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Abstract
KMRC011 is a novel Toll- like receptor 5 agonist under development as a treatment 
for acute radiation syndrome (ARS). The aim of this first- in- human study was to 
investigate the tolerability, pharmacokinetics, and pharmacodynamics of a single 
intramuscular dose of KMRC011 in healthy subjects. A randomized, single- blind, 
placebo- controlled, single dose- escalation study was conducted with the starting dose 
of 5 μg. Eight (4 only for 5 μg cohort) subjects per cohort were randomly assigned 
to KMRC011 or placebo in a 3:1 ratio. Dose- limiting toxicity (DLT) was assessed 
throughout the study. Serum concentrations of KMRC011, granulocyte colony- 
stimulating factor (G- CSF), and interleukin- 6 (IL- 6) were measured up to 48 h post-
dose. Based on safety review, the dose of KMRC011 escalated up to 20  μg, and 
consequently, a total of 4 dose levels (5, 10, 15, and 20 μg) were explored. The most 
common adverse event was injection site reaction, showing no dose- related trend. 
Three DLTs (2 cases of hepatic enzyme increased and 1 of pyrexia) were observed; 
1 in the 15 μg cohort and 2 in the 20 μg cohort. A developed method could not detect 
any KMRC011 in serum. KMRC011 15 μg and 20 μg showed significant increases 
of G- CSF, IL- 6, and absolute neutrophil counts, compared with the placebo. A sin-
gle intramuscular administration of KMRC011 ranging from 5 to 15 μg was toler-
ated in healthy subjects. Doses of KMRC011 equal to or greater than 15 μg exerted 
TLR5 agonist- like activities by increasing serum G- CSF and IL- 6. It suggests that 
KMRC011 has the potential for a treatment for ARS.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Toll- like receptor 5 (TLR5) can be a target for acute radiation syndrome (ARS), 
and KMRC011 is a novel TLR5 agonist being developed as a treatment for ARS. In 
animal models of irradiation, TLR5 agonists showed radioprotective and radiomiti-
gative effect, and granulocyte colony- stimulating factor (G- CSF) and interleukin- 6 
(IL- 6) have been proposed as efficacy biomarkers for TLR5 agonists. For further 
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development, properties of KMRC011 including tolerability in humans need to be 
evaluated.
WHAT QUESTION DID THIS STUDY ADDRESS?
Does KMRC011, a novel TLR5 agonist, show acceptable safety profiles and clini-
cally meaningful changes in efficacy biomarkers in healthy humans?
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
A single intramuscular administration of KMRC011 was tolerated in healthy humans. 
In addition, KMRC011 exerted TLR5 agonist- like activities by increasing the levels 
of serum G- CSF and IL- 6. As a result, KMRC011 demonstrates acceptable tolerabil-
ity and preliminary activity in humans as well as animal models, and thus, KMRC011 
may have the potential for a treatment for ARS.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
Our first- in- human study provided new clinical pharmacology information, such as 
safety and pharmacodynamics (PDs) of KMRC011 in humans. These findings are 
expected to be integrated with previous animal PD data, translate animal efficacy to 
humans, and ultimately contribute to the drug approval under the Animal Rule.

INTRODUCTION

Total- body or significant partial- body exposures to a high 
dose greater than 1 Gy of radiation can cause acute radia-
tion syndrome (ARS).1 ARS includes hematopoietic, gas-
trointestinal, and neurovascular sub- syndromes.1,2 The 
hematopoietic effects of ARS are manifested as cytopenias, 
which increase the risk of sepsis and bleeding; the gastroin-
testinal manifestations of ARS are damage to the mucosal 
barrier and loss of intestinal epithelia, which increase the 
risk of peritonitis, various pathogens into the bloodstream, 
loss of fluid, and paralytic ileus.1 Notably, the neurovas-
cular sub- syndrome characterized by dizziness, headache, 
or decreased level of consciousness is regarded clinically 
unmanageable, while the other two sub- syndromes are 
more likely to respond to appropriate medical interven-
tions.2,3 Therefore, the hematopoietic and gastrointestinal 
sub- syndromes have been considered as potential targets 
for the development of treatments for ARS.

To date, three medical countermeasures for radiation have 
been fully approved by the US Food and Drug Administration 
(FDA).4 All these agents, belonging to the colony- stimulating 
factor (CSF) family, have not been newly discovered but have 
been used for other indications over several decades.4 In the 
development of new treatments for radiation, human efficacy 
studies cannot be conducted because it would be unethical to 
expose human subjects to a lethal or permanently disabling 
toxic radiological substance. So, efficacy data must be de-
rived from adequate and well- controlled animal experimen-
tation with the FDA Animal Efficacy Rule, which requires 
a good understanding of mechanistic knowledge in two or 
more animal models predictive of human response.5

Entolimod is a Toll- like receptor 5 (TLR5) agonist that 
binds to TLR5, thereby activating nuclear factor kappa- B 
(NF- κB) signaling. This signaling mobilizes an innate im-
mune response that drives the expression of multiple genes 
encoding antioxidants, antiapoptotic proteins, antimicrobial 
peptides, and cytokines, particularly granulocyte CSF (G- 
CSF) and interleukin (IL)- 6.6,7 In animal models of irradi-
ation and sepsis, activation of the NF- κB pathway promotes 
multi- organ tissue protection and regeneration.8,9 Based on 
this mechanism of action, entolimod is being developed as a 
treatment for reducing the risk of death following exposure 
to lethal radiation. Entolimod showed radioprotective and ra-
diomitigative efficacies in mice and nonhuman primates, and 
G- CSF and IL- 6 are considered as potential biomarkers in 
mitigation of radiation- induced injury.7,9,10 Two clinical stud-
ies were conducted in 150 healthy subjects to assess the safety 
of entolimod, indicating that the administration of entolimod 
appears to be tolerated within a specific dose range.11,12 In 
these studies, the most frequent adverse events (AEs) were 
flu- like syndrome, decrease in blood pressure, and elevation 
of liver enzymes caused by cytokine storm, which is consis-
tent with the mechanism of action of the compound.12 As 
such, TLR5 agonist shows acceptable tolerability in humans 
and preliminary efficacy in animals,9– 12 however, there is no 
TLR5 agonist approved as a treatment for ARS yet.

KMRC011 is a novel TLR5 agonist, a slightly modified 
version of entolimod, and its efficacy was demonstrated in 
murine and nonhuman primate models of irradiation.13– 15 
The purpose of this study was to investigate the tolerability, 
pharmacokinetics (PK), and pharmacodynamics (PDs) of 
KMRC011 following a single intramuscular administration 
in healthy subjects.
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METHODS

The study protocol was approved by the institutional review 
board at Samsung Medical Center (Seoul, Republic of Korea) 
and the Ministry of Food and Drug Safety. This study was 
conducted in accordance with Korean Good Clinical Practice 
guidelines and tenets of Declaration of Helsinki. Prior to any 
study- related procedures, all subjects gave written informed 
consent.

Subjects

Healthy male adults aged 19 to 55 years with a body mass 
index of 18.5 to 27 kg/m2 were eligible. Major exclusion cri-
teria were: a history of infectious disease or severe trauma 
within 21 days before randomization; a history of allergic dis-
ease requiring treatment; blood aspartate aminotransferase, 
alanine aminotransferase or gamma- glutamyltransferase 
value 1.5- fold more than the upper reference limit; a signifi-
cant electrocardiogram (ECG) result at screening, including a 
baseline Fridericia method- corrected QT interval (QTcF) of 
greater than 430 ms.

Study design

The study was designed as a randomized, single- blind, placebo- 
controlled, single dose- escalation study (ClinicalTrial.gov 
identifier NCT03585803). The no observed adverse effect 
level of KMRC011 in dog, which was the most sensitive spe-
cies, was 0.05 mg/kg/day in nonclinical studies, and this dose 
corresponded to a maximum recommended starting dose of 
0.09 μg/kg based on a safety factor of 30. Accordingly, the 
estimated starting dose of KMRC011 for intramuscular injec-
tion was about 5 μg, assuming a 60 kg adult man. The dose 
level cohorts were determined up to 50 μg by increasing the 
amount by 5 μg from the starting dose. Within each cohort, 
8 (4 only for 5 μg cohort) subjects were randomly assigned 
to KMRC011 or placebo at a 3:1 ratio. The same volume of 
saline as KMRC011 dosed in each cohort was administered 
intramuscularly as the placebo.

Escalation to the next higher dose level occurred after 
all subjects at the current level completed tolerability as-
sessment. If two or more subjects in the same cohort ex-
perienced dose- limiting toxicity (DLT)- related AEs, dose 
escalation was stopped. Based on the common terminology 
criteria for AEs (version 5.0) from the National Cancer 
Institute of the United States, a DLT was defined as an in-
vestigational product related grade 3 AE or any cytokine 
release syndrome (CRS) associated AE: oxygen supplemen-
tation at greater than or equal to 40% fraction of inspired 
oxygen (FiO2), hypotension requiring high- dose or multiple 

vasopressors, or grade 3 or more increase in alanine or as-
partate transaminase.

Assessments

Tolerability was assessed based on symptom reports, physi-
cal examinations, vital signs (systolic and diastolic blood 
pressures, and tympanic temperature), 12- lead ECGs, and 
clinical laboratory tests (hematology, clinical chemistry, co-
agulation, and urinalysis) throughout the study. All clinically 
significant findings were assessed by the investigators with 
respect to severity, outcome, seriousness, and relationship to 
the study drug. These were considered as AEs regardless of 
the relationship to the study drug.

Injection site reactions associated with intramuscular 
injection were examined for pain, tenderness, redness, and 
swelling by 4 grades at 24 and 48 h postdose, and at an ad-
ditional 72 h postdose only in 5 μg cohort. Pain and tender-
ness were assessed by asking the subjects if they felt any pain 
without and with pushing the skin, respectively. Redness and 
swelling were assessed by measuring the diameter of the area 
showing a reaction.

Blood samples for PK assessment were collected at pre-
dose (0 h) and 0.5, 1, 2, 2.5, 3, 3.5, 4, 4.5, 5, 6, 8, 10, 12, and 
24 h postdose. In addition, serum concentrations of G- CSF 
and IL- 6 were measured at predose (0 h) and 0.5, 1, 2, 3, 4, 5, 
6, 8, 12, 24, and 48 h postdose for PD assessment.

Assay of KMRC011 and cytokines

In KMRC011 assay in serum samples, sandwich enzyme- 
linked immunosorbent assay was performed using a 
primary antibody (mouse anti- KMRC011 monoclonal 
antibody (3E3); custom made) and a secondary antibody 
(monkey anti- KMRC011 polyclonal antibody, biotin 
conjugated; custom made) with color development sys-
tem streptavidin- HRP (Sigma- Aldrich, S2438) and TMB 
Microwell peroxidase substrate system (KPL, 50- 76- 
00). Standard samples were prepared to have 0.020 to 
10  μg KMRC011/ml by 2- fold serial dilution of 10  μg 
KMRC011/ml with human pooled serum (BioChemed, 
human serum, pooled/mixed gender). Absorbance was 
measured at 450 nm in the VersaMax microplate reader, 
and then data were analyzed by 4- parameter logistic 
model in the SoftMax Pro 5 GxP software (version 4.3.1; 
Molecular Devices, LLC). The assay was linear in the con-
centration range of 0.02 to 2.5 μg/ml. The lower and upper 
limits of quantification were 0.02  μg/ml and 2.5  μg/ml, 
respectively. Intrabatch and interbatch precision were 0.7 
to 2.9% and 0 to 16.6%, and intrabatch and interbatch ac-
curacy were −11.25 to 3.45% and −7.14 to 14.90%.
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Serum concentrations of G- CSF and IL- 6 were analyzed 
by using the Meso Scale Discovery (MSD) U- PLEX platform 
(Meso Scale Diagnostics, LLC) according to the manufac-
turer’s instructions. The U- PLEX linker was coupled to the 
capture antibodies to prepare a multiplex coating solution. 
For coating the U- PLEX plate, 50 μl of the multiplex coating 
solution was added in each well of 96- well U- PLEX plate. 
The plate was sealed with an adhesive plate seal and incu-
bated overnight at 2– 8°C. After washing, 50 μl of standards 
or samples were loaded per well, and the plate was incu-
bated for 1  h at room temperature. After another washing, 
50 μl of Sulfo- tag labeled detection antibody solution was 
added to each well, followed by 1- h incubation and washing. 
Thereafter 150 μl of 2× Read buffer T was added to each 
well, and the plate was read on a MESO Sector S 600 instru-
ment (Meso Scale Diagnostics). Data were calculated with 
MSD Workbench 4.0 software. The lower limit of detection 
was calculated by the concentration based on a signal of 2.5 
standard deviations above the zero calibrators. The lower and 
upper limits of quantification were defined as the lowest and 
highest points of a calibration curve with the coefficient of 
variance of duplicates <20% and measured concentration be-
tween 80% and 120%.

Statistical analysis

The maximum concentration and area under the concentration- 
time curve for each analyte were used for PK/PD assessment. 
The parameters were obtained directly from the data or were 
calculated using noncompartmental analysis with linear trap-
ezoidal rule.

Subjects were allocated into five intervention groups, in-
cluding a placebo group. The PK and PD parameters were 
summarized by the intervention groups and were analyzed 
using the nonparametric methods, if necessary, followed by 
the Bonferroni adjustment for the multiple comparisons. In 
addition, subject characteristics and AEs were summarized 
by the intervention groups. Statistical analysis was carried 
out with the R package “PMCMRplus” in R (version 4.0.1),16 
and the significance level was set to 0.05.

RESULTS

Study population

A total of 26 subjects were enrolled, and two subjects with-
drew their consent to participate in the study before drug 
administration: 17 subjects received KMRC011, and seven 
subjects received the placebo (Figure 1). Of those, two sub-
jects discontinued the study due to AEs with pyrexia and hy-
potension. Consequently, 24 subjects were included in the 

tolerability assessment, and 22 subjects were included in the 
PK/PD analysis.

The characteristics of the subjects are summarized by the 
intervention groups, including the placebo group in Table 1. 
There was no significant difference between the intervention 
groups with respect to age, weight, height, and body mass 
index.

Tolerability

A total of 20 subjects (17 with KMRC011 and three with pla-
cebo) reported 97 AEs throughout the study. Of those, AEs 
reported in two or more subjects are shown in Table 2. The 
most common AE reported was injection site reaction, show-
ing no trend in the incidence with increasing dose levels. 
Moreover, the main symptom was tenderness without accom-
panying erythema or sclerosis. Four AEs (hepatic enzyme 
increased [two cases], flushing [one], pyrexia [one]) were se-
vere in its severity. There were no serious AEs reported. Two 
AEs, pyrexia in the 10 μg cohort and hypotension in the 20 μg 
cohort, resulted in withdrawal from the study. Collectively, 
three DLTs were observed: one of hepatic enzyme increased 
in 15 μg cohort, and one each of hepatic enzyme increased 
and pyrexia in the 20 μg cohort. Because two DLTs occurred 
in 20 μg cohort, the subject enrollment was discontinued.

The blood pressures and body temperatures from predose 
(0 h) to 24 h postdose are summarized by the intervention 
groups in Table 3. After a single intramuscular administra-
tion of KMRC011, the trends were observed for the blood 
pressures to decrease and for the body temperatures to in-
crease, and the values returned to baselines about after 24 h 
postdose. Although the body temperatures at 4 to 6 h post-
dose were significantly higher than those at predose in 15 μg 
and 20  μg cohorts, at 24  h postdose, they dropped below 
38°C, which is the criteria of CRS.17

Pharmacokinetics

We could not detect any significant amount of KMRC011 
in serum using the developed method with the lower limit of 
quantification of 20 ng/ml.

Pharmacodynamics

G- CSF and IL- 6

The mean serum concentrations of G- CSF and IL- 6 over 
48 h postdose are shown in Figure 2. The maximum effect 
(Emax) and area under the effect- time curve (AUEC) values 
for G- CSF and IL- 6 are summarized in Table 4. Following 
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a single intramuscular injection of KMRC011, both G- CSF 
and IL- 6 levels increased rapidly, peaking approximately at 4 
to 6 h postdose, and were mostly recovered to their baseline 
levels at 48 h postdose. The Emax and AUEC values for G- 
CSF and IL- 6 showed increasing trends with increasing dose 
levels (Figure S1). Two subjects in 15 μg cohort exhibited 
remarkably higher PD values, resulting in the means for the 
corresponding values greater than those in 20 μg cohort. In 
addition, KMRC011 15 μg and 20 μg cohorts resulted in the 

significantly higher Emax and AUEC values for G- CSF and 
IL- 6 compared with the placebo group.

Absolute Neutrophil Counts

KMRC011 was associated with dose- related rises in abso-
lute neutrophil counts (ANCs) (Figure 3). The mean ANC 
values at 24  h postdose were 5.52 (109/L), 8.02, 12.10, 

F I G U R E  1  Subject disposition. PD, pharmacodynamics; PK, pharmacokinetics

T A B L E  1  Subject characteristics by intervention groups

5 μg
(N = 3)

10 μg
(N = 6)

15 μg
(N = 6)

20 μg
(N = 4)

Placebo
(N = 7)

p 
valuea 

Age (years) 34.0 ± 7.8 39.2 ± 12.1 31.2 ± 8.2 32.3 ± 7.4 37.9 ± 11.5 0.8033

Weight (kg) 77.67 ± 3.20 78.73 ± 10.56 68.45 ± 11.11 68.10 ± 3.27 65.56 ± 4.84 0.0730

Height (cm) 176.57 ± 7.69 178.18 ± 8.42 171.35 ± 5.56 173.23 ± 6.34 170.24 ± 4.17 0.3221

Body mass index 
(kg/m2)

24.93 ± 1.18 24.73 ± 2.06 23.22 ± 3.06 22.78 ± 2.00 22.67 ± 2.29 0.4199

Note: Data are expressed as mean ± standard deviation.
aKruskal- Wallis test.
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5 μg
(N = 3)

10 μg
(N = 5)

15 μg
(N = 5)

20 μg
(N = 4)

Placebo
(N = 7)

Anemia 0 0 1 (20) 0 1 (14.3)

Sinus tachycardia 0 0 0 2 (50) 0

Diarrhea 0 0 2 (40) 1 (25) 0

Nausea 0 1 (20) 1 (20) 1 (25) 0

Vomiting 0 0 2 (40) 1 (25) 0

Injection site reaction 3 (100) 5 (100) 3 (60) 4 (100) 0

Pyrexia 1 (33.3) 3 (60) 5 (100) 4 (100) 0

Pyuria 1 (33.3) 0 0 0 1 (14.3)

Oral herpes 0 0 1 (20) 1 (25) 0

C- reactive protein increased 2 (66.7) 3 (60) 5 (100) 4 (100) 0

Hepatic enzyme increased 0 0 1 (20) 1 (25) 0

International normalized 
ratio increased

0 0 1 (20) 1 (25) 0

Myalgia 1 (33.3) 1 (20) 4 (80) 2 (50) 0

Headache 0 1 (20) 3 (60) 3 (75) 1 (14.3)

Tension headache 2 (66.7) 0 0 0 0

Hypotension 0 0 2 (40) 1 (25) 0

Note: Data are expressed as n (%), where n is the number of subjects and % is based on the number of subjects 
in each intervention.

T A B L E  2  Summary of adverse 
events reported in two or more subjects by 
intervention groups

T A B L E  3  Summary of vital signs following a single intramuscular administration of KMRC011 or placebo

5 μg
(N = 3)

10 μg
(N = 5)

15 μg
(N = 5)

20 μg
(N = 4)

Placebo
(N = 7)

Systolic blood pressure (mmHg)

Predose (0 h) 116.7 ± 9.0 109.6 ± 12.6 125.0 ± 13.9 112.3 ± 8.5 116.4 ± 13.1

2 h 121.0 ± 14.7 118.6 ± 22.5 131.8 ± 18.5 118.5 ± 9.0 113.0 ± 12.2

4 h 113.7 ± 13.4 106.8 ± 14.5 111.8 ± 16.3 112.5 ± 23.5 114.7 ± 11.3

6 h 120.0 ± 16.5 101.8 ± 5.7 109.6 ± 18.1 99.0 ± 16.8 108.4 ± 12.8

12 h 113.3 ± 5.0 103.0 ± 7.6 111.8 ± 13.1 99.7 ± 9.1 106.7 ± 13.7

24 h 114.7 ± 8.1 104.3 ± 9.3 114.4 ± 16.2 113.0 ± 17.1 110.3 ± 15.0

Diastolic blood pressure (mmHg)

Predose (0 h) 69.7 ± 11.7 79.8 ± 6.5 76.8 ± 6.3 77.3 ± 11.4 74.6 ± 7.4

2 h 70.0 ± 17.4 82.0 ± 11.5 71.6 ± 17.4 78.5 ± 11.6 73.1 ± 9.0

4 h 65.3 ± 12.9 66.0 ± 6.5 60.8 ± 12.9 71.8 ± 16.4 72.1 ± 7.2

6 h 68.0 ± 14.0 65.8 ± 3.9* 64.2 ± 9.4 65.8 ± 6.2 65.3 ± 4.2

12 h 65.3 ± 5.7 65.8 ± 5.9* 65.0 ± 7.7 68.7 ± 13.0 70.9 ± 9.8

24 h 70.0 ± 9.5 72.8 ± 2.5 70.0 ± 8.2 72.0 ± 11.1 70.3 ± 11.6

Body temperature (°C)

Predose (0 h) 36.3 ± 0.3 36.5 ± 0.2 36.6 ± 0.1 36.3 ± 0.1 36.3 ± 0.2

2 h 36.3 ± 0.2 36.8 ± 0.8 37.4 ± 0.5 36.9 ± 0.2 36.2 ± 0.2

4 h 36.9 ± 1.0 37.8 ± 1.8 38.3 ± 0.3* 39.0 ± 0.9* 36.4 ± 0.2

6 h 36.8 ± 0.6 37.5 ± 0.8 38.0 ± 0.3* 38.3 ± 0.5* 36.5 ± 0.2

12 h 36.9 ± 0.2 37.2 ± 0.5 37.7 ± 0.5 37.7 ± 0.6 36.7 ± 0.1*

24 h 36.5 ± 0.4 36.7 ± 0.2 36.9 ± 0.2 36.5 ± 0.5 36.2 ± 0.2

Note: Data are expressed as mean ± standard deviation. The p values were adjusted for multiple comparisons using Bonferroni adjustment (*p < 0.05 vs. predose [0 h]).
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and 12.23 in KMRC011 5, 10, 15, and 20 μg, respectively, 
whereas the corresponding value was 3.06 109/L in pla-
cebo. The mean ± standard deviation values of changes 
in ANC from baseline to 24 h postdose were 2.17 ± 0.66 
(109/L), 4.09 ± 4.82, 8.68 ± 7.22, and 8.16 ± 2.92 in 
KMRC011 5, 10, 15, and 20  μg, respectively. Notably, 
changes in ANC from baseline to 24 h postdose in 15 μg 
and 20 μg cohorts were significantly higher compared with 
the placebo group (Bonferroni- adjusted p value = 0.0037 
[15 μg vs. placebo], 0.0055 [20 μg vs. placebo]). At day 
7 postdose, ANC levels were within its reference range in 
all dose levels.

DISCUSSION

This is a first- in- human study to investigate the tolerability of 
KMRC011 following a single intramuscular administration 
in healthy subjects. In addition, PK and PD assessments were 

performed by using the serum concentrations of KMRC011, 
G- CSF, and IL- 6.

Cytokine release syndrome is a systemic inflammatory re-
sponse triggered by the release of proinflammatory cytokines, 
including IL- 6, and can include various symptoms ranging 
from mild and self- limiting to severe and life- threatening.18 It 
is characterized by fever greater than or equal to 38°C, hypo-
tension with systolic blood pressure less than 90 mmHg, and 
increased hepatic enzymes.17 Especially, IL- 6 is regarded as a 
critical factor for CRS pathophysiology, and IL- 6 levels were 
markedly elevated in patients with CRS, whose median levels 
of IL- 6 were about 10,000 ng/L.19,20 In this study, two sub-
jects in 15 μg cohort and one subject in 20 μg cohort showed 
IL- 6 levels above 10,000  ng/L, and fever greater than or 
equal to 38°C and hypotension were reported in all of them. 
Hepatic enzymes were also increased in two subjects, one in 
15 μg cohort and the other in 20 μg cohort. However, fever 
and hypotension responded to symptomatic therapies, and 
these observations were all lost at 48 h postdose. Considering 

F I G U R E  2  Mean serum concentration- time profiles of (a) G- CSF and (b) IL- 6 following a single intramuscular administration of KMRC011 
or placebo with linear scale. Error bars represent standard deviations

T A B L E  4  Summary of pharmacodynamic parameters following a single intramuscular administration of KMRC011 or placebo

5 μg
(N = 3)

10 μg
(N = 4)

15 μg
(N = 5)

20 μg
(N = 3)

Placebo
(N = 7)

G- CSF

Emax (μg/L) 0.15 ± 0.27
(173.2)

3.80 ± 5.99
(157.6)

12.22 ± 13.35*
(109.2)

6.55 ± 5.37*
(82.0)

0.02 ± 0.04
(173.4)

AUEC (h*μg/L) 0.76 ± 1.32
(173.2)

17.55 ± 27.19
(154.9)

86.11 ± 102.12*
(118.6)

33.54 ± 32.37*
(96.5)

0.44 ± 0.77
(172.8)

IL- 6

Emax (μg/L) 0.14 ± 0.23
(167.8)

1.70 ± 2.61
(153.9)

10.28 ± 12.12*
(117.9)

3.29 ± 3.07*
(93.2)

0.01 ± 0.02
(264.6)

AUEC (h*μg/L) 0.39 ± 0.66
(168.4)

4.38 ± 7.21
(164.7)

35.38 ± 43.91*
(124.1)

8.53 ± 7.17*
(84.1)

0.09 ± 0.25
(264.6)

Note: Data are expressed as mean ± standard deviation. The p values were adjusted for multiple comparisons using Bonferroni adjustment (*p < 0.05 vs. placebo).
Abbreviations: AUEC, area under the effect- time curve; Emax, maximum effect; G- CSF, granulocyte colony- stimulating factor; IL- 6, interleukin 6.
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that taking no action in an exigent ARS situation may ulti-
mately result in death and KMRC011 is under development 
as a treatment for ARS, the AEs reported following a sin-
gle intramuscular injection of KMRC011 in healthy subjects 
seem manageable and tolerable.

KMRC011 was designed by removing the N- terminal 
ancillary region of entolimod not related to the TLR5 acti-
vation.14 In addition, the in vitro dissociation constant (Kd) 
of KMRC011 (108 pM) was smaller than that of entolimod 
(156  pM).14 It suggests that KMRC011 has higher TLR5 
binding affinities than entolimod due to its smaller and less 
complicated structure.

In this study, we could not detect any significant amount 
of KMRC011 in serum using the developed method with the 
lower limit of quantification of 20  ng/ml. Because the PD 
effects related to TLR5 stimulation were observed, it appears 
that KMRC011 reached the desired target site and played 
its agonistic function. Intramuscularly administered protein 
drugs pass by from the interstitial fluid to either the lymphatic 
system or the endothelial space to arrive at the systemic circu-
lation, and predominantly undergo presystemic degradation 
by proteases and peptidases present ubiquitously through-
out the body including the interstitial fluid.21,22 KMRC011 
would have acted on TLR5 expressed on the membrane of 
immune and epithelial cells in the interstitial fluid and lym-
phatic system, although being eliminated almost during the 
presystemic process.

The recommended doses of filgrastim, an available form 
of human G- CSF, are 5 μg/kg/day subcutaneous injection or 
intravenous infusion for chemotherapy- induced neutropenia 

and 10 μg/kg/day subcutaneous injection for hematopoietic 
ARS.23 Although systemic exposures of G- CSF after a sin-
gle intramuscular injection of KMRC011 were smaller than 
those after a single administration of G- CSF 5 or 10 μg/kg, 
KMRC011 15 μg resulted in the increase of ANC up to 12.10 
109/L, which exceeds the criteria of G- CSF discontinuation 
for patients with neutropenia (ANC >10.00 109/L).24 This in-
dicates that the effects of KMRC011 on the increase of ANC 
in the present study can be clinically significant.

TLR5 is expressed on both hematopoietic and gastroin-
testinal tissues, whereas G- CSF receptors are mainly located 
in precursor cells of bone marrow.25,26 Crypt damage, organ 
failure, and death under the gastrointestinal sub- syndrome 
can be prevented by inhibiting endothelial apoptosis,27 and 
it has been reported that KMRC011 stimulated cell prolifer-
ation and showed anti- apoptotic effects in the small intestine 
of irradiated mouse model.13 Accordingly, KMRC011 is also 
expected to be effective in not only hematopoietic but gas-
trointestinal sub- syndromes. In addition, due to its stability 
at room temperature and the intramuscular formulation with 
fixed- doses, KMRC011 is considered to be possible to self- 
dose through a portable device in an urgent situation exposed 
to radiation.

Responses to KMRC011 were highly variable within 
each dose cohort, with higher coefficients of variation of 
PD parameters. Because there were no meaningful dif-
ferences among all subjects in either the demographic 
characteristics or the baseline G- CSF and IL- 6 values, it 
seems that other individual or uncontrolled factors caused 
the observed fluctuations. Human TLR5 polymorphism, 
1174C>T (rs5744168), is associated with the loss of re-
sponsiveness to flagellin, thus with an increased risk of 
infection.28 Individuals with this polymorphism showed 
significantly lower G- CSF and IL- 6 levels when exposed 
to bacteria.29,30 On the contrary, other TLR5 polymorphism 
(rs5744174) is known to increase the response to flagel-
lin.31 Referring to these points, the interindividual genetic 
variations in TLR5 might have complexly affected the sen-
sitivity of TLR5 to KMRC011.

It is of note that the results of this study were obtained 
only from male adults. Thus, extrapolation to children or old 
men as well as women should be performed with caution. 
Furthermore, the safety profile for KMRC011 may be differ-
ent in those who have a compromised immune system or are 
currently suffering from ARS.

In conclusion, single intramuscular doses of KMRC011 
ranging from 5 to 15 μg were tolerated in healthy subjects. 
KMRC011 in serum could not be measured with the currently 
developed assay, however, KMRC011 showed significant in-
creases of serum G- CSF and IL- 6 levels at doses equal to or 
greater than 15 μg. These findings suggest that KMRC011 
has the potential for a treatment for ARS.

F I G U R E  3  Mean absolute neutrophil counts at predose (0 h) 
and following a single intramuscular administration of KMRC011 
or placebo. Error bars represent standard deviations. Open circles 
(○) and diamonds (◇) indicate the individual values. The p values 
were adjusted for multiple comparisons using Bonferroni adjustment 
(*p < 0.05 vs. placebo for changes in ANC from baseline to 24 h 
postdose)
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