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Abstract

Novel agents have provided new a foundation for multiple myeloma therapies. When combined
with other anti-myeloma agents, these compounds significantly enhance clinical efficacy. High-
dose steroids are frequently used in anti-myeloma combination regimens; however, the doses
employed are often poorly tolerated, especially in patients with concurrent comorbid conditions.
We hypothesized that a steroid-independent combination regimen could be developed without
significant compromise of efficacy. The availability of such a regimen will be important for
patients whose concurrent ailments make them poor candidates for steroid containing anti-
myeloma regimens.

A phase Il single institute, non-randomized clinical trial was conducted to investigate a novel
steroid-free three-drug combination of bortezomib (V), pegylated liposomal doxorubicin (D), and
thalidomide (T), the VDT regimen. Forty-three newly diagnosed multiple myeloma patients
requiring treatment were enrolled on this study.
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The overall response rate and complete response (CR) + near complete response (nCR) rate was
78% and 35%, respectively. Median time to progression was 29.5 months. Fatigue, rash,
neuropathy, constipation and infections were the most common side effects.

We concluded that VDT is a tolerable and an effective regimen capable of inducing high response
rates and can be employed in patients considered to be poor candidates for steroid-based treatment
regimens.
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INTRODUCTION

Multiple myeloma (MM) is the most common plasma cell cancer and the second most
common hematological malignancy for which cure remains an elusive goal.(Jemal, et al
2008) Conventionally, high-dose steroids have been one of the most effective anti-myeloma
agents with the ability to control disease rapidly. However, in MM, steroid resistance is
rapid and early relapses are frequent.(Alexanian, et al 1992)

Over the past decade, several novel compounds have been approved for the treatment of
patients with MM.(Orlowski, et al 2007, Rajkumar, et al 2006, Richardson, et al 2005,
Weber, et al 2007) These include the immunomodulatory agents (IMiDs; thalidomide and
lenalidomide), the proteasome inhibitor, bortezomib, and pegylated liposomal doxorubicin
(PLD). These agents have demonstrated single-agent efficacy comparable to high-dose
steroids, with particular benefit observed when administered in combination regimens. It is
important to note that present treatment regimens demonstrating higher overall response rate
(ORR) and complete response (CR) rates often incorporate these compounds with other anti-
myeloma agents (such as melphalan, cyclophosphamide); however, high-dose steroids
remain an important and consistent component of these regimens.

As the median age at diagnosis of MM is 70 years, traditional steroid dosing is often poorly
tolerated due to concurrent comorbid medical conditions, such as diabetes mellitus,
hypertension or other cardiovascular diseases. Also, high-dose steroid treatment can increase
susceptibility to infectious complications due to their immunosuppressive effects. Recent
translational studies have noted an inhibitory effect of steroids on lenalidomide-mediated
natural killer (NK) cell stimulation, suggesting that steroids may compromise the efficacy of
immunomodulating agents in patients with MM.{Schafer, 2008 }(Hsu, et al 2011) This
hypothesis is substantiated by a recent large phase Il study that demonstrated improved
survival in newly diagnosed MM patients treated with the combination of lenalidomide and
low dose dexamethasone as compared to lenalidomide and high dose dexamethasone.
(Rajkumar, et al 2010) Taken together, these observations suggest that the development of
an effective, steroid-sparing regimen can have a substantial clinical benefit in patients with
MM; especially in the context of regimens incorporating immunomodulatory agents.
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Bortezomib is one of the most effective single-agent therapies for MM, with the ability to
induce CR in 11% of patients with relapsed or relapsed/refractory MM. This has resulted in
the use of bortezomib as a critical component of most of the currently employed anti-
myeloma regimens. Preclinical evaluations supported combining bortezomib with
doxorubicin. This synergism is mediated, at least in part, through interruption of survival
pathways involving nuclear factor (NF)-xB and P44/42 mitogen-activated protein kinase,
among others, which are activated in myeloma cells in response to genotoxic stress. These
findings led to the successful clinical evaluation and US Food and Drug Administration
(FDA\) approval of the bortezomib-PLD (VELCADE® and Doxil®) combination. (Orlowski,
et al 2007, Orlowski, et al 2005)

Thalidomide has made an important impact in MM therapy. Its exact mechanism remains
undetermined despite its approval and widespread use; most investigators agree that it exerts
its effects on the MM microenvironment. Thus, components of the tumour
microenvironment (cellular and cytokine) that support MM cell survival and foster drug
resistance (Urashima, et al 1997) can be targeted using thalidomide.(D’ Amato, et al 2001)

Here we report the clinical efficacy of a novel triple-drug combination that is steroid-
independent. We hypothesized that concurrent targeting of the MM cell microenvironment
with thalidomide may enhance the anti-myeloma effect of the bortezomib/PDL combination.
We previously investigated this triple-drug combination (bortezomib, PDL and thalidomide;
VDT) in MM patients with relapsed or refractory disease and demonstrated its feasibility
and safety.(Chanan-Khan, et al 2009) We observed impressive efficacy in heavily pretreated
and refractory patients, which encouraged us to investigate this novel steroid-independent
regimen in treatment-naive MM patients. The final results of this phase Il clinical trial are
presented here.

PATIENTS AND METHODS

Patient eligibility

Patients with newly diagnosed, symptomatic MM who were > 18 years of age were eligible
for enrollment. Patients who received steroids or local radiation for spinal cord compression
were eligible for the study. Additional eligibility criteria included a Karnofsky performance
status of > 60%, compliance with the S.T.E.P.S (System for Thalidomide Education and
Prescribing Safety) program, adequate hepatic and renal function, left ventricular ejection
fraction (LVEF) of = 50% and adequate bone marrow function (haemoglobin = 80 g/I,
platelets > 75 x 10%/1, and absolute neutrophil count = 1 x 10%1). Pregnant and/or lactating
females were excluded from the study. Additionally, patients with grade = 2 peripheral
neuropathy with in two weeks of enrollment, patients with hypersensitivity to boron or
mannitol, and patients with uncontrolled cardiovascular disease or infections were also
excluded from the study. The study was conducted at the Roswell Park Cancer Institute and
was approved by the Institutional Review Board. Written informed consent was obtained
from all patients.
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Study design

This open-label, non-randomized, phase Il study was registered at www.clinicaltrials.gov as
# NCT00523848. Patients were enrolled between June 2006 and December 2008. The
primary objective of the study was to determine ORR (CR+ partial response, PR) of the
VDT regimen. Secondary objectives included determination of CR, time to progression
(TTP) and toxicity of the VDT regimen. Using an exact one-stage design it was determined
that 40 evaluable patients would need to be enrolled for the study to have at least 80%
statistical power to detect 20% difference in objective response rate with the VDT regimen.

During treatment, patients were evaluated after completion of each cycle and each visit
included recording of medical history, physical examination, complete blood count (CBC),
serum creatinine, blood urea nitrogen, blood glucose, electrolytes, lactate dehydrogenase
(LDH), alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase, billirubin, uric acid, p,-microglobulin, C-reactive protein (CRP), serum protein
electrophoresis (SPEP) and immunofixation electrophoresis (IFE), quantitative
immunoglobulin levels, 24-h urine for creatinine clearance and urine protein electrophoresis
(UPEP) along with IFE. Bone marrow aspiration and biopsy was conducted to confirm the
CR status of patients and at the time of disease progression. Patients who had disease
progression at any time were taken off study. These evaluations were also conducted at
baseline prior to treatment initiation. In addition, skeletal surveys were performed and left
ventricular ejection fraction (LVEF) was evaluated, either by echocardiogram or multi gated
acquisition (MUGA) scan.

The study design is shown in Figure 1. Eligible patients were scheduled to receive six
treatment cycles; however, patients with residual disease who were responding to therapy at
the end of six cycles were allowed to receive two additional cycles. Patients were followed
until disease relapse, progression or initiation of subsequent therapy, whichever came first.
All patients had the option to proceed with high dose therapy (HDT) and autologous
haematopoietic stem cell rescue after six cycles of VDT. However, since this study
evaluated the efficacy of VDT as initial therapy the patients who elected to proceed with
HDT (n=2) were censored at the time of HDT.

Response evaluation

Response was evaluated according to modified Blade’s criteria.(Blade, et al 1998) Briefly,
CR was defined by absence of M-protein on SPEP, as well as negative IFE, and less than
5% plasma cells in bone marrow; near CR needed all criteria of CR except that IFE was
positive. PR was defined as = 50% reduction in serum M-protein and = 90% reduction in
urine M-protein. Patients who had < 50% but = 25% reduction in serum M-protein and <
90% but = 50% reduction in urine M-protein were designated as having a minimal response.
The responses required confirmation by a repeat evaluation at least 6 weeks apart. Disease
progression was defined as > 25% increase in serum or urine M-protein (in urine there has to
be an absolute increase of > 200 mg/24 h of protein) confirmed on two occasions. For
patients with CR, disease progression was defined by re-appearance of M-protein as
detected by IFE and confirmed on a second occasion.

Br J Haematol. Author manuscript; available in PMC 2014 July 02.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Sher et al.

Page 5

Statistical methods

Descriptive statistics such as frequencies and relative frequencies were computed for
categorical variables. Numeric variables were summarized using simple descriptive statistics
such as the mean, median, standard deviation, and range. Exact 95% confidence interval
(95% CI) estimates of the ORR and CR rate were derived using the Clopper Pearson
method. The TTP was estimated using the Kaplan-Meier method. A 0.05 nominal
significance level was used in all testing. All statistical analyses were done using SAS
(version 9.1).

Treatment schema

The VDT regimen comprised of bortezomib (V; at 1.3 mg/m? given intravenously on days
1, 4,15, and 18), PLD (D; 20 mg/m? given intravenously on days 1, and 15), and
thalidomide (T; 200 mg orally every day throughout the study) given on a 4-week treatment
cycle. All patients received prophylaxis for herpes zoster with acyclovir (400 mg orally
twice a day). Weight-adjusted low-dose warfarin (1 mg for patients < 70 kg; 2 mg for
patients > 70 kg body weight) was used, as described previously, for venous
thromboembolism prophylaxis.(Miller, et al 2006) Patients with myeloma bone disease were
allowed to receive standard bisphosphonate therapy.

Toxicity assessment and dose modifications

RESULTS

All patients who received any treatment were assessed for toxicity. The NCI common
toxicity criteria for adverse events (version 3.0) were used for toxicity assessment.

Thalidomide was discontinued for any patient who experienced grade 4 non-haematological
toxicity. For any associated grade 3 non-haematological toxicity (excluding constipation,
somnolence and fatigue), thalidomide was held until resolution to < grade 2 and restarted at
a 50% reduced dose. The specific toxicities of palmar plantar erythrodysesthesia syndrome
(PPE) and bortezomib-associated neuropathy were managed according to predefined dose
modification criteria as described below.

Palmar plantar erythrodysesthesia—The dose of PLD was held for grade = 3 PPE
occurring < 5 weeks after last infusion. Treatment could be resumed at a 25% decreased
dose upon complete resolution of PPE. Patients in whom grade 3 or 4 PPE persisted beyond
6 weeks of the last PLD dose were removed from study.

Neuropathy—Bortezomib dose madification for sensory neuropathy, with or without
neuropathic pain, was conducted as per standard prescribing guidelines provided in the
package insert.

Forty-three patients were enrolled, of whom 40 were evaluable for response (three patients
were not response-evaluable: one patient had grade 3 PPE and generalized rash during cycle
2, one patient withdrew consent within the first week of therapy, and one patient
experienced pneumonia and prolonged recovery from infection). Baseline characteristics of
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response-evaluable patients are summarized in Table 1. The median age was 60.5 years
(range 40-81). The majority of patients had intermediate to high disease burden as
determined by Durie Salmon staging (88% stage Il or more; 58% stage I11). The median f,-
microglobulin was 3.7 mg/I (range 1.6-16.5).

All enrolled patients (n=43) were assessed for toxicity (Table 2). No treatment-related
mortality was observed. Two deaths were recorded; one patient died from rapid disease
progression and one patient died of causes unrelated to disease or treatment. At least one
adverse event was seen in all patients. Only five patients had grade 4 adverse events that
included neutropenia, hyperuricaemia, confusion, pulmonary embolism and respiratory
failure; each occurred in five different patients.

Non-haematological toxicity—Fatigue (63%), rash (67%), and constipation (63%) were
the most common non-haematological adverse events. Most of these common toxicities
were mild. Only three patients (7%) with grade 3 rash required dose modifications or
treatment interruptions. Venous thromboembolic events occurred in two patients (5%; one
DVT and one PE). One patient developed interstitial pneumonitis after 6 cycles of therapy
and was empirically treated with steroids and antibiotics. Two patients (5%) developed
clinical congestive heart failure (CHF); both had stable pre-existing hypertension and
coronary artery disease. Bradycardia was found to be the precipitating event for CHF in one
patient and responded to thalidomide dose reduction. Neither of these two patients had a
reduction in LVEF and both went on to receive additional anthracycline doses after passing
cardiology evaluation.

PPE, a recognized complication of liposomal doxorubicin, was observed in 11 patients
(26%). Three patients (7%) had grade 3 PPE, of whom one patient discontinued study
because of persistent PPE before being evaluable for response. Sensory neuropathy, a well-
known side effect of thalidomide and bortezomib, was manageable and was seen in 23
patients (53%); only three patients (7%) had grade 3 neuropathy

Haematological toxicity—Haematological toxicities were mild-to-moderate, with
lymphopenia being the most common toxicity experienced by 28 patients (66%). Only one
patient (2%) experienced grade 4 neutropenia, while grade 3 neutropenia and
thrombocytopenia were present in eight (19%) and two (5%) patients, respectively. All cases
of thrombocytopenia were asymptomatic.

Of the 40 evaluable patients, 31 patients achieved PR or better for an ORR of 78% (95% ClI:
61.6-89.2%); Table 3). Complete and near complete response (CR+nCR) was seen in 14
patients (35%; 95% CI: 20.6-51.7%) while nine (23%) patients achieved a CR. Although
the number of patients with available cytogenetic data was small, no difference in ORR or
CR rate was observed between the groups with standard (n=13) or high- risk (n=8)
cytogenetic features.
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The median time to best response in patients achieving CR (n=9) was 7.4 months (range
3.4-9.2). Responding patients continued to have a decline in tumour markers even after
completing treatment (Figure 2). The durability of response was reflected by a median TTP
of 29.5 months (95% CI 18.6—upper limit not available; Figure 3).

DISCUSSION

The introduction of novel agents, such as IMiDs, bortezomib, and PLD, has evidently
transformed myeloma therapy. This has resulted in substantial improvements in clinical
outcomes of myeloma patients, including prolongation of survival. Although initial clinical
investigations focused on the use of novel compounds as single agents, it has become clear
that their incorporation into combination regimens is indispensable for the achievement of
robust and durable clinical responses. Steroids have excellent activity in MM and, therefore,
have been at the forefront of combination regimens. While intermittent use of steroids is
relatively safe, the doses and schedule used in conventional myeloma regimens is associated
with significant cardiovascular, metabolic, musculoskeletal and infectious morbidity as the
majority of patients are elderly (median age 70 years). For the aforementioned reasons,
efforts to develop a steroid-sparing regimen capable of delivering “deep” and durable
responses seem logical.

Orlowski et al led the way by first demonstrating the feasibility and then the efficacy of
bortezomib/PLD, a steroid-free regimen.(Orlowski, et al 2007, Orlowski, et al 2005) In the
phase 11 study, it was noted that, although there was no significant difference in ORR or the
CR rate between the bortezomib/PLD combination and bortezomib alone, the improvement
in progression-free survival between the two groups favoured the combination regimen.
(Orlowski, et al 2007) We attempted to improve the clinical benefit of this regimen by
altering the dose schedule and adding the IMiD, thalidomide. As preclinical investigations
have demonstrated synergism between PLD and bortezomib(Ma, et al 2003), in the VDT
regimen we modified bortezomib and PLD dosing to allow the maximum overlap of these
two synergistic agents, i.e. twice per treatment cycle (day 1, and 15). Moreover, this strategy
permitted us to administer an increased dose of PLD per cycle (40 mg/m? vs. 30 mg/m?). In
our experience with relapsed/refractory MM patients, the VDT regimen delivered high
response rates (CR rate 22%), which were durable (median progression-free survival of 10.9
months, median overall survival of 15.7 months).(Chanan-Khan, et al 2009) In the present
study, the same regimen generated response rates that are comparable to some of the steroid-
inclusive regimens used in frontline setting. The CR/NCR rate of 35% is a strong indicator of
the regimen’s potency. We note that it took relatively longer for patients treated with VDT
to achieve the best response (median time to CR of 7.4 months) as compared to steroid-
inclusive regimens (San Miguel, et al 2008), which may reflect the exquisite sensitivity of
myeloma to steroids. For the same reason, we believe that by employing reliable steroid-free
regimens, such as VDT for frontline treatment of myeloma, the steroid sensitivity of this
incurable cancer can be exploited in emergency situations, such as spinal cord compression
and renal failure.

Overall, the VDT regimen was generally well tolerated, with no treatment-related mortality.
Interestingly, the incidence of grade = 3 neuropathy was low, thus demonstrating the
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feasibility of combining bortezomib and thalidomide. Although the incidence of PPE was
25%, most cases were mild and only 3 patients had grade 3 PPE. This may be related to the
increased dose of PLD per cycle or due to an as yet uncharacterized pharmacokinetic
interaction between the drugs. The incidence of venous thromboembolism was modest. We
note that 19 patients (44%) in our study had an infectious episode with nine patients (20%)
experiencing grade 3 infections. Pneumonia and/or upper respiratory infections were the
most common infectious events and occurred in 11 patients (25%). Most grade 3 infectious
events occurred within the first 3 months of treatment initiation, which, typically, is the time
of severe immune compromise because of initial disease burden and therapy-related immune
suppression.

In conclusion, we observed that VDT is a novel steroid-independent regimen for newly
diagnosed MM patients that is capable of delivering high response rates. Furthermore, with
the present schedule of administration, the combination of two potentially neurotoxic drugs
does not appear to significantly increase the incidence of neuropathy. Given the high risk of
infections observed in our study population, it appears reasonable to institute prophylactic
antibiotics during the initial phase of treatment. We recommend that the clinical benefit of
this promising regimen should be evaluated in a larger cohort of patients in phase 111 studies.
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Patients screened
for study
Inclusion/exclusion
criteria met

I

Treatment phase (six 28 day cycles)
Thalidomide (T) 200 mg/day PO continuously
PLD (D) 20 mg/m? IV on day 1,and 15
Bortezomib (V) 1.3 mg/m? 1V day 1,4,15 and 18

Response evaluation
after 2nd cycle then
after each cycle

<N
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Residual disease at Disease relapse

the end of 6 cycles or
but patient continues Progression at

to respond Patient achieves any time
CR/nCR
Optional two
additional cycles Follow up Patient taken off
(maximum of 8 —> Every three months study
cycles)

Figure 1. Consort diagram
Clinical trial design.

PO, orally; IV, intravenously; CR, complete response; nCR, near complete response.
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Figure 2. Time to response in responding patients

The maximum reduction in serum M-protein occurred between cycle 2 and 4 with continued
after completing 8 cycles of therapy.
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Figure 3. Time to progression for evaluable patients

40

The time to progression (TTP) was estimated using Kaplan-Meier method and was defined
as the time from start of therapy to the first evidence of disease relapse, progression or death

from disease progression, whichever came first.
95% Cl, 95% confidence interval; NA, not achieved.
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Table 1

Demographics and baseline clinical characteristics of patients enrolled.

Patients (n=40)

Characteristic No. %

Age, years
Median 60.5
Range 40-81

Sex
Female 14 35
Male 26 65

Durie Salmon stage

| 5 12
1l 12 30
11 23 58

International Staging System stage*

| 18 45
1l 13 32
1l 7 18
Bone disease 30 75

Karnofsky Performance Score
<80% 7 18
> 80% 33 82

M-protein isotype

19G 27 67
1gA 12 30
Light chain only 1 3

B,-microglobulin, mg/I
Median 3.7
Range 1.6-16.5

Lactate dehydrogenase, iu/l
Median 444
Range 152-1229

C-reactive protein, mg/l
Median 2.2
Range 0.3-38

Serum albumin, g/l
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Patients (n=40)

Characteristic

No. %

Median
Range

42
31-48

Haemoglobin, g/l
Median
Range

113
77-152

Platelet count, 10%/1
Median

Range

230
92-565

Cytogenetics
High risk ™™
Standard risk

21 53
8 20

13 33

*
Post-hoc calculation; data missing in two patients.

* %

Page 14

Among the high-risk group, all 8 patients had deletion of the long arm of chromosome 13 (13 g-) by fluorescence in-situ hybridization (FISH );
two patients also had deletion of the short arm of chromosome 17 (17 p-) by FISH; three patients had translocation between chromosome 4 and 14

(t 4; 14) by FISH, and two patients had translocation between chromosome 14 and 16 (t 14; 16) by FISH.
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Table 3

Response to VDT among evaluable patients

Patients (n=40)

Best confirmed response

No. %
ORR (2 PR) 31 78
CR+nCR 14 35
CRIFE- 9 23
Minimal response 1 3
Stable disease 7 18
Progressive disease 1 3

Page 17

Abbreviations: VDT, Bortezomib, pegylated liposomal doxorubicin, thalidomide; CR, complete response; nCR, near-complete response; crIFE-
immunofixation negative complete response.
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