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Purpose  GC1118 is a novel antibody targeting epidermal growth factor receptor (EGFR) with enhanced blocking activity against 
both low- and high-affinity EGFR ligands. A phase 1b/2a study was conducted to determine a recommended phase 2 dose (RP2D) of 
GC1118 in combination with 5-fluorouracil, leucovorin, and irinotecan (FOLFIRI) (phase 1b) and to assess the safety and efficacy of 
GC1118 plus FOLFIRI as a second-line therapy for recurrent/metastatic colorectal cancer (CRC) (phase 2a).
Materials and Methods  Phase 1b was designed as a standard 3+3 dose-escalation study with a starting dose of GC1118 (3 mg/
kg/wk) in combination with biweekly FOLFIRI (irinotecan 180 mg/m2; leucovorin 400 mg/m2; 5-fluorouracil 400 mg/m2 bolus and 
2,400 mg/m2 infusion over 46 hours) in patients with solid tumors refractory to standard treatments. The subsequent phase 2a part 
was conducted with objective response rate (ORR) as a primary endpoint. Patients with KRAS/NRAS/BRAF wild-type, EGFR-positive, 
recurrent/metastatic CRC resistant to the first-line treatment were enrolled in the phase 2a study.
Results  RP2D of GC1118 was determined to be 3 mg/kg/wk in the phase 1b study (n=7). Common adverse drug reactions (ADRs) 
observed in the phase 2a study (n=24) were acneiform rash (95.8%), dry skin (66.7%), paronychia (58.3%), and stomatitis (50.0%). 
The most common ADR of ≥ grade 3 was neutropenia (33.3%). ORR was 42.5% (95% confidence interval [CI], 23.5 to 62.0), and 
median progression-free survival was 6.7 months (95% CI, 4.0 to 8.0).
Conclusion  GC1118 administered weekly at 3 mg/kg in combination with FOLFIRI appears as an effective and safe treatment option 
in recurrent/metastatic CRC.
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A Phase 1b/2a Study of GC1118 with 5-Fluorouracil, Leucovorin and Irinotecan 
(FOLFIRI) in Patients with Recurrent or Metastatic Colorectal Cancer

Introduction

Colorectal cancer (CRC) is the third most common solid 
malignancy and the second leading cause of cancer-related 
death, with the global number of new cases and deaths per 
year approximating 1.8 million and 900,000, respectively [1]. 
It is estimated that approximately 50% of CRC patients will 
eventually develop metastases [2]. The prognosis in such cas-
es is grave, with fewer than 20% of patients surviving more 
than 5 years from the diagnosis of metastasis [3].

Epidermal growth factor receptor (EGFR) is a cell mem-
brane growth factor receptor playing a key role in the 
pathogenesis of various malignancies including CRC [4,5]. 
Anti-EGFR monoclonal antibodies are a group of drugs that 

bind to the extracellular domain of EGFR, competing with 
endogenous ligands of the receptor to inhibit the activation 
of EGFR tyrosine kinase [6]. Anti-EGFR antibodies, namely 
cetuximab and panitumumab, in combination with chemo-
therapy, can improve survival in RAS wild-type metastatic 
CRC and are the standard treatment in this subset of patients 
[3]. Unfortunately, innate or acquired resistance following 
the treatment is an issue that still needs to be addressed [7,8]. 

GC1118 (GC Biopharma Corp., Yongin, Korea) is a novel 
monoclonal anti-EGFR antibody binding to a distinct epitope 
from those bound by cetuximab and panitumumab [9]. 
Unlike the latter two agents, GC1118 shows enhanced block-
ing activity not only to low- but also to high-affinity EGFR 
ligands [9]. Previous preclinical studies using cell lines, ani- 
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mal models, and patient-derived xenografts demonstrated 
that GC1118 can produce a stronger inhibitory effect than 
other anti-EGFR antibodies. Moreover, GC1118 also showed 
activity against cancer cells that developed resistance to 
other anti-EGFR monoclonal antibodies [10-13]. The prelimi-
nary clinical data on the efficacy and tolerability of GC1118 
monotherapy were recently confirmed in a first-in-human 
phase 1 study involving patients with advanced CRC and 
gastric cancer [14].

The aims of this study were to determine the maximum 
tolerated dose (MTD) and the recommended phase 2 dose 
(RP2D) of GC1118 when administered in combination with 
5-fluorouracil (5-FU), leucovorin, and irinotecan (FOLFIRI) 
(phase 1b) and to assess the safety and efficacy of GC1118 
in combination with FOLFIRI as a second-line therapy for 
recurrent/metastatic CRC (phase 2a).

Materials and Methods

1. Study design and patients
This open-label, non-randomized study was conducted in 

two phases (Fig. 1). The first phase (phase 1b) was designed 
as a standard 3+3 dose-escalation study with the prima-
ry purpose of finding the RP2D of GC1118, administered 
together with FOLFIRI. The starting dose of GC1118 was 3 
mg/kg, and the decision to increase the dose to 4 mg/kg or 
determine an RP2D below 4 mg/kg was to be made by the 
data monitoring committee (DMC). After RP2D establish-
ment, the study proceeded to the second phase (phase 2a), 
which was designed according to Simon’s optimal two-stage 
design [15] with objective response rate (ORR) as a primary 
endpoint. 

Patients with recurrent or metastatic solid tumors refrac-
tory to the standard treatment were eligible for the phase 1b 
study. As for the phase 2a study, patients with KRAS/NRAS/ 
BRAF wild-type, EGFR-positive (confirmed via immuno-
histochemistry), recurrent or metastatic CRC who had failed 
the first-line treatment containing fluoropyrimidine with or 
without oxaliplatin were enrolled. All patients in the phase 
2a study had to have at least one measurable target lesion 
according to the Response Evaluation Criteria in Solid 
Tumors (RECIST 1.1). Other eligibility criteria applied to 
both study phases included the following conditions: age 
≥ 19 years; Eastern Cooperative Oncology Group (ECOG) 
performance status of 0 or 1; life expectancy ≥ 3 months; 
adequate bone marrow function (absolute neutrophil count 
≥ 1,500/μL, hemoglobin ≥ 9.0 g/dL, platelet ≥ 105/μL); 
serum creatinine ≤ 1.5 times upper limit of normal (ULN); 
total bilirubin ≤ 2.0 mg/dL; and aspartate aminotransferase 
and alanine aminotransferase ≤ 3 times ULN (up to 5 times 

ULN in case of hepatic metastasis). Patients with the follow-
ing conditions were excluded from the study: other cancer 
history (exceptions included non-melanoma skin cancer that 
had been completely resected and disease-free for ≥ 3 years, 
completely resected carcinoma in situ or superficial bladder 
cancer, etc.); contraindication to GC1118 or FOLFIRI; use of 
systemic chemotherapy, immunotherapy, hormone therapy, 
or radiotherapy within 21 days before enrollment; brain 
metastasis; active infection requiring systemic antimicrobial 
treatment; chronic inflammatory bowel disease; or interstitial 
lung disease or pulmonary fibrosis. In addition, for patients 
to be enrolled in the phase 2a study, previous treatment with 
anti-EGFR antibodies or irinotecan was an additional exclu-
sion criterion.

The study protocol was approved by the institutional 
review boards of participating study centers, and all patients 
provided written informed consent before any study-related 
procedures were carried out. The study was prospectively 
registered (Clinicaltrials.gov NCT03454620).

2. Treatment
In both 1b and 2 phases, each cycle of the study treatment 

consisted of two weekly administrations of GC1118 and one 
biweekly administration of FOLFIRI. GC1118 was given 
via intravenous infusion for 60 minutes. On the first day of 
each cycle when GC1118 and FOLFIRI were given together, 
GC1118 was administered first, followed by FOLFIRI after a 
60-minute break. FOLFIRI consisted of simultaneous intra-
venous infusions of irinotecan 180 mg/m2 and leucovorin 
400 mg/m2 over 120 minutes (sequential infusions of irinote-
can for 90 minutes and leucovorin for 120 minutes were also 
allowed) followed by a bolus intravenous injection of 5-FU 
400 mg/m2 and a continuous infusion of 5-FU 2,400 mg/m2 
over 46 hours. The dosages of GC1118, 5-FU, or irinotecan 
were reduced, delayed, or discontinued in response to the 
toxicities related to the study treatment, according to the dos-
age modification guidelines (S1 and S2 Tables). 

3. Study endpoints and procedures
A MTD was defined as the highest dose at which a dose-

limiting toxicity (DLT) occurred at a frequency of 1/6 or 
less. The definition of DLT is provided in the S3 Table. The 
DMC determined the RP2D based on the DLTs and observed 
overall toxicities. Any treatment-emergent adverse events 
(TEAEs), regardless of causality, were collected throughout 
the study period. Any abnormality in physical examination, 
clinical laboratory results, echocardiography, or electrocardi-
ography detected after initiation of study treatment was also 
reported as a TEAE. 

Efficacy outcomes included ORR, defined as a propor-
tion of patients achieving complete response (CR) or partial 
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response (PR); disease control rate (DCR), defined as a pro-
portion of patients achieving CR or PR or maintaining sta-
ble disease; progression-free survival (PFS); overall survival 
(OS); time to respond; duration of response; and percent 
change in the sum of the longest diameters of target lesions 
from baseline. PFS was defined as the time from the first 
dosing of GC1118 to the date of the radiological confirma-
tion of progressive disease (PD) or death due to any cause. 
Patients without PD at the end of the study were censored at 
the date of the last tumor evaluation. OS was defined as the 
time from the first dosing of GC1118 to the date of death from 
any cause or the date of the last follow-up. Patients without 

the confirmation of death were censored at the last date they 
were known to be alive. Time to response was defined as 
the time from the first dosing of GC1118 to the date of the 
first radiological objective response (CR or PR), and duration 
of response as the time from the first radiological objective 
response to the date of the radiological confirmation of PD. 
Tumor response was assessed by the investigators according 
to RECIST 1.1 every 6 weeks. Anti-drug antibody was meas-
ured from the serum samples collected at baseline and every 
6 weeks thereafter. RAS/BRAF mutations and EGFR status 
results were verified at baseline using local test results, and if 
such data were unavailable, a molecular screening was per-

DMC review
A

Increase GC118 dose to 4 mg/kg
or

choose RP2D below 4 mg/kg

Standard 3+3 design

GC1118 3 mg/kg
+

FOLFIRI

+

No

Yes

ORR=3/9
at week 6

ORR=10/24

B
Stage 1 GC1118 3 mg/kg+FOLFIRI

Add n=20 (planned)
Added n=15

Proceed to
further studies

ORR ≥ 2/9Early stop for futility

n=9

No

Stage 2 GC1118 3 mg/kg+FOLFIRI

ORR ≥ 6/29Permanent stop for futility

Yes

Fig. 1.  Study scheme. (A) The dose escalation phase of the phase 1b study followed a 3+3 design. A red circle indicates a patient with 
dose-limiting toxicity, which was grade 4 neutropenia that lasted ≥ 7 days. (B) Phase 2a study was conducted following Simon’s optimal 
two-stage design. DMC, data monitoring committee; FOLFIRI, 5-fluorouracil, leucovorin, and irinotecan; ORR, objective response rate; 
RP2D, recommended phase 2 dose.
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formed using archival or newly obtained tumor specimens 
before administering the study treatment. For exploratory 
analysis of circulating tumor DNA (ctDNA) and EGFR-
ligands, a 6 mL of plasma sample and a 5 mL of serum sam-
ple were collected respectively before the first dosing of the 
study drug. The ctDNA sequencing was carried out using 
Ion AmpliSeq Cancer Hotspot Panel v2 (Thermo Fisher 
Scientific, Inc., Waltham, MA) to detect hot spot mutations 
of EGFR, KRAS, NRAS, HRAS, BRAF, PIK3CA, and PTEN. 
Sequencing data were analyzed with Torrent Suite ver. 5.0.4.

For pharmacokinetic (PK) analysis, serum samples were 
obtained at the following time points during the phase 1b 
study: 0, 0.5, 1, 2, 4, 8, 12, 24, 72, and 120 hours after the first 
dosing of GC1118 on the first and third cycles. In addition, 
pre-dosing samples were collected within seven hours before 
each dosing of GC1118 from all patients during both study 
phases.

Serum concentrations of GC1118 and its anti-drug antibody 
were determined at the Department of Clinical Pharmacol-
ogy and Therapeutics, Seoul National University Hospital 
(Seoul, Korea), and ctDNA and EGFR-ligands were analyzed 
at Macrogen, Inc. (Seoul, Korea). Clinical laboratory tests and 
tissue biomarker analysis were performed at the local labora-
tory of each participating center.

4. Statistical analysis
Following the standard 3+3 design, a minimum of 3 or up 

to 12 evaluable patients in each dose group were planned to 
be enrolled in the phase 1b study. An evaluable patient was 
defined as an individual who had at least 2 weeks of follow-
up data after completing a minimum of two cycles of treat-
ment (four injections of GC1118 and two cycles of FOLFIRI) 
or experienced a DLT. For the phase 2a study of Simon’s 
optimal two-stage design, a total of 29 patients, including a 
minimum of nine patients in the first stage and 20 additional 
patients in the second stage, were required to test the true 
response rate at the significance level of 5% with 80% power, 
assuming 10.0% ORR (H0) versus 31.7% (H1). To proceed to 
the second stage, at least two responders out of nine patients 
in the first stage were required. GC1118 would be considered 
of potential clinical interest if there were six or more respond-
ers out of the total of 29 treated patients.

Patient demographics and baseline characteristics were 
summarized with descriptive statistics. Relative dose inten-
sity (RDI) was calculated by dividing the actual cumulative 
dosage received by the planned dosage based on the num-
ber of doses the patient was scheduled to receive. Adverse 
events were coded using MedDRA ver. 24.0. The TEAE was 
classified as an adverse drug reaction (ADR) if the causal 
relationship was assessed as one of the following categories: 
definitely related, probably or likely related, possibly related, 

unlikely related, or unassessable. The severity of an adverse 
event was graded according to National Cancer Institute 
Common Terminology Criteria for Adverse Events ver. 4.03. 
The tumor response rate from the phase 1b study was pre-
sented as a percentage with confidence interval (CI) using 
the exact method, whereas, for the data from the phase 2a 
study, a uniformly minimum variance unbiased estimator 
was calculated. Both 90% and 95% CIs were calculated; how-
ever, 95% CIs are presented in this article. Survival outcomes 
were analyzed using the Kaplan-Meier method, and restrict-
ed mean survival time (RMST) was also calculated. For an 
exploratory purpose, a hazard ratio (HR) for PFS in various 
subgroups was calculated using Cox proportional regres-
sion analysis. These subgroups were determined based on 
the sidedness of CRC, ctDNA mutation status, level of serum 
EGFR-ligand, and intensity of EGFR expression in tumor tis-
sue. All statistical analyses were performed using the Statisti-
cal Analysis Software (SAS) ver. 9.4 (SAS Institute Inc., Cary, 
NC).

Based on serum PK concentration data, the following PK 
parameters were derived using a non-compartmental analy-
sis method implemented in Phoenix WinNonlin ver. 6.4 (Cer-
tara, St. Louis, MO): maximum serum drug concentration 
(Cmax); maximum steady-state drug concentration (Cmax,ss); 
time to reach Cmax (tmax); time to reach maximum drug concen-
tration at steady state (tmax,ss); drug concentration observed 
at the last planned timepoint prior to dosing (Ctrough); area 
under the serum concentration-time curve (AUC) from dos-
ing to the time of the last measured concentration (AUC0-168h); 
AUC from zero to infinity (AUCinf); elimination half-life (t1/2); 
effective half-life (t1/2 eff); and mean residence time.

Results

1. Patients
The study was conducted in six hospitals in South Korea 

from April 2018 to August 2021. In the phase 1b part of the 
study, three patients were initially enrolled to receive 3 mg/
kg of GC1118 in combination with FOLFIRI. As one patient 
experienced a DLT event, three more patients were enrolled 
in the same dose group, followed by one more patient to 
replace the patient who withdrew from the study before any 
treatment response evaluation. The DMC decided 3 mg/kg 
to be the RP2D of GC1118, and further dose escalation was 
not proceeded (Fig. 1). All seven patients were included in 
the analyses of safety, PK, and immunogenicity of GC1118. In 
the efficacy analysis, six patients were included after exclud-
ing the patient whose post-treatment tumor assessment was 
not performed.

 In the phase 2a study, a total of 24 patients were enrolled 
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(n=9 in stage 1, n=15 in stage 2) (Fig. 1). Three out of nine 
patients in stage 1 showed objective tumor response and the 
study proceeded to stage 2. The enrollment for stage 2 was 
prematurely stopped after a total of 24 patients were enrolled 
before reaching the initial target of 29 patients. This decision 
was made because the number of responders, specifically 10 

out of 24 patients, surpassed the minimum threshold (6 out 
of 29 patients) required to reject the null hypothesis.

The patient characteristics in each phase of the study are 
presented in Table 1. Out of seven patients in the phase 1b 
study, one patient had breast cancer, one had biliary tract 
cancer, and the other five had CRC, all of which were left-

Table 1.  Demographics and baseline characteristics of patients

 Phase 1b (n=7) Phase 2a (n=24)

Age (yr), median (min-max) 58 (43-76) 59 (44-72)
    < 60 4 (57.1) 13 (54.2)
    ≥ 60 3 (42.9) 11 (45.8)
Male sex 3 (42.9) 15 (62.5)
ECOG PS  
    0 1 (14.3) 13 (54.2)
    1 6 (85.7) 11 (45.8)
Primary tumor site  
    Left-sided CRCa) 5 (71.4)b) 16 (66.7)c)

    Right-sided CRCd) - 8 (33.3)
    Biliary tract 1 (14.3)e) -
    Breast 1 (14.3) -
Duration of disease (mo), median (range) 70.3 (18.8-108.4) 14.4 (2.6-42.2)
EGFR positivity in tumor tissue 5 (83.3)f) 24 (100)
Any KRAS, NRAS, or BRAF mutations in tumor tissue  0g) ( 0 (
Any mutations detected in plasma ctDNA 3 (42.9) 4 (16.7)
    EGFR mutation 0 ( 0 (
    KRAS mutation 1 (14.3) 0 (
    NRAS mutation 0 ( 2 (8.3)
    BRAF mutation 0 ( 0 (
    PIK3CA mutation 0 ( 2 (8.3)
    PTEN mutation 2 (28.6) 1 (4.2)
Values are presented as number of patients (%) unless otherwise specified. CRC, colorectal cancer; ctDNA, circulating tumor DNA; ECOG 
PS, Eastern Cooperative Oncology Group performance status; EGFR, epidermal growth factor receptor. a)Left-sided CRC was defined as a 
tumor originating from the splenic flexure to the rectum, b)Among five patients with left-sided CRC, one patient had rectal cancer and four 
had left-sided colon cancer, c)Among 16 patients with left-sided CRC, 11 had rectal cancer and five had left-sided colon cancer, d)Right-sided 
tumor was defined as a tumor originating from ascending colon to entire transverse colon, e)This patient was excluded from the efficacy 
analysis as no tumor assessment was made after baseline, f)The percentage is out of six patients with available test results, g)The result is 
out of five patients with available test results.

Table 2.  Exposure to treatment in phase 1b

 GC1118 Irinotecan Leucovorin 5-FU bolus 5-FU infusion
 (3 mg/kg) (180 mg/m2) (400 mg/m2) (400 mg/m2) (2,400 mg/m2)

No. of cycles 10 (1-26) 10 (1-19) 10 (1-19) 10 (1-19) 10 (1-19)
No. of administrations 14 (2-37) 10 (1-14) 10 (1-14) 10 (1-14) 10 (1-14)
RDI (%) 72.0 (50.5-100) 79.2 (34.0-100) 82.3 (48.1-100) 77.5 (31.1-100) 79.2 (34.0-100)
Dose interrupted 6 (85.7) 5 (71.4) 5 (71.4) 5 (71.4) 5 (71.4)
Dose reduced 3 (42.9) 2 (28.6) 2 (28.6) 2 (28.6) 2 (28.6)
Drug withdrawn 3 (42.9) 2 (28.6) 2 (28.6) 2 (28.6) 2 (28.6)

Values are presented as median (minimum-maximum) or number (%). RDI, relative dose intensity; 5-FU, 5-fluorouracil.
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sided. Whereas in the phase 2a study, 66.7% (16/24) had 
left-sided CRC (from splenic flexure to rectum), and 33.3% 
(8/24) had right-sided CRC (from ascending colon to trans-
verse colon). No RAS or BRAF mutations were detected in 
the tumor tissues (Table 1).  

2. Treatment exposure
In the phase 1b study, patients received a median of 10 

treatment cycles both with GC1118 (range, 1 to 26) and FOL-
FIRI (range, 1 to 19). The RDIs of GC1118 and the three drugs 
of FOLFIRI were generally high, with the medians ranging 
from 71.99% to 79.17% (Table 2).

Patients in the phase 2a study received slightly more cycles 
of treatment than those in the phase 1b study. The median 

Table 4.  Adverse drug reactions occurring in ≥ 25% of either of the study population

 Phase 1b (n=7) Phase 2a (n=24)

Gastrointestinal disorders 6 (85.7) [28] 19 (79.2) [99]
    Stomatitis 3 (42.9) [6] 12 (50.0) [14]
    Diarrhea 5 (71.4) [11] 11 (45.8) [31]
    Nausea 1 (14.3) [1] 9 (37.5) [19]
    Vomiting 1 (14.3) [1] 6 (25.0) [8]
    Constipation 2 (28.6) [2] 3 (12.5) [5]
    Abdominal pain upper 3 (42.9) [4] 2 (8.3) [3]
Skin and subcutaneous tissue disorders 6 (85.7) [18] 24 (100) [82]
    Dry skin 3 (42.9) [3] 16 (66.7) [18]
    Dermatitis acneiform 2 (28.6) [2] 12 (50.0) [12]
    Rash 3 (42.9) [5] 11 (45.8) [14]
    Alopecia - 9 (37.5) [9]
    Pruritus 2 (28.6) [2] 8 (33.3) [9]
    Rash maculo-papular 2 (28.6) [2] 2 (8.3) [2]
Investigations 5 (71.4) [25] 10 (41.7) [29]
    Neutrophil count decreased 5 (71.4) [15] 8 (33.3) [14]
General disorders and administration site conditions 3 (42.9) [8] 10 (41.7) [36]
    Fatigue 2 (28.6) [5] 7 (29.2) [23]
Infections and infestations 3 (42.9) [7] 15 (62.5) [25]
    Paronychia 2 (28.6) [3] 14 (58.3) [16]
Respiratory, thoracic and mediastinal disorders 2 (28.6) [6] 4 (16.7) [4]
    Cough 2 (28.6) [2] -
    Productive cough 2 (28.6) [2] 1 (4.2) [1]
Metabolism and nutrition disorders 2 (28.6) [4] 13 (54.2) [20]
    Decreased appetite - 7 (29.2) [8]

Values are presented as the number of patients (%) who experienced the adverse drug reaction and the number of events in the square 
bracket. 

Table 3.  Exposure to treatment in phase 2a

 GC1118 Irinotecan Leucovorin 5-FU bolus 5-FU infusion
 (3 mg/kg) (180 mg/m2) (400 mg/m2) (400 mg/m2) (2,400 mg/m2)

No. of cycles 13 (2-45) 11.5 (2-42) 12 (2-42) 12 (2-42) 12 (2-42)
No. of administrations 21.5 (3-64) 10 (2-33) 10.5 (2-33) 10.5 (2-33) 10.5 (2-33)
RDI (%) 65.7 (47.2-100) 69.4 (16.7-100) 88.6 (20.0-100) 72.1 (16.0-100) 75.7 (16.7-100)
Dose interrupted 18 (75.0) 16 (66.7) 9 (37.5) 16 (66.7) 16 (66.7)
Dose reduced 17 (70.8) 18 (75.0) 2 (8.3) 18 (75.0) 18 (75.0)
Drug withdrawn 5 (20.8) 2 (8.3) 1 (4.2) 2 (8.3) 2 (8.3)

Values are presented as median (minimum-maximum) or number (%). RDI, relative dose intensity; 5-FU, 5-fluorouracil.
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number of GC1118 cycles administered was 13 (range, 2 to 
45). The number of FOLFIRI cycles administered ranged 
from 2 to 42, with a median number of cycles of 12, except 
for irinotecan, for which it was 11.5. The median RDI for 
GC1118 was 65.7%, whereas the median RDI for the chemo-
therapeutics of the FOLFIRI regimen ranged from 69.4% to 
75.7% (Table 3). 

3. Safety
Six patients (85.7%) in the phase 1b study experienced 

TEAEs and ADRs. There was one DLT, a grade 4 neutropenia 
that lasted longer than 7 days, in one of the first three patients 
enrolled. The dosing of GC1118 was temporarily withdrawn 
at least once in the six patients (Table 2), primarily due to 
neutropenia (4 patients) or rash (3 patients). Three patients 
were permanently discontinued from GC1118 treatment 
due to an event of maculo-papular rash, dry skin, or ileus, 
respectively. The most common ADRs (all grades) were neu-
tropenia (71.4%), diarrhea (71.4%), stomatitis (42.9%), upper 
abdominal pain (42.9%), rash (42.9%), and dry skin (42.9%) 
(Table 4). ADRs of grade 3 or 4 in severity were reported in 
five patients (71.4%), with neutropenia (71.4%) being the 
most common event (Table 5).

During the phase 2a study, all 24 patients (100%) experi-
enced TEAEs and ADRs. In three patients (12.5%), a total of 
four serious adverse events were reported, including large 

Table 5.  GC1118-related grade 3/4 adverse drug reactions

 Severity Phase 1b Phase 2a

All ADRs
    All grade 6 (85.7) [105] 24 (100) [310]
    Grade ≥ 3 5 (71.4) [20] 16 (66.7) [28]
Neutrophil count decreased  
    All grade 5 (71.4) [15] 8 (33.3) [14]
    Grade ≥ 3 5 (71.4) [8] 8 (33.3) [10]
Dermatitis acneiform  
    All grade 2 (28.6) [2] 12 (50.0) [12]
    Grade ≥ 3 1 (14.3) [1] 2 (8.3) [2]
Diarrhea  
    All grade 5 (71.4) [11] 11 (45.8) [31]
    Grade ≥ 3 1 (14.3) [2] 1 (4.2) [1]
Dry skin  
    All grade 3 (42.9) [3] 16 (66.7) [18]
    Grade ≥ 3 1 (14.3) [1] 1 (4.2) [1]
Fatigue  
    All grade 2 (28.6) [5] 7 (29.2) [23]
    Grade ≥ 3 - 2 (8.3) [2]
Rash  
    All grade 3 (42.9) [5] 11 (45.8) [14]
    Grade ≥ 3 - 2 (8.3) [2]
Anemia  
    All grade 1 (14.3) [4] -
    Grade ≥ 3 1 (14.3) [4] -
Hypokalemia  
    All grade 1 (14.3) [2] -
    Grade ≥ 3 1 (14.3) [2] -
Alanine aminotransferase 
  increased  
    All grade - 2 (8.3) [2]
    Grade ≥ 3 - 1 (4.2) [1]
Aspartate aminotransferase 
  increased  
    All grade - 1 (4.2) [1]
    Grade ≥ 3 - 1 (4.2) [1]
Bacteremia  
    All grade - 1 (4.2) [1]
    Grade ≥ 3 - 1 (4.2) [1]
Cellulitis  
    All grade 1 (14.3) [1] 1 (4.2) [1]
    Grade ≥ 3 - 1 (4.2) [1]
Embolism  
    All grade - 1 (4.2) [1]
    Grade ≥ 3 - 1 (4.2) [1]
Febrile neutropenia  
    All grade 1 (14.3) [1] -
    Grade ≥ 3 1 (14.3) [1] -
(Continued)

Table 5.  Continued

 Severity Phase 1b Phase 2a

Hyperkaliemia
    All grade - 1 (4.2) [2]
    Grade ≥ 3 - 1 (4.2) [1]
Hypomagnesaemia  
    All grade 1 (14.3) [2] 5 (20.8) [10]
    Grade ≥ 3 1 (14.3) [1] -
Nausea  
    All grade 1 (14.3) [1] 9 (37.5) [19]
    Grade ≥ 3 - 1 (4.2) [1]
Pain of skin  
    All grade - 2 (8.3) [2]
    Grade ≥ 3 - 1 (4.2) [1]
Pneumonia  
    All grade - 1 (4.2) [1]
    Grade ≥ 3 - 1 (4.2) [1]
Urinary tract infection   
    All grade - 1 (4.2) [1]
    Grade ≥ 3 - 1 (4.2) [1]

Values are presented as the number of patients (%) who experi-
enced the adverse drug reaction and the number of events in the 
square bracket. ADR, adverse drug reaction.
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intestinal obstruction, nausea, bacteremia, and pneumonia. 
Among these four serious events, bacteremia and pneumo-
nia that occurred in one patient were classified as ADRs. 
The bacteremia was determined to be probably related to 
GC1118, whereas the causality of pneumonia to GC1118 was 
assessed to be unlikely related. In 18 patients (75%), at least 
one dosing of GC1118 was temporarily withdrawn (Table 3), 
and the common TEAEs that caused the dose interruption 
included neutropenia (8 patients), rash (8 patients), stomati-
tis (6 patients), fatigue (5 patients), and dry skin (5 patients). 
GC1118 was permanently discontinued in five patients (21%) 
due to the following TEAEs: dermatitis acneiform, fatigue, 
paronychia, and pneumonia in four patients each, and skin 
erosion and skin fissure in one patient. 

Common ADRs (all grades) were dry skin (66.7%), paro-
nychia (58.3%), dermatitis acneiform (50.0%), stomatitis 
(50.0%), rash (45.8%), diarrhea (45.8%), nausea (37.5%), alo-
pecia (37.5%), pruritus (33.3%), and neutropenia (33.3%) 
(Table 4). When the ‘rash,’ ‘rash maculo-papular,’ and ‘der-
matitis acneiform’ were grouped into the single term, acnei-
form rash, the most frequent ADR was identified as acnei-
form rash, occurring in 95.8% of all patients.  

ADRs of grades 3 or 4 were reported in 16 patients (66.7%), 
with neutropenia (33.3%) being the most common event 
(Table 5). No abnormal finding in the electrocardiogram 
was found, and there was no treatment-related death during 
either of the study phases.

4. Immunogenicity
None of the patients in both phases of the study had a 

positive result for anti-drug antibody in the blood samples 
collected either during the pre-treatment or post-treatment 
period.

5. Efficacy outcomes
Out of six patients with evaluable efficacy assessment data 

in the phase 1b study, none achieved CR, and one with CRC 
had PR, as a result, the ORR was 16.7% (95% CI, 0.4 to 64.1). 
Meanwhile, four patients had stable disease, and the DCR 
was 83.3% (95% CI, 35.9 to 99.6) (Table 6, Fig. 2A).

In the phase 2a study, the ORR was 42.5% (95% CI, 23.5 to 
62.0), and the DCR was 83.6% (95% CI, 51.8 to 97.2) (Table 
6, Fig. 2B). The median PFS and OS were 6.7 months (95% 
CI, 4.0 to 8.0) and 25.4 months (95% CI, 14.3 to not reached), 
respectively (Fig. 3). The medians of time to response and 
duration of response were 5.3 months (range, 1.1 to 9.5 
months; 95% CI, 1.3 to not reached) and 6.8 months (range, 
1.4 to 16.7 months; 95% CI, 2.8 to 13.7), respectively (Table 
6). Survival outcomes based on the RMST method from each 
phase of the study are also provided in Table 6.  

6. Exploratory outcomes
Due to an insufficient number of patients in the phase 1b 

study for the planned exploratory subgroup analysis, sub-
sequent analyses for exploratory outcomes were conducted 
only using the data from the phase 2a study. Among 16 pat-
ents with left-sided CRC, the ORR was 43.8% (PR=7). Mean-
while, the ORR was 37.5% (CR=1, PR=2) in the right-sided 
CRC (n=8). Cox regression analysis showed that the sided-
ness of CRC did not affect the PFS outcome: HR in the right-

Table 6.  Efficacy results

 Phase 1b (n=6) Phase 2a (n=24)

Complete response, n (%) - 1 (4.2)a)

Partial response, n (%) 1 (16.7) 9 (38.2)a)

Stable disease, n (%) 4 (66.7) 10 (41.1)a)

Progressive disease, n (%) - 4 (16.4)a)

Not evaluable, n (%) 1 (16.7) -
Objective response rate (%) (95% CI) 16.7 (0.4-64.1) 42.5 (23.5-62.0)a)

Disease control rate (%) (95% CI) 83.3 (35.9-99.6) 83.6 (51.8-97.2)a)

Progression-free survival (mo), median (95% CI) 12.2 (2.5-NR) 6.7 (4.0-8.0)
Progression-free survival (mo), RMST (95% CI) 10.3 (6.9-13.6) 7.1 (4.8-9.5)
Overall survival (mo), median (95% CI) - 25.4 (14.3-NR)
Time to respond (mo), median (95% CI) -b) 5.3 (1.3-NR)
Time to respond (mo), RMST (95% CI) -b) 5.8 (4.1-7.5)
Duration of response (mo), median (95% CI) -b) 6.8 (2.8-13.7)
Duration of response (mo), RMST (95% CI) -b) 7.9 (4.7-11.2)

CI, confidence interval; NR, not reached; RMST, restricted mean survival time. a)Tumor response rates in the phase 2a study were calcu-
lated using uniformly minimum-variance unbiased estimator method, b)The time to respond and duration of response were 1.3 months 
and 10.9 months, respectively for one responder in phase 1b.
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sided group to left-sided group was 1.0 (95% CI, 0.4 to 2.8). 
Despite the absence of RAS or BRAF mutations detected 

from the tumor tissues, exploratory analysis of plasma 
ctDNA indicated that four patients (16.7%) in the phase 
2a study harbored mutations in the downstream signaling 

pathways of EGFR, which included NRAS (p.Gln61Leu 
and p.Gln25Arg), PIK3CA (p.Glu545Lys, p.Arg88Gln, and 
p.His1047Arg), and PTEN (p.Leu171fs) mutations. However, 
the ctDNA mutation status was not associated with shorter 
PFS. No significant difference in PFS was observed according 

Fig. 2.  Waterfall plots showing individual patient’s maximum percent change in tumor size from baseline in phase 1b (A) and phase 2a 
(B). CR, complete response; NE, not evaluable; PD, progressive disease; PFS, progression-free survival; PR, partial response; SD, stable 
disease; SLD, the sum of the longest diameter of target lesions. Each dashed line above and below 0 indicates a 20% increase and a 30% 
decrease in SLD from baseline, respectively.

Ch
an

ge
 fr

om
 b

as
el

in
e 

(%
)

SLD (mm) at baseline

PFS time (mo)

50

–20

–10

–30

–40

–50

40

20

10

30

0

A

Colorectal: left
Breast

Tumor type

26 142 45 56 10 57

1.0 2.5 6.7 4.0 6.7 12.2

SD

SD SD
SD

NE

PR

Ch
an

ge
 fr

om
 b

as
el

in
e 

(%
)

SLD (mm) at baseline

PFS time (mo)

60

–20

–40

–60

–80

–100

40

20

0

B

Right
Left

Colorectal cancer location

39 60 63 80 40 33 26 25 50 27 37 93 29 37 20 63 37 15 37 30 15 36 72 40

1.2 1.2 1.1 1.2 2.6 4.0 4.0 6.7 6.7 6.8 5.4 4.9 9.5 5.316.46.8 6.7 6.7 3.9 8.0 9.4 4.0 5.420.6

PD

PD PD

PD

SD

SD SD
SD SD SD SD

SD
SD SD

PR PR
PR

PR
PR PR

PR PR

PR

CR

Cancer Res Treat. 2024;56(2):590-601



VOLUME 56 NUMBER 2 APRIL 2024     599

to the level of EGFR-ligands expression, such as amphireg-
ulin or epiregulin, or the intensity of EGFR expression in 
tumor tissue (S4 Fig.). As for the distribution of the best over-
all responses according to the grade of skin toxicity, no clear 
trend could be deduced as the skin toxicity was centered in 
grade 2 and the number of patients was not large enough for 
proper interpretation of the data (S5 Fig.).

7. Pharmacokinetics
After a single intravenous injection of GC1118, Cmax (46.5 

μg/mL) was reached at a median of 1.5 hours. The serum 
concentration-time curve showed a biphasic elimination pat-
tern, with an elimination half-life of 81.8 hours (Table 7, S6 

Fig.). At the steady state, the median Tmax was 1.5 hours, the 
mean Cmax was 69.7 μg/mL, and the effective half-life was 
109.2 hours (Table 7, S6 Fig.). The trough concentration of 
GC1118 steadily increased until day 21 (in phase 2a) or day 
28 (in phase 1b) and reached a steady state thereafter, with a 
mean trough level of 23.2 μg/mL (Table 7, S7 Fig.). 

Discussion

In this open-label prospective study, GC1118 (3 mg/kg), 
a novel anti-EGFR monoclonal antibody, was administered 
weekly in combination with FOLFIRI to Korean patients 

Table 7.  Pharmacokinetic parameters of GC1118 from phase 1b study

Parameter Single dosea) (n=7) Parameter Repeated doseb) (n=5)

Tmax (hr) 1.5 (1.0-5.0) Tmax,ss (hr) 1.5 (1.0-5.0) 
Cmax (μg/mL) 46.5±10.6 (22.8) Cmax,ss (μg/mL) 69.7±13.3 (19.1)
Ctrough (μg/mL) - Ctrough (μg/mL) 23.2±11.3 (48.7)
AUC0-168h (μg ‧ hr/mL) 3,441.5±807.2 (23.5) AUC0-168h,ss (μg ‧ hr/mL) 6,704.7±2,128.1 (31.7)
AUCinf (μg ‧ hr/mL) 4,603.8±1,772.0 (38.5) AUCinf,ss (μg ‧ h/mL) 10,574.5±2,562.0 (24.2)
MRTinf (hr) 116.4±63.4 (54.5) MRTinf,ss (hr) 167.1±84.3 (50.4)
t1/2 (hr) 81.8±46.7 (57.1) t1/2 eff (hr) 109.2±60.7 (55.6)
% AUCextrap 20.7±15.7 (76.0) % AUCextrap,ss 35.3±17.8 (50.2)
Values are summarized as arithmetic mean±standard deviation (coefficient of variation, %) except for Tmax, for which median (min-max) is 
presented. AUC0-168h, area under curve (AUC) from 0 to 168 hours post-dosing; AUCinf; AUC from time of dosing extrapolated to infinity; 
%AUCextrap; percentage of AUC obtained by extrapolation; Cmax, maximum serum concentration; Ctrough, serum concentration immediately 
prior to the next dose; MRTinf, mean residence time extrapolated to infinity; t1/2, elimination half-life; t1/2 eff, effective elimination half-life; 
Tmax, time to reach maximum serum concentration. Parameters obtained at steady state (ss) are denoted with ss. a)Single-dose pharmacoki-
netic parameters were derived from the serum samples collected during the first cycle of the treatment (from seven hours before the first 
dosing to 120 hours after the dosing) and before the second dosing, which was administered on the eighth day of the first cycle, b)For the 
repeated-dose pharmacokinetic analysis, blood samples were collected during the third cycle of the treatment (from 7 hours before the 
first dosing of the third cycle till 120 hours after the dosing) and before the second dosing, which was administered on the eighth day of 
the third cycle.

Fig. 3.  Kaplan-Meier curves of progression-free survival (A) and overall survival (B) from phase 2a. CI, confidence interval; NR, not 
reached. 
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with recurrent or metastatic solid tumors (phase 1b) and 
CRC (phase 2a). GC1118 was shown to have a similar effi-
cacy as other currently available monoclonal antibodies 
against EGFR, and its safety profile was within a spectrum 
of the drug class.

In a previous phase 1 study involving patients with refrac-
tory solid tumors, the MTD for GC1118 monotherapy was 
determined at 4 mg/kg, with DLT appearing at 5 mg/kg 
[14]. However, taking into account the gradual increase in 
skin toxicity observed with continuous treatment at 4 mg/
kg in the above-mentioned study [14], the RP2D of GC1118 
for the present phase 2a study was eventually chosen at 3 
mg/kg. 

The ORRs in the present study were 16.7% and 42.5% 
for phase 1b and phase 2a, respectively, with the DCRs of 
83.3% and 83.6%, respectively. The median PFS and OS in 
the phase 2a part were 6.7 months and 25.4 months, respec-
tively. The efficacy outcomes reported above for phase 2a are 
evidently better than the results obtained in a cohort of anti-
EGFR treatment-naïve CRC patients included in the cohort 
expansion part of a previous phase 1 study of GC1118 mono-
therapy, in which GC1118 (4 mg/kg) was used in patients 
with metastatic CRC who received no prior EGFR antibody 
treatment and who failed on 5-FU, oxaliplatin, and irinote-
can treatment; the ORR for that cohort was 0%, with the DCR 
of 58.3% and median PFS of 14 weeks [14]. The efficacy out-
comes of the present study are similar to previous trials using 
the combination of FOLFIRI with panitumumab as second-
line therapy in metastatic CRC (ORR, 32%-35%; median PFS, 
5.9 to 7.7 months) [16,17].

Overall, GC1118 was well tolerated by the study patients. 
No treatment-related deaths were recorded. The most com-
mon treatment-related adverse event (AE) was skin toxicity, 
found in all patients included in the phase 2a study. Gastroin-
testinal AEs, stomatitis and diarrhea, were found in 50% and 
45.8% of the patients, respectively. This safety profile differs 
slightly from the data from the GC1118 monotherapy phase 
1 study, where the occurrence of stomatitis and diarrhea was 
observed in 21% and 8% of the patients, respectively [14]. 
Perhaps, the higher incidence of gastrointestinal AEs in the 
present study could result from the concomitant administra-
tion of FOLFIRI. 

Importantly, none of the study patients developed anti-
drug antibodies at the end of the treatment phase. Unlike 
other available anti-EGFR antibodies, GC1118 exerts a potent 
inhibitory effect not only on low- but also on high-affinity 
ligand-induced EGFR signaling and proliferation [9]. Mean-
while, the high-affinity ligands, such as transforming growth 
factor alpha and heparin-binding epidermal growth factor-
like growth factor, were implicated to play a role in acquired 
resistance to cetuximab and panitumumab [8]. This opens a 

perspective of administering GC1118 as another line of ther-
apy in patients with innate or acquired resistance to other 
anti-EGFR antibodies [12,14]. 

Previous studies showed that GC118 has a non-linear PK 
profile, with systemic exposure increasing in a greater-than-
dose-proportional manner [14]. Nevertheless, the present 
study demonstrated that GC1118 produced a potent anti-
tumor effect even after 3 mg/kg, similar to that obtained 
with other anti-EGFR antibodies [16,17]. Furthermore, in a 
recent PK study involving patients with solid tumors, the 
mean clearance of GC1118 remained stable beyond the dose 
of 3 mg/kg. This implies that EGFR was fully saturated by 
GC1118 at ≥ 3 mg/kg, meaning that the inhibitory effect of 
the drug is unlikely to increase with further escalation of the 
dose [18].

Obviously, the results presented herein were obtained in a 
small group of patients, and as such, should be interpreted 
with caution until verified in a phase 3 trial. Nonetheless, our 
findings suggest that GC1118 administered weekly at 3 mg/
kg in combination with FOLFIRI appears to be an effective 
and safe option in recurrent or metastatic CRC and merits 
further evaluation in this setting.
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