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Purpose: This study evaluates the use, benefit-risk profile, and economic impact of generic immunosuppressants (tacrolimus-TAC, 
cyclosporine-CsA, and mycophenolate-MYC) in kidney and liver transplant recipients compared to brand-name drugs.
Patients and Methods: A retrospective multicentre observational study, involving four Italian regions, was conducted based on the 
national transplant Information system and regional healthcare claims data. The analysis focused on incident patients who received 
kidney and liver transplants between 2013 and 2019 and evaluated the use of generic of CsA, TAC, and MYC during the 30-day period 
following discharge. For each type of transplant and immunosuppressive agent, the benefit-risk profile of generic vs branded drugs in 
a two-year window was estimated by multivariate Cox models (HR; 95% CI). Furthermore, the potential cost savings per person 
associated with one year of treatment using generics were calculated.
Results: The utilization of generic drugs showed a significant increase; over the study years, the proportion of users among kidney 
recipients ranged from 14.2% to 40.5% for TAC, from 36.9% to 56.7% for MYC, and from 18.2% to 94.7% for CsA. A great 
variability in generic uptake for region was found. A comparable risk-benefit profile between generic and branded formulations was 
shown for all immunosuppressors considered. Choosing generic immunosuppressants during maintenance could result in yearly 
savings of around 2000 euros per person for each therapy ingredient.
Conclusion: The study shows an increasing proportion of patients using generic immunosuppressive drugs over time suggesting 
a growing acceptance of generics within the transplant community and reveals comparable risk-benefit profiles between the generic 
and branded formulations of TAC, CsA, and MYC. A significant variability in the use of generics immunosuppressive agents was 
found both at the regional level and among transplant centers and future research should delve into regional prescribing variations.
Keywords: transplant, maintenance therapy, tacrolimus, cyclosporine, mycophenolate, uptake generics, risk-benefit profile, 
sustainability

Introduction
Patients who have undergone organ transplantation require lifelong immunosuppressive therapy. As known, there is high 
variability in the managing of immunosuppressive regimens, even among different clinical centres.1 The complexity of 
treatment is further complicated by the use of multiple drugs, prescribed to prevent rejection, which often consists of 
around 10 different compounds.2 Additionally, the availability of generic drugs as substitutes for branded immunosup
pressives has sparked discussions in the scientific community and regulatory authorities at national and international level 
regarding their safety and efficacy when switching or substituting between generic and branded drugs in transplant 
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patients.3–5 This is particularly important for immunosuppressive drugs such as cyclosporine (CsA) and tacrolimus 
(TAC), which are considered narrow therapeutic index drugs (NTIDs). Generic substitution for NTIDs, as well as for 
other drugs in this category, requires caution due to the potential clinical consequences resulting from slight variations in 
dosage that may lead to under- or over-exposure to the drugs.3 However, since the cost of drugs accounts for 15–25% of 
the total cost in the first year of kidney transplantation, and considering that transplanted patients require lifelong 
immunosuppressive therapy, switching from branded drugs to generic formulations can significantly reduce treatment 
costs.3 Since the availability of generic formulations for CsA, TAC and mycophenolate mofetil (MYC), the controversy 
surrounding the use of generics in transplanted patients has stimulated clinical research to provide evidence on the 
interchangeability between generic and branded formulations. An important meta-analysis was conducted on CsA, TAC, 
and MYC, comparing branded formulations versus generics in different solid organ transplantations.6 The results 
indicated that data demonstrating the bioequivalence of generic immunosuppressants are limited. Although generic 
formulations do not fully meet the bioequivalence criteria established by the US and European regulatory agencies, they 
showed no significant differences in acute rejection compared to originator drugs.6

The concept of bioequivalence is crucial for generic medication approval. Two drugs with the same active substance 
are considered bioequivalent if their bioavailability, in terms of rate and extent, after administration in the same molar 
dose falls within predefined limits. This ensures comparable in vivo performance, indicating similarity in safety and 
efficacy.3 Key pharmacokinetic parameters, such as AUC (area under the concentration-time curve) and Cmax (max
imum plasma concentration), determine bioequivalence. The 90% confidence interval for the ratio of the test and 
reference products should be contained within the acceptance interval of 80–125%. Specifically, the entire 90% 
confidence interval of these key parameters must lie within 80% and 125% of the value for perfect bioequivalence.

However, the European Medicines Agency (EMA) modified the bioequivalence standards for narrow therapeutic 
index (NTI) drugs and required more stringent criteria for generic approval suggesting that the concentration for AUC 
needs to fall between 90 and 111%.3,7 Further, bioequivalence tests in healthy volunteers may not accurately reflect 
conditions in transplant recipients, especially with multiple doses over an extended period.8

Recent systematic reviews and retrospective studies comparing originator and equivalent formulations of TAC have 
shown no differences in terms of the incidence of acute rejection, graft failure and adverse events.9,10 A 2020 meta- 
analysis9 found no difference in biopsy-proven acute rejection (BPAR) between generic and branded TAC immunosup
pression but regarding bioequivalence, the authors reported that studies on de novo use did not fulfill EMA requirements. 
In contrast, Gantar and colleagues reported bioequivalence studies comparing a generic formulation of once-daily 
tacrolimus 5 mg prolonged-release with the reference product. The results revealed strikingly similar concentration– 
time profiles, and the bioequivalence studies, conducted under both single-dose fasting and single-dose fed conditions, 
met the criteria set by the EMA and Health Canada. Additionally, under multiple-dose fasting conditions for once-daily 
tacrolimus, the EMA criteria were also satisfied.11 In 2015, Robertsen et al focused their research on the use of generic 
tacrolimus in the elderly. The prospective, single-center, randomized, crossover trial evaluated the pharmacokinetic 
parameters of generic tacrolimus in renal transplant recipients over 60 years of age. The results indicated that both the 
area under the curve (AUC) and maximum concentration of generic TAC were higher and did not meet bioequivalence 
standards. This suggests that caution is necessary when using generic formulations of TAC in the elderly population due 
to the higher drug exposure potentially increasing the risk of adverse events.12

In Italy, the Italian Medicine Agency (AIFA) and the Italian Society of Organ Transplantation (SITO) have released 
guidelines regarding the appropriate substitution of branded immunosuppressors with generics.4,5,13 These guidelines 
recommend: avoiding generic drugs that do not meet the guidelines set by the European Medicines Agency (EMA); 
conducting any switch between the original and generic formulations under close clinical monitoring, managed by 
medical specialists experienced in immunosuppressive therapy; avoiding frequent changes in generic formulations, as 
well as the simultaneous use of multiple generics of the same drug in the same patient; using generic drugs in “de novo” 
patients rather than patients already on treatment, with the option for the prescriber to continue with the original drug if 
deemed appropriate; ensuring that patients are properly informed about the reasons for using the generic equivalent, the 
associated risks and benefits, and instructing them to identify the specific product they are using and to inform the 
specialist physician in case of a change in formulation. The European Society for Organ Transplantation (ESOT) 
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expresses similar recommendations.3 Therefore, the analysis conducted by Rottembourg and colleagues in 2019 on the 
clinical aspects (efficacy, safety, and bioequivalence) of generic immunosuppressive drugs in comparison to their branded 
counterparts among solid organ transplant recipients. The study also considered the position statements of various 
scientific societies on the use of generic immunosuppressive drugs, affirming a consistent recommendation for generic 
immunosuppression. However, a universal consensus regarding the acceptance criteria for the bioequivalence of generic 
drugs is lacking.7

Recently, AIFA has funded an observational multicenter study based on healthcare claim data to compare the risk- 
benefit profile of different immunosuppressive therapeutic regimens, including generics and originators, in the post- 
transplant maintenance phase (the CESIT project).14

This study, a component of the broader project, focuses on evaluating the use of generic immunosuppressants in 
patients undergoing kidney and liver transplantation. Specifically, the objectives of this study were threefold: 1) to 
describe the utilization of generic immunosuppressants in transplant patients, including switching between version; 2) to 
analyze the effectiveness and safety of generic versus brand-name drugs for TAC, CsA and MYC; and 3) to provide an 
economic evaluation of treatment with brand-name and generic formulations.

Materials and Methods
This study is a retrospective multicenter observational cohort investigation conducted across four regions in Italy 
(Lombardy, Veneto, Lazio, Sardinia) and includes a total population of over 20 million individuals. The included regions 
account for approximately 45% of transplants nationwide.

The study utilizes data obtained from regional healthcare claims and the national transplant information system.
The Italian National Health Service (NHS) is a system composed of structures and services aimed at ensuring 

universal access to healthcare for all citizens on an equal basis. It provides coverage for a wide range of essential 
pharmaceuticals and diagnostic services, either fully or partially through a system of cost-sharing for patients known as 
“ticket.” The NHS promotes efficient and effective management through local health authorities to ensure consistent 
delivery of services throughout the country. In Italy, healthcare administrative data have a high level of coverage due to 
national laws mandating data collection on a regional level to track healthcare service utilization and monitor the 
uniformity of service delivery across the country.

Specifically, for this study, analytical datasets were established for each region, focusing on incident patients who 
underwent kidney and liver transplantation between 2013 and 2019. These datasets were created according to a common 
data model that incorporated data from the hospital information system, pharmaceutical dispensation records, mortality 
information system, and co-payment exemption registry. Most of these data sources have been extensively utilized to 
study various facets of healthcare, such as drug utilization, safety, comparative effectiveness, cost, and cost-effectiveness, 
demonstrating both a high level of coverage and good quality.15

To facilitate the analysis, a distributed analysis tool called “TheShinISS” was utilized.16 This tool allows elaborating 
and processing health archives at local level, performing data quality control, matching/sampling, record-linkage, and 
finally creating the anonymized dataset for the centralized data analyses.17,18

To link nationwide data on demographic and clinical characteristics of both donors and recipients (such as human 
leukocyte antigen type, blood group, body mass index, clinical indications to transplant, incidence of rejection) a semi- 
deterministic matching approach was utilized.

In particular, we implemented a step-by-step deterministic record linkage procedure using pseudonymous variables, 
such as sex, organ type, year and month of birth, year and month of transplant, and the transplant hospital. Multiple keys, 
concatenating combinations of these variables, were created. At each step, subjects with duplicated keys were excluded 
before conducting the linkage procedure, which involves an exact match of the key. Further details regarding this 
matching procedure can be found elsewhere in the literature.14

For both kidney and liver transplantation, the study examined the use of CsA, TAC, and MYC in the 30-day period 
after discharge (index period). Patients were classified as either generic or originator users based on the type of drug 
(originator/generic) dispensed in the index period. If patients were using a combination of immunosuppressive drugs, 
they were counted more than once.
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For each type of transplantation and active ingredient, patients who received generic formulations were compared to 
originator users. This comparison considered factors such as the patient’s region of residence, characteristics of the donor 
and recipient, transplant information, length of hospital stay for transplantation, year of discharge, clinical history 
including other medical conditions and concomitant medications.

The proportion of patients receiving generic formulations was calculated overall and by year, separately for each type 
of transplantation and each immunosuppressive agent. Additionally, a detailed analysis was conducted at the regional 
level and within the hospital center.

Furthermore, for all patients who survived for one year, the proportion of those who switched from originator to 
generic and vice versa was calculated. The same analysis was replicated considering a two-years timeframe.

In order to estimate the risk-benefit profile of generics, we restricted our cohorts to December 31st, 2017. Each patient 
was followed up from 30 days after hospital discharge until the occurrence of the study event, death, a maximum of 2 
years, or the end of the study, whichever came first. The outcomes considered were transplant rejection/graft failure and 
mortality for effectiveness analysis, and incidence of severe infections, diabetes, and statin use for safety analysis. For 
each outcome, only patients who were at risk of developing the outcome for the first time were considered.

The effectiveness and safety of generic versus originator drugs for each type of transplant and each immunosup
pressive agent were estimated using multivariate Cox models (HR; 95% CI). The models were adjusted for variables 
found to be strongly related to exposure and outcomes (ie, recipient age and sex, indication for transplant and region). 
For each active ingredient, a sensitivity analysis was conducted to account for potential variations in immunosuppressive 
regimens among the comparison groups. In this analysis the immunosuppressive therapies used in combination with the 
exposure were included in the models as possible confounders.

Finally, to estimate the saving of one year of immunosuppressive therapy with generics compared to branded, we 
considered the national average price per DDD (defined daily dose) for each active ingredient estimated by AIFA19 and 
based on of this value we calculated the cost of one year of therapy and the associate saving.

All analyses were performed using SAS Statistical Software version 9.4 (SAS Institute Inc., Cary, NC) and 
R version 4.1.3.

Results
In the study period, several generics for CsA, TAC and MYC were available (Table 1).

Between January 1st, 2013, and November 30th, 2019, a total of 3106 kidney and 1759 liver recipients who met the 
study eligibility criteria were identified (Figure 1). In the kidney recipient cohort, there were 2354 users of TAC, 627 

Table 1 Branded and Generic Version of Tacrolimus, Cyclosporine and Mycophenolate

Active Ingredient Branded, Approval Date Generic, Approval Date

Tacrolimus (TAC) Prograf (immediate release formulation), 29th May 1998 Adoport (immediate release formulation),  

3rd September 2012 (as Tacrolimus Sandoz) 

Tacni (immediate release formulation), 3rd May 2011
Envarsus (immediate release formulation), 26th March 2015

Advagraf (sustained release), 5th April 2008

Cyclosporine (CsA) Sandimmun, 27th April 1991 

Sandimmun Neoral, 31st August 1995

Ciqorin, 7th April 2014

Mycofenolate (MYC) Cellcept (mycophenolate mofetil), 

23rd June 1996

Myfenax (mycophenolate mofetil), 17th January 2011 

Aurobindo (mycophenolate mofetil), 20th January 2011

Accord (mycophenolate mofetil), 20th January 2011
Sandoz (mycophenolate mofetil), 20th January 2011

Tillomed (mycophenolate mofetil), 14th December 2018

Myfortic (mycophenolic acid), 23rd June 2005 Acido Micofenolico Accord (mycophenolic acid), 
29th August 2015
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users of CsA, and 2143 users of MYC. For liver recipients, the numbers were 1518 for TAC, 223 for CsA, and 662 for 
MYC. Among TAC users, the proportion of patients receiving generic medications was comparable between kidney and 
liver transplant recipients, with 35.0% in the kidney cohort and 34.6% in the liver cohort. Kidney recipients compared to 
liver recipients had higher use of generic CsA (47.8% vs 21.8%) and slightly lower use of generic MYC (45.9% 
vs 50.3%).

Time Trends in the Use of Generic Immunosuppressant
As shown in Figure 2, the proportion of patients using generic immunosuppressive medications increased over time. 
Specifically, for TAC, it reached its peak in 2017 with 47.5% for kidney and 56.6% for liver, slightly decreasing in the 
following two years. The peak usage of generic CsA was observed in 2018 for kidney recipients (95.1%) and in 2017 for 
liver recipients (92.9%). As for MYC, the highest proportion of generic users in both transplant cohorts was observed in 
2019 (56.7% for kidney and 69.1% for liver).

Characteristics of Branded and Generic Users
When comparing transplant characteristics between branded and generic users, a higher proportion of patients treated 
with generic drugs was observed in Lombardy for both cohorts and all immunosuppressive agents considered (Table 2). 
Generic TAC therapy was more frequent prescribed to younger kidney recipients (43.1% in patients aged<50 years), 
Additionally, a higher proportion of CsA generic use was observed for patients with hepatocellular carcinoma (HCC).

The greater utilization of generics by transplant patients in Lombardy was also evident when examining the 
proportion of use at regional level by year (Table 3). Furthermore, a high variability was found in the proportion of 
generic immunosuppressive drugs dispensed to patients by transplant hospital for both cohorts (Figure 3A–C).

Switching from a Generic to Branded and Vice Versa
Figure 4 displays the proportion of patients changing drug versions during the first year of treatment. In both cohorts and 
for all active agents considered, a higher proportion of patients switched from generic to branded drugs compared to vice 

Figure 1 Study eligibility criteria by kidney and liver transplantation.
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versa. The difference between these two percentages (% switching from generic to branded and % switching from 
branded to generic) was particularly evident for TAC users in both cohorts (Δ=34.7–6.5 =28.2% for kidney and Δ=43.7– 
11.4=32.3% for liver). A part of this switch is explained by the change in formulation from immediate (IM) to prolonged 
release (PR) (53.8% for kidney and 55.1% for liver), no generic is available for the latter formulation indeed. However, 
also for CsA we observed a higher proportion of switch from generic to branded respect vice versa, in particular in the 
liver recipients (32.6% vs 2.3%). The difference between these two types of switches was relatively smaller in the 
remaining comparisons, ranging from 5% in MYC users in the liver cohort to 7.8% in MYC users in the kidney cohort. 
This tendency to switch more frequently from generics to branded immunosuppressor than vice versa remained 
consistent when we considered sensitivity analysis over a 2-year time frame (Figure 5), except for MYC users in the 
liver cohort, where the switching rates were similar: 23.1% from generic to branded and 21.7% from branded to generic.

Effectiveness and Safety of Generic versus Branded Drugs
No statistically significant difference in the risk of lack of effectiveness and safety between generics and originators was 
found for TAC, CsA and MYC in kidney transplant patients (Figure 6), specifically the adjusted HR for mortality was 
equal to 1.53 (95% CI 0.86–2.70), 1.24 (95% CI 0.50–3.03) and 1.15 (95% CI 0.66–2.00), respectively. In the liver 

Figure 2 Generic and branded users of TAC, CsA and MYC by year in kidney and liver transplantation.
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Table 2 Transplant, Recipient and Donor Characteristics According to Generic/Branded Version by Active Ingredient in Kidney and 
Liver Transplantation

A. Kidney

Kidney

Tac CsA MMF

Generic Branded Pvalue Generic Branded Pvaluev Generic Branded p value

N, % 824 1530 300 327 983 1160
Region

Veneto 11.9% 44.2% <0.0001 0.0% 10.4% <0.0001 16.5% 34.6% <0.0001

Lombardy 77.4% 18.8% 99.3% 84.4% 76.1% 26.3%

Latium 10.6% 27.6% 0.7% 5.2% 3.3% 32.9%
Sardinia 0.1% 9.5% 0.0% 0.0% 4.2% 6.2%

Sex (receipt)
M 64.3% 64.0% 0.872 67.3% 67.6% 0.947 64.6% 63.4% 0.553
F 35.7% 36.0% 32.7% 32.4% 35.4% 36.6%

Age (receipt)
<50 43.1% 33.7% <0.0001 28.7% 35.5% 0.109 37.8% 38.7% 0.916
50–59 27.2% 29.1% 32.3% 26.0% 28.2% 27.9%

60+ 29.7% 37.2% 39.0% 38.5% 34.0% 33.4%

BMI (receipt)
Underweight 9.1% 5.6% 4.7% 9.5% 6.4% 7.0%

Normal 51.9% 54.2% 54.7% 48.3% 53.1% 54.7%

Overweight/obese 39.0% 40.1% 40.7% 42.2% 40.5% 38.3%
Overweight

Obese

Year of discharge
2013–2015 27.2% 46.3% <0.0001 5.3% 90.8% <0.0001 37.3% 42.2% 0.007

2016–2017 39.6% 23.9% 50.7% 7.0% 28.9% 30.2%

2018–2019 33.3% 29.8% 44.0% 2.1% 33.8% 27.7%
Transplant  
hospitalization stay

<15 days 53.9% 51.8% 0.341 53.0% 53.5% 0.897 47.3% 51.8% 0.038
≥15 days 46.1% 48.2% 47.0% 46.5% 52.7% 48.2%

Donor
Living 12.6% 13.3% 0.657 0.3% 4.0% 0.002 12.7% 14.5% 0.236
Dead 87.4% 86.7% 99.7% 96.0% 87.3% 85.5%

Sex (donor)
M 54.7% 53.1% 0.459 53.0% 54.7% 0.662 54.8% 54.1% 0.748

F 45.3% 46.9% 47.0% 45.3% 45.2% 45.9%

Age (donor)
<50 32.2% 26.7% 0.007 26.3% 34.9% 0.037 28.7% 31.3% 0.397

50–59 24.4% 23.7% 27.7% 21.1% 26.1% 24.6%

60+ 43.4% 49.6% 46.0% 44.0% 45.2% 44.1%
BMI (donor)

Underweight 4.5% 2.3% 2.3% 4.0% 2.2% 3.5%

Normal 45.0% 43.5% 55.3% 46.2% 46.3% 44.1%
Overweight/obese 50.5% 54.2% 42.3% 49.8% 51.5% 52.3%

Overweight 24.2% 25.4% 22.5% 23.3% 24.6% 25.1%

Obese 9.4% 9.7% 7.3% 10.0% 9.4% 9.3%
Presence of infections  
(donor)

12.6% 15.2% 0.076 10.3% 14.7% 0.069 12.6% 15.5% 0.033

(Continued)
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Table 2 (Continued). 

Presence of neoplasms 
(donor)

2.9% 2.6% 0.703 4.7% 5.5% 0.559 4.2% 2.8% 0.090

Indications for 
transplant

Glomerular 

nephropathies

45.4% 41.8% 0.088 48.3% 42.8% 0.262 43.4% 41.6% 0.598

Cystic nephropathies 21.2% 20.3% 18.3% 17.7% 19.8% 21.4%

Other renal diseases 33.4% 37.9% 33.3% 39.4% 36.7% 37.0%

Cirrhosis – – – – – – – – –
HCC – – – – – –

Other liver diseases – – – – – –

PRA (Panel-Reactive 
Antibody)

<80 96.4% 96.6% 0.760 97.7% 96.0% 0.242 97.3% 95.6% 0.042

80+ 3.6% 3.4% 2.3% 4.0% 2.7% 4.4%
Score MELD (Model for 
End-stage Liver Disease)

0–24 – – – – – – – – –
25+ – – – – – –

Charlson index
0–1 82.8% 81.1% 0.604 80.3% 82.3% 0.300 78.8% 81.1% 0.420
2 13.8% 15.3% 16.7% 13.1% 17.4% 15.5%

3+ 3.4% 3.6% 3.0% 4.6% 3.8% 3.4%

Comorbidities/ 
comedications

Cancer 6.7% 7.3% 0.561 5.7% 5.5% 0.930 6.3% 6.1% 0.859

Diabetes 20.0% 18.6% 0.398 19.3% 18.7% 0.829 19.9% 17.8% 0.216
Thyroid disease 11.8% 15.0% 0.032 9.7% 9.5% 0.937 10.2% 15.0% 0.001

Lipid metabolism 

disorders

3.8% 5.8% 0.031 6.0% 5.5% 0.790 4.8% 5.8% 0.307

Cardio-cerebrovascular 

diseases

22.2% 23.7% 0.426 25.7% 22.6% 0.374 22.8% 21.5% 0.462

Hypertension 89.8% 93.2% 0.004 92.7% 90.8% 0.404 91.1% 92.2% 0.360
Depression 4.7% 5.9% 0.243 4.3% 4.9% 0.739 4.8% 5.9% 0.269

Infections 11.0% 7.4% 0.003 13.3% 20.8% 0.013 13.2% 9.6% 0.008

Anticoagulants 12.5% 12.2% 0.845 5.3% 8.9% 0.087 10.7% 11.9% 0.377
Antiplatelet 32.2% 33.0% 0.676 28.7% 30.3% 0.659 28.3% 34.1% 0.004

Statins 41.0% 47.2% 0.004 49.7% 44.3% 0.182 43.4% 45.0% 0.468

B. Liver

Liver

Tac CsA MMF

Generic Branded Pvalue Generic Branded Pvalue Generic Branded p value

N, % 525 993 47 176 333 329
Region

Veneto 18.9% 20.7% <0.0001 0.0% 2.3% 0.2970 

(warning)

12.6% 16.7% <0.0001
Lombardy 64.0% 39.7% 100.0% 97.7% 52.0% 4.0%

Latium 13.7% 27.0% 0.0% 0.0% 31.8% 41.3%

Sardinia 3.4% 12.6% 0.0% 0.0% 3.6% 38.0%

(Continued)
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Table 2 (Continued). 

Sex (receipt)
M 78.5% 81.0% 0.248 85.1% 78.4% 0.310 75.1% 83.3% 0.009

F 21.5% 19.0% 14.9% 21.6% 24.9% 16.7%
Age (receipt)

<50 18.5% 23.2% 0.088 8.5% 14.2% 0.067 21.6% 24.6% 0.096

50–59 43.4% 42.4% 48.9% 52.3% 39.3% 44.4%
60+ 38.1% 34.4% 42.6% 27.8% 39.0% 31.0%

BMI (receipt)
Underweight 1.9% 2.1% 2.1% 2.8% 2.4% 1.8%
Normal 45.1% 43.0% 44.7% 45.5% 43.5% 41.6%

Overweight/obese 53.0% 54.9% 53.2% 51.7% 54.1% 56.5%

Overweight
Obese

Year of discharge
2013–2015 17.5% 45.2% <0.0001 0.0% 90.9% <0.0001 27.3% 43.8% <0.0001
2016–2017 46.9% 27.2% 57.4% 6.3% 34.5% 33.4%

2018–2019 35.6% 27.6% 42.6% 2.8% 38.1% 22.8%

Transplant 
hospitalization stay

<15 days 20.2% 36.7% <0.0001 38.3% 18.2% 0.003 15.6% 43.5% <0.0001

≥15 days 79.8% 63.3% 61.7% 81.8% 84.4% 56.5%
Donor

Living – – – – – – – – –

Dead 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
Sex (donor)

M 57.7% 56.9% 0.760 55.3% 59.1% 0.641 55.6% 54.4% 0.767

F 42.3% 43.1% 44.7% 40.9% 44.4% 45.6%
Age (donor)

<50 23.0% 25.9% 0.366 14.9% 23.3% 0.455 25.8% 29.2% 0.530

50–59 17.1% 17.9% 19.1% 18.2% 17.7% 18.5%
60+ 59.8% 56.2% 66.0% 58.5% 56.5% 52.3%

BMI (donor)
Underweight 1.3% 2.2% 0.0% 1.7% 3.0% 2.1%
Normal 45.0% 42.3% 40.4% 38.6% 45.0% 44.1%

Overweight/obese 53.7% 55.5% 59.6% 59.7% 52.0% 53.8%

Overweight 25.9% 26.8% 26.7% 26.0% 25.9% 26.9%
Obese 9.0% 8.9% 10.7% 11.4% 8.3% 8.1%

Presence of infections 
(donor)

10.9% 14.9% 0.037 10.6% 10.8% 0.927 11.1% 20.4% 0.021

Presence of neoplasms 
(donor)

7.0% 5.9% 0.384 2.1% 5.1% 0.3762 

(warning)

6.0% 6.4% 0.833

Indications for 
transplant

Glomerular 

nephropathies

– – – – – – – – –

Cystic nephropathies – – – – – –

Other renal diseases – – – – – –

Cirrhosis 25.3% 24.2% 0.868 9.3% 21.0% 0.0374 
(warning)

27.1% 28.1% 0.789
HCC 35.4% 35.9% 53.3% 41.3% 33.6% 32.6%

Other liver diseases 4.3% 4.2% 0.0% 0.4% 5.1% 4.3%

(Continued)
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transplantation, the lower numerosity in terms of patients and outcomes reduced the statistical power of the study; in 
particular, it was not possible to compare generic versus branded in CSA users (the number of CsA generic users was 47) 
and to estimate the risk of rejection between generic and branded in MYC users (9 individuals had the outcome). For all 
other comparisons, no statistically significant difference was found, although a protective role of generics in TAC seems 
to emerge in term of mortality (0.55 95% CI 0.29–1.04) and rejection (0.70 95% CI 0.30–1.62), and a potential mortality 
risk seems related to generic MYC (1.88 95% CI 0.91–3.92).

Similar results were obtained when including immunosuppressive therapies used in combination with the exposure in 
the adjustment models (Table 4). The table in the supplementary materials shows the therapeutic combinations prescribed 
in the 30 days post-transplant (index therapy) in the cohort of kidney and liver recipients (Table S1).

Economic Evaluation
Taking into consideration the national average price per DDD as shown in Figure 7, we calculated the following savings 
associated with one year of treatment: €1995 for TAC, €1858 for CsA, and €2358 for MYC. These savings can exceed 
€4000 in the case of dual therapy involving calcineurin inhibitors and MYC.

Discussion
The findings of this retrospective study provide valuable insights into the trends in the utilization of generic and branded 
immunosuppressive drugs among kidney and liver transplant recipients in Italy. The analysis revealed a significant shift 

Table 2 (Continued). 

PRA (Panel-Reactive 
Antibody)

<80 – – – – – – – – –

80+ – – – – – –
Score MELD (Model for 
End-stage Liver Disease)

0–24 83.4% 80.7% 0.186 95.7% 88.6% 0.1465 

(warning)

75.4% 76.9% 0.646

25+ 16.6% 19.3% 4.3% 11.4% 24.6% 23.1%

Charlson index
0–1 34.1% 32.3% 0.028 14.9% 24.4% 0.362 32.4% 33.1% 0.981

2 51.2% 47.4% 57.4% 52.8% 46.8% 46.5%

3+ 14.7% 20.2% 27.7% 22.7% 20.7% 20.4%
Comorbidities/ 
comedications

Cancer 3.8% 4.9% 0.317 2.1% 2.8% 0.7883 
(warning)

3.6% 4.9% 0.421

Diabetes 47.4% 39.2% 0.002 44.7% 47.7% 0.710 42.6% 33.7% 0.018

Thyroid disease 5.1% 5.3% 0.872 4.3% 6.8% 0.5199 
(warning)

6.3% 7.6% 0.513

Lipid metabolism 

disorders

3.0% 4.9% 0.084 6.4% 1.1% 0.0309 

(warning)

6.6% 6.4% 0.907

Cardio-cerebrovascular 

diseases

15.4% 15.1% 0.868 19.1% 15.9% 0.596 16.5% 15.5% 0.722

Hypertension 81.7% 81.4% 0.869 70.2% 78.4% 0.238 84.7% 87.5% 0.289
Depression 5.3% 5.9% 0.628 2.1% 8.5% 0.1312 

(warning)

3.6% 6.4% 0.100

Infections 11.0% 9.4% 0.298 10.6% 14.2% 0.524 11.7% 11.6% 0.948
Anticoagulants 12.2% 13.1% 0.617 19.1% 12.5% 0.242 12.3% 12.2% 0.952

Antiplatelet 5.3% 4.4% 0.432 0.0% 2.8% 0.2425 

(warning)

3.3% 4.3% 0.521

Statins 13.9% 14.6% 0.713 10.6% 11.4% 0.889 11.7% 14.9% 0.228
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towards the utilization of generic medications over the study period, suggesting a positive impact of national recom
mendations on the use of generics within a vulnerable population like transplant patients. The exploration of clinical 
outcomes or adverse events associated with the use of generic and branded immunosuppressants suggesting a similar 
risk-benefit profile for TAC, CsA and MYC. As already shown in USA20 generic products have the potential to reduce 
costs for the healthcare system; our findings showed that opting for generic immunosuppressant during the maintenance 
phase would lead to estimated economic savings amounting to approximately 2000 euro in one year for person, which 
then becomes 4000 in the case of dual therapy of generic immunosuppressants such as calcineurin inhibitors plus MYC. 
This is interesting considering that the report published in 2022 on the use of drugs in Italy21 showed immunosuppres
sants as one of the most expensive categories of medication together with oncological drugs. On the other hand, it should 
be taken into account that the cost savings derived by generic use may be associated with additional expenses related to 
increased monitoring or clinical visits,22 for these reasons it appears important also from an economic point of view to 
produce evidence on the efficacy and safety profile of generic medication that enables practitioners to use it safely.

One notable observation was the comparable proportion of patients receiving generic TAC in both kidney and liver cohorts, 
indicating a widespread acceptance and adoption of generic TAC. On the other hand, there were variations in the usage of generic 
CsA and MYC between the kidney and liver cohorts. The kidney cohort showed a higher proportion of generic CsA users, while 
the liver cohort exhibited slightly higher usage of generic MYC. However, the increasing proportion of patients using generic 
immunosuppressive drugs over time suggests a growing acceptance of generics within the transplant community.

A noteworthy finding is the regional variation in the utilization of generic immunosuppressants, particularly in 
Lombardy. The higher proportion of patients treated with generic drugs in Lombardy, across all immunosuppressive 
agents and both cohorts, suggests regional factors such as healthcare policies or local preferences, even at hospital level, 
influencing prescribing practices.

Table 3 Proportion of Patients Treated with Generic Version for TAC, CsA and MYC Over Time by Region in Kidney 
and Liver Transplantation

Kidney Liver

TAC 2013 2014 2015 2016 2017 2018 2019 2013 2014 2015 2016 2017 2018 2019

Veneto 1.9 0.9 5.4 26.1 25.0 15.4 14.5 3.6 0.0 40.0 54.3 43.3 37.5 28.6

Lombardy 33.9 60.8 68.5 82.2 82.1 70.5 76.0 3.0 27.8 33.7 48.2 78.7 63.1 42.5

Lazio 3.4 6.2 16.7 29.3 30.8 12.2 13.8 0.0 5.4 22.2 34.4 41.3 23.5 13.0

Sardegna 0.0 0.0 0.0 4.2 0.0 0.0 0.0 7.1 4.5 0.0 0.0 0.0 5.3 100.0

CsA 2013 2014 2015 2016 2017 2018 2019 2013 2014 2015 2016 2017 2018 2019

Veneto 0.0 0.0 0.0 0.0 0.0 0.0 0.0 – 0.0 0.0 – – – 0.0

Lombardy 0.0 0.0 19.5 89.6 94.3 97.5 96.4 0.0 0.0 0.0 58.3 92.9 81.3 87.5

Lazio 0.0 0.0 0.0 33.3 0.0 – 100.0 – – – 0.0 – – –

Sardegna – – – – – – – – – – – – – –

MYC 2013 2014 2015 2016 2017 2018 2019 2013 2014 2015 2016 2017 2018 2019

Veneto 33.8 42.7 34.7 31.3 23.3 16.1 22.9 66.7 28.6 23.1 50.0 35.7 47.6 61.5

Lombardy 50.0 72.7 64.0 69.8 77.5 80.8 79.5 33.3 94.7 100.0 100.0 100.0 100.0 100.0

Lazio 14.8 7.8 3.7 14.9 8.2 0.0 2.6 34.5 29.0 39.4 68.2 50.0 45.5 30.6

Sardegna 0.0 0.0 0.0 12.5 0.0 61.9 100.0 0.0 0.0 0.0 0.0 0.0 5.9 100.0

Notes: Three distinct colors were used: blue for tacrolimus, yellow for cyclosporine, and green for mycophenolate. A more intense color indicates 
a greater usage of generic form.
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Figure 3 (A-C) Hospital variability in patients treated with generic drugs by active ingredient in kidney and liver transplantation.
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The analysis also identified demographic and clinical factors associated with the use of generic medications. Generic 
TAC therapy was more commonly prescribed to younger kidney recipients, potentially due to cost considerations and the 
desire to enhance long-term adherence. In contrast, generic CsA and MYC were predominantly observed in older liver 
recipients, possibly reflecting a more cautious approach in this patient population. Another possible explanation for these 
associations could be due to the central role of the hospital in defining the therapy. Indeed, the observed differences in 

Figure 4 Proportion of patients changing drug version within one year from starting therapy by active ingredient in kidney and liver transplantation.

Figure 5 Proportion of patients changing drug version within two years from starting therapy by active in kidney and liver transplantation.

Figure 6 Risk-benefit profile of generic versus branded by active ingredient in kidney and liver transplantation.
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transplant characteristics between generic and branded users could reflect the different case mix of patients per hospital 
and different immunosuppressive strategies in terms of active agents, version and formulations per hospital.

The observed patterns of switching between generic and branded drugs within the first year of treatment indicate 
a higher rate of switching from generic to branded medications compared to vice versa. This phenomenon was 
particularly pronounced in TAC users in both cohorts and can be partially explained with a switching of formulation 
from TAC IR to PR, it is plausible that the switch to once-daily administration of TAC may improve patient compliance; 
it may also reflect some practitioners’ hesitancy in using generic TAC given that TAC is a narrow therapeutic index 
medication, whereas MYC is not; this is confirmed by the relatively smaller difference in switching rates observed for 
MYC users.23,24 The narrow therapeutic index status may imply severe risk of adverse clinical consequences in case of 
subtherapeutic or toxic drug concentrations25,26 and require particular attention until therapeutic equivalency is confirmed 
in clinical practice. The switch from generic to branded drugs can be also related to other factors, such as: - minor and 
unreported adverse reaction; - A dubious attitude from both patients and physicians regarding generic drugs, or - switch 

Table 4 Sensitivity Analysis Adjusting for Immunosuppressive Therapies Used in Combination with the Exposure

Kidney Liver

Tac

HR (IC 95%) HR (IC 95%) HR (IC 95%) HR (IC 95%) HR (IC 95%)

OUTCOMES
Mortality 1.46 (0.82–2.61) 1.39 (0.56–3.44) 1.14 (0.64–2.02) 0.56 (0.29–1.07) 1.82 (0.87–3.82)

Rejection/Graft loss 1.24 (0.72–2.16) 2.11 (0.94–4.75) 1.20 (0.70–2.06) 0.69 (0.30–1.59) not estimable
Severe infections 1.05 (0.82–1.36) 1.36 (0.90–2.06) 0.99 (0.77–1.26) 1.61 (0.99–2.61) 1.05 (0.49–2.23)

Diabetes 1.41 (0.98–2.03) 1.39 (0.64–3.04) 1.11 (0.74–1.69) 0.71 (0.40–1.25) 0.61 (0.26–1.45)

MACE 0.92 (0.57–1.46) 0.49 (0.18–1.29) 0.68 (0.42–1.10) 1.13 (0.59–2.16) 0.51 (0.18–1.43)
Statins 0.86 (0.66–1.11 1.08 (0.66–1.78) 1.09 (0.83–1.42) 0.72 (0.51–1.03) 0.79 (0.49–1.29)

Figure 7 Saving of one year of immunosuppressive therapy with generics compared to branded.
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due to a different choice in the purchase of the drug by the health facility as a result of competitive bidding, or due to 
problems of shortages and unavailability.

The analysis of generic versus branded immunosuppressants’ efficacy and safety profiles aligns with previous studies, 
affirming a consistent risk-benefit equivalence between generic and branded formulations among users of CsA27–31 and 
TAC.7,32–35 These results suggest that clinicians may consider generic formulations as viable alternatives to their branded 
counterparts without compromising patient outcomes. Further, for liver transplantation a potential protective role of TAC 
generics compared branded was detected for mortality and rejection, even if the risks were not statistical significantly, 
this finding is in line with the review of Kahn and colleagues9 that suggests lower biopsy-proven acute rejection risk with 
generic TAC for de novo use in liver setting. However, as suggested by authors some risk of bias could affect the 
estimate. The potential difference between generic and branded shown for MYC users in liver recipients was not 
statistical significantly and do not find consensus in literature.36 It is probable that the low numerosity of events as 
well as the presence of residual confounding may have played a role in the estimate validity. Further, the narrow 
therapeutic index of TAC and the aforementioned reluctance among physicians may introduce a bias favoring the 
prescription of generic TAC in individuals perceived as having a lower risk of experiencing side effects or deemed more 
likely to tolerate variations in drug response.

Strengths and Limitations
The primary strength of this study lies in the accessibility of data regarding four regions, which collectively represent 
Northern, Central, and Southern Italy. Additionally, the study benefits from a robust sample size achieved across the 
diverse groups, enhancing the statistical power and reliability of the findings.

However, it is important to consider some limitations of this study. Firstly, being a retrospective analysis, it is subject 
to inherent biases and limitations associated with such designs. However, real-world data provided by observational 
studies have been extensively utilized to study various aspects of healthcare, including drug utilization, safety, compara
tive effectiveness, cost, and cost-effectiveness. Despite the inherent limitations of observational studies not being 
randomized controlled trials, they still offer valuable insights and evidence from real-world scenarios.

Secondly, even though the safety-effectiveness analysis revealed no significant differences between branded and generic 
drugs, the use of administrative data leaves room for the existence of unobserved clinical factors; our data only allow us to 
observe severe therapy-related effects that have required the use of healthcare services, yet there may be additional side- 
effects that do not manifest in hospitalization/medication use or emergency-room visits, thus eluding our observation.

Finally, the study focused on a specific context and timeframe, and the generalizability of the findings to other 
country as well as other time periods should be examined. However, our analysis includes four major Italian 
regions, which collectively account for more than 45% of transplantation activities. These regions provide 
a significant representation of the transplantation landscape in Italy. As previously mentioned, our study marks 
an initial endeavor to examine the utilization of generic drugs in Italy, revealing a pronounced interregional 
variability. These findings can represent an opportunity to engage policymakers and prescribers in a dialogue 
regarding this variability, serving as a starting point for exploring its underlying motivations.

Conclusion
This study sheds light on the trends in the utilization of generic and branded immunosuppressive drugs in kidney and liver 
transplant recipients in Italy and demonstrates that the two options of TAC, CsA and MYC exhibit comparable risk-benefit 
profiles. The increasing use of generic medications over time highlights the importance of cost-effectiveness and accessibility 
in transplantation care; also, our findings provide clinicians with valuable insights to guide evidence-based decision-making 
in immunosuppressive therapy. While the economic advantages of generic immunosuppressants are evident, clinicians 
should balance this with a commitment to optimizing the overall well-being and long-term outcomes of transplant recipients. 
In this context, the results on the comparison between branded and generic drugs in real-world setting can empower 
healthcare providers to make informed decisions when tailoring immunosuppressive therapy to individual patients.

Future research should explore factors driving regional disparities in prescribing practices and examine in depth 
the specific patient subpopulations that may benefit more from one therapeutic option over the other for 
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contributing to the evolution of guidelines that promote a comprehensive and patient-centered approach in 
transplant medicine.
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