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Metastatic melanoma is near-to-invariably a fatal disease. As novel therapeutic strategies against metastatic melanoma
are urgently needed, we have tested a combinatorial regimen consisting of conventional chemotherapy coupled to
bevacizumab, a monoclonal antibody that inhibit angiogenesis, demonstrating some clinical benefit. A preliminary
assessment of one of our clinical trials points to a previously unrecognized immunomodulatory effect of bevacizumab.
Herein, we evaluate the immunomodulatory effect of bevacizumab when administered together with conventional
chemotherapy to patients with metastatic melanoma. To this aim, we measured the abundance of various lymphocyte
subsets among peripheral blood mononuclear cells (PBMCs) as well as the circulating levels of 42 cytokines, chemokines
and growth factors in patients with metastatic melanoma who received albumin-bound paclitaxel plus carboplatin,
either as a standalone intervention (AC, 55 subjects) or combined with bevacizumab (ACB, 39 individuals), in the context
of clinical trials NO57e and NO775, respectively. Relative shifts in PBMC subsets and cytokine levels were calculated (relative
to baseline levels) when patients underwent restaging evaluation after two cycles of therapy. The Mann-Whitney U test
was used to compare responses between the groups. Bevacizumab failed to affect the T, 1/T 2 cell ratio in this patient
cohort. However, we observed a significant increase in CD8* lymphocytes in patients who received ACB (+38%) but not in
subjects treated with AC only (—=10%) (p = 0.03). Moreover, circulating interleuikin-6 (IL-6) levels were reduced in patients
treated with ACB (—42%) but not in individuals receiving AC only (28%) (p = 0.0018). Thus, the addition of bevacizumab to
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chemotherapy for the treatment of metastatic melanoma exerts immunomodulatory effects.

Introduction

Melanoma is the fifth and sixth most common malignancy in
men and women, respectively, in the United States.! Although
patients with early stage disease can be cured with resection, the
prognosis of individuals affected by metastatic melanoma is dis-
mal.>* The recent approval of two novel agents for the treatment
of metastatic melanoma is encouraging and offer opportunities
for the development of innovative combinatorial regimens tak-
ing advantage of complementary aspects of different therapeutics
(e.g., BRAF inhibitors, immunomodulating agents, conventional
chemotherapies).””

Over the past several years we have explored the therapeu-
tic potential of combining conventional cytotoxic therapy with
inhibitors of angiogenesis for the treatment of patients affected
by metastatic melanoma. In a series of exploratory multicenter
Phase 2 clinical trials, we have demonstrated that adding bevaci-
zumab, an anti-angiogenic monoclonal antibody, to taxane-based
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chemotherapy may provide clinical benefits to this patient popu-
lation. The combination of carboplatin and paclitaxel has been
shown to exert antineoplastic effect in patients with metastatic
melanoma.’ Albumin-bound paclitaxel, ABI-007, has been
developed to reduce the toxicity of the previous formulation
involving the Cremophor® vehicle. We examined the activity of
ABI-007 coupled to carboplatin in two separate clinical trials. In
one of these Phase II studies, N057e, the combination of ABI-
007 and carboplatin (AC) was associated with an overall survival
of 11.1 mo in chemotherapy-naive patients, and of 10.9 mo in
previously treated patients.” In another Phase II trial, N0775, we
combined bevacizumab with ABI-007 and carboplatin (ACB).
The median overall survival of patients who received ACB in this
study was 15.4 months.!

Bevacizumab is a recombinant chimeric monoclonal antibody
targeting the vascular endothelial growth factor (VEGF) and is
currently used as an angiogenesis inhibitor in subjects affected by
a broad range of malignancies.""*> Although controversial, there
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Table 1. PBMC phenotypes*

Phenotype ACB1 AC1 p ACB2 AC2 CoVs p
CD3* 18 (—47-62) 5 (-39-50) 0.07 13 (-35-67) 0.4 (-33-31) 8.6 0.52
CD4+ 20 (-20-66) 15 (-43-63) 0.30 6 (—43-74) 7 (-40-36) 10.0 0.61
CD8* 38 (-21-72) -10 (—32-42) 0.03 23 (-38-87) -1 (-35-54) 8.8 0.38

CD3+/CD62L* 23 (-25-115) 25 (-32-114) 0.91 20 (—48-90) 15 (=41-101) 26.6 0.93
TH,/TH, 9 (-13-41) -3 (-25-43) 0.19 5.1 (24-39) —4 (-25-28) 14.7 0.28

*The median relative percent changes with interquartile ranges of peripheral blood mononuclear cell (PBMC) phenotypes are shown for patients who
received one (1) or two (2) cycles of chemotherapy alone (AC) or combined with bevacizumab (ACB). We observed an increase in CD8* cells in patients
who received one cycle of chemotherapy plus bevacizumab as compared with those who received chemotherapy alone (p = 0.03). CoVs, coefficients of

variation.
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Figure 1. Changes in circulating CD8* lymphocytes and interleukin-6 levels in
melanoma patients receiving albumin-bound paclitaxel plus carboplatin alone
or combined with bevacizumab. The median relative percent changes (RPCs) of
CD8* lymphocytes and circulating interleukin-6 (IL-6) levels are displayed for pa-
tients who received one (RPC1) or two (RPC2) cycles of chemotherapy alone (AC)
or combined with bevacizumab (ACB). For CD8* lymphocytes, the difference
between patients receiving ACB and AB was significant after one (p = 0.03), but
not after two (p = 0.38), cycles of therapy. For IL-6, the difference was significant
after one (p = 0.01) as well as after two (p = 0.0018) cycles of therapy.

is evidence that bevacizumab may add benefit to conventional

with metastatic melanoma.” Additionally, VEGF has been
found to inhibit both the development of dendritic cells
(DCs)'® and mature DC function.'” Hence, we decided to
investigate systemic immunity in patients with metastatic
melanoma treated with AC-based chemotherapy alone
or combined with bevacizumab, in order to determine
whether bevacizumab can reverse the immunosuppressive
effects of VEGF in this setting.

Results

Changes in peripheral blood mononuclear cell sub-
sets in response to AC- vs. ACB-based chemotherapy.
We compared the changes in the relative abundance of
CD3", CD4*, CD8*, CD3*CD62L*, CD4*TIM3* and
CD4*CD294* cells among the peripheral blood mono-
nuclear cells (PBMCs) of patients with metastatic mela-
noma before and after AC-based chemotherapy alone or
combined with bevacizumab (ACB). After one cycle of
therapy, we observed a significant increase of circulat-
ing CD8" cells in patients receiving ACB (+38%, -21%
to 72%) (median, interquartile range) but not in subjects
who were treated with AC alone (-10%, -32% to 42%)
(p = 0.03) (Table 1; Fig. 1). Patients receiving AC only
exhibited 5.4% (2.7% to 11.7%) CD8* cells at baseline,
4.4% (2.4% to 11.0%) after one cycle of treatment and
5.0% (2.5% to 9.6%) after two cycles. Conversely, indi-
viduals treated with ACB exhibited 11.0% (6.3% to
18.1%) CDS8* cells at baseline, 11.0% (7.7% to 20.1%)
after one cycle of treatment and 11.9% (7.3% to 18.8%)
after two. We detected no significant differences in other
PBMC subsets after the first cycle of therapy. In addition,
we found no significant differences in all PBMC subsets
after the second cycle of therapy. The median T ,1/T 2
(CD4*TIM3*/CD4*CD294*) cell ratio of all patients in
this study was 0.76. After two cycles of treatment, patients
who received bevacizumab together with chemotherapy

chemotherapy in melanoma patients.' We have recently demon-  manifested a 5% (-24% to 39%) increase in the T 1/T 2 cell
strated that VEGF mediates a shift in the polarization of helper  ratio, while subjects treated with chemotherapy alone exhibited
T lymphocytes toward a state of “chronic inflammation” featur- a -4% (-25% to 28%) shift (p = 0.28) in this ratio. The rela-
ing a T 2 bias that is commonly observed in untreated patients tive changes in the abundance of lymphocyte subsets prior to the
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Table 2. Cytokines, chemokines and growth factors

Factor ACB1 AC1 p
EGF —21 (=40 to 15) -18 (=54 to 21) 0.55
Eotaxin (CCL11) 39 (-2 to 67) 20 (-5 to 47) 0.09
G-CSF 52 (-7 to 208) 81 (0 to 250) 0.56
GRO (CXCL1) 0 (=19 to 33) —4(-241t0 19) 0.42
IFNvy -5 (-381t0 29) 0 (-39 to 29) 0.96
IL1b 0 (19 to 21) 4 (—24 to 205) 0.19
IL2 0(-38t02) -2 (=27 to 4) 0.98
IL6 —16 (—63 to 38) 31 (-36 to 527) 0.01
IL8 1 (—46 to 94) 22 (=27 to 317) 0.48
IL12p70 -7 (-33to 5) 0(-43to0 6) 0.84
IL17 -9 (-28to03) 0(-42to 13) 0.51
IP10 (CXCL10) —19 (—41 to 24) 6 (—24 to 38) 0.1
MCP1 (CCL2) 20 (-14 to 74) 20 (-14 to 100) 0.65
MCP3 (CCL7) —12 (-39 to 4) —1 (—47 to 85) 0.32
MDC (CCL22) -12 (-22 to 4) —4 (20 to 10) 0.47
MIP1B (CCL4) —6 (—44 to 38) 5 (-18 to 236) 0.22
TGFa =17 (-43 to 21) —15(-43 to 13) 1.00
TNFa 7 (24 to 44) 20 (-32 to 95) 0.37
VEGF —29(-51t0 0) —21(-42to7) 0.34

ACB2 AC2 CoV p
—-30 (-46-4) —22 (-57-16) 20.1 0.80
20 (-17-61) 16 (—13-42) 5.9 0.53
4 (-43-171) 145 (-13-424) 24.2 0.56

-2 (-18-7) -17 (-38-30) 20.7 0.29
—23 (-60-7) —23 (-49-12) 16.9 0.56
0 (-86-19) 10 (—40-250) 6.3 0.05
—6 (=50-0) -9 (-41-8) 10.9 0.83
—42 (-88-0) 28 (-37-480) 10.3 0.0018
113 (17-541) 13 (—44-284) 12.4 0.19
—13(-55-0) 0 (-55-15) 21.3 0.77
—26 (-54-0) —23 (-59-14) 25.0 0.50
—34 (-57-4) 3 (—41-37) 10.7 0.02
4 (-21-84) 17 (-22-50) 7.5 0.86
—-18 (-54-9) -4 (-42-122) 221 0.18
-10 (-26-15) =12 (-25-13) 12.0 0.82
—17 (-74-26) 0 (-50-160) 325 0.09
—12 (-48-37) —40 (-62-12) 25.6 0.07
—22 (-59-11) 5(-58-94) 26.4 0.03
—49 (-79--11) -27 (-56--7) 12.4 0.09

*The median relative percent changes with interquartile ranges of cytokine levels are shown for patients who received one (1) or two (2) cycles of
chemotherapy alone (AC) or combined with bevacizumab (ACB). We observed a highly significant decrease in interleukin—6 IL-6 levels (p = 0.0018)
after two cycles of therapy. CoVs, coefficients of variation; EGF, epithelial growth factor; G-CSF, granulocyte colony-stimulating factor; IFNv, interferon
v; IP10, IFN+y-inducible protein 10; MCP, monocyte chemoattractant protein; MDC, macrophage-derived chemokine; MIP1B, macrophage inflammatory
protein 1B; TNFea, tumor necrosis factor «; TGFB, transforming growth factor 3; VEGF, vascular endothelial growth factor.

second cycle of therapy were not associated with progression-free
survival (data not shown).

Changes in circulating cytokines, chemokines and growth
factors in response to AC- vs. ACB-based chemotherapy. After
one cycle of treatment, we observed a significant decrease in the
circulating levels of interleukin-6 (IL-6; -16%), -63% to 38%) in
patients who received bevacizumab together with chemotherapy
but not in individuals treated with chemotherapy alone (31%,
-36% to 527%) (p = 0.02) (Table 2; Fig. 1). After the second
cycle of therapy, the levels of circulating IL-6 decreased further
in patients treated with ACB (-42%, -88 to 0%) but not in sub-
jects who received AC only (28%, -37% to 480%) (p = 0.0018)
(Table S1). We also observed a significant decrease in the cir-
culating levels of IFN<y-inducible protein 10 (IP-10) in patients
receiving ACB but not in individuals treated with AB only, after
the second cycle of therapy (Table 2). We do not believe that the
differences in circulating tumor necrosis factor oo (TNFa) levels
were significant as the shift of the median value was within the
coefficient of variation of the test. Along similar lines, the levels of
several other cytokines, chemokines and growth factors did not
differ in patients receiving one or two cycles of AB- or ACB-based
chemotherapy (Table 2). Although after two cycles of therapy
we observed a greater decrease in the circulating levels of VEGF
among patients who received ACB (-49%, -79% to -11%) than
among those treated with AC only (-27%, -56% to -7%), this
difference was not statistically significant (p = 0.09). The relative
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changes in the circulating levels of all cytokines, chemokines and
growth factors tested prior to the second cycle of therapy were not
associated with progression free-survival (data not shown).

Discussion

Bevacizumab, a drug designed for and best known for its anti-
angiogenic effects, exerts immunomodulatory effects when
administered in combination with chemotherapy to subjects
affected by metastatic melanoma. Patients who received one cycle
of bevacizumab together with albumin-bound paclitaxel and car-
boplatin (ACB) demonstrated an increase in CD8* lymphocytes
that persisted after the second cycle of treatment. Conversely, we
observed a significant decrease in the circulating levels of IL-6
after each cycle of ACB-based chemotherapy. Bevacizumab-
receiving patients also manifested a greater reduction in circulat-
ing VEGF levels and an increase in the T;1/T 2 cell ratio than
subjects who received chemotherapy alone, though these changes
were not significant.

Increased amounts of circulating CD8* lymphocytes suggest
that more cytotoxic T cells may be available for cell-mediated
immune responses against melanoma in patients that receive bev-
acizumab. We had too few samples to investigate whether beva-
cizumab truly increases the abundance of T cells reacting against
melanoma-specific antigens. Recently, vemurafenib has been
shown to increase the number of tumor-infiltrating lymphocytes
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in patients affected by unresectable Stage I1I or Stage IV mela-
noma.” One meta-analysis of multiple tumor types reported
an association between CD8* tumor-infiltrating lymphocytes
and favorable overall survival, disease-specific survival and
progression/disease/relapse-free survival.” Conversely, in three
clinical trials involving various schedules of a gp100-derived pep-
tide (gp100,, , )-based vaccine coupled to high-dose IL-2, there
was no association between pre- and post-treatment gp100,, , -
or influenza-specific CD8* T cells.?® The authors stated that these
trials were not sufficiently powered to detect differences between
responders and non-responders. Our data suggest that the addi-
tion of bevacizumab to chemotherapy improves peripheral CD8*
T-cell counts.

Sunitinib, a multi-tyrosine kinase inhibitor with antiangio-
genic effects, has been studied in patients bearing metastatic renal
cell cancer. Sunitinib was found to reduce the number of myeloid-
derived suppressor cells and regulatory T cells in one group of
patients.”! In another study, a decrease in regulatory T cells was
shown to correlate with overall survival in metastatic renal can-
cer patients treated with sunitinib.?? Bevacizumab is also used
frequently for the treatment of metastatic colon cancer. Patients
treated with bevacizumab have been reported to manifest reduced
levels of peripheral regulatory T cells and decreased regulatory
T-cell proliferation.?® Together with our findings, these observa-
tions suggest that the inhibition of angiogenesis exerts immuno-
modulatory effects in patients affected by distinct tumor types.

We have previously shown that patients with metastatic mela-
noma exhibit a T, 2-driven inflammartory state that is in part due
to the overproduction of VEGE" In this study, we confirmed
this observation, finding that patients affected by metastatic mel-
anoma exhibit a systemic T ,2-dominant state and a T ,1/T 2
cell ratio of 0.76. This ratio increased in patients who received
bevacizumab together with chemotherapy while it decreased in
subjects treated with chemotherapy alone, though this difference
was not significant.

We found that the administration of bevacizumab together
with chemotherapy significantly lowers the circulating levels of
IL-6. Multiple studies have found that high circulating levels
of IL-6 reduced survival and time to progression in melanoma
patients.*** Moreover, the levels of IL-6 have been found to be
significantly higher in the serum of patients with resected, high-
risk melanoma that in that of healthy individuals.?” In vitro data
suggest that IL-6 stimulates the production of the T, 2 cyto-
kine IL-10 by metastatic melanoma.?® This may in part explain
the improvement in the T;1/T,2 cell ratio that we observed in
parallel with the decrease in circulating IL-6 levels. IP-10 also
decreased after two cycles of ACB- but not AC-based chemo-
therapy. This result is consistent with the established association
between IP-10 and angiogenesis.

In summary, we observed that the addition of bevacizumab
to conventional chemotherapy for the treatment of metastatic
melanoma modulates cellular immunity and the secretion of pro-
inflammatory cytokines. Specifically, we observed that patients
who received bevacizumab had a significant increase in circulat-
ing CD8* cells and significant decreases in serum IL-6.
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Materials and Methods

Specimens. Our study was performed on specimens from
patients enrolled on two clinical trials, N057e and N0775 (Table
S2). There were 76 patients treated with albumin-bound pacli-
taxel (100 mg/m? iv. days 1, 8 and 15) and carboplatin (AUC
2 days 1, 8 and 15) every 28 d in the Phase II clinical trial
NO057e run by the North Central Cancer Treatment Group. We
obtained specimens from 55 patients enrolled in N057e for our
studies. Ninety-four patients were treated with temozolomide
(200 mg/m? by mouth days 1-5) and bevacizumab (10 mg/kg
iv. days 1 and 15) every 28 d, or albumin-bound paclitaxel
(80-100 mg/m? iv. days 1, 8 and 15), carboplatin (AUC 5-6
day 1) and bevacizumab (10 mg/kg iv. days 1 and 15) in the
context of the randomized Phase II trial N0775. We obtained
samples from 39 patients of these patients treated with albumin-
bound paclitaxel, carboplatin and bevacizumab for our studies.
Informed consent was obtained from all subjects to participate
in N057e and N0775, and the Mayo Clinic Institutional Review
Board approved this study.

Laboratory assays. Plasma cytokines, chemokines and
growth factors were measured using the Milliplex human cyto-
kine 42 analyte panel (Millipore Corporation) per manufac-
turer’s recommendations. Briefly, 25 wL of patient plasma and
standards were added to antibody containing microspheres
and incubated for 1 h at room temperature. Microspheres were
washed and biotinylated detection antibodies added, followed
by streptavidin conjugated R-phycoerythrin. Microspheres were
washed and read by Luminex (Millipore). Cytokine concentra-
tions were determined using a standard curve with a dynamic
range between 1.6 and 5000 pg/mL, using Milliplex Analyst
software (VigeneTech). The following anti-human monoclonal
antibodies were used for cell surface staining and flow cytometry:
anti-CD3-APC, FITC and PE, anti-CD4-FITC, anti-CD8-PE,
anti-CDG62L APC, anti-CD197 FITC, anti-CD294 Alexa Flour
647 (BD PharMingen) and anti-TIM-3 PE (R&D Systems).
For surface staining, previously frozen PBMCs were thawed and
0.5 x 10°-1.0 x 10° cells were aliquoted into 96 well plates in
100 pL. The desired antibody or antibody pool was added at
5 wL/well. The cells and antibodies were incubated for 30 min at
4°C and washed twice with PBS containing 0.1% bovine serum
albumin (BSA) and 0.05% sodium azide (Sigma). Four-color
flow cytometry was performed on a LSRII (Becton Dickenson)
or Guava 8HT (Millipore Corporation) flow cytometer and the
Cell Quest software (Becton Dickenson), or Guavasoft software
(Millipore Corporation) was used for acquisition and analysis.

We excluded cell subsets, cytokines and growth factors with
coefficients of variation greater than 30%, or if more than 30%
of the samples had values above or below the limits of detection of
our assays. This applied to FLT3 ligand, IL-1a, IL-3, IL-4, IL-5,
IL-7, IL-9, IL-10, IL-12p40, IL-13, IL-15, platelet-derived growth
factor (PDGF)-AA/AB, CCL5, sCD40L, sIL2Ra, TNEFR.

Statistical analyses. Patient samples were measured at baseline
and just prior to the second (RPC1) and third cycles (RPC2) of

therapy. The measurements made just prior to the third cycle were
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part of a restaging visit that included imaging. The relative percent
change (RPC) in PBMC subsets and cytokine levels were deter-

mined for each patient. The Mann-Whitney U test was then used
to compare patients who received chemotherapy without bevaci-

zumab (AC; NO057e¢) to those who received chemotherapy with

bevacizumab (ACB; N0775). A Cox proportional hazards model

was used to determine if there was a relationship between progres-

sion-free survival and RPC2. All statistical tests were two-sided.
JMP 9.0.1 (SAS Institute Inc.) was used for all statistical tests.
Figure 1 was created with GraphPad 5.01 (GraphPad Software).
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