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INTRODUCTION

Resistance to chemotherapeutic agents such as melphalan,
thalidomide, and the proteosome inhibitor bortezomib, is a
common occurrence in multiple myeloma (MM) patients. Tumor
cells develop resistance to these agents by increasing the
productlon of survnval factors and becoming insensitive to

. In MM, chemoresi is iated with
the constltutlve activity of NFkB. Cell adhesion-mediated drug
resistance plays also an important role in MM as interactions
between MM cells and components of the bone marrow create
a protective micro-environment. Therefore, effective treatment
of refractory or relapsed MM patients requires agents that can
restore apoptopic signaling in chemoresistant cells as well as
in a chemoresistant microenvironment (1-3).

Two major pathways play a role in arsenic trioxide-induced
apoptosis of malignant cells:
1.mitochondrial membrane depolarization and activation of
downstream apoptotic pathways through the generation of
reactive oxygen species;
2.specific activation of pro-apoptotic pathways through
inhibition of NF-kB and activation of JNK.

In normal cells, NF-kB activity is tightly controlled by several
regulatory proteins in unstimulated cells, NF-kB is

ed in the cytopl; through binding with its inhibitor,
|KB Following activating signals, IkB is targeted for
ubiquitination and proteasomal degradation through
phosphorylation by an upstream kinase, IKKB. Once released
from IkB, NF-kB tr | to the | Arsenic trioxide
interacts with IKKB, thereby disrupting the NF-kB-signaling
pathway.

Melphalan, arsenic trioxide, ascorbic acid (MAC)

Studies in mice carrying human MM melphalan-resistant tumors,
the combination of arsenic trioxide and melphalan markedly
suppressed the growth of the tumor and significantly reduced
serum paraprotein levels. Addition of ascorbic acid further
improved the tumor activity of arsenic trioxide and melphalan
combination treatment.

In a clinical pilot study, the combination of melphalan, arsenic
trioxide and ascorbic acid was shown to be effective in the
treatment of refractory and relapsed MM (6).

TREATMENT SCHEMA

Patients receive melphalan orally at a dose of 0.1 mg/kg daily for
the first four days of each 6-week cycle. Arsenic trioxide is
administered in a loading dose fashion at 0.25 mg/kg
intravenously (IV, over two hours) followed by AA 1 gram IV over
15 minutes, during days 1-4 of the first week of each cycle.
Following the first week, arsenic trioxide is administered at 0.25
mg/kg IV (over one hour) followed by AA 1 gram IV on a twice
weekly schedule for the next four weeks of each cycle (weeks 2-
5). Patients do not receive any study drugs during week 6.
Disease assessments are done prior to the start of each
subsequent cycle. Patients receive a maximum of six cycles of
the treatment regimen.
Week
1

Ascorbic Acid
1gm IV qd (d. 1-4)

Arsenic Trioxide
0.25 mglkg IV qd (d. 1-4)

Melphalan
0.1 mg/kg PO qd (d. 1-4)

2-5 |0.25 mgl/kg IV twice weekly None 1.gm IV twice week

[3 rest rest rest

PATIENT RESPONSES

The ligand/receptor pairs of the TNF family activate signalling
pathways that regulate both cell survival and proliferation as well
as apoptosis. The balance of these opposing functions
determines ultimate cell fate. TNF-induced activation of NF-kB
promotes cell survival. TNF-induced activation of JNK signalling
is iated with apop ; however, activated NF-kB inhibits
this pathway. Activation of the JNK pathway modulates the
apoptotic process in a stimulus-dependent manner, facilitating
both pro-apoptotic and anti-apoptotic outcomes. Arsenic trioxide
can activate JNK through TNF, an upstream regulator of JNK. In
vitro studies showed that JNK activation and arsenic trioxide-
sensitivity are dependent on the presence of oxidative stress, a
potent stimulus of apoptosis (4,5).

Arsenic trioxide restores pro-apoptotic signalling pathways

Normal cells:
Balance between opposing
functions of TNF

Apoptosis Cell survival

Constitutively Active NF-xB

.
Apvplosis‘-‘-"""\-‘ _Hé:—\

Tumor cells:
Aberrant signaling

Cell survival

Tumor cells treated with
arsenic trioxide:

- Specifically blocks NF-xB
- Activates JNK pathway

PATIENT DEMOGRAPHICS

Patient demographics (N=54)
Median age (years)

62 (range: 29-81)
3.5 (range: 1-8)

Median number of failed
therapies
Patients that failed:

Melphalan

Thalidomide or lenalidomide

Bortezomib

Peripheral stem cell transplant
Serum M-protein (g/dl)

35
range: 1.1-7.6

Mean
Range
Urine M-protein (g/24h)

1751
35-11,733

Mean
Range

B2 microglobulin
6.2
range: 0.5-25.9
37

Mean
Range

Evaluable for efficacy
Too early to assess |9
Not evaluable*|8
“All patients had active progressive disease
#Did not complete one full treatment cycle
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Patient responses (N=37) in serum

with SCr>1.5 mg%

(SCr) levels| ® The MAC regimen resulted in objective

responses in heavily pre-treated patients

Complete response (CR) 0

(no serum M-protein) T

# of Cycles

Resp that had previously failed melphalan

Partial response (PR) 8 (22%) 4.8 (-24%)

PR (RR=63%), thalidomide or lenalidomide

(2 50% decrease in serum M-protein) 1.6 (-72%)

MR (RR=48%), and bortezomib (RR=70%).

Minor response (MR) 4 (38%) 2.9 (-17%)

PD * Renal functioning improved while on

(= 25-49% decrease in serum M- 4.3 (+34%)

PD MAC therapy: 14 evaluable patients had

protein)

1.4 (-36%)

sD base line serum creatinine (SCr) > 1.5

Stable disease (SD)
(change in M-protein + 25%)

6(16%) 1.4 (-36%)

MR mg%; 10 of these patients had an

1.3 (-41%)

PD improvement in serum creatinine levels, 7

Objective response (PR+MR) 22 (59%)

1.5 (-22%)

VR of which had at least disease control with

Disease control (PR+MR+SD) 28 (76%)

1.4 (-18%)

the treat t regimen.
NA

1

Objective responses in patients

who failed: 1.8 (+6%)

®*The duration of response has not

MR been reached; the range is currently 3+ to

1.3 (-24%)

MR

th

13+

Melphalan
1.3 (-19%)

2 MR

® The median time to progression has not

Thalidomide/lenalidomide NA

on cycle 2 MR been reached; the range is currently 1+ to

Bortezomib

15

1 MR 13+ months.

PSCT

ADVERSE EVENTS
All patients were evaluable for safety:

*The most commonly reported side effect was hematologic:
grade 3 toxicity was reported in 12 patients, grade 4 in 2
patients; 41 patients received colony stimulating factors, 10
required platelet transfusions, and 10 required PRBC's

*11 patients experienced delays in treatment: 4 for blood
counts, 2 for prolonged QT, and 5 for other reasons
(elevation of LFT’s, subdural hematoma, jaw pain with teeth
extractions, sepsis) .

SUMMARY

®*MAC is an active, steroid-free, regimen; responses were
observed in patients that had failed multiple therapeutic
regiments, including bortezomib.

*The MAC regimen has been well tolerated with few significant
AEs reported.

*The MAC regimen did not induce neuropathy, patients with
pre-existing neuropathy did not experience any worsening of
their symptoms.

*Response to the MAC regimen was associated with an
improvement in SCr levels in patients with renal insufficiency.




