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Cytotoxic efficacy of filanesib and melphalan combination is
governed by sequence of treatment in human myeloma cells
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The integration of novel agents (for example, proteasome
inhibitors, IMiDS) into frontline therapy for multiple myeloma
(MM) has significantly improved response rates and increased
progression-free survival. Nevertheless, most patients with MM
relapse often with resistant disease.1 Several clinical trials
assessing the current role of high-dose chemotherapy (HDT) with
autologous stem cell transplant (ASCT) have reaffirmed the utility

of HDT-ASCT for treating transplant-eligible MM patients.2 Efforts
to improve the standard conditioning regimen (single agent
melphalan 200 mg/m2) for ASCT have generally failed due to
increased toxicity without the demonstration of superiority.3

However, recent evidence suggests that conditioning regimens
combining HDT-melphalan with novel agents (bortezomib,
lenalidomide) are safer and improve patient response and
outcome.4,5

Filanesib (ARRY-520) is a first-in-class, small-molecule inhibitor
of Kinesin Spindle Protein (KSP) with activity in MM refractory to
standard of care agents. Filanesib inhibits mitotic spindle pole

Figure 1. Cytotoxic effects of combination filanesib and melphalan is schedule dependent. (a) The human myeloma cell lines U266, MM1S and
NCIH929 were treated with increasing doses of filanesib in the absence or presence of 10 μM melphalan for 72 h. At the end of treatment, cell
proliferation was determined by MTS assay and reported as percent growth relative to control. The Combination Index (CI) calculated by the
Chou-Talalay method was used to determine drug interaction. The CI reported is at doses of 10 μM melphalan and 5 nM filanesib. CI values
41.1 suggest antagonism. (b–d) U266 cells were treated with either melphalan (50 μM) for 1 h before 1.75 nM filanesib for an additional 48 h
(Mel→ Fil) or filanesib for 48 h with melphalan added to the treatment flasks after the first 24 h of filanesib treatment (Fil→Mel). (b) Apoptosis
was determined by assessing the presence of apoptotic nuclei following staining with Hoechst/Propidium Iodide. (c) Whole-cell lysates were
prepared at the end of treatment and immunoblots were performed using anti-MCL1 and anti-BCL2 antibodies. Relative intensities for BCL-2
and MCL-1 were normalized to β actin and plotted as percent of control. (d) Cell cycle distribution was determined by flow cytometry.
Statistical analysis was performed with one-way ANOVA followed by Student Newman–Keuls post hoc test when significance was detected
(Po0.05). Western blots and cell cycle distributions are representative of three individual experiments.
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separation in proliferating cells, leading to mitotic arrest and
apoptosis in vitro and in vivo.6,7 Clinically, filanesib was well
tolerated and induced partial responses or better in heavily
pretreated patients with advanced MM.8 Although non-
hematologic toxicities were rare, filanesib was associated primarily
with cytopenias.7,9 In vitro evidence of a synergistic interaction
between filanesib and proteasome inhibitors or filanesib and
IMiDS led to the initiation of ongoing phase 2 clinical trials,
investigating the effect of filanesib in combination with carfilzo-
mib (Clinicaltrials.gov NCT01989325) or pomalidomide/dexa-
methasone (Clinicaltrials.gov NCT02384083) in patients with
advanced MM. To date, a combination of filanesib and melphalan
as a potential intensive conditioning regimen has not been
explored. Therefore, the objective of this study was to assess the
cytotoxic effects of combination melphalan and filanesib in vitro.
The cytotoxic effects of melphalan and filanesib were assessed

by MTS assay in three human myeloma cell lines (HMCLs) with
differing intrinsic sensitivities to these agents (pan-sensitive
MM1S, filanesib-resistant NCIH929 and melphalan-resistant U266

cells). Continuous treatment with melphalan alone (10 μM) for 72 h
inhibited cellular proliferation of U266, MM1S and NCIH929 cells
by 16, 58 and 55%, respectively (Figure 1a). Treatment with
filanesib alone for 72 h led to a dose-dependent inhibition, with
50% inhibition observed at ~ 5 nM (U266), 1.0 nM (MM1S) and
1.6 nM (NCIH929). Unexpectedly, an antagonistic interaction, as
determined by the Chou-Talalay method,10 between filanesib and
melphalan was observed in all cell lines with the exception of an
additive effect observed with 1 nM filanesib in MM1S. Calculated
combination index (CI) values (values o0.9 indicate synergism,
values 41.1 indicate antagonism) of melphalan (10 μM) and
filanesib (5 nM) were 15.45, 1.86 and 2.36 for U266, MM1S and
NCIH929, respectively. Although the cytotoxic effect of combina-
tion treatment in U266 cells was greater than melphalan alone, it
was significantly less cytotoxic than filanesib alone at doses
greater than 1 nM. This effect was not observed in MM1S and
NCIH929.
Since melphalan induces accumulation of cells in S-phase,

whereas filanesib is associated with accumulation in the G2M

Figure 2. Fil→Mel sequential treatment significantly inhibits drug-free recovery of human myeloma cell lines. U266, MM1S and NCIH929 cells
were treated with melphalan (10 μM) for 1 h followed by filanesib (1.75 nM) for 48 h (Mel→ Fil) or inversely with filanesib for 48 h followed by
1 h melphalan (Fil→Mel). At the end of treatment, cells were resuspended in drug-free media and allowed to recover for 7 days.
(a) Apoptosis was assessed 48 h after drug washout by Annexin V staining (N= 3). Statistical analysis was performed by Two-way ANOVA for
each treatment protocol independently. (b) Cellular proliferation was assayed on day 3 and day 7 following drug washout. For direct
comparison of Mel→ Fil and Fil→Mel treatment protocols, the percent growth from the beginning of the experiment was compared using a
two-tailed Student’s t-test (N= 3). Statistical significance was set at Po0.05.
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phase of the cell cycle, the antagonistic interaction between
melphalan and filanesib may be due to cell cycle traverse
perturbations. Therefore, we investigated the effect of sequential
treatments, involving: (1) treatment with melphalan first for 1 h
followed by addition of filanesib (Mel→ Fil) and (2) treatment with
filanesib for 24 h followed by addition of melphalan (Fil→Mel).
For both sequences, the total incubation time was 48 h. As shown
in Figure 1b, filanesib induced significantly higher apoptosis than
melphalan alone (70 vs 53%, P= 0.017) and apoptosis induced by
Fil→Mel treatment was significantly higher than that induced by
Mel→ Fil (67 vs 53%, P= 0.034). However, the apoptotic response
of neither combination exceeded that of individual agents, and in
the case of Mel→ Fil the apoptotic response was inferior to that of
filanesib alone. Apoptosis induced by filanesib alone and Fil→Mel
treatment was accompanied by decreased expression of the anti-
apoptotic proteins MCL-1 and BCL-2. Downregulation of MCL-1
was similar in magnitude between filanesib and Fil→Mel, whereas
BCL-2 levels were lower, albeit modestly, in Fil→Mel compared
with filanesib in all three replicates (Figure 1c). Conversely,
Mel→ Fil treatment attenuated filanesib-induced downregulation
of BCL-2 and MCL-1. Expression of these proteins was unaffected
by melphalan alone. The differences between the induction of
apoptosis in Mel→ Fil- and Fil→Mel-treated cells correlated with
the effects on cell cycle distribution. Mel→ Fil-treated cells
primarily accumulate in S-phase compared with an accumulation
in late-S/G2M in Fil→Mel-treated cells (Figure 1d). Taken together,
the data suggest that melphalan-induced cell cycle arrest in
S-phase prevents progression of cells through mitosis, and
attenuates downregulation of key survival proteins, which is
required for filanesib-induced apoptosis.
Although the preliminary evaluation of drug sequencing was

informative, in order to establish superiority of sequence specific
differences with filanesib and melphalan, cell recovery following
sequential treatments in drug-free media was tested. Cells were
treated for 1 h with melphalan followed by 48 h of filanesib
(Mel→ Fil) or inversely with 48 h filanesib followed by 1 h of
melphalan (Fil→Mel). At the end of treatment, cells were washed,
resuspended in drug-free media, and allowed to recover for
7 days. Forty-eight hours after drug washout, a significant increase
in the percentage of cells staining positive for Annexin V, an early
marker of apoptosis, was observed following treatment with either
melphalan or filanesib in all cell lines (Figure 2a). Induction of
apoptosis was enhanced by Fil→Mel treatment, while no increase
was observed with Mel→ Fil treatment. Accordingly, on recovery
day 3, cell proliferation was significantly lower for Fil→Mel
compared with Mel→ Fil (Figure 2b). This effect persisted through
day 7 as no cell proliferation was observed in the Fil→Mel group
from day 3 to day 7, while the Mel→ Fil treatment group began to
recover. Two-way ANOVA analysis of each treatment protocol
revealed a synergistic interaction between melphalan and
filanesib on day 7 when filanesib treatment preceded melphalan.
Direct comparison of cell survival at day 7 between the two
combination treatments demonstrated a 2.9- (U266), 17.6- (MM1S)
and 6.5- (NCIH929) fold reduction in cell growth for the Fil→Mel
treatment compared with Mel→ Fil, demonstrating superiority of
the Fil-Mel sequential drug schedule.
The results reported in this study suggest that the interaction

between filanesib and melphalan is dependent on the sequence
of treatment. Exposure to melphalan prior to filanesib is
associated with cell cycle arrest in S-phase and inhibition of
filanesib induced apoptosis. Indeed, similar results were observed
in previous clinical studies with combination of paclitaxel and
cisplatin.11 However, our observation demonstrating a synergistic
interaction when cells are treated with filanesib prior to melphalan
represents a potential novel conditioning regimen, especially in
patients with refractory and/or relapsed disease.4,12 Since known
negative prognostic factors for early relapse after ASCT include
high plasma cell proliferative index at diagnosis and p53 status

(del17p),13,14 Fil→Mel combination treatment could improve
outcomes in this subgroup due to targeting of proliferative
plasma cells and melphalan-resistant p53 mutant (del17p) cells by
filanesib.14,15 Indeed, U266 cells that lack functional p53 and
demonstrate resistance to melphalan15 were sensitive to sequen-
tial treatment in this study. Further, filanesib has been shown to
be clinically effective in heavily pretreated patients with MM,
including patients that had received treatment with novel agents.
Since the effectiveness of conditioning regimens with combina-
tions of novel agents and melphalan is dependent on drug
sensitivity,4 sequential filanesib→melphalan conditioning may be
more useful than lenalidomide/melphalan or bortezomib/melpha-
lan particularly when HDT-ASCT is used as a salvage therapy in
primary refractory or relapsed patients resistant to these agents.
Our findings also suggest that sequential filanesib/melphalan
could be a more effective ASCT conditioning regimen than the
frequently employed HDT-melphalan regimen in which melphalan
is administered two days prior to rescue (day 2) by ASCT (day 0).
Although a potential limitation of any combination therapy is
increased drug toxicity, the Fil→Mel combination may not be a
problem since the main dose-limiting toxicities (DLT) for these two
drugs do not overlap. As oral mucositis, the main DLT for
melphalan is rarely observed for filanesib and cytopenia, the DLT
for filanesib can be managed clinically via ASCT, the Fil→Mel
combination would be expected to have an acceptable toxicity
profile. Also, the synergistic interaction of the Fil→Mel regimen
may allow for lower doses of melphalan to further reduce the
incidence of oral mucositis. Given the pharmacokinetic profile of
filanesib, with an extended plasma half-life (70–90 h),7,9 a single
dose of filanesib could be administered several days prior to HDT-
melphalan, followed by subsequent ASCT. Indeed, two recent
phase I/II clinical trials involving sequential treatment protocols for
MM (lenalidomide for 7 days prior (day 8) to HDT melphalan
(day 2),4 and busulfan for 4 days preceding HDT-melphalan on
day-2 and bortezomib on days -2 and -1 followed by ASCT),5

demonstrated improved patient responses. Future studies will be
important to determine the exact timing of filanesib treatment, as
there is the possibility of delayed or failed engraftment given its
myelosuppressive effects. Taken together, our study suggests that
combination therapy with filanesib and melphalan warrants
further study as a potential clinically relevant, intensive condition-
ing regimen for patients with multiple myeloma undergoing ASCT.
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