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INTRODUCTION

Two very relevant facts were observed from the
first studies conducted with Rapamycin or Sirolimus
(SRL) in renal transplantion (RT): 1) the virtual ab-
sence of SRL-induced nephrotoxicity1 and 2) the si-
nergistic effect of calcineurin inhibitor (CNI)-induced
nephrotoxicity, which complicates the association
and forces, at the least, using lower doses of CNI if
said association is sought. A third relevant fact ob-
served in the first studies was the demonstration of
an immunosuppression potency similar to that of cy-
closporine2,3. These three facts made it necessary to
present this drug as a very promising alternative to
CNIs as a first level immunosuppressive drug in renal
transplantion.

The use of SRL was considered from the begin-
ning in two different scenarios in RT, a) from the first
moment of the transplant (de novo use) in combi-
nation with or replacing CNI drugs, or b) in the sta-
ble transplant stage, generally replacing CNIs, which
is what is referred to as conversion use, and the issue
that will be discussed in this chapter.

This conversion in turn can be considered in two
different circumstances: 1) as a procedure to try to
correct or improve a problem that arises in the trans-
plant patient, or 2) in a stable patient, who expe-
riences no problems, in order to try to prevent long-
term damage or toxicity induced by CNIs once the
initial stage of higher immunological risk has pas-
sed. Until now the first option was used in almost
all cases, although the second option is beginning
to be more strongly considered4.

The benefits of SRL that justify considering con-
version in certain patients are two-fold: 1) on one
hand, elimination of the calcineurin inhibitor, which
would prevent or slow down the toxic effects resul-
ting from it, and 2) on the other hand, the specific
additional effects of SRL, especially the proven anti-
proliferative and antineoplastic effect thereof, which

in some patients may become particularly important,
as is the case of patients who develop malignancies.

In the initial stages, even before marketing of the
product began (compassionate use), its use outside
of clinical trials began as a conversion in patients
with progressive allograft function impairment com-
patible with chronic allograft nephropathy (CAN), ge-
nerally in very advanced stages of renal damage and
with poor results. The lessons learned from these
years have been geared towards correlating the be-
nefit with the early conversion, as will be seen
below.

The indications for conversion, as well as the most
suitable time and the process for doing so, are not
yet properly defined. There are still no large studies
available that approach this issue, and there are only
small series, generally single-center, with a rather
small number of patients, most of them with retros-
pective analyses and no control group5-10. The only
multicenter study conducted, which is a prospective
and randomized conversion study of stable patients
(CONVERT study, also known as study 316), inclu-
ding a total of 830 patients, has not yet been pu-
blished and only preliminary results are available11.
Nevertheless, experience in recent years has pro-
gressively defined some of these aspects such that
most centers with more experience are progressively
homogenizing their action guidelines, and this is
what will be summarized in this chapter. A recent
editorial by Diekmann and Campistol summarizes
important issues on conversion in patients with
CAN12.

INDICATIONS FOR CONVERSION

Chronic Transplant Nephropathy / Calcineurin
Inhibitor-Induced Nephrotoxicity

As stated in the foregoing section, the primary in-
dication for conversion is the existence of CAN. This
entity, which is the main cause of graft loss after the
first year13, is the consequence of a series of factors
of an immunological origin (acute and chronic re-
jection) and non-immunological origin (donor age,
ischemic damage/reperfusion, post-transplant high
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blood pressure, hyperlipidemia, drug-induced toxi-
city), which will not be discussed in this chapter14,
but in which calcineurin inhibitor-induced nephro-
toxicity plays a relevant part15,16 without any doubt
today.

CAN is characterized by a slow but unyielding
renal function impairment, leading to graft loss in
quite a variable period of time. CAN is histologi-
cally scored according to the most used today
Banff-97 classification, that includes interstitial fi-
brosis and tubular atrophy as the main findings,
two completely unspecific lesions that do not
allow distinguishing specific etiology17, though
other secondary lesions may be useful when dis-
tinguishing between CAN of an immune origin (ch-
ronic rejection) and non-immune origin. Today it
is common knowledge that both renal function in
early stages and the existence of histological CAN
are obviously correlated with graft survival18,19, but
curiously enough there is a very poor correlation
between these two factors20,21, and it is generally
accepted that renal function impairment is a later
marker of renal damage, and that when it occurs,
the possibilities of intervening are considerably re-
duced22.

Although a series of factors related to the deve-
lopment of CAN are known, as seen in the foregoing
section, the reason this process occurs in some pa-
tients but not in others is unknown. Once it occurs,
the rate of progression of renal function impairment
is also quite variable, and it may even remain sta-
ble for years in some patients with a histological
diagnosis and renal function impairment.

The incorporation of SRL in the renal transplant
therapeutic strategies soon revealed the possibili-
ties of using it in patients with CAN for the pur-
pose of eliminating the toxic effect of CNI, and its
antiproliferative effect was secondly assessed for
the purpose of delaying interstitial and vascular fi-
brosis associated with chronic allograft damage.
SRL has shown its effectiveness in de novo clini-
cal trials in preventing CAN either when it is ad-
ministered without CNI from the first day of trans-
plant23 or when CNI is eliminated early on, as in
trial 31024,25 and in other similar smaller studies26.
However, conclusive results showing an obvious
benefit in treating CAN, i.e. stopping progression
of the histological damage already established or
even lesion regression, are not yet available. Most
of the published series are focused on the evolu-
tion of renal function after conversion and other
clinical and analytical parameters, but there are
still no histological results. The CONVERT study
(trial 316) mentioned above includes a histologi-
cal study consisting of a baseline biopsy before

randomization and a biopsy after two years to
compare progression of the histological damage in
both therapeutic groups, the SRL convert group and
the CNI maintenance group, but these results are
not yet available.

The published series on conversion in patients
with CAN and/or calcineurin inhibitor-induced
nephrotoxicity generally show a moderate post-con-
version renal function improvement in a significant
percentage of patients, but there is a patient sub-
group in which renal function does not improve as
was sought with the conversion, and it even wor-
sens. For this reason it is important to be able to
identify a priori which patients will benefit from this
procedure and which will not, in order to make a
better indication for the drug, i.e. it is necessary to
identify those clinical or histological factors that
may predict evolution after the conversion. Most of
these series included patients converted with an al-
ready pronounced renal function impairment, and
creatinine generally exceeds 2.5 mg/dL at the time
of conversion (Domínguez: 2.8 mg/dL27; Egidi: 2.8
mg/dL7; Morelon: 2.7 mg/dL28; Diekmann: 2.9
mg/dL29; Renders: 2.4 mg/dL30; Wu: 2.9 mg/dL9). It
can be seen in several of these series that the pa-
tient group in which renal function improves after
conversion has a lower average creatinine than the
group that does not improve or worsens. In this
sense, in the Weber series the patient group with
better renal function shows a higher percentage of
patients with a good response (8). The Citterio se-
ries finds that the responding subgroup (renal func-
tion improvement) starts with lower creatinine than
the non-responsive group31, and Diekmann also
shows similar data (creatinine at the time of con-
version was 2.75 vs. 3.15 mg/dL respectively), alt-
hough in this case there are no significant diffe-
rences29. The preliminary results of study 316 also
show a renal function improvement trend in the
SRL convert group, but this improvement is not ho-
mogenous, and in fact the randomized patient
group with a basal glomerular filtration rate bet-
ween 20 and 40 mL/min shows worse renal func-
tion in the convert group with respect to the con-
trol group that maintained CNI. In fact an
intermediate analysis of these results forced to mo-
dify the protocol so that patients with a creatinine
clearance of less than 40 mL/min were not inclu-
ded in the study, supporting the results found in
other small studies. In the randomized group with
a basal filtration rate of over 40 mL/min a renal
function improvement is observed in the convert
group with a difference progressively increasing
over time (2.7 mL/min filtration after a year and 3
mL/min after two years).
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A second and increasingly important aspect when
assessing the possibilities of post-conversion success
is baseline proteinuria, especially since Diekmann’s
work29. A multivariate analysis assessing clinical pa-
rameters (age, sex, number of previous rejection epi-
sodes, creatinine and proteinuria) and histological
parameters (CAN score according to Banff, presence
of transplant glomerulopathy, percentage of sclero-
sed glomeruli and degree of vascular lesions) found
that proteinuria at the time of conversion is the only
independent predictive factor for a good response,
establishing a cut-off at 800 mg/24 hours (90% po-
sitive predictive factor for a good response in pa-
tients with proteinuria under this limit)29. A correla-
tion between baseline proteinuria and evolution of
renal function can also be seen in study 316, so that
the greater benefit is seen in patients who do not
have proteinuria or in those in whom it is mild (less
than 110 mg of proteinuria/g of creatinine)11. This
factor, baseline proteinuria, probably indicates not-
hing more than the extent or severity of the chronic
graft damage.

In the third place there are several works showing
a correlation between histological damage and res-
ponse, and generally there is a better prognosis in
patients with milder histological damage. Diekmann
found in the univariate analysis that the group with
a good response has a lower CAN score (1.2 vs. 1.9;
p<0.01) and less intimal thickening in vessels (1.2
vs. 1.7; p=0.048)29. In this sense, Weber observed
that when specific chronic rejection lesions (typical
vascular lesions) exist in the CAN context, the res-
ponse is better than when there are no specific le-
sions, and only interstitial fibrosis and tubular
atrophy are identified as CAN indicators, probably
reflecting a different population8. This data is parti-
cularly interesting because the existence of lesions
suggesting chronic rejection (i.e. an immunological
origin of CAN) would be a priori data that would
imply a worse post-conversion evolution, but howe-
ver this is not the case.

An important aspect that should be discussed in
this section is the use of SRL in conversion in pa-
tients receiving other solid organs who develop pro-
gressive renal failure impairment, which most of the
time is the result of the toxic effect of the use of CNI
over a period of years32,33. This is a growing problem
as the population of long-term recipients of other
solid organs increases, and it is a significant cause
in starting dialysis today. SRL is progressively being
included in the therapeutic approach, especially in
patients receiving transplants who already present
renal failure («de novo» use) and in those who de-
velop progressive renal function impairment due to
nephrotoxicity, with encouraging results34-36. The ad-

vantage of this model is that since there is no im-
munological damage to the kidneys themselves, it is
easier to assess the effect of the conversion on renal
function. As stated above, early intervention in renal
transplant also seems to be a predictive factor for a
good post-conversion response34,37, so it should be
considered in the initial stages of renal function im-
pairment.

In summary, it seems clear today that the success
of intervention with SRL in patients with CAN de-
pends on two factors: 1) early intervention before
irreversible damage spreads excessively, and 2) a
procedure minimizing the risk of complications as
much as possible, especially those resulting from
overimmunosuppression, as will be seen below (re-
garding how to conduct the conversion and target
levels). However this early intervention should not
be based exclusively on increased creatinine levels,
since it is most likely that when these levels appe-
ar it is too late; it should be based more on the
closer assessment of changes in the glomerular fil-
tration rate and in the early indication for an allo-
graft biopsy, which allows identifying earlier lesions
that have greater possibilities of being controlled.
Diekmann and Campistol recommend converting
patients with less than 2.5 mg/dL of creatinine12,
which seems to be a reasonable limit in light of cu-
rrent experience, meaning that patients having a
higher creatinine level should not be converted, but
in most patients it is important not to wait to reach
these limits. Rather, a proactive attitude in sear-
ching for those patients who already show initial
progression, should allow for a much earlier inter-
vention. 

In following with this line of early intervention,
the protocol biopsy could be considered at a speci-
fic time after the transplant as a reasonable option,
at least in select centers, for trying to identify those
patients who are already developing certain chronic
damage and who could especially benefit from the
use of SRL, even though renal function at that time
is «normal». This biopsy should probably be con-
ducted between 3 and 12 months after the trans-
plant21.

Malignancies

The development of malignant neoplasias during
the stable transplant stage has become a very sig-
nificant problem over the years that influences pa-
tient survival and also graft survival due to chan-
ges in immunosuppression that must be carried
out38. This problem has been known since the be-
ginning of the transplant, but its importance has
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grown progressively based on two fundamental fac-
tors: greater immunosuppression potency of new
drugs and the older age of the patients, making sus-
ceptibility to developing neoplasias higher (as oc-
curs in the general population)39-41. CNI drugs have
a clear potentiating effect on the development of
neoplasias and this effect seems to be related to sti-
mulation of the synthesis of proneoplastic cytoki-
nes, such as TGFb and VEGF (vascular endothelial
growth factor), and to the inhibition of apoptosis.
In contrast SRL blocks the synthesis of these two
mediators and this is probably related to its oppo-
site effect with respect to tumor growth and its me-
tastatic spread42. 

This is consistent with the results of clinical trials
in which the use of SRL rather than CNI is associa-
ted with a lower incidence of neoplasias, but also
even when it is administered in association with CNI
(partly making up for the negative effect of the lat-
ter)43,44. In this sense, in 2004 Mathew published a
joint analysis of 5 randomized clinical trials with dif-
ferent combinations of SRL and CNI, demonstrating
a lower incidence of malignant neoplasias two years
after the transplant in patients who received SRL wit-
hout CNI (0% vs 5%), and also a lower incidence
of cutaneous neoplasias in those who received SRL
in combination with CNI in comparison with those
who received CNI together with a placebo. The in-
termediate situation between these two opposing
strategies, which would be the joint administration
of SRL and CNI during the initial stages with an early
withdrawal of CNI (trial 310), was also associated
with a lower incidence of neoplasias than when CsA
was maintained45,46. A recent publication analyzes
the incidence of malignant neoplasias in the Organ
Procurement and Transplantation Network (OPTN)
register and compares this data among the patients
who received SRL or Everolimus, Cyclosporine or Ta-
crolimus or combinations of the two groups (mTOR
and CNI) in a series of over 33,000 transplants since
1996. The results show that the administration of an
mTOR (alone or in combination with a CNI) is as-
sociated to a relative risk of developing a malignant
neoplasia de novo of less than 0.5 (0.39 for any type
of neoplasia and 0.44 for solid organ neoplasias) if
considering that the risk is 1 when CNI is adminis-
tered47.

However even though today it is accepted that
the use of SRL reduces the incidence of malignant
neoplasias de novo after the transplant, detailed in-
formation on the effect of the addition of SRL or
the conversion in patients who have already deve-
loped neoplasia after the transplant is not known.
In this sense there are works showing an evident
beneficial effect of converting to SRL on the evo-

lution of certain malignant neoplasias, Kaposi’s sar-
coma being the clearest case in this sense48-51. In
2003, Campistol published the experience of two
patients with Kaposi’s sarcoma (with no visceral in-
volvement) who were converted to SRL with com-
plete remission of the tumor lesions in the follo-
wing months and maintained stable renal function
at all times48. Stallone subsequently published a se-
ries of 15 patients in whom a very similar respon-
se is shown after conversion. This author additio-
nally demonstrates very high expression in tumor
tissue of VEGF, the protein Flk-1/KDR and phosp-
horylated Akt kinase and p70S6, two enzymes of
the metabolic pathway in which SRL intervenes,
which could explain the beneficial effect of SRL in
the evolution of this tumor49.

In the case of post-transplant lymphoproliferative
disease (PTLD), there are also published cases of
good response after conversion to SRL as a single
measure52 or associated to treatment with Rituxi-
mab53,54, although there is less experience in this
type of tumor.

Occupying third place would be cutaneous tumors
in which there seems to have been a clear rela-
tionship between conversion to SRL and a beneficial
response for the tumor. Although there are no pu-
blished works to this respect, there are several on-
going studies with promising initial results. These tu-
mors, which are often cured with simple excision,
are characterized by frequent relapses. In this case,
conversion to SRL could prevent the occurrence of
new tumors in a patient with a first diagnosed cu-
taneous neoplasia. This practice (secondary preven-
tion) is reasonable and is used in a considerable
number of centers today, although confirmation with
randomized study results will contribute to consoli-
dating it55.

The classic strategy for controlling a neoplasia that
develops after transplantation consists of a significant
immunosuppression reduction (by associating or not
associating a specific treatment to the neoplasia ac-
cording to the type). This strategy should include at
least eliminating antimetabolites and minimizing
CNI, which obviously implies the risk of increasing
the immunological response and of damaging/losing
the allograft41. Conversion to SRL allows on one
hand preventing this increased immunological risk
when taking into account conversion study results
and, at least in theory (and in practice for some types
of tumors as discussed in the foregoing), negatively
acting on the growth of the neoplasia both on the
primary tumor and on the metastatic development.

Another aspect to be considered with respect to
malignant neoplasias would be that of patients who
experienced a suitably treated neoplasia before the
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transplant. It is currently accepted that a transplant
can be attempted when after a period of two to five
years after diagnosis there is no data suggesting
tumor recurrence, except in low aggressive tumors
, such as cutaneous tumors that are completely re-
moved and in situ (bladder or cervix) tumors56. An
immunosuppression regimen based on SRL de novo
could be particularly suitable in these patients for
the purpose of reducing the theoretical risk of re-
currence if tumor cells persisted in the patient. On
the other hand, the use of SRL could, also theore-
tically since there are no studies regarding this as-
pect, reduce the time safety margin accepted no-
wadays.

Severe High Blood Pressure

CNI withdrawal studies in patients receiving SRL
almost systematically show decreased blood pres-
sure figures, both diastolic and systolic, and a de-
crease in antihypertensive drug requirements. In
fact, the first publication of the results of trial 310
(early withdrawal of cyclosporine 3 months after
the transplant) clearly showed this effect a few
weeks after withdrawing CsA in the study group57,
and similar results were observed in other stu-
dies58. In this sense, a recent joint analysis of se-
veral published clinical trials with over 1000 pa-
tients in whom CNI is withdrawn shows a
significant reduction of blood pressure figures to-
gether with renal function improvement59. Alt-
hough there are no studies specifically designed
for this purpose, conversion to SRL in patients with
a poor controlled blood pressure or who require a
large number of antihypertensive drugs may be a
suitable strategy for trying to solve or improve this
problem.

Post-transplant Diabetes

Post-transplant diabetes (PTDM) is a recognized
complication of the calcineurin inhibitors and ste-
roids used in renal transplant, and it is somewhat
more frequent in patients receiving TCR. Conver-
sion to SRL accompanied with withdrawal of the
calcineurin inhibitor (especially TCR), associated to
the prior or subsequent withdrawal of steroids,
seems to be a reasonable option in patients who
develop glucose intolerance or diabetes after the
transplant, in which the relation to immunosup-
pression drugs seems clear. There are a series of
convert patients with good results. Egidi converted
19 patients with glucose intolerance after the trans-

plant and achieved resolution thereof in 11 patients
(58%)7. A study has recently been published in
which an increased insulin resistance and decrea-
sed beta cell response are observed after conver-
sion to SRL, which is the opposite of the clinical
results described in the foregoing, forcing certain
precaution in this matter60. However, another study
that compares SRL versus MMF in recipients of kid-
ney and pancreas treated with tacrolimus, found si-
milar results in terms of response to an intravenous
glucose load, but with lower insulin levels in SRL
group. Thus, a higher sensitivity to insulin, and the-
refore a beneficial effect of SRL would be sugges-
ted. More studies are warranted to clarify this
issue61. 

Hemolytic Uremic Syndrome

The occurrence of thrombotic microangiopathy
is a well recognized complication associated with
the use of calcineurin inhibitors62,63 and when it
occurs, modification of the immunosuppression
therapy is generally required for the purpose of
drastically reducing the CNI dose or, if possible,
completely eliminating it. In this sense there are
several works showing a positive response for the
hematological and renal parameters after conver-
sion to SRL. The Franco series includes experien-
ce in Spain with ten renal transplant patients who
developed HUS and were converted to SRL. A fast
improvement in renal function was shown in 8 out
of the ten patients, with an 80% graft survival rate
after one year64. The Egidi series includes 7 renal
transplant patients and 5 kidney and pancreas
transplant patients who develop HUS, and impro-
ved renal function was observed in all of them after
converting to SRL7. Other works show similar ex-
periences, including a case in reno-pancreatic
transplant65-67. There are published works, espe-
cially at the end of the 1990s, showing good re-
sults for the conversion from CsA to TCR in some
cases and from CNI to mycophenolate mofetil in
others, but these two strategies do not seem to be
very appropriate today. The first conversion is not
appropriate because TCR shows a similar risk of
developing HUS as does CsA62, and the second
case is not appropriate because conversion to
MMF, though feasible, does not seem to be as safe
from the immunological point of view as conver-
sion to SRL, which today seems to be the proce-
dure of first choice in handling these patients68-72.
Conversion to MMF could be reserved for those
patients in whom the use of SRL was not appro-
priate.
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Another issue to consider is the situation of pa-
tients with HUS/TMA as the underlying cause of end-
stage renal disease and those patients who lost their
first graft due to HUS/MTA (most cases secondary to
CNI). In both cases, it is recommended nowadays to
use a CNI-free immunosuppressive regimen to avoid
further endothelial damage in genetically predispo-
sed patients. Recently, Oyen has published his ex-
perience with 15 patients grafted with SRL without
CNI with good results and without observing relap-
ses73. Thus, this is a reasonable approach to consi-
der in this type of patients.

An isolated case of a patient developing HUS in
patients receiving SRL, especially in patients recei-
ving a graft from marginal donors, has recently
been published74,75.This effect was related to inhi-
bition of endothelial damage repair by the drug
prior to the transplant (occurring in the donor)75

possibly due to blockage of VEGF production76. On
the other hand, there are several works that seem
to demonstrate that the association of SRL and CNI
is accompanied by an increase in the incidence of
HUS (with respect to the incidence in patients re-
ceiving CNI), probably because the first one en-
hances the toxic effect of CNI on the endothelium77-

80. Nevertheless, the most correct attitude to take
today in patients who develop HUS in the presen-
ce of CNI seems to be the conversion to SRL as-
sociated to the usual procedures for handling this,
as the administration of fresh frozen plasma and/or
plasmapheresis. 

CONVERSION PROCEDURE

Slow
Conversion

The slow conversion consists of the slow reduc-
tion of the calcineurin inhibitor after introducing
rapamycin for its final discontinuation in a period
of 1 to 3 months. SRL loading doses are not nor-
mally used and doses of 2-4 mg/d are normally
used to start. The CNI dose is reduced by about
25% in each visit (spaced out between 1 and 3
weeks), such that it is completely withdrawn at
around the 4th visit after starting with SRL. Con-
version to SRL during the initial post-marketing sta-
ges was done in this way in most centers with the
aim that the slow reduction of CNI would minimi-
ze the risk of acute rejection. Experience has shown
that the immunosuppression excess maintained du-
ring this period is responsible for an excessively
high complication rate (especially infections), so it
is not recommended today. It is necessary to take

into account that the known pharmacokinetic inte-
raction between CsA and SRL means that by gra-
dually reducing CsA doses, SRL levels tend to be
reduced so it is necessary to anticipate this and gra-
dually increase the SRL dose (this does not occur
in the case of TCR). This together with the repea-
ted visits, which are required during the process,
makes it a complicated procedure that has been all
but abandoned today after the safety of faster pro-
cedures has been demonstrated.

Fast
Conversion

In this procedure, the two drugs are overlapped
for a shorter period, between one and two weeks,
generally reducing CNI by 50% starting from the day
that SRL is introduced. The objective of this appro-
ach would be to maintain CNI until being certain
that SRL levels are sufficient. The first level is usually
measured between 5 and 7 days after initiating SRL,
and if it is within or close to the target range, CNI
is then discontinued. If the level is still low, the SRL
dose is increased and CNI is maintained until mea-
suring a second level a week later. It is as safe as
the slow conversion from the immunological point
of view but it is simpler and has fewer side effects
since the risk of overimmunosuppression is minimi-
zed.

Sudden
Conversion

In this procedure, suitable SRL levels are not awai-
ted. Rather, it is assumed that a sufficient level will
be reached in a few days by administering one or
two loading doses, such that CNI is suspended the
same day that SRL is started, i.e. they are not asso-
ciated at any time. This procedure has also proven
itself to be sufficiently safe from the immunological
point of view, and the adverse effects resulting from
overlapping the two immunosuppressants is preven-
ted, although higher initial doses are probably re-
quired to assure suitable levels from the start and
perhaps this, along with the loading dose, can be
related to some adverse effects. This procedure was
used in trial 316 in which over 500 patients were
converted.

Most centers today tend to choose sudden or fast
conversions. In this sense, Bumbea et al. describe an
initial semi-slow conversion phase (the first 21 pa-
tients), then going on to a sudden conversion (the
remaining 22 patients)5.
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Other Measures

Some centers have used induction with interleu-
kin-2 monoclonal antireceptor antibodies (anti-IL2r)
at the time of conversion in order to reduce the
(theoretical) risk of acute rejection to a minimum,
showing good results. This is the case of Egidi’s
work in which daclizumab is used in 6 pancreas-
kidney transplant recipients and in two pancreas
transplant recipients (alone or combined with kid-
ney transplant)7. The Sundberg series shows 21 pa-
tients converted abruptly with the concomitant ad-
ministration of daclizumab, which also shows good
results (no acute rejection episode)81. However, the
use of this practice seems to be questionable today
given the low risk of AR described in most con-
version series.

WHAT LEVEL RANGE SHOULD BE SOUGHT?

It is important in this sense to take two funda-
mental aspects into account: 1) the time of the
conversion, and 2) the associated immunosup-
pression. In patients converted after the first year
after the transplant and who also receive MMF, a
range of levels between 4 and 8 ng/mL (ELISA)
seems reasonable, and levels between 6 and 10
ng/ml seem reasonable in those patients who do
not receive MMF. When the conversion is done
during the first year after the transplant, levels of
10-15 ng/mL must be sought if the patient does
not take MMF and between 8 and 12 ng/mL if the
patient takes MMF. Levels exceeding 15 ng/mL
should rarely be the target today except in very
select patients.

HANDLING ASSOCIATED
IMMUNOSUPPRESSION

In patients receiving 2 g/day of MMF doses
(usually with CsA), the dose should at most be re-
duced to 1 or 1.5 g/day. CsA interferes with MMF
and reduces the levels thereof, but this does not
occur with SRL, so after withdrawing CsA, it is to
be expected that lower doses allow maintaining si-
milar levels (82). It is also necessary to take into
account the common toxicity profile of SRL and
MMF, especially on the hematopoietic system, so it
is especially advisable to avoid high levels of both.
Moderate doses of SRL and MMF constitute a sui-
table and well tolerated combination in many pa-
tients, combining a potent immunosuppressant ef-
fect with the antiproliferative effect of both drugs,

which could allow, in the authors’ experience, sa-
fely suspending steroids in a considerable number
of patients (although there are no suitable trials that
explore this aspect).

The re-introduction of steroids in patients not using
them at the time of assessing conversion does not
seem necessary. However it does seem reasonable
to stop the steroid dose reduction in patients who
are following a steroid withdrawal regimen when
conversion is considered, and maintaining a mini-
mum of 5 mg of prednisone a day during the first
three months after conversion does seem reasonable.
If renal function subsequently remains stable it does
seem reasonable to continue with the reduction as
foreseen.

A special case could be patients who are in mo-
notherapy with CsA (without steroids) who, after
conversion, are in monotherapy with SRL. There
is not much experience in this respect; if the pa-
tient shows stable renal function (for example in
conversion due to neoplasia) or a progressive renal
function impairment and acute rejection is dis-
carded by performing a biopsy, the conversion
seems safe enough according to the authors’ ex-
periences (data not published), maintaining levels
in the high end of the range described in the fo-
regoing, although a second immunosuppressant
can also be associated such that it allows main-
taining lower levels of SRL. Diekmann reviews the
experience of a center on the evolution of 19 pa-
tients kept in monotherapy with SRL showing good
results83.

ARE THERE PATIENTS
WHO SHOULD NOT BE
CONVERTED?

This issue is becoming increasingly important.
Despite that most of the published series report be-
nefits in terms of renal function improvement after
conversion in a significant percentage of pa-
tients8,10,29, this benefit is not universal and in some
patients the elimination of CNI may even cause he-
modynamic changes having a harmful effect on pro-
teinuria and on graft function, especially in those pa-
tients with a very deteriorated function at the time
of conversion. It is therefore accepted today that in
patients with a creatinine level above 3 mg/dL other
therapeutic options should be considered, and in any
case the CNI should not be completely suspended.
Something similar occurs with baseline proteinuria,
which should contraindicate conversion when it is
above 1 or 1.5 g/day. However these figures are
orientative and each patient should be assessed in-
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dependently in any case according to their charac-
teristics.

Patients with uncontrolled severe hyperlipidemia
or with considerable anemia or thrombopenia, and
generally those patients with presumed poor tole-
rance to SRL, must be carefully assessed before con-
ducting the conversion.

RISKS OF CONVERSION

Due to Insufficient Immunosuppression

Most of the series show that conversion is a very
safe procedure from the immunological point of
view, and the risk of acute rejection is minimal,
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Table I. Recommendations summary

Definition Introducing SRL in a stable patient (3 months after the transplant), completely withdrawing
CNI in the following weeks.

Indications
Chronic Allograft Nephropathy Do not convert in patients with an already significant renal failure (Cr exceeding 2.5 mg/dL)

and/or moderate proteinuria. It is advisable to identify those patients who begin progressive
renal function impairment and to consider a graft biopsy early on in order to conduct early
conversions before irreversible lesions spread.

Malignant Neoplasias Usual handling by only decreasing immunosuppression increases the risk of acute rejection.
Conversion allows preventing this problem in the first place. In Kaposi’s sarcoma its benefit
seems clear in tumor regression. Conversion also seems to be particularly indicated in lymp-
hoid tumors and cutaneous tumors. 

Severe High Blood Pressure Consider this therapeutic option in patients with severe high BP who require several hypo-
tensive drugs.

Post-transplant Diabetes Although a possible harmful effect of SRL on carbohydrate metabolism has recently been
described, conversion to SRL seems to be a reasonable option in patients developing a post-
transplant DM that is clearly related to the use of CNI (before or after withdrawing steroids).

Hemolytic Uremic Syndrome Reasonable option in patients with CNI-induced HUS, though it must be taken into account
that HUS may occur in the presence of SRL in some circumstances.

Conversion Procedure It is very advisable to conduct fast conversions such that CNI is eliminated in one or two
weeks maximum. It should not be maintained for more time except in exceptional cases.

Sudden Conversion SRL loading dose of about 10-12 mg the first day.
Sudden suspension of CNI the first day.
SRL at doses of 3-4 mg/day from the second day. 

Fast Conversion No loading dose. Initial SRL dose of 3-4 mg/day.
50% of the baseline CNI dose.
If the first level after 7 days is in range (or above it), CNI is withdrawn directly. If it is under
the range, the SRL dose is increased and CNI can be suspended or maintained for another
week until the second level.

Target Levels
In conversions during the first year Patients without MMF: levels from 10-15 ng/mL 

Patients with MMF: levels from 8-12 ng/mL 
It seems reasonable to introduce MMF in this period in order to be able to maintain lower
SRL levels and preventing the risk of toxicity.

In conversions after the first year Patients without MMF: levels from 6-10 ng/mL 
after the transplant Patients with MMF: levels from 4-8 ng/mL

Post-conversion Follow-up First level after 7±2 days after starting SRL
Second level after 14±2 days.
Third level one month after conversion.
After that, levels every 2-3 months.

Particularly monitor in each visit Hemoglobin and hematocrit, leucocytes and platelets.
Total cholesterol, HDL, LDL and triglycerides.
Proteinuria, it is advisable to test 24-hour proteinuria or proteinuria/creatinuria ratio.

Associated Immunosuppression
MMF Do not exceed 1-1.5 g/day. Adjust if there is toxicity.
Azathioprine Do not exceed 50-75 mg/day
Steroids Usual doses. Withdrawal can be considered especially in patients receiving MMF.



even when sudden conversions are conducted. In
Diekmann’s series of 59 converted patients, only 1
case of mild acute rejection can be found, coin-
ciding with excessively low SRL levels 7 months
after the conversion, which responded well to ste-
roid pulses29. In Bumbea’s series, none of the 43
converted patients exhibited acute rejection5. With
this data is does not seem necessary to associate
anti-IL2r during the conversion process, at least not
in renal transplant, except in patients who have a
high immunological risk. It is important in any case
to assure suitable SRL levels during the initial sta-
ges, which requires suitable doses and periodic
controls.

Due to Excessive
Immunosuppression

This aspect is undoubtedly more important than
the previous one. Experience shows that complica-
tions of this type occur frequently, especially when
slow conversions have been conducted in which SRL
and CNI are associated for weeks or even months,
so it is especially important to conduct conversions
as quickly as possible and to try to maintain SRL le-
vels in the recommended range, adjusting the dose
as soon as possible. The most frequent complication
in this group is undoubtedly oral ulcers. This issue
is developed in detail in another chapter of this mo-
nograph.

Others

Proteinuria, which has become one of the most
crucial conversion risks in recent years, would par-
ticularly be part of this group84-86. This issue will also
be dealt with more in depth in another article of the
monograph.

REFERENCES

1. Morales JM, Wramner L, Kreis H, Durand D, Campistol JM,
Andrés A y cols.: Sirolimus does not exhibit nephrotoxicity
compared to cyclosporine in renal transplant recipients. Am
J Transplant May; 2 (5): 436-442, 2002.

2. Groth CG, Backman L, Morales JM, Calne R, Kreis H, Lang
P y cols.: Sirolimus (rapamycin)-based therapy in human renal
transplantation: similar efficacy and different toxicity compa-
red with cyclosporine. Sirolimus European Renal Transplant
Study Group. Transplantation Apr 15; 67 (7): 1036-1042,
1999.

3. Kreis H, Cisterne JM, Land W, Wramner L, Squifflet JP, Abra-
mowicz D y cols.: Sirolimus in association with mycophe-
nolate mofetil induction for the prevention of acute graft re-

jection in renal allograft recipients. Transplantation Apr 15;
69 (7): 1252-1260, 2000.

4. Sennesael JJ, Bosmans JL, Bogers JP, Verbeelen D, Verpooten
GA: Conversion from cyclosporine to sirolimus in stable renal
transplant recipients. Transplantation Dec 15; 80 (11): 1578-
1585, 2005.

5. Bumbea V, Kamar N, Ribes D, Espósito L, Modesto A, Gui-
tard J y cols.: Long-term results in renal transplant patients
with allograft dysfunction after switching from calcineurin in-
hibitors to sirolimus. Nephrol Dial Transplant Nov; 20 (11):
2517-2523, 2005.

6. Diekmann F, Waiser J, Fritsche L, Dragun D, Neumayer HH,
Budde K: Conversion to rapamycin in renal allograft reci-
pients with biopsy-proven calcineurin inhibitor-induced
nephrotoxicity. Transplant Proc Nov; 33 (7-8): 3234-3235,
2001.

7. Egidi MF, Cowan PA, Naseer A, Gaber AO: Conversion to si-
rolimus in solid organ transplantation: a single-center expe-
rience. Transplant Proc May; 35 (3 Supl.): 131S-137S, 2003.

8. Weber T, Abendroth D, Schelzig H: Rapamycin rescue the-
rapy in patients after kidney transplantation: first clinical ex-
perience. Transpl Int Feb; 18 (2): 151-156, 2005.

9. Wu MS, Chang CT, Hung CC. Rapamycin in patients with
chronic renal allograft dysfunction. Clin Transplant Apr; 19
(2): 236-242, 2005.

10. Wyzgal J, Paczek L, Senatorski G, Zygier J, Rowinski W, Sz-
midt J y cols.: Sirolimus rescue treatment in calcineurin-in-
hibitor nephrotoxicity after kidney transplantation. Transplant
Proc Dec; 34 (8): 3185-3187, 2002.

11. Schena PJ, Walli RK, Pascoe MD, Alberu J, Rial MC: A ran-
domized, open-label, comparative evaluation of conversion
from calcineurin inhibitors to sirolimus versus continued use
of calcineurin inhibitors in renal allograft recipients. Ameri-
can Transplant Congress, Seattle, Washington. 2005. 
Ref Type: Abstract

12. Diekmann F, Campistol JM: Conversion from calcineurin in-
hibitors to sirolimus in chronic allograft nephropathy: bene-
fits and risks. Nephrol Dial Transplant 2005 Dec 16.

13. Ponticelli C, Villa M, Cesana B, Montagnino G, Tarantino A:
Risk factors for late kidney allograft failure. Kidney Int Nov;
62 (5): 1848-1854, 2002.

14. Paul LC. Chronic allograft nephropathy: an update. Kidney Int
Sep; 56 (3): 783-793, 1999.

15. Nankivell BJ, Borrows RJ, Fung CL, O’Connell PJ, Allen
RD, Chapman JR: The natural history of chronic allograft
nephropathy. N Engl J Med Dec 11; 349 (24): 2326-2333,
2003.

16. Nankivell BJ, Borrows RJ, Fung CL, O’Connell PJ, Chapman
JR, Allen RD: Calcineurin inhibitor nephrotoxicity: longitudi-
nal assessment by protocol histology. Transplantation Aug 27;
78  (4): 557-565, 2004.

17. Racusen LC, Solez K, Colvin RB, Bonsib SM, Castro MC, Ca-
vallo T y cols.: The Banff 97 working classification of renal
allograft pathology. Kidney Int Feb; 55 (2): 713-723, 1999.

18. Hariharan S, McBride MA, Cherikh WS, Tolleris CB, Bresna-
han BA, Johnson CP. Post-transplant renal function in the first
year predicts long-term kidney transplant survival. Kidney Int
Jul; 62 (1): 311-318, 2002.

19. Nankivell BJ, Fenton-Lee CA, Kuypers DR, Cheung E, Allen
RD, O’Connell PJ y cols.: Effect of histological damage on
long-term kidney transplant outcome. Transplantation Feb 27;
71 (4): 515-523, 2001.

20. Serón D, Moreso F, Ramón JM, Hueso M, Condom E, Fulla-
dosa X y cols.: Protocol renal allograft biopsies and the de-
sign of clinical trials aimed to prevent or treat chronic
allograft nephropathy. Transplantation May 15; 69 (9): 1849-
1855, 2000.

J. C. RUIZ y cols.

60



21. Moreso F, López M, Vallejos A, Giordani C, Riera L, Fulla-
dosa X y cols.: Serial protocol biopsies to quantify the pro-
gression of chronic transplant nephropathy in stable renal
allografts. Am J Transplant May; 1 (1): 82-88, 2001.

22. Chapman JR, O’Connell PJ, Nankivell BJ: Chronic renal allo-
graft dysfunction. J Am Soc Nephrol Oct; 16 (10): 3015-3026,
2005.

23. Flechner SM, Kurian SM, Solez K, Cook DJ, Burke JT, Rollin
H y cols.: De novo kidney transplantation without use of cal-
cineurin inhibitors preserves renal structure and function at
two years. Am J Transplant Nov; 4 (11): 1776-1785, 2004.

24. Ruiz JC, Campistol JM, Grinyo JM, Mota A, Prats D, Gutié-
rrez JA y cols.: Early cyclosporine a withdrawal in kidney-
transplant recipients receiving sirolimus prevents progression
of chronic pathologic allograft lesions. Transplantation Nov
15; 78 (9): 1312-1318, 2004.

25. Mota A, Arias M, Taskinen EI, Paavonen T, Brault Y, Legendre
C y cols.: Sirolimus-based therapy following early cyclospo-
rine withdrawal provides significantly improved renal histo-
logy and function at 3 years. Am J Transplant Jun; 4 (6): 953-
961, 2004.

26. Stallone G, Di PS, Schena A, Infante B, Grandaliano G, Bat-
taglia M y cols.: Early withdrawal of cyclosporine A improves
1-year kidney graft structure and function in sirolimus-treated
patients. Transplantation Apr 15; 75 (7): 998-1003, 2003.

27. Domínguez J, Mahalati K, Kiberd B, McAlister VC, MacDo-
nald AS: Conversion to rapamycin immunosuppression in
renal transplant recipients: report of an initial experience.
Transplantation Oct 27; 70 (8): 1244-1247, 2000.

28. Morelon E, Kreis H: Sirolimus therapy without calcineurin in-
hibitors: Necker Hospital 8-year experience. Transplant Proc
May; 35 (3 Supl.): 52S-57S, 2003.

29. Diekmann F, Budde K, Oppenheimer F, Fritsche L, Neuma-
yer HH, Campistol JM: Predictors of success in conversion
from calcineurin inhibitor to sirolimus in chronic allograft
dysfunction. Am J Transplant Nov; 4 (11): 1869-1875, 2004.

30. Renders L, Steinbach R, Valerius T, Schocklmann HO, Kun-
zendorf U. Low-dose sirolimus in combination with mycop-
henolate mofetil improves kidney graft function late after
renal transplantation and suggests pharmacokinetic interac-
tion of both immunosuppressive drugs. Kidney Blood Press
Res 27 (3): 181-185, 2004.

31. Citterlo F, Scata MC, Violi P, Romagnoli J, Pozzetto U, Nanni
G y cols.: Rapid conversion to sirolimus for chronic pro-
gressive deterioration of the renal function in kidney allograft
recipients. Transplant Proc 35 (4): 1292-1294, 2003.

32. Ojo AO, Held PJ, Port FK, Wolfe RA, Leichtman AB, Young
EW y cols.: Chronic renal failure after transplantation of a
nonrenal organ. N Engl J Med Sep 4; 349 (10): 931-940,
2003.

33. Magee C, Pascual M: The growing problem of chronic renal
failure after transplantation of a nonrenal organ. N Engl J Med
Sep 4; 349 (10): 994-996, 2003.

34. Fernández-Valls M, González-Vílchez F, Vázquez de Prada
JA, Ruano J, Ruisanchez C, Martín-Durán R: Sirolimus as an
alternative to anticalcineurin therapy in heart transplantation:
experience of a single center. Transplant Proc Nov; 37 (9):
4021-4023, 2005.

35. Hunt J, Lerman M, Magee MJ, Dewey TM, Herbert M, Mack
MJ: Improvement of renal dysfunction by conversion from cal-
cineurin inhibitors to sirolimus after heart transplantation. J
Heart Lung Transplant Nov; 24 (11): 1863-1867, 2005.

36. Sánchez EQ, Martín AP, Ikegami T, Uemura T, Narasimhan
G, Goldstein RM y cols.: Sirolimus conversion after liver
transplantation: improvement in measured glomerular filtra-
tion rate after 2 years. Transplant Proc Dec; 37 (10): 4416-
4423, 2005.

37. Zakliczynski M, Nozynski J, Zakliczynska H, Rozentryt P,
Zembala M: Deterioration of renal function after replacement
of cyclosporine with sirolimus in five patients with severe
renal impairment late after heart transplantation. Transplant
Proc Sep; 35 (6): 2331-2332, 2003.

38. London NJ, Farmery SM, Will EJ, Davison AM, Lodge JP: Risk
of neoplasia in renal transplant patients. Lancet Aug 12; 346
(8972): 403-406, 1995.

39. Penn I: Post-transplant malignancy: the role of immunosup-
pression. Drug Saf Aug; 23 (2): 101-113, 2000.

40. Penn I: Cancers in renal transplant recipients. Adv Ren Re-
place Ther Apr; 7 (2): 147-156, 2000.

41. Buell JF, Gross TG, Woodle ES: Malignancy after transplanta-
tion. Transplantation Oct 15; 80 (2 Supl.): S254-S264, 2005.

42. Guba M, Von BP, Steinbauer M, Koehl G, Flegel S, Hor-
nung M y cols.: Rapamycin inhibits primary and metastatic
tumor growth by antiangiogenesis: involvement of vascular
endothelial growth factor. Nat Med Feb; 8 (2): 128-135,
2002.

43. Kahan BD: Two-year results of multicenter phase III trials on
the effect of the addition of sirolimus to cyclosporine-based
immunosuppressive regimens in renal transplantation. Trans-
plant Proc May; 35 (3 Supl.): 37S-51S, 2003.

44. Kahan BD, Yakupoglu YK, Schoenberg L, Knight RJ, Katz SM,
Lai D y cols.: Low incidence of malignancy among siroli-
mus/cyclosporine-treated renal transplant recipients. Trans-
plantation Sep 27; 80 (6): 749-758, 2005.

45. Mathew T, Kreis H, Friend P: Two-year incidence of malig-
nancy in sirolimus-treated renal transplant recipients: results
from five multicenter studies. Clin Transplant Aug; 18 (4): 446-
449, 2004.

46. Campistol JM, Eris J, Oberbauer R, Friend P, Hutchison B,
Morales JM y cols.: Sirolimus therapy after early cyclospori-
ne withdrawal reduces the risk for cancer in adult renal trans-
plantation. J Am Soc Nephrol Feb; 17 (2): 581-589, 2006.

47. Kauffman HM, Cherikh WS, Cheng Y, Hanto DW, Kahan BD:
Maintenance immunosuppression with target-of-rapamycin
inhibitors is associated with a reduced incidence of de novo
malignancies. Transplantation Oct 15; 80 (7): 883-889, 2005.

48. Campistol JM, Gutiérrez-Dalmau A, Torregrosa JV: Conversion
to sirolimus: a successful treatment for post-transplantation
Kaposi’s sarcoma. Transplantation Mar 15; 77 (5): 760-762,
2004.

49. Stallone G, Schena A, Infante B, Di PS, Loverre A, Maggio
G y cols.: Sirolimus for Kaposi’s sarcoma in renal-transplant
recipients. N Engl J Med Mar 31; 352 (13): 1317-1323, 2005.

50. Zmonarski SC, Boratynska M, Rabczynski J, Kazimierczak K,
Klinger M: Regression of Kaposi’s sarcoma in renal graft re-
cipients after conversion to sirolimus treatment. Transplant
Proc Mar; 37 (2): 964-966, 2005.

51. Gutiérrez-Dalmau A, Sánchez-Fructuoso A, Sanz-Guajardo A,
Mazuecos A, Franco A, Rial MC y cols.: Efficacy of Conver-
sion to Sirolimus in Post-transplantation Kaposi’s Sarcoma.
Transplant Proc Nov; 37 (9): 3836-3838, 2005.

52. Zaltzman JS, Prasad R, Chun K, Jothy S: Resolution of renal
allograft-associated post-transplant lymphoproliferative disor-
der with the introduction of sirolimus. Nephrol Dial Trans-
plant Aug; 20 (8): 1748-1751, 2005.

53. García VD, Bonamigo Filho JL, Neumann J, Fogliatto L, Gei-
ger AM, García CD y cols.: Rituximab in association with ra-
pamycin for post-transplant lymphoproliferative disease treat-
ment. Transpl Int Mar; 16 (3): 202-206, 2003.

54. Al-Akash SI, Al Makadma AS, Al Omari MG: Rapid respon-
se to rituximab in a pediatric liver transplant recipient with
post-transplant lymphoproliferative disease and maintenance
with sirolimus monotherapy. Pediatr Transplant Apr; 9 (2):
249-253, 2005.

CONVERSION TO SIROLIMUS

61



55. Euvrard S, Ulrich C, Lefrancois N: Immunosuppressants and
skin cancer in transplant patients: focus on rapamycin. Der-
matol Surg Apr; 30 (4 Pt 2): 628-633, 2004.

56. Siddqi N, Hariharan S, Danovitch G: Evaluation and pre-
paration of renal transplant candidates. En: Danovitch
GM, editor. Handbook of kidney transplantation. 4th ed.
Los Angeles: Lippincott Williams and Wilkins. pp. 169-
192, 2005.

57. Johnson RW, Kreis H, Oberbauer R, Brattstrom C, Claesson
K, Eris J: Sirolimus allows early cyclosporine withdrawal in
renal transplantation resulting in improved renal function and
lower blood pressure. Transplantation Sep 15; 72 (5): 777-
786, 2001.

58. Morales JM, Andrés A, Rengel M, Rodicio JL: Influence of cy-
closporin, tacrolimus and rapamycin on renal function and
arterial hypertension after renal transplantation. Nephrol Dial
Transplant 16 Supl. 1: 121-4, 2001.

59. Mulay AV, Hussain N, Fergusson D, Knoll GA: Calcineurin
inhibitor withdrawal from sirolimus-based therapy in kidney
transplantation: a systematic review of randomized trials. Am
J Transplant Jul; 5 (7): 1748-1756, 2005.

60. Teutonico A, Schena PF, Di PS: Glucose metabolism in renal
transplant recipients: effect of calcineurin inhibitor withdra-
wal and conversion to sirolimus. J Am Soc Nephrol Oct; 16
(10): 3128-3135, 2005.

61. Havrdova T, Saudek F, Boucek P, Adamec M, Koznarova R,
Jedinakova T y cols.: Metabolic effect of sirolimus versus my-
cophenolate mofetil on pancreatic graft function in the early
post-transplant period. Transplant Proc Oct; 37 (8): 3544-
3545, 2005.

62. Abraham KA, Little MA, Dorman AM, Walshe JJ: Hemolytic-
uremic syndrome in association with both cyclosporine and
tacrolimus. Transpl Int 13 (6): 443-447, 2000.

63. Kohli HS, Sud K, Jha V, Gupta KL, Minz M, Joshi K y cols.:
Cyclosporin-induced haemolytic-uraemic syndrome presen-
ting as primary graft dysfunction. Nephrol Dial Transplant
Nov; 13 (11): 2940-2942, 1998.

64. Franco A, Hernández D, Capdevilla L, Errasti P, González M,
Ruiz JC y cols.: De novo hemolytic-uremic syndrome/throm-
botic microangiopathy in renal transplant patients receiving
calcineurin inhibitors: role of sirolimus. Transplant Proc Aug;
35 (5): 1764-1766, 2003.

65. Gutiérrez de la FC, Sola E, Alférez MJ, Navarro A, Cabello
M, Burgos D y cols.: [De novo hemolytic uremic syndrome
in a kidney-pancreas recipient in the postoperative period].
Nefrología 24 Supl. 3: 3-6, 2004.

66. Yango A, Morrissey P, Monaco A, Butera J, Gohh RY: Suc-
cessful treatment of tacrolimus-associated thrombotic micro-
angiopathy with sirolimus conversion and plasma exchange.
Clin Nephrol Jul; 58 (1): 77-78, 2002.

67. Heering P, Deppe CE, Farokhzad F, Helmchen U, Grabensee
B: Hemolytic uremic syndrome after renal transplantation: im-
munosuppressive therapy with rapamycin. Nephron May; 91
(1): 177, 2002.

68. Abraham KA, Little MA, Dorman AM, Walshe JJ: Hemolytic-
uremic syndrome in association with both cyclosporine and
tacrolimus. Transpl Int 13 (6): 443-447, 2000.

69. Grupp C, Schmidt F, Braun F, Lorf T, Ringe B, Muller GA:
Haemolytic uraemic syndrome (HUS) during treatment with
cyclosporin A after renal transplantation —is tacrolimus the
answer? Nephrol Dial Transplant Jul; 13 (7): 1629-1631,
1998.

70. McGregor DO, Robson RA, Lynn KL: Haemolytic-uraemic
syndrome in a renal transplant recipient treated by conver-
sion to mycophenolate mofetil. Nephron Nov; 80 (3): 365-
366, 1998.

71. Agarwal DK, Gulati S, Mehta A, Kumar A, Sharma RK,
Mehta B y cols.: Mycophenolate mofetil as an effective al-
ternative to cyclosporin in post-transplant haemolytic urae-
mic syndrome. Nephrol Dial Transplant Dec; 15 (12): 2064-
2065, 2000.

72. Said T, al-Mousawi M, Samhan M, Lao M: Cyclosporin con-
version to CellCept in a cadaveric renal allograft recipient
with hemolytic uremic syndrome. Transplant Proc Dec; 31
(8): 3295-3297, 1999.

73. Franz M, Regele H, Schmaldienst S, Stummvoll HK, Horl WH,
Pohanka E: Posttransplant hemolytic uremic syndrome in
adult retransplanted kidney graft recipients: advantage of
FK506 therapy? Transplantation Nov 15; 66 (9): 1258-1262,
1998.

74. Oyen O, Strom EH, Midtvedt K, Bentdal O, Hartmann A, Ber-
gan S y cols.: Calcineurin inhibitor-free immunosuppression
in renal allograft recipients with thrombotic microangio-
pathy/hemolytic uremic syndrome. Am J Transplant Feb; 6 (2):
412-418, 2006.

75. Barone GW, Gurley BJ, Bul-Ezz SR, Gokden N: Sirolimus-in-
duced thrombotic microangiopathy in a renal transplant re-
cipient. Am J Kidney Dis Jul; 42 (1): 202-206, 2003.

76. Pelle G, Xu Y, Khoury N, Mougenot B, Rondeau E: Throm-
botic microangiopathy in marginal kidneys after sirolimus use.
Am J Kidney Dis Dec; 46 (6): 1124-1128, 2005.

77. Sartelet H, Toupance O, Lorenzato M, Fadel F, Noel LH, La-
gonotte E y cols.: Sirolimus-induced thrombotic microangio-
pathy is associated with decreased expression of vascular en-
dothelial growth factor in kidneys. Am J Transplant Oct; 5
(10): 2441-2447, 2005.

78. Fortin MC, Raymond MA, Madore F, Fugere JA, Paquet M,
St-Louis G y cols.: Increased risk of thrombotic microangio-
pathy in patients receiving a cyclosporin-sirolimus combina-
tion. Am J Transplant Jun; 4 (6): 946-952, 2004.

79. Robson M, Cote I, Abbs I, Koffman G, Goldsmith D: Th-
rombotic micro-angiopathy with sirolimus-based immuno-
suppression: potentiation of calcineurin-inhibitor-induced
endothelial damage? Am J Transplant Mar; 3 (3): 324-327,
2003.

80. Cutler C, Henry NL, Magee C, Li S, Kim HT, Alyea E y cols.:
Sirolimus and thrombotic microangiopathy after allogeneic
hematopoietic stem cell transplantation. Biol Blood Marrow
Transplant Jul; 11 (7): 551-557, 2005.

81. Paramesh AS, Grosskreutz C, Florman SS, Gondolesi GE,
Sharma S, Kaufman SS y cols.: Thrombotic microangiopathy
associated with combined sirolimus and tacrolimus immu-
nosuppression after intestinal transplantation. Transplantation
Jan 15; 77 (1): 129-131, 2004.

82. Sundberg AK, Rohr MS, Hartmann EL, Adams PL, Stratta
RJ: Conversion to sirolimus-based maintenance immuno-
suppression using daclizumab bridge therapy in renal trans-
plant recipients. Clin Transplant 18 Supl. 12: 61-66.: 61-6,
2004.

83. Shipkova M, Armstrong VW, Kuypers D, Perner F, Fabrizi V,
Holzer H y cols.: Effect of cyclosporine withdrawal on my-
cophenolic acid pharmacokinetics in kidney transplant reci-
pients with deteriorating renal function: preliminary report.
Ther Drug Monit Dec; 23 (6): 717-721, 2001.

84. Diekmann F, Gutiérrez-Dalmau A, Torregrosa JV, Oppenhei-
mer F, Campistol JM: Sirolimus monotherapy: feasible im-
munosuppression for long-term follow-up of kidney trans-
plantation—a pilot experience. Transplantation Nov 15; 80
(9): 1344-1348, 2005.

85. Ruiz JC, Diekmann F, Campistol JM, Sánchez-Fructuoso A,
Rivera C, Oliver J y cols.: Evolution of Proteinuria After Con-
version From Calcineurin Inhibitors  (CNI) to Sirolimus  (SRL)

J. C. RUIZ y cols.

62



in Renal Transplant Patients: a Multicenter Study. Transplant
Proc Nov; 37 (9): 3833-3835, 2005.

86. Izzedine H, Brocheriou I, Frances C: Post-transplantation pro-
teinuria and sirolimus. N Engl J Med Nov 10; 353 (19): 2088-
2089, 2005.

87. Letavernier E, Pe’raldi MN, Pariente A, Morelon E, Legendre
C: Proteinuria following a switch from calcineurin inhibitors
to sirolimus. Transplantation Nov 15; 80 (9): 1198-1203,
2005.

CONVERSION TO SIROLIMUS

63


