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In recent decade the number of organ, including kidney, 
transplantations both from dead and living donor has noticeably increased. 
Kidney transplantation is the gold standard of treatment of the patients at 
thermal chronic renal insufficiency stage [2].  

In view of increasing numbers of patients with transplanted kidney, 
it is a compelling task to protect kidney transplant from chronic damage 
(rejection) and thereby improve remote post-transplantation results 
by way of changing the paradigm of post-transplantation immune 
suppression (IS)  [2, 3].    

In view of the above-said we put forward the following task: on the base 
of available research data and the results of the specialized symposia to 
substantiate the possibility of using mTOR (mammalian target of rapamycin) 
as a component of strategy promoting improvement of separate results of 
kidney transplantation by protecting transplant from chronic rejection.  

It is known that chronic rejection, proceeding against in the form of 
chronic transplantational nephropathy, interstitial necrosis and chronic 
allograft nephropathy / interstitial fibrosis and tubular atrophy (CAN / IFTA) 
and late transplant death are primarily determined by the autoimmune 
activity [2]. 

One of the main reasons of the development of transplant loss is the 
weakening of immunosuppression due to termination or minimization of 
therapy with calcineurin inhibitors in order to diminish their nephrotoxicity.

At present special attention has been paid to the use of mTOR 
inhibitor everolimus (Sertikan, Novartis) for creating safe effective 
immunosupression protocol with appropriate diminution of CNI exposition 
allowing improve remote results of kidney transplantation.

The review presents the results of clinical use of mTOR inhibitors, 
among them everolimus, in immunosuppressive therapy regimens. It has 
been established that immunosuppressive therapy regimens including 
mTOR inhibitors are preferred in patients with high and moderate risk of 
graft loss. 

The analysis of the clinical use of mTOR inhibitors has provided 
evidence for comparative incidence rate of wound complications and 
terms of surgical wound healing in the treatment with everolimus and the 
routine therapy.

The results of the clinical trials have evidenced that minimization of 
therapy with calcineurin inhibitors and switching patients to everolimus 
allows for improvement of remote results of kidney transplantation both, 

ABSTRACT

The review presents the results of clinical use of mTOR inhibitors, Everolimus in particular, in the immunosuppressive therapy regimens. 
It has been established that immunosuppressive therapy regimens including mTOR inhibitors are preferred in patients with high and 

moderate risk of transplant loss. Analysis of the clinical use of mTOR inhibitors has provided evidence of comparative frequency rate of wound 
complications and terms of surgical wound healing in the treatment with everolimus and routine therapy. 

According to the data of clinical trials, minimization of calcineurin inhibitors therapy and switching to everolimus improves remote results 
of kidney transplantation both, owing to a reduced risk of nephrotoxic calcineurin inhibitors, anti-tumor and antiviral effects.
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at the expense of a reduced risk of nephrotoxic effect of calcineurin 
inhibitors, and owing to anti-tumor and antiviral effects.

The works of J. M. Campistol show a possibility of optimization 
of immunosuppression protocols by using mTOR inhibitors [1]. The 
results of 13 completed investigations enrolling 6,000 patients with 
kidney transplant treated with everolimus give evidences for equal 
effectiveness and safety of its clinical application in the case of NCI 
termination or minimization. It is noteworthy that mTOR inhibitors similar 
to everolimus produced the significant pleiotropic (apart from immune 
suppressive) action like decrease of the cardiovascular diseases (CVD) 
and opportunistic virus infections. Also, an antitumor action of these 
drugs was noted [1, 8] that increases their value considerably.  

The author notes the possibility and perspective for early 
administration of the mTOR inhibitors such as everolimus since they 
significantly decrease chronic rejection and increase the length of 
kidney transplant functioning.  Further it is stressed that with the use of 
calcineurin inhibitors (CNIs) and mycophenolate mofetil (MPM) acute 
tear-off of the transplant occurs more rarely (in comparison with mTOR 
inhibitors). However long-term overall survival of kidney allotransplant is 
not increased in view of developing CAN / IFTA and patient’s death with 
functioning transplant.

As has been found the morphological signs of CAN / IFTA (IFTA, 
atherosclerosis and glomerulosclerosis) in combination with clinical and 
laboratory parameters (increased creatinine level, arterial hypertension 
and proteinuria) were fixed in one-third cases of transplant death or 
rejection.  Noteworthy, the main factors of a risk of CAN / IFTA development 
(importantly, resultant of CNI therapy) include an acute rejection during 
first post-transplantation year, late beginning of transplant functioning 
and virus infections.  

Apart from this, the presence of cytomegalovirus infection is one of 
the triggering mechanisms in the CAN / IFTA development at the expense 
of specific inflammatory process and immune response enhancement, 
while the BK-virus mediated can be the cause of transplant death.

Besides, half of the transplant deaths in the CNIs-treated patients are 
conditioned by the recipient’s death due to the primary malignant process 
or CVD developing post-transplantation.

The risk of CVD, caused by chronic renal insufficiency at pre-
transplantation period, grows in connection with CNI application that 
causes arteriole spasm and diabetes mellitus onset. 

It has been found that CNI application increases the frequency of 
oncologic pathology onset during post-transplantation period, possibly, 
due to induction of DNA breaks and depression of the mechanisms of 
their reparation. 

Thus, the high risk of development of CAN / IFTA, CVD and 
malignancies resulting from CNI intake presents serious substantiation of 
reduced length of CNI intake or refusal. 

In the opinion of J. M. Campistol, the mTOR sirolimus and everolimus 
can in large measure resolve the problem of CNI negative action [1].

The earlier clinical investigations demonstrated that late transfer of 
patient with kidney transplant (6-12 months) from CNI onto sirolimus 
promoted improvement of kidney transplant functioning.

The author proposes that in order to minimize CNI nephrotoxicity, 
the patients with kidney transplant be switched earlier onto mTOR 
inhibitors thus reducing the risk of the appearance of kidney transplant 
dysfunctioning.  Moreover, earlier switch onto mTOR inhibitors decreases 
the risk of development of CVD, virus infections and malignancies. 

Positive characteristics of mTOR inhibitors are primarily determined 
by the mechanism of their action, namely, inhibition of IL-2-stimulated 
T-cell proliferation. Apart from this, the mTOR inhibitors block proliferation 
of hematopoietic and non-hematopoietic cells, including smooth muscle 
cells of vessels and bronchi, induced by growth factors, and depress 
p70S6 kinase activation that leads to blocking of the cell cycle during 
transition from phase G1 to phase S.

The mTOR inhibitors are metabolized involving CYP3A isoenzyme of 
cytochrome P450 and serve the substrate for P-glycoproteins. Therefore, 

when administering everolimus in combination with cyclosporine A 
drugs it essential to remember about increase and prolongation of its 
concentration in the blood serum (such interaction with tacrolimus is 
not seen). 

No less important fact is that the period of half-elimination of mTOR 
inhibitors, that is the half-life of everolimus vs. sirolimus is shorter 
(28 and 62 hours, respectively) and therefore injection of load dose 
for everolimus is not required; and the balancing state with its use is 
reached quicker [6]. 

S. Vitko and coauthors report additional data showing that everolimus 
better maintains transplant functioning prior to CAN / IFTA development 
or at its early stage. On the base of large clinical material the author 
concludes that early administration of everolimus decreases development 
of infections by cytomegalovirus and BK virus, malignancies and CVD.

Apart from this, the author suggests the strategy of management 
of adverse effects of the mTOR inhibitors, including proteinuria and 
dyslipoproteinemia, mentioning that mTOR inhibitors more frequently 
enhance available proteinuria rather than cause its appearance.

In the cases of the mTOR inhibitors- mediated proteinuria, the 
angiotensin-converting enzyme inhibitors or blockers of angiotensin 
receptors can be effective while the statins are administered for 
dyslipoproteinemia elimination. Should their effect be insufficient, it is 
recommended that the dose of mTOR inhibitors be reduced or mTOR 
inhibitor be replaced for cyclosporine A or tacrolimus. Replacement of 
CNI for mTOR inhibitors is not recommended at proteinuria of more than 
800 mg/dl.

The results of the randomized multicenter trials indicate the absence 
of differences in the terms of kidney transplant function appearance, 
post-operation wound healing and 3-month tolerance of mTOR inhibitors 
preparations in the groups of patients administered mTOR inhibitors both 
at early terms and at 4 weeks following transplantation. These and other 
research findings decrease clinicians’ concern relative possible effects of 
everolimus on wound healing.

There are published data giving a detailed description of several 
high-quality clinical investigations dealing with the use of everolimus 
for minimization of cyclosporine A and tacrolimus application [6]. The 
authors present the convincing data showing that the everolimus therapy 
regimen with minimization of CNI is as effective as the standard CNI-based 
therapy regimen in evaluating survivorship of allotransplant recipients 
and even more effective in evaluating kidney functioning. The fact of the 
absence of any differences in post-operation wound healing with the use 
of everolimus and mycophenolate mofetil-based immunosuppression 
schemes, with no great risk of a transplant functioning has been proved. 

Based on the results of the clinical investigations the authors think 
it necessary to use everolimus for improving remote results of kidney 
transplantation, for reducing nephrotoxicity within a framework of the CNI 
therapy minimization strategy as well as in patients with moderate or high 
risk of chronic transplant rejection [6].

H. Holdaas and coauthors describe the results of clinical investigations 
on early CNI withdrawal and subsequent administration of everolimus. The 
strategy of early CNI withdrawal envisages its primary application for the 
sake of ensuring effective immunosuppression immediately after kidney 
transplantation. This reduce a risk of acute rejection and subsequent CNI 
withdrawal for nephrotoxicity elimination [4]. In this study the patients 
were administered everolimus during first 6 months after transplantation 
with initial CNI therapy (early conversion). The patients were divides into 
three groups according to the dates of switching from CNI to everolimus: 
7 weeks, 4.5 and 6 months post-transplantation. The results obtained in 
all groups indicated that CNI therapy everolimus was effective and safe, 
bringing about improved kidney transplant functioning that is explained, 
first of all, by lesser nephrotoxic action of mTOR inhibitors. The authors 
compared the effectiveness of therapy minimization or drug withdrawal 
protocols with subsequent everolimus administration protocol. They also 
compared its safety in combination with very low doses of tacrolimus 
and the standard MMF therapy with tacrolimus (so-called standard 
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STUDY 
ACUTE REJECTION CONFIRMED BY BIOPSY, % BLOOD CYCLOSPORINE A CONCENTRATION, NG/ML

EVEROLIMUS CONTROL EVEROLIMUS CONTROL

B156 [5] 8,6 28,3 69 ± 28 110 ± 52

B201 [6] 23,2 24,0 144 ± 64 157 ± 61

B251 [7] 19,2 24,0 135 ± 103 168 ± 127

A2306* [9] 25,9 НП 81,7 ± 28,0 НП

A2307* [9] 13,7 НП 63,7 ± 30,0 НП
 

immunosupression U.S. FDA protocol). Compared were also the effects 
of late switching (after more than 12 months) from CNI onto everolimus 
on the CAN / IFTA development [4].

The results obtained indicate the expediency to use everolimus in 
various combinations and schemes as early CNI replacement therapy 
primarily for the sake of improving remote results of kidney transplantation 
and transplant protection against chronic rejection. The table presents the 
data obtained during treatment with everolimus in the dose 1.5 mg 12 
months post-transplantation.

Considering a good prospect for the use of mTOR inhibitors, there 
are plans to conduct multicenter clinical trials for studying efficacy, safety 
and tolerance of early replacement of CNI for everolimus therapy in the 
recipients aged over 65 years; everolimus prescribed immediately post- 
transplantation or after one month CNI therapy in the recipients aged over 
60 years who received kidney transplant from elderly donor (> 60 years). 
Also, mentioning should be made of the investigation carried out by Н. 
Holdaas and colleagues in which they analyzed the cardiovascular effects 
and risk factors during a prolonged treatment with everolimus and CNI [4]. 

Table 1. Everolimus reduces cyclosporine A dose without decreasing therapy effectiveness

CONCLUSIONS

IN VIEW OF THE GREAT NUMBER OF BASIC AND CLINICAL INVESTIGATIONS CARRIED OUT IN RECENT TIME,  WE MAY OBSERVE A TENDENCY TO 
CHANGING IMMUNE SUPPRESSIVE THERAPY SCHEMES THAT IS DETERMINED BY THE NEED OF IMPROVING LIFE QUALITY OF TRANSPLANT 
RECIPIENTS, IMPROVING TRANSPLANT FUNCTIONING AND ITS PROTECTION AGAINST CHRONIC REJECTION. THE WIDE USE OF THE mTOR 
INHIBITORS IN IMMUNE SUPPRESSION THERAPY SCHEMES IS PERSPECTIVE AND SAFE, PROMOTING BOTH IMPROVEMENT OF KIDNEY 
TRANSPLANTATION OUTCOME AND PROLONGATION OF  TRANSPLANT FUNCTIONING. 

REFERENCES

1. Campistol JM. Minimizing the risk of posttransplant malignancy. Transplantation. 2009; 87(suppl. 8):19–22.

2. Campistol JM, Boletis IN, Dantal J, et al. Chronic allograft nephropathy – a clinical syndrome: early detection and the potential role of proliferation signal inhibitors. 
Clin. Transplant. 2009; 23(3):769–777.

3. Arias M, Serón D, Moreso F, et al. Chronic renal allograft damage: existing challenges. Transplantation. 2011; 91(9):4–25.

4. Holdaas H, Bentdal O, Pfeffer P, et al. Early, abrupt conversion of de novo renal transplant patients from cyclosporine to everolimus: results of a pilot study. Clin. 
Transplant. 2008; 22(3):366–371.

5. Nashan B, Curtis J, Ponticelli C, et al. Everolimus and reduced exposure cyclosporine in de novo renal-transplant recipients: a three-year phase II, randomized, 
multicenter, open-label study. Transplantation. 2004; 78(9):1332–1340.

6. Vitko S, Margreiter R, Weimar W, et al. Everolimus (Certican) 12-month safety and efficacy versus mycophenolatemofetil in de novo renal transplant recipients. 
Transplantation. 2004; 78(10):1532–1540.

7. Lorber MI, Mulgaonkar S, Butt KM, et al. Everolimus versus mycophenolate mofetil in the prevention of rejection in de novo renal transplant recipients: a 3-year 
randomized, multicenter, phase III study. Transplantation. 2005; 80(2):244–252.

8. Monaco AP. The role of mTOR inhibitors in the management of posttransplant malignancy. Transplantation. 2009; 87(2):157–163.

9. Tedesco-Silva HJr, Vitko S, Pascual J, et al. 12-month safety and efficacy of Everolimus with reduced exposure cyclosporine in de novo renal transplant recipients. 
Transpl. Int. 2007; 20(1):26–27.

The authors indicate no potential conflicts of interest.

Received: February 10, 2014

Accepted: February 26, 2014
ARTICLE ON THE SITE 
TRANSPLANTOLOGY.ORG



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0412044B0441043E043A043E043500200440043004370440043504480435043D04380435005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


