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Recent developments in targeting the mammalian target of
rapamycin (mMTOR) kinase pathway

Piotr Smolewski

The mammalian target of rapamycin (mTOR) is a threonine
kinase involved in intracellular pro-survival signaling. Its
activation leads to progression from the G, to S phase of
the cell cycle. Constitutive activation of the mTOR-related
messengers, including phosphatidylinositol 3-kinase, Akt
kinase, ribosomal p70S6 kinase and eukaryotic translation
initiation factor 4E-binding protein kinase, was found in
numerous malignancies. Recent data indicate that the
mTOR kinase pathway can be an attractive target for anti-
cancer drug development. A well-known mTOR inhibitor is
rapamycin (RAPA), previously applied as an immunosup-
pressive agent in transplant studies. Recently, analogs of
RAPA, such as CCI-779, RAD001 and AP23573, have been
developed. All of those agents are currently being tested in
patients with solid or hematological tumors in several
clinical trials. This review presents recent developments in

Mammalian target of rapamycin (nTOR)
kinase as a target for anti-cancer therapy

The structure and activation of mTOR

mTOR is a serine/threonine-specific protein kinase,
downstream of the phosphatidylinositol 3-kinase
(PI3K)/Akt (protein kinase B) pathway. It is also known
as sirolimus effector protein (SEP), rapamycin-associated
protein (FRAP), FK506-binding protein (FKBP12) or
rapamycin target (RAPT1). The structure of mTOR
kinase, highly conserved during evolution, is shown in
Fig. 1. mTOR consists of up to 20 tandemly repeated
‘HEAT’ motifs at the N-terminus, including Huntington,
elongation factor 3, the A subunit of protein phosphatase
2A (PP2A) and TOR. At the C-terminus there are FRAP-
ataxia-teleangiectasia mutated, transformation/transcrip-
tion domain-associated protein (FAT), catalytic kinase
and FKPB12-rapamycin binding (FRB) domains [1-3]. In
the cytoplasm of mammalian cells mTOR kinase is co-
localized with three peptides: regulatory-associated
protein of mTOR (raptor), Gbetal. and mLLST8. Raptor
is a scaffold protein, presenting substrates to the mTOR
kinase domain for optimal phosphorylation of downstream
targets [4]. Gbetal. binds to the catalytic kinase domain
of mTOR and stabilizes the raptor-mTOR interaction,
increasing activity of mTOR kinase. Under nutrient-
deplete conditions raptor inhibits its function and
reduces the impact of Gbetal. [5]. The role of mLLSTS8
remains unclear.

mTOR kinase is involved in the regulation of cell growth
and proliferation, controlling these processes at the
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translational level (Fig. 2). There are two downstream
messengers of mTOR: ribosomal p70S6 kinase (p70S6K)
and eukaryotic translation initiation factor 4E (elF4E)-
binding protein (4E-BP1). Phosphorylation of S6K1
enhances translation of mRNA that carry a 5'-terminal
oligopyrimidine tract (TOP). Activation of 4E-BP1
results in dissociation from the RNA cap-binding protein
elF4E and formation of the elF4F complex. The
complex, consisting of the cap-binding protein elF4E,
the scaffold protein eIF4G and the RNA helicase elF4A,
enhances cap-dependent protein translation [2].

In mammalian cells, activation of mTOR signaling to
S6K1 and 4E-BP1 depends on signal transmission through
the phosphatidylinositol 3-kinase (PI3K)/Akt pathway.
PI3K and Akt lie upstream of mTOR, and are activated
by growth factors or mitogenic stimuli, such as cytokines
(Fig. 2). Thus, mTOR kinase can be defined as a key
element of the PI3K/Akt signaling pathway.

Aberrant mTOR signaling in malignant disorders

Aberrantly activated mTOR signaling plays an essential
role in the growth of different types of tumors, leading to
an uncontrolled proliferation of malignant clones. Activa-
tion of the PI3K/Akt pathway allows T and B cell
proliferation. Increased activity of PI3K in transgenic
mice extends T cell survival z vivo [6], affects T cell
homeostasis and contributes to the early development of
T cell lymphomas or autoimmunological disorders [7].
p65-PI3K, a truncation mutant of the regulatory PI3K
subunit, was isolated from thymic lymphoma [8].
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Fig. 1
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Structure of mTOR kinase. mTOR consists of up to 20 tandemly
repeated HEAT motifs at the N-terminus, which include Huntington,
elongation factor 3, PP2A and TOR. From the C-terminus there are the
FAT domain, catalytic kinase domain and FRB domain (see main text).
Structurally, the mTOR kinase is a member of a big PI3K-related kinase
family; the catalytic kinase domain in the C-terminus is highly
homologous to the lipid kinase domain of PI3K.

Fig. 2
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Simplified scheme of the mTOR signaling pathway. PI3K,
phosphatidylinositol 3-kinase; mTOR, mammalian target of rapamycin;
raptor, regulatory-associated protein of mTOR; ASK1, apoptosis signal-
regulating kinase 1; p70 S6K1, ribosomal p70 S6 kinase 1; elF4E,
eukaryotic translation initiation factor 4E; 4E-BP1, elF4E-binding
protein 1; IRS, insulin-receptor substrates; IGF-Il, insulin growth factor
II; P, phosphorylation.

Several mutations upstream and downstream of mTOR
kinase were detected in malignant cells. These include
amplification of a catalytic subunit of PI3K, loss of PTEN
(phosphatase and tensin homolog deleted on chromo-
some 10), a tumor-suppressor gene which downregulates
expression of either PI3K or Akt kinases, amplification of
Akt, as well as overexpression or amplification of eIF4E or
S6K1 [9-16].

Somatic PTEN mutations appear in numerous malig-
nancies. They were most frequently described in
glioblastomas (approximately 70% of patients). Moreover,

PTEN mutations were found in 25—-60% of tumor cells in
lung, skin, thyroid, prostate or endometrial cancers [9].
Loss of PTEN leads to constitutive activation of Akt and
an increased activity of mTOR, which may sensitize cells
to mTOR inhibitors. Overexpression of Akt was detected
in more than 50% of colon adenomas and colorectal
cancers. It may indicate a role for this kinase as a
protooncogene during tumorigenesis [10]. Recently,
increased activity of Akt kinase was found in both human
and mouse mesotheliomas [17]. Moreover, overexpression
or hyperactivation of Akt correlating with sensitivity to
treatment has been found in non-small cell lung and
breast cancer cells [11,12].

Proteins lying downstream of mTOR are also altered in
several malignancies. Namely, overexpression of e¢lF4E
appeared to be a common event in solid tumors,
especially in breast, colon and neck cancers [13].
Amplification of the eIF4E gene and elF4E protein
overexpression is associated with progression of those
cancers [14]. High elF4E levels correlated with a higher
rate of relapses and cancer-related deaths. In contrast to
elF4E, overexpression of 4EBP inhibits cell proliferation.
4EBP-1 expression levels correlate inversely with tumor
progression [15]. Moreover, activation of the mTOR/
p70S6K pathway was found in a pancreatic cancer cell
line [18,19].

Similarly, various data indicate a crucial role of sustained
hyperactivation of the PI3K/Akt/mTOR pathway in the
development of hematological tumors. Permanently over-
expressed PI3K/Akt kinases as well as increased levels of
elF4E protein were found in malignant B cell prolifera-
tions, including B cell non-Hodgkin’s lymphomas (NHL)
[20,21] or multiple myeloma [22,23]. Activation of
mTOR signaling contributes to tumor cell survival in
ALK-positive anaplastic large cell lymphoma [24]. In-
hibition of the Akt/mTOR pathway results in cell cycle
arrest and apoptosis in mantle cell lymphoma (MCL)
cells [25]. Overexpression of elF4E and subsequent
deregulation of elF4E-dependent mRNA transport can
be responsible for inhibition of granulocyte and monocyte
differentiation. This may contribute to leukemogenesis
in acute myeloid leukemia (AML) or chronic myelogen-
ous leukemia (CML) [26]. The constitutive activation of
PI3K/AKt is necessary for the survival of AML tumor cells
[27] and is associated with a poor prognosis in AML
patients [28,29]. In turn, inhibition of this pathway leads
to cell cycle arrest and apoptosis of AML cells [30].
Similarly, sustained activation of the PI3K kinase
pathway is probably crucial for escape from apoptosis
and accumulation of mature CD5 */CD19 * Ilymphocytes
in B cell chronic lymphocytic leukemia (B-CLL).
Inhibition of this pathway increases dexamethasone-
and fludarabine-induced ex-vivo apoptosis of B-CLL cells
[31,32].
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Inhibition of the mTOR kinase pathway

Thus, targeting of the mTOR kinase may lead to cell
growth inhibition, which induces an anti-tumor effect in
several types of malignant disorders. Since mTOR is a
downstream component of PI3K/Akt signaling, tumor
cells with PI3K/Akt activation or harboring mutations of
this pathway should be more prone to mTOR-targeting
treatment. Therefore, a significant effort has been made
in recent years to define and develop specific inhibitors of
this pathway. One of them is an agent used for many years
for other indications. This is rapamycin (RAPA, siroli-
mus), a macrolide antibiotic discovered as an anti-fungal
agent in the 1970s [33]. In 1990, RAPA was approved by
the FDA as an immunosuppressive agent for use after
renal transplantation (Rapamune; Wyeth-Ayerst, College-
ville, Pennsylvania, USA). Furthermore, an anti-prolifera-
tive and anti-tumor activity of RAPA has been discovered.
More recently, three analogs of RAPA with superior
pharmacokinetic and biological properties have been
synthesized and introduced to clinical trials in different
malignant disorders. They are CCI-779 (cell cycle
inhibitor-779, temsirolimus; Wyeth; a soluble ester analog
of sirolimus [34]), RADO001 (40-0-[2-hydroxyethyl]-
rapamycin, everolimus; Novartis Pharma, Basel, Switzer-
land; an orally bioavaliable derivative of RAPA previously
approved also as an immunosuppressant agent) and
AP23573 (Ariad Pharmaceuticals, Cambridge, Massachu-
setts, USA; a non-pro-drug RAPA analog).

In general, inhibition of mTOR kinase blocks the signal
to two downstream messengers, S6K1 and 4E-BP1, and
prevents translation of key mRNAs required for cell cycle
progression from the G; to S phase [35,36]. As a
consequence, it prevents activation of cyclin-dependent
kinase (CDK), accelerates the turnover of cyclin D1,
inhibits phosphorylation of retinoblastoma protein (pRB)
and leads to a deficiency of active CDK4/cyclin D1
complexes. All these events lead to Gp arrest [35].
Another mode of action of mTOR inhibitors, which
increases its anti-tumor activity # oivo, 1S an anti-
angiogenic effect related to decreased production of
vascular endothelial growth factor (VEGF) and reduced
response of endothelial cells to VEGF stimulation
[37-39].

Targeting mTOR: clinical application of mTOR
inhibitors

RAPA

RAPA is a product of Streptomyces hygroscopicus, a bacteria
isolated from a soil sample from Easter Island (Rapa Nuz).
Its molecule is a mixture of two conformational isomers
due to cis—trans rotation about an amidic bond in its 31-
membered macrolide ring [1]. Formation of the active
complex, consisting of RAPA and the FK506-binding
protein 12 (FKBP12), mediates an anti-proliferative
effect via inhibiting mTOR kinase.
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The main effect of RAPA is induction of growth arrest in
the Gy phase of the cell cycle. In higher concentrations,
however, RAPA exerts a pro-apoptotic effect in several
types of tumor cells [25,30,40,41]. RAPA was also shown to
induce apoptosis in non-malignant B and T lymphocytes as
well as in ‘double-null’ lymphocytes in the mouse model of
autoimmune lymphoproliferative syndrome [42].

Due to problems with RAPA stability, development of its
parenteral formulation has failed. Therefore, for several
years RAPA has not been introduced into clinical trials in
oncology. Only recently have Mayerhofer ez a/. tested
RAPA in a pilot study as a second-line treatment in seven
imatinib-resistant patients with CML [43]. The drug was
administrated orally at a dose of 2 mg for 14 consecutive
days, with dose adjustment to maintain the serum
concentration at 10-20ng/ml. The authors observed a
major decrease in leukocyte numbers in three patients
and minor transient responses in two patients. Two
patients did not respond to RAPA. No significant
cytogenetic improvement was observed. The drug was
well tolerated and no severe side-effects were reported.

CCI-779

CCI-779 showed high anti-tumor activity, inhibiting
malignant cell growth in a wide range of cancer types
either i wvitro or in animal models. This includes
glioblastoma, melanoma, and prostate, breast, renal cell
and pancreatic cancers [44]. Treatment of nude mouse
xenografts with CCI-779, however, resulted in growth
inhibition and a significant delay of tumor progression
rather than in regression of tumor mass [45]. Cytotoxic
activity of CCI-779, however, has been shown in human
neuroectodermal tumor models [46].

Determining doses, toxicity and pharmacodynamic
effects in phase I clinical trials for solid tumors

Based on the preclinical data, CCI-779 has been
introduced into first clinical trials in patients with solid
tumors such as renal, breast and lung cancers. As a result,
two schedules of CCI-779 administration, once weekly
[47] or 5 days every 2 weeks infusions [48], were
established. The main dose-limiting, mild and reversible
toxicities of CCI-779 treatment were mucositis and skin
reactions [47] or hypocalcemia, liver tests elevation and
thrombocytopenia [48]. No immunosuppressive effects
were observed. Recently, the pharmacokinetic parameters
of CCI-779 relating to safety and clinical activity have
been carefully estimated in patients with advanced renal
cancer [49]. Assessment of p70S6K expression in
peripheral blood mononuclear cells (PBMCs) was de-
scribed as a good parameter determining the pharmaco-
dynamic effect of CCI-779 [50].

Renal cell carcinoma
Another randomized phase 1 study comparing CCI-779
and interferon-a used alone or in combination in patients
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with advanced renal cell carcinoma has been performed,
with 13% partial remissions (PRs) and 71% stable
diseases (SDs) after CCI-779 [51]. A phase II clinical
trial with CCI-779 alone in advanced refractory renal cell
carcinoma has also been conducted [52]. Among the 111
patients assigned to the trial, 6% of patients obtained PRs
and 26% SDs, with the median time to tumor progression
5.8 months and median survival 15 months.

Lung cancer

A preliminary report from a phase II study showed
significant activity of CCI-779 in 87 patients with small
cell lung cancer in remission after induction chemother-
apy [53]. The median survival after two infusions of both
CCI-779 doses, 25 (arm A) and 250 mg (arm B) (16.5 and
22.9 months, respectively), was superior to median
survival in historical groups of patients treated with
chemotherapy only (8.9 months). Interestingly, the
rate of grade 3 and 4 drug-related toxicities was
similar in arms A and B (21 versus 26 patients,
respectively).

Breast cancer

One hundred and nine patients with advanced and
metastatic breast cancer were enrolled to another
phase II clinical trial with CCI-779 [54]. Clinical benefit
was observed in almost half of the patients, with an
overall response rate (ORR) of 9.2% (10 patients with
PRs), with efficacy for two doses, 75 and 250 mg,
administrated as a 30-min i.v. infusion. Median time to
disease progression was 12 weeks. Both doses had
tolerable safety profiles. Mucositis, maculopapular rash
and nausea were the most common drug-related side-
effects of all grades.

Glioblastoma multiforme

Two phase II clinical trials of CCI-779 in recurrent
glioblastoma multiforme were performed [55,56]. In both
studies the basic CCI-779 dose schedule was 250 mg i.v.
weekly. Galanis ez /. observed evidence of radiological
improvement in 20 out of 65 (36%) examined patients
[55]. This response was associated with significantly
longer progression-free survival and median overall
survival when compared to non-responsive patients. In
the most recent, updated report, development of a grade
2 hyperlipidemia on treatment appeared to be a surrogate
marker of radiographic improvement [57]. High levels
of phosphorylated p70S6K, determined by immunohis-
tochemistry in baseline tumor samples, allowed a better
definition of the responsive patient population. In
another study, Chang e @/ observed a rapid disease
progression after initial stabilization, which had been
initially achieved in approximately 50% of patients [56].
Among the 43 eligible patients, only one was free of
progression at 6 months of observation. Thus, CCI-779
seems not to be efficient enough to warrant further trials
in recurrent glioblastoma multiforme.

Malignant melanoma

CCI-779 was also tested in patients with metastatic
melanoma; however, no significant effectiveness was
observed [58]. Only one out of 33 patients treated
achieved a PR lasting 2 months. The median time to
disease progression and overall survival were 10 weeks
and 5 months, respectively.

Hematological malignancies

CCI-779 is also being introduced into clinical trials for
patients with hematological tumors. Namely, in a phase 11
clinical trial, 35 patients with relapsed and refractory
MCL have been treated with a weekly dose of 250 mg
CCI-779 [59]. The ORR was 38%, including one CR and
12 PRs. Twenty six patients progressed, with a median
time to progression of 6.5 months. Thrombocytopenia
was frequently observed and was dose limiting. Recently,
the same group tested whether lower doses of CCI-779
(25 mg) could produce a similar ORR [60]. As was shown
in the interim analysis, among the 13 eligible patients,
four achieved PRs and another four patients had SDs. So
far, no grade 4 toxicities have been noted, and one each
grade 3 neutropenia and thrombocytopenia have been
observed.

Moreover, CCI-779 has been evaluated in seven patients
with advanced leukemias. Five patients were diagnosed
with AML,, one with myeloid blast crisis in the course of
CML and one with acute lymphocytic leukemia (ALL)
[61]. No patient achieved a CR. The transient reduction
of blasts was observed in a patient with heavily pretreated
ALL. Six out of seven patients have discontinued

treatment, including four who had progressive disease
(PD).

RADO001

Phase I clinical trials in solid tumors: establishing
doses, a toxicity profile and biological effectiveness
The phase I dose-escalation study with orally adminis-
tered RADOO1 in patients with solid tumors showed that
weekly doses of 5-30mg were well tolerated. The
moderate side-effects included grade 1 or 2 fatigue,
anorexia, rash, headache, mucositis or hyperlipidemia
[62]. The weekly doses of 20-30 mg have been estab-
lished as sufficient to achieve inhibition of the signal
transduction pathway. Inhibition of S6K1 in PBMCs and
has been suggested as a valuable surrogate marker [63].

Thirty-three patients with advanced solid tumors were
treated in a phase I study reported by Tabernero ez 4.
[64]. Grade 3 dose-limiting toxicity (DLT) occurred in
five patients comprising stomatitis, neutropenia and
hyperglycemia. One patient achieved PR (colon cancer)
and two patients SDs lasting for more than 4 months
(renal and breast cancer). The doses and schedules
studied (weekly 20, 50 and 70 mg or daily 5 and 10 mg
RADO001) resulted in an inhibition of mTOR signaling in
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tumor cells. A dose-related decrease in 4E-BP1 expres-
sion and an increase in phosphorylated Akt levels were
observed, with maximal effect at the doses of 10 mg daily
and more than 50 mg weekly. According to the authors, a
dose of 10mg daily can be recommended for further
phase II-IIT development with RADOO1 as a single agent.

Lerut er al. evaluated the molecular pharmacodynamics
and a dosage schedule of RADO0O1 in 15 patients with
newly diagnosed localized prostate cancer [65]. The
patients were treated for 4 weeks prior to radical
prostatectomy. RADO001 was administered as either
weekly (30, 50 or 70 mg) or daily (5 or 10 mg) doses.
Changes in expression of phosphorylated S6K, Akt and
4E-BP1 were assessed using  immunohisto-
chemistry. RADOO1 showed good tolerability in at the
doses tested.

Currently open RADOO1 clinical trials for patients with
solid tumors

RADO0O1 is being evaluated in a phase II clinical trial in
patients with progressive or recurrent endometrial cancer.
This type of malignancy is characterized by deactivating
mutations of PTEN in up to 50% of cases. The study is
currently recruiting patients (NCT00087685 trial). More-
over, the phase I/IT trial of RADOO1 in children with
recurrent or refractory solid tumors and brain tumors,
with phase II limited to recurrent or refractory rhabdo-
myosarcomas and non-rabdomyosarcomatous soft tissue
sarcomas, is currently active (recurrentmalignancies@
stjude.org).

Hematological malignancies

Several reports confirmed the anti-tumor activity of
RADO0O1 in hematopoietic tumor cells. In Epstein—Barr
virus (EBV)-transformed lymphoblastoid B cell lines and
in a mouse model, RAD0OO1 was found to inhibit cell
growth, induce accumulation in the G; phase of the cell
cycle and also to increase the apoptotic rate of the cells
[66]. RADO0O1 has shown effectiveness in post-transplant
lymphoproliferative disorders caused by EBV transforma-
tion [67].

A phase I/Il study with RADOO1 in patients with
advanced hematologic malignancies has already been
closed (NCT00081874). Patients with relapsed/refractory
AML, ALL, CML in blastic phase, B-CLL and T cell
leukemia or MCL were enrolled. As mTOR-related
messengers are upregulated in hematological malignan-
cies, the new mTOR inhibitor is a promising agent in
these disorders. According to the available initial results,
RADO001 showed minor effectiveness, with two out of the
14 eligible patients with B-CLL having 33 and 65%
lymphadenopathy, and one patient with myelodysplastic
syndrome (MDS) showing decreased transfusion require-
ments.
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AP23573

Solid tumors: assessment of pharmacodynamic
effects, administration schedule and tumor response
in preclinical and phase I clinical trials

AP23573 has showed anti-proliferative activity # vitro in a
variety of PTEN-deficient tumor cell lines, including
glioblastoma, and prostate, breast, pancreatic, lung and
colon cancers [36]. AP23573 completely inhibited in-vivo
activity of mTOR in PBMCs as measured by decreased
phosphorylation levels of mMTOR messenger proteins. In
the phase I study by Rivera e &/, 32 patients with
different malignancies received AP23573 in doses ranging
from 3 to 28 mg [68]. Inhibition of S6K phosphorylation
was assessed in skin biopsies as a surrogate for the tumor.
AP23573 exerted a pharmacodynamic effect in more than
85% of examined patients, showing a decrease of
phosphorylated S6K expression in the skin, with the
stable expression of total p70S6K, which confirmed good
tissue penetration of the drug.

Recently, Desai ¢z a/. described an AP23573 pharmacoki-
netic model for optimization of AP23573 dosage [69].
The study was based on two dose-escalation trials
evaluating the drug as a 30-min infusion i.v. administered
either once weekly or once daily for 5 days. AP23573
appeared to exhibit non-linear pharmacodynamic beha-
vior. [t was consistent with saturation of the red blood cell
compartment, which contains an abundance of AP23573-
binding FKBP protein.

AP23573 has been tested in two phase I studies in
patients with refractory or advanced solid tumors. Mita ez
al. administered AP23573 daily for 5 days every 2 weeks
for 4-week cycles [70]. Among the eight eligible patients,
one PR has been achieved in a patient with metastatic
renal cell cancer. One patient with metastatic sarcoma
had SD lasting more than 6 months. In the trial
conducted by Desai er al., AP23573 was administered
weekly on 4-week cycles. Among five eligible patients
with medullary thyroid cancer, one patient had SD for
over 2 months [71]. The drug was generally well
tolerated. The severe DLT was oral mucositis.

Based on the preclinical studies that described 40%
growth reduction in glioblastoma cells treated with
AP23573, an additional phase I trial has been evaluating
patients with relapsed or refractory glioblastoma. Anti-
proliferative activity was observed in both cells over-
expressing epidermal growth factor receptor (EGFR)
gene and cells without EGFR overexpression [72,73].

Sarcomas: phase Il clinical trials

Preliminary data from phase II study of 25 patients with
advanced sarcomas, including bone sarcomas, leiomyosar-
coma or liposarcoma, has recently been reported [74].
AP23573 was administered at doses used in the phase |
trial  [71]. [ISF]Z—Fluoro—2—deoxy—l)—glucose positron
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emission tomography (PET) performed before and 5 days
after starting AP23573 dosing was used for pharmacody-
namic and biomarker endpoints in 23 out of 25 treated
patients. Among them, a decrease in overall uptake on
PET imaging has been observed in 18 patients during the
first course of AP23573. Improvement in disease-related
clinical symptoms was observed in 13 patients. The main
drug-related side-effects were mucositis, anemia, throm-
bocytopenia and skin rash. Most of those events were
mild or moderate in severity. Of note, one patient with
advanced abdominal liposarcoma died of rapidly progres-
sing disease after receiving one course of AP23573. The
overall effects of treatment, however, warranted con-
tinuation of the study.

PET appeared to be valuable in an initial evaluation of
response to AP23573 treatment. Sankhala ¢ @/. described
the feasibility of early response evaluation by PET
imaging in 25 patients with sarcoma [75]. In five out of
nine responding patients the PET evidence of partial
metabolic response correlated with clinical improvement
as demonstrated by reduced symptoms of pain, shortness
of breath and cough.

Hematological malignancies: phase Il clinical trials
Most recently, results of the phase II clinical trial with
AP23573 in 51 patients with relapsed or refractory
hematological malignancies were reported [76]. The
study group consisted of 35 patients with acute
leukemias, nine with CLL and eight with lymphomas
(six MCL and two T cell lymphoma patients). Among all
46 evaluable patients, an anti-tumor activity of AP23573
determined as at least SD was shown in 19 (41%) cases.
The drug given at the dose of 12.5mg i.v. daily for 5
consecutive days showed good tolerability. The accepta-
ble side-effect profile included mild/moderate diarrhea,
mucositis, skin reactions, hyponatremia, hypokalemia,
hypertriglyceridemia and neutropenia complicated with
pneumonia, pleural effusion or sepsis.

Another phase II clinical trial showed safety and efficacy
of AP23573 treatment (12.5 mg i.v. daily x 5 days, every 2
weeks) in relapsed or refractory hematological malignan-
cies [77]. In this preliminary report, 11 patients (six
AML, three agnogenic myeloid metaplasia, one ALL and
one MDS) were eligible for the end-of-first cycle
response assessment. Among them, three achieved minor
hematological response; three other patients had SDs and
four PDs. Treatment-related adverse events included
hypertriglyceridemia, neutropenic sepsis and mucositis.
Patient enrollment to this study is continuing.

Conclusions

The mTOR kinase pathway is a crucial for cell survival
and therefore it has been explored as an attractive target
for anti-tumor treatment. Special benefits of such

treatment can be expected in tumors with constitution-
ally activated elements of the PI3K/Akt/mTOR pathway.
Clinical trials showed that mTOR inhibitors, including
RAPA analogs CCI-779, RAD001 and AP23573, were well
tolerated and can produce SDs or even substantial
responses in relapsed or resistant solid tumors and some
hematological malignancies. Several clinical trials are
underway and it will require time to assess any real
benefit of this novel therapeutic approach.
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