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Vascular endothelial growth factor (VEGF) is upregulated in multiple myeloma (MM), and
circulating VEGF levels may correlate with response to therapy (Hideshima, et al 2005,
Pittini, et al 2002). Thalidomide has been part of the standard treatment for MM and is
thought to inhibit VEGF-associated angiogenesis (Du, et al 2004). Bevacizumab, a
monoclonal antibody directed against VEGF-A, inhibits VEGF (Jenab-Wolcott and
Giantonio 2009). Accordingly, we set out to test the efficacy and safety of bevacizumab
alone and in combination with thalidomide in MM patients.

A phase Il prospective randomized/stratified trial led by the California Cancer Consortium,
and including the University of Chicago, was approved by the Cancer Therapy Evaluation
Program/ National Cancer Institute of the National Institutes of Health (N01-CM-62209).
Patients with prior thalidomide exposure received bevacizumab alone (Arm A).
Thalidomide-naive patients were randomized to either arm B (bevacizumab alone) or C
(combination therapy). The study was closed early due to poor accrual, attributable to
competing trials providing access to lenalidomide and bortezomib (Knight 2005, Lu, et al
2009, Moschetta, et al 2010).
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The primary objectives were response rate, event-free survival, and toxicity. The secondary
objective was to measure markers of angiogenesis and assess any correlation with outcome.
Immunohistochemical (IHC) staining of VEGF (VG-1, Neomarkers, Freemont, CA) and its
two receptors, VEGFR1/FIt-1 (AB-1, Neomarkers) and VEGFR2/KDR (AB-1, Neomarkers)
was carried out on bone marrow clots or cores obtained at baseline.

The study was conducted between October 2001 and November 2004. Patients aged 18
years or older, with relapsed/progressive MM and a Karnofsky performance status (KPS) >
60%were enrolled. All patients signed a voluntary informed consent form, approved by the
institutional review boards of the participating institutions.

Bevacizumab was given at 10 mg/kg intravenously over a 90-min period every 14 days.
Thalidomide was escalated from 100 mg/day by 100 mg/week, up to 400 mg/day. Treatment
cycle length was 56 days. Treatment was discontinued due to disease progression,
development of grade 3 or 4 toxicities that did not resolve to grade 1 or less (maximum 3
weeks’ delay was allowed), non-compliance, or patient request or physician discretion. The
National Cancer Institute’s Common Toxicity Criteria version 2.0
(http://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/
ctev20_4-30-992.pdf) was used for toxicity and adverse event reporting.

Complete response was defined as disappearance of the paraprotein in the serum and/or
urine by immunofixation and less than 5% plasma cells on bone marrow evaluation. A
partial remission was defined as a > 50% reduction but still detectable level of paraprotein,
and if present, a = 50% reduction in urine M-component. Stable disease was defined as <
50% reduction in paraprotein, or if the patient had light-chain disease only, a > 50%
reduction in the urine M-component (Bence-Jones protein). Progressive disease was defined
as a 25% increase in paraprotein from the lowest level observed, measured on at least 2
separate occasions two weeks apart. We defined event-free survival (EFS) as synonymous
with time to treatment failure (TTF) to avoid reporting artificially long progression-free
survival in patients who declined further protocol therapy prior to progression. TTF was
therefore defined as the time from the first day of treatment to the first observation of
disease progression, death, or treatment cessation due to toxicity or patient refusal.

Fourteen patients consented; one withdrew prior to initiation of treatment, and another
became ineligible due to a drop in KPS. Twelve evaluable patients, 8 female, 4 male,
(median age: 58 years, range: 50-75) were enrolled; six received bevacizumab alone (Arms
A or B); six received combination therapy (Arm C). Eight of the patients were enrolled with
stage |11 disease (Durie and Salmon 1975) and two each with stages | and Il. The median B,
microglobulin was 2.7 mg/l (range 1.0-9.9 mg/l) with 9 cases of 1gGy, 2 patients with 1gG;,
and 1 case of non-secretory myeloma. Previous treatments included VAD (vincristing,
doxorubicin, dexamethasone), thalidomide, melphalan, and prednisone, received by10, 3, 5,
and 3 patients respectively, with 10 patients receiving other agents. No patient received
bortezomib or lenalidomide. The median number of prior systemic regimens was 3 (range
0-5). Five patients had undergone radiation therapy; 7 had undergone autologous
transplantation.

Toxicities were mild: The combination therapy resulted in grade 3 lymphopenia (n=1),
fatigue (n=1), and grade 4 pulmonary hypertension (n=1; early cessation due to shortness of
breath in a patient with prior exposure to phen-phen). Bevacizumab-associated grade 3
toxicities were fatigue (n=1), hypertension (n=1), neutropenia (n=1), and hyponatraemia
(n=1).

Plasma cell expression of VEGF was observed in 7 of 9 MM patients examined by IHC,
appearing as a diffuse, cytoplasmic pattern varying in intensity from moderate (++) to strong
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(++++). VEGEF staining in the lymphoblastic or erythroblastic lineages was not observed
whereas occasional staining of polymorphonuclear cells was seen. Five of 9 samples
displayed VEGFR1 and 4 expressed VEGFR2, but receptor staining was weak (+) to
moderate and restricted to myeloid and monocytic cells. When VEGFRL1 or 2 receptors were
observed by IHC, there was a 100% concordance with VEGF expression.

Patient responses and outcomes are summarized in Table I. On Arm C (combination
therapy), 2 patients achieved a partial response for 224 days and 369 days, and 3
experienced stable disease (223, 228, and 350 days), with a median EFS of 287 days (range:
37-369). Among those who received bevacizumab alone, one patient — with the greatest
expression of VEGF (Figure 1) on MM cells — achieved stable disease for 238 days, but the
median EFS for the cohort was only 49 days (range: 29-238).

The observed VEGF or VEGF receptor expression patterns support a paracrine role of
VEGF in MM as demonstrated in preclinical models. Low accrual prevented correlation of
VEGF or VEGFR1/VEGFR2 expression with response. Combination therapy, in this limited
sample, yielded similar results to single agent thalidomide. Future clinical trials exploring
the role of VEGF or VEGFR inhibition need to focus on patients whose myeloma cells are
enriched for VEGF expression, and such trials are likely to be successful only if they
involve combinations including agents with proven efficacy (Ribatti and Vacca 2003,
Roccaro, et al 2006).
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Figure 1.
VEGF expression on myeloma cells in the bone marrow of a patient treated with
bevacizumab and thalidomide (1000x amplification)
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Table |

Event-free survival by treatment arm

Patient

Best response TTF (days)

Arm A: Thalidomide-exposed patients treated with bevacizumab

PD
PD
PD

42
29
56

Arm B: Thalidomide-naive patients treated with bevacizumab

1 PD 69
2 PD 36
3 SD 238

Arm C: Thalidomide-naive patients treated with the combination

1 SD 37*
2 SD 223
3 SD 228
4 PR 224™*
5 PR 369
6 SD 350
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*
Early cessation of therapy due to pulmonary hypertension-related shortness of breath in a patient with prior exposure to diet pills (phen-phen),

whose symptoms resolved and was able then to take thalidomide;

Fk

Patient came off therapy and went on to receive an autologous transplant

PD: progressive disease; SD: stable disease; PR: partial response
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