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Abstract

On January 28, 2016, the FDA approved eribulin (Halaven; Eisai Inc.) for the treatment of
patients with unresectable or metastatic liposarcoma who have received a prior anthracycline-
containing regimen. The approval was based on results from a single, randomized, open-label,
active-controlled trial (Trial E7389-G000-309) enrolling 452 patients with advanced, locally
recurrent or metastatic liposarcoma or leiomyosarcoma. Patients were randomized to eribulin 1.4
mg/m2 intravenously (i.v.) on days 1 and 8 or dacarbazine 850, 1,000, or 1,200 mg/m2 i.v. on day
1 of a 21-day cycle. There was a significant improvement in overall survival [OS; HR, 0.75; 95%
confidence interval (Cl), 0.61-0.94; P=0.0119, stratified log-rank] for the overall population.
Estimated median OS was 13.5 months (95% CI, 11.1-16.5) in the eribulin arm and 11.3 months
(95% ClI, 9.5-12.6) in the dacarbazine arm (HR, 0.75; 95% CI, 0.61-0.94; £=0.011).There
were no differences in PFS for the overall population. The effects of eribulin were limited to
patients with liposarcoma (/7= 143) based on preplanned, exploratory subgroup analyses of OS
(HR, 0.51; 95% Cl, 0.35-0.75) and progression-free survival (PFS; 0.52; 95% CI, 0.35-0.78).
Response rates in both treatment arms were less than 5% in the overall population and in the
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liposarcoma subgroup. The safety profile was similar to that previously reported for eribulin.
The FDA determined that, based on the data reviewed, the benefit-risk assessment for eribulin is
positive for patients with advanced, pretreated liposarcoma.

Introduction

Soft-tissue sarcomas (STS) are a heterogeneous group of tumors that arise from
mesenchymal cells and include over 50 different histologic subtypes (1, 2). The most
common STS histologic subtypes are undifferentiated pleomorphic sarcoma, gastrointestinal
stromal tumor, liposarcoma, leiomyosarcoma, synovial sarcoma, and malignant peripheral
nerve sheath tumor (3). It is estimated that there will be 12,310 new cases and 4,990
deaths from all STS in the United States in 2016, which will account for <1% of all

newly diagnosed cancers (4). Surgery and/or radiation are the mainstays of treatment for
localized disease. Still, 40% to 50% of patients with high-risk features (including large
and intermediate or high-grade tumors) will eventually develop metastatic disease (5).

The outcome for patients with metastatic disease is dismal, with a median survival of
approximately 11 to 15 months (6). Doxorubicin, alone or in combination with ifosfamide,
is the systemic treatment option for metastatic STS for most histologic subtypes. However,
chemosensitivity varies across different STS histologic subtypes. As more is learned about
the biologic differences of these tumors, the treatment of advanced STS is becoming
increasingly driven by histology and molecular alterations.

At the time of approval of eribulin mesylate (Halaven; Eisai Inc.), three drugs were FDA
approved for the treatment of STS: doxorubicin, pazopanib, and trabectedin (7). The activity
of doxorubicin was first described in the 1970s, and response rates of 10% to 25% have been
reported (8). Often, doxorubicin is administered in combination with ifosfamide, which has
demonstrated an improvement in response rate and progression-free survival (PFS) but has
not shown an improvement in overall survival (OS) over doxorubicin alone (9, 10).

The FDA approved pazopanib in 2012 for patients with advanced STS who have

received prior chemotherapy. The trial supporting this approval excluded patients with
gastrointestinal stromal tumors (GIST) and liposarcoma; thus, labeling contains a
limitationof use stating that the efficacy of pazopanib has not been demonstrated in patients
with GIST and liposarcoma. Approval was based on demonstration of an improvement in
PFS [HR, 0.35; 95% confidence interval (Cl), 0.26-0.48; £<0.001], with a median PFS of
4.6 months in the pazopanib arm and 1.6 months in the placebo arm in a randomized (2:1),
placebo-controlled trial enrolling 369 patients. There was no difference in OS between the
two arms (11).

The FDA approved trabectedin in October 2015 for the treatment of patients with
unresectable or metastatic liposarcoma or leiomyosarcoma who have received a

prior anthracycline-containing regimen. Approval was based on an improvement in

PFS in a randomized (2:1) open-label, active-controlled trial enrolling 518 patients
with leiomyosarcoma or liposarcoma comparing trabectedin to dacarbazine. The trial
demonstrated an improvement in PFS (HR, 0.55; 95% ClI, 0.44-0.70; P< 0.001), with a
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median PFS of 4.2 months in the trabectedin arm and 1.5 months in the dacarbazine arm.
There was no difference in OS between the treatment arms (12-14).

Eribulin mesylate is a synthetic analogue of halichondrin B, a natural product isolated
from the marine sponge Halichondria okadai (15). Eribulin inhibits the growth phase
of microtubules without affecting the shortening phase and sequesters tubulin into
nonproductive aggregates (16, 17). Eribulin received FDA approval on November 15,
2010, for the treatment of patients with metastatic breast cancer who have received an
anthracycline and a taxane in either the adjuvant or metastatic setting, and at least two
prior chemotherapeutic regimens for metastatic disease. The approval was based on an
improvement in OS compared with physician’s choice chemotherapy (18).

Clinical Trial Design

Trial E7389-G000-309 (Trial 309) was a randomized, open-label, multicenter trial
comparing eribulin to dacarbazine in patients with advanced (locally recurrent, locally
advanced, and/or metastatic) liposarcoma or leiomyosarcoma who had at least two prior
regimens for advanced disease (19).

Patients were randomized 1:1 to receive eribulin 1.4 mg/m? by intravenous (i.v.) infusion on
days 1 and 8 of a 21-day cycle ordacarbazineateither850mg/m2,1,000mg/m?2,0r1,200mg/m?
i.v. (dose chosen by the investigator prior to randomization) on day 1 of a 21-day cycle.
Treatment continued until disease progression or unacceptable toxicity. Randomization

was stratified by histology (liposarcoma vs. leiomyosarcoma), region (region 1: United
States and Canada vs. region 2: Western Europe, Australia, and Israel vs. region 3:

Eastern Europe, Latin America, and Asia), and number of prior regimens for advanced

STS (2 vs. >2). Key eligibility criteria were age =18 years; histologically confirmed
diagnosis of advanced (locally recurrent, locally advanced, or metastatic disease incurable
by surgery or radiotherapy) liposarcoma (including dedifferentiated, myxoid/round cell, and
pleomorphic subtypes; patients with well-differentiated liposarcoma were not eligible) or
leiomyosarcoma; Eastern Cooperative Oncology Group Performance Status (ECOG PS)

of 0, 1, or 2; radiographic evidence of disease progression within 6 months prior to
randomization; prior treatment with at least two standard systemic regimens for STS, one
of which must have included an anthracycline (unless contraindicated); adequate renal,
bone marrow, blood coagulation, and liver function; and measurable disease according

to Response Evaluation Criteria in Solid Tumors version 1.1 (RECIST v1.1). Radiologic
studies of tumor response were performed every 6 weeks for the first 12 weeks and every

9 weeks thereafter. Tumor response was evaluated by the investigator according to RECIST
v1.1.

The primary endpoint was OS. Based on an HR of 0.71 assuming median 6 months for
dacarbazine and 8.5 months for eribulin, a total of 353 deaths was required to have a power
of 90% at an alpha level of 0.05 (two-sided). Assuming an enrolment rate of 20 patients
per month, it was estimated that approximately 450 patients needed to be randomized.
There was one planned interim OS analysis at 247 (70%) deaths using O’Brien Fleming
approach for alpha allocation. Other efficacy endpoints included PFS, clinical benefit
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rate, objective response rate (ORR), and quality-of-life scores. There was no prespecified
statistical procedure to adjust for multiple testing of other efficacy endpoints.

A total of 452 patients were randomized at 110 sites worldwide: 228 to the eribulin arm

and 224 to the dacarbazine arm. Four hundred and fifty patients received at least one dose
of study drug (227 with eribulin and 223 with dacarbazine). One patient randomized to the
eribulin arm incorrectly received dacarbazine and is included in the dacarbazine group for
the safety analysis and in the eribulin group for the efficacy analysis. The inspection of one
foreign clinical site by the FDA Office of Scientific Investigations (OSI) revealed substantial
deficiencies in trial conduct such that the data for the six patients enrolled at this site was
considered unreliable. Therefore, the data described below and reflected in the prescribing
information for eribulin is based upon 446 patients from 109 sites worldwide: 225 in the
eribulin arm and 221 in the dacarbazine arm.

The demographics and baseline disease characteristics of patients randomized in Trial 309
were similar (Table 1), except that a greater proportion of patients in the eribulin arm were
female and more patients in the dacarbazine arm had an ECOG PS of 1 or 2. The majority
of patients were White, and the largest group was treated in region 2 (46%). More patients
with leiomyosarcoma (68%) than liposarcoma (32%) were treated on this trial. The majority
of patients (67%) had high-grade tumors. At the time of enrollment, half the patients had
received more than two prior systemic therapies for their disease.

At the time of data cutoff for the final OS analysis, only two patients (one in each arm)
remained on study therapy. Progression of disease was the most common reason (86%
in both arms) for treatment discontinuation. Eight percent of patients in the eribulin arm
and 4% of patients in the dacarbazine arm discontinued therapy for study drug toxicity.
Eight(3.6%) patients in the eribulin arm and 14 (6.3%) patients in the dacarbazine arm
withdrew study consent.

The efficacy results from Trial 309 are summarized in Table 2 and Fig. 1. There was

a significant improvement in OS (HR, 0.75; 95% CI, 0.61-0.94; £=0.0119, stratified
log-rank) in the intent-to-treat trial population. The median OS was 13.5 months (95% ClI,
11.1-16.5) for patients randomized to the eribulin arm and 11.3 months (95% ClI, 9.5-12.6)
for patients randomized to the dacarbazine arm.

In a prespecified, exploratory subgroup analysis based on histologic subtype, OS was longer
for those in the liposarcoma subgroup who were randomized to eribulin (stratified HR,

0.51; 95% Cl, 0.35-0.75) compared with patients in the liposarcoma subgroup randomized
to dacarbazine. The median OS for patients with liposarcoma on the eribulin arm was

15.6 months (95% CI, 10.2-18.6) and 8.4 months (95% CI, 5.2-10.1) for patients on the
dacarbazine arm. Therewas noapparent difference in OS for patients with leiomyosarcoma
(HR, 0.90; 95% ClI, 0.69-1.18). The median OS was 12.8 months (95% Cl, 10.3-14.8)
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and 12.3 months (95% CI, 11.0-15.1) for patients on the eribulin and dacarbazine arms,
respectively.

Additional exploratory analyses of OS by patients with liposarcoma based on subtype also
suggest an effect favoring treatment with eribulin as follows:

. Dedifferentiated: (HR, 0.45; 95% Cl, 0.25-0.82); median 16.7
months(95%CI,10.5-18.9)and8.1months(95%Cl,4.2-10.6)

. Myxoid/round cell: (HR, 0.79; 95% Cl, 0.42-1.47); median 12.5 months (95%
Cl, 6.5-18.6) and 9.6 months (95% Cl, 4.1-15.5)

. Pleomorphic: (HR, 0.21; 95% CI, 0.06-0.76); median 22.2 months [95% ClI,
5.9-not reached (NR)] and 6.7 months (95% Cl, 3.2-10.1)

There was no difference in PFS or confirmed ORR for the overall population (stratified
HR, 0.86; 95% CI, 0.69-1.06). The median PFS was 2.6 months (95% CI, 2.0-2.8) versus
2.6 months (95% Cl, 1.7-2.7) for eribulin and dacarbazine, respectively. The ORR was 4%
(95% Cl, 1.8-7.5) in the eribulin arm versus 5% (95% Cl, 2.5-8.7) in the dacarbazine arm.
Figure 1 shows the Kaplan—Meier curve of PFS for the overall population in Trial 309.

The exploratory analysis of PFS in patients with liposarcoma appeared to favor the eribulin
arm (HR, 0.52; 95% Cl, 0.35-0.78). The median PFS was 2.9 months versus 1.7 months for
the eribulin and dacarbazine arms, respectively. In contrast, the exploratory analysis of PFS
in patients with leiomyosarcoma did not suggest any difference (HR, 1.05; ClI, 0.81-1.35).
The median PFS was 2.2 months versus 2.6 months for the eribulin and dacarbazine arms,
respectively. Figure 1 shows the Kaplan—Meier curve for PFS by histologic subtype.

Of the 452 patients randomized in Trial 309, 444 received at least one dose of study

drug and were included in the safety analysis. The median duration of treatment was
similar: 10 weeks (range, 3-112 weeks) in the eribulin group versus 9 weeks (range, 3-110
weeks) in the dacarbazine group. More patients in the eribulin group (7.5%) discontinued
therapy due to an adverse reaction when compared with the dacarbazine group (4.9%). The
most common adverse reactions leading to eribulin discontinuation were fatigue (0.9%),
peripheral neuropathy (0.9%), and thrombocytopenia (0.9%). Twenty-six percent of patients
required at least one dose reduction of eribulin. The most frequent adverse reactions that led
to dose reduction were neutropenia (18%) and peripheral neuropathy (4%).

Table 3 displays common adverse reactions in Trial 309. The most common adverse drug
reactions (=20%) in patients in the eribulin group, which occurred more commonly than

in the dacarbazine group were neutropenia (63% vs. 30%), alopecia (35% vs. 2.7%),
constipation (32% vs. 26%), peripheral neuropathy (29% vs. 8%), and pyrexia (28% vs.
14%). Other clinically important common adverse reactions of eribulin were fatigue/asthenia
(63%) and nausea (41%). Grade 3 and 4 adverse reactions occurred in 67% of patients in the
eribulin group and 56% of patients in the dacarbazine group. The most frequent (=5%) grade
3 to 4 adverse reactions in the eribulin group were neutropenia (32%), hypokalemia (5%),
and hypocalcemia (5%). Nonfatal serious adverse reactions occurred in 33% of patients
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in the eribulin group and 31% of patients in the dacarbazine group. In the eribulin group,
serious adverse reactions that occurred in 2% of patients were neutropenia (5%), pyrexia
(4%), and anemia (2%). Two deaths occurred in the eribulin group due to neutropenic sepsis.

Discussion

In Trial 309, randomization was stratified by STS subtype, as liposarcoma and
leiomyosarcoma are biologically and histologically different diseases. Although treatment
with eribulin resulted in a statistically significant improvement in OS for the overall
population in Trial 309, based on exploratory subgroup analyses, the treatment effect

of eribulin appeared to be driven entirely by the stratified subgroup of patients with
liposarcoma (HR, 0.51; 95% Cl, 0.35-0.75), which made up only 34% of the trial
population. There was no improvement in median OS for patients with leiomyosarcoma
treated with eribulin (HR, 0.90; 95% CI, 0.69-1.18). This differential treatment effect by
STS histologic subtype was also observed in the supportive efficacy endpoint, PFS. The
improvement in OS in the patients with liposarcoma was accompanied by a corresponding
improvement in PFS in this subgroup and the absence of improvement in PFS in patients
with leiomyosarcoma. The OS benefit appeared to be consistent for all of the liposarcoma
subtypes included in the trial. In addition, the differential treatment effect is plausibly
explained by the biological differences between liposarcoma and leiomyosarcoma (3, 20).
Taken together, the data submitted in the application led to the conclusion that substantial
evidence of effectiveness had been demonstrated for, and was limited to, patients with
liposarcoma.

A safety analysis was performed for patients with liposarcoma and compared with the
overall safety population in Trial 309 as well as the postmarketing experience with eribulin
in the metastatic breast cancer population. No new or differential safety signals were
identified. The primary safety risks of eribulin are neutropenia and peripheral neuropathy
and were deemed acceptable in light of a severe and life-threatening disease with an unmet
medical need.

The FDA conducts a risk-based approach to timely identification of clinical investigator
sites for on-site inspection by the FDA during the review of marketing applications. The
purpose of these inspections is to audit and verify clinical trial data submitted to the

FDA in a marketing application and to ensure that investigators, sponsors, and contract
research organizations who conduct such clinical studies comply with United States laws
and regulations covering good clinical practice. Although the overall results of the trial were
deemed reliable, FDA inspections were conducted of the applicant and of three clinical
study sites. One of these three clinical sites revealed significant issues related to trial conduct
and patient monitoring, indicating that at this clinical site, the trial was not conducted in
accordance with good clinical practice (GCP) guidelines. The data were deemed unreliable,
and the six patients enrolled at this site were removed from both the safety and efficacy
analyses. The FDA conducted an additional sensitivity analysis of the primary endpoint of
Trial 309, including the six patients at this site, and the overall trial results did not change.
The FDA’s inspection of other clinical sites and the sponsor did not reveal any significant
issues. Although inspectional findings serious enough to warrant exclusion of data from the
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assessment of a drug’s safety and effectiveness is uncommon, this finding reinforces the
need for continued risk-based selection of clinical sites for inspection by the FDA.

In summary, based upon review of the clinical data from this single randomized trial, the
benefits of improvement in survival and PFS outweighed the risks of transient neutropenia
and peripheral neuropathy for the treatment of adult patients with unresectable or metastatic
liposarcoma.
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Figure 1.

Kaplan—Meier curves of OS and PFS in Trial 309.
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Table 1.

Key baseline characteristics of patients in Trial 309°

Eribulin (N =225) n (%) Dacarbazine (N = 221) n (%)

Sex
Female 158 (70) 140 (63)
Male 67 (30) 81 (37)
Age
Median, years 56 57
Range, years 28-83 24-83
<65 176 (78) 175 (79)
265 49 (22) 46 (21)
Region
Region 1: United States and Canada 87 (39) 86 (39)
Region 2: Western Europe, Australia, Israel 103 (46) 102 (46)
Region 3: Eastern Europe, Latin America, Asia 35 (16) 33 (15)
Race
White 159 (71) 165 (75)
Not applicableb 35 (16) 30 (14)
Asian® 18 (8) 16 (7)
Black or African American 6(3) 6(3)
Other 6 (3) 4(2)
Native Hawaiian or other Pacific Islander 1(<1) 0
Country
United States 79 (35) 78 (35)
France 35 (16) 30 (14)
Italy 15 (7) 23 (10)
Britain 10 (4) 10 (5)
Spain 10 (4) 13 (6)
ECOG PS
0 108 (48) 87 (39)
1 114 (51) 121 (55)
2 3(1) 13 (6)
Histology of primary tumor
Adipocytic (total)d 716 72(32)
Dedifferentiated 32 (14) 37(17)
Myxoid/round cell 30 (13) 26 (12)
Pleomorphic 13 (6) 15 (7)
Leiomyosarcoma 154 (68) 149 (67)
Tumor grade
High 148 (66) 150 (68)
Intermediate 76 (34) 68 (31)
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Eribulin (N =225) n (%) Dacarbazine (N = 221) n (%)
Not done 1(<1) 3(1)
Number of prior regimens
1 2(1) 3()
2 111 (49) 100 (45)
>2 112 (50) 118 (53)
Planned starting dose of dacarbazine
850 mg/m? 50 (22) 44 (20)
1,000 mg/m? 136 (60) 141 (64)
1,200 mg/m? 39 (17) 36 (16)

a . L .
Data from one study site enrolling six patients were excluded.

b . -, . .
Information on race and ethnicity not collected in some countries (e.g., France).

C, . . .
Includes Asian, Japanese, Chinese, other Asian.

Page 11

Total histology based on interactive voice response system (IVRS) randomization categorization; subtypes of liposarcoma based on case report

forms.
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