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Minimization of steroid therapy has always been one of the main objectives of immunosuppressive protocols after kidney transplantation, due to numerous side effects. The use of a further reduced daily dose of steroids is considered by many to be a fair compromise between toxicity and efficacy.
Unfortunately, the great inter-individual variability of the pharmacokinetics of steroids does not prevent the appearance of major side effects in a variable percentage of patients, even with the low dose used.
A drug interaction between steroids and drugs used after transplantation can also contribute to increasing daily exposure to the drug. Steroid discontinuation is still the only procedure capable of achieving the desired goal. This procedure is associated with a greater risk of acute rejection, without however reducing the survival of the transplant. It should be offered to patients at low immunological risk. Early discontinuation, during the first week of transplantation, is also the modality suggested by some guidelines, although a later suspension also offers excellent results. Induction therapy is always recommended in the case of early discontinuation.
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INTRODUCTION
Synthetic glucocorticoids were introduced in the late 1950s and are the drugs used for the longest time after kidney transplantation. At first, prednisone, or its equivalent, was administered once or twice a day, at a dose of 15 mg.1 The first studies immediately documented two important aspects related to their clinical use: The first was that steroids were effective in preventing acute rejection only when used in combination with other drugs, and not when used alone. The second one concerned the appearance of serious side effects when used for a longer period of time. The latter problem was so important that it became the subject of many studies, and soon new therapeutic schemes were proposed with the aim of containing this problem that reduced the quality of life of patients.2 It was reported in a study that there is no consensus on what the minimum required dose of steroid should be, the minimum dose required may differ from subject to subject and gradual steroid reduction leads to an increased risk of acute rejection.3
The appearance of cyclosporine gave rise to a new line of clinical research based on the possibility of implementing immunosuppressive protocols without steroids.4 This was immediately received with great interest by clinicians because it allowed to eliminate, or reduce, the known side effects related to the prolonged use of the steroid.5 There is no doubt that steroid-free protocols increase the risk of acute rejection.6 Unfortunately, they do not even reduce patient mortality, as expected, given the significant reduction of some of the main risk factors for cardiovascular disease, always reported in these cases.7 On the basis of this evidence, steroid-free protocols today must have, as the only main objective of avoiding the known side effects, in order to improve the patient’s quality of life. At this point, the problem arises of what is the real incidence and severity of these side effects today. Today, compared to past decades, the daily dosage of prednisone or its equivalent has gradually decreased. Therefore, it is questionable whether such a low dose is in any case toxic for the patient or is free from important side effects.
A study showed that 5 mg of steroid per day, compared to discontinuation, did not increase the risk of diabetes mellitus.8 This conclusion confirmed a previous study that evaluated the effect of different doses of steroid on peripheral insulin resistance, also in renal transplant patients. The study showed that insulin sensitivity improved with the gradual reduction of doses.9 However, these results were contradicted by another study, published in 2016.10 Even low doses of steroid can affect the onset of diabetes, especially if taken for a long period of time, and if taken in combination with other pro-diabetic drugs.11 Another side effect that could benefit from the discontinuation of the steroid concerns bone pathology, in particular osteoporosis. As is known, this pathology carries a high risk of spontaneous vertebral or peripheral fractures, with serious repercussions on the patient’s quality of life.
It is agreed that the greatest loss of bone density occurs during the first 6-12 months of transplantation, a period in which steroid doses are usually higher.12 It has been calculated that avoiding the steroid can significantly reduce the risk of osteoporosis, but not eliminate it completely, given the pathogenetic role played by other factors.13 In one study, it was documented that a daily dose between 2.5-7.5 mg corresponded to an increased risk of 18% for peripheral fractures, and 54% for vertebral fractures.14
Thus, using low doses of the steroid reduces the risk of osteoporosis, but it cannot be argued that it is equivalent to not using it at all. On the contrary, the increase in risk remains significant even at low doses and will probably be even greater in the categories of more exposed subjects. Another finding that emerged from this study is that the risk of steroid-induced fractures does not increase during the course of therapy, and rapidly decreases after its discontinuation.15 Another aspect to focus on is offered to us by daily clinical practice. It is common experience that the same steroid dose, even if low, can have very different side effects from patient to patient. This evidence should suggest the need to tailor the steroid dose.
In the field of transplantation, the two most commonly used synthetic glucocorticoids are prednisone and prednisolone. The latter is the main corticosteroid present in plasma and is the only one capable of crossing the cell membrane and producing the expected pharmacological effects. Prednisone and prednisolone both have rapid intestinal absorption both have a high bioavailability. After transplantation, the elimination of prednisolone is slowed down by the concomitant use of several drugs. The elimination of the drug is not constant, it decreases after the first year.16 These pharmacokinetic notes document the complexity of steroid metabolism which corresponds to a wide inter-individual variability, and consequently a different toxicity from subject to subject. Many studies, especially in the past, have evaluated whether there was a correlation between the degree of exposure to prednisolone and the occurrence of one or more side effects. In this context, one of the most investigated complications was Cushing’s Syndrome. It has been hypothesized that the appearance of these manifestations could depend on greater exposure to the drug, despite equally low daily doses. In some patients, smaller doses are sufficient to obtain the desired pharmacological effect. In fact, some pharmacokinetic studies have confirmed a correlation between high exposure to prednisolone, and the appearance of Cushing-like side effects.17 These findings, of certain clinical relevance, were confirmed18-20, but also denied by some studies21-23, and therefore the problem remains open to different interpretations. Greater steroid exposure was also reported in subjects who developed diabetes after transplantation.24 Pharmacodynamic studies carried out on cultures of peripheral lymphocytes have also found a very different sensitivity to the action of the steroid from subject to subject. Consequently, different doses of the drug should be required to achieve the same pharmacological effect.25 All these aspects show us the complexity of the problem, and how the empirical reduction of the dose of prednisolone alone cannot guarantee the same efficacy and safety for all patients.
All clinical studies that have dealt with the discontinuation of the steroid have always excluded patients at high immunological risk. However, a recent meta-analysis reported results in favor of steroid discontinuation even in subjects considered to be at high immunological risk.26 GN-IgA is also considered as a contraindication to the steroid discontinuation. An association was reported between steroid discontinuation and an increased risk of GN-IgA recurrence.27 Subsequently, many other studies have confirmed this finding28-30, while a few others have excluded it.31 The ABO-incompatible living
transplantation represents one of the contraindications to steroid-free therapy as it is considered to be at greater risk of acute rejection. Today we know that late discontinuation has an undoubted advantage, that of selecting patients to discontinue the steroid, and this results in a lower incidence of acute rejection compared to early discontinuation.32 The selection consists in excluding from discontinuation the patients with one or more episodes of acute rejection, or those impaired or unstable renal function.
In some protocols, a follow-up renal biopsy is also provided before discontinuation of the steroid.33
In clinical practice, the late discontinuation of the steroid results in greater difficulty in outpatient management of the patient, precisely in a period in which simplification of monitoring procedures should be applied instead. Early discontinuation allows to avoid many of the limitations reported above and, therefore, simplifies the clinical management of the patient, in the context of, as already mentioned, a greater risk of acute rejection. However, in early discontinuation episodes, acute rejection occurs mainly during the first month, when outpatient checks are frequent and, therefore, without repercussions on normal procedures. Today, early discontinuation is preferred to immediate discontinuation because it facilitates the clinical management in the immediate post-transplantation period and reduces the risk of acute rejection.34 The latter point was further confirmed by a recent randomized study comparing the two different ways of avoiding steroids, with the primary objective being the incidence of diabetes, which was comparable.35
A further aspect to be considered concerns the necessity or not of induction therapy in candidates for steroid discontinuation after transplantation. Induction therapy is strongly recommended by current guidelines in cases of early steroid discontinuation36 and has always been included in all proposed protocols over the years. In cases of late discontinuation, this recommendation does not apply, although it may be useful in increasing the percentage of subjects eligible for discontinuation, due to a likely lower incidence of acute rejection and better renal function.
CONCLUSION
The results obtained do not allow to reach a single and definitive conclusion, due to the many aspects involved, and to which more or less importance can be given. In summary, however, it can be stated that steroid toxicity is a complex effect that is difficult to measure with a single parameter. High inter-individual variability of prednisolone pharmacodynamics should suggest personalization of therapy. The reduction of the daily dose of prednisone or its equivalent has certainly reduced the degree of toxicity of the drug, but it has not eliminated the problem of side effects and their impact on the quality of life of many patients and on their cardiovascular risk profile. The best solution to the problem could be offered by the discontinuation of the drug, which is possible in many patients classified as patients at low immunological risk. In these patients, the increased risk of acute rejection may be largely offset by the benefits deriving from the absence of steroid toxicity.
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