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ABSTRACT
Telisotuzumab vedotin (formerly ABBV- 399) is an antibody- drug conjugate target-
ing c- Met– overexpressing tumor cells, irrespective of MET gene amplification status. 
Safety, pharmacokinetics, and preliminary efficacy of telisotuzumab vedotin were 
evaluated outside of Japan. This phase 1 open- label study evaluated the safety, tolera-
bility, pharmacokinetics, and preliminary antitumor activity of telisotuzumab vedotin 
in Japanese patients with advanced solid tumors. Telisotuzumab vedotin was admin-
istered intravenously at either 2.4 mg/kg (n = 3) or 2.7 mg/kg (n = 6) every 3 weeks, 
following a 3 + 3 design. Maximum tolerated dose was not reached on the basis of 
the study design; no dose- limiting toxicity events were observed. The most common 
treatment- emergent adverse events related to telisotuzumab vedotin were peripheral 
sensory neuropathy (44%), and nausea, decreased appetite, and decreased white blood 
cell count (33% each). Most frequent grade ≥3 treatment- emergent adverse events, 
irrespective of relationship to telisotuzumab vedotin, were decreased neutrophil count 
and hypoalbuminemia, reported in two patients (22%) each. Systemic exposure of 
telisotuzumab vedotin at both dose levels was approximately dose proportional. 
Pharmacokinetic profile in Japanese patients was similar to that previously reported 
in non- Japanese patients. Two (22%) patients achieved a partial response, six (67%) 
had stable disease, one (11%) had progressive disease. Overall disease control rate 
was 89% (eight of nine patients; 95% confidence interval: 51.8%– 99.7%]). Median 
progression- free survival was 7.1  months (95% confidence interval: 1.2– 10.4). In 
conclusion, telisotuzumab vedotin demonstrated a manageable safety profile, with 
antitumor activity in Japanese patients with advanced solid tumors; the recommended 
phase 2 dose was confirmed as 2.7 mg/kg every 3 weeks.

ClinicalTrials.gov registration number: NCT03311477.
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1 |  INTRODUCTION

c- Met is a receptor tyrosine kinase expressed on the surface 
of epithelial and endothelial cells and is activated in various 
tumor types as a result of gain- of- function MET mutations, 
MET amplification, and c- Met overexpression.1 Binding of 
the hepatocyte growth factor (HGF) ligand to c- Met activates 
signaling pathways involved in cell survival, growth, migra-
tion, invasion, and metastasis.2,3 Abnormal c- Met activation 
is reported in many types of solid tumors, including non- 
small cell lung cancer (NSCLC),4,5 ovarian cancer,6,7 breast 
cancer,8 prostate cancer,9 and others.10,11

HGF binding of c- Met has been shown to accelerate the 
development of MET genomic amplification in vitro and 
in vivo.12 Whereas primary MET amplification is a low- 
frequency event that occurs in around 1% to 5% of tumor cell 
clones,13,14 higher frequencies of MET amplification are found 
in patients with advanced and/or recurrent tumors.5,13,15 In pa-
tients with epidermal growth factor receptor (EGFR)- mutated 
NSCLC who progress during treatment with EGFR inhibitors, 
MET amplification is detected in around 20% of cases.16,17 
Both MET amplification and c- Met overexpression have 
been associated with poor clinical outcomes, underscoring 
the importance of increased c- Met signaling in some cancer 
types.5,7,11,15 Moreover, aberrant c- Met signaling is associated 
with acquired resistance to EGFR inhibitors.4,5 Collectively, 
these observations suggest a strong rationale for targeting c- 
Met in patients whose tumors show aberrant c- Met expression.

To date, there is a limited number of approved drugs in 
Japan that target the c- Met pathway, including crizotinib 
and cabozantinib.18,19 Many others are currently being eval-
uated in clinical trials, but despite encouraging activity in 
early phase studies, recent phase 3 trials have failed to show 
significant clinical benefit in patients with c- Met– positive 
tumors.20- 22 Another phase 3 trial of the c- Met inhibitor 
tivantinib in Asian patients with previously treated EGFR- 
wildtype NSCLC found potential antitumor activity, but the 
trial was prematurely terminated due to an increased inci-
dence of interstitial lung disease in the tivantinib arm.23 One 
promising line of research is the use of spectrum- selective 
c- Met inhibitors, which may have potential as antitumor ther-
apy in patients with MET exon 14 deletion.24 Encouraging 
results have recently been reported with kinase inhibitors 
targeting the c- Met pathway in patients with MET exon 
14- mutated NSCLC.25,26 However, there remains an unmet 
treatment need for novel c- Met– targeting agents that can alter 
the natural course of disease in patients with advanced solid 
tumors and c- Met protein overexpression.

Telisotuzumab vedotin (teliso- v, formerly ABBV- 399) is 
a first- in- class antibody- drug conjugate (ADC) composed 
of the anti– c- Met humanized monoclonal antibody ABT- 
700 coupled to cytotoxic monomethyl auristatin E (MMAE) 
through a valine- citrulline linker with a drug:antibody ratio of 

approximately three.27 Teliso- v targets c- Met– overexpressing 
tumor cells, irrespective of MET gene amplification status, 
resulting in blockade of both HGF- dependent and HGF- 
independent c- Met signaling. It is then internalized and re-
leases the cytotoxin MMAE directly into the tumor cell, 
leading to tumor cell death.28 The first- in- human study of 
teliso- v, conducted outside of Japan (NCT02099058), demon-
strated its favorable safety and tolerability profiles, with en-
couraging evidence of antitumor activity in patients with 
c- Met– positive NSCLC.3 However, clinical evaluation of 
teliso- v in Japanese patients had not been carried out thus far.

Given the need for improved treatment options, we con-
ducted a phase 1 study of teliso- v in Japanese patients with 
advanced solid tumors, to evaluate the safety, tolerability, 
pharmacokinetic (PK), and preliminary antitumor activity of 
teliso- v in this population.

2 |  METHODS

2.1 | Study design

This phase 1, open- label, dose- escalation clinical trial was con-
ducted at two sites in Japan (NCT03311477). Enrollment began 
on November 6, 2017, and the trial was completed on March 4, 
2019. The primary objectives of the study were to evaluate the 
safety, tolerability, and PK of teliso- v. The secondary objective 
was to assess the preliminary antitumor efficacy of teliso- v.

Patients were enrolled at two teliso- v dose levels, following a 
3 + 3 design. Considering that 2.7 mg/kg every 3 weeks (Q3 W) 
was determined to be the recommended phase 2 dose (RP2D) 
in the preceding phase 1 study, the reported clinical study ad-
ministered teliso- v at dose levels from 2.4  mg/kg to 2.7  mg/
kg. Escalation into the higher dose level proceeded if the first 
three evaluable patients in the lower dose level completed the 
first- cycle (for at least 21 days) safety assessment without ex-
periencing a dose- limiting toxicity (DLT). DLT evaluations for 
dose escalation and determination of RP2D were carried out by 
investigators, study sponsor, and an independent safety monitor. 
Teliso- v was administered intravenously over 30 minutes at ei-
ther 2.4 or 2.7 mg/kg Q3 W on day 1 of a 21- day cycle. No pre-
medication was required. On the basis of confirmed availability 
of archival tumor tissue at enrollment, patients were retrospec-
tively analyzed for c- Met expression and MET amplification. 
c- Met expression was determined by immunohistochemistry 
(IHC), and MET amplification was determined by fluorescence 
in situ hybridization or sequencing of plasma or tumor DNA.

All patients provided written informed consent, and 
the study was conducted in accordance with its protocol, 
International Conference on Harmonization Good Clinical 
Practice guidelines, applicable regulations and guidelines 
governing clinical study conduct, and ethical principles that 
have their origin in the Declaration of Helsinki. This study 
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has been approved by the Independent Ethics Committee/
Institutional Review Board of each participating site.

2.2 | Patients

The trial enrolled Japanese patients (age ≥20 years) with his-
tologically confirmed advanced solid tumors not amenable 
to surgical resection or other approved therapeutic options 
that have demonstrated clinical benefit. Other key inclusion 
criteria were Eastern Cooperative Oncology Group (ECOG) 
performance status 0– 2, measurable disease per Response 
Evaluation Criteria In Solid Tumors (RECIST) version 1.1, 
availability of archived diagnostic formalin- fixed paraf-
fin embedded tumor tissue for analysis, and adequate bone 
marrow, renal, and hepatic function. Patients with local or 
central laboratory data showing the presence of c- Met over-
expression, MET exon 14 mutation, or MET amplification 
in the absence of archival tumor tissue availability remained 
eligible for enrollment at the sponsor's discretion. An exhaus-
tive list of inclusion and exclusion criteria can be found at 
ClinicalTrials.gov (NCT03311477).29

2.3 | Assessments

Safety assessments included treatment- emergent adverse 
events (TEAEs) graded according to the National Cancer 
Institute Common Terminology Criteria for Adverse Events 
version 4.03. TEAEs, vital signs, physical examinations, 
electrocardiograms, laboratory tests, and ECOG performance 
status were monitored during the study. Any grade ≥3 study 
drug- related nonhematologic toxicity was documented as a 
DLT, except as follows: grade 3 nausea or vomiting lasting 
≤48 hours that was successfully managed with antiemetics; 
grade 3 diarrhea successfully managed with antidiarrheal; 
grade 3 constipation lasting ≤7 days; grade 3 acute infusion 
reaction that resolved to grade ≤1 within 24 hours after the 
end of dosing; grade 3 and 4 laboratory tests including but 
not limited to lactate dehydrogenase, alkaline phosphatase, 
and gamma- glutamyl transferase that were considered non-
clinically significant by the investigator; liver function test 
abnormalities; grade 3 and 4 electrolyte imbalance unless 
associated with clinical symptomatology despite supple-
mentation; and grade 3 hyperglycemia that was manageable 
without hospitalization. The following hematologic toxicities 
were documented as a DLT: any grade 4 hematologic toxic-
ity (excluding febrile neutropenia or leukopenia lasting for 
≤7 days, or lymphopenia); anemia requiring red blood cell 
transfusion; thrombocytopenia requiring platelet transfusion; 
grade 3 thrombocytopenia in the presence of grade ≥2 bleed-
ing; and grade ≥3 febrile neutropenia. Toxicity management 
criteria are described in the Supplementary appendix.

Serial PK samples were collected for teliso- v and MMAE 
in cycle 1 and cycle 3 predose and approximately 30 minutes 
after the end of infusion on day 1, and days 2, 4, 8, and 15 at 
the scheduled visits. PK samples were also collected on cy-
cles 2 and 4 predose and approximately 30 minutes after the 
end of infusion on day 1. PK parameters such as peak con-
centration (Cmax), time to peak concentration, area under the 
concentration- time curve (AUC), and terminal half- life (t1/2) 
were determined using noncompartmental methods.

Computed tomography and/or magnetic resonance im-
aging were performed at screening, and every two cycles 
after initiation of teliso- v. Evaluation of tumor response to 
determine the objective response rate (ORR), progression- 
free survival (PFS), and duration of response was based on 
RECIST version 1.1 criteria.

IHC was retrospectively performed (by central labora-
tory analysis) on archival tissue biopsies to assess c- Met 
protein expression utilizing the SP44 antibody. The H- score 
was calculated by utilizing the formula: 3 × percentage of 
strongly staining cells +2 × percentage of moderately staining 
cells +1 × percentage of weakly staining nuclei.

2.4 | Statistical analysis

All patients who received at least 1 dose of teliso- v were in-
cluded in the safety assessment. All data were summarized and 
tabulated by dose cohort. Categoric data were summarized 
in terms of frequency counts and percentages. Continuous 
data were summarized using descriptive statistics, including 
number of observations, mean, standard deviation, median, 
minimum, and maximum. No formal statistical analysis was 
performed for efficacy variables, which were all exploratory 
in nature. ORR was defined as the proportion of patients 
with a confirmed partial response (PR) or complete response 
(CR). Duration of response was defined as time from a pa-
tient's initial objective response to the first date of disease 
progression (PD) or death. The overall disease control rate 
was defined as the proportion of patients with CR, PR, or 
stable disease (SD). PFS was defined as time from the first 
day of teliso- v treatment to disease progression or death or up 
to 24 months for those who remained on treatment. PFS was 
estimated using the Kaplan– Meier method. Efficacy analyses 
are presented with two- sided exact 95% binomial CI.

3 |  RESULTS

3.1 | Patient demographics and baseline 
characteristics

Patients were enrolled from November 2017 to April 2018. 
Database with collected study data was locked in August 
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2019. In total, nine patients with solid tumors, including pan-
creatic cancer, ovarian cancer, urothelial carcinoma, thymic 
cancer, esophageal cancer, breast cancer, liposarcoma (n = 1 
each), and NSCLC (n = 2) were enrolled and received at least 
one dose of teliso- v. All nine patients had metastatic disease 
at the time of enrollment, and median time from initial di-
agnosis to study entry was 48.2 months (range 17.0– 156.3). 
Demographics and baseline characteristics of the study popu-
lation are summarized in Table 1. Median age was 58 years 
(range 44– 74) and all patients had ECOG performance status 
0 or 1. Three patients were enrolled at the 2.4- mg/kg dose 
level and six patients received dose escalation at the 2.7- mg/
kg dose level. Patients were heavily pretreated and did not 
achieve a CR on prior therapies. c- Met protein overexpres-
sion was retrospectively analyzed in all patients, and none of 
the enrolled patients had c- Met IHC scores above the thresh-
old utilized in the global phase 1 study. Median treatment 
duration with teliso- v was 19.1  weeks (range 3.1– 47.6) in 
the  overall population, 15.0  weeks (range 9.1– 20.9) in the 
2.4- mg/kg cohort (n = 3), and 30.6 weeks (range 3.1– 47.6) 
for the 2.7- mg/kg cohort (n = 6). All nine patients discon-
tinued teliso- v; primary reasons for discontinuation were ra-
diologic progression (n = 6; 67%) and withdrawal of consent 
(n = 3, 33%).

3.2 | Safety

During dose escalation, no DLTs were reported for 
 either dose level; therefore, the RP2D was established at 
2.7 mg/kg Q3 W.

All nine patients experienced at least one TEAE and at 
least one TEAE related to teliso- v. Most frequent TEAEs 
(>20% of total patients) related to teliso- v are summarized 
in Table 2; peripheral sensory neuropathy (44%), and nau-
sea, decreased appetite, and decreased white blood cell count 
(33% each) were the most common. TEAEs, regardless of 
relationship to teliso- v, reported for three or more patients 
(≥33%) were peripheral sensory neuropathy (44%), and de-
creased appetite, nausea, decreased weight, and decreased 
white blood cell count (33% each) (Table  S1). Grade ≥3 
TEAEs, regardless of causality to teliso- v, were decreased 
neutrophil count and hypoalbuminemia in two patients (22%) 
each, and hypophosphatemia and fatigue in one patient (11%) 
each. The only grade 4 TEAE was decreased neutrophil 
count, reported for one patient (11%; 2.7- mg/kg dose level). 
Three serious AEs occurred in a total of two patients. One 
patient experienced grade 3 fatigue and grade 2 decreased ap-
petite, and the other patient experienced grade 2 gait distur-
bance. From the three serious AEs, only the grade 2 event of 
gait disturbance was considered teliso- v related (2.7- mg/kg 
dose level). This event was the only TEAE leading to treat-
ment discontinuation. AEs led to withdrawal of consent for 

three patients: generalized muscle weakness (grade 2, n = 1), 
peripheral sensory neuropathy (grade 2, n = 1), right retinal 
pigment epithelial detachment (grade 1, n = 1). No deaths 
were reported for either dose level.

AEs of special interest (AESIs) were also assessed, in-
cluding bone marrow suppression, peripheral neuropathy, 
edema, decreased testosterone, and ocular events. Five of 
nine (56%) patients experienced hematologic AEs, includ-
ing one (33%) patient at the 2.4- mg/kg dose level and four 
(67%) patients at the 2.7- mg/kg dose level. Hematologic 
AEs identified in one or more patients were: decreased 
white blood cell count (n = 3, grades 1 and 2) and decreased 

T A B L E  1  Patient demographics and baseline characteristics

Characteristic

Teliso- v
2.4 mg/kg
(n = 3)

Teliso- v
2.7 mg/kg
(n = 6)

Total
(N = 9)

Median age, years 
(range)

55 (44– 73) 58.5 (44– 74) 58 (44– 74)

Gender, n (%)

Female 1 (33) 3 (50) 4 (44)

Male 2 (67) 3 (50) 5 (56)

Primary cancer types, n (%)

Breast 1 (33) 0 1 (11)

Esophageal 1 (33) 0 1 (11)

Liposarcoma 0 1 (17) 1 (11)

Lung (non- small 
cell)

1 (33) 1 (17) 2 (22)

Ovarian 0 1 (17) 1 (11)

Pancreatic 0 1 (17) 1 (11)

Thymus 0 1 (17) 1 (11)

Urothelial 0 1 (17) 1 (11)

ECOG PS, n (%)

0 2 (67) 0 2 (22)

1 1 (33) 6 (100) 7 (78)

2 0 0 0

Number of prior therapies, n (%)

1 0 0 0

2 0 2 (33) 2 (22)

≥3 3 (100) 4 (67) 7 (78)

Best response to prior therapy, n (%)

Complete response 0 0 0

Partial response 2 (67) 5 (83) 7 (78)

Stable disease 0 1 (17) 1 (11)

Progressive disease 1 (33) 0 1 (11)

c- Met H- score, n (%)

Cytoplasm, ≤20 3 (100) 6 (100) 9 (100)

Membrane, ≤50 3 (100) 6 (100) 9 (100)

Abbreviation: ECOG, Eastern Cooperative Oncology Group; PS, performance 
status; teliso- v, telisotuzumab vedotin.
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neutrophil count (n = 2, grades 2, 3, and 4); all occurred at 
the 2.7- mg/kg dose level with multiple events experienced 
over the course of treatment.. All hematologic AEs were 
considered to be teliso- v related, and none were considered 
serious. Six of nine (67%) patients experienced peripheral 
neuropathy events (grades 1 and 2), including three patients 
each at the 2.4-  and 2.7- mg/kg dose levels. These events 
were considered to be treatment related, and three events re-
sulted in interruption of teliso- v. Hypoalbuminemia (grade 
2 and 3) was experienced by two (22%) of the nine patients 
(both treated with the 2.7- mg/kg dose), with one (11%) 
of those patients also experiencing peripheral edema. The 
peripheral edema event and one of the hypoalbuminemia 
events were considered related to study drug. Two (22%) 
patients, both at the 2.4- mg/kg dose level, reported TEAEs 
of blood testosterone decreased (grade 1) and muscular 
weakness (grade 2), which were considered related to teli-
so- v treatment. Four (44%) patients, including three patients 
treated at the 2.7- mg/kg dose level, reported TEAEs that 
were identified as ocular AESIs. These included punctate 
keratitis (two patients), dry eye (one patient), keratitis (one 
patient), and visual impairment (one patient). These ocular 
events were grade 1 or 2 in severity and considered related 
to treatment.

3.3 | Pharmacokinetics

The systemic exposures of teliso- v were approximately 
dose proportional across both dose level cohorts in cycle 1 
(Figure 1). Following the first administration of teliso- v in 
cycle 1, the preliminary geometric mean (percentage coef-
ficient of variation [%CV]) of the serum Cmax of teliso- v was 
55.5– 63.0 µg/ml (%CV: 22%– 26%), and the AUC from zero 
to infinity was approximately 4,400– 5,200 µg*h/ml (%CV: 
19%– 23%) (Table  S2). The preliminary geometric mean 
(%CV) plasma Cmax for MMAE following the first dose in 
cycle 1 was 1.69– 2.80 ng/ml (%CV: 10%– 77%) (Table S2). 
The t1/2 for teliso- v and the MMAE payload were determined 
to be approximately 3– 4  days and 4– 6  days, respectively 
(N  =  9), and the accumulation for teliso- v and MMAE in 
cycle 3 following multiple dosing Q3 W was minimal (ap-
proximately 1.1– 1.2 fold).

3.4 | Antitumor activity

Figure 2 illustrates the best response achieved by each pa-
tient and the duration of teliso- v treatment. Two patients 
(one with urothelial cancer and the other with ovarian can-
cer) treated at the 2.7- mg/kg dose level achieved PRs, after 
an average of 9.6 months of treatment. The c- Met status on 
archival tissue samples from these patients was below the H- 
score cut- off utilized in the teliso- v phase 1 study conducted 
outside of Japan3 (c- Met membrane H- score of 10 and 35 
respectively). The patient with urothelial and metastatic lung 
disease achieved a PR after cycle 2 (Figure S1). Another pa-
tient with ovarian cancer and abdominal lymph node meta-
static disease achieved a PR after cycle 4. There were six 
patients with SD (NSCLC [n =2], thymic cancer, esophageal 
cancer, breast cancer, liposarcoma [n =1, each]) treated for 
0.8– 10.9 months. The ORR was 22% (95% CI: 2.8– 60.0) and 
the overall disease control rate was 89% (95% CI: 51.8– 99.7) 
(Table  S3). Median duration of response was 8.2  months 
(95% CI: 7.2– 9.1) and median PFS was 7.1 months (95% CI: 
1.2– 10.4). Four patients (thymic cancer, NSCLC, ovarian 
cancer, and urothelial cancer) showed a reduction in tumor 
size from baseline (Figure S2).

4 |  DISCUSSION

Dysregulated c- Met activity has been associated with onco-
genic potential and has emerged as an effective prognostic 
biomarker in solid tumors.30 Several new compounds that 
target the c- Met pathway, such as kinase inhibitors, have re-
cently gained approval. Among these are tepotinib and cap-
matinib, both of which have been evaluated in phase 2 studies 
of patients with MET exon 14- mutated NSCLC.25,26 In the 

T A B L E  2  Summary of treatment- emergent adverse events related 
to teliso- v

Teliso- v
2.4 mg/kg
(n = 3)

Teliso- v
2.7 mg/kg
(n = 6)

Total
(N = 9)

TEAEs related to teliso- v [>20% of total patients], n (%)† 

Peripheral sensory 
neuropathy

1 (33) 3 (50) 4 (44)

Nausea 1 (33) 2 (33) 3 (33)

Decreased appetite 2 (67) 1 (17) 3 (33)

White blood cell count 
decreased

0 3 (50) 3 (33)

Fatigue 1 (33) 1 (17) 2 (22)

Malaise 2 (67) 0 2 (22)

Alanine aminotransferase 
increased

0 2 (33) 2 (22)

Aspartate aminotransferase 
increased

0 2 (33) 2 (22)

Neutrophil count 
decreased

0 2 (33) 2 (22)

Weight decreased 1 (33) 1 (17) 2 (22)

Punctate keratitis 1 (33) 1 (17) 2 (22)

Peripheral neuropathy 2 (67) 0 2 (22)

Alopecia 0 2 (33) 2 (22)

Abbreviation: TEAE, treatment- emergent adverse event; teliso- v, telisotuzumab 
vedotin.
†As assessed by the investigator. 
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tepotinib study, the primary endpoint of ORR by independ-
ent review committee was reached by 51.4% of evaluable pa-
tients.25 In a multicohort phase 2 study, capmatinib achieved 
ORR rates of 39.1% in those treated with one to two prior 
lines of treatment, and 71.4% in treatment- naive patients.26 
However, by targeting only the subpopulation of patients 
with MET exon 14 mutations,25- 28,30,31 or in the case of mole-
cules that target only MET gene amplification with high MET 
copy number,32 these spectrum- selective c- Met inhibitors 

have limited therapeutic scope. In NSCLC, for instance, 
MET genomic alterations, such as MET gene amplification or 
MET exon 14 mutations, are present in <5% of patients,13,14 
whereas 30%– 50% of patients have tumors that overexpress 
c- Met in the absence of MET genomic alterations.33 As a con-
sequence, most patients whose tumors demonstrate aberrant 
c- Met protein overexpression are potentially nonresponsive 
to the c- Met– targeted therapies currently under development. 
Of note, the classification of c- Met protein overexpression 

F I G U R E  1  Preliminary PK profiles for (A) teliso- v and (B) MMAE. PK profiles (mean +standard deviation) after IV infusion (2.4 mg/kg and 
2.7 mg/kg) in cycle 1 on a Q3 W dosage schedule. Log- linear scales. IV, intravenous; MMAE, monomethyl auristatin E; PK, pharmacokinetic; 
Q3 W, every 3 weeks; teliso- v, telisotuzumab vedotin
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depends on the IHC cut- off, which is defined for the specific 
antibody and assay being utilized. In the case of teliso- v, the 
IHC cut- off with the SP44 antibody was defined as an H- 
score ≥150. None of the retrospectively analyzed samples 
from patients in this study met this threshold for c- Met over-
expression. This may indicate that the prevalence of c- Met 
overexpression varies among tumor types.

Teliso- v, a potent ADC targeted to c- Met, was designed 
to be effective in tumors with c- Met protein overexpression, 
irrespective of MET gene amplification. In a global phase 
1 study of teliso- v in patients with advanced solid tumors 
(NCT02099058), three of 14 patients with c- Met- positive 
NSCLC had a PR; none of these responders had MET ge-
nomic alterations.3 Further, teliso- v was well tolerated at a 
dose of 2.7 mg/kg Q3 W.3 Nevertheless, this global study did 
not include Japanese patients, thus providing the rationale for 
the present phase 1 study, which evaluated the safety, tolera-
bility, and PK of teliso- v in Japanese patients with advanced 
solid tumors. The safety and PK of teliso- v were assessed 
according to a 3 + 3 dose- escalation design at a dose level of 
either 2.4 or 2.7 mg/kg Q3 W. Nine patients with eight differ-
ent tumor types were enrolled, and all patients had metastatic 
disease at the time of enrollment.

TEAEs were overall manageable, with no DLTs observed 
and safety findings similar to the global phase 1 study.3 In 
clinical studies evaluating ADCs that utilize the MMAE 
warhead, hematologic toxicities related to peripheral neu-
ropathy and bone marrow suppression (neutropenia, ane-
mia, thrombocytopenia) have been commonly reported. In 
the present study, TEAEs/AESIs that were possibly related 
to MMAE occurred at a similar grade and frequency as the 
global teliso- v study.3 Teliso- v, by virtue of targeting c- Met, 
has also displayed toxicities possibly related to its on- target 
action, including peripheral edema, hypoalbuminemia, and 
decreased testosterone. In addition, ocular toxicities such as 
keratitis that were likely to be related to teliso- v were ob-
served more frequently in Japanese patients compared with 
the non- Japanese population. The frequency of corneal 
epithelium disorder was 44.4% (four of nine patients) in 
Japanese patients and 7.8% (nine of 116 patients) in non- 
Japanese patients (data on file) treated with teliso- v mono-
therapy. However, the sample size in the present study was 
limited, and the occurrence of toxicities requires further in-
vestigation. The ocular toxicities were generally low- grade, 
manageable, and reversible.

As with safety, the PK parameters of teliso- v in Japanese 
patients were similar to those observed in non- Japanese pa-
tients,3 suggesting no remarkable ethnic difference in PK. 
This was also the case for another ADC, brentuximab ve-
dotin, which links MMAE to a CD30- specific antibody. In 
a phase 1/2 study of Japanese patients with CD30- positive 
Hodgkin lymphoma or systemic anaplastic large cell lym-
phoma, the safety profile of brentuximab vedotin was similar 

for US and Japanese patients, and no remarkable ethnic dif-
ferences in PK were found.34 In the present study, the maxi-
mum tolerated dose was not reached on the basis of the study 
design, and the RP2D of teliso- v as a single agent in Japanese 
patients with advanced solid tumors is 2.7 mg/kg Q3 W, con-
firming the RP2D determined in the phase 1 study outside 
of Japan.

In the efficacy analysis, two of nine patients achieved a 
PR, including one patient with ovarian cancer and one patient 
with urothelial cancer. Both patients had a c- Met H- score 
below 150, the score defined as the IHC cutoff in the teliso- v 
phase 1 study conducted outside of Japan.3 In that study, all 
patients with a PR had c- Met overexpression.3 This apparent 
difference in c- Met expression and association with response 
is potentially reconciled on the basis of the use of archival 
tumor tissue for c- Met evaluation in the present study. In 
addition, the tumor tissue of the patient with ovarian cancer 
showed heterogeneous expression of c- Met (data not shown). 
Intratumoral biomarker heterogeneity may affect any correla-
tion between efficacy and biomarker score, and c- Met protein 
expression level may change over time or as a result of prior 
treatment. In addition to the use of archival tumor tissue, this 
study was further limited by the small number of patients and 
absence of patient selection on the basis of c- Met overex-
pression, which potentially limits the accurate assessment of 
teliso- v antitumor efficacy.

In conclusion, teliso- v was well- tolerated at a dose of 
2.7 mg/kg Q3 W in Japanese patients with advanced solid tu-
mors. The overall risk/benefit of teliso- v in Japanese patients 
supports continued investigation of teliso- v for the treatment 
of solid tumors. Further investigation of teliso- v in Japanese 
patients with cancer is warranted, on the basis of the reported 
response and tolerability in this study. A global phase 2 trial 
evaluating teliso- v in patients with NSCLC, including pa-
tients from Japan, is ongoing (NCT03539536).

ACKNOWLEDGMENTS
AbbVie Inc. funded this study and participated in the 
study design, research, analysis, data collection, interpre-
tation of data, reviewing, and approval of the manuscript. 
All authors had access to relevant data and participated 
in the drafting, review, and approval of this publication. 
No honoraria or payments were made for authorship. Junji 
Furuse, MD, PhD (professor, Kyorin University School of 
Medicine, Tokyo, Japan), an independent safety monitor, 
evaluated the tolerability and safety of teliso- v during the 
study, together with the sponsor's medical monitor and the 
principal investigators. AbbVie and the authors thank the 
patients participating in this clinical trial and all study in-
vestigators for their contributions. Medical writing support 
was provided by Mary L. Smith, PhD, CMPP (Aptitude 
Health, Atlanta, GA, funded by AbbVie), and Fatemeh 
Atashi, PhD (employee of AbbVie).



   | 2357FUJIWARA et Al.

AUTHOR CONTRIBUTION
Yutaka Fujiwara: Grants from AbbVie, during the conduct 
of the study; grants and personal fees from AstraZeneca, BMS, 
MSD, Novartis; grants from Chugai, Daiichi Sankyo, Eisai, 
Eli Lilly, Incyte, Merck Serono; personal fees from Ono, out-
side the submitted work. Noboru Yamamoto: Grants from 
Astellas, Chugai, Eisai, Taiho, BMS, Pfizer, Novartis, Eli 
Lilly, AbbVie, Daiichi Sankyo, Bayer, Boehringer Ingelheim, 
Kyowa Hakko Kirin, Takeda, Ono, Janssen Pharma, MSD, 
Merck, GSK; personal fees from BMS, Pfizer, AstraZeneca, 
Eli Lilly, Ono, Chugai, Sysmex. Hirotsugu Kenmotsu: 
Grants and personal fees from AstraZeneca K.K., grants and 
personal fees from Chugai Pharmaceutical Co, Ltd., personal 
fees from Ono Pharmaceutical Co, Ltd., grants and personal 
fees from Boehringer Ingelheim, personal fees from Eli Lilly 
K.K, personal fees from Kyowa Hakko Kirin Co., Ltd., per-
sonal fees from Bristol- Myers Squibb, personal fees from 
MSD, personal fees from Novartis Pharma K.K., grants from 
Daiichi- Sankyo Co., Ltd., personal fees from Pfizer K.K. 
Kan Yonemori: Honoraria from Eisai, Pfizer, AstraZeneca; 
advisor to Eisai, Chugai, Ono, Takeda, Novartis. Toshio 
Shimizu: Grants from Novartis, Eli Lilly, Daiichi- Sankyo, 
Eisai, Bristol- Myers Squibb, Takeda Oncology, Incyte, 
Astellas, Chordia Therapeutics, 3D- Medicine, Symbio 
Pharmaceuticals, PharmaMar, Five Prime, AstraZeneca, and 
AbbVie; Principal investigator (ABBV- 151, ABBV- 184, 
ABBV- 368, ABBV- 927); Honoraria (Regular Member of IRB 
Scientific Review) from the Consortium on Harmonization 
of Institutional Requirements for Clinical Research (CHAIR) 
Joint Scientific Committee Review Member for Phase 1 tri-
als in Hong Kong, HKSAR China. Christopher Ocampo, 
Apurvasena Parikh, Sumiko Okubo, and Kazuteru 
Fukasawa: AbbVie employees and may own stock. 
Haruyasu Murakami: Grants from AbbVie, AstraZeneca, 
Astellas, Taiho Pharmaceutical, Lilly Japan, Takeda, Roche 
Daiichi Sankyo; personal fees from AstraZeneca, Chugai 
Pharma, Lilly Japan, Ono Pharmaceutical, Bristol- Myers 
Squibb Japan, Merck Sharp & Dohme, Taiho Pharmaceutical, 
Pfizer, Novartis, Boehringer Ingelheim.

DATA AVAILABILITY STATEMENT
AbbVie is committed to responsible data sharing regarding 
the clinical trials we sponsor. This includes access to an-
onymized, individual and trial- level data (analysis data sets), 
as well as other information (eg, protocols and Clinical Study 
Reports), as long as the trials are not part of an ongoing or 
planned regulatory submission. This includes requests for 
clinical trial data for unlicensed products and indications. 
These clinical trial data can be requested by any qualified 
researchers who engage in rigorous, independent scientific 
research, and will be provided following review and ap-
proval of a research proposal and Statistical Analysis Plan 
(SAP) and execution of a Data Sharing Agreement (DSA). 

Data requests can be submitted at any time and the data will 
be accessible for 12 months, with possible extensions con-
sidered. For more information on the process, or to submit 
a request, visit the following link: https://www.abbvie.com/
our- scien ce/clini cal- trial s/clini cal- trial s- data- and- infor matio 
n- shari ng/data- and- infor matio n- shari ng- with- quali fied- resea 
rchers.html

ORCID
Yutaka Fujiwara   https://orcid.org/0000-0001-6981-0800 
Hirotsugu Kenmotsu   https://orcid.
org/0000-0003-0590-9259 
Haruyasu Murakami   https://orcid.
org/0000-0003-2416-546X 

REFERENCES
 1. Tong JH, Yeung SF, Chan AWH, et al. MET amplification and 

exon 14 splice site mutation define unique molecular subgroups of 
non- small cell lung carcinoma with poor prognosis. Clin Cancer 
Res. 2016;22(12):3048- 3056.

 2. Ma PC, Maulik G, Christensen J, Salgia R. c- Met: structure, func-
tions and potential for therapeutic inhibition. Cancer Metastasis 
Rev. 2003;22(4):309- 325.

 3. Strickler JH, Weekes CD, Nemunaitis J, et al. First- in- human 
phase I, dose- escalation and - expansion study of telisotuzumab ve-
dotin, an antibody- drug conjugate targeting c- Met, in patients with 
advanced solid tumors. J Clin Oncol. 2018;36(33):3298- 3306.

 4. Benedettini E, Sholl LM, Peyton M, et al. Met activation in non- 
small cell lung cancer is associated with de novo resistance to 
EGFR inhibitors and the development of brain metastasis. Am J 
Pathol. 2010;177(1):415- 423.

 5. Spigel DR, Ervin TJ, Ramlau RA, et al. Randomized phase 
II trial of onartuzumab in combination with erlotinib in pa-
tients with advanced non- small- cell lung cancer. J Clin Oncol. 
2013;31(32):4105- 4114.

 6. Kim HJ, Yoon A, Ryu JY, et al. c- MET as a potential therapeutic 
target in ovarian clear cell carcinoma. Sci Rep. 2016;6:38502.

 7. Sawada K, Radjabi AR, Shinomiya N, et al. c- Met overexpres-
sion is a prognostic factor in ovarian cancer and an effective target 
for inhibition of peritoneal dissemination and invasion. Can Res. 
2007;67:1670- 1679.

 8. Ho- Yen CM, Jones JL, Kermorgant S. The clinical and functional 
significance of c- Met in breast cancer: a review. Breast Cancer 
Res. 2015;17(1):52.

 9. Varkaris A, Corn PG, Gaur S, Dayyani F, Logothetis CJ, Gallick 
GE. The role of HGF/c- Met signaling in prostate cancer progres-
sion and c- Met inhibitors in clinical trials. Expert Opin Investig 
Drugs. 2011;20(12):1677- 1684.

 10. Safaie Qamsari E, Safaei Ghaderi S, Zarei B, et al. The c- Met 
receptor: implication for targeted therapies in colorectal cancer. 
Tumour Biol. 2017;39(5):1010428317699118.

 11. Lee HE, Kim MA, Lee HS, et al. MET in gastric carcinomas: com-
parison between protein expression and gene copy number and im-
pact on clinical outcome. Br J Cancer. 2012;107(2):325- 333.

 12. Turke AB, Zejnullahu K, Wu YL, et al. Preexistence and clonal 
selection of MET amplification in EGFR mutant NSCLC. Cancer 
Cell. 2010;17(1):77- 88.

https://www.abbvie.com/our-science/clinical-trials/clinical-trials-data-and-information-sharing/data-and-information-sharing-with-qualified-researchers.html
https://www.abbvie.com/our-science/clinical-trials/clinical-trials-data-and-information-sharing/data-and-information-sharing-with-qualified-researchers.html
https://www.abbvie.com/our-science/clinical-trials/clinical-trials-data-and-information-sharing/data-and-information-sharing-with-qualified-researchers.html
https://www.abbvie.com/our-science/clinical-trials/clinical-trials-data-and-information-sharing/data-and-information-sharing-with-qualified-researchers.html
https://orcid.org/0000-0001-6981-0800
https://orcid.org/0000-0001-6981-0800
https://orcid.org/0000-0003-0590-9259
https://orcid.org/0000-0003-0590-9259
https://orcid.org/0000-0003-0590-9259
https://orcid.org/0000-0003-2416-546X
https://orcid.org/0000-0003-2416-546X
https://orcid.org/0000-0003-2416-546X


2358 |   FUJIWARA et Al.

 13. Lennerz JK, Kwak EL, Ackerman A, et al. MET amplification 
identifies a small and aggressive subgroup of esophagogastric ade-
nocarcinoma with evidence of responsiveness to crizotinib. J Clin 
Oncol. 2011;29(36):4803- 4810.

 14. Bardelli A, Corso S, Bertotti A, et al. Amplification of the MET 
receptor drives resistance to anti- EGFR therapies in colorectal 
cancer. Cancer Discov. 2013;3(6):658- 673.

 15. Resnick MB, Routhier J, Konkin T, Sabo E, Pricolo VE. Epidermal 
growth factor receptor, c- MET, beta- catenin, and p53 expression 
as prognostic indicators in stage II colon cancer: a tissue microar-
ray study. Clin Cancer Res. 2004;10(9):3069- 3075.

 16. Papadimitrakopoulou VA, Wu Y, Han J, et al. Analysis of re-
sistance mechanisms to osimertinib in patients with EGFR 
T790M advanced NSCLC from the AURA3 study. Ann Oncol. 
2018;29(suppl 8):abstract 5121.

 17. Ramalingam SS, Cheng Y, Zhou C, et al. Mechanisms of ac-
quired resistance to first- line osimertinib: preliminary data from 
the phase III FLAURA study. Ann Oncol. 2018;29(suppl 8):ab-
stract 5005.

 18. BioSpace. Exelixis announces partner Takeda receives ap-
proval in Japan for CABOMETYX® (cabozantinib) tablets for 
the treatment of curatively unresectable or metastatic renal cell 
carcinoma. 2020. https://www.biosp ace.com/artic le/relea ses/
exeli xis- annou nces- partn er- taked a- recei ves- appro val- in- japan 
- for- cabom etyx- caboz antin ib- table ts- for- the- treat ment- of- 
curat ively - unres ectab le- or- metas tatic - renal - cell- carci noma/. 
Accessed September 21, 2020.

 19. BioSpace. OxOnc announces that co- development partner has re-
ceived approval in Japan and Taiwan for crizotinib (Xalkori) as 
a first- line treatment for patients with ROS1- positive non- small 
cell lung cancer. 2017. https://www.biosp ace.com/artic le/relea 
ses/- b- oxonc - b- annou nces- that- co- devel opmen t- partn er- has- recei 
ved- appro val- in- japan - and- taiwa n- for- crizo tinib - xalko ri- as- a- first 
- line- treat ment- for- pa/. Accessed December 17, 2020.

 20. Wu YL, Soo RA, Locatelli G, Stammberger U, Scagliotti G, Park 
K. Does c- Met remain a rational target for therapy in patients with 
EGFR TKI- resistant non- small cell lung cancer? Cancer Treat 
Rev. 2017;61:70- 81.

 21. Rimassa L, Assenat E, Peck- Radosavljevic PM, et al. Tivantinib for 
second- line treatment of MET- high, advanced hepatocellular car-
cinoma (METIV- HCC): a final analysis of a phase 3, randomised, 
placebo- controlled study. Lancet Oncol. 2018;19(5):682- 693.

 22. Shah MA, Bang YJ, Lordick F, et al. Effect of fluorouracil, leu-
covorin, and oxaliplatin with or without onartuzumab in HER2- 
negative, MET- positive gastroesophageal adenocarcinoma: 
the METGastric randomized clinical trial. JAMA Oncology. 
2017;3(5):620- 627.

 23. Yoshioka H, Azuma K, Yamamoto N, et al. A randomized, double- 
blind, placebo- controlled, phase III trial of erlotinib with or with-
out a c- Met inhibitor tivantinib (ARQ 197) in Asian patients with 
previously treated stage IIIB/IV nonsquamous nonsmall- cell lung 
cancer harboring wild- type epidermal growth factor receptor 
(ATTENTION study). Ann Oncol. 2015;26(10):2066- 2072.

 24. Engstrom LD, Aranda R, Lee M, et al. Glesatinib exhibits antitu-
mor activity in lung cancer models and patients harboring MET 
exon 14 mutations and overcomes mutation- mediated resistance 

to type I MET inhibitors in nonclinical models. Clin Cancer Res. 
2017;23(21):6661- 6672.

 25. Paik PK, Veillon R, Cortot AB, et al. Phase II study of tepotinib 
in NSCLC patients with METex14 mutations. J Clin Oncol. 
2019;37(suppl 15):abstract 9005.

 26. Wolf J, Seto T, Han JY, et al. Capmatinib (INC280) in METDex14- 
mutated advanced non- small cell lung cancer (NSCLC): efficacy 
data from the phase II GEOMETRY mono- 1 study. J Clin Oncol. 
2019;37(suppl 15):abstract 9004.

 27. Vaidya KS, Oleksijew A, Tucker LA, et al. A "prozone- like" ef-
fect influences the efficacy of the monoclonal antibody ABT- 700 
against the hepatocyte growth factor receptor. Pharmacology. 
2017;100(5– 6):229- 242.

 28. Wang J, Anderson MG, Oleksijew A, et al. ABBV- 399, a c- Met 
antibody- drug conjugate that targets both MET- amplified and c- 
Met- overexpressing tumors, irrespective of MET pathway depen-
dence. Clin Cancer Res. 2017;23(4):992- 1000.

 29. National Institutes of Health. US National Library of Medicine. 
ClinicalTrials.gov. A study to evaluate the safety and pharmacoki-
netics ABBV- 399 in Japanese participants with solid tumors. 2020. 
https://www.clini caltr ials.gov/ct2/resul ts?cond=&term=NCT03 
31147 7&cntry =&state =&city=&dist=. Accessed September 21, 
2020.

 30. Moosavi F, Giovannetti E, Saso L, Firuzi O. HGF/MET pathway 
aberrations as diagnostic, prognostic, and predictive biomarkers in 
human cancers. Crit Rev Clin Lab Sci. 2019;56(8):533- 566.

 31. Awad MM, Oxnard GR, Jackman DM, et al. MET exon 14 muta-
tions in non- small- cell lung cancer are associated with advanced 
age and stage- dependent MET genomic amplification and c- Met 
overexpression. J Clin Oncol. 2016;34(7):721- 730.

 32. Camidge DR, Otterson GA, Clark JW, et al. Crizotinib in patients 
(pts) with MET- amplified non- small cell lung cancer (NSCLC): 
updated safety and efficacy findings from a phase 1 trial. J Clin 
Oncol. 2018;36(suppl 15):abstract 9062.

 33. Vuong HG, Ho ATN, Altibi AMA, Nakazawa T, Katoh R, Kondo 
T. Kondo T Clinicopathological implications of MET exon 14 
mutations in non- small cell lung cancer -  a systematic review and 
meta- analysis. Lung Cancer. 2018;123:76- 82.

 34. Ogura M, Tobinai K, Hatake K, et al. Phase I/II study of bren-
tuximab vedotin in Japanese patients with relapsed or refractory 
CD30- positive Hodgkin's lymphoma or systemic anaplastic large- 
cell lymphoma. Cancer Sci. 2014;105(7):840- 846.

SUPPORTING INFORMATION
Additional supporting information may be found online in 
the Supporting Information section.

How to cite this article: Fujiwara Y, Kenmotsu H, 
Yamamoto N, et al. Phase 1 study of telisotuzumab 
vedotin in Japanese patients with advanced solid tumors. 
Cancer Med. 2021;10:2350–2358. https://doi.
org/10.1002/cam4.3815

https://www.biospace.com/article/releases/exelixis-announces-partner-takeda-receives-approval-in-japan-for-cabometyx-cabozantinib-tablets-for-the-treatment-of-curatively-unresectable-or-metastatic-renal-cell-carcinoma/
https://www.biospace.com/article/releases/exelixis-announces-partner-takeda-receives-approval-in-japan-for-cabometyx-cabozantinib-tablets-for-the-treatment-of-curatively-unresectable-or-metastatic-renal-cell-carcinoma/
https://www.biospace.com/article/releases/exelixis-announces-partner-takeda-receives-approval-in-japan-for-cabometyx-cabozantinib-tablets-for-the-treatment-of-curatively-unresectable-or-metastatic-renal-cell-carcinoma/
https://www.biospace.com/article/releases/exelixis-announces-partner-takeda-receives-approval-in-japan-for-cabometyx-cabozantinib-tablets-for-the-treatment-of-curatively-unresectable-or-metastatic-renal-cell-carcinoma/
https://www.biospace.com/article/releases/-b-oxonc-b-announces-that-co-development-partner-has-received-approval-in-japan-and-taiwan-for-crizotinib-xalkori-as-a-first-line-treatment-for-pa/
https://www.biospace.com/article/releases/-b-oxonc-b-announces-that-co-development-partner-has-received-approval-in-japan-and-taiwan-for-crizotinib-xalkori-as-a-first-line-treatment-for-pa/
https://www.biospace.com/article/releases/-b-oxonc-b-announces-that-co-development-partner-has-received-approval-in-japan-and-taiwan-for-crizotinib-xalkori-as-a-first-line-treatment-for-pa/
https://www.biospace.com/article/releases/-b-oxonc-b-announces-that-co-development-partner-has-received-approval-in-japan-and-taiwan-for-crizotinib-xalkori-as-a-first-line-treatment-for-pa/
https://www.clinicaltrials.gov/ct2/results?cond=&term=NCT03311477&cntry=&state=&city=&dist=
https://www.clinicaltrials.gov/ct2/results?cond=&term=NCT03311477&cntry=&state=&city=&dist=
https://doi.org/10.1002/cam4.3815
https://doi.org/10.1002/cam4.3815

