collection

Initial enrollment data obtained from KTR in polyclin-
ics between January 2021 and July 2022, were designated
as “baseline.” Follow-up intervals of KTR were different
depending on KTR’s clinical status (immunologic risk,
assessment of recent infection, etc.). During the 12-month
follow-up, data were gathered at three-month intervals, ret-
rospectively (if the interval superposed to an acute infec-
tion or rejection, the data were gathered from the clos-
est stable period). Some KTR had applied to the closest
hospitals to their residence for follow-up. Therefore, data
were also taken from E-Nabiz when data were missing in-
center software at the follow-up intervals of the study. If
there was more than one measurement for fasting glucose,
HgbAlc, serum creatinine, tacrolimus trough levels, etc.,
the mean values were recorded. In Turkey, medications
may be prescribed all at once for a period of 3 months and
can be monitored on E-Nabiz. Therefore, we were able
to confirm that all oral antidiabetic agents and insulins,
including SGLT-2i, were prescribed at least twice within
a 12-month follow-up.

The two groups (Groups 1 and 2) were compared in
terms of the development of UTI and genital infections,
allograft function, proteinuria, acute rejection, and weight
changes. Fasting glucose and HgbAlc levels were also
compared between the groups. Arterial/venous blood test-
ing was not a standard follow-up parameter in this cohort,
KTR were queried for a diagnosis of euglycemic diabetic
ketoacidosis using ICD code E.11.
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Immunosuppression

A similar standard immunosuppression protocol has been
used in two centers for years. Antithymocyte globulin (ATG)
1.5 mg/kg/day (ATG-Fresenius-Grafalon), the dosing inter-
val, and count are determined in the pre-transplant period
according to the immunological risk status by transplant
nephrologists. In addition, 3 doses of methylprednisone
250-500 mg/day are administered to all recipients in induc-
tion therapy. For maintenance immunosuppression, a com-
bination of prednisolone + mycophenolic acid + calcineurin
inhibitor (most commonly tacrolimus) is used.

Statistical analysis

A statistical package program was used for data analysis
(SPSS for Windows, version 15.0, Chicago, SPSS Inc).
Histograms and Shapiro—Wilk tests were used to check the
agreement of continuous variables with the normal distribu-
tion. Normally distributed continuous variables (paramet-
ric variables) were presented as mean + standard deviation
(SD), and nonnormally distributed (nonparametric) continu-
ous variables were presented as median and minimum-max-
imum ranges. Parametric variables were compared with
the independent-sample t test and nonparametric variables
with the Mann—Whitney U test. Univariate and multivariate
logistic and linear regression analyses were performed to
determine factors affecting allograft function. The changes
in repeated measures were compared by using a general lin-
ear model. All p values reported in the study are two-tailed,
and p <0.05 was considered statistically significant.

Results

A total of 57 diabetic KTR, 21 in Group 1 and 36 in Group 2,
were evaluated. 45.6% of recipients had a previous diagno-
sis of DM and 54.4% of recipients developed NODAT. One
recipient in Group 1 died of sudden cardiac death and one in
Group 2 died of COVID-19. No allograft loss was observed
in this cohort except for deceased-censored allograft loss.
Three cases with NODAT on SGLT-2i therapy recovered
from hyperglycemia within 6 months (two KTR in Group
2a and one in Group 2b) and did not require an antiglycemic
agent, so they were excluded from the study (Fig. 1). No
case of euglycemic diabetic ketoacidosis was observed. The
demographic and etiologic characteristics of the subjects are
shown in Table 1.

UTI prevalence was 21.1% in our cohort and was female-
dominated (75% vs. 25%, p=0.002). The prevalence and
UTlI-related hospitalization rates were similar in both groups
(28.57% in Group 1 and 16.67% in Group 2 and p=0.327,
and 23.8% in Group 1 and 8.3% in Group 2, p=0.105,
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respectively) (Table 2). No case of genital infection was
observed in this cohort, so we did not perform statistical
analysis in this regard.

Median transplantation duration (from kidney transplan-
tation to enrollment into the study) was higher in the SGLT-
2i group. NODAT was more common in Group 2 (Table 2).
61.1% of the SGLT-2i users had NODAT. HgbA ¢ level was
higher in the SGLT-2i group at the beginning of SGLT-2i
therapy, and the difference between Group 1 and Group 2
in terms of HgbAlc level disappeared at the 12 months of
follow-up (p=0.256). Transplant duration and ATG dos-
ages did not affect the UTI development risk (p=0.890 and
p=0.290, respectively).

Eleven recipients in Group 1 received an SGLT-2i within
three months after transplantation (Group 2a) (Table 3).
One recipient in Group 2a developed a severe UTI requir-
ing hospitalization, and SGLT-2i was discontinued because
UTI persisted (Table 3; case 3). However, data demon-
strated that this patient had several UTI episodes in the
early post-transplant period previous to receiving SGLT-2i.
The risk of UTI development was similar between Group 2a
and Group 2b in the early and late posttransplant periods,
despite more immunosuppression being administered in the
early period in Group 2a (OR=1.16 [95% CI 0.18-7.57],
p=0.871) (Table 4).

Allograft functions were similar at baseline and 3, 6, and
12 months after transplantation between Group 1 and Group
2 (p>0.05). In Group 2, eGFR initially (from baseline to
3rd-month post-transplant) decreased from 71.94 +18.17 ml/
min/1.73 m* to 68.36 + 19.98 ml/min/1.73 m?, however, then
increased to 72.96 +16.62 ml/min/1.73 m? at 12 months
post-transplant. In contrast, in Group 1, eGFR decreased
from 73.20+19.72 to 65.36 + 17.19 ml/min/1.73 m? from
baseline to 12 months posttransplant. A general linear
model for repeated measures showed that the comparison
of the changes in both groups was not statistically signifi-
cant (p=0.078). The trough tacrolimus levels during the
12-month follow-up were similar between Group 1 and
Group 2 (p>0.05). In addition, eGFR levels were similar
between Group 2a and Group 2b during the 12-month fol-
low-up (p>0.05). The acute rejection rate was lower in the
SGLT-2i group (p=0.040), and linear regression showed
that acute rejection also had a strong influence on eGFR at
12 months posttransplant in Group 1 (p=0.003). This influ-
ence was not observed in Group 2 (p=0.129).

Proteinuria decreased in Group 2 from baseline to
12 months post-transplant from 321 (45-2565) mg/day to
195 (51-1905) mg/day (p=0.008). In contrast, proteinu-
ria did not change in Group 1 during the same period (229
[63-909] vs. 156 [44-1355], p=0.210). Moreover, pro-
teinuria decreased in Group 2a from 243 + 166 mg/day to
141 + 54 mg/day (p=0.046), from baseline to 12 months
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Table 1 The clinical and
demographic features of the
participants

Age, years
BMI, kg/m?
Sex; male/female, N, %
Preemptive, N
Donor type, N

Living

Cadaveric
UTI prevalence, N, %
Hospitalization (UTI related), n, %
CVD history, N
RRT type, N

HD

PD
Rejection rates, N, %
NODAT, N
Previous DM, N

Primary disease in ESRD etiology, N

SGLT-2i users, N, % (SGLT-2i was given as add-on

therapy)

SGLT-2i related complications

Induction protocol
rATG

Methylprednisolone

Maintenance immunosuppression

51.30+£10.98
28.49+4.48

36 (63.2%) and 21 (36.8%)
19 (33.3%)

54 (94.7%)
3(5.3%)
12/57 21.1%)
6/51 (10.5%)
27 (47.4%)

34 (89.5%)

4 (10.5%)

11 (19,3%) (Clinical suspicion + biopsy proven)
31 (54.4%)

26 (45.6%)

24 (42.1%) DM

11 (19.3%) HT

12 (21.1%) Unknown

5(8.8%) GN

3 (5.3%) Rare diseases

2 (3.5%) PCKD

36 (63.2%)

20 (35.1%) only insulin

9 (15, 8) insulin+ OAD (14%)

7 (12.3%) OAD

Euglycemic diabetic ketoacidosis: NO
GFR decreases > 30% (within 2—4 weeks): NO
Hypoglycemia: NO

Urogenital fungal infection: NO

1.5 mg/kg rabbit anti-thymocyte globulin, 1-5
times (according to immunological risk assess-
ment)

500 mg/day 3 days

Prednisolon + mycophenolic acid + tacrolimus

BMI body mass index, UTI urinary tract infection, CVD cardiovascular disease, RRT renal replacement
therapy, HD hemodialysis, PD peritoneal dialysis, NODAT new-onset diabetes mellitus after transplanta-
tion, DM diabetes mellitus, ESRD end-stage renal disease, SGLT-2i sodium-glucose cotransporter-2 inhibi-
tor, rATG rabbit anti-thymocyte globulin, HT hypertension, GN glomerulonephritis, PCKD polycystic kid-
ney disease, OAD oral antidiabetic drug(s), GFR glomerular filtration rate

posttransplant, and in Group 2b from 329 (45-1565) mg/
day to 205 (67-1750) mg/day (p=0.011).

Weight changes in Group 2 from baseline to 12 months
posttransplant were as follows: Baseline: 77.11 + 14.90,
3 months: 74.62+11.91, 6 months: 74.54 +12.13, and
12 months: 75.85 4+ 12.42 (the change from baseline to
12 months post-transplant; p=0.125). There was a slight
weight loss in Group 2. However, in Group 1, minimal

weight gain from baseline to 12 months post-transplant
was observed (79.35 +£13.25 vs. 80.53 +£15.67), which
was not statistically significant (p=0.879). A strik-
ing finding was that while SGLT-2i users in Group 2a
showed non-significant weight gain from baseline to
12 months post-transplant (baseline; 75.80 +15.92 vs.
12 months; 78.85 +15.60, p=0.474), in Group 2b, SGLT-
2i users showed weight loss from baseline to 12 months
post-transplant (baseline; 79.80 + 15.92 vs. 12 months;
74.82 +15.60, p=0.056).
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Table 2 The comparison of SGLT-2i free and SGLT-2i groups for UTI and acute rejection development, proteinuria, and other clinical outcomes

Group 1 (SGLT-2i free) Group 2 (SGLT-2i) N=36 p value
N=21
Age, years 55.00+9.68 49.14+11.17 0.049
Sex, male/female, n 12/9 24/12 0.472
BMI, kg/m? 28.60+4.52 28.41+4.53 0.886
RRT duration, month 16 (0-125) 9 (0-144) 0.391
Transplantation age, months 18(0-108) 59 (0-161) 0.008
rATG, mg 330.00+183.10 393.06 +246.52 0.331
DM age, months 170.63 +£117.90 181.66+139.48 0.788
NODAT, n (yes/no) 7/14 (33.3%) 22/14 (61.1%) 0.043
UTI, n (yes/no) 6/15 (28.57%) 6/30 (16.67%) 0.327
Hospitalization, n, % 5/21(23.8%) 3/36 (8.3%) 0.105
SGLT-2i beginning time - 25 recipients (posttransplant >3 months)
11 recipients (posttransplant 0-3 months)
All acute rejection episodes, yes/no, n 7/14(33.3%) 4/32(11.1%) 0.040
One acute rejection episode occurred after SGLT2-i
use

HgbAc, %

Baseline 6.37+1.03 9.06+2.24 <0.001

Month 3 7.29+2.68 7.98+1.44 0.375

Month 6 6.86+0.98 7.82+1.65 0.133

Month 12 7.14+0.98 7.71+1.25 0.256
Creatinine, mg/dl

Baseline 1.06+0.26 1.14+0.29 0.321

Month 12 1.14+0.40 1.17+0.32 0.790
eGFR, ml/min/1.73 m?

Baseline 73.20+19.72 71.94+18.17 0.811

Month 3 67.85+17.89 68.36+19.98 0.925

Month 6 63.75+19.34 70.02+18.92 0.243

Month 12 65.36+17.19 72.96 +£16.62 0.123
Proteinuria, mg/day

Baseline 229 (63-909) 321 (45-2565) 0.704

Month 12 156 (44-1355) 195 (51-1905) 0.372

Bold values indicate statistical significance at the p < 0.05 level

BMI body mass index, RRT renal replacement therapy, rATG rabbit anti-thymocyte globulin, DM diabetes mellitus, NODAT new-onset diabetes
mellitus after transplantation, UTT urinary tract infection, SGLT-2i sodium-glucose cotransporter-2 inhibitor, eGFR estimated glomerular filtra-

tion rate

Discussion

SGLT-2i(s) have cardiac and renal benefits in diabetic
patients regardless of diabetes status. SGLT-2i(s) exert their
renoprotective effects by re-regulating the tubuloglomerular
feedback mechanism by ultimately lowering intraglomerular
pressure. However, genital and urinary tract infections are
the main concerns in patients treated with SGLT-2i [14, 15].
This is an important concern for KTR and their physicians to
consider the use of an SGLT-2i when administering immu-
nosuppressants, especially in the early posttransplant period.
In this study, we demonstrated that SGLT-2i should not be
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considered “out of option” for regulating hyperglycemia in
KTR. In this small sample-sized cohort, 1-year posttrans-
plant UTI development risk and allograft function were sim-
ilar between SGLT-2i users and SGLT-2i-free individuals.
Diabetic and non-diabetic recipients are exposed to
immunosuppression-induced hyperglycemia after renal
transplantation, which is another problem in organ trans-
plantation and increases cardiovascular morbidity and mor-
tality [16, 17]. NODAT is observed with a prevalence of up
to 50% in KTR, and up to 30% of them become diabetic for
life long [18, 19]. In our cohort, 54.4% of hyperglycemic/
diabetic recipients were diagnosed with NODAT. This find-
ing gives clinicians an indication of how prevalent NODAT
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Table 3 The summary of Group 2a

Case Posttransplant Therapy UTI after SGLT-2 1-year 1-year HgbA c, Weight change,
SGLT-2i beginning (1 year) creatinine, % (0, 3, 6, and kg (0, 3, 6, and
time mg/dl 12 months) 12 months)

1. 40-year-old, male 2 weeks SGLT-2i+ previous No 1.13 9.94, 6.09, 6.40, 94,92,91,92

OAD 6.70
2. 48-year-old, 3 months SGLT-2i+previous No 1.08 7.40, 7.20, 6.30, 66, 65, 65, 65
female insulin 6.40
3. 67-year-old, male 6 weeks SGLT-2i+previous Yes, (he had also 1.06 8.50, 8.20, 9.10, 68, 67,67, 67
OAD UTI episodes 7.20
priorly to SGLT-2i
use) hospitaliza-
tion was required
and SGLT-2i was
ceased at the 8"
month of SGLT-2i
use
4. 58-year-old, male 3 months SGLT-2i+insulin No 1.00 8.80, 8.20, 7.40, 69, 67, 66, 67
7.50
5. 43-year-old, male 3 months SGLT-2i+previous No 1.31 9.80, 9.10, 8.60, 108, 102, 101, 107
insulin 4 previous 8.78
OAD
6. 56-year-old, male 3 months SGLT-2i+previous No 1.01 8.70, 9.80, 8.20, 82,778,717, 81
insulin 9.10
7. 42-year-old, male 1 week SGLT-2i+previous No 0.81 5.90, 10.60, 8.60, 64, 70, 68, 69
insulin 9.60
8. 58-year-old, male 3 months SGLT-2i+previous No 1.19 10.30, 7.60, 7.40, 64, 64, 66, 65
insulin+ previous 7,70
OAD
9. 63-year-old, male 6 weeks SGLT-2i+ previous  Yes 1.51 6.90, 7.20, 8.50, 70, 74,76, 73
insulin + previous 7.70
OAD
10. 43-year-old, 2 weeks SGLT-2i+previous No 1.20 7.0, 11.10, 8.80, 57,67,70,71
male insulin 7,90
11. 45-year-old, 7 weeks SGLT-2i+previous No 1.20 8.10, 13.30, 9.90, 84, 86, 85, 85

male

OAD

7.40

SGLT-2i sodium-glucose cotransporter-2 inhibitor, UT urinary tract infection, HgbAIc glycated hemoglobin alc, OAD oral antidiabetic drug(s)

is and that it is a problem that should not be ignored in the
transplant era.

SGLT-2i delivers its cardiac and renal protective effects
independent of the glucose-lowering effect. The CRE-
DENCE study showed a significant 30% reduction in the
risk of CKD progression with canagliflozin in diabetic CKD
patients, and the study was terminated early [20]. In the
DECLARE-TIMI 58 study, 16,843 participants with type 2
DM and creatinine clearance > of 60 ml/min/1.73 m? were
randomized to dapagliflozin, and during 4-year follow-up,
renoprotective effects were observed in all proteinuria levels,
including normoalbuminuric patients [21]. The EMPA-KID-
NEY study was stopped early due to strong evidences sug-
gesting that SGLT-2i(s) may soon be indicated for patients
with CKD without albuminuria [22]. In the DAPA-CKD
study, the administration of 10 mg of dapagliflozin signifi-
cantly reduced the risk of progression to CKD in patients
without type 2 DM [23]. Further analysis of the DAPA-CKD

study revealed that patients with an eGFR of 25-30 ml/min
per 1.73 m? had received benefits similar to patients with an
eGFR > 30 ml/min/1.73 m?. However, at lower eGFR val-
ues (<30 ml/min/1.73 m?), starting SGLT-2i treatment is
strongly discouraged because of limited evidence of safety
and efficacy. In addition, almost no patients today undergo
renal transplantation while on an SGLT-2i-involving anti-
diabetic regimen. Thus, questions have arisen whether an
SGLT-2i could be an option for the treatment of hypergly-
cemia after renal transplantation and whether its use should
be discontinued in the perioperative period if in the future
it will be possible to be used in advanced stages of CKD. In
this study, eGFR did not change from baseline to 12 months
posttransplant (a slight decrease in eGFR occurred follow-
ing starting SGLT-2i, however, it returned to the baseline
level at follow-ups). In the SGLT-2i-free group, a slight
decrease in eGFR was observed in this period (8.9%) which
was not significant. Additionally, proteinuria decreased
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Table 4 The comparison

. . Group 2a,n=11 Group 2b, n=25 p value
of SGLT-2i use in the early
and late periods of kidney Age, years 51.18£9.47 48.24+11.91 0.475
transplantation BMI, ke/m’ 26.92+4.26 29.13+4.58 0211
RRT duration, month 6 (0-114) 12 (0-118) 0.517
Transplantation age, months 17 (12-34) 72 (27-161) <0.001
rATG, mg 318.18+95.58 434.25+293.46 0.215
DM age, months 72 (12-348) 150 (64-432) 0.361
NODAT, n (yes/no) 7/4 (63.6%) 15 (60.0%) 0.837
Urinary tract infection, n (yes/no) 2/9 (18.2%) 4/21 (16.0%) 0.871
Hospitalization, n, % 1/11 (9.1%) 2/25 (8.0%) 0.105
Mean tacrolimus mg/dl;
0 10.04+2.57 6.73+2.07 <0.001
Month 12 7.92+2.28 6.09+1.54 0.076
Fasting glucose, mg/dl
Baseline 232.27+100.63 148.93 +50.64 0.090
Month 12 145.16 £57.56 147.90+51.22 0.882
HgbA c, %
Baseline 8.55+2.24 9.29+2.25 0.374
Month 12 8.03+1.19 7.51+1.19 0.428
Proteinuria, mg/day
Baseline 243 + 166 329 (45-1565) 0.479
Month 12 141 +54 205 (67-1750) 0.999

Bold values indicate statistical significance at the p < 0.05 level

SGLT-2i sodium-glucose cotransporter-2 inhibitor, BMI body mass index, RRT renal replacement therapy,
rATG rabbit anti-thymocyte globulin, DM diabetes mellitus, NODAT new-onset diabetes mellitus after
transplantation, HgbA Ic glycated hemoglobin alc

significantly following SGLT-2i therapy, especially in Group
2b (> 3 months posttransplant). Since proteinuria in the early
posttransplant period may be due to native kidneys, the
effect of SGLT-2i on proteinuria in allografts may be better
interpreted in the late posttransplant period.

All published large randomized controlled trials that
investigated the efficacy and safety of SGLT-2i have
excluded CKD patients in advanced stages and KTR, as
no study addresses a specific patient group in an efficacy
and safety trial at baseline [24, 25]. Alkindi et al. reported
the results of using SGLT-2i in 8 diabetic renal transplant
patients and found a low risk of recurrence of UTI and no
worsening of renal function during the 12-month follow-up
period [26]. Recently, a brief review of the current literature
on the use of SGLT-2i in KTR with diabetes (including 9
studies and 144 patients) demonstrated either a small or non-
significant reduction in BP and overall stable renal function
[9, 26]. In addition, this review found a modest improve-
ment in glycemic control as well as weight reduction and
a low incidence of adverse events as reported in clinical
trials except for transplantation [9]. Lim et al. included in
their study 2083 KTR with diabetes from 6 transplant cent-
ers in Korea and indicated that SGLT-2i improved all-cause
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mortality, death-censored graft failure, or doubling of serum
creatinine [27].

UTI is the most common infection in KTR and its inci-
dence ranges from 6 to 86% [28, 29]. UTI is also responsi-
ble for approximately 50% of all infectious complications
in KTR [30, 31]. In this study, the incidence of UTI in dia-
betic KTR was 21.1%, and the incidence was similar in the
SGLT-2i group compared with the SGLT-2i-free group dur-
ing the 12-month follow-ups. We also compared the inci-
dence of SGLT-2i users in the early (>3 months) and late
(> 3 months) renal transplantation periods for UTI. Previous
studies, in contrast to our study, included KTR after trans-
plantation > 3 months (in a relatively stable period of renal
transplantation) to show the effects of SGLT-2i use on allo-
graft function and blood glucose levels to avoid confounding
factors, and they did not specifically address UTI risk assess-
ment [27, 32]. We demonstrated that the use of SGLT-2i
even in the early post-transplant period was not associated
with an increased risk of UTI and allograft dysfunction. In
Group 2a, one recipient developed urosepsis, and SGLT-
2i was discontinued. However, he had UTI episodes in his
past history, and we are not sure whether UTI was directly
related to the use of SGLT-2i in this recipient (Group 2a:
case 3) (Table 3). Allograft functions were similar at the
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12-month follow-ups among all groups (group 1 vs. group
2 and group 2a vs. group 2b), and surprisingly, the inci-
dence of acute rejection was slightly higher in the SGLT-
2i-free group. A limitation of the study is that we did not
examine the immunologic risk status of the patients, which
may explain this difference in acute rejection rate between
SGLT-2i and SGLT-2i-free groups. Additionally, the acute
rejection rate had an impact on the SGLT-2i-free group. We
did not observe any case of genital infection in our cohort,
which could be due to the relatively small number of women.

SGLT-2i is associated with weight loss in diabetics and
non-diabetics. Because the majority of KTR gain weight
after renal transplantation, the use of SGLT-2i may be ben-
eficial in this regard [33]. In our study, whereas SGLT-2i
users lost weight slightly, SGLT-2i-free recipients gained
weight slightly, and this difference was not statistically sig-
nificant. In the SGLT-2i group, KTR who received an SGLT-
2i < 3 months after transplantation slightly gained weight.
This result was likely due to the improvement in metabo-
lism immediately after transplantation and was related to the
potential gain in muscle mass and adipose tissue. In contrast,
KTR who received an SGLT-2i > 3 months after transplanta-
tion reduced weight (p=0.056 weak importance probably
due to low sample size).

Previous studies with SGLT-2i revealed those agents are
very effective in reducing HgbA ¢, with an average reduc-
tion of HgbAlc by 0.5-1% depending on the baseline level
[34]. Monami et al. reported that reduction in HgbAlc in
comparison to placebo reaches its maximum at approxi-
mately 6 months and is maintained for up to 1 year [35].
In this study, SGLT-2i reduced HgbAlc by 1.35% during
a 12-month follow-up. In the SGLT-2i group, the initial
HgbAlc level was higher compared to the SGLT-2i-free
group since an SGLT-2i was added on current therapy if the
hyperglycemia did not restore by first-line approach (diet,
oral antiglycemic agents, insulin, etc.). Also, NODAT was
more common in the SGLT-2i group. Additionally, in the
SGLT-2i-free group, HgbAlc increased due to the worsen-
ing of glycemia after transplantation, and NODAT cases.

The small sample size of this cohort is the major limita-
tion of the study. Therefore, a comprehensive analysis of
the allograft function relevant to the use of SGLT-2i is not
available. A detailed urologic risk assessment for genital and
urinary tract infections is not possible due to a lack of data.
Because acute rejection rates were somewhat lower in the
SGLT-2i group, rejection treatment protocols may also have
an impact on infection development and allograft functions.
The absence of an assessment of the impact of other anti-
proteinuric drugs on proteinuria and eGFR is another lack of
the study. Moreover, due to the low sample size, the impact
of oral antiglycemic drugs and insulin could not be assessed
in detail. Additionally, the primary etiological factors of
ESRD (DM, glomerulopathies, hypertensive nephropathy,

etc.) may be the cause of proteinuria in the early posttrans-
plant period (< 3 months) and the impact of those could not
be studied due to limited sample size and data.

In conclusion, the use of SGLT-2i in renal transplant
recipients appears to be safe and likely provides additional
benefits in lowering HgbA 1c. UTI development risk should
not discourage clinicians from considering SGLT-2i treat-
ment for hyperglycemia even in the early period of kidney
transplantation. UTI developmental risk in KTR under
SGLT-2i therapy is likely similar to that in SGLT-2-free
KTR. Despite all the negative aspects, we consider the
results of our study important because there are limited data
on the use of SGLT-2i in KTR.
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