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Abstract

Introduction—Perifosine is a novel targeted oral Akt inhibitor currently in Phase III clinical 

development for treatment of colorectal cancer (CRC, in combination with capecitabine) and 

multiple myeloma (MM, in combination with bortezomib and dexamethasone).

Areas covered—The mechanism, preclinical testing, and clinical activity of peri-fosine in CRC 

and MM are discussed, with supportive pharmacokinetic information presented. Appropriate 

literature searches were carried out for background and discussion purposes.

Expert opinion—In preclinical models, perifosine has been shown to target phosphatidylinositol 

3-kinase-Akt signaling. In CRC cell lines, preclinical studies indicate that perifosine may enhance 

the cytotoxic effects of fluorouracil, likely primarily through the nuclear transcription factorkappa 

B pathway. A placebo-controlled Phase II randomized trial of capecitabine ± perifosine in 

previously treated patients with metastatic CRC showed the combination to be superior. In MM, 

Phase I/II clinical trials have established the optimal dosing schedule for perifosine and 

bortezomib in combination, and demonstrated that perifo-sine can sensitize to, or overcome 

resistance to, bortezomib, associated with prolonged responses and a favorable side effect profile. 
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Ultimately, the favorable tolerability of perifosine will allow for its testing in combination with 

multiple targeted therapies to improve PFS and OS, which represent an important unmet need in 

these populations.

Keywords

Akt; biomarker; colorectal cancer; D-21266; KRX-0401; multiple myeloma; perifosine; targeted 
agent

1. Introduction

Perifosine (KRX-0401, D-21266) is a synthetic , substituted heterocyclic alkylphos-pholipid 

(APL) analog that targets signal transduction pathways primarily at the cell membrane. 

Analogs of lysophospholipids were originally synthesized in the 1970s, and their toxicity 

toward tumor cells led to interest in the structural requirement of antitumoral activity. The 

first phospholipid compounds synthesized were analogs of two lysophosphatidylcholines. 

Subsequent work by Hilgard et al. in 1993 [1] showed that the glycerol moiety was not an 

essential structural element, since APLs exerted similar antitumor effects. 

Hexadecyclphosphocholine (miltefosine) emerged as the prototype of this class, showing 

antitumor activity in vitro against a variety of human cell lines (breast [MDA-MB-231], 

prostate [PC-3], colon [KM12], lung [HOP-92], and melanoma [M14]) and in vivo against 

7,12-dimethylbenz(a)anthracene-induced rat mammary tumors [2], PC-3 xenografts 

(National Cancer Institute data), and others.

Although the precise mechanism of action is not yet fully elucidated, APLs interfere with 

phospholipid metabolism and survival signaling, induce apoptosis, inhibit 

neovascularization, prevent invasion, and induce tumor cell differentiation [3]. Early clinical 

trials were limited because of dose-limiting gastrointestinal (GI) toxicity, and parenteral 

dosing of this class of agents is not possible because of their hemolytic properties [2]; 

therefore, related compounds with an improved therapeutic index were developed. As the 

side effects observed with miltefosine were consistent with parasympathomimetic effects, 

the metabolite, phosphocholine was implicated. Thus, synthetic efforts replaced the choline 

moiety with a heterocyclic nitrogen, thereby reducing emetogenic potential.

Analog research to produce compounds with a better systemic therapeutic index than 

miltefosine yielded perifosine (octadecyl-(1,1-dimethyl-4-piperidylio)phosphate) (see 

structure in Box 1), in which the choline head group has been substituted by a cyclic 

aliphatic piperidyl residue. The major metabolite of miltefosine, phosphocholine, has a 

structure resembling that of acetylcholine [4], which may be the reason for the severe GI 

disturbances observed upon oral treatment. In contrast, perifosine is not able to generate 

phosphocholine, and hence may be better tolerated [5], leading to detailed study in vitro and 

in vivo.

Perifosine has been evaluated in clinical trials across a wide range of tumor types. With the 

exception of renal cell carcinoma, sarcoma, and Waldenström’s macroglobulinemia (WM), 

results as a single agent have been limited [6]. However, encouraging clinical activity has 
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been observed in combination with other agents in advanced refractory colorectal cancer 

(CRC) and relapsed/refractory multiple myeloma (MM), which is the focus of this article.

According to estimates provided by the American Cancer Society, in the United States (US) 

in 2011 approximately 141,000 people were diagnosed with CRC, with more than 49,000 

deaths attributed to CRC [7], and approximately 20,500 new diagnoses of MM were made, 

with more than 10,000 deaths attributed to MM [8].

2. Mechanistic actions and pharmacodynamics

In the bone marrow (BM) microenvironment, cytokines (i.e., interleukin-6 [IL-6], insulin-

like growth factor 1 [IGF-1], and vascular endothelial growth factor [VEGF]) induce 

mitogen-activated protein kinase (MAPK) kinase (MEK)/extracellular signal-related kinase 

(ERK); phosphoinositide 3-kinase (PI3K)/Akt; and/or Janus kinase 2 (JAK2)/signal 

transducer and activator of transcription 3 (STAT3) signaling cascades [9].

Akt is a serine-threonine kinase activated through PI3K to promote cell growth and survival. 

Akt/PI3K activation is also associated with resistance to irradiation drug resistance. For 

example, reversal of drug resistance has previously been reported by PI3K inhibitors, 

phosphate and tensin homolog (PTEN) mutation and/or overexpression, as well as negative 

mutants of Akt [10].

In vitro, perifosine showed antitumor effects against melanoma, nervous system, lung, 

prostate, colon, and breast cancer models, with an activity similar to or stronger than its 

parent drug miltefosine. Furthermore, perifosine triggers apoptosis in human leukemia cells, 

in a dose-dependent manner [11]. Antitumor effect of perifosine was also beneficial in 

combination with radiation, suggesting a favorable profile of perifosine in combination 

therapies. In vivo preclinical studies have been performed on various animal tumor models, 

including both syngeneic murine tumors and human cancer cell xenografts. Perifosine 

inhibits both constitutive and inducible phosphorylation of Akt in a dose-dependent manner, 

thereby blocking Akt activity [9].

2.1 Colorectal cancer

Nuclear factor-κB (NF-κB) is a transcription factor associated with tumorigenesis, and 

constitutive NF-κB activation promotes cancer cell proliferation, prevents apoptosis, and 

enhances metastases in many cancers, including CRC [12].

Akt indirectly activates NF-κB through phosphorylation and activation of inhibitor κB (IκB) 

kinase alpha (IKKα), thereby inducing phosphorylation and degradation of NF-κB inhibitor 

alpha (IκBα) by the ubiquitine– proteasome pathway [13]. Activation of NF-κB is also 

associated with cancer cell resistance to chemotherapy [14,15,16,17]. In CRC cell lines, 5-

fluorouracil (5-FU) activates NF-κB activity; conversely, inhibition of NF-κB in 

combination with 5-FU enhances the cytotoxic effects compared with 5-FU alone [18].

Alterations in the PI3K/Akt/mammalian target of rapamycin (mTOR) pathway or loss of 

PTEN activity are often associated with the presence, progression, and metastases of CRC 

tumors [19,20]. Inhibition of PI3K/Akt/mTOR signaling has been shown, as perifosine 
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blocks localization of Akt to the cell membrane and thereby inhibits phosphorylation of Akt 

[19,20]. This inhibition of phosphorylation of Akt, when observed in gastric cell lines 

treated with 5-FU and perifosine in combination, results in enhanced antitumor activity [10] 

compared with either therapeutic agent alone.

2.2 Multiple myeloma

Interaction of MM cells with bone marrow stromal cells (BMSCs) induces activation of 

MEK/ERK, JAK2/STAT3, and PI3K/Akt signaling pathways, resulting in proliferation, 

survival, drug resistance, and migration of MM cells [21–23].

Inhibition of nuclear translocation of NF-κB by perifosine and bortezomib, and more 

significantly by the two drugs in combination, has been observed [13]. Moreover, perifosine 

affects multiple intracellular signaling pathways, including activation of the ERK and the 

proapoptotic c-Jun N-terminal kinase (JNK) cascades. However, when perifosine was used 

in combination with bortezomib (which is known to inhibit the MAPK pathway), combined 

inhibition of both the PI3K/Akt and ERK pathways was observed in WM tumor cells [13]. 

An enhanced cytotoxicity resulted when the two drugs were administered together compared 

with either agent alone.

JNK activation mediates apoptosis induced by bortezomib [24] and lysophosphatidic acid 

acyltransferase inhibitor [25]. In MM cells, perifosine treatment was shown to induce JNK 

activation and JNK-dependent caspase/poly ADP ribose polymerase (PARP) cleavage, 

resulting in cytotoxicity [9]. In the same studies, perifosine treatment increased 

phosphorylation of p38 MAPK and ERK, and specific inhibition of p38 MAPK or ERK 

significantly enhanced perifosine-induced cytotoxicity. Since previous studies have shown 

that inhibition of p38 MAPK enhanced bortezomib-induced cytotoxicity via downregulation 

of heat shock protein (Hsp) 27 [25], it is possible that expression and/or activation of Hsp27 

may be associated with perifosine-induced cytotoxicity.

Bortezomib has been shown to activate Akt (which perifosine inhibits); conversely, 

perifosine-induced ERK activation is inhibited by bortezomib. Perifosine and bortezomib 

administered together therefore block both Akt and ERK signaling pathways, thereby 

enhancing JNK phosphorylation, caspase/PARP cleavage, and apoptosis, suggesting an 

attractive clinical combination therapy.

Survivin is a known inhibitor of apoptosis, and downregulation of survivin inhibits growth 

of myeloma cells [26]. Both in vitro in MM cell lines and in vivo in a murine xenograft 

model, perifosine treatment significantly decreased expression of survivin [27]. 

Transcription of BIRC5 (which encodes survivin) is modulated by β-catenin, which in turn is 

indirectly regulated by the Akt pathway. Perifosine treatment reduces expression of β-

catenin, thereby downregulating BIRC5 transcription, and also appears to induce cleavage of 

β-catenin, associated with induction of caspase-3 cleavage [27]. Induction of caspase 

activity by perifosine, and also by bortezomib, was shown by the immature-myeloid-

information technique [28] and resulted in cytotoxicity in MM, non-Hodgkin’s lymphoma, 

and chronic myeloid leukemia cell lines. Furthermore, the two agents were shown to act 

synergistically in MM cells, again suggesting a possible combined clinical benefit.
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Cytotoxicity triggered by perifosine is significant in all MM cell lines, including lines 

resistant to conventional agents such as dexamethasone (MM.1R), melphalan (RPMI-LR5), 

and doxorubicin (RPMI-Dox-40) [9]. Perifosine also induces cyto-toxicity in tumor cells 

from patients with MM, without evidence of cytotoxicity in peripheral blood mononuclear 

cells (PBMCs) [9].

3. Pharmacokinetics and metabolism

The pharmacokinetic (PK) profile of perifosine and its selective uptake by malignant cells 

are important determinants of the antitumor response after perifosine treatment, both as a 

single agent treatment and in combined modality strategies.

The biodistribution and PK of perifosine were described by several in vitro and in vivo 

studies. Perifosine showed significant tumor penetration in xenograft models, with uptake 

correlating with cytotoxicity [28]. Antineoplastic effects were observed, which could be 

enhanced by introducing a dose schedule consisting of a high loading dose followed by a 

lower maintenance dose. Preclinical PK investigations showed a high oral bioavailability 

and a long-terminal half-life of perifosine in rats.

Perifosine has been evaluated in Phase I trials using different dose schedules in patients with 

solid tumors. In an early trial, 50 mg/day for 3 weeks followed by a 1 week break was 

evaluated. An interpatient dose escalation scheme was used [29,30]. The maximum tolerated 

dose (MTD) was established at 200 mg/day. Representative plasma concentrations versus 

time curves of the first cycle on each dose level are depicted in Figure 1. The trough levels 

obtained on this dose (the recommended Phase II dose from this study) ranged from 2.6 to 

8.2 mcg/mL, indicating that the achieved concentrations are most likely within the in vitro 

bioactive range, based on the concentration at which 50% of cells survive (IC50) obtained 

from a panel of human tumor cell lines (0.09 – 9.2 mcg/mL). Regression analysis revealed a 

linear relationship (correlation coefficient = 0.62, p = 0.005) between dose and plasma 

concentrations. Samples were taken for more than two cycles from one patient who was 

included at dose level 5, and some accumulation between and within cycles was observed. 

From the weekly plasma samples drawn during the posttreatment follow-up period of this 

patient, a terminal half-life of 105 h was calculated.

Another Phase I trial [31,32] was undertaken in parallel, based on the preclinical loading 

dose/maintenance dose schedule. A total of 42 patients with incurable malignancies that 

were unresectable, refractory to standard therapy, or for which no known effective treatment 

existed, were enrolled. The doses were a 100 mg (4 doses every 6 h) loading dose followed 

by a 50 mg once daily maintenance dose with escalation of either component in successive 

dose levels. All loading doses were able to achieve clinically relevant concentrations by day 

2, and all except level 2 were at steady state plasma concentration (Css) by day 2; suggesting 

that the lowest loading dose (900 mg total) is adequate to achieve clinically relevant plasma 

levels by day 2, with minimal toxicity. Mean Css of perifosine roughly doubled from the 50 

– 100 mg maintenance dose, with an average Css of 3.40 ± 0.43 µg/mL in the 24 individuals 

receiving 50 mg and 6.32 ± 0.52 µg/mL in the 9 individuals receiving 100 mg, which were 

significantly different by unpaired t-test (p = 0.0355). Overall, intrapatient variability in Css 
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averaged 16 ± 6% with no significant accumulation over time. Toxicities (primarily GI) 

generally increased at higher dose levels.

A Phase I study, which evaluated the safety of perifosine added to capecitabine in patients 

with refractory metastatic CRC, showed that perifosine plasma concentrations were similar 

to those previously reported for single agent 50 mg perifosine once daily, suggesting that 

capecitabine did not influence perifosine disposition [33,34].

Given the long half-life of perifosine, a weekly dosing schedule was investigated [35]. 

Thirty-six patients with solid tumors received perifosine at dosages ranging from 100 to 800 

mg/week. The MTD was not reached with 800 mg/week, however two patients at this dose 

level required treatment discontinuation for GI adverse effects and dose escalation was 

halted. PK after a single dose were median tmax = 8.0 – 24.2 h, median t1/2 = 81.0 – 115.9 h, 

and geometric mean CL/f = 0.28 – 0.43 mL/min/kg. Urinary excretion was minimal with 

less than 1% excreted in the urine. Perifosine slightly accumulated and steady state was not 

reached after 2 – 3 weeks.

Taken together, PK studies demonstrate that perifosine has a prolonged half-life, which has 

prompted investigation of both weekly dosing schedules and loading doses. A significant 

disadvantage of the weekly dosing schedule is the time required to reach steady state (more 

than 3 weeks) and the failure of this schedule to improve the toxicity profile. Regimens 

employing a loading dose were well tolerated and able to achieve steady state in 2 days, 

however are a more complicated administration strategy and raise concerns of patient 

compliance. Daily dosing schedules, with and without a loading dose, suggest dose 

proportionality with steady state achieved within 5 – 7 days. The 50 mg daily dose is well 

tolerated and able to achieve target concentrations associated with activity without 

significant accumulation. The dose and schedule of perifosine being evaluated in Phase III 

clinical trials is 50 mg daily, and represents a balance between time to steady state, ease of 

administration, and systemic exposure.

4. Clinical efficacy

Perifosine has been investigated in Phase I and II clinical trials involving several different 

tumor types. Single agent objective responses have been reported in patients with advanced 

renal cell carcinoma, sarcoma, and WM. Based upon promising Phase I/II data in 

combination with other novel agents or cytotoxics, perifosine is currently in Phase III 

clinical development for the treatment of refractory CRC (in combination with capecitabine) 

and relapsed/refractory MM (in combination with bortezomib and dexamethasone).

4.1 Colorectal cancer

In patients with refractory metastatic colorectal cancer (mCRC), data suggest a median 

progression-free survival of 2 months and overall survival (OS) of approximately 5 months 

for patients receiving best supportive care (BSC). This is based on findings from Phase III 

trials of panitumumab versus BSC and cetuximab versus BSC in patients with refractory 

mCRC [36,37]. These trials showed median progression-free survival of 1.7 – 1.9 months 

and median OS of 4.6 – 6.5 months. The Phase I portion of a Phase I/II clinical trial showed 
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that perifosine (50 mg once daily) can be combined with capecitabine (825 mg/m2 twice 

daily on days 1 – 14 of each 21-day cycle), including three patients who had mCRC [19,20]. 

One CRC patient in this study had prolonged stable disease (SD) of 49 weeks duration. This 

patient’s CRC had previously progressed on infusional 5-FU, leucovorin, and oxaliplatin 

(FOLFOX); 5-FU, leucovorin, and irinotecan (FOLFIRI); and epidermal growth factor 

receptor (EGFR) antibody therapy.

Perifosine plus capecitabine (P-CAP) compared with placebo plus capecitabine (CAP) was 

evaluated in patients with mCRC who were previously treated with a median of two 

chemotherapy regimens in a Phase II trial [19,20]. In this mul-ticenter, double-blind, 

placebo-controlled trial, patients with mCRC were treated with one of eight chemotherapy 

regimens, one of which was capecitabine (825 mg/m2 twice daily on days 1 – 14 of each 21-

day cycle), at the discretion of the Investigator. Within each chemotherapy arm, patients 

were randomly assigned in a double-blind 1:1 ratio to also receive either perifosine (50 mg 

once daily) or placebo. An interim analysis was originally planned in order to assess for 

evidence of improved time to progression (TTP) in any of the chemotherapy arms on the 

basis of tumor type; additional patients would be enrolled if evidence of potential benefit 

was observed, to evaluate whether the benefit was an effect of peri-fosine. An early interim 

analysis showed evidence that in patients with mCRC (n = 25), P-CAP conferred clinical 

benefit compared with CAP (TTP of 8.5 and 2.5 months, respectively; p = 0.0012). 

Consequently, an additional 13 patients with mCRC were randomly assigned in a double-

blind fashion to receive either P-CAP or CAP to confirm the findings of the interim analysis.

Final analyses, which included all 38 patients with mCRC, showed that P-CAP more than 

doubled the TTP conferred by CAP (27.5 and 10.1 weeks, respectively; p < 0.001; Table 1). 

P-CAP also more than doubled the median OS conferred by CAP (17.7 and 7.6 months, 

respectively; p = 0.0052; Table 2). These results are consistent with the results of the 

analyses on the subset of 5-FU refractory patients. In these patients, median TTP in the P-

CAP group was almost two times longer than in the CAP group (17.6 and 9.0 weeks, 

respectively; p < 0.001; Table 1), and median OS in the P-CAP group was more than twice 

as long as in the CAP group (15.1 and 6.5 months, respectively; p = 0.0061; Table 2).

Overall in this study, 35 patients were evaluable for response. The overall response rate 

(ORR) was 20% in the P-CAP group and 7% in the CAP group. In the P-CAP group, one 

patient achieved a complete response (CR; duration of response [DOR] 36 months) and 

three patients achieved a partial response (PR; DOR 21, 19, and 11 months). More patients 

in the P-CAP group achieved CR, PR, or SD for more than 12 weeks than in the CAP group 

(15 [75%] and 6 [40%] patients, respectively; p = 0.036). Progressive disease (PD), defined 

as progression less than 12 weeks from treatment initiation, was observed in fewer patients 

in the P-CAP group than in the CAP group (5 [25%] and 9 [60%] patients, respectively). 

These response findings are consistent with the response findings in the subset of 5-FU 

refractory patients, 25 of whom were evaluable. In these patients, one patient in the P-CAP 

group achieved a PR (DOR 19 months). More patients in the P-CAP group achieved PR or 

SD than in the CAP group (9 [64%] and 3 [27%] patients, respectively; p = 0.066). PD was 

observed in fewer patients in the P-CAP group than in the CAP group (5 [36%] and 8 [73%] 

patients, respectively).
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Recognizing the potential benefit of the P-CAP regimen in these Phase II data, a Phase I 

study was conducted to evaluate the safety and tolerability of P-CAP at the more typical US 

capecitabine dose (1000 mg/m2 twice daily on days 1 – 14 of each 21-day cycle) [33,34]. 

Ten patients with refractory mCRC received perifosine (50 mg once daily) plus cape-

citabine. The combination was shown to be safe and effective, with one patient remaining on 

therapy at cycle 14 and one patient having had a 13% decrease in tumor size.

These encouraging data have led to the initiation of a Phase III trial, Xeloda plus Perifosine 

Evaluation in Colorectal Cancer Treatment (X-PECT) [38]. This randomized, double-blind, 

placebo-controlled, two-arm trial, which was launched under special protocol assessment by 

the US Food and Drug Administration (FDA), will evaluate the efficacy (i.e., OS, ORR, 

progression-free survival [PFS], and TTP) and safety of P-CAP compared to CAP in 

patients with refractory advanced CRC. Approximately 460 patients were randomized in a 

1:1 ratio to either one of the two treatment arms. Patients were excluded if they had received 

prior capecitabine other than for radiosensitization. Patients receive perifosine (or placebo, 

50 mg once daily) and capecitabine (1000 mg/m2 twice daily on days 1 – 14 of each 21-day 

cycle). Randomization is stratified according to reason for prior oxaliplatin discontinuation 

(progression versus discontinuation secondary to toxicity) and K-Ras mutation status (wild-

type versus mutant). One non-binding interim analysis was performed at 50% information 

time (i.e., when approximately 180 deaths had occurred) and it was recommended that the 

study continue as planned. Correlative work on archival tissue specimens is underway to 

identify the impact of PI3K aberrations on patient outcome as well as determine if perifosine 

in fact inhibits phosphorylation of Akt. Target patient enrollment was reached in August 

2011 and results are pending.

4.2 Clinical efficacy: multiple myeloma

The clinical efficacy of perifosine has also been demonstrated in hematologic malignancies 

and particularly MM, with emerging clinical data showing that perifosine in combination 

with conventional and novel antimyeloma agents is active in relapsed/refractory MM. 

Specifically, in a Phase II study, 67 patients received 150 mg perifosine daily for a 21-day 

cycle. If PD was observed, dexamethasone (20 mg twice weekly) treatment was added. 

Combination treatment resulted in minimal response (MR) or better of 38% and SD in 47% 

of patients [39,40]. In a subsequent Phase I study, 32 patients were treated with perifosine 

(50 or 100 mg/day) and dexamethasone plus lenalidomide (15 or 25 mg/day). Results 

showed MR or better in 73% and SD in 20% of patients [41,42].

In a Phase I/II study, perifosine plus bortezomib with or without dexamethasone was 

evaluated in patients with relapsed or relapsed/refractory MM [43,44]. The primary 

objective of the second phase of this open-label, multicenter study was to determine the 

ORR (defined as ≥ MR) to perifosine plus bortezomib with or without dexamethasone in 

patients previously treated with bortezomib who experienced relapse after or were refractory 

to most recent therapy. Patients received perifosine (50 mg/day) and received bortezomib on 

days 1, 4, 8, and 11 of a 21-day cycle. If the patient experienced PD on perifosine–

bortezomib, confirmed on two occasions at least 1 week apart, dexamethasone 20 mg (4 × 

per week of each 21-day cycle) could be added at the Investigator’s discretion after cycle 2. 
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In order to manage toxicities, dose modifications of dexamethasone, bortezomib, and 

perifosine were allowed at the Investigator’s discretion.

A total of 84 patients were enrolled, including 74 (88%) with relapsed and refractory MM, 

and all had received prior bortezomib; 66 patients were included in the second phase of the 

study. Patients had a median of five prior therapies (range 1–13) and a median age of 63 

years. Overall, 61 patients (73%) were refractory to their prior bortezomib regimen with 43 

patients (51%) also refractory to a prior bortezomib-dexamethasone-based regimen. For the 

73 response-evaluable patients, the ORR was 41%, including 4% CR, 18% PR, and 19% 

MR, with a ≥ PR rate of 22%. These findings were maintained in the subset of 53 patients 

with disease refractory to prior bortezomib. The ORR was 32%, including 2% CR, 11% PR, 

and 19% MR (Table 3), with a ≥ PR rate of 13%.

The subset of 20 bortezomib-relapsed patients achieved better results, including Kaplan– 

Meier estimates of OS (Table 4). The ORR in this population was 65% with 10% achieving 

a CR and 35% achieving a PR (Table 3). The ≥ PR rate was 45% and is similar to the 

responses achieved in bortezomib retreatment studies, providing supportive evidence for 

successful re-treatment with bortezomib-containing combinations, despite prior use and/or 

failure of bortezomib.

On the basis of these encouraging data, a Phase III clinical trial in relapsed and relapsed/

refractory MM patients previously treated with bortezomib has been granted special protocol 

assessment by the US FDA [45]. This randomized, double-blind, placebo-controlled, two-

arm study is now underway and will evaluate the efficacy (PFS, ORR, OS, and TTP) and 

safety of perifosine when added to the combination of bortezomib and dexamethasone in 

patients with MM who have relapsed on a prior bortezomib regimen. Approximately 400 

patients will be randomized in a 1:1 ratio to receive either perifosine or placebo in 

combination with bortezomib and dexamethasone. Randomization will be stratified 

according to prior lines of therapy (1 or > 1 line) and disease status after last therapy 

(refractory, relapse with a treatment-free interval of < 6 months, or relapse with a treatment-

free interval of ≥ 6 months).

Relevant to MM, Phase I and II studies have also been conducted with perifosine in patients 

with WM, a distinct lymphoproliferative disorder characterized by BM infiltration with 

lymphoplasmacytic cells, along with IgM monoclonal gammopathy. One of these studies, a 

Phase II clinical trial, tested the efficacy and safety of perifosine in patients with relapsed/

refractory WM [46]. In this trial, 37 patients received perifosine 150 mg daily for six 28-day 

cycles, all of whom were evaluable for response. Of these patients, 4 (11%) achieved PR, 9 

(24%) achieved MR, and 20 (54%) achieved SD, with only 4 (11%) patients showing PD 

while on therapy. These results suggest that perifosine also has promising activity in WM, 

especially as the patients had relapsed or refractory disease, with 41% having had three or 

more lines of prior therapy and 51% having had intermediate or high-risk International 

Staging System of WM (ISS-WM). Responses were durable and occurred rapidly. The 

median TTP and PFS were both 12.6 months (90% confidence interval [CI], 10.2 – 22.7) 

with a median follow-up of 19.5 months, a relatively longer time compared with other 

targeted agents used in a similar population such as bortezomib, in which the median TTP 
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was only 7.9 months in the study by Treon et al. [47]. On the one hand, these data support 

the activity of perifosine in lymphoplasmacytoid malignancies and on the other, future 

studies using perifosine in combination with rituximab or other WM-active agents are 

clearly warranted.

5. Safety and tolerability, CRC and MM

In a Phase I trial, based on the preclinical loading dose/ maintenance dose schedule [31,32], 

42 patients with incurable malignancies that were unresectable, refractory to standard 

therapy, or for which no known effective treatment existed, were enrolled. The doses were a 

100 mg (4 doses every 6 h) loading dose followed by a 50 mg once daily maintenance dose 

with escalation of either component in successive dose levels. Loading dose toxicities 

included nausea, vomiting, and diarrhea with one occurrence of dose-limiting diarrhea (level 

2), one occurrence of dose-limiting dehydration (level 3), and one occurrence of dose-

limiting fatigue (level 4) in a patient subsequently diagnosed with new brain metastasis. 

Toxicities seen in the maintenance phase also included nausea, vomiting, diarrhea, and 

fatigue. The MTD was determined to be the 150 mg (4 doses) loading dose and 100 mg once 

daily maintenance dose.

In a Phase II trial in patients with mCRC [19,20], no unexpected toxicities were observed in 

patients treated with P-CAP, and all toxicities were managed with dose reductions or 

temporary interruptions. Grade 3 – 4 hand–foot syndrome (HFS) occurred only in patients 

treated with P-CAP (30%), and not in patients treated with capecitabine alone. Median time 

to onset of HFS was 19 weeks, suggesting that this was an effect of long-term treatment. 

Grade 3 – 4 anemia also occurred only in the P-CAP group (15%). Grade 1 – 2 toxicities 

that were more common in the P-CAP group included diarrhea, fatigue, nausea, mucositis, 

anorexia, and anemia [20].

In a Phase II study in patients with MM [43,44], perifosine plus bortezomib was generally 

well tolerated with few treatment-related discontinuations. The most frequent Grade 1 or 2 

adverse events were nausea, diarrhea, fatigue, and musculoskeletal pain. Thrombocytopenia, 

neutropenia, and anemia were the most frequent Grade 3 hematologic adverse events; all 

events were resolved with dose reduction and/or supportive care. There were no reports of 

Grade 4 peripheral neuropathy, and only two patients experienced reasonable Grade 3 

peripheral neuropathy, which was attributed to bortezomib [44].

6. Summary

Perifosine, an oral well-tolerated PI3/Akt inhibitor, is a membrane active agent, thought to 

exert its biological effects by incorporation into the cell membrane of tumor cells. The 

PI3/Akt signaling cascade is activated in many solid tumors and hematologic malignancies 

and mediates tumor cell growth, survival, migration, and drug resistance. Preclinical models 

demonstrate potent blockade of this pathway by perifosine providing the basis for its rapid 

bench-to-bedside translation to clinical trials. Based on promising Phase I/II clinical trials 

and a very favorable side effect profile, combination perifosine Phase III clinical trials are 

ongoing in colorectal cancer and multiple myeloma, and offer great promise to improve 

patient outcome.
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7. Expert opinion

Major progress has been made in the development of targeted therapies, which have 

transformed the treatment and outcome for patients with cancer. Both in solid tumors and 

hematologic malignancies, PI3K–Akt signaling has been implicated in tumor cell growth, 

survival, migration, and drug resistance. Perifosine now has shown its ability both in 

preclinical models and in clinical trials to effectively target this pathway, associated with 

clinical responses in Phase I/II clinical trials, which have been rapidly translated into Phase 

III clinical trials. In myeloma, perifosine has been combined with proteasome inhibitor 

bortezomib and with immunomodulatory drug lenalidomide as well as dexamethasone in a 

number of clinical trials, in each case predicated upon preclinical in vitro and in vivo studies 

of the tumor in its BM microenvironment, which demonstrate synergistic myeloma cell 

cytotoxicity of these combinations. Importantly, the addition of perifosine to block 

activation of Akt signaling induced by bortezomib mediates synergistic myeloma cell killing 

preclinically. Bench-to-bedside translation of these findings to Phase I/II clinical trials 

established the optimal dose and schedule for the combination, and excitingly demonstrated 

that the addition of perifosine can sensitize to or overcome resistance to bortezomib and 

dexamethasone, associated with prolonged responses, encouraging OS and a very 

manageable side effect profile. A derived international Phase III clinical trial evaluating 

bortezomib and dexamethasone with or without perifosine treatment in relapsed myeloma is 

therefore highly likely to extend the spectrum of patients responding to bortezomib, both 

improving patient outcome and providing for its FDA/ European Medicines Agency 

approval.

Similar to MM, preclinical studies indicate that perifosine may enhance the cytotoxic effects 

of 5-FU in CRC cell lines, primarily through the NF-κβ pathway. Hence, a combination 

regimen was a sound approach. Results from a placebo-controlled Phase II randomized trial 

of capecitabine ± perifosine was conducted in previously treated metastatic CRC patients. 

Across all endpoints, the combination was deemed to be superior and serves as the premise 

for the current Phase III X-PECT Trial. Ultimately, the favorable tolerability of perifosine 

will allow for its testing in combination with multiple targeted therapies to treat active 

disease, as well as a long-term maintenance therapy to improve PFS and OS, which 

represent an important unmet need in these populations.
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Box 1. Drug summary
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Figure 1. Trough plasma concentrations of perifosine versus time during cycle 1 of Phase I study 
of daily oral administration of perifosine in patients with advanced solid tumors
Representative curves for each dose level.

Adapted from [29].

Richardson et al. Page 16

Expert Opin Drug Metab Toxicol. Author manuscript; available in PMC 2015 June 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Richardson et al. Page 17

Table 1

Time to progression in randomized placebo-controlled Phase II trial of perifosine plus capecitabine in patients 

with metastatic colorectal cancer.

Patient group P-CAP CAP Hazard ratio (95%CI) p-value

Median TTP (95% CI) Median TTP (95% CI)

All evaluable 27.5 weeks (12.1 – 48.1) 10.1 weeks (6.6 – 13.0) 0.254 (0.117 – 0.555) < 0.001

5-FU refractory 17.6 weeks (12.0 – 36.0) 9.0 weeks (6.6 – 11.0) 0.170 (0.062 – 0.467) < 0.001

Statistical analyses were performed using the Kaplan–Meier method.

5-FU: 5-fluorouracil; CAP: Placebo + capecitabine; CI: Confidence interval; P-CAP: Perifosine + capecitabine; TTP: Time to progression.
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Table 2

Overall survival in randomized placebo-controlled Phase II trial of perifosine plus capecitabine in patients 

with metastatic colorectal cancer.

Patient group P-CAP CAP Hazard ratio (95%CI) p-value

Median OS (95% CI) Median OS (95% CI)

All evaluable 17.7 months (8.5 – 24.6) 7.6 months (5.0 – 16.3) 0.370 (0.180 – 0.763) 0.0052

5-FU refractory 15.1 months (7.2 – 22.3) 6.5 months (4.8 – 10.9) 0.295 (0.118 – 0.739) 0.0061

Statistical analyses were performed using the Kaplan– Meier method.

5-FU: 5-fluorouracil; CAP: Placebo + capecitabine; CI: Confidence interval; OS: Overall survival; P-CAP: perifosine + capecitabine.
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Table 4

Overall survival in open-label Phase I/II study of perifosine and bortezomib with or without dexamethasone 

for patients with relapsed or refractory multiple myeloma.

Patient group P-CAP

Median OS (95% CI)

All evaluable 25 months (16.3 – 31.1)

Bortezomib relapsed 30.4 months (17.8 – NR)

Bortezomib refractory 22.5 months (14.2 – 31.1)

Statistical analyses were performed using the Kaplan– Meier method.

CAP: Placebo + capecitabine; CI: Confidence interval; NR: Not reached; OS: Overall survival; P-CAP: Perifosine + capecitabine.
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