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Anti-angiopoietin therapy with trebananib for recurrent
ovarian cancer (TRINOVA-1): a randomised, multicentre,
double-blind, placebo-controlled phase 3 trial

Bradley | Monk, Andrés Poveda, Ignace Vergote, Francesco Raspagliesi, Kefichi Fujiwara, Duk-Soo Bae, Ana Oaknin, Isabelle Ray-Coquard,
Diane M Provencher, Beth ¥ Karlan, Catherine Lhommé, Gary Richardson, Dolores Gallardo Rincén, Robert L Colenian, Thomas | Herzog,
Christian Marth, Arija Brize, Michel Fabbro, Andrés Redondo, Aristotelis Bamias, Marjan Tassoudji, Lynn Navale, Douglas | Warner, Amit M Oza

Summary

Background Angiogenesis is a valid target in the treatment of epithelial ovarian cancer. Trebananib inhibiis the
binding of angiopoietins 1 and 2 to the Tie2 receptor, and thereby inhibits angiogenesis. We aimed to assess whether
the addition of trebananib to single-agent weekly paclitaxel in patients with recurrent epithelial ovarian cancer
improved progression-free survival.

Methods For this randomised, double-blind phase 3 study undertaken between Nov 10, 2010, and Nov 19, 2012, we
enrolled women with recurrent epithelial ovarian cancer from 32 couniries. Patient eligibility criteria included having
been treated with three or fewer previous regimens, and a platinum-free interval of less than 12 months. We enrolled
patients with a computerised interactive voice response system, and patients were randomly assigned using a
permuted block method (block size of four) in a 1:1 ratio to receive weekly intravenous paclitaxel (80 mg/m?) plus
either weekly masked intravenous placebo or trebananib (15 mg/kg). Patients were stratified on the basis of platinum-
free interval (=0 and =6 months vs >6 and <12 months), presence or absence of measurable disease, and region (North
America, western Europe and Australia, or rest of world). The sponsor, investigators, site staff, and patients were
masked to the treatment assignment. The primary endpoint was progression-free survival assessed in the intention-
to-treat population. The trial is registered with ClinicalTrials.gov, NCT01204749, and is no longer accruing patients.

Findings 919 patients were enrolled, of whom 461 were randomly assigned to the trebananib group and 458 to the
placebo group. Median progression-free survival was significantly longer in the trebananib group than in the placebo
group (7-2 months [5-8-7-4] vs 5-4 months [95% CI 4-3-5-5], respectively, hazard ratio 0-66, 95% CI 0-57-0-77,
p<0-0001). Incidence of grade 3 or higher adverse events was similar between treatment groups (244 [54%] of
452 patients in the placebo group vs 258 [56%)] of 461 patients in the trebananib group). Trebananib was associated with
more adverse event-related treatment discontinuations than was placebo (77 [17%)] patients vs 27 [6%)], respectively) and
higher incidences of oedema (294 [64%)] patients had any-grade oedema in the trebananib group vs 127 [28%)] patients
in the placebo group). Grade 3 or higher adverse events included ascites (34 [8%] in the placebo group vs 52 [11%] in the
trebananib group), neutropenia (40 [9%] vs 26 [6%]), and abdominal pain (21 [5%] vs 22 [5%)]). We recorded serious
adverse events in 125 (28%) patients in the placebo group and 159 (34%) patients in the trebananib group. There was a
difference of 2% or less in class-specific adverse events associated with anti-VEGF therapy (hypertension, proteinuria,
wound-healing complications, thrombotic events, gastrointestinal perforations), except bleeding, which was more
common in the placebo group than in the trebananib group (75 [17%] vs 46 [10%]).

interpretation Inhibition of angiopoietins 1 and 2 with trebananib provided a clinically meaningful prolongation in
progression-free survival. This non-VEGF anti-angiogenesis option for women with recurrent epithelial ovarian
cancer should be investigated in other seitings and in combination with additional agents. Although oedema was
increased, typical anti-VEGF associated adverse events were not prominent.

Funding Amgen.

Introduction

Ovarian, fallopian tube, and primary peritoneal cancers,
collectively known as epithelial ovarian cancer, are the
most lethal gynaecological cancers with more than
150000 deaths worldwide.! Despite high response rates to
first-line platinum and taxane-based chemotherapy, the
risk of recurrence remains high, and most patients die
after relapse.” Because most epithelial ovarian cancer is
characterised by genomic instability,’ without identifiable

www.thelancet.com/oncology Vol 15 July 2014

molecular targets, research into improving systemic
treatment has recently focused on the tumour
microenvironment, with angiogenesis as an important
target. Angiogenesis is controlled by growth factors that
have key roles in epithelial ovarian cancer, notably VEGF,
platelet-derived growth factor, fibroblast growth factor, and
the angiopoietin-Tie2 receptor complex. These are central
to the complex molecular pathways within the tumour
microenvironment and are ideal therapeutic targets.?
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Ovarian cancer is unique compared with other solid
tumours because anti-VEGF therapy alone slows tumour
progression, shrinks metastatic lesions, and reduces
malignant effusions such as ascites.”* When added to
first-line chemotherapy”” used in maintenance,” or
added to chemotherapy at recurrence," inhibition of the
VEGF pathway significantly prolongs progression-free
survival (hazard ratio [HR] 0-48-0-84). Angiogenesis is a
complex process that includes many pro-angiogenic and
anti-angiogenic  factors. However, VEGF pathway
inhibition has been a major component of several agents
approved by the US Food and Drug Administration (FDA;
eg, bevacizumab, sorafenib, sunitinib, pazopanib,
axitinib, aflibercept, cabozantinib, and regorafenib) to
treat various solid tumours including colon, lung, brain,
liver, medullary thyroid, soft-tissue carcinoma,
gastrointestinal stromal tumours, kidney cancers, and
soft-tissue sarcomas. Although clinically active, these
drugs are associated with typical side-effects of anti-VEGF
treatment, including hypertension, thrombosis, emboli,
bleeding, impaired wound healing, proteinuria, bowel
perforation, and CNS disorders. In epithelial ovarian
cancer, treatment discontinuation because of these
adverse events occurs in as many as a third of patients.”

Angl (angiopoietin-1) and Ang2 (angiopoietin-2)
interact with the Tie2 receptor, which is expressed on
endothelial cells, to mediate vascular remodelling in a
signalling pathway that is distinct from the VEGF axis.
Trebananib (formerly known as AMG 386; Amgen,
Thousand Oaks, CA, USA) is a peptide-Fc fusion protein
(or peptibody) that acts by binding both Angl and Ang?2,
thereby preventing their interaction with the Tie2
receptor.” Trebananib has shown antiangiogenesis
activity in preclinical models of ovarian cancer,” single-
agent activity in relapsed epithelial ovarian cancer in a
phase 1 study,”and prolonged progression-free survival
in a randomised phase 2 trial in recurrent epithelial
ovarian cancer.” Trebananib has a toxicity profile that is
distinct from that of VEGF pathway inhibitors; oedema
is reported as the most significant toxicity.” Here we
report the results of Trebananib in Ovarian Cancer-1
(TRINOVA-1), a phase 3 trial investigating the addition
of trebananib to single-agent weekly paclitaxel. Weekly
paclitaxel was chosen as the chemotherapy backbone for
this clinical trial because it is an accepted standard-of-
care option, and because both drugs are dosed every
week. Moreover, it has been shown that weekly paclitaxel
is active even after failure of previous taxane treatment.”

Methods

Study design and participants

This randomised, double-blind, placebo-controlled
phase 3 trial was done between Nov 10, 2010, and Nov 19,
2012. Women 18 years or older with epithelial ovarian
cancer, primary peritoneal cancer, or fallopian tube
cancer who had radiographic evidence of disease
progression either on or after their last dose of previous
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chemotherapy were eligible; we used a modified version
of Response Evaluation Criteria In Solid Tumors
(RECIST) 1-1" that allowed patients with non-measurable
but evaluable disease (visible tumour) to enter the trial
(appendix). Other eligibility criteria included having one
previous platinum-based chemotherapeutic regimen for
management of primary disease and up to two additional
cytotoxic regimens for management of recurrent or
persistent disease. Previous anti-angiogenic therapy (eg,
bevacizumab) was allowed, but previous maintenance or
consolidation treatment with single-agent paclitaxel was
not. A performance status score of 0 or 1, normal end-
organ function and blood pressure, and life expectancy of
3 months or more were required. Additionally, patients
were required to have adequate haematological function
(absolute neutrophil count =1-5x109 cells per L; platelet
count greater than 100x10%and less than or equal to
850x 109 cells per L; and haemoglobin =90 g/L), adequate
renal function (creatinine clearance >40 mL/min per 24 h
and urinary protein <300 mg/L or <1+ on dipstick),
adequate hepatic function (aspartate aminotransferase
and alanine aminotransferase =<2-5xupper limit of
normal [ULN], or s5xULN if liver metastases were
present, and total bilirubin <1.5xULN), partial
thromboplastin time or activated partial thromboplastin
time =1-5xULN (with international normalised ratio
<1-5); albumin 228 g/L; and generally well controlled
blood pressure (systolic <140 mm Hg; diastolic
<90 mm Hg; use of antihypertensive drugs was allowed).

We excluded patients with a platinum-free interval
greater than 12 months, platinum-refractory patients
(recurrence or progression during the first six cycles or
less than 6 months after the beginning of the first-line
platinum-based chemotherapy), and those with
borderline, mucinous, or clear-cell histologies. We also
excluded patients if they had history of arterial or venous
thromboembolism within the past 12 months; clinically
significant bleeding within 12 months; non-healing
wound, ulcer, or fracture; CNS metastasis; known active
or continuing infection within 14 days (except
uncomplicated urinary tract infection); unresolved
grade 2 or higher toxicity from previous systemic
therapy; peripheral neuropathy grade 1 or higher;
history of previous cancer (except adequately treated
non-melanomatous skin cancer or lentigo maligna,
adequately treated cervical carcinoma, or if treated with
curative intent and with no known active disease for
23 vyears before randomisation); positive HIV or
hepatitis C test; active hepatitis B infection; history of
interstitial lung disease; higher than average risk of
bowel perforation; or any other uncontrolled concurrent
illness or history of a condition that may interfere with
interpretation of the study results. The appendix shows
additional details about inclusion and exclusion criteria.
The protocol was approved by each centre’s independent
ethics committee, and all patients provided written
informed consent.

www.thelancet.com/oncology Vol 15 July 2014
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Randomisation and masking

We randomly assigned patients to receive either placebo
or trebananib in a 1:1 ratio, using a permuted block
method (block size of four). We enrolled patients with a
computerised interactive voice response system. The
randomisation sequence was generated at Amgen by a
statistician who had no access to study data and was not
involved in the analysis. Access to the randomisation
sequence was restricted throughout the study. Patients
were stratified on the basis of platinum-free interval (=0
and =6 months vs >6 and =12 months), presence or
absence of measurable disease, and region (North
America, western Europe and Australia, or rest of
world). Platinum-free interval was defined as the time
from last dose of the most recent platinum agent until
the first date of disease progression. Radiographically
documented disease progression, either on or after the
last chemotherapy regimen before study entry, was
required for study eligibility. Radiographic progression
for the purposes of documenting platinum-free interval
was not required. Upon enrolling a patient with the
interactive voice response system, site staff received a
patient identification number that was also used for
dose dispensation. Upon a patient’s visit to the study
site, staff called the interactive voice response system
and were informed what masked trebananib or placebo
box should be prepared and given. This was a double-
blind trial; all site staff, investigators, pharmacists,
patients, and study team personnel (including the study
statisticians) were masked to the treatment assign-
ments. In view of the level of masking, we did not
prespecify or do an assessment of the success of
masking.

Procedures
Patients received weekly 80 mg/m? intravenous paclitaxel
(3 weeks on and 1 week off) and either weekly intravenous
placebo or weekly 15 mg/kg intravenous trebananib.
Protocol-directed  treatment was continued until
progression per modified RECIST 1-1,” toxic effects, or
withdrawal of consent. If patients discontinued one
component of their treatment (either paclitaxel, or
placebo and trebananib) for reasons other than disease
progression or withdrawal of consent, they could continue
treatment with the other component of their treatment.
Dose modifications to paclitaxel were based on
attributed toxic effects (appendix). Dose modifications
to paclitaxel were based on attributed toxic effects and
included a reduction in dose of 15 mg/m?2 per level
(appendix). Dose reductions for trebananib or placebo
were not permitted, but either was discontinued for
grade 3 or higher oedema and withheld for other
grade 3 or higher treatment-related toxic effects until it
resolved to grade 1 or lower (appendix). Paclitaxel or
trebananib and placebo were discontinued if treatment
delay because of toxic effects lasted more than
28 days consecutively.
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Disease was assessed with CT or MRI of at least the
chest, abdomen, and pelvis before cycle 1, every 8+1 week
for 2 years from the time of randomisation, and then every
6+1 month thereafter. Imaging was evaluated by the
investigator per RECIST 1-1° with modifications for
radiographic  response and radiographic disease
progression (ascites and pleural and pericardial effusions
were not counted as non-measurable lesions because these
are known side-effects of trebananib). Tumour markers
(specifically cancer antigen 125 [CA-125]) did not contribute
to the assessment of disease response and progression.

We detected binding anti-trebananib antibodies using
a Biacore 3000 immunoassay (GE Healthcare Life
Sciences, Pittsburgh, PA, USA), and for antibody
neutralising activity against trebananib using an electro-
chemiluminescent receptor-binding assay (appendix). To
be deemed positive for neutralising antibodies, a patient
had to test positive for binding antibodies that showed
neutralising activity at the same timepoint. For patients
with neutralising antibodies, attempts were made to
assess immunogenicity every 3 months until the
antibodies returned to baseline or became negative.
Antibody analysis included all patients with a baseline
and post-baseline sample.

We assessed patient-reported outcomes with the
Functional Assessment of Cancer Therapy-Ovary
(FACT-O) questionnaire and the FACT-O ovarian cancer-
specific subscale.® Health utility states were assessed
with the EuroQol EQ-5D and EQ-5D visual analogue
scale questionnaires. Questionnaires were completed
before study drug (trebananib, placebo, or paclitaxel)
infusion and clinical assessments on day 1 of weeks 1, 5,
9, 13, 17, and every 8 weeks thereafter for 2 years; then
every 6 months, and at the final safety follow-up visit.
Completion rates and summary statistics over time were
generated for all instruments.

We monitored toxic effects during the treatment phase
and reported them with the Common Terminology
Criteria for Adverse Events version 3.0.” An independent
data monitoring committee external to the sponsor
(appendix) did regular safety analyses, and reviewed
study adverse events and serious adverse events
throughout the treatment phase of the study.

Outcomes

The primary endpoint was progression-free survival,
defined as time from randomisation to radiographic
disease progression per modified RECIST 1.1, or death
from any cause. The key secondary endpoint was overall
survival (defined as time from randomisation to death);
other secondary endpoints included proportion of
patients achieving an objective response as per modified
RECIST 1-1, proportion of patients showing a CA-125
response as per Gynecologic Cancer InterGroup (GCIG)
criteria,” patient-reported outcomes, and incidence of
adverse events. The appendix shows additional secondary
endpoints specified by the protocol.
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Statistical analysis

We calculated a sample size of 900 patients, followed up
until at least 510 patients had disease progression or
died, would be needed to provide 90% statistical power to
detect a 33% reduction in the hazard of progression or
death and 85% power to detect a 28% reduction in the
hazard of death, while limiting the overall two-sided type
I error to 5%. Patients alive and progression-free at the
time of this analysis were censored at the last evaluable
radiological assessment before the data cutoff date.
Events of radiographic progression per modified RECIST
1-1” that arose after initiation of subsequent anticancer
therapy were not deemed events. Any patients who began

t 1092 women were screened l

—f{ 173 not randomly assigned ]

A

I 919 randomly assigned l

1
v v

461 randomly assigned to trebananib ‘ [ 458 randomly assigned to placebo
459 received trebananib 454 received placebo
2 were not treated 4 were not treated
376 discontinued trebananib 398 discontinued placebo
225 had disease progression 328 had disease progression
77 had adverse event 27 had adverse event
51 withdrew consent N > 33 withdrew consent
14 died* S died*
1lost to follow-up 1lost to follow-up
8 other reasons 4 other reasons
83 ongoing 56 ongoing
459 received paclitaxel 454 received paclitaxel
2 were not treated 4 were not treated
377 discontinued paclitaxel 401 discontinued paclitaxel
232 had disease progression 326 had disease progression
56 had adverse event 25 had adverse event
57 withdrew consent N g 34 withdrew consent
14 died* 5 died*
3 for protocol-specific criteria 3 for protocol-specific criteria
1lost to follow-up 1lost to follow-up
14 other reasons 7 other reasons
Y h 4

461 included in efficacy analyses
461 included in safety analysest

458 included in efficacy analyses
452 included in safety analysest

Figure 1: Trial profile

*p=0-06 (¥’ test; 95% C1-0-1to 4-2) for the difference in number of deaths between groups. Five (1%) patients in
the placebo group died; deaths were due to dyspnoea, cardiac arrest, mesenteric occlusion, ileus, and
cardiorespiratory arrest. 14 (3%) patients in the trebananib group died; deaths were due to small intestinal
obstruction, cardiac arrest, general physical health deterioration, cardiopulmonary failure, hypotension,
generalised oedema, metastases to peritoneum, ovarian cancer (three cases), abdominal pain, septic shock,
cardiorespiratory arrest, and subileus. The deaths due to general physical health deterioration, metastases to
peritoneum, ovarian cancer, cardiorespiratory arrest, and subileus were attributed by the investigator to disease
progression. The case of subileus happened 31 days after the last dose of trebananib; per the protocol and
statistical analysis plan, we did not regard this as an on-treatment adverse event. However, the study site marked
this event as the reason for cessation of trebananib and hence, we recorded this event as an on-treatment
death.tIn the placebo group, two patients accidentally received trebananib (one dose in one patient; two doses in
the other patient). For the safety analysis, those patients were assigned on an as-treated basis (as per statistical
analysis plan) to the trebananib group.
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new treatment were censored at the last assessable
tumour assessment, as were any patients who
discontinued treatment for reasons other than disease
progression. We assessed progression-free survival and
overall survival for the intention-to-treat population, and
did log-rank tests, stratified by randomisation factors, on
all patients assigned to treatment. We estimated HRs

Placebogroup  Trebananib
{N=458) group (N=461)
Age (years) 59(50-65) 60 (51-66)
Race
White 363 (79%) 387 (84%)
Asian 82 (18%) 58 (13%)
Black 7 (2%) 6 (1%)
Other 6 (1%) 10 (2%)
GOG performance status
0 252 (55%) 259 (56%)
1 205 (45%) 200 (43%)
2 1(<1%) 2 (<1%)
Primary tumour type
Ovarian cancer 419 (91%) 423 (92%)
Primary peritoneal carcinoma 24 (5%) 24 (5%)
Fallopian tube cancer 15 (3%) 14 3%)
Histological type
Serous 388 (85%) 385 (84%)
Endometrioid 26 (6%) 29 (6%)
Undifferentiated 10 (2%) 15 (3%)
Transitional 2 (<1%) 4 (1%)
Other 32 (7%) 28 (6%)
Histological grade
Well differentiated 31(7%) 24 (5%)
Moderately differentiated 84 (18%) 69 (15%)
Poorly differentiated 256 (56%) 274 (59%)
Unknown 87 (19%) 94 (20%)
Previous lines of treatment
1 172 (38%) 190 (41%)
2 172 (38%) 174 (38%)
3 114 (25%) 94 (20%)
4* 0(0%) 2 (<1%)
Not available 0(0%) 1(<1%)
Platinum-free intervalt
<6 months 245 (53%) 235 (51%)
>6 and <12 months 212 (46%) 223 (48%)
Primary platinum refractory 1(<1%) 3(1%)
Previous anti-angiogenic treatment 37 (8%) 35(8%)
Measurable disease at baseline 433 (95%) 435 (94%)
Region
North America 91 (20%) 93 (20%)
Western Europe and Australia 189 (41%) 193 (42%)
Rest of the world 178 (39%) 175 (38%)
Data are n (%) or median (IQR). GOG=Gynecologic Oncology Group. *Protacol
deviations. tAccording to most recent platinum-based treatment.
Table 1: Demographic and baseline characteristics
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with stratified Cox models,” assuming proportionality.
We assessed non-proportionality by comparing, at the
5% level, the standardised Martingale residuals over time
to a normal distribution (comparison result p=0-167).”
The primary analysis was planned after 510 or more
patients had progressed or died. Analysis of overall
survival was conditional on seeing a significant difference
in progression-free survival between groups; thereafter
interim overall survival was planned at the time of
300 deaths or more, and primary survival analysis
planned at the time of 600 deaths. All reported p values
were two-sided. Analyses of all other efficacy and patient-
reported outcomes endpoints are descriptive.

We assessed proportion of patients achieving an
objective response for randomly assigned patients who
had one or more measurable lesion per RECIST 1-1 at
baseline; CA-125 response per GCIG was assessed for
randomly assigned patients who had CA-125
concentration twice the ULN or greater at baseline. We
calculated the incidence of adverse events for patients
who received one or more doses of trebananib or
paclitaxel and summarised incidence by actual treatment
received.

The patient-reported outcomes analysis included all
randomly assigned patients with a patient-reported
outcome baseline assessment. For quality-of-life analyses,
a pattern-mixture model was used to provide an estimate
(and 95% Cls) of whether the change in the FACT-O or
FACT-O OCS over time differed between treatment
groups, adjusting for the drop-out patterns observed. The
pattern-mixture model (with patients grouped into
patterns according to their last completed patient-
reported outcome assessment) incorporates patient
treatment discontinuation. By stratifying data into
groups based on the drop-out patterns, pattern-mixture
models account for the missing not-at-random patient-
reported outcomes data.

Statistical analyses were done with SAS (version 9.2).
This trial is registered with ClinicalTrials.gov, number
NCT01204749.

Role of the funding source

The funder developed the protocol in collaboration with
the study’s steering committee chairperson, BJM. The
funder collected and collated the data. Employees of the
funder and coauthors LN and MT did the statistical
analysis. The funder employees and coauthors LN, MT,
and DJW contributed to the interpretation of the data.
The first draft of the manuscript was written by BJM
and funder, employee, and coauthor LN. The funder
provided formatting assistance, project management,
editing and graphics support during manuscript
development. LN, MT, and DJW had access to the raw
data; all authors had access to data outputs from the
statistical analysis. The corresponding author had full
access to all of the data and the final responsibility to
submit for publication.
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204
10~

— Trebananib group
~— Placebo group

Number at risk

Time (months)

Trebananibgroup 461 367 268 176 115 70 50 33 20 14 9 1
Placebogroup 458 336 236 132 73 39 24 16 9 2 0 0
B
HR (95% C1)
Previous anti-angiogenic therapy & 0-69 (0-41-117)
No previous anti-angiogenic therapy —e— 0.67 (0:57-0-78)
. Ethnic origin: white o 0-65 (0-55-0-77)
© Ethnic origin: asian ° 0-62 (0-41-0-93)
. One previous line of therapy ————— 0-75(0-59-0-96)
Two previous lines of therapy —— 0-54 (0-42-0-69)
. Three previous lines of therapy —_— 0-75 (0-54-1-04)
PFl <6 months — — 0-65 (0-53-0-79)
PFI >6 and <12 months e i 0-66 (0:52-0-84)
Bulky disease i 078 (0-56-1-08)
No bulky disease R — 0-66 (0-55-0-79)
‘ Age at baseline: <70 years — i 0-65 (0-55-0.76)
* Age at baseline =70 years ° 0-80 (0-53-1-21)
04110 1.00 1-l|10

»

< >
Favours paclitaxel plus trebananib  Favours paclitaxel plus placebo

Figure 2: Progression-free survival

(A) Kaplan-Meier curves for progression-free survival. (B) A forest plot of progression-free survival for prespecified

covariates. PFl=platinum-free interval.

Placebo group
(N=433)

Trebananib group
(N=435)

Objective response rate
(%; 95% Cy*

29.8(25:5-34-3)

Complete response 20 (5%)
Partial response 109 (25%)
Stable disease 170 (39%)
Progressive disease 113 (26%)
Unevaluablet 2 (<1%)
Not donet 19 (4%)

384 (33-8-43-1)

17 (4%)
150 (35%)
156 (35%)

64 (15%)

5 (1%)

40 (9%)

Data are n (%) unless otherwise stated. RECIST=Response Evaluation Criteria In
Solid Tumors. *p=0-0071. tPatients for whom imaging was not done at the
scheduled assessment of response. #Patients with a response assessment of
complete response, partial response, or stable disease before the scheduled first
assessment of response without an additional assessment of response.

Table 2: Best response per RECIST
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Overall survival (%)

— Trebananib group
—— Placebo group

Number at risk
Trebananib group 461

440 422 342 272 213 163

T T T T T T T T T T T T
4 6 8 10 12 14 16 18 20 22 24 26

Time (months)

125 91 65 39 18 6 1

Placebogroup 458 446 422 346 260 207 160 118 85 46 24 12 3 0

Figure 3: Overall survival
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Resuits

Between Nov 10, 2010, and Nov 19, 2012, 919 patients from
179 sites in 32 countries were randomly assigned to
treatment groups (figure 1). 458 patients were randomly
assigned to placebo, and 461 to trebananib. The data cutoff
date was March 19, 2013. In the randomised treatment
groups, 362 patients (39%) had received one previous
regimen, 346 (38%) had received two, and 208 (23%) had
received three (table 1). Most deaths in the study were
attributed to disease progression (appendix). The median
number of trebananib and placebo cycles given was 5-0
(IQR 3-8) in the placebo group and 5-0 (3-8) in the
trebananib group, and the median relative dose intensity
for paclitaxel exceeded 92% in both groups (appendix).

919 patients were evaluated for progression-free
survival. After a median follow-up of 10-1 months
(IQR 6-4-15-2), 326 (71%) of 458 patients in the placebo
group and 239 (52%) of 461 patients in the trebananib
group had disease progression; 35 (8%) and 71 (15%),
respectively, had died. Median progression-free survival
was significantly longer in the trebananib group
compared with the placebo group (5-4 months [95% CI
4-3-5.5]) vs 7-2 months [5-8-7-4], respectively, HR 0-66,
95% CI 0-57-0-77, p<0.0001; figure 2).

The treatment effect was consistent across most
prespecified groups (figure 2). In a subgroup analysis,
trebananib seemed to prolong progression-free survival
after previous anti-angiogenesis treatment, including
bevacizumab, although this result was not significant,
perhaps due to the small number of patients in this
subgroup (59 events in 72 patients). The treatment effect
did not seem to be affected by the number of previous
regimens or by platinum-free interval. 34 patients (13 in
the placebo group and 21 in the trebananib group) were
censored for progression-free survival in the protocol-
specified analysis because they received new anticancer
treatment before documentation of radiographic disease
progression. One of those patients (in the placebo group)
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had documented radiographic progression after initiation
of new anticancer treatment (ie, 33 of 34 patients would
have been censored irrespective of this aspect of the
progression-free survival definition).

Objective responses were significantly more common
with trebananib than with placebo (30% [129 of
433 patients with =1 measurable lesion per RECIST
version 1-1at baseline] in the placebo group vs 38% [167 of
435 patients] in the trebananib group; table 2) as were CA-
125 responses (49% [180 of 371 patients with CA-125
=2xULN at baseline] vs 56% [206 of 365 patients]; p=0-03).

The interim overall survival analysis did not show any
significant difference between groups (17-3 months
[95% CI 15-4-19-1] in the placebo group vs19-0 months
[17-0-21-7} in the trebananib group, HR 0-86, 95% CI
0-69-1.08, p=0-19; figure 3).

FACT-O and FACT-O OCS questionnaires were com-
pleted by most patients (FACT-O, 411 [90%)] of 458 patients
in the placebo group and 391 [85%] of 461 patients in the
trebananib group; FACT-O OCS, 415 [91%)] and 400 [87%)]).
With a pattern-mixture model, mean change in the
FACT-O and FACT-O OCS over time were —2-44 (95% CI
—4-57 to =0-31) for FACT-O early drop-out (last visit at or
before 25 weeks), =1-65 (=532 to 2-02) for FACT-O late
drop-out (last visit after 25 weeks), —0-68 (-1-36 to 0-00)
for FACT-O OCS early drop-out, and 0-17 (-0-99 to 1-33)
for FACT-O OCS late drop-out. The data suggest that
trebananib treatment did not result in an overall change
in patientreported outcomes scores compared with
placebo; detailed data will be reported separately.

We assessed health utility states with the EQ-5D and
EQ-5D visual analogue scales; completion rates for the
EQ-5D remained higher than 85% (range 85-100%) for
the first 57 weeks of treatment in both treatment groups.
The median difference in the EQ-5D summary score from
baseline between the placebo and the trebananib group
was 0 (IQR —0-50 to 0-11) versus 0 (-0-11 to 0-08) at week
17,0 (<0-11 to 0-12) versus 0 (~0-16 to 0-11) at week 25,
and 0 (=0-29 to 0-15) versus 0 (=0-11 to 0-15) at week 57

The appendix shows the overall incidence of any grade 3
or higher adverse event. Of patients included in the safety
analysis population, 244 of 452 (54%) patients in the
placebo group and 258 of 461 (56%) patients in the
trebananib group had a grade 3 or higher adverse event,
and 125 (28%) and 159 (34%), respectively, had a serious
adverse event. Three patients in the placebo group and
four in the trebananib group had treatment-related fatal
adverse events. Trebananib was associated with more
adverse event-related treatment discontinuations than was
with placebo (77 [17%)] patients vs 27 [6%), respectively) and
higher incidences of oedema (294 [64%] patients had any-
grade oedema in the trebananib group vs 127 [28%)] patients
in the placebo group; table 3), including generalised
oedema (with one grade 5 event), localised oedema, and
lymphoedema (2% [seven patients] vs 6% [29 patients]).
Pleural effusion, ascites, weight increased, and blurred
vision were also increased in the trebananib group
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Placebo group (N=452) Trebananib group (N=461)

Grade 1-2 Grade 3 Grade 4 Grade 5 Grade 1-2 Grade 3 Grade 4 Grade 5
Patients reporting treatment- 190 (42%) 192 (42%) 34 (8%) 18 (4%) 188 (41%) 205 (44%) 28 (6%) 25 (5%)
emergent adverse events .
Localised oedema* 112 (25%) 4(1%) 0 (0%) 0(0%) 240 (52%) 24 (5%) 0(0%) 0(0%)
Nausea 165 (37%) 6 (1%) 0(0%) 0(0%) 179 (39%) 72%) 1(<1) 0 (0%)
Alopecia 161 (36%) 2 (<1%) 0(0%) 0(0%) 154 (33%) 0 (0%) 0 (0%) 0 (0%)
Fatigue 120 (27%) 17 (4%) 0(0%) 0(0%) 112 (24%) 15 (3%) 0 (0%) 0 (0%)
Diarrhoea 109 (24%) 13 (3%) 0 (0%) 0(0%) 125 (27%) 11 (2%) 0 (0%) 0 (0%)
Abdominal pain 110 (24%) 20 (4%) 1(<1%) 0 (0%) 110 (24%) 19 (4%) 2 (<1%) 1(<1)
Asthenia 104 (23%) 15 (3%) 0 (0%) 0 (0%) 116 (25%) 13 (3%) 0(0%) 0(0%)
Constipation 124 (27%) 4 (1%) 0(0%) 0 (0%) 102 (22%) 2 (<1%) 1(<1%) 0(0%)
Neutropenia* 85 (19%) 30 (7%) 10 (2%) 0 (0%) 73 (16%) 22 (5%) 4 (1%) 0 (0%)
Vomiting 89 (20%) 12 (3%) 0(0%) 0(0%) 108 (23%) 14 (3%) 0 {0%) 0 (0%)
Peripheral neuropathy 63 (14%) 8 (2%) 0(0%) 0(0%) 84 (18%) 13 (3%) 0 (0%) 0 (0%)
Anaemia* 74 (16%) 19 (4%) 0(0%) 0 (0%) 42 (9%) 5(1%) 0 (0%) 0(0%)
Ascites* 19 (4%) 34 (8%) 0(0%) 0 (0%) 40 (9%) 52 (11%) 0 (0%) 0 (0%)
Decreased appetite 73 (16%) 5(1%) 0(0%) 0 (0%) 77 (17%) 5 (1%) 0 (0%) 0 (0%)
Headache 71 (16%) 4(1%) 0(0%) 0 (0%) 60 (13%) 3(1%) 0(0%) 0(0%)
Dyspnoea 46 (10%) 4 (1%) 1(<1%) 1(<1%) 62 (13%) 9(2%) 1(<1) 0 (0%)
Cough 58 (13%) 2 (<1%) 0 (0%) 0 (0%) 65 (14%) 1(<1%) 0(0%) 0(0%)
Back pain 58 (13%) 2 (<1%) 1(<1%) 0(0%) 52 (11%) 2 (<1%) 0{0%) 0(0%)
Pyrexia 55(12%) 2 (<1%) 0(0%) 0(0%) 39 (8%) 1 (<1%) 0 (0%) 0(0%)
Pleural effusion* 9{2%) 8(2%) 0(0%) 0(0%) 49 (11%) 13 (3%) 0 (0%) 0(0%)
Dizziness 44 (10%) 3(1%) 0 (0%) 0 (0%) 53 (11%) 1(<1%) 0 (0%) 0 (0%)
Dysgeusia 54 (12%) 0 (0%) 0(0%) 0(0%) 37 (8%) 0(0%) 0 (0%) 0(0%)
Nasopharyngitis® 28 (6%) 0(0%) 0(0%) 0(0%) 56 (12%) 0 (0%) 0(0%) 0(0%)
Pain in extremity 39 (9%) 1(<1%) 0(0%) 0 (0%) 48 (10%) 1(<1%) 0(0%) 0(0%)
Abdominal distension 33 (7%) 3(1%) 0(0%) 0 (0%) 46 (10%) 4 (1%) 1(<1%) 0 (0%)
Hypokalaemia 25 (6%) 7 (2%) 3(1%) 0(0%) 30 (7%) 18 (4%) 3(1%) 0 (0%)
Insomnia 48 (11%) 0(0%) 0 (0%) 0 (0%) 39 (8%) 0(0%) 0(0%) 0 (0%)
Upper abdominal pain 31(7%) 2 (<1%) 0 (0%) 0(0%) 53 (11%) 0(0%) 0 (0%) 0(0%)
Rash 49 (11%) 0(0%) 0 (0%) 0 (0%) 29 (6%) 0(0%) 0 (0%) 0 (0%)
Generalised oedema*® 12 (3%) 0 (0%} 0(0%) 0 (0%) 38 (8%) 12 (3%) 0(0%) 1(<1)
Myalgia 44 (10%) 0(0%) 0(0%) 0(0%) 44.(10%) 1(<1%) 0(0%) 0(0%)
Arthralgia 40 (9%) 2 (<1%) 0(0%) 0(0%) 47 (10%) 0(0%) 0(0%) 0 (0%)
Paraesthesia 42 (9%) 0 (0%) 0(0%) 0(0%) 45 (10%) 1 (<1%) 0(0%) 0(0%)

*Adverse events with a >5% difference between treatment groups.
Table 3: Adverse events in =10% of patients in either treatment group

compared with placebo (appendix). Grade 3 oedema led to
protocol-mandated treatment discontinuation in three
(1%) patients in the placebo group and in 37 (8%) in the
trebananib group; two other patients in the trebananib
group discontinued because of grade 1and grade 2 oedema
(not protocol-mandated discontinuations). Adverse events
of any grade arising more frequently in the trebananib
group were localised oedema, pleural effusion, generalised
oedema, ascites, weight increased, nasopharyngitis,
peripheral neuropathy, lymphoedema, upper abdominal
pain, increased lachrymation, dry skin, hyponatraemia,
paryonychia, and skin fissures (figure 4). Adverse events of
interest were hypertension (16 [4%] patients of 452 in the
placebo group vs 28 [6%] of 461 patients in the trebananib
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group), bleeding (75 [17%] vs 46 [10%)]), pulmonary
embolism (nine [2%] vs five [1%)]), arterial thrombotic
events (three [1%] vs three [1%]), proteinuria (13 [3%] vs
15 [3%)), impaired wound healing (two [<1%] vs two [<196]),
gastrointestinal perforations (one [<1%] vs seven [2%]), and
venous thromboembolic events (17 [4%] vs 29 [6%)).

Of 391 assessable patients in the trebananib group,
38 (10%) developed non-neutralising anti-trebananib
binding antibodies; of those, 12 were only transiently
positive, with negative samples at follow-up for patients
with neutralising antibodies. 22 of assessed patients in
the trebananib group had pre-existing antibodies, and
one patient with pre-existing antibodies had neutralising
antibodies. In the placebo group, 39 (9%) of 442 assessable
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Placebo Trebananibn 95% CI

(N=452) (N=461)
Localised oedema -l 116 (26%) 264 (57%) ~37-6 to-25-2
Pleural effusion it 17 (4%) 62 (13%) -13:5t0-6-0
Generalised oedema i} 12 (3%) 51(11%) ~-11.9to-51
Ascites S — 53 (12%) 92 (20%) -131t0-33
Weight increased i 10 (2%) 42(9%) -10-2to-3-8
Nasopharyngitis ot 28 (6%) 56 (12%) -9:9t0-2-1
Peripheral neuropathy e et 71(16%) 97 (21%) -10-5to-0-1
Lymphoedema Gt 7 (2%) 29 (6%) ~7-6t0-21
Upper abdominal pain [R—— 33(7%) 53 (12%) -82t0-0-2
Lachrymation increased —— 7 (2%) 23(5%) -6-1t0-1-0
Dry skin —@— 10 (2%) 23 (5%) 5.5 t0-0-2
Hyponatraemia —@— 4(1%) 14 (3%) -4-4t0~0-1
Paronychia @ 1(<1%) 10 (2%} -3:9t0-03
Skin fissures @ 0(0%) 7 (2%) -32t0-0-2
Lower abdominal pain —@— 16 (4%) 4{1%) 0-6t050
Rash o et 49 (11%) 29 (6%) 0-8t0 84
Neutropenia I — S 125 (28%) 99 (22%) 0-4t011-9
Anaemia —— 93 (21%) 47 (10%) 5.6t015-2
I T T T T 1
~40 -30 -20 ~10 0 10 20
4+ —p

Favours paclitaxel plus trebananib

Favours paclitaxel plus placebo

Figure 4: Treatment-emergent adverse events and 95% confidence intervals of their difference between treatment groups

patients tested positive for anti-trebananib antibodies
after dosing (one patient had transient neutralising
antibodies). Assessment of adverse events in patients
who developed anti-trebananib antibodies did not suggest
any specific adverse event associated with the development
of these antibodies.

Discussion
When added to weekly paclitaxel in the treatment of
recurrent  epithelial ovarian cancer, trebananib
significantly increased progression-free survival compared
with placebo (panel). The value of progression-free
survival in the assessment of the clinical benefit of new
drugs in the setting of epithelial ovarian cancer has been
controversial, but there seems to be consensus that overall
survival, and other clinically relevant endpoints such as
proportion of patients achieving an objective response,
adverse events, and disease-related symptoms including
patient-reported outcomes, should be collectively included
an assessment of efficacy”” Indeed, the present study
verifies the clinical activity of trebananib; we reported that
proportion of patients achieving an objective response is
significantly increased with treatment and there is no
reduction in patient-reported outcomes. Moreover, overall
survival, a key secondary study endpoint, does not
currently show a difference between groups but will add
crucial data to the assessment of the progression-free
survival results once the final analysis is available.
Although some have argued that patient-reported
outcomes are the most important metric in the assessment
of new chemotherapeutic options in solid tumours with
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low proportions of patients achieving objective responses
and short overall survival, patient-reported outcomes are
especially problematic because almost all studies of
epithelial ovarian cancer enrol patients with small-volume
disease who are consequently asymptomatic. In fact, most
recent agents approved in epithelial ovarian cancer by the
FDA (gemcitabine in combination with carboplatin)® or by
the European Medicines Agency (trabectedin plus
pegylated liposomal doxorubicin” and bevacizumab plus
various chemotherapies*™”) were approved on the basis of
progression-free survival alone because patient-reported
outcomes did not effectively capture disease-related
symptoms, and showing an increase in overall survival
given long survival after disease progression is difficult.”*
Alternatively, results from the AURELIA study recently
showed that treatment with bevacizumab, when added to
chemotherapy, was associated with an increase in the
number of patients who achieved atleast 15% improvement
in patient-reported outcomes by weeks 8 and 9, compared
with those who received chemotherapy alone.” Although
women with advanced or recurrent epithelial ovarian
cancer respond to many available therapeutic agents,
almost all die from their disease, which makes the
discovery of new active compounds important. Assessment
of potential biomarkers of response to trebananib is in
progress. In preliminary analyses, baseline levels of Angl,
Ang?, and the soluble form of their receptor Tie2 did not
show a consistent predictive or prognostic association with
progression-free survival (unpublished data).

Trebananib is distinct from other anti-angiogenesis
agents with respect to its mechanism of action and toxicity
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profile. Prevention of Angl and Ang2 from binding to the
Tie2 receptor with trebananib does not seem to be
associated with the typical adverse events found with anti-
VEGF treatment.” Compared with the AURELIA trial of
bevacizumab plus single-agent chemotherapy in
platinum-resistant recurrent epithelial ovarian cancer,"
the efficacy results in comparable patients in TRINOVA-1
seemed similar, although cross-trial comparisons are
difficult. For example, AURELIA enrolled women with
platinum-free interval of less than 6 months and up to two
previous regimens, whereas TRINOVA-1 enrolled those
with platinum-free interval of less than 12 months and up
to three previous chemotherapeutic interventions.
Because the reintroduction of carboplatin in the setting of
a platinum-free interval between 6 and 12 months is
controversial, especially when the volume of disease is
small and asymptomatic,” TRINOVA-1 allowed such
patients to enter the trial at the discretion of the treating
physician. AURELIA did not contain a placebo in the
control group, and only a third of patients received weekly
paclitaxel as in TRINOVA-1. Together, these are the only
two randomised clinical trials to show a significant
improvement in progression-free survival in patients who
are platinum-resistant, which represents a high unmet
medical need. Many other clinical trials have studied
platinum-sensitive recurrent ovarian cancer. Most notably,
the OCEANS study” added bevacizumab to carboplatin
plus gemcitabine. The HR for the 6-12 months platinum-
free interval group was 0-36 (95% CI 0-25-0-53).
However, this triplet was much more marrow-suppressive
than the doublet studied in TRINOVA-1.

The major toxic effect associated with trebananib treat-
ment was oedema (including ascites and pleural effusions),
which is in line with previous results from various phase 2
studies.** Factors underlying the occurrence of oedema
associated with trebananib treatment, or its natural history,
are unknown. Not all oedema seems to be caused by
trebananib because some patients receiving placebo also
developed oedema (26% of patients in the placebo group
had localised oedema in the present study, compared with
57% in the trebananib group).®” In TRINOVA-1, oedema
events were generally mild in severity and rarely led to
study drug discontinuation, and at least some cases of
oedema seemed to be reversible. Because the FACT-O and
FACT-O OCS instruments did not include questions
specific to oedema or lymphoedema (although there were
questions on abdominal discomfort and bloating) analysis
assessing the association of health-related quality of life
with oedema or lymphoedema was not done. However,
because even mild oedema can cause a burden for patients
with cancer, early management is likely to be important. In
the present study and other studies of trebananib across
various tumour types, the management of oedema
followed individual institutional standards, which might
have included compression garments, manual drainage,
or diuretics.” Finally, the weekly schedule of trebananib
might be inconvenient for patients, although not when
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Panel: Research in context

Systematic review

To identify publications focused on treatment options for patients with epithelial ovarian
cancer, we searched the National Library of Medicine, PubMed, and abstracts presented at

"o

recent international clinical oncology meetings. Search terms included “ovarian”, “recurrent”,

and “paclitaxel”, without date or language limits. Careful review and qualitative assessment
of identified articles and abstracts suggested that outcomes in this setting were poor, and

that there was a large unmet need in patients with recurrent epithelial ovarian cancer.

Interpretation

In the Trebananib in Ovarian Cancer-1 (TRINOVA-1) study, trebananib plus weekly

paclitaxel significantly extended progression-free survival compared with placebo plus

paclitaxel in women with recurrent epithelial ovarian cancer. Although oedema (a typical
angiopoi etin inhibitor side-effect) was increased, other typical anti-VEGF-associated
adverse events such as hypertension were not prominent. The results from the

TRINOVA-1 study are clinically significant because they validate both a new targetand a

new therapeutic agent in the setting of epithelial ovarian cancer. Trebananib plus
paclitaxel might provide a non-VEGF anti-angiogenesis treatment option to women with

recurrent epithelial ovarian cancer, if approved by regulatory agencies.

given with drugs such as paclitaxel that are commonly
given on a weekly schedule.

The use of non-platinum chemotherapy might be a
valuable treatment option for patients with partially
platinum-sensitive disease. Response to platinum-
containing recurrence therapy varies among this patient
subgroup. Additionally, some patients might not be
eligible to receive a platinum doublet as recurrence
treatment for various reasons (eg, hypersensitivity).
Additionally, because response to a subsequent round of
treatment with a platinum-containing agent improves
with increasing time between treatments with platinum
agents, there is thought to be some benefit to introducing
a non-platinum agent before rechallenge with platinum,
thus limiting the tumour’s ability to acquire drug
resistance.”

Two other phase 3 studies have added trebananib to
pegylated  liposomal  doxorubicin ~ (TRINOVA-2;
NCT01281254), another standard agent in recurrent
epithelial ovarian cancer, and to first-line carboplatin and
paclitaxel (TRINOVA-3; NCT01493505). TRINOVA-2
enrolment was modified after the manufacturer’s notice
of a pegylated liposomal doxorubicin shortage in certain
regions (ie, the USA and Australia). This supply shortage,
in addition to a previous global pegylated liposomal
doxorubicin supply disruption, undermined the integrity
of the study and led to the decision to permanently close
enrolment. The TRINOVA-3 study was resized from
2000 to 1000 patients because a smaller sample size than
initially planned could adequately assess progression-
free survival, the study’s primary endpoint; the outcome
of this study will provide further data on the efficacy of
trebananib in this patient population.

In - summary, trebananib significantly improved
progression-free survival when added to paclitaxel,

— 297 —

807



