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Background: Bavituximab is a monoclonal antibody that targets phosphatidylserine in the presence of b2 glycoprotein 1
(b2GP1) to exert an antitumor immune response. This phase III trial determined the efficacy of bavituximab combined with
docetaxel in patients with previously treated advanced non-small-cell lung cancer (NSCLC).

Patients and methods: Key eligibility criteria included advanced non-squamous NSCLC with disease progression after
treatment with platinum-based doublet chemotherapy, evidence of disease control after at least two cycles of first-line therapy,
presence of measurable disease, ECOG performance status 0 or 1, adequate bone marrow and organ function, and no recent
history of clinically significant bleeding. Eligible patients were randomized 1 : 1 to receive up to six 21-day cycles of docetaxel
plus either weekly bavituximab 3 mg/kg or placebo until progression or toxicity. The primary end point was overall survival (OS).

Results: A total of 597 patients were enrolled. Median OS was 10.5 months in the docetaxelþ bavituximab arm and was
10.9 months in the docetaxelþ placebo arm (HR 1.06; 95% CI 0.88–1.29; P¼ 0.533). There was no difference in progression-free
survival (HR 1.00; 95% CI 0.82–1.22; P¼ 0.990). Toxicities were manageable and similar between arms. In subset analysis, among
patients with high baseline serum b2GP1 levels�200mg/ml, a nonsignificant OS trend favored the bavituximab arm (HR 0.82;
95% CI 0.63–1.06; P¼ 0.134). Among patients who received post-study immune checkpoint inhibitor therapy, OS favored the
bavituximab arm (HR 0.46; 95% CI 0.26–0.81; P¼ 0.006).

Conclusions: The combination of bavituximab plus docetaxel is not superior to docetaxel in patients with previously treated
advanced NSCLC. The addition of bavituximab to docetaxel does not meaningfully increase toxicity. The potential benefit of
bavituximab observed in patients with high b2GP1 levels and in patients subsequently treated with immune checkpoint
inhibitors requires further investigation.
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Introduction

Bavituximab is an unconjugated, chimeric IgG1 monoclonal

antibody that localizes to anionic phospholipids expressed on

vascular endothelium. In most tissues, the principal target of

bavituximab, the immunosuppressive molecule phosphatidyl-

serine (PS), is restricted to the internal surface of the cell mem-

brane [1, 2]. Various pathophysiologic processes can disrupt

this asymmetry, resulting in exposure of PS on the outer mem-

brane leaflet, where it is available for targeting by bavituximab,

which forms a complex with PS and b2 glycoprotein 1 (b2GP1)

[3].Within solid tumors, hypoxia and other physiologic stresses

induce PS exposure, rendering bavituximab targeting tumor-

specific [4].

Within the increasingly crowded field of cancer immunothera-

peutic agents, bavituximab has distinct physiologic effects.

Bavituximab repolarizes myeloid derived suppressor cells and

M2 macrophages to M1, resulting in production of pro-

inflammatory cytokines, dendritic cell maturation, and induction

of tumor-specific cytotoxic T-lymphocyte immunity [5]. These

effects appear largely limited to the tumor microenvironment,

reflecting bavituximab’s unique mechanism of action and poten-

tially accounting for its favorable safety profile.

In preclinical models, bavituximab inhibits tumor growth,

prolongs survival, and enhances efficacy of chemotherapy and ra-

diation [6–8]. This synergy may reflect increased intratumoral PS

exposure following administration of cytotoxic therapies, thereby

enhancing bavituximab targeting [6, 7]. PS-targeting antibodies

have also demonstrated enhanced immune activation and down-

regulation of pro-oncogenic factors induced by T-cell checkpoint

inhibition, thereby augmenting the activity of antiprogrammed

death-1 (PD-1) therapy [9]. In a phase I trial, bavituximab 3 mg/

kg weekly was determined to be the optimal biologic dose [10]. In

single-arm combination studies with cytotoxic chemotherapy,

the addition of bavituximab did not increase the risk of adverse

events [11, 12]. In a randomized phase II trial in previously

treated advanced non-small-cell lung cancer (NSCLC), the add-

ition of bavituximab to docetaxel demonstrated a trend toward

improved survival (HR 0.66; 95% CI 0.40–1.1; P¼ 0.11) [13]. We

therefore conducted Stimulating an Immune Response Through

Bavituximab in a Phase III Lung Cancer Study (SUNRISE), an

international phase III randomized study of docetaxel with or

without bavituximab.

Methods

Study design

SUNRISE (NCT01999673) was a prospective, randomized, double-blind,
placebo-controlled, multicenter, phase III study. The primary end point
was overall survival (OS). Secondary end points included progression-
free survival (PFS), objective response rate (ORR), and safety. Patients
were randomized 1 : 1 to receive docetaxel plus bavituximab or docetaxel
plus placebo. Stratification factors included geographic region, disease
stage (IIIb or IV), and previous maintenance/targeted therapy. The study
was conducted according to the Declaration of Helsinki and with approv-
al from Institutional Review Boards of all participating sites. All partici-
pants provided written informed consent before any study-related
procedures.

Participants

Eligible subjects had histologically or cytologically confirmed advanced
stage non-squamous NSCLC with disease progression after treatment with
platinum-based doublet chemotherapy. Additionally, patients needed to
have evidence of disease control after at least two cycles of first-line therapy.
This requirement was based on the earlier observation that potential bene-
fit of docetaxel combinations may be heightened in patients who previous-
ly achieved some period of disease control [14]. Prior docetaxel was
permitted if completed�6 months before study treatment initiation. Prior
bevacizumab was allowed. Patients with known EGFR mutations or ALK
rearrangements must have progressed after (or not tolerated) appropriate
targeted therapy, as well as platinum-based chemotherapy. Additional eli-
gibility criteria included the presence of measurable disease by RECIST 1.1;
ECOG performance status 0 or 1; and adequate bone marrow, renal and
hepatic function, and coagulation parameters. Patients were excluded if
they had history of bleeding diathesis or coagulopathy, cavitary tumors or
tumors abutting large blood vessels, clinically significant bleeding or symp-
tomatic cardiac or cerebrovascular disease within 6 months,�grade 2 per-
ipheral neuropathy, or unstable brain metastases.

Procedures

Patients received docetaxel 75 mg/m2 i.v. on day 1 of a 21-day cycle plus
blinded study treatment (either placebo or bavituximab 3 mg/kg i.v. week-
ly) for up to 6 cycles. The duration of docetaxel chemotherapy was limited
to 6 cycles based on the following: (i) the time-course of chemotherapy-
induced PS induction in preclinical models [6]; (ii) observed cases of dis-
ease control with bavituximab monotherapy [10]; and (iii) comparable
duration of disease control between docetaxel trials with and without cycle
limits [8, 13, 15]. With docetaxel, patients received steroids per institution-
al practice (recommended regimen dexamethasone 8 mg twice daily on
day before, day of, and day after). Before blinded study treatment, patients
received steroid and antihistamine premedication (recommended regimen
hydrocortisone 250 mg i.v. and diphenhydramine 50 mg i.v.). Patients who
completed six cycles of combination therapy without disease progression
or unacceptable toxicity continued to receive either placebo or bavituxi-
mab 3 mg/kg weekly until progression or toxicity. Docetaxel dose reduc-
tions were carried out for grade 4 neutropenia or thrombocytopenia, and
grade�3 non-hematologic toxicities. There were no dose reductions of
blinded treatment. Patients who discontinued either docetaxel or blinded
study treatment of toxicities attributed to a specific agent could continue
the other treatment.

Outcomes

Adverse events were classified using the Common Terminology Criteria
for Adverse Events Version 4.02. Tumor response was assessed radio-
graphically every two cycles during combination treatment and every
three cycles during the maintenance monotherapy period. All patients
were followed for response until progression and for OS.

Based on bavituximab mechanism of action, subgroup analysis by pa-
tient b2GP1 level was conducted. b2GP1 levels were determined from
pretreatment blood samples using enzyme-linked immunosorbent assay
(ELISA). For the ELISA, PS was coated on a plate, a solution containing
horseradish peroxidase-conjugated bavituximab was added, followed by
the addition of the clinical sample. After a 90-min incubation at 37�C,
the plate was washed and 3,30,5,50-tetramethylbenzidine peroxidase sub-
strate was added. The response was stopped by the addition of an acid so-
lution resulting in yellow color that absorbs at 450 nm wavelength. Color
intensity was proportional to the amount of functional b2GP1 present in
the sample. Patient b2GP1 levels were categorized as above or below the
study population median value.

Statistical analysis

The primary end point of OS was quantified using Kaplan–Meier
estimates of the survival functions within each treatment group.
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Cox proportional hazard models were fit overall and to subsets of survival
data as sensitivity analyses. Sample size was derived using SAS Proc
SEQDESIGN (SAS Corporation, Cary, NC). For a one-sided log-rank
test at an overall a¼ 0.025 significance level, 473 OS events provided 80%
power to detect a 23% difference in survival (median 9.1 months in doce-
taxel plus bavituximab arm versus 7.0 months in the docetaxel plus pla-
cebo arm; HR 0.77). Interim analyses for futility and superiority at 33%
and 50% of targeted OS events were planned using Lan–DeMets spending
function boundaries with O’Brien Fleming shape. Assuming patient ac-
crual over 24 months, a study duration of 36 months, and a 10% dropout
rate, the total sample size was 582 patients.

Results

A total of 597 patients were enrolled and randomized between 30

December 2013 and 29 January 2016. Of these, 596 received study

treatment (see supplementary Figure S1, available at Annals of

Oncology online). At the first planned interim analysis, the inde-

pendent data monitoring committee recommended that recruit-

ment be stopped due to futility, which coincided with

completion of planned enrollment. Patients enrolled on to the

study were unblinded and permitted to continue docetaxel.

Placebo was discontinued. In cases where investigators and

patients felt that it was in the best interest of the patient, continu-

ation of bavituximab was permitted.

Baseline characteristics were well balanced across arms and are

listed in Table 1. Treatment exposure was similar between both

groups. Mean number of docetaxel doses was 4.1 (range 1–6) in

the docetaxelþ bavituximab arm, and 4.2 (range 1–6) in the doce-

taxelþ placebo arm. Mean number of blinded study treatment

doses was 16.1 (range 1–130) in the docetaxelþ bavituximab arm,

and 15.3 (range 1–77) in the docetaxelþ placebo arm.

Post-study treatment was received by 53% of patients in the

docetaxelþ bavituximab arm and by 58% of patients in the doce-

taxelþ placebo arm. Immediate post-study treatment in the doce-

taxelþ bavituximab arm included chemotherapy (24%), targeted

therapy (12%), and immunotherapy (16%). In the docetaxelþ pla-

cebo arm, immediate post-study treatment included chemotherapy

(28%), targeted therapy (13%), and immunotherapy (16%).

Median OS was 10.5 months in the docetaxelþ bavituximab

arm and 10.9 months in the docetaxelþ placebo arm (HR 1.06;

95% CI 0.88–1.29; P¼ 0.533; Figure 1). There was no difference

in PFS (HR 1.00; 95% CI 0.82–1.22; P¼ 0.990). ORR was 14% in

the docetaxelþ bavituximab arm and 11% in the docetaxelþ
placebo arm (P¼ 0.18). In the subset of patients with pretreat-

ment serum b2GP1 levels�200 mg/ml (the median value in the

study population), OS trend favored the bavituximab arm (HR

0.82; 95% CI 0.63–1.06; P¼ 0.134; supplementary Figure S2,

available at Annals of Oncology online). Efficacy according to pa-

tient subgroups is shown in Figure 2. In a post hoc analysis, OS

favored the bavituximab arm among patients who received im-

mune checkpoint inhibitor therapy after study therapy (n¼ 93,

16%): median NR versus 12.6 months; HR 0.46; 95% CI 0.26–

0.81; P¼ 0.006; supplementary Figure S3, available at Annals of

Oncology online).

In the docetaxelþ bavituximab arm, 97% of patients experi-

enced adverse events (68% grade�3). In the docetaxelþ placebo

arm, 94% of patients experienced adverse events (60% grade�3).

Treatment-emergent adverse events occurring in�15% of patients

are listed in Table 2. Adverse events leading to docetaxel discon-

tinuation occurred in 6% of patients in the docetax-

elþ bavituximab arm and in 7% of patients in the

docetaxelþ placebo arm. Adverse events leading to blinded study

treatment discontinuation occurred in 13% of patients in the

docetaxelþ bavituximab arm and in 8% of patients in the docetax-

elþ placebo arm. Vascular-related toxicities, which represent a

hypothetical concern with a PS-targeting therapy, occurred at low

and similar rates in both arms: 19% (4% grade�3) of patients in

the docetaxelþ bavituximab arm and 21% (6% grade�3) of

patients in the docetaxelþ placebo arm. There was no apparent

difference in rates of characteristic immune-related adverse events:

5% (1% grade�3) in the docetaxelþ bavituximab arm and 4%

(1% grade�3) in the docetaxelþ placebo arm.

Discussion

This randomized phase III trial evaluated the efficacy of combin-

ing the immune-modulating monoclonal antibody bavituximab

Table 1. Baseline characteristics

Placebo 1

docetaxel
Bavituximab 1

docetaxel
n 5 300 n 5 297
N (%) or
median (range)

N (%) or
median (range)

Age, years 62 (30–82) 63 (37–85)
Sex

Male 182 (61) 177 (60)
Female 118 (39) 120 (40)

Race
White 240 (80) 244 (82)
Black or African American 3 (1) 5 (2)
Asian 49 (16) 43 (14)
Not reported 8 (3) 5 (2)

Disease stage
Stage IIIb 16 (5) 16 (5)
Stage IV 284 (95) 281 (95)

Smoking history
Current/former 226 (75) 234 (79)
Never 68 (23) 56 (19)
Missing 6 (2) 7 (2)

Genomic alteration
EGFR 24 (8) 35 (12)
ALK 6 (2) 5 (2)
Neither 191 (64) 174 (58)
Unknown 79 (26) 83 (28)

Performance status
0 86 (29) 95 (32)
1 209 (70) 197 (66)
�2 4 (1) 3 (1)
Missing 1 (0) 2 (1)

Prior therapy
Maintenance and/or
targeted therapy

170 (57) 168 (57)

Immunotherapy 12 (4) 5 (2)
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Figure 1. Overall survival in the intent-to-treat population.
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Figure 2. Overall survival according to subgroup analyses.
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with docetaxel in previously treated advanced non-squamous

NSCLC. The trial met criteria for early stopping due to futility. In

the overall population, the addition of bavituximab to docetaxel

did not improve OS, PFS, or RR. Notably, the median survival of

�11 months in both arms exceeded that of docetaxel monother-

apy in earlier trials [15, 16], which may reflect the clinical benefits

of recent therapeutic advances such as immune checkpoint inhib-

itors. Alternatively, this observation could be due to the eligibility

requirement for stable disease or better as best response to first-

line platinum-doublet therapy.

Post hoc subset analysis according to b2GP1 levels demon-

strated that the addition of bavituximab to docetaxel may provide

benefit to those patients with higher b2GP1 levels, suggesting that

this novel antibody may have efficacy in cases achieving greatest

target inhibition. b2GP1, which is required for bavituximab bind-

ing to PS, is a plasma protein that functions in normal physiology

as an inhibitor of contact activation of the intrinsic coagulation

pathway. Although anti-b2GP1 antibodies represent a serologic

criterion for antiphospholipid syndrome (an autoimmune coagu-

lation disorder featuring arterial and venous thrombosis), anti-

b2GP1 antibodies are also detected in a substantial proportion of

the healthy population [17]. Unfortunately, PS characterization by

standard immunohistochemical techniques—which do not ad-

equately distinguish between protein expression on the inner ver-

sus outer cell membrane leaflet—does not serve as a meaningful

predictive biomarker for bavituximab. With elevated serum

b2GP1 levels among the most promising bavituximab biomarkers

identified to date, further studies in this population may be

warranted.

Among the subgroup of patients who received immune check-

point inhibitor therapy post-study, receipt of bavituximab was

associated with improved OS (HR 0.46). Although mechanism of

action and preclinical data suggest that bavituximab may enhance

the efficacy of checkpoint inhibitors, this post hoc clinical obser-

vation in a relatively small subset is subject to selection bias and

can only be considered hypothesis-generating for future trials.

Conversely, certain post hoc sub-group analyses suggested the

possibility of inferior outcomes when bavituximab is added to

docetaxel. Both never smokers (21% of study population) and

patients previously treated with molecularly targeted therapies

(11% of study population) had worse survival in the docetax-

elþ bavituximab arm. Although there is no clear explanation for

this finding, it is consistent with earlier observations that im-

munotherapy has either minimal efficacy or the potential for

causing hyper-progression in patients with tumors harboring

druggable genomic alterations such as EGFR mutations [18, 19].

Similarly, the trend toward worse outcomes in more heavily pre-

treated patients lacks an apparent explanation but mirrors trends

seen in other immunotherapy trials [18].

The co-administration of docetaxel and bavituximab was toler-

ated, with a safety profile similar to that expected with docetaxel

monotherapy [8, 15]. Despite hypothetical concerns, the addition

of bavituximab to docetaxel did not increase rates of vascular or

characteristic immune-related toxicities. One potential explan-

ation for this differential safety profile is distribution of thera-

peutic targets. While anti-CTLA4 and anti-PD1/PDL1 therapies

have molecular targets within the host immune system, bavituxi-

mab has an intratumoral molecular target. Given the low rate of

infusion reactions in this study and experience from earlier clinic-

al trials in which bavituximab monotherapy was administered

without premedication [10], it may be possible to eliminate ste-

roids in future bavituximab trials. Theoretically, such a modifica-

tion might enhance the antitumor immune effects of the drug.

In conclusion, the addition of bavituximab to docetaxel

chemotherapy does not improve OS or other efficacy end points

in an unselected patient population with previously treated non-

squamous NSCLC. The combination was well tolerated. Serum

levels of b2GP1, a glycoprotein required for bavituximab target-

ing of PS, may identify a subset of patients most likely to benefit

from the addition of bavituximab to docetaxel. Additionally, the

potential benefit of prior bavituximab exposure among patients

subsequently treated with immune checkpoint inhibitors, along

Table 2. Adverse events reported in�15% of patients

Placebo 1 docetaxel Bavituximab 1 docetaxel Total
n 5 299 n 5 297 n 5 596

Any grade Grade 3–4 Any Grade Grade 3–4 Any grade

Total patients with an event 94 55 97 64 96
Fatigue 89 (30) 12 (4) 107 (36) 15 (5) 196 (33)
Alopecia 92 (31) 0 (0) 96 (32) 0 (0) 188 (32)
Diarrhea 85 (28) 6 (2) 98 (33) 9 (3) 183 (31)
Nausea 70 (23) 0 (0) 95 (32) 7 (2) 165 (28)
Neutropenia 78 (26) 66 (22) 79 (27) 68 (23) 157 (26)
Decreased appetite 66 (22) 1 (0) 85 (29) 6 (2) 151 (25)
Anemia 62 (21) 10 (3) 79 (27) 14 (5) 141 (24)
Asthenia 72 (24) 7 (2) 64 (22) 16 (5) 136 (23)
Dyspnea 61 (20) 11 (4) 72 (24) 11 (4) 133 (22)
Cough 60 (20) 1 (0) 57 (19) 2 (1) 117 (20)
Constipation 44 (15) 0 (0) 51 (17) 0 (0) 95 (16)
Vomiting 32 (11) 0 (0) 57 (19) 6 (2) 89 (15)
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with the absence of overt immune-related adverse events

observed in this trial, provide a rationale for considering future

studies combining bavituximab with checkpoint inhibitor im-

munotherapy. Ideally, the impact of bavituximab on tumor

microenvironment observed in preclinical models (repolariza-

tion of myeloid derived suppressor cells and M2 macrophages

[5]) will be incorporated into trial design and biomarker

selection.
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