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Abstract

The phosphatidylinositol 3-kinase (PI3K)/Akt (pro-
tein kinase B, PKB) signal transduction cascade is cru-
cial for the growth and proliferation of cancer cells and
its components represent attractive targets for the
design of anticancer agents. One viable target within
the PI3K/Akt signaling pathway is mammalian target of
rapamycin (mTOR), a key serine/threonine kinase act-
ing downstream of PI3K activation to intracellularly
mediate prosurvival activity. Inhibition of mTOR by the
macrolide antibiotic rapamycin (sirolimus) results in
potent antiproliferative, proapoptotic and antiangio-
genic activity. Deforolimus (AP-23573) is a novel
semi-synthetic phosphorus-containing C43-modified
nonprodrug rapamycin analogue that exerts marked
antiproliferative activity against several PTEN-defi-
cient tumor cell lines and displays proapoptotic and
antiangiogenic effects in a variety of human tumor
xenograft models. Moreover, deforolimus exhibits
potent clinical activity and is presently undergoing
phase II development for the treatment of cancer.

L.A. Sorbera, J. Bozzo, N. Serradell, E. Rosa. Prous Science,
P.O. Box 540, 08080 Barcelona, Spain.
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Dimethylphosphinic acid rapamycin-40-O-yl ester
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eukaryotic translation elongation factor 3 (eEF3), the A
subunit of protein phosphatase 2A (PP2A) and TOR.
mTOR kinase is co-localized in the cytoplasm with three
other peptides. These include: regulatory-associated pro-
tein of mTOR (Raptor), a scaffold protein which presents
substrates to the mTOR kinase domain for optimal phos-
phorylation of downstream targets and inhibits mTOR
kinase activity under nutrient-depleted condition; GβL,
which increases the activity of mTOR through binding to
the catalytic kinase domain of mTOR and stabilizing the
Raptor-mTOR interaction; and mLST8, the function of
which is unknown. Activation of mTOR kinase ultimately
leads to enhancement of TOP (5’-terminal oligopyrimidine
tract; e.g., IGF-II)- and cap (e.g., cyclin D1, Myc, HIF-1)-
dependent translation of proteins involved in cellular
catabolism, anabolism and apoptosis (Fig. 1). Growth fac-
tors or cytokines (i.e., mitogenic stimuli) binding to mem-
brane RTKs trigger the PI3K/Akt signal transduction cas-
cade. After cytokine binding, the receptor dimerizes and
becomes phosphorylated, inducing activation of PI3K,
which phosphorylates phosphatidylinositol (4,5)-bisphos-
phate (PIP2) to give phosphatidylinositol (3,4,5)-triphos-
phate (PIP3). PIP3 activates Akt, which subsequently acti-
vates mTOR. The downstream targets of mTOR are
ribosomal p70S6 kinase (p70S6K) and eukaryotic transla-
tion initiation factor 4E (eIF4E)-binding protein (4E-BP1).
mTOR-mediated activation of 4E-BP1 causes its dissoci-
ation from the RNA cap-binding protein eIF4E and forma-
tion of the eIF4F complex composed of eIF4E, the scaf-
fold protein eIF4G and the RNA helicase eIF4A. This
eIF4F complex enhances cap-dependent protein transla-
tion. Thus, inhibition of mTOR would block p70S6K and
4E-BP1 signaling and prevent translation of RNAs
required for cell cycle progression from the G1 to the S
phase. Inhibition also induces a proapoptotic effect and
results in a deficiency in active cyclin-dependent kinase 4
(CDK4)/cyclin D1, which contributes to G1 arrest.
Moreover, studies have shown that blockade of mTOR

Synthesis

AP-23573 can be prepared by condensation of
rapamycin (I) with dimethylphosphinyl chloride (II) by
means of DTBMP in dichloromethane (1, 2). Scheme 1.

Background

The growth and proliferation of cancer cells are mediat-
ed by signal transduction pathways triggered by the condi-
tional or constitutive activation of receptor tyrosine kinases
(RTKs). RTKs in turn activate cytoplasmic kinases, many
of which are serine/threonine kinases which ultimately lead
to signaling promoting cancer development. Three signal-
ing pathways, the phosphatidylinositol 3-kinase (PI3K)/Akt
(protein kinase B, PKB) and protein kinase C (PKC) family
and the mitogen-activated protein kinase (MAPK)/Ras cas-
cades, have been recognized as crucial for the develop-
ment of cancer and are therefore attractive targets for the
design of anticancer agents (3-12).

One promising anticancer target is mammalian target
of rapamycin (mTOR, also known as FRAP, FKBP12,
RAFT1 and RAP1), a key serine/threonine kinase acting
downstream of PI3K activation. Activation of mTOR
results in prosurvival signaling and consequent progres-
sion of the cell cycle from the G1 to the S phase. mTOR
was discovered following the observation that rapamycin
(sirolimus), a macrolide antibiotic discovered in 1975 to
be a potent antifungal agent and later approved in 1990
for use as an immunosuppressive agent, exhibited potent
antiproliferative and proapoptotic activity and specifically
inhibited mTOR. mTOR has been highly conserved from
yeast to mammals, mediating cell growth and proliferation
at the translational level. mTOR consists of a FAT and
FATC domains, a catalytic kinase domain, an FKBP12-
rapamycin binding domain (FRB), a repressor domain
near the C-terminus and up to 20 tandemly repeated
HEAT motifs at the amino terminus, including huntingtin,
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thetic phosphorus-containing C43-modified nonprodrug
rapamycin analogues. It is stable in organic solvents,
aqueous solutions at different pH values, plasma and
whole blood, and possesses undiminished affinity for
FKBP. The agent was shown to exert marked antiprolif-
erative activity against several PTEN-deficient tumor cell
lines and was effective in a variety of human tumor
xenograft models. Deforolimus was therefore selected for
further development as an oncolytic agent (1, 14, 30).

Preclinical Pharmacology

Deforolimus potently inhibited the growth of several
human tumor cell lines in vitro, including PTEN-deficient
glioblastoma (U-87 MG) and prostate (DU 145), breast,
pancreatic, lung and colon cancers, with activity similar to
that of rapamycin (IC50 about 0.1 nM). The agent also
inhibited growth factor-induced proliferation of primary
human umbilical vein endothelial cells (HUVEC) in vitro.
Investigation of the mechanism of action of deforolimus
using HT-1080 human fibrosarcoma cells showed that the
concentration-dependent accumulation of cells in the
G0/G1 phase of the cell cycle and the significant
decrease in cell size (15-20% at 1-10 nM) observed were
indicative of cytostatic effects comparable to those
observed under conditions of nutrient or growth factor
starvation due to mTOR inhibition. Further experiments
revealed an antiangiogenic effect. Treatment of HT-1080
cells engineered to constitutively secrete human growth
hormone (hGH) with deforolimus (10 nM) decreased
VEGF secretion by more than 50% and the agent inhibit-
ed VEGF-induced proliferation of HUVEC with an IC50
value of 0.1 nM (1, 30). 

Deforolimus markedly decreased survival and
induced apoptosis in human malignant glioblastoma cell
lines (U251, D54, U-87 MG, wild-type epidermal growth
factor receptor [EGFR]- and mutant vIII EGFR-overex-
pressing U-87 MG cells) regardless of EGFR phenotype.
Survival of glioblastoma cell lines was decreased by 40%
following 72-h exposure to 1 nM deforolimus and apopto-
sis was induced in serum and under serum-free condi-
tions (31).

When combined simultaneously in vitro with other
cytotoxic agents (camptothecin, 5-fluorouracil [5-FU],
docetaxel, doxorubicin, cisplatin and topotecan) against
human breast (MCF7), ovarian (SK-OV-3) and endome-
trial (AN3 CA) tumor cell lines, deforolimus exhibited addi-
tive and, at higher concentrations, possibly synergistic
antiproliferative activity. Additive activity was also
observed when deforolimus was combined with the
tumor-targeting antibodies trastuzumab and imatinib and
an EGFR inhibitor in breast BT-474, breast SK-BR-3 and
BCR-ABL-positive K-562 chronic myelogenous leukemia
(CML) cell lines, respectively. Synergistic activity was
detected in experiments combining deforolimus concomi-
tantly with the MEK inhibitor CI-1040 against four non-
small cell lung cancer (NSCLC) cell lines, including 
K-RAS mutant and TP53 wild-type A549 cells; enhanced
caspase-mediated or autophagic cell death was observed

produces antiangiogenic effects due to reductions in vas-
cular endothelial growth factor (VEGF) and the response
of endothelial cells to VEGF stimulation (6, 13-16).

Further supporting targeting mTOR as a potential strat-
egy for the treatment of cancer is the observation that sev-
eral different tumor types exhibit aberrant activated mTOR
signaling, resulting in uncontrolled proliferation of mutant
clones. Mutations upstream and downstream of mTOR
have been detected in cancer cells, such as amplification
of a catalytic subunit of PI3K, loss of PTEN (phosphatase
and tensin homologue deleted on chromosome 10; a
tumor suppressor gene downregulating PI3K or Akt kinase
expression) and overexpression or amplification of eIF4E
or S6K1. The search for inhibitors of mTOR has become
the focus of many researchers in an effort to design more
effective and specific anticancer agents. Those mTOR
inhibitors currently under active development for the treat-
ment of cancer are shown in Table I (17-29).

One promising mTOR inhibitor is deforolimus (AP-
23573), which was identified from a series of semisyn-
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Fig. 1. Growth factors or cytokines binding to membrane recep-
tor tyrosine kinases (RTKs) trigger the phosphatidylinositol 
3-kinase (PI3K)/Akt (protein kinase B, PKB) signal transduction
cascade. After cytokine binding, the receptor dimerizes and
becomes phosphorylated, inducing activation of PI3K, which
phosphorylates phosphatidylinositol (4,5)-bisphosphate (PIP2) to
give phosphatidylinositol (3,4,5)-triphosphate (PIP3). PIP3 acti-
vates Akt, which subsequently activates mTOR. The down-
stream targets of mTOR are ribosomal p70S6 kinase (p70S6K)
and eukaryotic translation initiation factor 4E (eIF4E)-binding
protein (4E-BP1). mTOR-mediated activation of 4E-BP1 causes
its dissociation from the RNA cap-binding protein eIF4E and for-
mation of the eIF4F complex composed of eIF4E, the scaffold
protein eIF4G and the RNA helicase eIF4A. This eIF4F complex
enhances cap-dependent protein translation. Inhibition of mTOR
would block p70S6K and 4E-BP1 signaling and prevent transla-
tion of RNAs required for cell cycle progression from the G1 to
the S phase.



breast, PANC-1 pancreas, A549 lung and HCT 116 colon
tumor models. The agent was effective in inhibiting
growth when administered i.p. and p.o. at doses ranging
from 0.1 to 10 mg/kg for 5 consecutive days followed by
a 9-day rest period, or when given on a weekly dosing
schedule. When administered early after tumor inocula-
tion, partial regression of up to 90% was observed, which

as compared to either agent alone. Additive anticancer
activity was noted when cells were exposed to higher
concentrations of the two agents and antagonism was
observed at low concentrations (32, 33).

The anticancer activity of deforolimus was demon-
strated in several murine tumor xenograft models, includ-
ing human U-87 MG glioblastoma, PC-3 prostate, MCF7

760 Deforolimus

Table I: mTOR inhibitors under active development for the treatment of cancer (from Prous Science Integrity®).

Drug Source Phase

1. Temsirolimus Wyeth Pharmaceuticals L-2007
2. Everolimus Novartis III
3. Deforolimus Ariad Pharmaceuticals II
4. Sirolimus Wyeth Pharmaceuticals II
5. BEZ-235 Novartis I
6. XL-765* Exelixis I
7. ABI-009* Abraxis BioScience IND Filed
8. TOP-216* TopoTarget Preclinical

*Structure not available.
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The safety, tolerability, MTD and efficacy of i.v.
deforolimus (3-28 mg by 30-min infusion for 5 days every
2 weeks on a 4-week cycle) were determined in another
phase I trial in 32 patients with refractory or advanced
malignancies. The MTD was determined to be 18.75 mg,
since 2 patients developed DLT of grade 3 oral mucositis
at a dose of 28 mg. Other adverse events observed dur-
ing the first cycle were reversible grade 1 or 2 mucositis,
fatigue, nausea, rash, anemia and neutropenia, and
reversible grade 1 diarrhea, hyperlipidemia and thrombo-
cytopenia. Phosphorylated 4E-BP1 levels in PBMCs were
rapidly decreased by more than 80% within 1 h of dosing
during the first cycle. Analysis of skin biopsies from 23
patients taken on days 1, 3 and 15 predosing and 4 h
postinfusion indicated that phosphorylated S6 levels
(Ser235/236) were inhibited by 50% or more at 1 or more
time points postinfusion; an average reduction of 27-33%
in phosphorylated S6 staining index was observed at 4 h
and 3 days, and inhibition was sustained for at least 10
days postdosing in 8 samples analyzed. In contrast,
p70S6K staining was constant during all time points.
Inhibition of S6 phosphorylation in the skin did not corre-
late with dose or response. Of the 16 evaluable patients,
minor responses were observed in a patient with renal
cell cancer receiving 6.25 mg for 9 months (28%
decrease in overall tumor burden) and another patient
with an imatinib-refractory gastrointestinal stromal tumor
(GIST) receiving 12.5 mg for more than 4 months. Stable
disease for more than 4 months was observed in a patient
with metastatic uterine sarcoma at 3 mg and 9 other
patients had stable disease for 2-> 6 months (38, 39).

Archival tumor samples from at least 54 patients with
advanced malignancies who participated in the above-
described phase I trials (36, 37) were examined for PTEN
expression. Results from analysis of 22 patient samples
have been reported and showed that 91% of the tumor
samples expressed near normal PTEN levels. Levels of
PTEN expression did not correlate with antitumor
responses to deforolimus. For example, PTEN expres-
sion was absent from a tumor sample from a patient with
mixed mullerian uterine sarcoma who received 3 mg on
the daily x 5 days schedule and had a partial response for
20+ months. In contrast only a modest reduction in tumor
PTEN expression was noted in a patient with clear cell
renal carcinoma treated with 18.75 mg on the daily x 5
days dose schedule and having stable disease for 10
months (40).

A phase I dose-escalating trial in 24 patients with
refractory or advanced malignancies determined the
safety, tolerability, MTD and antitumor efficacy of orally
administered deforolimus (10-30 mg/day once daily for 4
days every week, 21 days or 28 days of a 28-day cycle).
DLTs reported in cohorts receiving a dose of 20 mg/day
for 21 or 28 days included severe mucositis and fatigue.
Other adverse events seen during cycle 1 in at least 2
patients were reversible, mild to moderate mucositis,
fatigue, rash, diarrhea, anorexia and nausea. Analysis of
PBMCs revealed that levels of phosphorylated 4E-BP1
were decreased by more than 80% by day 1 during the

persisted for up to 2 weeks. Moreover, substantial
decreases in growth rate were seen when deforolimus
was administered at a later stage of tumor development
in all xenograft models. Examination of tumors from treat-
ed animals revealed inhibition of mTOR signaling, since
levels of phosphorylated ribosomal S6 protein were com-
pletely abolished after a single dose of 1 mg/kg; inhibition
of S6 persisted for 2-3 days. Results using the U-87 MG
xenograft model showed that treatment with deforolimus
(0.3 mg/kg/day i.p. for 5 days) significantly decreased
tumor growth and size compared to untreated controls.
Effects of the agent were sustained, with a 46% reduction
in mean tumor volume at about 2 weeks postdosing as
compared to the 150% increase observed in untreated
animals. Deforolimus was also effective in this model
when administered orally at a dose of 1 mg/kg/day for 5
days (1, 34, 35).

Pharmacokinetics and Metabolism

The pharmacokinetics of deforolimus were evaluated
in two dose-escalating trials in which it was administered
as a 30-min i.v. infusion once weekly (6.25-100 mg on 
4-week cycles) or once daily (3-28 mg every 2 weeks on
4-week cycles) to patients with refractory or advanced
solid malignancies. The pharmacokinetics of the agent
were best described using a 3-compartment model, with
estimated AUC values increasing in a less than dose-pro-
portional manner on both dosing schedules. AUC was
inversely related to body surface area (BSA) and propor-
tional to red blood cell (RBC) concentrations. The nonlin-
ear pharmacokinetics are consistent with saturation of the
RBC compartment. The mean steady-state volume of dis-
tribution (Vss) increased with dose and was significantly
altered by BSA and RBC. The mean half-life ranged from
45 to 75 h and was independent of dose. Safety, tolera-
bility and efficacy data from these trials are discussed
below (36-38).

Clinical Studies

A phase I trial conducted in patients with advanced or
refractory malignancies examined the safety, tolerability,
maximum tolerated dose (MTD) and efficacy of i.v.
deforolimus (6.25-100 mg by 30-min infusion weekly on a
4-week cycle). Seventeen patients received 34 cycles.
Dose-limiting toxicity (DLT) of reversible grade 3 oral
mucositis was observed in 2 patients at the 100-mg dose,
which was concluded to exceed the MTD. Other frequent
reversible grade 1-2 adverse events seen during the first
cycle were anorexia, diarrhea, fatigue, rash, mucositis,
thrombocytopenia and anemia. Analysis of peripheral
blood mononuclear cells (PBMCs) collected from patient
whole blood showed significant reductions in phosphory-
lated 4E-BP1, which were sustained until the next week-
ly dose. Of the 12 patients evaluable for efficacy, 1 patient
with metastatic cholangiocarcinoma and another with
medullary thyroid cancer had stable disease for at least 4
months (37).

Drugs Fut 2007, 32(9) 761



12.5 mg deforolimus + 80 mg/m2 paclitaxel and 37.5 mg
deforolimus + 60 mg/m2 paclitaxel were well tolerated and
concluded to be the MTDs. Antitumor activity was
observed at several deforolimus/paclitaxel dose levels,
including 25 mg/60 mg/m2, 12.5 mg/80 mg/m2 and 25
mg/80 mg/m2. Five patients have remained on the study
for more than 4 cycles; 1 with head and neck cancer and
another with pancreatic cancer had partial responses (44).

An open-label phase II trial in patients with taxane-
resistant androgen-independent prostate cancer exam-
ined the safety and efficacy of deforolimus (50 mg by 
30-min i.v. infusion once weekly on 4-week cycles). Of
the 38 patients enrolled (median prior taxane treatment =
5.8 months), 26 received more than 4 cycles of treatment
and 11 continued on treatment at the time of reporting.
Treatment-related adverse events were generally mild to
moderate, mouth sores, fatigue, nausea, diarrhea and
thrombocytopenia being the most common (> 20% of
patients). Of 16 patients with measurable disease and
evaluable for response, 1 partial response, 13 disease
stabilizations and 2 cases of disease progression were
observed. Of the 34 patients evaluable for prostate-spe-
cific antigen (PSA) response, 12 had stable disease and
22 had progressive disease. From the 18 patients evalu-
ated after 4 cycles using the FACT-Prostate question-
naire, 14 reported improvement or stabilization of pain
compared to baseline (45).

In an open-label phase II study conducted in 45
patients with advanced endometrial cancer, the safety
and efficacy of deforolimus (12.5 mg once daily by 30-min
infusion x 5 days every 2 weeks on 28-day cycles) were
demonstrated. According to analysis of data from the 27
patients evaluable for response, the agent was well toler-
ated. The most common adverse events were fatigue
(33%), anemia (33%), mouth sores (30%) and nausea/
vomiting (30%). In addition, 16 grade 3/4 adverse events
were reported, including 2 cases of hyperglycemia and 14
other adverse events similar to those reported in other
deforolimus trials. Twenty-seven patients were evaluable
for response, 14 of whom discontinued before 4 cycles
due to progressive disease, 1 due to consent withdrawal
and 3 due to adverse events unrelated to treatment. Of
the 27 patients evaluable for response, 9 had a clinical
benefit response (CBR; includes complete or partial
responses or prolonged [16 weeks] stable disease),
including 2 partial responses in patients with adenocarci-
nomas (46).

The safety and efficacy of deforolimus (12.5 mg i.v.
daily x 5 days every 2 weeks) were also assessed in a
phase II trial in patients with advanced sarcoma (bone
sarcomas, leiomyosarcoma, liposarcoma and others). A
total of 64 courses were administered, with 25, 19, 11
and 9 patients receiving 1, 2, 3 and 4 courses, respec-
tively. The majority of adverse events related to treatment
were mild to moderate in severity and the most common
included mucositis (n=16), anemia (n=10), thrombocy-
topenia (n=8) and maculopapular rash (n=5). One patient
with advanced abdominal liposarcoma died after 1
course of treatment. Of the 23 patients who had tumor-

first cycle; these reductions were sustained, indicating
potent and durable mTOR inhibition. Of the 3 patients
evaluable for antitumor efficacy following completion of 2
treatment cycles, 1 patient with metastatic breast carci-
noma receiving 20 mg/day once daily for 4 days/week
experienced a 22% decrease in overall tumor burden,
another patient with metastatic renal cell carcinoma
receiving 20 mg/day for 21 days had a 21% decrease in
tumor burden, and a patient with soft tissue sarcoma
receiving 20 mg/day once daily for 4 days/week had sta-
ble disease (41).

Another phase I trial examined the MTD, safety and
efficacy of deforolimus (starting dose of 12.5 mg by 
30-min i.v. infusion daily x 4 days prior to tumor resection
followed by daily x 5 days every 2 weeks on a 4-week
cycle after surgical recovery) in patients with recurrent
malignant gliomas. Patients were stratified according to
concurrent use of enzyme-inducing anticonvulsants
(EIACs). Results were reported from 9 patients in the
non-EIAC arm (all received prior radiotherapy), of whom
5 received 12.5 mg and 2 received 15 mg. Of these
patients, discontinuations included 5 due to progressive
disease, 2 due to serious adverse events unrelated to the
study drug, 1 at the investigator’s discretion and 1 in the
12.5-mg cohort due to declining performance status after 
2 cycles. No DLTs or serious adverse events were report-
ed. Drug-related adverse events seen presurgery and
during cycle 1 were hypertriglyceridemia/hyperlipidemia
(n=3), thrombocytopenia (n=2), hypercholesterolemia
(n=2), hyperglycemia (n=2), diarrhea (n=2) and mucositis
(n=1). Analysis of PBMCs from 2 patients revealed rapid
reductions in phosphorylated 4E-BP1 within hours post-
dosing, which were sustained for at least 6 days. In addi-
tion, marked decreases (50-100%) in phosphorylated S6
were observed in 6 of 8 surgically obtained tumor sam-
ples following deforolimus treatment (42).

The safety, tolerability and efficacy were further evalu-
ated in a phase Ib study in 15 patients with solid tumors
given deforolimus at doses of 25, 37.5 and 50 mg i.v. on
days 1, 8 and 15 of a 28-day cycle, combined with
capecitabine (1650 and 1850 mg/m2/day). No DLTs were
reported. The majority of adverse events related to treat-
ment were mild to moderate (grade 1 or 2), with mucosi-
tis/stomatitis being the most common. A partial response
was observed in a patient with endometrial cancer and sta-
ble disease for more than 4 months was seen in 3 patients
with renal, uterine and head and neck cancers (43).

A modified, sequential (3+3) dose-finding study in 29
patients with solid tumors (sarcoma, pancreas, head and
neck, melanoma, thymoma) determined the MTD, safety,
tolerability and efficacy of i.v. deforolimus combined with
i.v. paclitaxel (starting at 12.5 mg deforolimus + 80 mg/m2

paclitaxel on days 1, 8 and 15 of a 28-day cycle). At the
starting dose levels, grade 3 thrombocytopenia, grade 2
mouth sores and missed doses due to grade 2 neutrope-
nia were reported. Other adverse events included mild
and reversible mouth sores and fatigue. Examination of
PBMCs revealed no interference of paclitaxel in
deforolimus-induced inhibition of mTOR. Dose levels of
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cohort (n=7); 2 hematological improvements, 6 stable dis-
eases and 18 progressive diseases in the AML/MDS
cohort (n=26); 4 stable diseases and 3 disease progres-
sions in the CLL cohort (n=9); 2 stable diseases and 
2 disease progressions in the T-cell lymphoma/MCL
cohort (n=2/5); and 2 disease progressions in the ALL
cohort (n=2) (53).

A phase III trial in patients with metastatic sarcoma is
scheduled to begin soon (54).

Drug Interactions

A phase Ib study in 15 patients with solid tumors
examined the pharmacokinetics of deforolimus (25, 37.5,
50 and 75 mg i.v. on days 1, 8 and 15 of a 28-day cycle)
combined with capecitabine (1650 and 1850 mg/m2/day
p.o. on days 1-14) or 5-FU. Deforolimus did not signifi-
cantly affect the pharmacokinetics of either chemothera-
peutic. However, exposure to the catabolite 5-fluoro-5,6-
dihydrouracil tended to decrease in the presence of
deforolimus and a gradual 60% reduction in dihydropyri-
dine dehydrogenase was observed as compared to activ-
ity in the absence of deforolimus (43).

Sources

Ariad Pharmaceuticals, Inc. (US); licensed to Merck &
Co. for co-development and co-marketing.
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associated uptake of [18F]-2-fluoro-2-deoxy-D-glucose
(FDG) on PET imaging at baseline, 9 and 25 patients
exhibited a reduction in overall uptake of 25% or more
and < 25%, respectively. Thirteen patients had sympto-
matic improvements in pain, cough and dyspnea.
Response assessment in this trial was ongoing at the
time of reporting. Of the 36 patients evaluable for
response, half were considered responders (i.e., objec-
tive response or prolonged stable disease for 16 weeks
or more). Analysis of plasma VEGF levels from these
patients revealed a > 50% reduction in 5 of 14 (36%)
evaluable responders and 1 of 16 evaluable nonrespon-
ders (median decrease in VEGF levels of 35%). Tumor
sample PTEN, phosphorylated S6 and p27Kip1 levels
were examined in 20 patients, 8 of whom were respon-
ders. Three of these responders displayed low PTEN lev-
els; phosphorylated S6 and p27Kip1 levels did not corre-
late with clinical response (47-49).

Another phase II trial examined the efficacy and safe-
ty of deforolimus (12.5 mg i.v. daily x 5 days every 
2 weeks) in 212 patients with advanced soft tissue or
bone sarcomas. Treatment was well tolerated. The most
frequent adverse events were mucositis, rash, hyperlipi-
demia, fatigue and thrombocytopenia. The median over-
all CBR rate was 29%, which included 5 partial respons-
es in 3 patients with osteosarcoma, 1 patient with spindle
cell sarcoma and 1 patient with malignant fibrous histio-
cytoma of the bone (MFH). Of these responding patients,
the overall survival was 67.6 weeks compared to 40.1
weeks for the entire study population (50, 51).

Preliminary results were reported from a phase II trial
in 12 patients with relapsed or refractory hematological
malignances (6 acute myelogenous leukemia [AML], 3
agnogenic myeloid metaplasia [AMM], 2 acute lympho-
cytic leukemia [ALL] and 1 myelodysplasia [MDS]) inves-
tigating the safety and efficacy of deforolimus (12.5 mg
i.v. daily x 5 days every 2 weeks). Serious treatment-
related adverse events reported were 1 case each of
hypertriglyceridemia, neutropenic sepsis and mucositis.
Of the 11 patients evaluable for response after cycle 1, 
3 had stable disease and 4 had disease progression (52).

Preliminary data on the efficacy and safety of
deforolimus (12.5 mg i.v. daily x 5 days every 2 weeks)
were reported from another phase II trial conducted in 51
patients with relapsed or refractory malignancies.
Patients were stratified into 5 disease cohorts: AML/MDS,
ALL, AMM, chronic lymphocytic leukemia (CLL) and 
T-cell lymphoma/mantle cell lymphoma (MCL). The agent
was generally well tolerated. Serious, possibly treatment-
related adverse events included diarrhea, mucositis,
hypertriglyceridemia, neutropenic sepsis, dyspnea, syn-
cope, pleural effusion and pneumonia. The most common
adverse events were mild to moderate nausea, mucositis,
hyponatremia, pruritus, rash and hypokalemia. Of the 46
patients evaluable for response, anticancer activity was
observed in all disease cohorts, with a total of 41% of the
patients exhibiting a minimum of stable disease. Best or
most recent response data included: 2 partial responses,
3 stable diseases and 2 disease progressions in the AMM
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