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Summary The aim of this study was to determine the max-
imum tolerated dose, dose-limiting toxicities, and pharmaco-
kinetic profile of E7107 in patients with advanced solid tu-
mors. Patients in this phase I, open-label, single-arm, dose-
escalation study had metastatic or locally advanced solid
tumors and received E7107 as a 30-minute intravenous infu-
sion at doses of 0.6, 1.2, 1.8, 2.4, 3.2, 4.3, and 5.7 mg/m2.
Twenty-six patients were enrolled in the study. At 5.7 mg/m2,
two patients experienced dose-limiting toxicities including
diarrhea, vomiting, dehydration, and myocardial infarction
on Days 1–3 following E7107 administration. Three addition-
al patients were recruited at the lower dose and all six patients
tolerated E7107 4.3 mg/m2 with no dose-limiting toxicities.
The maximum tolerated dose of E7107 was therefore 4.3 mg/
m2. The most common drug-related adverse events were
nausea, vomiting, and diarrhea. Vision loss was experienced
by two patients at Cycles 2 and 7, each patient receiving
3.2 mg/m2 and 4.3 mg/m2, respectively. This resulted in the

study being put on clinical hold. Pharmacokinetic analysis
showed that E7107 was rapidly distributed with a moderate
elimination half-life (6–13 h) and high clearance. Exposure to
E7107 was dose-related. The best tumor response was stable
disease in eight patients. E7107 is a unique first-in-class
molecule. The incidence of two cases of vision loss probably
related to E7107 led to study discontinuation.

Keywords Advanced solid tumors . E7107 .

Pharmacodynamic . Pharmacokinetic . Phase I

Introduction

E7107, a semi-synthetic urethane derivative of the nat-
ural fungal product pladienolide B, modulates protein
expression via inhibition of spliceosome assembly and
exhibits distinct broad-spectrum antitumor activity in
preclinical studies. This report describes one of two
first-in-human phase I dose-escalation studies of E7107
in patients with metastatic or locally advanced solid
tumors.

E7107 has been shown to broadly inhibit precursor mes-
senger ribonucleic acid (pre-mRNA) splicing by binding to
spliceosome-associated protein-130, inhibiting spliceosome
assembly [1, 2]. The results of this modulation of pre-
mRNA processing may include both quantitative and qualita-
tive effects on cellular protein expression. More specifically,
inhibition may result in a global reduction in protein synthesis
or a change in the relative abundance of various proteins. In
addition, potential influences on alternative splicing patterns
for certain pre-mRNA transcripts may result in a change in the
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expression of different alternatively spliced isoforms of im-
portant proteins. Consistent with the anti-tumorigenic effects
of E7107, there is now increasing evidence that alternative
splicing and alternatively spliced protein products are in-
volved in cancer development [3].

How E7107-related alterations of pre-mRNA splicing
might result in modulation of gene expression and exert
effects on downstream events is being assessed. Flow cyto-
metric analyses have demonstrated that E7107 induces cell-
cycle arrest at both the G1 and G2/M phases. In addition, this
agent exhibits selectivity against human tumor cell lines with
functional loss of retinoblastoma (Rb) tumor-suppression pro-
tein and increased expression of p16INK4A and cyclin E [4].

E7107 inhibits the growth of tumor cell lines in vitro with
nanomolar (1–20 nM) potency [5] and induces tumor regres-
sion in most human xenograft models tested, including lung,
breast, and colon tumors [4, 6]. E7107 has a distinct broad-
spectrum antitumor profile in vitro, including activity in a panel
of cell lines that are resistant to classic cytotoxic drugs [7].

The primary objective of this phase I study was to deter-
mine the maximum tolerated dose (MTD) and pharmacoki-
netic (PK) profile of E7107 when administered as a 30-min
infusion on Days 1 and 8 every 21 days. Secondary objectives
included identifying dose-limiting toxicities (DLTs), explor-
ing safety and tolerability, assessing preliminary indicators of
efficacy, and identifying the potential for measuring changes
in gene splicing and mRNA in peripheral blood cells as a
pharmacodynamic biomarker for E7107.

Patients and methods

Study design and treatment

This was an open-label, single-arm, dose-escalation study
(Study E7107-A001-101; Tr ia l regis t ra t ion ID:
NCT00499499) of E7107 administered as a 30-min intrave-
nous infusion on Days 1 and 8 of each 21-day cycle in patients
with solid tumors. The MTD was established by determining
the occurrence of DLTs during the first 3 weeks of therapy
(Cycle 1). Patients were treated at multiple dose levels,
starting at 0.6 mg/m2. In this study, an accelerated design
was used for dose escalation, with dose increases of 100 %
until a grade 2 or higher adverse event (AE) occurred, at which
time dosing was increased by 50 %, based on previously
described designs [8, 9]. Patients were recruited to the
next higher dose if one patient at the lower dose com-
pleted Cycle 1 with no drug-related toxicity greater than
grade 1 (except alopecia, lymphocytopenia, or anemia).
Initially, three patients were entered at each dose level;
if one of the three patients experienced a DLT then
three additional patients were entered into this treatment
group. Dose escalation was permitted if there were no

further DLTs at this dose. Intra-patient dose escalation
was not permitted until the MTD was reached.

Patients were assessed at baseline (within 2 weeks before
the start of treatment) and at Days 1, 2, 3, 8, 9, 10, and 15 of
Cycle 1. Further assessments were performed at Days 1, 8,
and 15 of any additional cycles. A final assessment was
performed within 30 days of the last E7107 infusion.
Follow-up assessments were performed every 3 months until
death or until the patient withdrew consent.

The study was conducted in accordance with the Declara-
tion of Helsinki. The protocol was approved by local institu-
tional review boards and ethics committees, and patients
provided written informed consent prior to the study.

Patients

The study recruited patients aged ≥18 years with metastatic or
locally advanced solid tumors who had relapsed following
treatment and for whom no other effective therapies were
available. Key inclusion criteria included: no surgery or ra-
diotherapy in the 4 weeks prior to study; discontinuation of
prior chemotherapy and other anticancer therapy, excluding
bisphosphonates at a steady dose level, at least 2 weeks prior
to the study, provided there were no treatment-related acute
toxicities identified; Eastern Cooperative Oncology Group
(ECOG) performance status of 0 or 1; and anticipated life
expectancy >3 months.

Key exclusion criteria included: symptomatic or progressive
brain tumors, or brain or leptomeningeal metastases requiring
clinical intervention (unless patients had completed local ther-
apy and corticosteroids had been discontinued at least 2 weeks
before starting E7107 treatment); hemoglobin <9 g/dL; neutro-
phils <1.5×109/L; platelets <100×109/L; serum bilirubin
>1.5 mg/dL; liver function tests (aspartate aminotransferase
and alanine aminotransferase) >3×upper limit of normal
(ULN) (5×ULN if liver metastases were present); serum creat-
inine >1.5×ULN or creatinine clearance <40 mL/min; human
immunodeficiency virus, active hepatitis B, active hepatitis C,
or other severe or uncontrolled illness or infection; clinically
significant cardiac impairment or unstable ischemic heart dis-
ease (including myocardial infarction [MI] within 6 months of
study start); bleeding or thrombotic disorders, or the use
of therapeutic dosages of anticoagulants; history of al-
coholism, drug addiction, or any psychiatric or psycho-
logical condition; pregnancy or breastfeeding; prolonga-
tion of QT/QTc interval at screening; history of risk
factors for torsades de pointes; concomitant use of med-
ications that prolong QT/QTc interval; radiation therapy
encompassing ≥25 % of bone marrow; history of hyper-
sensitivity to pladienolide B or derivatives and excipi-
ents of the formulation; other significant comorbid con-
ditions; organ allografts; and use of strong cytochrome
P450 3A4 inhibitors 2 weeks prior to the study.
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Assessments

Maximum tolerated dose

MTD was defined as the dose at which no more than one out
of six patients experienced a DLT in Cycle 1. Only patients
who completed Cycle 1 of treatment, and those who could not
complete owing to toxicity, contributed to the determination
of the MTD. DLTs were defined as: any grade 4 hematologic
toxicity except neutropenia lasting <7 days and recovering to
grade ≤2 without fever; neutropenia grade ≥3 complicated by
fever or infection; thrombocytopenia grade ≥3 complicated by
bleeding and requiring platelet or blood transfusions; non-
hematologic toxicities grade ≥3 (except grade 3 nausea and
vomiting uncontrolled by antiemetics, insomnia, obesity or
weight gain, infertility, amenorrhea, galactorrhea, glucose in-
tolerance due to dexamethasone use for antiemesis, asymp-
tomatic hypercholesterolemia and hypertriglyceridemia, and
non-hematologic toxicities grade ≥3 due to disease and dis-
ease progression); delayed recovery from drug-related toxici-
ty, which delayed scheduled retreatment for >14 days; QTc
interval >500 ms or 60 ms above baseline while on therapy;
and toxicities that required dose reductions during Cycle 1.

Adverse events and other safety variables

AEs were recorded and monitored throughout the study, cod-
ed using the Medical Dictionary for Regulatory Activities
(Version 10) and graded using the National Cancer Institute
Common Terminology Criteria for Adverse Events (CTCAE;
Version 3.0) or the three-point scale of mild, moderate, and
severe, and by relationship to study medication (not related,
possibly related, or probably related). AEs were presented by
severity when the CTCAE grade was not collected. AEs were
regarded as being treatment emergent (TEAEs) if they started
on or after administration of the first dose of E7107 (but not
later than 30 days after discontinuation), or if they increased in
severity during treatment with E7107. Other parameters
assessed included clinical laboratory measurements, vital
signs, physical examinations, ECOG performance status,
and electrocardiograms.

Pharmacokinetic evaluation

PK analyses of the parent compound and its active oxidized
metabolite (M8; Eisai, data on file) were performed. Blood
samples were collected immediately prior to E7107 infusion
on Days 1 and 8 of Cycle 1. Patients were also sampled mid-
infusion (5 and 15 min), at the end of the infusion, and at
various time points post-infusion (5, 10, 15, and 30 min, and
1, 2, 3, 4, 6, 8, 12, 16, 24, and 48 h). Plasma samples were
analyzed by means of a validated liquid chromatography-
tandemmass spectrometry method. The limit of quantification

(LOQ) for E7107 in plasma was 0.01 ng/mL, and the LOQ for
M8 was 0.03 ng/mL. PK parameters were derived from
model-independent analysis using the WinNonlin program
(Version 5.1.1; Pharsight Corporation, CA). Urine samples
were collected on Days 1 and 8 of Cycle 1 and for 48 h in
the following intervals: 0–8 h, 8–24 h, and 24–48 h.

PK parameters measured included: time to peak con-
centration (tmax); peak plasma concentration (Cmax); ter-
minal phase elimination half-life (t½); area under the
plasma concentration-time curve extrapolated to time
(AUC0–t); area under the plasma concentration-time
curve extrapolated to infinity (AUC0–∞); total body
clearance from plasma (CL); volume of distribution at
steady rate (V ss); and the fraction of dose excreted in
urine (F e).

Pharmacodynamic analysis

Effects on gene splicing in peripheral blood mononuclear cells
(PBMCs) in response to E7107 were monitored as a pharma-
codynamic measure, as a function of both time and exposure
to drug (recorded as total dose, AUC, or Cmax). Alternative
splicing was monitored using the Affymetrix GeneChip®
Human Exon 1.0 ST Array. This microarray can be used to
assess the level of mRNA expression for all known human
exons and many introns, and has 5,362,207 features used to
interrogate one million exon clusters with over 1.4 million
probe sets [10]. The total number of expressed introns was
plotted against the time and dose relationship for altered
expression of unspliced introns.

Efficacy

Baseline tumor assessments were carried out within 4 weeks
of starting the study and included clinical examination and
photography, computed tomography, or magnetic resonance
imaging scans. Subsequent evaluations were performed every
two cycles thereafter. Tumor assessments included overall
visit response (complete response, partial response, stable
disease [SD], and progressive disease [PD]) and best response
according to Response Evaluation Criteria in Solid Tumors
(RECIST) [11]. There was no formal statistical analysis of
efficacy data.

Statistical analysis

The number of patients planned for enrollment in this study
was estimated to be 25–40, based on the toxicities observed
and the number of doses investigated. The safety population
was used for analysis of safety and efficacy data and included
all patients who received any dose of E7107. The PK popu-
lation included all patients who had at least one evaluable
post-dose PK sample.
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Results

Patients

Twenty-six patients were enrolled in the study and all
were included in both the safety and PK populations.
Baseline demographics and clinical characteristics for all
patients are shown in Table 1. Of the 26 patients, 25
(96.2 %) had previous chemotherapy and 19 (73.1 %)
had radiotherapy. Study discontinuations were due to
PD (16 patients; 61.5 %), AEs (4 patients; 15.4 %),
clinical progression (3 patients; 11.5 %), physician’s
decision to stop treatment (1 patient; 3.8 %), and other
reasons not specified (1 patient; 3.8 %). One patient
(3.8 %) was lost to follow-up. Two patients died during
the study; one due to serious AEs (SAEs; grade 4 renal
failure, respiratory failure, and septic shock) and the
other due to disease progression. The deaths were con-
sidered unrelated to the study drug.

Study-drug exposure, MTD, and DLTs

The number of patients receiving each dose of E7107
and the number of cycles of each dose are summarized
in Table 2. At E7107 5.7 mg/m2, two patients experi-
enced serious TEAEs with DLT; one patient experienced
DLTs of diarrhea (grade 2) and MI (grade 4), which
required a treatment delay of 21 days and a dose re-
duction to E7107 4.3 mg/m2, and one patient experi-
enced DLTs of diarrhea, vomiting, and dehydration (all
a minimum of grade 3), which led to study withdrawal
during Cycle 1. As a consequence of this, three addi-
tional patients were evaluated at a dose level of 4.3 mg/
m2. All six patients tolerated this dose without a DLT.
Therefore, the MTD was determined to be 4.3 mg/m2.

Safety

TEAEs were experienced by all 26 patients in this
study. Of these, 24 patients (92.3 %) had TEAEs that
were considered related to treatment. The most common
treatment-related TEAEs (reported by ≥10 % of pa-
tients) were: nausea (76.9 %); vomiting (38.5 %); diar-
rhea (34.6 %); fatigue (30.8 %); anorexia (15.4 %); and
peripheral neuropathy (11.5 %). Overall, nine patients
(34.6 %) experienced TEAEs that were grade ≥3. Grade
4 TEAEs were reported by one patient receiving E7107
3.2 mg/m2 and by two patients receiving E7107 5.7 mg/
m2; no grade 5 TEAE was reported by any patient in
the study. TEAEs grade ≥3 considered to be treatment-
related occurred in three patients (11.5 %; Table 3).

Nine patients (34.6 %) experienced SAEs during the study.
The only SAEs reported by ≥2 patients included diarrhea
(grade 3), increased blood creatinine (grade 2), and dehydra-
tion (grades 2 and 3). Serious TEAEs considered drug-related
were reported by five patients (19.2 %) and two patients
(7.7 %) experienced SAEs that were considered DLTs. Diar-
rhea was the only drug-related SAE reported by >5 % of
patients. Five patients (19.2 %) discontinued the study as a
consequence of TEAEs. Of these, four patients had SAEs
related to study drug (vision loss [n =2]; diarrhea, vomiting,
and nausea [n =1]; hypotension [n =1]). One patient
discontinued because of jugular vein thrombosis not related
to E7107.

There were no clinically meaningful changes in he-
matology, chemistry, urinalysis, or vital signs during the
study. Patients’ ECOG performance status did not wors-
en during the study. Two patients experienced an in-
crease in QT/QTc value >60 ms from baseline, one on
Day 8 of Cycle 2 and the other on Day 1 of Cycle 1. One
patient experienced grade 1 QT prolongation reported as a
TEAE, which was considered possibly related to study drug
and resolved with no action taken.

Table 1 Patient demographics and clinical characteristics

Characteristic Patients (N =26)

Age, mean (SD) years 61.3 (11.8)

Sex, n (%)

Male 19 (73.1)

Female 7 (26.9)

Race, n (%)

Caucasian 24 (92.3)

Black 1 (3.8)

Hispanic 1 (3.8)

Tumor type, n (%)

Colon 2 (7.7)

Gastroesophageal junction 2 (7.7)

Melanoma 2 (7.7)

Non-small cell lung 3 (11.5)

Osteosarcoma 2 (7.7)

Pancreatic 2 (7.7)

Rectal 3 (11.5)

Other 10 (38.5)

Number of previous chemotherapy regimens, n (%)

1 2 (7.7)

2 5 (19.2)

3 6 (23.1)

4 2 (7.7)

5 5 (19.2)

≥6 5 (19.2)

Time from last progression to start of study
medication, mean (SD) months

2.2 (3.11)

Tumor-type data are reported for those tumors that occurred in ≥2 patients
SD, standard deviation
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Visual toxicity

One patient receiving E7107 3.2 mg/m2 and one patient
receiving E7107 4.3 mg/m2 experienced vision loss.
Loss of vision (grade 4) in the first patient occurred
on Day 1 of Cycle 7. Following treatment on Day 8 of
Cycle 7, the patient discontinued study-drug administra-
tion. Loss of vision in this patient was acute in onset,
progressive, and had not resolved at the time of last
follow-up. Significantly decreased light sensitivity
throughout both eyes was reported with severe color loss.
The patient was evaluated by a neuro-ophthalmologist and
dense bilateral central scotomas were present. Assessment of
visual acuity found the patient to be legally blind, although
demonstrating excellent response to confrontation in the

peripheral visual fields. Over a 2-month period the vision
continued to deteriorate to nearly complete blindness. Retinal
cone dysfunction was considered a less likely etiology for the
vision loss, as a full-field electroretinogram was normal when
the patient was almost totally blind, and extensive pallor and
cupping had developed. In view of these findings, optic-nerve
dysfunction was considered a more likely etiology for the
vision loss.

A second patient experienced visual disturbances on Day 1
of treatment Cycle 1. A similar pattern of optic-nerve abnor-
mality was observed with central scotomas. This patient had
no progression of the visual symptoms and experienced partial
recovery. The patient discontinued the study by Day 52. Both
instances of vision loss were considered as possibly or prob-
ably related to E7107.

Table 2 Extent of exposure of patients to E7107

No. of cycles E7107 dose (mg/m2)

0.6
n =3

1.2
n =3

1.8
n =3

2.4
n =3

3.2
n=4

4.3
n=6

5.7
n =4

Total
N =26

1 0 0 0 0 1 (25.0) 2 (33.3) 2 (50.0) 5 (19.2)

2 1 (33.3) 2 (66.7) 3 (100.0) 3 (100.0) 0 3 (50.0) 2 (50.0) 14 (53.8)

3 0 0 0 0 0 0 0 0

4 0 1 (33.3) 0 0 1 (25.0) 1 (16.7) 0 3 (11.5)

5 0 0 0 0 0 0 0 0

6 1 (33.3) 0 0 0 0 0 0 1 (3.8)

>6 1 (33.3) 0 0 0 2 (50.0) 0 0 3 (11.5)

Cumulative total dose (mg/m2), mean (SD) 7.2 (4.8) 6.4 (2.8) 7.2 (0) 9.6 (0) 31.2 (21.6) 15.8 (8.0) 16.4 (8.2) 14.5 (12.2)

Data are n (%)

SD standard deviation

Table 3 TEAEs related to E7107 treatment by overall CTCAE grade and TEAEs with CTCAE grade 3 or 4

E7107 dose (mg/m2)

0.6
n =3

1.2
n =3

1.8
n=3

2.4
n =3

3.2
n =4

4.3
n =6

5.7
n=4

Total
N =26

All adverse events 3 (100.0) 3 (100.0) 3 (100.0) 3 (100.0) 3 (75.0) 6 (100.0) 3 (75.0) 24 (92.3)

Grade 1 1 (33.3) 0 1 (33.3) 2 (66.7) 0 4 (66.7) 0 8 (30.8)

Grade 2 2 (66.7) 3 (100.0) 2 (66.7) 1 (33.3) 2 (50.0) 2 (33.3) 1 (25.0) 13 (50.0)

Grade 3 0 0 0 0 0 0 1 (25.0) 1 (3.8)

Grade 4 0 0 0 0 1 (25.0) 0 1 (25.0) 2 (7.7)

Grade 3 and 4 adverse events

Diarrhea 0 0 0 0 0 0 2 (50.0) 2 (7.7)

Myocardial infarction 0 0 0 0 0 0 1 (25.0) 1 (3.8)

Nausea 0 0 0 0 0 0 1 (25.0) 1 (3.8)

Visual acuity reduced 0 0 0 0 1 (25.0) 0 0 1 (3.8)

Vomiting 0 0 0 0 0 0 1 (25.0) 1 (3.8)

Data are n (%)

CTCAE common toxicity criteria for adverse events; TEAE treatment-emergent adverse event
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Pharmacokinetics

The PK parameters and mean plasma concentration-time
curves for E7107 on Days 1 and 8 of Cycle 1 are
presented in Table 4 and Fig. 1, respectively. Exposure
to E7107, as assessed by Cmax and AUC, exhibited
inter-patient variation but was similar on Days 1 and
8, and increased in a dose-related manner. The dose-
normalized model-based geometric mean ratio for E7107
was contained completely within the 90 % confidence
interval (0.68, 1.47) for Cmax, AUC0-t , and AUC0-∞,
indicating dose proportionality on Day 1 and Day 8
for the dose range 0.6–5.7 mg/m2 used in this study.
E7107 was rapidly distributed in plasma on both Day 1
and Day 8 (tmax 0.32–0.44 h from the start of infusion
on Day 1 and 0.33–0.42 h on Day 8; Fig. 1), demon-
strated a moderate elimination t½ and high CL, which
did not change with increasing dose but was variable
between doses. E7107 had a large V ss, which tended to
decrease with increasing dose. On average, <10 % of
E7107 was excreted in urine across all dose groups.
Systemic exposure of the M8 metabolite of E7107 was
negligible.

Pharmacodynamics

Modulation of gene splicing in PBMCs was investigated as a
potential biomarker for target engagement. The number of
unspliced introns demonstrating a twofold change in expres-
sion level from baseline demonstrated saturation as the dose of
E7107 increased. This was observed at both 6 and 24 h post-
infusion; however, the number of unspliced introns decreased
from 6 to 24 h (Fig. 2). Similar observations were made for
unspliced introns, which demonstrated 5- and 10-fold changes
in expression from baseline.

Efficacy

All 26 patients treated were included in the evaluation of
response. Tumor response by RECIST was available for the
22 patients who remained on treatment at first restaging (end
of Cycle 2). Of the four remaining patients, one withdrew
because of AEs, one was lost to follow-up, one was taken off
treatment by the physician because of clinical deterioration,
and one experienced clinical progression prior to restaging.
The best overall responses were: SD, eight patients (31 %),
four (15 %) of whom had SD ≥4 months (adrenal cortical,

Table 4 PK parameters for E7107 on Day 1 and Day 8

E7107 dose (mg/m2)

0.6
n =3

1.2
n =3

1.8
n =3

2.4
n =3

3.2
n =4

4.3
n=6

5.7
n =4

Cmax (ng/mL), mean (SD)

Day 1 10.97 (2.88) 23.59 (2.78) 47.55 (11.71) 119.37 (60.36) 63.93 (14.99) 74.50 (17.57) 113.03 (32.87)

Day 8 14.28 (1.03) 25.30 (3.38) 37.49 (9.02) 58.22 (11.72) 66.10 (17.00) 113.67 (66.17) 117.26 (42.52) a

AUC0–∞ (ng·h/mL), mean (SD)

Day 1 7.89 (1.73) 15.09 (0.94) 28.12 (0.23) 63.21 (31.04) 45.00 (4.58) 53.24 (11.12) b 86.12 (30.80)

Day 8 10.38 (0.81) 16.37 (2.37) 24.07 (3.14) 48.84 (11.69) c 41.03 (3.73) c 67.87 (31.74) 76.52 (22.56) a

t½ (h), mean (SD)

Day 1 12.89 (1.74) 10.13 (2.73) 7.72 (2.83) 12.86 (4.48) 7.23 (1.94) 7.79 (2.58) b 6.40 (1.55)

Day 8 13.29 (1.51) 11.15 (3.33) 8.57 (2.66) 11.85 (0.01) c 9.23 (0.79) c 7.66 (2.11) 5.78 (1.25) a

CL (L/h), mean (SD)

Day 1 167.83 (37.62) 151.98 (7.62) 129.42 (3.10) 92.26 (69.46) 138.30 (4.78) 171.07 (34.47) b 150.25 (54.20)

Day 8 123.85 (9.99) 141.36 (15.95) 152.97 (20.66) 86.81 (1.39) c 140.48 (4.21) c 149.78 (54.51) 152.62 (15.07) a

Vss (L), mean (SD)

Day 1 843.25 (176.82) 446.73 (178.52) 287.11 (119.10) 469.51 (588.30) 307.53 (108.32) 408.49 (190.37) b 295.89 (109.68)

Day 8 552.74 (108.88) 476.34 (212.67) 425.21 (246.85) 345.00 (220.96) c 353.04 (133.70) c 310.27 (102.91) 273.20 (75.65) a

Fe0-48 (%), mean (SD)

Day 1 5.39 (3.25) 7.69 (1.66) 8.39 (2.85) 6.15 (3.94) c 5.64 (2.45) a 4.64 (2.58) 5.13 (3.09) c

Day 8 3.26 (1.91) c 8.29 (1.74) c 7.75 (1.34) c 5.60 (3.68) 3.82 (3.39) a 4.00 (2.73) d 3.93 (0.93) c

a n=3; b n=5; c n =2, d n =4

AUC0–∞, area under the plasma concentration-time curve extrapolated to infinity; CL, total body clearance from plasma; Cmax, peak plasma
concentration; Fe0-48, fraction of dose excreted in urine in 48 h; SD, standard deviation; t½, terminal phase elimination half-life; Vss, volume of
distribution at steady rate
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papillary thyroid, pancreatic, non-small cell carcinoma). One
patient with pancreatic cancer had a best response of 10 %
decrease in the sum of longest tumor diameter from baseline
and a reduction in cancer antigen 19–9 (CA19-9) levels, and
remained on E7107 treatment for seven cycles until the patient
developed vision loss.

Discussion

E7107 administered by intravenous infusion on Days 1 and 8
was well tolerated up to doses of 4.3 mg/m2 other than the
visual disturbances described. The primary DLTs wereMI and
diarrhea. The most common AEs noted were nausea (76.9 %),
vomiting (38.5 %), diarrhea (34.6 %), and fatigue (30.8 %).

A unique AE noted was vision loss, experienced by one
patient each at E7107 3.2 mg/m2 and 4.3 mg/m2. The exact
underlying mechanism for the visual toxicity remains unclear;
however, in the patient with permanent visual loss, it is be-
lieved that the optic nerve was the target of the toxicity. The
ability of E7107 to inhibit spliceosomes may be a possible
explanation of the vision loss seen in some of these patients. In
PBMCs from patients in this study, an increase in unspliced
introns was clearly shown and suggests that E7107 may

globally inhibit spliceosomes. Although the effects of this
inhibition on the optic nerve are not known, there is some
evidence in the literature to support the role of splicing factors
in the retinal disorder retinitis pigmentosa. Several known
genes that encode for spliceosomes are known to be mutated
and involved in retinitis pigmentosa development, such as
PRPF3 , PRPF8 , PRPF31 , and Pim-1 associated proteins
(PAP-1) [12–14]. Mutations in these splicing genes, such as
PRPF31 , can lead to dysfunctional and insoluble PRPF31
protein aggregates, leading to apoptosis in photoreceptor cells
[15]. The ability of E7107 to inhibit spliceosomes may have
had a functional effect similar to retinitis pigmentosa. The
patient treated with E7107 3.2 mg/m2 exhibited trace retinal
pigment epithelial changes and scotoma suggestive of cone
dysfunction. The patient treated with E7107 4.3 mg/m2 had no
evidence of retinitis and did not require retinal function tests.

Based on mean plasma concentrations, E7107 was rapidly
distributed and was eliminated with a moderate mean t½ (from
5.8 to 13.3 h) on Day 1 and Day 8. Mean Cmax and AUC
showed some variation between patients, but were generally
comparable on Day 1 and Day 8 for each patient. Mean Cmax

and AUC for E7107 was dose-proportional on Day 1 and Day
8.Mean CLwas high and generally remained unchanged with
increasing dose, but variability was observed between doses.
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Fig. 1 Mean plasma concentration of E7107 versus time in patients
treated with a 30-min infusion on a Day 1 and b Day 8
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versus E7107 dose at a 6 h and b 24 h post-infusion
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V ss was large and tended to decrease with increasing dose.
The Fe0–48 showed less than 10 % excreted in urine for all
dose groups and generally remained unchanged with increas-
ing dose, but exhibited large variability.

Efficacy was limited and did not reflect the extraor-
dinary activity that was noted in the preclinical models.
One reason may have been that the study was not
designed to select patients who may have been most
amenable to the antitumor mechanism of E7107. A full
understanding of the underlying mechanisms of the
compound needs to be elucidated; however, flow cytom-
etry of cells treated with E7107 demonstrated cell-cycle
arrest at both the G1 and G2/M phases, and that it is
most effective against tumors with a functional loss of
Rb increased p16 and cyclin E expression [4]. More-
over, increasing data suggest that somatically acquired muta-
tions in the SF3B1 gene, which encodes a central component
of the RNA slicing machinery, may be involved in several
malignancies, specifically myelodysplastic syndromes, chron-
ic lymphocytic leukemia, and refractory anemia with ringed
sideroblasts [16–20]. E7107 has been shown to target SF3B1 ,
suggesting that subsets of tumors with SF3B1 mutations may
demonstrate efficacy [1]. Further studies are needed to deter-
mine whether SF3B1 mutations are present in solid tumors
and their potential clinical significance.

In conclusion, E7107 is a novel first-in-class mole-
cule that acts to inhibit spliceosome assembly and sub-
sequent maturation of pre-mRNA. The drug was gener-
ally well tolerated with manageable systemic side ef-
fects; however, vision loss was noted in a small number
of patients and led to study termination. Preclinical
studies are ongoing to identify potential mechanisms
for the observed vision loss.
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