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Summary Background Tanibirumab is a fully human mono-
clonal antibody to vascular endothelial growth factor receptor
2 (VEGFR-2).We conducted a first-in-human phase I study of
tanibirumab in patients with solid tumors refractory to stan-
dard chemotherapy. Primary endpoints were evaluating safety,
pharmacokinetics (PKs), estimating maximum-tolerated dose
(MTD) and recommended phase II dose (RP2D).MethodsWe
designed our study to escalate tanibirumab at 9 different dose
levels with a 3 + 3 method and tanibirumab (1–28 mg/kg) was
administered intravenously on D1, 8, 15 in 28-day courses.
Dose limiting toxicities (DLTs) were only assessed during the
first cycle of treatment and response evaluation was per-
formed every 2 cycles. The effects of tanibirumab on several
angiogenic factors were analyzed. Results FromOctober 2011
to September 2013, a total of 26 patients with refractory solid
tumors were enrolled. The median age was 58 years (range,
27–75) and 20 patients were male. The most common tumor
type was colorectal cancer (N = 19) and seven patients had a
history of previous bevacizumab treatment. As hemangioma
continued to occur, the final dose level, 28 mg/kg, was not
performed. DLTs were not found, and the MTD was con-
firmed to be 24 mg/kg. Hemangioma was observed in 16

patients (61.5%), but all were grade 1–2 and disappeared after
discontinuation of the study drug. Among the 18 patients in
the efficacy set, no objective response was observed, but 11
patients showed stable disease. PKs were characterized by
dose-dependent linear exposure and the mean trough concen-
trations exceeded biologically relevant target levels at 12 mg/
kg and above. Serum VEGF, soluble VEGFR-2, and PlGF
increased at the 4 mg/kg dose level and above. Conclusions
Treatment with tanibirumab showed a tolerable toxicity pro-
file and modest clinical efficacy in patients with refractory
solid tumors. A phase II trial of tanibirumab is ongoing now.
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Introduction

Angiogenesis is a complex process that includes endothe-
lial cell proliferation and movement, as well as endothelial
cell-mediated degradation of the extracellular matrix. The
multi-step process of angiogenesis is essential for cancer
progression and metastasis [1]. Vascular endothelial
growth factor (VEGF) is a key regulator of angiogenesis
and is usually up-regulated in cancers [2]. There are two
VEGF receptors responsible for angiogenesis; VEGFR-1,
also known as Flt-1, and VEGFR-2, also known as KDR.
VEGFR-2 is a major mediator of the mitogenic and angio-
genic effects of VEGF signaling [3]. The binding of VEGF
to VEGFR-2 triggers auto-phosphorylation and results in
activation of downstream pathways, including PI3K-AKT
and the RAS-RAF-MEK-MAPK signaling network, which
is essential for stimulating the proliferation, migration and
survival of cancer and endothelial cells.
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Various anti-angiogenic agents have been developed to tar-
get the VEGF pathway. Bevacizumab (Avastin, Roche), a hu-
manized monoclonal immunoglobulin G1 antibody targeting
circulating VEGF, has been shown to improve clinical out-
comes in combination with chemotherapy in various cancer
types, such as colorectal, lung and ovarian cancers [4–9].
Small molecular inhibitors, like sorafenib (Nexavar, Bayer)
and sunitinib (Sutent, Pfizer), targeting VEGFR2 also showed
clinical benefit as single agents for hepatocellular carcinoma
or renal cell carcinoma [10–13]. Recently, ramucirumab
(Cyramza, Lilly), a monoclonal antibody to VEGFR-2,
showed a survival benefit when used solo or in combination
with chemotherapy [14, 15].

Tanibirumab is a fully human monoclonal antibody (IgG1)
derived from a fully human naïve single chain variable frag-
ment (ScFv) phage library. Tanibirumab selectively binds to
VEGFR-2, neutralizes the biological activity of VEGFR-2
and, therefore, blocks angiogenesis and inhibits tumor growth
and metastasis. In mouse xenograft and orthotopic models,
tanibirumab resulted in robust anti-tumor activity as a single
agent, with an efficacious dose range of 0.1–10 mg/kg in
colorectal, breast, lung and glioblastoma tumor models [16].
Consequently, we planned this first-in-human phase I study to
establish the safety profile and maximum-tolerate dose
(MTD) of tanibirumab in patients with advanced solid malig-
nancies. We characterized the pharmacokinetics (PK), phar-
macodynamics (PD) effects on serum VEGFR-A, soluble
VEGFR-2 and PlGF and preformed a preliminary evaluation
of antitumor activity.

Methods

A prospective, single center, open-label study with dose esca-
lation of tanibirumab was conducted in patients with refracto-
ry solid tumors. The study was conducted in accordance with
the Declaration of Helsinki. The study protocol was approved
by the Institutional Review Board at SamsungMedical Center
and registered in clinicaltrial.gov NCT#01660360.

Patient eligibility

Eligibility criteria for study entry were as follows: histologi-
cally confirmed, advanced cancers that failed to respond to at
least one prior regimen or for which there is no standard ther-
apy; evaluable disease (measurable or non-measurable based
on RECIST criteria v 1.1); age > 20 years; ECOG (Eastern
Cooperative Oncology Group) performance status 0–2; life
expectancy of greater than 12 weeks; hemoglobin ≥9.0 g/dL,
absolute neutrophil count ≥1500/μL, platelets ≥100,000/μL,
total bilirubin ≤1.5 times the upper limit of normal, AST/ALT
≤2.5 times the upper limit of normal, serum creatinine
≤1.5 mg/dL, PT-INR ≤1.3 times the upper limit of normal,

aPTT ≤1.5 times the upper limit of normal and Bazett’s cor-
rection QTc < 450 msec in ECG. Patients were excluded from
the study if they had undergone radiotherapy, last chemother-
apy, or major surgery within the 4 weeks prior to entering the
study, had pleural effusion, ascites or leptomeningeal disease
as the only manifestation of the current malignancy, had un-
controlled intercurrent illness, active serious infection, the
presence of gastrointestinal perforation, tracheoesophageal
fistula, grade IV proteinuria, arterial thromboembolic events,
hypersensitivity to CHO cell products or other recombined
human or humanized antibodies. Written informed consent
was required from all patients.

Administration and dose escalation

Tanibirumab was administered intravenously to each patient
over 60 min on Days 1, 8, 15, every four weeks. We designed
the study to escalate tanibirumab at 9 different dose levels
from 1mg/kg to 28 mg/kg with a 3 + 3 method. Three patients
were accrued to each dose level. If none of the three patients
experienced DLT, the dose was increased in a subsequent
group of three patients. If DLT occurred in 1 of the 3 initial
patients at a particular dose level, then 3 additional patients
were treated at the same dose level, resulting in a total of six
patients. If a DLT developed in 2 of 6 patients, then enrollment
was stopped at this dose level, which was then defined as the
MTD. The preceding dose level was designated as the recom-
mended dose for the phase II study. If two of the first 3 patients
experienced DLT, then dose escalation was stopped and de-
escalated to an intermediate dose. If fewer than two of the six
patients experienced DLTs in the last dose level, then this dose
level was recommended for the phase II study. Intra-patient
dose escalation was not allowed.

Dose limiting toxicity (DLT) and maximum tolerated dose
(MTD)

A DLT was defined as the occurrence of any of following
events during the first cycle of therapy: grade 4 thrombocyto-
penia, grade 4 neutropenia lasting over 7 days, grade 3 or 4
neutropenia accompanied by temperature ≥ 38 °C, grade 3 or
4 non-hematologic toxicity except for diarrhea, nausea,
vomiting that responded to standard supportive care. Safety
was assessed every week for the first cycle of treatment.
Adverse events were evaluated according to the National
Cancer Institute Common Terminology Criteria for Adverse
Events, version 4.0. All adverse events were evaluated until
30 days after the last dose of tanibirumab.

Duration of treatment and follow-up

In the absence of treatment delays due to adverse events, treat-
ment continued for up to 1 year or until one of the following
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criteria was met: disease progression, intercurrent illness that
prevented further administration of treatment, unacceptable
adverse events and patient withdrawal. Patients were followed
for 6 months after removal from the study or until death,
whichever occurred first. Patients removed from the study
for unacceptable adverse events were followed until resolution
or stabilization of the adverse events.

Analysis groups

All patients who received any amount of tanibirumab were
included in the safety analyses. Patients were considered
evaluable for the purposes of dose-escalation decisions and
establishing the MTD if they satisfied either of the follow-
ing criteria: received at least two doses of tanibirumab and
completed study assessments through the DLT observation
window without experiencing a DLT or experienced a DLT
and were withdrawn from the study within the DLT obser-
vation window.

Radiological (chest X-ray, computed tomography) studies
to assess response were performed after every 2 cycles of
therapy until disease progression. Response definitions were
according to Response Evaluation Criteria in Solid Tumors
(RECIST) 1.1. Progression-free survival (PFS) was defined
as the time from the date of treatment initiation to the date of
the first documentation of disease progression (by radiologic
or clinical) or death. Patients with progression-free status were
censored at the last date verifying survival. The Kaplan–Meier
method was used to estimate the median values of time-to-
event variable and progression-free survival (PFS).

Pharmacokinetic analysis

PK sampling was conducted at several time points; Cycle 1,
first dose, pre-, 30 min, 2, 4, 24, 72 h/ s dose, pre- and 30 min/
third dose, pre, 30 min, 2, 4, 24, 72, 168, 336 h and Cycle 2–
13, first dose, pre- and third dose 30 min and EOT visits. The
pharmacokinetic (PK) parameter estimates of tanibirumab af-
ter the first and third doses in cycle 1 were characterized by
non-compartmental methods. The following PK parameter
estimates were derived: area under the concentration-time
curve (AUC), peak concentration (Cmax), trough concentra-
tion (Cmin), clearance (CL), volume of distribution (Vd), and
terminal elimination half-lives (initial and final, respectively).

Biomarker study

Several potential biomarkers of angiogenesis were mea-
sured at several time points. The angiogenic factors we
evaluated are as follows: soluble VEGFR-1, angiopoietin-
1, angiopoietin-2, placental growth factor (PlGF), fibro-
blast growth factors (FGF), platelet-derived growth factor
(PDGF)-AB/BB, thrombospondin-2, granulocyte-colony

stimulating factor (G-CSF), hepatocyte growth factor
(HGF), soluble Tie-2, soluble VEGFR-2, VEGF-A, leptin,
follistatin, platelet endothelial cell adhesion molecule
(PECAM)-1, and interleukin (IL)-8.

Results

Patient characteristics

Twenty six patients were enrolled from to October 2011 to
September 2013. The baseline demographics for all patients
are shown in Table 1. The median age was 58 years (range,
27–75) and 20 patients (76.9%) were male. All patients except
one (N = 25, 96.1%) had good performance status (ECOG PS
0–1). The most common tumor type was rectal cancer
(N = 11), followed by colon cancer (N = 8), head and neck

Table 1 Patient characteristics (N = 26)

No. of patients (%)

Sex

Male 20 (76.9)

Female 6 (23.1)

Median age (range), years 58 (range, 27–75)

ECOG performance status

0 4 (15.4)

1 21 (80.8)

2 1 (3.9)

Primary malignancy

Rectal cancer 11 (42.3)

Colon cancer 8 (30.8)

Head and neck squamous cell carcinoma 2 (7.7)

Gastric cancer 1 (3.9)

Non-small cell lung cancer 1 (3.9)

Esophageal cancer 1 (3.9)

Adenoid cystic carcinoma 1 (3.9)

Malignant fibrous histiocytoma 1 (3.9)

Current site of metastasis

Lung 24(92.3)

Distant LN 10(38.5)

Liver 10(38.5)

Bone 5(19.2)

Peritoneal seeding 1(3.8)

Pleural seeding 1(3.8)

Prior systemic regimens for metastatic disease

1 1(3.8)

≥ 2 25(96.2)

Duration of previous bevacizumab treatment
(N = 7)

23 weeks
(range, 6–29)
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squamous cell carcinoma (N = 2) and patients with gastric
cancer, non-small cell lung cancer, esophageal cancer, adenoid
cystic carcinoma, malignant fibrous histiocytoma were en-
rolled one by one. Seven patients had a history of previous
bevacizumab treatment.

Dose escalation and DLT

Patient enrollment and treatment results are shown in
Fig. 1. DLT was assessed in 24 patients as two patients
were withdrawn before completion of the first cycle of
treatment due to ileus and foot fracture, respectively.
There was no DLT in a total of 8 dose levels. Even though
we planned 9 dose levels extending up to 28 mg/kg, we
stopped dose escalation at 24 mg/kg. This was due to the
pharmacokinetic results which showed that mean trough
concentrations exceeded the biologically relevant target
levels at 12 mg/kg and above, and because several heman-
giomas occurred. Consequently, the MTD of tanibirumab
was established to be 24 mg/kg.

Overall safety and tolerability

All adverse events in all cycles are shown in Table 2. The most
frequently reported drug-related adverse events were heman-
gioma (N = 15, 57.7%), followed by skin rash (N = 8, 30.8%),
itching (N = 5, 19.2%) and fatigue (N = 4, 15.4%). Severe
adverse events of grade 3 or 4 were observed in two patients
(7.7%), irrespective of their potential drug-related attribution.

These were neutropenia and spine pathologic compression
fracture. We observed hemangioma from dose level 2 (2 mg/
kg), usually at the end of cycle 1. Among 16 patients with
hemangioma, seven progressed to grade 2 hemangiomas and
their treatment was based on a physicians’ decision; temporal-
ly holding of tanibirumab, excision of hemangioma or obser-
vation. Six cases were pathologically confirmed through bi-
opsy. All hemangioma lesions regressed at 1–2 months after
discontinuation of tanibirumab.

Immunogenicity

Antibodies to tanibirumab were observed in four samples but
these had no neutralizing activity and the plasma concentra-
tions of tanibirumab were unaffected.

Pharmacokinetic analysis

Individual PK parameters, including mean trough and
other AUC parameters, were obtained from 26 patients
(Supplementary Table 1). Cmax and AUCinf increased
proportionately as the dose increased (Fig. 2). Half-
lives were 1.6–2.3 days and 1.5–3.0 days at first dose
and third dose, respectively, and the increases of Cmax

and AUC did not affect the half-life. As a result, PKs
were characterized by dose-dependent linear exposure
and mean trough concentrations exceeded biologically
relevant target levels at 12 mg/kg and above.

Fig. 1 CONSORT diagram of
patient enrollment
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Biomarker study

Among several factors, serum VEGF, soluble VEGFR-2, and
PlGF changed at the 4 mg/kg dose level and above (Fig. 3).

Efficacy and follow-up details

In total, 75 cycles were administered with a median of
two cycles (range, 1 ~ 10). All patients who completed

Table 2 Toxicity profile
Toxicity Dose level

1–2

(n = 6)

Dose level
3–4

(n = 6)

Dose level
5–6

(n = 7)

Dose level
7–8

(n = 7)

Total (n = 26)

Grade 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 All grade
(%)

Grade 3/4
(%)

Hematological

Neutropenia 1 1 1 (3.8) 1 (3.8)

Anemia 1 1 (3.8)

Thrombocytopenia

Non-hematological

Anorexia 1 1 1 3 (11.5)

Nausea 1 1 2 (7.7)

Vomiting 2 1 3 (11.5)

Diarrhea 2 2 (7.7)

Mucositis 2 1 3 (11.5)

Myalgia 2 2 4 (15.4)

Fatigue 1 1 1 2 5 (19.2)

General weakness 1 2 3 (11.5)

Headache 1 1 2 (7.7)

Dizziness 1 1 2 (7.7)

Skin rash 1 4 2 2 9 (34.6)

Itching sense 2 2 2 6 (23.1)

Hemangioma 3 2 2 2 1 2 4 16 (61.5)

Edema 1 1 1 3 (11.5)

Hypersensitivity 1 1 2 (7.7)

Liver enzyme
elevation

1 1 (3.8)

Fig. 2 Mean serum
concentration time profiles for
tanibirumab
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at least two cycles of therapy were considered evaluable
for treatment response (N = 18). Among the 18 patients
in the efficacy set, no objective response was observed,
however, 11 patients showed stable disease with a dis-
ease control rate of 61.1% (95% C.I: 38.6–83.6%). Three

patients had stable disease for more than 6 months, in-
cluding patients with adenoid cystic carcinoma, rectal
cancer and colon cancer. The median progression-free
survival was 3.0 months (95% C.I: 1.9–4.0). Brief
Individual data of patients were given on Fig. 4.

Fig. 3 Pharmacodynamic study,
scatterplots of VEGF-A, soluble
VEGFR-2 and PIGF of raw data
from pretreatment values over
time after infusion of tanibirumab

Fig. 4 Swimmerplot of individual patient data
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Discussion

Tanibirumab was developed to inhibit angiogenesis through
binding to VEGFR2 with high affinity. Tanibirumab, a fully
human monoclonal antibody, selectively binds to VEGFR2
and neutralizes the biological activity of VEGFR2. It there-
fore blocks angiogenesis and inhibits tumor growth and
metastasis. Whereas bevacizumab specifically binds to
VEGF-A only, tanibirumab blocks all known VEGFs from
binding to VEGFR2, which might result in improved clin-
ical efficacy.

In the present study, tanibirumab was well tolerated as a
weekly infusion. Even though we initially planned 9 dose
levels up to 28 mg/kg, we stopped dose escalation at 24 mg/
kg. This was due to the pharmacokinetic results which showed
that mean trough concentrations exceeded biologically rele-
vant target levels at 12 mg/kg and above, and due to several
occurrences of hemangioma. Target dose (Ctrough ≥ 20 μg/ml)
was previously determined in in vitro HUVEC and in vivo
COLO205 model studies. Consequently, the MTD of
tanibirumab was determined to be 24 mg/kg.

The tanibirumab PK profile was characterized by dose-
proportional elimination and linear exposure. In the PD
analysis, serum VEGF-A, soluble VEGFR-2, and PlGF
changed at the 4 mg/kg dose level and above. This effect
did not seem to be dose related. The increased VEGF-A
concentration is likely due to displacement of the receptor-
bound natural VEGF-A ligand after tanibirumab treatment.
Moreover, this may be a result of hypoxia due to inhibition
of the VEGF/VEGFR signaling pathway. Similar results
were previously reported in other VEGF/VEGFR inhibitor
studies [17–20], and VEGF-A elevation may be a useful
marker for VEGFR2 blockade. The concentration of
sVEGFR2 was dropped right after tanibirumab injection
and restored original level or increased somewhat. It is
similar tendency to that of ramucirumab [17]. Binding of
tanibirumab to sVEGFR2 may delay the washout of
sVEGFR2, which results in increment of sVEGFR2.

Several patients developed hemangiomas in our study.
Hemangiomas are formed by an abnormal collection of
blood vessels that may resemble tumors. They are usually
found on the skin or internal organs and can lead to dis-
figurement or life-threatening consequences [21, 22]. In
our study, all hemangioma events were grade 1 or 2 and
resolved upon cessation of tanibirumab administration.
Although one patient who had a hemangioma near a co-
lostomy site was withdrawn from the study due to the risk
of bleeding, it did not found in the internal organs and the
hemangiomas in other patients did not result in discontin-
uation of tanibirumab. The mechanism through which
hemangiomas develop is unclear, however, in the case of
infantile hemangioma, hypoxia, estrogen and VEGFR1/
VEGFR2 expression have been suggested as possible

causes [23, 24]. Hemangioma events were previously re-
ported in other VEGFR2 antibody studies. In a
ramucirumab study, one patient receiving 4 mg/kg
ramucirumab treatment developed a hemangioma [25].
In a phase I study of CDP-791, a PEGylated di-Fab’ con-
jugate that binds VEGFR2, seven of 31 patients devel-
oped hemangiomas [26]. The biopsy and immunohisto-
chemical staining of these hemangiomas showed that
VEGFR2 was widely expressed, but PEG was only pres-
ent in the parts of the sections that did not bind the anti-
phospho-VEGFR2 antibody, suggesting that the drug was
biologically active and thereby inhibited receptor activa-
tion and phosphorylation. In that study, the mechanism of
hemangioma was also inconclusive. However, we can hy-
pothesize about the involvement of two different path-
ways: the first being the VEGFR2 pathway and the sec-
ond being other angiogenic factors. Even though signaling
through VEGFR2 bound to tanibirumab is inhibited, free
VEGFR2 unbound to tanibirumab can be internalized into
cells and phosphorylated. This VEGFR2 signaling can
induce hemangioma when combined with certain local
circumstances [23]. An additional possible explanation is
that local hypoxia induced by tanibirumab may induce
many kinds of different angiogenic factors, which might
ultimately result in hemangioma. To further investigate
hemangioma events, biopsy and immunohistochemical
staining of many additional angiogenic factors will be
needed.

In summary, the anti-VEGFR2 antibody tanibirumab
was well tolerated and showed signs of clinical activity in
multiple solid tumors. Based on the pharmacokinetic/
safety profiles of tanibirumab, a phase II study could em-
ploy dosing schedules of 12 mg/kg - 24 mg/kg every week
or 20 mg/kg - 24 mg/kg every two weeks. Similar to other
anti-VEGFR/VEGFR agents, predictive biomarkers of
clinical benefit have not been identified and should be fur-
ther investigated.

Acknowledgement This research was supported by a grant of the
Korea Health Technology R&D Project through the Korea Health
Industry Development Institute (KHIDI), funded by the Ministry of
Health & Welfare, Republic of Korea (grant number: HI14C2750).

Compliance with ethical standards

Conflict of interest None declared.

Ethical approval The study was conducted in accordance with the
Declaration of Helsinki. The study protocol was approved by the
Institutional Review Board at Samsung Medical Center and registered
in clinicaltrial.gov NCT#01660360.

Informed consent Informed consent was obtained from all individual
participants included in the study.

788 Invest New Drugs (2017) 35:782–790

http://clinicaltrial.gov


Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link
to the Creative Commons license, and indicate if changes were made.

References

1. Folkman J (2007) Angiogenesis: an organizing principle for drug
discovery? Nat Rev Drug Discov 6:273–286. doi:10.1038/nrd2115

2. Ferrara N (2002) VEGF and the quest for tumour angiogenesis
factors. Nat Rev Cancer 2:795–803. doi:10.1038/nrc909

3. Ferrara N (2000) VEGF: an update on biological and therapeutic
aspects. Curr Opin Biotechnol 11:617–624. doi:10.1016/S0958-
1669(00)00153-1

4. Giantonio BJ, Catalano PJ, Meropol NJ, O'Dwyer PJ, Mitchell EP,
Alberts SR, Schwartz MA, Benson AB 3rd (2007) Bevacizumab in
combination with oxaliplatin, fluorouracil, and leucovorin
(FOLFOX4) for previously treated metastatic colorectal cancer:
results from the eastern cooperative Oncology group study
E3200. J Clin Oncol 25:1539–1544. doi:10.1200/jco.2006.09.6305

5. Grothey A, Sugrue MM, Purdie DM, Dong W, Sargent D, Hedrick
E, Kozloff M (2008) Bevacizumab beyond first progression is as-
sociated with prolonged overall survival in metastatic colorectal
cancer: results from a large observational cohort study (BRiTE). J
Clin Oncol 26:5326–5334. doi:10.1200/jco.2008.16.3212

6. Hurwitz H, Fehrenbacher L, NovotnyW, Cartwright T, Hainsworth
J, Heim W, Berlin J, Baron A, Griffing S, Holmgren E, Ferrara N,
Fyfe G, Rogers B, Ross R, Kabbinavar F (2004) Bevacizumab plus
irinotecan, fluorouracil, and leucovorin for metastatic colorectal
cancer. N Engl J Med 350:2335–2342. doi :10.1056
/NEJMoa032691

7. Van Cutsem E, Rivera F, Berry S, Kretzschmar A, Michael M,
DiBartolomeo M, Mazier MA, Canon JL, Georgoulias V, Peeters
M, Bridgewater J, Cunningham D (2009) Safety and efficacy of
first-line bevacizumab with FOLFOX, XELOX, FOLFIRI and
fluoropyrimidines in metastatic colorectal cancer: the BEAT study.
Ann Oncol 20:1842–1847. doi:10.1093/annonc/mdp233

8. Sandler A, Gray R, Perry MC, Brahmer J, Schiller JH, Dowlati A,
Lilenbaum R, Johnson DH (2006) Paclitaxel-carboplatin alone or
with bevacizumab for non-small-cell lung cancer. N Engl J Med
355:2542–2550. doi:10.1056/NEJMoa061884

9. Tomao F, Tomao S, Benedetti Panici P (2014) Combination of
bevacizumab and chemotherapy for platinum-resistant recurrent
ovarian cancer: some observations about the AURELIA trial. J
Clin Oncol 32:3580. doi:10.1200/jco.2014.57.6231

10. Cheng AL, Kang YK, Chen Z, Tsao CJ, Qin S, Kim JS, Luo R,
Feng J, Ye S, Yang TS, Xu J, Sun Y, Liang H, Liu J, Wang J, Tak
WY, Pan H, Burock K, Zou J, Voliotis D, Guan Z (2009) Efficacy
and safety of sorafenib in patients in the Asia-Pacific region with
advanced hepatocellular carcinoma: a phase III randomised, dou-
ble-blind, placebo-controlled trial. Lancet Oncol 10:25–34.
doi:10.1016/s1470-2045(08)70285-7

11. Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF, de
Oliveira AC, Santoro A, Raoul JL, Forner A, Schwartz M, Porta C,
Zeuzem S, Bolondi L, Greten TF, Galle PR, Seitz JF, Borbath I,
Haussinger D, Giannaris T, Shan M, Moscovici M, Voliotis D,
Bruix J (2008) Sorafenib in advanced hepatocellular carcinoma. N
Engl J Med 359:378–390. doi:10.1056/NEJMoa0708857

12. Motzer RJ, Hutson TE, Tomczak P, Michaelson MD, Bukowski
RM, Rixe O, Oudard S, Negrier S, Szczylik C, Kim ST, Chen I,
Bycott PW, Baum CM, Figlin RA (2007) Sunitinib versus

interferon alfa in metastatic renal-cell carcinoma. N Engl J Med
356:115–124. doi:10.1056/NEJMoa065044

13. Motzer RJ, Rini BI, Bukowski RM, Curti BD, George DJ, Hudes
GR, Redman BG,Margolin KA,Merchan JR,Wilding G, Ginsberg
MS, Bacik J, Kim ST, BaumCM,MichaelsonMD (2006) Sunitinib
in patients with metastatic renal cell carcinoma. JAMA 295:2516–
2524. doi:10.1001/jama.295.21.2516

14. Fuchs CS, Tomasek J, Yong CJ, Dumitru F, Passalacqua R,
Goswami C, Safran H, dos Santos LV, Aprile G, Ferry DR,
Melichar B, Tehfe M, Topuzov E, Zalcberg JR, Chau I, Campbell
W, Sivanandan C, Pikiel J, Koshiji M, Hsu Y, Liepa AM, Gao L,
Schwartz JD, Tabernero J (2014) Ramucirumab monotherapy for
previously treated advanced gastric or gastro-oesophageal junction
adenocarcinoma (REGARD): an international, randomised,
multicentre, placebo-controlled, phase 3 trial. Lancet 383:31–39.
doi:10.1016/s0140-6736(13)61719-5

15. Wilke H, Muro K, Van Cutsem E, Oh SC, Bodoky G, Shimada Y,
Hironaka S, Sugimoto N, Lipatov O, Kim TY, Cunningham D,
Rougier P, Komatsu Y, Ajani J, Emig M, Carlesi R, Ferry D,
Chandrawansa K, Schwartz JD, Ohtsu A (2014) Ramucirumab plus
paclitaxel versus placebo plus paclitaxel in patients with previously
treated advanced gastric or gastro-oesophageal junction adenocar-
cinoma (RAINBOW): a double-blind, randomised phase 3 trial.
Lancet Oncol 15:1224–1235. doi:10.1016/s1470-2045(14)70420-6

16. Lee SH (2011) Tanibirumab (TTAC-0001): a fully human mono-
clonal antibody targets vascular endothelial growth factor receptor 2
(VEGFR-2). Arch Pharm Res 34:1223–1226. doi:10.1007/s12272-
011-0821-9

17. Zhu AX, Finn RS, Mulcahy M, Gurtler J, Sun W, Schwartz JD,
Dalal RP, Joshi A, Hozak RR, Xu Y, Ancukiewicz M, Jain RK,
Nugent FW, Duda DG, Stuart K (2013) A phase II and biomarker
study of ramucirumab, a human monoclonal antibody targeting the
VEGF receptor-2, as first-line monotherapy in patients with ad-
vanced hepatocellular cancer. Clin Cancer Res 19:6614–6623.
doi:10.1158/1078-0432.ccr-13-1442

18. Motzer RJ, Michaelson MD, Redman BG, Hudes GR, Wilding G,
Figlin RA, Ginsberg MS, Kim ST, Baum CM, DePrimo SE, Li JZ,
Bello CL, Theuer CP, George DJ, Rini BI (2006) Activity of
SU11248, a multitargeted inhibitor of vascular endothelial growth
factor receptor and platelet-derived growth factor receptor, in pa-
tients with metastatic renal cell carcinoma. J Clin Oncol 24:16–24.
doi:10.1200/jco.2005.02.2574

19. Willett CG, Boucher Y, Duda DG, di Tomaso E, Munn LL, Tong
RT, Kozin SV, Petit L, Jain RK, Chung DC, Sahani DV, Kalva SP,
Cohen KS, Scadden DT, Fischman AJ, Clark JW, Ryan DP, Zhu
AX, Blaszkowsky LS, Shellito PC, Mino-Kenudson M, Lauwers
GY (2005) Surrogate markers for antiangiogenic therapy and dose-
limiting toxicities for bevacizumab with radiation and chemothera-
py: continued experience of a phase I trial in rectal cancer patients. J
Clin Oncol 23:8136–8139. doi:10.1200/jco.2005.02.5635

20. Spratlin JL, Cohen RB, Eadens M, Gore L, Camidge DR, Diab S,
Leong S, O'Bryant C, Chow LQ, Serkova NJ, Meropol NJ, Lewis
NL, Chiorean EG, Fox F, Youssoufian H, Rowinsky EK, Eckhardt
SG (2010) Phase I pharmacologic and biologic study of
ramucirumab (IMC-1121B), a fully human immunoglobulin G1
monoclonal antibody targeting the vascular endothelial growth fac-
tor receptor-2. J Clin Oncol 28:780–787. doi:10.1200
/jco.2009.23.7537

21. HaggstromAN, Frieden IJ (2004) Hemangiomas: past, present, and
future. J Am Acad Dermatol 51:S50–S52. doi:10.1016/j.
jaad.2004.01.033

22. Frieden IJ, HaggstromAN, Drolet BA,Mancini AJ, Friedlander SF,
Boon L, Chamlin SL, Baselga E, Garzon MC, Nopper AJ, Siegel
DH, Mathes EW, Goddard DS, Bischoff J, North PE, Esterly NB
(2005) Infantile hemangiomas: current knowledge, future direc-
tions. Proceedings of a research workshop on infantile

Invest New Drugs (2017) 35:782–790 789

http://dx.doi.org/10.1038/nrd2115
http://dx.doi.org/10.1038/nrc909
http://dx.doi.org/10.1016/S0958-1669(00)00153-1
http://dx.doi.org/10.1016/S0958-1669(00)00153-1
http://dx.doi.org/10.1200/jco.2006.09.6305
http://dx.doi.org/10.1200/jco.2008.16.3212
http://dx.doi.org/10.1056/NEJMoa032691
http://dx.doi.org/10.1056/NEJMoa032691
http://dx.doi.org/10.1093/annonc/mdp233
http://dx.doi.org/10.1056/NEJMoa061884
http://dx.doi.org/10.1200/jco.2014.57.6231
http://dx.doi.org/10.1016/s1470-2045(08)70285-7
http://dx.doi.org/10.1056/NEJMoa0708857
http://dx.doi.org/10.1056/NEJMoa065044
http://dx.doi.org/10.1001/jama.295.21.2516
http://dx.doi.org/10.1016/s0140-6736(13)61719-5
http://dx.doi.org/10.1016/s1470-2045(14)70420-6
http://dx.doi.org/10.1007/s12272-011-0821-9
http://dx.doi.org/10.1007/s12272-011-0821-9
http://dx.doi.org/10.1158/1078-0432.ccr-13-1442
http://dx.doi.org/10.1200/jco.2005.02.2574
http://dx.doi.org/10.1200/jco.2005.02.5635
http://dx.doi.org/10.1200/jco.2009.23.7537
http://dx.doi.org/10.1200/jco.2009.23.7537
http://dx.doi.org/10.1016/j.jaad.2004.01.033
http://dx.doi.org/10.1016/j.jaad.2004.01.033


hemangiomas, April 7-9, 2005, Bethesda, Maryland, USA. Pediatr
Dermatol 22:383–406. doi:10.1111/j.1525-1470.2005.00102.x

23. Jinnin M, Medici D, Park L, Limaye N, Liu Y, Boscolo E, Bischoff
J, Vikkula M, Boye E, Olsen BR (2008) Suppressed NFAT-
dependent VEGFR1 expression and constitutive VEGFR2 signal-
ing in infantile hemangioma. Nat Med 14:1236–1246. doi:10.1038
/nm.1877

24. Claesson-Welsh L (2008) Healing hemangiomas. Nat Med 14:
1147–1148. doi:10.1038/nm1108-1147

25. Spratlin JL, Mulder KE, Mackey JR (2010) Ramucirumab (IMC-
1121B): a novel attack on angiogenesis. Future Oncol 6:1085–
1094. doi:10.2217/fon.10.75

26. Ton NC, Parker GJ, Jackson A, Mullamitha S, Buonaccorsi GA,
Roberts C, Watson Y, Davies K, Cheung S, Hope L, Power F,
Lawrance J, Valle J, Saunders M, Felix R, Soranson JA, Rolfe L,
Zinkewich-Peotti K, Jayson GC (2007) Phase I evaluation of
CDP791, a PEGylated di-Fab' conjugate that binds vascular endo-
thelial growth factor receptor 2. Clin Cancer Res 13:7113–7118.
doi:10.1158/1078-0432.ccr-07-1550

790 Invest New Drugs (2017) 35:782–790

http://dx.doi.org/10.1111/j.1525-1470.2005.00102.x
http://dx.doi.org/10.1038/nm.1877
http://dx.doi.org/10.1038/nm.1877
http://dx.doi.org/10.1038/nm1108-1147
http://dx.doi.org/10.2217/fon.10.75
http://dx.doi.org/10.1158/1078-0432.ccr-07-1550

	Phase...
	Abstract
	Introduction
	Methods
	Patient eligibility
	Administration and dose escalation
	Dose limiting toxicity (DLT) and maximum tolerated dose (MTD)
	Duration of treatment and follow-up
	Analysis groups
	Pharmacokinetic analysis
	Biomarker study

	Results
	Patient characteristics
	Dose escalation and DLT
	Overall safety and tolerability
	Immunogenicity
	Pharmacokinetic analysis
	Biomarker study
	Efficacy and follow-up details

	Discussion
	References


