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Abstract
In a phase II trial, 16 patients with relapsed refractory multiple myeloma received temsirolimus 25
mg IV weekly until progression. One partial response and 5 minor responses were observed for a
total response rate of 38%. The median time to progression was 138 days. Grade 3–4 toxicity
included fatigue (n=3), neutropenia (n=2), thrombocytopenia (n=2), interstitial pneumonitis (n=1),
stomatitis (n=1) and diarrhea (n=1). Clinical activity was associated with a higher area under the
curve (AUC) and maximal reduction in phosphorylated p70S6K and 4EBP1 in peripheral blood
mononuclear cells. At the dose and schedule used, temsirolimus had low single agent activity.
Investigation of alternate dosing schedules and use in combinations is indicated.
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INTRODUCTION
In spite of recent improvements in outcome, treatment of multiple myeloma (MM) remains
essentially palliative. Although high-dose chemotherapy has improved long-term outcome,
almost all patients still relapse [1,2]. Furthermore, while recently approved drugs such as
thalidomide, bortezomib, and lenalidomide improve response rates and delay progression
compared to more conventional cytotoxic agents [3–5], relapses invariably occur indicating
the need for continued investigation of novel agents in this disease.
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The PI3K/Akt/mTOR pathway is important for mediating survival, growth and resistance to
apoptosis signals in myeloma cells [6,7]. Although survival responses may be the result of
phosphorylation of one or more of many different substrates, stimulation of proliferation is a
result of downstream signaling through mTOR, which results in phosphorylation of the
p70S6 kinase (p70S6k) and of the 4EBP1 translational repressor. p70S6k activation results in
increased phosphorylation of the 40S ribosomal S6 protein, and 4EBP1 phosphorylation
disrupts its interaction with the eIF-4E initiation factor, allowing eIF-4E to participate in
assembly of a translation initiation complex. These lead to up-regulation of proteins needed
for cell cycle transit [8]. Inhibition of the PI3K/Akt/mTOR pathway may therefore be a
therapeutically useful target in MM.

Temsirolimus is an ester of sirolimus and is a signal transduction inhibitor with antitumor
properties. Temsirolimus reacts with the ubiquitous intracellular FK506-binding protein 12,
and the complex specifically inhibits mTOR, a Ser/Thr kinase located predominantly in the
nuclear fraction of both neoplastic and normal cells. Pre-clinical data indicated that
temsirolimus is active against MM cell lines [9,10]. In an animal model of myeloma,
injection of temsirolimus inhibited the growth of 8662 cells transplanted into NOD/SCID
mice, and this was associated with in vivo inhibition of p70S6k [10]. Based on the above
data, we conducted a phase II trial to assess the response rate of temsirolimus in patients
with relapsed or refractory MM.

PATIENTS AND METHODS
Eligibility Criteria

Patients were eligible if aged 18 years or older, had MM as defined by World Health
Organization criteria [11], a measurable serum or urine monoclonal (M)-protein, stage I-IIIA
defined by the Salmon-Durie system [12], and progressive disease after at least one prior
systemic treatment. In addition, patients were required to have an Eastern Cooperative
Oncology Group performance score of 0 to 2, acceptable hematologic and biochemical
parameters defined as absolute neutrophil count (ANC) ≥ 1.2 × 109/l, platelets > 75 × 109/l,
serum creatinine ≤ 1.5 mg/dl, total bilirubin ≤ 1.5 mg/dl, AST and ALT ≤ 2.5 × upper limit
of normal, fasting serum cholesterol ≤ 350 mg/dl and triglycerides ≤ 400 mg/dl. The
protocol was approved by the Institutional Review Board of the Ohio State University, and
all patients gave written informed consent prior to initiating protocol procedures.

Study Treatment and Monitoring
Temsirolimus was administered at a dose of 25 mg intravenously (IV) over 30 minutes
every week. Patients were pre-medicated with diphenhydramine 25–50 mg IV 30 minutes
before infusion to prevent idiosyncratic hypersensitivity reactions; no prophylactic
corticosteroids were used. A treatment cycle was defined as 4 weeks. Patients were
monitored for toxicity weekly, which was graded according the National Cancer Institute
Common Terminology Criteria for Adverse Events, version 3.0. Treatment was delayed for
an ANC < 1.0 ×109/l or platelet count < 75 ×109/l, and for grade 3 or 4 non-hematological
toxicity. Upon recovery, the dose of temsirolimus was reduced by 20% for subsequent
doses. Toxicities manageable with standard supportive therapy, including electrolyte
replacement for electrolyte disturbances and statin drugs for hyperlipidemia, did not require
dose-reduction. Patients were taken off study for grade 3 or 4 toxicities that did not recover
to at least grade 2 within 3 weeks, and if more than 3 dose reductions were required. A
minimum of 2 cycles were required. Patients with progressive disease after 2 cycles were
taken off study. Otherwise, patients continued until evidence of disease progression.
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Assessment of Response
Disease response or progression was assessed at the beginning of each treatment cycle
(every 4 weeks) according to the criteria of the European Group for Blood and Marrow
Transplantation (EBMT) [13]. Serum and urine M-protein quantification was performed
every 4 weeks by protein electrophoresis. Responses or progression required confirmation
by an assessment at least 4 weeks later. Patients continued to receive temsirolimus until
confirmation of progression was established.

Statistical Analysis
The primary endpoint was the best overall response (complete response [CR] or partial
response [PR]). Although minor responses (MR) are noted as recommended recently for
phase I/II trials of novel agents in patients with relapsed refractory MM [14,15], they were
not considered as an endpoint in the original statistical design of the trial. The trial was
designed to test the null hypothesis that the true overall response rate was at most 10%. An
overall response rate of 30% or greater was considered sufficient to indicate that the regimen
was worthy of further study. The study design was based on the parameters and assumptions
of a two-stage Simon min max design [16] with types I and II errors set at 0.1. This required
a maximum of 25 assessable patients, where an interim analysis was performed after the
accrual of 16 evaluable patients who had been followed for at least 2 cycles. At least 2
responses, defined as CR or PR, in the first 16 patients were required in the interim analysis
to continue accrual. Time to progression (TTP) was defined as the time from initial
administration of temsirolimus to first documented progression or censored at the time of
last seen. The TTP was estimated using the Kaplan-Meier method [17]. Statistical analysis
was performed using S-Plus 6.1 (Insightful Corporation, Seattle, WA).

Pharmacokinetic Analysis
Temsirolimus pharmacokinetic (PK) analysis was performed on plasma samples obtained
immediately before treatment and at 2, 3, 4, 6, 8, and 24 hours after the first dose of
temsirolimus of cycles 1 and 2. Plasma levels were quantified by a liquid chromatography
and tandem mass spectroscopy (LC-MS/MS) method established at the Ohio State
University by Dr. Kenneth Chan. Assays were performed on a TSQ Quantum Triple
Quadruple mass spectrometer (Thermo, San Jose, CA) with a lower limit of quantification at
0.01 ng/ml. Briefly, 200 μl of plasma were spiked with a constant amount of the internal
standard AP3 (10 ng/ml) and the samples were extracted with 1 ml ethyl acetate. The
supernatant was separated from the aqueous layer and the ethyl acetate was evaporated
under a stream of nitrogen and the residue was reconstituted in 90% methanol buffered with
5 mM ammonium acetate and a 10 μL aliquot of the reconstituted solution was injected into
a Shimadzu HPLC system (Shimadzu, Columbia, MD), which was equipped with a
CBM-20A system controller, an LC-20 AD pump, a SIL-20AC autosampler, CTO-20A
Column Oven, DGU-20A5 degasser and FCV-11AL Valve Unit. CCI-779 and the internal
standard AP3 were separated on a Betabasic C8 column (2.1 mm I.D. × 50 mm, 5 μm;
Thermo Hypersil-Keystone, Bellefonte, PA) coupled to a 2 μm pre-column filter (Thermo
Hypersil-Keystone, Bellefonte, PA) using a 2.5-minute isocratic elution (90% methanol/5
mM ammonium acetate) at the flow rate of 0.2 ml/min. Temsirolimus and AP3 were
monitored using the ionic transitional channels m/z 1047.51 >979.37 and 635.14>547.15,
respectively. The temsirolimus plasma concentration versus time data were analyzed using
noncompartmental and compartmental techniques to estimate the peak concentration (Cmax),
half-life (t1/2), area under the curve (AUC), volume of distribution (Vdss), and clearance
(CL).
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Pharmacodynamic Analysis
The phosphorylation status of p70S6k and 4EBP1 in peripheral blood mononuclear cells
(PBMC) was used to evaluate the pharmacodynamic activity of temsirolimus. Blood
samples were collected at baseline, 4, 24, and 48 hours after the first dose of temsirolimus.
Mononuclear cells were isolated by gradient centrifugation, washed with ice-cold phosphate
buffered saline, and then resuspended in lysis buffer containing the phosphatase inhibitors
sodium orthovanadate (1 mM) and microcystin LR (1 μM) (both from Sigma, St. Louis,
MO). Lysates were collected after centrifugation at 13,000 rpm for 10 minutes. Equivalent
amounts of protein (50 μg) from each lysate were resolved in 4–20% sodium dodecyl
sulphate-polyacrilamide gel electrophoresis (SDS-PAGE), transferred to 0.2 μm
nitrocellulose membranes (Schleicher & Schuell, Keene, NH), and the blots probed with
primary antibody specific for the following proteins at the indicated dilutions: phospho-p70
S6K-(Thr389) (1:1000), phospho-4E-BP1(Thr37/46) (1:500), 4E-BP1 (1:500) (Cell
Signaling Technology, Beverly, MA); p70 S6K (1:500) (Santa Cruz Biotechnology, Santa
Cruz, CA); β-actin (1:2000) (Novus Biologicals, Littleton, CO). Following incubation with
antibody, the proteins were detected with chemiluminescent substrate (SuperSignal, Pierce,
Rockford, IL). Protein bands were quantified by integration of the chemiluminescence
signals on AlphaEase FC (Flurochem SP) software (Alpha Innotech, San Leandro, CA) with
autobackground correction.

RESULTS
Patients

A total of 17 patients were enrolled from March 2004 to May 2006. One patient did not
receive any treatment due acute pulmonary edema before initiation of therapy and was
considered ineligible. Sixteen patients received at least two cycles of treatment and were
considered evaluable for response and toxicity; their characteristics are shown in Table 1.

Efficacy
Of the 16 patients, one patient achieved a PR with a 53% reduction in serum M-protein
(Patient no. 5). In addition, 5 patients achieved a MR with 32–49% reductions in M-protein.
In 6 patients, the disease remained stable for 2 to 15 months while receiving temsirolimus,
with patients discontinuing therapy because of toxicity. Disease progression occurred in 4
patients while on therapy. Figure 1 shows the maximum change in serum or urine M-protein
compared to baseline for individual patients while on study. The total number of patients
who achieved a CR or PR was 6% (95% confidence interval [CI]: 0.16–30.2%). The
inclusion of patients who also achieved a MR yields a total response rate of 38% (6 of 16
patients). However, as by study design at least 2 responses defined as CR and/or PR were
required at interim analysis to proceed to the second stage of the study, accrual was
terminated.

No patient remains on study. Ten patients discontinued therapy because of progressive
disease. Other reasons for discontinuation of treatment included grade 3–4 toxicity (n=3),
interval illness precluding continuation of treatment (n=1), poor compliance (n=1), and
withdrawal of consent (n=1). The median TTP is 138 days (95% CI: 88-not reached) (Figure
2). At the time of reporting, all patients remain alive.

Toxicity
Table 2 shows the reported treatment-emergent adverse events and their severity. A median
of 3.75 (range, 2–14.5) cycles of temsirolimus were administered. The average dose-
intensity of temsirolimus, defined as the total dose administered divided by the planned total
dose over all cycles given, was 81.2% (range, 58.3–100%). Dose reductions or delays were
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required because of adverse events in 11 of the 16 patients treated, most commonly due to
interval infection or other illness (n=3), fatigue (n=2), neutropenia (n=2), thrombocytopenia
(n=2), anemia (n=1), and stomatitis (n=1). Treatment was discontinued in two patients; in
one because of grade 3 thrombocytopenia that failed to resolve within 2 weeks, and in
another because of interstitial pneumonitis. There were no deaths on study.

Pharmacokinetics
Temsirolimus plasma concentrations were available for 13 patients who received 25 mg
dose on day 1 of the first cycle. In addition, plasma levels were available for all 16 patients
following the first dose of cycle 2; 9 who received 25 mg and 7 who received 20 mg of
temsirolimus following dose-reduction for toxicity. The plasma concentrations of
temsirolimus versus time for the 13 patients who received 25 mg in cycle 1, and for the 7
patients who received 20 mg in cycle 2 are shown in Figures 3A and B, respectively. As
shown, most of the plasma concentration versus time profiles clustered closely except for
one patient where the profile was higher. On compartmental analysis, the data best fitted a
one compartment model. Following a dose of 25 mg temsirolimus, the mean Cmax, AUC,
CL, and Vdss were 0.0093 μmol/l (standard deviation [SD], 0.0062 μmol/l), 0.0892 μmol.h/l
(SD, 0.0041 μmol.h/l), 319 l/h (SD, 135 l/h), and 3246 l (SD, 1419 l), respectively. There
were no significant differences between the PK parameters among patients who received 20
mg and 25 mg temsirolimus in cycles 2 and 1 respectively (P>0.05; data not shown).

Figures 3C and D show the distribution of AUC and Cmax, respectively, in patients who
achieved a partial or minor response as well as those who did not respond at all. While there
was no correlation between Cmax and response, there was a trend toward a higher AUC in
patients who achieved at least a MR. Specifically, 4 of 6 patients who had an AUC greater
than 0.070 μmol.h/l achieved some response (3 MR, 1 PR) while 6 of 7 patients who did not
respond had an AUC less than 0.070 μmol.h/l (χ2 test, P=0.053). The patient with the
highest AUC achieved a 32% reduction in serum M-protein after 3 cycles of treatment, but
also had significant delays and reduction in dose (dose-intensity, 63.6%) before
discontinuing therapy after 5 cycles due to prolonged grade 3 thrombocytopenia.

Inhibition of mTOR in peripheral blood mononuclear cells
We assessed the levels of p-p70S6k and p-4EBP1 in PBMC by Western blots of lysates of
PBMC obtained at baseline and at 4, 24, and 48 hours following dosing. Representative
blots are shown in Figure 4A and B. Using densitometry, the change in p-p70S6K and
p-4EBP1 relative to baseline was quantified and compared at each time point for patients
who achieved either at least a MR and those who failed to achieve any significant reduction
in M-protein. As shown, patients who achieved partial or minor responses had significant
reductions in p-p70S6k (Figure 4C) and p-4EBP1 (Figure 4D) in PBMC, particularly at 48
hours. In contrast, in patients who had stable or progressive disease without response, p-
p70S6K and p-4EBP1 either did not change or increased.

DISCUSSION
The results of this phase II trial indicate that temsirolimus given at the dose and schedule
used is only modestly active in patients with relapsed and refractory MM. Based on a two-
stage design, the trial did not proceed to full accrual because only 1 of 16 patients achieved a
PR for a response rate of 6%. This compares unfavorably with the single agent activity of
currently approved agents for MM, including thalidomide, bortezomib and lenalidomide in
comparable populations [5,18,19]. However, it has recently been recommended to include
MR, as defined by the EBMT criteria, in patients with relapsed refractory MM enrolled on
phase I/II clinical trials of novel agents to detect a signal of activity [14,15]. Following this
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recommendation, the additional 5 MRs observed brings the total response rate to 38%.
However, these additional minor responses did not translate to an appreciable clinical
benefit with a median TTP that was similar to that observed in relapsed or refractory patients
treated with dexamethasone alone [3,4].

The toxicity profile was similar to that observed in solid tumors patients receiving
temsirolimus, although in the majority of studies significantly higher weekly doses (75–250
mg) were used [20–25]. However, in our population we observed more grade 3/4
hematological toxicity, which occurred in 7 of 16 patients, compared to previously reported
experience in solid tumor patients where the incidence has been generally less than 10%
[21,22,25]. This may be related to a greater susceptibility of the bone marrow in MM
patients where it is a dominant site of disease. Furthermore, temsirolimus was only
moderately well tolerated with only 5 of the 16 patients able to receive the drug at the
planned dose-intensity.

The temsirolimus PK parameters in our study population were generally similar to those
previously reported in solid tumor patients [26,27], although our data best fitted a one-rather
than a multi-compartment model as previously reported [22,26]. This may be related to the
fact that we measured temsirolimus levels in plasma rather than whole blood where
polyexponential and non-linear disposition of the drug has been reported due to specific
binding of drug to FK506-binding protein in red cell membranes [22,26,28]. While an
association of AUC with the severity of thrombocytopenia and hyperlipidemia has been
previously reported in one study of renal cell carcinoma patients [26], this has not been
consistent across other studies and was not observed in our study. An association between
temsirolimus PK parameters and clinical response, however, has not been previously
reported [22]. In contrast, we observed a trend toward a higher AUC in patients who
achieved at least a MR, suggesting that alternate dosing schedules that increase temsirolimus
AUC may be more efficacious. Our observation, however, requires further investigation in a
larger cohort of MM patients before definitive conclusions can be made.

A limitation of our study is the lack of data on the direct effect of temsirolimus on the MM
cells. However, we measured the effect of temsirolimus on the phosphorylation of p70S6k
and 4EBP1 in PBMC. Importantly, there was a significant association between the reduction
in both p-p70S6k and p-4EBP1 and achievement of partial or minor responses. This is
consistent with a recent study that showed a similar correlation between in vivo anti-tumor
efficacy of another sirolimus derivative, everolimus, with reduction of p-p70S6K and
p-4EBP1 in PBMC in a rat pancreatic tumor model [29]. These results suggest that PBMC
may be a useful surrogate tissue to analyze for predicting response to temsirolimus and
should be further investigated in future trials of mTOR inhibitors.

Several factors may be important in explaining the limited anti-myeloma efficacy of
temsirolimus in this study. Although the PI3K/Akt pathway is constitutionally active in MM
[6], mTOR is only one of several distal effector molecules in this pathway and therefore its
sole inhibition is unlikely to be sufficiently effective. It is known that the mitogen-activated
protein (MAP) kinase and Janus kinase 2/signal transducer and activator of transcription 3
(JAK2/STAT3) pathways are also activated in MM [30,31]. Therefore, it is likely that
temsirolimus will be more efficacious in combination with agents that target these pathways.
To this end, in vitro synergy has been demonstrated with the combination of sirolimus and
lenalidomide [32]. Clinical trials evaluating the combination of mTOR inhibitors with
lenalidomide are currently ongoing. Finally, alternative dosing schedules should be
explored. Using sirolimus, we observed that inhibition of MM cell lines in vitro occurs only
when cells are exposed to drug concentrations between 5–10 nM for more than 72 hours
(unpublished data). This is consistent with the association of higher AUCs with anti-
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myeloma activity seen in the current study. Although we did not measure sirolimus levels,
temsirolimus levels were uniformly below 5 nM by 24 hours. The recently reported schedule
of daily administration for 5 days every 2 weeks may result in more sustained levels and
should be further investigated in MM [33].

In conclusion, our results indicate that temsirolimus at the dose and schedule used has
limited clinical efficacy in patients with relapsed and refractory MM. Future studies should
aim at exploring alternative dosing schedules and the use of the temsirolimus in combination
therapy.
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Figure 1. Maximal percentage change in M-protein for individual patients
Solid bars represent patients with progression of disease on therapy; white bars, stable
disease; gray shaded bars, minor response; gray bars, partial response. See text for
definitions of response.
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Figure 2.
Time to progression for entire study cohort
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Figure 3. Pharmacokinetic parameters of temsirolimus in MM patients
(A) Plasma concentration versus time for 13 patients who received 25 mg dose on day 1 of
first cycle, and (B) those who received 20 mg dose on day 1 of cycle 2. AUC (C) and Cmax
(D) distributions in patients who achieved at least a minor response (responders) and non-
responders.
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Figure 4. Change in levels of p-p70S6k and p-4EBP1 expression in PBMC with temsirolimus in
MM patients
Representative western blots in (A) a patient achieving a PR showing a reduction in p-
p70S6k (especially at 48 hours) and p-4EBP1 (at 24 and 48 hours) after a 25 mg
temsirolimus dose, compared to (B) a patient who had no reduction in M-protein where no
reduction in p-p70S6k and p-4EBP1 is observed. The change in p-p70S6k (C) and p-4EBP1
(D) in PBMC relative to baseline for the entire population in patients who achieved at least a
minor response and those who did not is shown in panels (C) and (D) respectively.
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Table 2

Treatment-Emergent Adverse Events for Patients in Any Cycle

Adverse Event**

Number of patients with adverse event according to grade of severity*

1 2 3 4

Anorexia 3 2 0 0

Nausea 6 3 0 0

Vomiting 2 2 0 0

Diarrhea 1 1 1 0

Change or loss of taste 8 2 0 0

Stomatitis 4 2 1 0

Rash 4 3 0 0

Hematologic

 Anemia 1 9 3 0

 Neutropenia 1 3 2 0

 Thrombocytopenia 0 1 2 0

Fever 2 0 0 0

Fatigue 2 11 2 1

Rash 4 3 0 0

Epistaxis 7 0 0 0

Alopecia 0 1 0 0

Elevated transaminases 1 0 0 0

Dyspnea 0 2 1† 0

Hypertriglyceridemia 5 0 0 0

Hypercholesterolemia 6 0 0 0

Muscle pain 1 0 0 0

*
Grades are according to National Cancer Institute Common Terminology Criteria for Adverse Events, version 3.0. All adverse events were

considered at least possibly related to drug.

**
Each adverse event was counted once (any cycle; highest grade) for each patient.

†
Dyspnea was associated with bilateral pulmonary infiltrates and impaired gas transfer, consistent with interstitial pneumonitis.
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