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Inhibition of the mechanistic target of rapamycin (mTOR) has been exploited largely both in solid tumour oncology and solid
organ transplantation. More recently mTOR inhibitors such as sirolimus and everolimus have been introduced to the field of
allogeneic haematopoietic stem cell transplantation where their unique combination of immunosuppressive purposes offering
reduced nephrotoxicity and potential antimalignant effects reflect a unique drug profile that has led to their widespread use in
both prophylaxis and therapy of graft-versus-host disease (GVHD). On the other hand haematological insufficiency, infectious
complications as well as vasculopathies, have been frequently reported as limiting toxicities. Here, we review both the
retrospective and prospective experience available to date and stress the need for prospective registration trials to reduce off label
use and improve patient safety by optimizing dosing and enhancing pharmacovigilance. Furthermore, we speculate on the future
role of mTOR inhibitors in allogeneic haematopoietic stem cell transplantation.

Introduction
Mechanistic target of rapamycin (mTOR) is a broadly
expressed serine/threonine protein kinase downstream of
the phosphatidylinositide 3-kinase (PI3K) and protein kinase
B (Akt) pathway (Figure 1) [1, 2]. Once activated by upstream
signalling, mTOR plays a key role in the regulation of cell me-
tabolism, proliferation, and survival including the structur-
ally distinct mTOR complex 1 (mTORC1) and mTOR
complex 2 (mTORC2) [3, 4]. Dysregulation of either pathway
can be associated with malignant cell transformation and the
first-in-class mTOR inhibitor sirolimus affecting solely
mTORC1 has been proposed as a potent antineoplastic drug.
Up to now, mTOR inhibitors are broadly used to treat malig-
nancies such as breast cancer [5, 6], neuroendocrine tumours
[7, 8] and renal cell carcinoma [9, 10].

In addition to these antineoplastic featuresmTOR inhibitors
carry also immunosuppressive properties inhibiting T lympho-
cytes from proliferation [11, 12]. Proven to prevent organ rejec-
tion, mTOR inhibitors were registered for immunosuppression
in recipients of heart [13], kidney [14] and liver transplantations
[15]. Inspired by promising results from the field of solid organ
transplantation and, as a consequence of medical need, mTOR
inhibitors have also been introduced to the field of allogeneic
haematopoietic stem cell transplantation (HSCT) to prevent
and treat graft-versus-host disease (GVHD) [16, 17].Unfortunately
and to our best knowledgenone of these drugshas been registered
yet. With solely limited and largely investigator-initiated clinical
trials currently being open for recruitment [18] a continuing
medical need has led to widespread off label use of such drugs
despite partly conflicting results from published trials and
retrospective analyses. Here, we summarize today’s experience
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with both sirolimus and its 40-O-(2-hydroxyethyl) derivative,
everolimus (Figure 2) [19] for prophylaxis and treatment of
GVHD.

Prophylaxis of GVHD

Sirolimus
Following the evidence of efficacy in mice [20] Antin and col-
leagues reported a phase I/II trial where sirolimus has been

employed as GVHD prophylaxis in 41 patients having under-
gone allogeneic HSCT from unrelated or mismatched related
donors [21]. Here, sirolimus was added to a well-established
regimen combining the calcineurin inhibitor (CNI) tacroli-
mus and low dose methotrexate (MTX) resulting in a very
low overall grade II to IV acute GVHD (aGVHD) rate of 26%.
As a consequence sirolimus was studied more extensively in-
cluding also randomized controlled trials (RCTs). In these tri-
als combinations of sirolimus with or without CNIs as an
immunosuppressive backbone were studied resulting in
mixed findings.

Figure 2
Structural and chemical formulas of sirolimus and everolimus. Everolimus is the 40-O-(2-hydroxyethyl) derivative of sirolimus, a macrolide antimi-
crobial agent which was initially isolated from Streptomyces hygroscopicus. (A) Structural and chemical formula of sirolimus. (B) Structural and
chemical formula of everolimus

Figure 1
Simplified scheme of the mechanism of action of mTOR inhibitors such as sirolimus and everolimus and novel mTORC1/mTORC2 dual inhibitors.
AKT protein kinase B; mLST8 mammalian lethal with SEC13 protein 8; mSIN1 mammalian stress-activated protein kinase-interacting protein 1;
mTOR mechanistic target of rapamycin; mTORC mTOR complex; PI3K phosphatidylinositide 3-kinase; Raptor regulatory-associated protein of
mTOR; Rictor rapamycin-insensitive companion of mammalian target of rapamycin
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Sirolimus in CNI-based GVHD prophylaxis regimens. The
combination of sirolimus with CNIs for GVHD prophylaxis
has been studied extensively in both a retrospective and
prospective manner. A first RCT was performed by Pidala
and colleagues comparing the standard combination of
tacrolimus and MTX (n = 37) with tacrolimus and sirolimus
(n = 37) in a total of 74 patients [22]. Here, the combination
of tacrolimus with sirolimus was superior leading to a
reduced rate of grade II to IV aGVHD (43% vs. 89%), a
reduced rate of moderate to severe chronic GVHD (cGVHD,
24% vs. 64%) and an improved reconstitution of regulatory
T lymphocytes. However, no improvement could be shown
for overall survival at time of analysis. More recently, a long
term follow-up analysis on all patients of the same study
cohort was performed (median follow-up time of 49 months
for the tacrolimus/MTX arm and of 41 months for the
tacrolimus/sirolimus arm) [23]. While a significantly lower
incidence of late aGVHD and moderate to severe cGVHD as
well as a significantly lower exposure to steroids and
tacrolimus could be shown for the tacrolimus/sirolimus
arm, there was no significant difference in complete
discontinuation of immunosuppressive medication as well
as in overall survival.

Furthermore, Jim and colleagues analyzed changes in
quality of life in a subgroup of 71 patients of the above men-
tioned study cohort (34 patients of the tacrolimus/MTX and
all 37 patients of the tacrolimus/sirolimus arm) [24]. Using
the Functional Assessment of Cancer Therapy-Bone Marrow
Transplant Trial Outcome Index (FACT-BMT) to assess qual-
ity of life prior to HSCT and on days 30, 90, 180, 270 and
360 after HSCT, the tacrolimus/sirolimus group showed sig-
nificantly less improvement in their quality of life compared
with the tacrolimus/MTX group. The authors hypothesized
that these differences might be caused by increased nausea
and fatigue in patients treated with sirolimus.

A further RCT comparing the combination of tacrolimus
and sirolimus with tacrolimus and MTX was performed by
Cutler and colleagues [25]. In their intention-to-treat analysis
151 patients received the sirolimus-based and 153 patients
the sirolimus-free regimen. While long term outcome was
similar in both groups, patients in the tacrolimus/sirolimus
arm showed more rapid engraftment and lower incidence of
enoral mucositis.

Two further RCTs investigated the addition of sirolimus to
a standard regimen of tacrolimus and MTX. Pulsipher and
colleagues analyzed 143 paediatric patients receiving alloge-
neic HSCT for acute lymphoblastic leukaemia [26]. Of these,
70 received a prophylactic regimen with tacrolimus and
MTX while 73 patients received a triple prophylactic regimen
with tacrolimus, MTX and sirolimus. Here, the incidence of
grade II to IV aGVHD was significantly lower whereas the in-
cidence of thrombotic microangiopathy (TMA) or sinusoidal
obstruction syndrome (SOS) was higher in patients treated
with sirolimus. No difference was seen in overall survival.
Kornblit and colleagues reported 71 patients treated with a
combination of tacrolimus and mycophenolate mofetil
(MMF) and 68 patients treated with a triple combination
adding sirolimus [27]. While toxicity rates and long term out-
come were similar in both arms patients treated with triple
combination showed a lower incidence of grade II to IV
aGVHD and of cytomegalovirus (CMV) reactivation 150 days

after allogeneic HSCT. The latter finding was in line with the
results from a further trial suggesting protective features
against CMV reactivation [28]. In this context, sirolimus has
been discussed as a salvage treatment option for ganciclovir-
resistant CMV reactivations in kidney graft recipients [29].

Recently, Armand and colleagues performed an RCT com-
paring the triple regimen of tacrolimus, MTX and sirolimus (n
= 66) to a standard regimen either consisting of tacrolimus
and MTX or consisting of ciclosporin A (CsA) and MMF (n =
73) in a total of 139 lymphoma patients having received
HLA-matched reduced-intensity conditioning (RIC) alloge-
neic HSCT [30]. While no significant difference could be
shown in terms of cGVHD incidence, relapse, progression-
free survival, non-relapse mortality and overall survival, inci-
dence of grade II to IV aGVHD was significantly lower in pa-
tients treated with tacrolimus/MTX/sirolimus suggesting
this triple regimen as a reasonable alternative for GVHD pro-
phylaxis after RIC HSCT.

These results are in line with a retrospective analysis per-
formed by Ceberio and colleagues in 71 lymphoma patients
receiving tacrolimus, MTX and sirolimus as GVHD prophy-
laxis after non-myeloablative or RIC allogeneic resulting in
a low cumulative 1 year incidence of aGVHD (0.28 for grade
II to IV and 0.07 for grade III to IV) as well as in a low cumula-
tive 1 year (0.15) and 2 year (0.33) incidence of cGVHD [31].

Besides the above mentioned RCTs, many retrospective
analyses have been published reporting on the use of
sirolimus as part of GVHD prophylaxis regimens. A
special approach was used by Parody and colleagues analyz-
ing 159 patients who received a GVHD prophylaxis regimen
containing tacrolimus and sirolimus. Comparing 139 pa-
tients with a 8/8 HLA-matched donor with 20 patients
with a 7/8 HLA-mismatched donor, they could show that this
combination could overcome the negative effect of HLA-
mismatch. Although cumulative incidence of grade II to
IV aGVHD was significantly higher in the patients with a
HLA-mismatched donor, there was no difference between
the two groups regarding 1 year non-relapse mortality, 3 year
event-free survival and 3 year overall survival [32].

In summary, the addition of sirolimus to CNI-based
GVHD prophylaxis regimens appears to reduce the incidence
of grade II to IV aGVHD without affecting overall survival.
However, serious side effects such as TMA and SOS may arise
from such combinations and thus have to be taken into
account.

Sirolimus in CNI-free GVHD prophylaxis regimens. Schleuning
and colleagues evaluated the use of sirolimus in a CNI-free
GVHD prophylaxis regimen retrospectively in 15 patients
with leukaemia receiving a combination of sirolimus, MMF
and antithymocyte globulin (ATG) [33]. Six patients
received stem cells from a sibling and nine patients from a
HLA-matched unrelated donor. Rapid engraftment was seen
in all patients except one subject who died from invasive
aspergillosis early after transplantation. They reported both
a favourable grade II to IV aGVHD rate of 21% and a
favourable cGVHD rate of 30%. In this retrospective
analysis no TMA or SOS were observed.

However, the only prospective trial investigating the com-
bination of sirolimus and MMF for GVHD prophylaxis had to
be terminated prematurely. Johnston and colleagues enrolled
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a total of 11 patients receiving allogeneic HSCT, seven of
whom were receiving a busulfane-based conditioning regi-
men [34]. Grade II to IV aGVHD occurred in six of 11 patients
and sirolimus had to be discontinued in four patients due to
treatment-related toxicities including SOS and portal vein
thrombosis. Subsequently, the study was terminated. Since
all four patients requiring sirolimus discontinuation received
a busulfane-containing preparative regimen, the authors
discussed a potential correlation.

The combination of sirolimus with cyclophosphamide for
CNI-free GVHD prophylaxis has been studied in two prospec-
tive trials. Solomon and colleagues used post-transplantation
cyclophosphamide and a brief course sirolimus regimen for
26 patients receiving allogeneic HSCT from HLA-matched re-
lated (n = 17) or unrelated (n = 9) donors [35]. Rapid and stable
engraftment was documented in all patients. Grade II to IV
aGVHD occurred in 46% and cGVHD in 31% of all patients.
While relapse incidence was estimated to be 32%, no relapses
were seen in patients with lymphoid malignancies. Further-
more, only four of 19 patients at risk showed a CMV reactiva-
tion. Therefore, GVHD prophylaxis with short course
sirolimus and cyclophosphamide seems to be an effective
and safe alternative to CNI-based regimens. In a more re-
cently reported prospective trial, Cieri and colleagues investi-
gated the use of sirolimus and post-transplantation
cyclophosphamide in 40 patients after haploidentical alloge-
neic HSCT [36]. All patients showed a rapid and constant en-
graftment. While grade II to IV aGVHD was seen in 8% of
patients, cumulative incidence of cGVHD was 20% 1 year af-
ter HSCT. Ten patients died related to a relapse of their under-
lying malignancy and non-relapse mortality occurred in
seven patients, mostly due to infections. Due to the low rates
of acute and chronic GVHD and the rapid and stable immune
reconstitution, this trial also suggests the combination of
sirolimus and cyclophosphamide as an attractive option for
GVHD prophylaxis.

Currently, MMF and cyclophosphamide are the only
agents that have been evaluated as part of sirolimus-based
CNI-free GVHD prophylaxis regimens. However, bortezomib
has also been proposed as a potential combination partner for
sirolimus in a preclinical study also showing a maintained
graft vs. leukaemia (GVL) effect [37].

Everolimus
Experience on the use of everolimus for primary prophylaxis
of GVHD is limited. Platzbecker and colleagues investigated a
combination of tacrolimus and everolimus for primary
GVHD prophylaxis in a prospective phase II trial in 24
patients with myelodysplastic syndrome or acute myeloid
leukaemia [38]. Despite a promising overall grade II to IV
aGVHD rate of 37%, an unfavourable toxicity profile led to
an early termination of the trial. Seven patients had devel-
oped TMA leading to acute renal failure in two of them while
a further six patients had developed SOS with fatal outcome
in two of them. The authors hypothesized that the combina-
tion of everolimus with a CNI contributed to the rise of com-
plicating vasculopathies in this trial.

These results are in line with preclinical studies investigat-
ing the combination of everolimus with CsA or with MMF in
a canine non-myeloablative HSCT setting [39, 40]. Here, the

prolonged time to platelet recovery as well as the increased
frequency of infectious complications were identified as po-
tential drawbacks to the application of everolimus in primary
GVHD prophylaxis.

As a consequence everolimus is currently only employed
as part of GVHD prophylaxis in patients developing compli-
cations after exposure to conventional immunosuppressive
regimens. This includes, for example, the development of
posterior reversible encephalopathy syndrome (PRES) under
CNIs [41]. After discontinuing CNIs and bridging with ste-
roids, everolimus was successfully introduced resulting in an
effective prevention of severe GVHD without reoccurrence
of PRES [42].

Treatment of acute GVHD

Sirolimus
First line treatment of acute GVHD. To date only one group
reported retrospectively on the use of sirolimus as frontline
therapy for aGVHD. Pidala and colleagues reported their
early promising experience in primary and follow-up
analysis [43, 44]. Thirty-two patients had received a
backbone of tacrolimus for primary GVHD prophylaxis in
combination with either MTX (n = 29) or MMF (n = 3). After
occurrence of aGVHD patients were commenced on
sirolimus but continued their primary prophylactic regimen
avoiding ‘high’ plasma concentrations of tacrolimus in light
of an increased risk for TMA. At time of diagnosis, four
patients suffered from grade I, 24 from grade II and four
from grade III aGVHD with gastrointestinal tract being the
most frequent aGVHD site (66%) followed by skin (53%)
and liver (16%). Complete remission of aGVHD was
achieved in 16 patients at a median of 14 days after
initiation of sirolimus. In the remaining half of patients
showing no response to initial sirolimus treatment alone,
systemic steroids were added at a median of 9 days after
initiation of sirolimus. Among these cases, a further 12
patients achieved a complete remission of aGVHD signs. At
the end, only four patients were refractory to sirolimus
treatment alone or in combination with steroids resulting in
an 88% response rate to this cascading therapeutic
approach. TMA was noted in three patients and resolved by
reduction of tacrolimus dose in all cases. This to date sole
comprehensive assessment of the use of sirolimus for first
line aGVHD treatment is limited by many factors including
its retrospective nature, the rather limited numbers of
patients included, the differences in primary GVHD
prophylaxis and the inclusion of patients with grade I to III
but not grade IV aGVHD requiring to mark these data as
preliminary until being confirmed by larger, more
comprehensive or prospective trials. Obviously the authors
attempted to avoid the use of steroids by the introduction
of sirolimus in the first place. However, the exclusion of
systemic steroids from the first line of action has certainly
shifted the targeted group of patients to a less severe one
explaining why no patients with grade IV were included.
Taken together, a clinical trial based on careful risk–benefit
assessment for a clearly defined group of patients would
have been desirable.
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Second line treatment of acute GVHD. In a pilot trial, Benito
and colleagues assessed the efficacy and toxicity of sirolimus
treatment for steroid-refactory aGVHD in 21 patients [45].
At the time of initiation 10 patients suffered from grade III
and 11 patients from grade IV aGVHD. Sirolimus was to be
administered for a maximum of 14 days. However, 10
patients were discontinued earlier due to progressive disease
(n = 5), myelosuppression (n = 2), seizures (n = 2) and
attending physician’s preference (n = 1). This resulted in an
overall response rate of 57% including five complete and
seven partial remissions. Major side effects included
hypertriglyceridaemia (n = 8), thrombocytopenia (n = 7),
neutropenia (n = 4) and hypercholesterolaemia (n = 3). In
light of the limited exposure of several patients to sirolimus
these first promising, prospectively generated data have to
be interpreted with caution.

A more comprehensive approach was published by Hoda
and colleagues [46]. In this retrospective study, 34 patients
who were refractory or intolerant to steroids received
sirolimus for their aGVHD including three cases of grade I,
15 cases of grade II, eight cases of grade III and eight cases of
grade IV aGVHD at initiation of sirolimus. Themost common
aGVHD site was the gastrointestinal tract in 27 patients while
skin was affected in 13 patients and liver in four patients. Of
note, all patients concurrently received tacrolimus being con-
tinued from the aGVHD prophylaxis regimen. Fifteen pa-
tients achieved a complete and 11 a partial response
resulting in a 76% overall response rate. The most common
toxicities possibly associated to sirolimus treatment included
cytopenias, hyperlipidaemia and TMA which occurred in
seven patients. Regarding the latter, resolution was success-
fully achieved in all cases by dose reduction or discontinua-
tion of concomitant tacrolimus administration.

In another single centre study, Ghez and colleagues retro-
spectively identified 22 patients as having received sirolimus
as second or further line treatment for their grade II to IV
aGVHD [47]. Complete remission was achieved in 72% of pa-
tients. The toxicity profile included cytopenias with infec-
tions consecutively being the main cause of death. TMA
occurred in a relatively high proportion of 36% and all of
these patients concurrently received CNIs. After discontinua-
tion of the latter and/or sirolimus, TMA frequently resolved.
At a median follow-up of more than 1 year after initiation of
sirolimus, nine patients were still alive resulting in a 41%
overall survival rate.

Everolimus
To our best knowledge, comprehensive data on the employ-
ment of everolimus for the treatment of aGVHD are missing
to date.

Treatment of steroid refractory chronic
GVHD
By inhibiting fibrogenesis and proliferation of fibroblasts
[48, 49], mTOR inhibitors may also improve steroid refractory
cGVHD including sclerodermatous cGVHD where skin,
subcutaneous tissue and fascia are affected in a complex
interplay of chronic inflammation [50]. Unfortunately, the

number of clinical reports on the administration of mTOR in-
hibitors in cGVHD is still very much limited to date. Recently,
promising results from a mouse model have been reported
where the appearance of cGVHD has been successfully sup-
pressed by everolimus [51].

Sirolimus
Johnston and colleagues reported results from a phase II
study where 19 patients with treatment refractory cGVHD re-
ceived a combination of sirolimus, CNIs and steroids [52]. In
this study a very high primary response rate was noted put-
ting 15 of 16 assessable patients up for clinical improvement.
However, severe toxicities including infections and renal im-
pairment limited the overall success of this study markedly
and resulted in its premature closure.

A more favourable outcome was reported by Couriel and
colleagues from a phase II trial where 35 patients with heavily
pre-treated, steroid refractory cGVHD mainly of the skin re-
ceived a combination of sirolimus, tacrolimus and steroids
[53]. Improvement was documented in 22 patients, of whom
six showed a complete and 16 a partial response resulting in a
63% overall response rate. Most common adverse events in-
cluded infections and hyperlipidaemia but also renal insuffi-
ciency, cytopenias and TMA. Of note, eight of 11 patients
with sclerodermatous cGVHD showed an objective response
to treatment suggesting that these patients may have particu-
larly benefitted from this treatment.

Jurado and colleagues retrospectively analyzed 47 pa-
tients from eight hospitals having been treated with a
sirolimus-based salvage therapy for refractory or relapsed
cGVHD [54]. Beside its retrospective nature this study was
limited by its diversity with regard to previous treatments
and concomitant immunosuppression. While sirolimus had
been administered as second line therapy in 12 patients, six
patients had received four or more immunosuppressive treat-
ment regimens beforehand. Sirolimus was combined with
CNIs in 33 cases, with MMF in nine cases and with steroids
in five cases. Response to treatment was seen in 38 patients
including 18 patients with complete and 20 with partial re-
missions. Major adverse events included hyperlipidaemia in
19, renal impairment in 14 and cytopenias in 12 patients.
TMA was seen in four patients, all of them receiving a combi-
nation of sirolimus and CNI. Thus, this study highlights the
therapeutic potential of sirolimus in multiple institutions
but provides also confirmatory data on its typical side effects.

Inspired by the suggested efficacy of sirolimus for the
treatment of steroid refractory sclerodermatous cGVHD,
Jedlickova and colleagues retrospectively analyzed 34 pa-
tients with sclerodermatous cGVHD having received treat-
ment with mTOR inhibitors [55]. In this report, either
sirolimus (n = 13) or everolimus (n = 21) were administered
as a true first line therapy largely in combination with ste-
roids or as a single agent therapy in more advanced therapeu-
tic stages. In this study few complete but several partial
responses were noted for both sirolimus and everolimus
treatment while the most common side effects were limited
to infections, coagulopathy and hyperlipidaemia. Of note,
TMA was rare and related to high trough concentrations of
mTOR inhibitors in the plasma as suggested by a retrospec-
tive analysis by Garcia-Martin and colleagues [56]. In this
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study, a combination of sirolimus and CsA was administered
for treatment refractory GVHD in 61 patients including 37
patients with cGVHD. TMA occurred in 13 patients whereby
almost half of them showed high trough concentrations of
sirolimus. Discontinuation of both CsA and sirolimus solved
TMA in half of the patients but continued in four out of six
patients with ongoing sirolimus administration. Therefore,
a careful monitoring of plasma trough concentrations of
sirolimus and early dose adjustments or discontinuation in
the case of side effects appear to be critical, particularly in pa-
tients with CNI coadministration.

Everolimus
Despite the fact that the use of everolimus as second line
treatment for steroid refractory cGVHD has been suggested
early on [57, 58], studies employing everolimus for cGVHD
treatment are still very limited.

In a first preliminary retrospective assessment, 29 patients
with treatment refractory cGVHD had received a CNI free,
everolimus-based treatment regimen. The authors reported a
promising response rate of 70% including both complete and
partial remissions in conjunction with a bearable toxicity
profile [59]. As mentioned above, Jedlickova and colleagues ret-
rospectively evaluated 21 patients receiving everolimus as
monotherapy or in combination with other immunosuppres-
sants for treatment of severe sclerodermatous cGVHD and re-
ported high response rates [55]. At the time of analysis, 17 of
these patients had reached complete or partial remissions and
steroids could be tapered. However, hyperlipidaemia and im-
paired wound healing were reported as relevant side events pos-
sibly associated with everolimus treatment. As the development
of mucosal and skin ulceration is a well-known side effect of
everolimus and has been reported also in context of cGVHD
treatment, patients with pre-existing ulcerations should be
treated with caution whilst patients with new ulcerations may
have to be discontinued from everolimus treatment [60, 61].

To date the most comprehensive dual centre study on the
use of everolimus for the treatment of refractory cGVHD is
also limited by its retrospective nature. Mielke and colleagues
reported 80 cGVHD patients half of whom achieved com-
plete or partial remissions after initiation of a everolimus-
based salvage therapy [62]. Most frequent adverse events in-
cluded infections and thrombocytopenia and were associated
with increased trough concentrations of everolimus. In this
study, a single case of relapse of the malignant disease was re-
ported suggesting that both GVL effects in context of cGVHD
and anti-neoplastic properties of everolimus may have con-
tributed to improved disease control [63, 64]. Quality of life
and cGVHD symptom bother were assessed in a subgroup of
22 patients using standardized questionnaires in a retrospec-
tive manner revealing symptom improvement under everoli-
mus treatment as well [65]. This is a finding of particular
importance since half of the patients are distressed after
allogeneic HSCT [66] and compromised quality of life
and consecutive mental burden are known to be frequent
complications associated with treatment refractory cGVHD
[67, 68].

Results from prospective trials are missing to date.
Currently, there is one investigator initiated, prospective
study open for recruitment where patients with newly

diagnosed moderate to severe cGVHD are treated with evero-
limus and steroids (‘PredEver first’) [69].

Future developments
The widespread use of mTOR inhibitors in allogeneic HSCT
was clearly driven by the medical need for immunosuppres-
sants overcoming the limitations in efficacy and toxicity of
well-established drugs for both prophylaxis and treatment
of acute and chronic GVHD. Whilst promising response rates
particularly for the treatment of cGVHD have been reported,
the toxicity profile particularly in combination with CNIs re-
mains limiting. However, very recent developments have put
novel agents on the spot such as the JAK1/2 inhibitor
ruxolitinib offering almost 90% response rates in steroid re-
fractory acute and chronic GVHD [70]. Therefore and with
the confirmation of these outstanding results in prospective
studies being awaited in a timelymanner, less room formTOR
inhibitors in the treatment of GVHDmay be left in the nearer
future. Thus, future use ofmTOR inhibitorsmay rather favour
prophylaxis than treatment of GVHD. Here, combinations
without CNIs may offer promising prophylactic regimens
with low toxicity rates. The fact that a prophylactic regimen
of sirolimus or everolimus and MMF has not yet been com-
prehensively studied in a prospective manner reflects cer-
tainly a missed opportunity allowing to cut off both the
nephrotoxicity of CNIs and the microangiopathy likely to
be associated with the combination of mTOR inhibitors and
CNIs. However, drug interactions and the long half-life of
both sirolimus and everolimus will add to the complexity in
clinical practice stressing the need for prospective registra-
tion trials to improve patient safety by optimizing dosing
and enhancing pharmacovigilance [71–73]. Finally, potential
anti-malignant effects delivered with the use of mTOR inhib-
itors as well as future mTORC1/mTORC2 dual inhibitors
underline a unique drug profile that may protect the role of
such in both prophylaxis and treatment of GVHD [74].
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