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Abstract

Background Very scanty evidence is available on factors influencing the choice of immunosuppressive drug therapy
after kidney transplantation.

Methods An Italian multiregional real-world study was conducted integrating national transplant information
system and claims data. All patients undergoing kidney transplantation for the first time during 2009-2019 (incident
patients) were considered. Multilevel logistic models were used to estimate Odds Ratio (OR) and corresponding 95%
Confidence intervals. Factors with statistically significance were identified as characteristics associated with treatment
regimens: cyclosporin-CsA vs tacrolimus-Tac and, within the latter group, mTOR inhibitors vs mycophenolate-MMF.

Results We identified 3,622 kidney patients undergoing transplantation in 17 hospitals located in 4 Italian regions,
78.3% was treated with TAC-based therapy, of which 78% and 22% in combination with MMF and mTOR, respectively.
For both comparison groups, the choice of immunosuppressive regimens was mostly guided by standard hospital
practices. Only few recipient and donor characteristics were found associated with specific regimen (donor/receipt
age, immunological risk and diabetes).

Conclusions The choice of post-renal transplant immunosuppressive therapy seems to be mostly driven by standard
Centre practices, while only partially based on patient’s characteristics and recognized international guidelines.
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Introduction

During the past two decades, the introduction of new
immunosuppressive drugs has represented the key to the
success of solid organ transplantation. Several immuno-
suppressive agents block specific mechanisms underly-
ing the adaptive response. Standard immunosuppression
protocol for maintenance phase consists of calcineu-
rin inhibitors “CNI” (Cyclosporine “CsA” or Tacrolimus
“Tac”) with antimetabolite (Mycophenolate “MMF”
or Azathioprine “Aza”) or mTORi (Everolimus “EVE”
or Sirolimus “SIR”) plus corticosteroids, mainly Pred-
nisone “PRED” [1, 2]. Although in several countries the
most frequent triple-drug regimen included Tac, MMF
and PRED [3], in Europe data on drug treatment in early
post-transplant phase as well as data on the variation per
year and per region are limited.

A recent article shows a high heterogeneity of the
immunosuppressive drug combinations employed in the
maintenance phase of solid organ transplantation in the
Italian context [4].

The possible reasons for choosing a certain regimen
of immunosuppressive therapy over other schemes in
terms of type or number of active agents prescribed, are
poorly investigated. The choice of therapy should take
into account both the efficacy to prevent graft rejection
and potential long-term side effects, so that demographic
and clinical characteristics of donor and graft recipient
should drive the choice of treatment [5, 6].

Furthermore, the choice of immunosuppressive regi-
men may vary across hospitals; instead, so a thorough
evaluation of patients’ characteristics should drive the
immunosuppressant regimen on the basis of a multilevel
approach [7].

The aim of our study was to assess recipient, donor
and transplant characteristics associated with immuno-
suppressive maintenance strategy in a kidney transplant
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cohort across four Italian districts (regions), taking into
account the local hospital’s policies.

Methods

Study design

A retrospective observational study on determinants
related to drug utilization patterns in a cohort of kidney
transplant patients, resident in 4 Italian regions (Lom-
bardy, Veneto, Lazio, Sardinia) was performed. The
transplant patients’ cohort was identified through data
available in regional administrative healthcare databases
linked to national transplant information system (SIT)
using a common data model and an open-source tool
for distributed analyses, “The Shiniss” The study design,
health information flows used, the institutional frame-
work, record-linkage procedures are described in more
detail elsewhere [8].

Briefly, the study included all patients who underwent
incident kidney transplant in the years 2009-2019, sur-
viving 30 days after discharge, with at least one immuno-
suppressive dispensation in the maintenance phase after
hospital discharge. Patients with previous immunosup-
pressive treatment were excluded. The complexity of the
treatment regimens is schematized in the Fig. 1.

Based on the dispensation retrieved during the 30 days
after transplant discharge (index therapy), patients
treated with CNI therapies were identified. More spe-
cifically, therapeutic regimen groups were classified in
CsA- or Tac-based therapies, considered alone or in com-
bination with other active agents, i.e. MMF or mTORIi
with/without PRED. With respect to the use of antime-
tabolite drugs together with Tac, the focus in this paper is
mainly on the comparison with MMF since, in the renal
setting, the frequency of combination of Azathioprine
(AZA) with Tac is low [2].

ANTIMETABOLITES - AntiM

CALCINEURIN INHIBITORS - CNI

Mycophenolate LO4AA06

Tacrolimus LO4AD02 «MMF» A 4 *
«Tac» or
Azathioprine L04AX01 CORTICOSTEROIDS
«AZA»

or

Prednisone H02ABO07
Metilprednis. HO2AB04
Prednisolone HO2AB06

mMTOR INHIBITORS - mTORi «PRED»
Everolimus LO4AA18
Cyclosporin L04ADO1 «EVE» T
«CsA» or [ 4

Sirolimus LO4AA10

«SIR»

Fig. 1 Therapeutic regimens in the maintenance phase. Note: In the grey box are the therapeutic classes of immunosuppressive drugs, in clear
boxes the actual agents prescribed. Links represent possible concomitant use of drugs
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Patterns of use of immunosuppressive drugs have been
described in details in a previous article [4]. In this paper,
the comparison groups in study were: CsA vs Tac (1%
comparison group) and Tac+mTORi vs Tac+ MMF (2"
comparison group).

Recipient, donor and transplant characteristics

In addition to the contextual variables like hospital where
the transplant has been performed, year of discharge,
length of stay during index hospitalization, the follow-
ing covariates related to recipient were tested as factors
potentially related to immunosuppressive therapy: sex,
age, cardio-cerebrovascular disease, respiratory diseases,
tumors, thyroid gland disorders, diabetes, lipid metabo-
lism disorders and obesity, hematologic diseases, hyper-
tension. From SIT, we tested variables of clinical interest:
transplant indications, type of dialysis, the distance
between first dialysis and transplantation. Moreover,
panel reactivity antibodies (PRA), a test to detect pre-
formed recipient antibodies through the use of a panel
of typifying cells and the number of mismatches, a target
categorical variable denoting the level of compatibility
between donor and recipient.

With respect to donor characteristics, we explored sex,
age, type of donor (deceased/living), previous infections
and malignancies.

In detail, data sources, time windows and criteria used
to define covariates can be found in a previous article [8].

Statistical analysis

Maintenance immunosuppressive treatment regimens
were plotted using sunburst charts. We described the
most frequent combinations of immunosuppressive
drugs administered to patients and underlined the two
comparison groups of interest (CsA vs Tac; mTORi vs
MMF Tac-based). Treatment groups represented the
dependent variable in the analyses.

Clinical, demographic and contextual variables were
presented separately between the two comparison sub-
groups as column-wise frequencies and percentages for
categorical variables and mean/median for continu-
ous variables. Only variables with a threshold frequency
above 5% in the overall cohort were considered.

In order to evaluate the role of transplant centers in the
choice of drug therapy, the proportion of patients treated
with the various immunosuppressive combinations was
stratified by transplant center.

Considered the hierarchical data structure, patients
are nested within hospitals, a logistic multilevel model
was performed in order to account for potential intra-
class correlation and to consider the clustered nature of
the data. Moreover, our goal was to investigate sources
of variations within- and between-clusters, to describe
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variables predicting individual differences and to
describe which variables predict cluster-level differences
[9]. The variance components were expressed in terms
of Median Odds Ratio (MOR), a measure that quanti-
fies the variability in receiving CsA versus Tac for the 1*
comparison and Tac+mTOR:i versus Tac+ MMF in the
2" comparison between clusters, in this case between
different hospitals of discharge [10]. The MOR quantifies
the variation in dependent variable between clusters by
comparing two persons from two randomly chosen dif-
ferent hospitals. For instance, consider two patients with
the same covariates, chosen randomly from two different
clusters. The MOR is the median odds ratio between the
patient of higher propensity and one of lower propensity
[11]. This measure is always equal or greater than 1.00.

A MOR equal to 1.00 indicates no variability between
clusters; as the variability between group increases, the
value of the measure increases.

In the first step, in order to quantify the crude vari-
ability of treatment choices among hospitals performing
transplants, the MOR was estimated using an intercept-
only model. In a second step, the MOR was estimated
controlling for patient characteristics, in order to ensure
that different composition of patients within groups (in
terms of age, sex, comorbidities) did not influence esti-
mates of variance.

Age and sex of receiving patient were considered as
a priori determinants of the drug therapy choice, oth-
ers factors were selected by stepwise logistic regression
methods. For both comparisons, a multilevel model (OR;
95%CI) was applied to identify determinants of index
therapy, after correction for variability between hospitals.

The model’s ability to predict treatment patterns by
taking into account, separately and together, hospital and
individual patient characteristics was evaluated through
the Receiver Operating Characteristic (ROC) curve [12].
In particular, for both groups of comparison, the AUC
(Area Under the ROC Curve) was estimated; the lat-
ter measures the entire two-dimensional area under the
entire ROC curve, providing an aggregate measure of
performance across all possible classification thresholds.

Data management and statistical analyses were carried
out using Sas software (Sas Enterprise Guide Vers 7.15,
SAS Institute Inc., Cary, NC, USA).

Results
After applying exclusion criteria and identifying index
therapy administered to patients (Figure S1), the
cohort of kidney transplant recipients in the receiv-
ing CNI treatment was limited to 3,622 subjects (78.3%
treated with Tac).

Among patients receiving Tac-based index therapy;,
559 (22.0%) were treated in combination with mTORi.
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2"d comparison: MMF vs mTORi (Tac-based therapies)

CsA  21.7%
TAC  78.3%

SIS 78.0%
SalIelil 22.0%

Fig. 2 Immunosoppressive treatment patterns and comparison groups among kidney transplant patients. Note: The comparison groups are

highlighted with more intense colouring

Through sunbursts graphs (Fig. 2), it is possible to visual-
ize the proportion of patients treated with specific thera-
pies and comparison groups.

Analysis of therapy at the time of discharge from the
hospital reveals a strong heterogeneity of index therapy
protocols applied to patients belonging to the 1% compar-
ison group (CsA vs Tac) and, among patients treated with
Tac, belonging to the 2" comparison (mTORi vs MMF)
(Fig. 3).

15t comparison: CsA vs TAC

Comparing CsA vs Tac, the proportion of patients
treated with CsA in the cohort ranges from 0% to 99.6%,
with a further regional gradient easily discernible in the
graph. In support of that, the MOR calculated taking
into account only the intercept is 10.2 (p-value 0.005).
Comparing mTORi vs MME, the proportion of patients
treated with mTORI in the Tac-based subpopulation var-
ies from 0% to 65.9%. The crude MOR is 6.78 (p-value
0.008).

2"d comparison: mTORi vs MMF (Tac-based therapies)
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Variability of treatment among the prescribing trans-
plant centers is less striking excluding confounding
effects of 2 Centers (Lombardy #10 and #13, who rely on
CsA for 99.6% and 83.6% of their patients) (Fig. 3). The
same concept could be applied to the choice of mTOR,
which are prescribed in combination with Tac by 4 Hos-
pitals (Sardinia #1, Lazio #5, Lombardy #12, and Veneto
#17), ranging from 44.6 to 65.9% of patients as an alterna-
tive to the more widely used MME.

Characteristics by comparison groups are shown in
Table 1.

The median age of recipients was similar between CsA
(55 years) and TAC users (54 years); the proportion of liv-
ing donors appears to be significantly higher for patients
starting therapy on CsA (13.3%) than for those treated with
Tac (2.3%). In relation to clinical information retrieved from
SIT, among dialysis-treated patients, CsA-treated patients
are more likely to be associated with a dialysis course longer
than 24 months (CsA 76.3% vs Tac 67.6%). The variable
‘number of mismatches’ shows a different distribution of
coding classes, particularly in the "0’ class (CsA 7.4% vs Tac
17.0%) and the 3—4’ class (CsA 68.9% vs Tac 56.0%).

Concerning patients treated with CsA, there is a higher
proportion of inpatients treated over a prolonged period
of time during the index hospitalization (CsA 26.6% vs
Tac 22.5%). It can be seen that over time, the proportion
of patients with index therapy in Tac increased (pre 2013,
it was 71.7%, reaching 84.0% in 2018—2019).

Furthermore, patients treated with Tac show a higher
prevalence of comorbidities such as respiratory diseases
(CsA 8.3% vs Tac 11.5%) and thyroid gland disorders
(CsA 9.4% vs Tac 13.9%); there is a different concomitant
use for some drug categories, such as anti-anaemic drugs
(CsA 36.7% vs Tac 53.7%).

In the 2" comparison group (Tac-based therapies with
addition of other immunosuppressors), a higher median
age of the recipient patient and donor is shown in mTOR
user (59 vs 52 and 65 vs 56 years, respectively). The pro-
portion of living donors appears to be significantly differ-
ent (mTORi 1.3% vs MMF 16.9%).

The proportion of patients treated with high PRA
(80+) was higher among patients treated with mTORi
(4.2% vs 1.3%). The variable 'number of mismatches’
showed a different distribution of coding classes, particu-
larly in the "3—4’ class (mTORi 51.1% vs MMF 57.0%).

With respect to the patient’s clinical history, a different
proportion of patients with cardio-cerebrovascular dis-
ease (MTORIi 23.6% vs MMF 19.2%) and diabetes (mTORIi
17.0% vs MMF 11.9%) emerged. With regard to addi-
tional drugs used, we observed different proportions of
patients treated with antiplatelet (mTORi 40.4% vs MMF
30.7%) and statins (mTORi 44.7% vs MME 30.7%).
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The multivariable models show factors associated
with maintenance immunosuppressive therapies, net of
explained variability by transplant centers (Fig. 4a, b).

Within the 1% comparison group (CsA vs Tac), the
effect of age of donor was clear with respect to the ref-
erence category (age less than 30 years): prescription of
Tac increased in the age group’30-59’ years (OR: 0.51;
95% CI: 0.30-0.86) and further in the group’60 +’ years
(OR: 0.35; 95% CI: 0.19-0.62). Increasing the “number
of mismatches” is a determinant of immunosuppres-
sive therapy with Tac (3—4 Mismatch OR: 0.61; 95% CI:
0.41-0.92, 5-6 Mismatch OR: 0.45; 95% CI: 0.26-0.76),
like having “PRA”+80 (OR: 0.22; 95% CI: 0.22-0.59). A
contextual factor determining CsA-based index ther-
apy is the length of the index hospitalization in which
the transplant is performed (OR: 1.49; 95% CI: 1.08—
2.06). More recent years are increasingly related with a
greater use of Tac (OR: 0.44; 95% CI: 0.38-0.50). In the
supplementary materials, an area graph makes it pos-
sible to visualise the variation over time of the propor-
tion of patients treated with the immunosuppressors of
interest (Figure S2).

About comorbidities, diabetes is factor related with
index CsA-based therapy (OR: 1.90; 95% CI: 1.31-2.77).
After controlling for patients’ characteristics, we detected
variation between hospitals (MOR: 14.56 p-value: 0.004).
The applied model considering both facility and patient
characteristics, achieve a high level of patient classifica-
tion to therapy (AUC =0.94) (Figure S3a).

Within the 2" comparison group, bordering on sta-
tistical significance female patients are more related of
being treated with MMF (OR: 0.80; 95% CI: 0.62-1.03).
The effect of age of receiving was clear, with respect to
the reference category (age less than 30 years): being
treated with mTORIi increased in the age group’30-
59" years (OR: 3.82; 95% CI: 1.88-7.78) and further in
the group’60+’ years (OR: 7.59; 95% CI: 3.56-16.21),
despite reducing the accuracy of the estimate. Con-
textual factors such as prolonged-hospitalization after
transplant (OR: 0.44; 95% CI: 0.31-0.63) and recent
years (OR: 0.80; 95% CI: 0.71-0.86) are related with a
greater use of MMF. After controlling for patients’ char-
acteristics, we detected a clear variation among hos-
pitals (MOR: 7.03 p-value: 0.008). The applied models,
considering both hospital level and patient characteris-
tics, achieve a satisfactory level of patient classification
to therapy (AUC=0.88) (Figure S3b).Given the changes
in treatment patterns over time, we decided to replicate
the main analysis in the subgroup of patients consid-
ering only the most recent years of observation, from
2014 onwards. The results are comparable with the
models presented above (Table S1A-B).
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Table 1 Recipient, donor and transplant characteristics

CsA TAC vaﬁ;e TAC+mTORi TAC+mmf var:;e
787 2835 559 1980
n % n % n % n %
RECIPIENT CHARACTERISTICS
Sex
M 529 67.2% 1816 64.1% 0.101 375 67.1% 1249 63.1% 0.082
F 258 32.8% 1019 35.9% 184 32.9% 731 36.9%
Age
<30 51 6.5% 246 8.7% 12 2.1% 198 10.0%
30-59 441 56.0% 1640  57.8% 0.032 277 49.6% 1211 61.2% <0,001
60+ 295 37.5% 949 33.5% 270 48.3% 571 28.8%
(45,0-
median (1° quartile-3° quartile) 55,0 63,0) 54,0 (44,0-63,0) 59,0 (50,0-65,0) 52,0 (43,0-61,0)
DONOR CHARACTERISTICS
Donor type
deceased 769 97.7% 2459 86.7% <0,001 552 98.7% 1646 83.1% <0,001
living 18 2.3% 376 13.3% 7 1.3% 334 16.9%
Sex
M 417 53.0% 1516 53.5% 0.808 288 51.5% 1065 53.8% 0.343
F 370 47.0% 1319 46.5% 271 48.5% 915 46.2%
Age in classes
<30 83 10.5% 256 9.0% 30 5.4% 192 9.7%
30-59 364 46.3% 1272 44.9% 0232 184 32.9% 966 48.8% <0,001
60+ 340 43.2% 1307 46.1% 345 61.7% 822 41.5%
(44,0-
median (1° quartile-3° quartile) 57 68,0) 58,0 (47,0-69,0) 650 (52,0-74,0) 56,0 (46,0-66,0)
Infections ® 119 15.1% 428 15.1% 0.213 92 16.5% 293 14.8% 0.544
Previous malignancy ® 34 4.3% 79 2.8% 0.115 20 3.6% 51 2.6% 0.551
TRANSPLANT CHARACTERISTICS
Trasplant indications
Glomerular nephropathies 338 42.9% 1214 42.8% 217 38.8% 867 43.8%
Cystic nephropathies 151 26.1% 576 20.3% 124 22.2% 401 20.3%
Hypertensive nephrosclerosis 62 10.7% 244 8.6% 50 8.9% 177 8.9%
Tubular and interstitial 0.338 0.035
nephropathies 50 8.7% 199 7.0% 41 7.3% 134 6.8%
Diabetic nephropathy 55 9.5% 142 5.0% 42 7.5% 87 4.4%
Other 131 22.7% 460 16.2% 85 15.2% 314 15.9%
Dialysis
Yes 768 97.6% 2601 91.7% 540 96.6% 1791 90.5%
Type of dialysis °
hemodialysis 539 79.9% 1902 78.2% 0.348 397 77.8% 1315 78.8% 0.649
peritoneal dialysis 136 20.1% 531 21.8% 113 22.2% 354 21.2%
Duration of dialysis®
0-12 months 60 7.9% 316 12.5% 48 9.2% 232 13.2%
12-24 months 120 15.8% 504 19.9%  <0,001 115 21.9% 338 19.3% 0.030

24+ months 578 76.3% 1710 67.6% 361 68.9% 1181 67.4%
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Table 1 (continued)
Panel Reactivity Antibodies (PRA) ?
<=80 764 97.3% 2549 96.3% 0171 551 98.7% 1735 95.8% 0.003
80+ 21 2.7% 98 3.7% 7 1.3% 77 4.2%
Number of mismatch (total)?®
0 57 7.4% 417 17.0% <0,001 103 18.7% 278 16.9% 0.008
1-2 103 13.4% 336 13.7% 72 13.0% 230 14.0%
3-4 530 68.9% 1378 56.0% 282 51.1% 939 57.0%
5-6 79 10.3% 328 13.3% 95 17.2% 199 12.1%
Length of transplant hospitalization °
standard 578  73.4% 2197  77.5% oo1s 8 87.5% 1523 76.9% <0,001
long-term care 209 26.6% 638 22.5% 70 12.5% 457 23.1%
Discharged patients per period ¢
pre 2013 278 26.5% 771 73.5% 139 20.3% 545 79.7%
2014/2015 196 23.3% 644 76.7% <0,001 159 28.1% 407 71.9% <0,001
2016/2017 174 20.1% 691 79.9% 143 23.4% 468 76.6%
2018/2019 139 16.0% 729 84.0% 118 17.4% 560 82.6%
CLINICAL HISTORY (RECEIVING)
Comorbidity
Cardio-cerebrovascular disease 162 206% >80 20.5% 0.938 132 23.6% 381 19.2% 0.023
Respiratory diseases 65 8.3% 326 11.5% 0.010 67 12.0% 223 11.3% 0.635
Tumours @ 42 5.3% 190 6.7% 0.166 48 8.6% 114 5.8% 0.016
Thyroid gland disorders 74 9.4% 395 13.9% 0.001 76 13.6% 261 13.2% 0.799
Diabetes 113 14.4% 360 12.7% 0.222 95 17.0% 235 11.9% 0.002
Lipid metabolism disorders and
obesity 48 6.1% 157 5.5% 0.547 36 6.4% 104 5.3% 0.277
Hematologic diseases 108 13.7% 464 16.4% 0.072 79 14.1% 333 16.8% 0.128
Hypertension 723 91.9% 2608 92.0% 0.013 526 94.1% 1824 92.1% 0.116
Co-medication
Anemias 272 34.6% 837 29.5% 0.007 152 27.2% 597 30.2% 0.175
Antianemics 289 367% 1523 537%  <0,001 297 53.1% 1063 53.7% 0.816
Anticoagulants 54 6.9% 337 11.9% <0,001 73 13.1% 223 11.3% 0.243
Antiplatelet 242 30.7% 933 32.9% 0.252 226 40.4% 607 30.7% <0,001
Diuretics 301 38.2% 1231 43.4% 0.009 277 49.6% 846 42.7% 0.004
Statins 310 39.4% 1102 38.9% 0.792 250 44.7% 747 37.7% 0.003

? the percentages given in the table do not take into account possible missing observations

b the definition of "Long term care" considers observations beyond the 75™ percentile (20 days) of the distribution

“Row percentages. Data partially available for years prior to 2013

dTumours of the kidney are not considered considered

Discussion

This is the first paper, to our knowledge, that investi-
gated the criteria underlying the choice of the immuno-
suppressive regimen prescribed immediately following
a kidney transplant. We herein report on an important
variability of treatment regimens among the transplant
centers reviewed, both in patients receiving CNI inhibi-
tor-based therapies and, among Tac users, those treated
with mTORi or antimetabolites. Much of the observed

heterogeneity depends on a few hospitals; this implies
that it might be useful to study determinants within cent-
ers, but the low numbers do not allow accurate estimates.
A more detailed knowledge of the internal protocols of
transplant centers would be useful to better understand
the real motivations behind the choice of treatment.

Net of the role of the discharging hospital, a few indi-
vidual and transplant characteristics were found asso-
ciated with specific regimens. In the first comparison,
increasing donor age and incompatibility between donor
and recipient were associated with Tac-based therapy;
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Fig. 4 a Determinants related to index therapy: CsA vs TAC. b Determinants related to index therapy: Tac + mTORi vs TAC + MMF

in contrast, a clinical history of diabetes in recipients
was more likely associated with a CsA-based therapy. In
terms of contextual factors, there has been an increased
use of Tac-based therapies in recent years, while pro-
longed transplant’s hospitalization was related to CsA-
based therapies.

Furthermore, as the patient’s age increases, earlier pro-
tocols and standard length of hospitalizations were asso-
ciated with a greater use of Tac combined with mTORi.

Our findings showed that treatment choice was mainly
driven by hospital’s standard practices. The key role of
the hospital in establishing the choice of regimen was
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already shown by Axelrod D et al. [7] in the US con-
text; actually, in this study, only a few case-level factors,
including immunological risk, were identified as being
associated with therapy. Donor’s age may have an adverse
effect on graft function [13], an elevated number of HLA
antigen mismatches and PRA >80 indicate a high risk of
graft failure and reject [14]; consequently, the association
found in our analysis between these elements and TAC
index therapy could be related to the greater efficacy of
TAC in preventing rejection and graft failure compared
to CsA [15]. Along this line, the increase in TAC therapy
within discharge years is probably related to the body of
evidence published over the last years that has concurred
in identifying TAC as the calcineurin inhibitor of choice
in post-transplant patients [16]. Finally, our analysis
revealed the diabetogenic potential of TAC-based ther-
apy; as a matter of fact, patients with diabetes were more
frequently assigned to CsA therapy [17].

Regarding the second comparison, the association
with high recipient’s age and the use of mTORi may be
related to the antineoplastic effect of these drugs and the
increase of cancer risk with age [18].

In the era of precision medicine, right treatments to
the right patients at the right time, the role of the
patient’s clinical history in determining treatment
choices should probably be held stronger. Individual
characteristics emerged from our analysis suggest that
in the years considered there was no real consensus
on the most effective therapeutic strategy in kidney
patients;

The guidelines [19] on maintenance immunosuppres-
sion for kidney recipients provide general indications on
the best drug combination to use after transplantation,
without considering subpopulations with specific char-
acteristics or comorbidities, nor do they indicate pos-
sible changes of therapy or precautions to be taken with
these patients. The great heterogeneity in the choice of
drug treatment observed, suggests the need to improve
evidence, by RCT or RWE, in the risk—benefit profile
of immunosuppressive strategies in specific subgroup
population, including patients with comorbidities, such
as hypertension hyperparathyroidism, cardiovascular
diseases, history of chronic infections, in order to better
tailoring immunosuppressive strategy on patient’s char-
acteristics [20].

Strengths and limitations

This is a multi-regional study: the Regions included per-

form approximately 45% of transplants nationwide [8].
The use of specific graphical approaches allows the

representation of the complexity of immunosuppressive

drug therapies dispensed in clinical practice.
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The observational nature of this study has certain
limitations: while allowing the integration of many
different data sources, many clinical parameters were
not available (including information from biopsy
of the recipient); moreover, misclassification of the
index therapy could be due to a lack of available data
on out-of-pocket drug purchase and on the drugs dis-
pensed at the hospital level, during the post-transplant
hospitalization.

Furthermore, reasons behind specific treatment proto-
cols implemented by individual discharge hospitals can-
not be quantified by current administrative flows.

Although this analysis covers four major Italian regions,
among which the two most populated (=16.000.000
inhabitants), it may not be fully representative of the
actual clinical practice nationwide.

Conclusion

Our results show that immunosuppressive regimens
applied to kidney transplant patients in the immediate
post-discharge period are fairly heterogeneous, seems
to be mostly related to standard practices of centers in
charge of the patient. However, some recipient and donor
characteristics emerge from the analyses: further research
could be useful to investigate the underlying reasons of it
and whether other factors, not detectable through cur-
rent data flows, may better explain this phenomenon.
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