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Abstract. Objective: Tralokinumab, ad-
ministered as two 1-mL subcutaneous in-
jections every 2 weeks, at the target dose 
300 mg, has been shown to improve lung 
function in patients with asthma. This study 
evaluated the pharmacokinetic (PK) and 
tolerability profile of tralokinumab 300 mg 
when administered by different rates of sub-
cutaneous injection, as part of a pilot inves-
tigation of new injection regimens. Methods: 
This phase I study randomized 60 healthy 
adults to receive 300 mg tralokinumab, as 
two 1-mL subcutaneous injections, each de-
livered over 10 seconds, or one 2-mL injec-
tion delivered over 10 seconds (12 mL/min), 
1 minute (2 mL/min), or 12 minutes (0.167 
mL/min). Results: No differences in the PK 
profile of tralokinumab were observed be-
tween cohorts. Immediately following injec-
tion, injection-site pain intensity (mean (SD)) 
was lowest following 0.167 mL/min injec-
tion (5.1 mm (8.0) via visual analog scale 
(VAS)) and greatest following 12 mL/min 
injection (41 mm (27.7) via VAS); with mean 
injection-site pruritus intensity low for all 
participants. Two types of local injection-site 
reactions were observed: erythema (58.3%) 
and hematoma/bleeding (18.3%). All treat-
ment-emergent adverse events were mild. 
Conclusions: Tralokinumab 300 mg is well 
tolerated, with comparable PK, when admin-
istered by a single 2-mL injection at different 
rates of subcutaneous injection vs. two 1-mL 
injections.

Introduction

Tralokinumab is a human monoclonal 
antibody (mAb) of the immunoglobulin G4 
(IgG4) subclass that potently and specifi-

cally neutralizes interleukin 13 (IL-13) by 
preventing its interaction with the recep-
tors, IL-13Rα1 and IL-13Rα2 [1]. IL-13 is 
one of the key mediators in the pathogen-
esis of asthma [2]; thus, inhibition of IL-13 
by tralokinumab offers a rational approach 
to the treatment of this disease [1]. Results 
from phase II studies in adult patients with 
uncontrolled severe asthma suggest that the 
addition of tralokinumab at a dose of 300 mg 
every 2 weeks (Q2W) alongside the patient’s 
current asthma therapy may provide clinical 
improvements in this patient population [3, 
4]. These clinical improvements were dem-
onstrated by an improvement in lung func-
tion, as well as an acceptable safety and tol-
erability profile [3, 4].

Tralokinumab is currently being investi-
gated for the treatment of asthma in multiple 
phase III studies [5, 6, 7]. In these studies, 
tralokinumab is administered as two 1-mL 
subcutaneous (SC) injections of 150 mg/mL 
either Q2W or every 4 weeks (Q4W). How-
ever, the ability to administer tralokinumab 
at the target therapeutic dose of 300 mg via a 
single 2-mL SC injection may be preferable 
to some patients.

It is important to determine whether the 
pharmacokinetic (PK) profile of the required 
dose of 300 mg tralokinumab is affected 
when delivered via a different dosing regi-
men (i.e., a single injection vs. multiple in-
jections, or a fast vs. slow flow rate), as this 
may have therapeutic consequences with 
respect to safety and efficacy. For the deliv-
ery of 300 mg tralokinumab in a single 2-mL 
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injection to be feasible, the PK temporal 
profile should be similar to that of two 1-mL 
injections, and delivery must be tolerable for 
the patient. Studies involving the administra-
tion of a single large volume (up to 3.5 mL) 
SC injection of placebo solutions, at the an-
ticipated viscosities of biotherapeutic agents, 
have demonstrated favorable safety profiles 
in terms of pain, tolerability, and treatment-
emergent adverse events (TEAEs) [8, 9, 10]. 
However, the effect on PK of larger volumes 
of an active substance delivered at different 
flow rates has not been reported. Demonstra-
tion that the PK of 300 mg tralokinumab is not 
affected by administration as a 2-mL  injection 
or by a reasonable range of flow rates could 
provide the basis for the development of new 
delivery devices for this molecule.

Currently, most SC injection volumes 
of therapeutic compounds, including mAbs, 
are limited to 1 mL, as volumes greater than 
1 mL have been associated with tolerability 
issues such as increased injection pain, high 
SC back pressure from the tissue site, site 
leakage, and injection-site reactions [11, 12]. 
Therefore, in some instances, in order to de-
liver the therapeutic doses required, multiple 
injections may be necessary. Self-administra-
tion of SC injections of up to 1 mL is clinical-
ly acceptable for therapeutic mAb products, 
with several products commercially avail-
able [13, 14, 15, 16, 17]. Where greater doses 
are required to achieve a therapeutic effect, 
mAbs may also be formulated at concentra-
tions of > 100 mg/mL. However, the result-
ing increase in viscosity may affect delivery 
by SC injection [18, 19], particularly when 
the delivery device requires a fast injection 
rate [20]. Conversely, one recent study has 
presented data that suggests relatively large 
SC (up to 3 mL) injections are well tolerated, 
regardless of injection flow rate (within 10 
seconds) or fluid viscosity (up to 15 – 20 cP), 
when injected into the abdomen [9]. Other 
studies of high-volume, high-viscosity SC 
injections (such as immunoglobulin replace-
ment therapy) have also demonstrated that 
SC tissue can accommodate volumes larger 
than 1 mL with good tolerability when the 
flow rate and delivery method are optimized 
[8, 9, 10, 21, 22, 23]. Clearly, tolerability 
factors – alongside the PK profile – need to 
be considered as part of the development of 
injection strategies and devices that may ad-

minister tralokinumab by different methods 
(i.e., a single injection vs. multiple injections) 
and/or rate of SC injection.

As part of a pilot investigation, we de-
scribe the results of an open-label, parallel-
group study to explore the PK and tolerability 
of tralokinumab 300 mg when administered 
by different rates of SC injection and as a sin-
gle 2-mL injection vs. two 1-mL injections.

Methods

Study objective

The primary objective was to evaluate 
the PK profile of a single SC dose of 300 mg 
tralokinumab, delivered as a 2-mL injection 
at different flow rates to healthy adult vol-
unteers. Secondary objectives were to de-
termine the local tolerability (as assessed by 
injection-site pain and pruritus intensity and 
injection-site reactions), overall safety, and 
immunogenicity profile of delivering 300 mg 
tralokinumab as either a single SC dose or as 
a 2-mL injection at different flow rates.

Study design and participants

In this phase I, open-label, single-blind, 
parallel-group study (NCT02085473), healthy 
males and females were enrolled from one site 
in the USA. Participants aged 19 – 65 years 
with a body mass index of 19 – 30 kg/m2 were 
included in the study. For key inclusion and 
exclusion criteria see Supplemental Table 1. 
Enrolled participants were randomized in a 
1 : 1 : 1 : 1 ratio to one of four cohorts. See 
Figure 1 for study design.

A screening visit was performed in the 
21 days prior to dosing. Participants were 
admitted to the study unit on day –1. Due to 
the potential for sex differences in pain per-
ception and sensitivity [24, 25], randomiza-
tion was stratified by sex, with a minimum 
of 5 males and 5 females randomized to each 
cohort; additional participants were of either 
sex. Following administration of 300 mg 
tralokinumab on day 1, participants were 
discharged on the same day after all study 
procedures were completed, then followed 
up as outpatients for 57 days for safety, toler-
ability, immunogenicity, and PK sampling.
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All injections were administered SC in 
the abdomen using a Harvard syringe pump 
(HA3000W PHD Ultra infuse/withdraw 
syringe pump; Instech Laboratories Inc., 
Plymouth Meeting, PA, USA), to ensure 
accuracy of flow rates and corresponding 
delivery times. The fluid path consisted of 
sterile, 510(k)-cleared components attached 
together via Luer connections. For cohort 1, 
two separate injection sites on the same side 
of the abdomen, spaced at least 3 cm apart, 
were used for each participant. For cohorts 
2, 3, and 4, a single injection site was identi-
fied on the abdomen for each participant. For 
all cohorts, tralokinumab was delivered via 
a 10-mL plastic Luer-Lok™ syringe (BD; 
Franklin Lakes, NJ, USA), B. Braun micro-
bore extension set, and an insertion set ap-
paratus. For cohorts 1 and 2, a rigid needle, 
winged infusion set was selected (Terumo 25 
G × ½” Surflo® (Surflo®, Terumo, Somerset, 
USA)) with 8” tubing (Terumo, Liverpool, 
UK), to represent the insertion apparatus 
for a standard SC injection. For cohorts 3 
and 4, a soft cannula insertion set was used 
(Animas Inset™ infusion system (Animas, 
Livingstone, UK) with a 6-mm, 25-G soft 

cannula) to mimic a typical on-body device 
(e.g., insulin pump therapy). See Figure 2 for 
a schematic representation of the experimen-
tal apparatus.

Tralokinumab was delivered at the fol-
lowing times: cohort 1, 10 seconds for each 
1-mL injection (i.e., 6 mL/min per injection); 
cohort 2, 10 seconds for a single 2-mL injec-
tion (i.e., 12 mL/min, or 1 mL/5 s); cohort 3, 
1 minute for a single 2-mL injection (i.e., 2 
mL/min, or 1 mL/30 s); cohort 4, 12 minutes 
for a single 2-mL injection (i.e., 0.167 mL/
min, 1 mL/360 s). In cohorts 1 and 2, the de-
livery methods and delivery times were de-
signed to mimic those typically used in rou-
tine SC administration by pre-filled syringes 
or autoinjector devices. Cohorts 3 and 4 were 
intended to simulate delivery rates of an on-
body SC delivery system. For a summary of 
the different flow rates, see Table 1.

Study assessments

The primary endpoint for this study was 
to determine the PK profile of tralokinumab. 
Blood samples were taken for PK analyses 

Figure 1. Study design. SC = subcutaneous.

Table 1. Regimens for delivery of tralokinumab.

Cohort 
number

Number of injections 
and volume

Needle type Flow rate Delivery time

1 2 × 1 mL Rigid 6 mL/min 10 s/injection
2 1 × 2 mL Rigid 12 mL/min 10 s
3 1 × 2 mL Soft cannula 2 mL/min 1 min
4 1 × 2 mL Soft cannula 0.167 mL/min 12 min
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immediately prior to tralokinumab adminis-
tration and then on days 2, 4, 6, 8, 10, 15, 22, 
36, and 57. Tralokinumab serum concentra-
tions were quantified using a validated sand-
wich immunoassay as previously described 
[26].

Secondary endpoints were local injec-
tion-site pain intensity and injection-site pru-
ritus, as measured by a 100-mm visual analog 
scale (VAS; where 0 mm = no pain/itch and 
100 mm = worst imaginable pain/itch) im-
mediately following tralokinumab injection 
and then at 10, 20, 30, and 60 minutes, and 
2, 4, 8, 24, and 72 hours post injection. Lo-
cal injection-site pain intensity was also re-
corded at 1 minute and 6 minutes during the 
administration of tralokinumab for cohort 4, 
due to the longer delivery time of the injec-
tion. For participants in cohort 1, an overall 
assessment of pain intensity and pruritus 
from both injection sites for each time point 

post injection was recorded. The presence of 
local injection-site reactions (including ery-
thema, hematoma or bleeding, local warmth, 
swelling, and/or rash) was also recorded at 
the same time points as for injection-site pain 
intensity and pruritus, and included a mea-
surement of the diameter of each injection-
site reaction and an assessment of severity. 
Severity was graded from 1 to 5, representing 
mild, moderate, severe, life-threatening, and 
fatal. For detailed descriptions of how each 
adverse event (AE) or serious adverse event 
(SAE) was graded by severity, please see 
Supplemental Table 2. The assessment was 
performed by a blinded assessor immediately 
after administration for cohorts 2, 3, and 4. 
However, it was not possible for the asses-
sor to be blinded to the treatment allocation 
of those participants in cohort 1, due to the 
presence of two injection sites. Furthermore, 
due to the variation in administration times, 
participants were not blinded in this study.

Local injection-site reactions were re-
corded on a dedicated and standardized as-
sessment questionnaire. Where there were 
differences in injection-site reactions between 
the two sites for participants in cohort 1, the 
most severe reaction was recorded. If it oc-
curred, fluid leakage was measured immedi-
ately following administration by blotting the 
injection site with a pre-weighed absorbent 
mat erial and the amount of leakage quantified 
by gravimetric analysis. Blood samples were 
collected to assess the presence of antidrug 
antibodies (ADA) against tralokinumab im-
mediately prior to tralokinumab administra-
tion (day 1) and on day 57.

Safety and tolerability of tralokinumab 
were assessed by monitoring the incidence 
of TEAEs and treatment-emergent serious 
adverse events (TESAEs), as well as clinical 
laboratory parameters, vital signs, and physi-
cal examinations throughout the study.

As local injection-site reactions were re-
corded as a specific endpoint, they were only 
reported as AEs if they met one or more of 
the following criteria: They were an SAE, 
led to premature termination of the injec-
tion during tralokinumab administration, 
required concomitant medication or other 
medically important intervention, or had an 
impact on the general condition of the par-
ticipant (as judged by the investigator).

Figure 2. Experimental setup. The fluid path 
consisted of sterile, 510(k)-cleared components 
attached together via Luer connections. A Har-
vard syringe pump (HA3000W PHD Ultra infuse/
withdraw syringe pump) (A), with a 10 mL plastic 
 Luer-Lok™ syringe (BD) (B) and Microbore ex-
tension set (B. Braun) (C) attached were used to 
deliver tralokinumab at the required volume and 
flow rate. For cohorts 1 and 2, a 25-G × ½” Surflo® 
winged infusion set with 8” tubing (Terumo) (rigid 
needle) mimicking a standard subcutaneous injec-
tion was used (D). For cohorts 3 and 4, the Animas 
Inset™ infusion system with a 6-mm, 25-G soft 
cannula was used to mimic a on body SC delivery 
system (E).
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Ethical approval

Informed consent was obtained from 
all study participants prior to the initiation 
of any study procedure. All study activi-
ties complied with Good Clinical Practice 
(GCP), guidelines of the International Con-
ference on Harmonization (ICH), and all ap-
plicable regulatory requirements.

All procedures performed in studies in-
volving human participants were in accor-
dance with the ethical standards of the insti-
tutional and/or national research committee 
and with the 1964 Helsinki declaration and 
its later amendments or comparable ethical 
standards.

Statistical analysis

Sample size

In a previous study (NCT01592396; data 
on file) the coefficient of variation (CV) was 
37% for area under the serum concentration-
time curve from zero to infinity (AUC(0–∞)) 
for tralokinumab. Assuming the same CV of 
37% for AUC(0–∞) across the cohorts, and us-
ing a two-sided, two-sample t-test at a sig-
nificance level of 0.05, the sample size of 15 
participants per cohort provided 84% power 
to detect a 1.5-fold difference in AUC(0–∞) 
between cohort 1 and any of the other treat-
ment cohorts.

Analysis populations and methods

The as-treated population included all 
participants who received any amount of 
tralokinumab. Demographics and safety 
and tolerability endpoints were summarized 
based on the as-treated population. The PK 
population included all participants in the 
as-treated population with at least one de-
tectable tralokinumab serum concentration 
and for whom the PK parameters could be 
adequately estimated.

PK parameters included AUC(0–∞), AUC 
to last observation (AUC(0–t)), apparent sys-
temic clearance (CL/F), maximum observed 
concentration (Cmax), the time to Cmax (tmax), 
tralokinumab half-life (T1/2), and apparent 
terminal-phase volume of distribution (Vz/F). 
Parameter values were estimated for the PK 
population using non-compartmental models 
as implemented in Phoenix  WinNonlin® ver-
sion 6.3 (Princeton, NJ, USA), a component 
of Phoenix version 1.3. Other safety/toler-
ability endpoints were analyzed for the as-
treated population. For injection-site pain and 
pruritus, descriptive statistics were reported 
at each assessment time point by cohort. 
Wilcoxon rank-sum tests were used to com-
pare VAS scores between cohort 1 and each 
of cohorts 2, 3, and 4. Local injection-site 
reactions were summarized using descrip-
tive statistics by cohort. The safety profile of 
tralokinumab was assessed by summarizing 
AEs and TEAEs by cohort. AEs and TEAEs 
were also summarized by severity. Changes 
from baseline in laboratory measurements at 
each time point were summarized from the 

Table 2. Participant demographics (as-treated population).

Population Tralokinumab 300 mg
2 × 1 mL SC injections 1 × 2 mL SC injection

Cohort 1 
6 mL/min 

n = 15

Cohort 2 
12 mL/min 

n = 15

Cohort 3 
2 mL/min 

n = 15

Cohort 4 
0.167 mL/min 

n = 15

Total 
N = 60

Age (years)
 Mean (SD) 36.5 (9.5) 39.7 (13.5) 38.5 (14.1) 38.4 (12.3) 38.3 (12.2)
Sex, n (%)
 Male 8 (53.3) 8 (53.3) 7 (46.7) 7 (46.7) 30 (50.0)
 Female 7 (46.7) 7 (46.7) 8 (53.3) 8 (53.3) 30 (50.0)
BMI (kg/m2)
 Mean (SD) 24.8 (2.5) 26.4 (2.4) 26.0 (3.3) 26.8 (2.5) 26.0 (2.7)

BMI = body mass index; SC = subcutaneous; SD = standard deviation.
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start of tralokinumab injection on day 1 until 
the end of the study (day 57). No multiplicity 
adjustment was made given the exploratory 
nature of the study.

Results

Participant disposition

The study took place between March 19, 
2014 (date first participant signed informed 

consent) and June 20, 2014 (date of last visit 
of last participant). A total of 149 healthy 
volunteers were screened for inclusion. 
Overall, 60 participants met the eligibility 
criteria and were randomized into the study, 
15 participants per cohort. All participants 
received study medication and there were 
no discontinuations; all 60 participants com-
pleted the study (Figure 3).

Participant demographics

All 60 randomized participants were in-
cluded in the as-treated population. Demo-
graphic characteristics were generally similar 
between the 4 cohorts (Table 2). Mean (stan-
dard deviation (SD)) age of the population 
was 38.3 (12.2) years with an overall equal 
number of male and female participants.

Pharmacokinetics evaluation

In total, 58 participants were included 
in the PK population. Three participants 
(1 from cohort 3 and 2 from cohort 4) had 
extensive leakage of tralokinumab, attribut-
ed to incorrect placement of the insertion set. 
Extensive leakage was defined as a measured 
leakage weight > 1 g, equivalent to ~ 50% of 
the injection volume (calculated as follows; 
tralokinumab solution weighs 2.092 g (based 
on a known density of 1.046 g/L), thus, 1 g 
represents 1 mL or ~ 50% of the injection 

Figure 3. Participant disposition.

Figure 4. Mean (SD) serum concentration-time pro-
files of tralokinumab by cohort (PK population).a PK = 
pharmacokinetic; SD = standard deviation. aThe 
participant in cohort 4 with extensive tra lo kinumab 
leakage was included in the patient population as 
detectable levels of tralokinumab were observed in 
the serum.
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volume). Of the 3 participants with extensive 
leakage, 2 (1 from cohort 3 and 1 from co-
hort 4) were excluded from the PK popula-
tion because serum tralokinumab concentra-
tions were below the level of detection at all 
PK sampling time points after dosing. The 
participant with extensive leakage who re-
mained in the PK population was included 
because detectable serum concentrations of 
tralokinumab were observed. However, ad-
ditional analyses excluding this participant 
were also performed on all PK parameters.

Mean tralokinumab serum concentration-
time profiles were similar across the four 
cohorts (Figure 4). Individual PK profiles 
in each cohort are presented in Figure 5. A 
summary of the PK parameters can be found 
in Table 3. There were no statistically sig-
nificant differences in any of the PK param-
eters between the cohorts. The area under 
the  serum concentration curve (AUC(0–∞)) 
in cohorts 2 and 3 were similar (< 15% dif-
ference) compared with cohort 1 (Table 3). 
The ratio of AUC(0–∞) for cohort 1 to that for 
cohort 4 (fold difference) was 1.6 for the PK 
population, but reduced to 1.1 when the par-
ticipant with extensive leakage was excluded 

from cohort 4 (Table 3). No participants had 
confirmed positive ADAs to tralokinumab in 
the study.

Local tolerability

Injection-site pain intensity

Immediately after injection, the mean (SD) 
injection-site pain intensity was 21.9  mm 
(20.9) VAS for cohort 1, 41.0 mm (27.7) VAS 
for cohort 2 (p = 0.034), 17.7 mm (15.5) VAS 
for cohort 3 (p = 0.675), and 5.1 mm (8.0) 
VAS for cohort 4 (p = 0.002) (Supplemen-
tal Figure 1A). By 10 minutes post injection, 
mean injection-site pain intensity markedly 
decreased for all cohorts, with similar mean 
scores for all cohorts observed by 30 minutes 
and at subsequent assessments. Injection-
site pain intensities > 50 mm on the VAS 
(approximating to a pain intensity rating of 
moderate-to-severe [27]), immediately fol-
lowing injection occurred in 2 participants 
(13.3%) in cohort 1, 6 participants (40.0%) 
in cohort 2, and no participants in cohorts 3 
and 4. When moderate-to-severe pain inten-

Figure 5. Individual serum concentration-time profiles of tralokinumab by cohort (PK population). In cohort 
4, data for the participant with extensive leakage is represented with an orange line. PK = pharmacokinetic.
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sity occurred, it decreased to < 50 mm on the 
VAS within 20 minutes for all participants. 
There were no notable differences in injec-
tion-site pain intensity between male and fe-
male participants in any of the cohorts at any 
time point following injection.

Injection-site pruritus intensity

Overall, mean injection-site pruritus in-
tensity was low for all cohorts immediately 
post injection (mean (SD) 4.8 mm (7.5) in 
cohort 1, 15.1 mm (20.2) in cohort 2 (p = 
0.147), 4.0 mm (5.6) in cohort 3 (p = 0.841), 
and 6.9 mm (15.5) in cohort 4 (p = 0.507)) 
(Supplemental Figure 1B). Mean (SD) VAS 
injection-site pruritus intensity at 30 min-
utes post injection for participants in cohort 
1 did reach statistical significance compared 
to cohort 4 (0.5 mm (0.7) VAS vs. 1.8 mm 
(1.8) VAS, respectively; p = 0.035); how-
ever, the level of intensity was low for both 
groups and the difference was not considered 
clinically meaningful. Injection-site pruri-
tus intensities of > 50 mm VAS occurred in 

2 participants in cohort 2 and 1 participant 
in cohort 4 immediately following injection, 
but these reduced to ≤ 5 mm VAS within 30 
minutes post injection.

Local injection-site reactions

A summary of injection-site reactions 
following injection of tralokinumab can be 
found in Table 4. The two types of local 
injection-site reactions observed over the 
72-hour period post injection were erythema 
and hematoma or bleeding; all events were 
mild in severity.

Overall, 7 participants experienced in-
jection-site erythema from cohort 1, 5 from 
cohort 2, 12 from cohort 3, and 11 from co-
hort 4, within 72 hours of receiving the 
 tralokinumab injection. Overall, injection-
site erythema was resolved by 2 hours post 
injection for all cohorts. However, 1 mild in-
jection-site erythema reaction of 5 mm in di-
ameter was reported in a participant in cohort 
3 at 24 hours following injection and was re-
solved by 72 hours post injection. The mean 

Table 3. Tralokinumab pharmacokinetic parameters (PK population).

Parameter  
(geometric mean  
unless stated)

Tralokinumab 300 mg
2 × 1 mL SC injections 1 × 2 mL SC injection

Cohort 1 
6 mL/min 

n = 15

Cohort 2 
12 mL/min 

n = 15

Cohort 3 
2 mL/min 

n = 14

Cohort 4 
0.167 mL/min 

n = 14

Cohort 4a 
0.167 mL/min 

n = 13
AUC(0–∞), day×µg/mL 1,426.5 1,243.3 1,251.6 897.0 1,340.1
 % CV 30.1 25.8 45.5 39.1 25.7
 Fold differenceb NA 1.2 1.1 1.6 1.1
 95% CI NA 0.92, 1.43 0.85, 1.53 0.65, 3.87 0.85, 1.33
Cmax, µg/mL 41.7 34.1 36.1 27.0 40.3
 % CV 28.2 19.6 35.7 33.9 17.4
tmax, day, median 8.0 6.0 8.0 6.0 6.0
 Minimum, maximum 4, 15 4, 10 4, 10 4, 10 4, 10
AUC(0–t), day×µg/mL 1,154.9 998.1 1014.0 685.7 1,112.4
 % CV 25.9 21.9 41.4 35.9 20.7
T1/2, day 21.6 22.0 21.9 20.6 20.6
 % CV 26.3 24.1 19.3 20.7 21.5
CL/F, mL/day 210.3 241.3 239.7 334.4 223.9
 % CV 33.4 29.2 44.3 355.5 25.7
Vz/F, mL 6,560.0 7,658.0 7,577.6 9,944.1 6,666.3
 % CV 29.9 30.1 35.2 355.4 19.0

AUC(0–∞) = area under the serum concentration-time curve from zero to infinity; AUC(0–t) = AUC to last observation; CI = confidence 
interval; CL/F = apparent systemic clearance; Cmax = maximum concentration; CV = coefficient of variation; NA = not applicable; PK = 
pharmacokinetic; SC = subcutaneous; tmax = time to Cmax; T1/2 = half-life; Vz/F = apparent terminal-phase volume of distribution. 
aAdditional analysis excluding the participant with extensive leakage of tralokinumab. bFold difference is the ratio of the geometric 
mean AUC(0–∞) relative to cohort 1.
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diameter of injection-site erythema was mea-
sured, being numerically highest for cohort 2 
immediately post injection (mean (SD) 25.0 
mm (15.0) for cohort 1, 37.5 mm (24.7) for 
cohort 2, 29.1 mm (11.1) for cohort 3, and 
27.8 mm (18.6) for cohort 4).

Injection-site hematoma or bleeding oc-
curred sporadically following tralokinumab 
injection, with the highest incidence in 
 cohort 4. Two participants experienced injec-
tion-site hematoma or bleeding from cohort 
1, 1 from cohort 2, 3 from cohort 3, and 5 
from cohort 4, within 72 hours of receiving 
the tralokinumab injection. The mean diam-
eter of injection-site hematoma or bleeding 
was measured, and overall found to be nu-
merically highest for cohort 4 (mean (SD) 
2.8 mm (2.0) immediately post injection (no 
participant experienced injection-site hema-
toma or bleeding in cohorts 1, 2, and 3 at this 
time point)). One participant in both cohort 
1 and cohort 2 reported a mild injection-site 
hematoma at 24 hours post injection; both 
events were resolved by 72 hours following 
injection. One mild injection-site hematoma 
or bleeding reaction of 20 mm in diameter 
was reported in 1 participant in cohort 3 at 
the 72-hours time point. This event was not 
followed up to resolution per protocol fol-
low-up procedures, and was recorded as a 
protocol deviation.

Tralokinumab leakage

Leakage of tralokinumab was observed 
at the injection site in 1 participant in cohort 
3 and 3 participants in cohort 4. Of these 4 
participants, 1 participant in cohort 3 and 2 
participants in cohort 4 had extensive leak-

age (defined as a measured leakage weight 
> 1 g). Extensive tralokinumab leakage in 
these participants was attributed to human 
error, rather than to the volume of injec-
tion or flow rate, resulting from the incor-
rect placement of the insertion set (Animas 
 Inset™ infusion system) used in cohorts 3 
and 4. The incorrect placement resulted in 
the soft cannula assembly partially slipping 
off the needle and bending when inserted 
into the SC tissue.

Other safety  
and tolerability findings

There were no deaths, SAEs, or TEAEs that 
resulted in discontinuation of tralokinumab 
reported in this study. All reported TEAEs 
were mild in intensity. The proportions of 
participants having at least 1 TEAE were 
similar across the four cohorts. An overall 
summary of TEAEs is presented in Table 5.

The most frequently reported TEAEs in 
the overall participant population were head-
ache (16.7%), nasal congestion (5.0%), and 
rhinorrhea (5.0%). An injection-site reaction 
occurred in 1 participant (6.7%) from cohort 
2 (injection-site pain). This was recorded 
as a TEAE due to its impact on the general 
condition of the participant, as judged by 
the investigator and was described as mild 
in severity. No clinically meaningful abnor-
malities in hematology, serum chemistry, or 
urinalysis laboratory values were observed. 
There were no clinically meaningful changes 
in vital signs from baseline to day 57.

Table 4. Summary of reported injection-site reactions within 72 hours of injection of 300 mg tralokinumab (as-treated population).

Injection-site reaction, n Tralokinumab 300 mg
2 × 1 mL SC injections 1 × 2 mL SC injection

Cohort 1 
6 mL/min 

n = 15

Cohort 2 
12 mL/min 

n = 15

Cohort 3 
2 mL/min 

n = 15

Cohort 4 
0.167 mL/min 

N = 15

Total 
n = 60

Participants with ≥ 1 
injection-site reaction 
within 72 h durationa

8 (53.3%) 6 (40.0%) 13 (86.7%) 14 (93.3%) 41 (68.3%)

Erythema 7 (46.7%) 5 (33.3%) 12 (80.0%) 11 (73.3%) 35 (58.3%)
Hematoma or bleeding 2 (13.3%) 1 (6.7%) 3 (20.0%) 5 (33.3%) 11 (18.3%)

SC = subcutaneous. aParticipants were counted once for any injection-site reaction ≤ 72 h in duration regardless of number of events.
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Discussion

This pilot study evaluated the PK profile, 
safety, and tolerability of a single SC dose 
of 300 mg tralokinumab, when delivered 
by a single 2-mL injection at different flow 
rates, compared with that observed with the 
currently used two 1-mL injections. Results 
showed no significant differences in the PK 
profile of tralokinumab, as summarized by 
relevant PK parameters, when compared 
across a range of injection flow rates given 
as a single 2-mL injection, and between 
methods (i.e., a single 2-mL injection vs. 
two 1 mL injections). Furthermore, the over-
all tolerability of a single 2-mL injection of 
300 mg tralokinumab was generally consis-
tent with that of two 1-mL injections, par-
ticularly when delivered at slow flow rates 
(0.167 – 2 mL/min).

No statistically significant differences 
were seen in any of the measured PK param-
eters, which is consistent with the relatively 
slow absorption time of tralokinumab after 
SC administration. This was evidenced by 
the comparable tmax (time to Cmax (maximum 

concentration)) value of 6 – 8 days in the four 
cohorts analyzed. To our knowledge, this is 
the first time PK data have been compared 
for a mAb therapy when delivered at varying 
flow rates and dosing regimens (i.e., a single 
injection vs. multiple injections, or a fast vs. 
slow flow rate). These findings illustrate that 
PK was not affected by the delivery meth-
ods and injection flow rates investigated, and 
help support further development of injec-
tion devices to deliver tralokinumab. The 
lack of difference was expected as, following 
SC administration, absorption of antibodies 
occurs through lymphatic flow over multiple 
days [28]. Therefore, changes of a few sec-
onds to minutes in the SC administration rate 
are unlikely to impact the overall PK profile.

In terms of tolerability, delivery of 
300 mg tralokinumab as a 2-mL injection at 
slow flow rates was generally associated with 
lower injection-site pain intensity compared 
with that observed following two 1-mL injec-
tions. However, this study was not powered 
to detect significant differences in pain inten-
sity, and the findings require confirmation in 
larger, blinded, controlled clinical studies. It 

Table 5. Overall summary of TEAEs reported (as-treated population).

Tralokinumab 300 mg
2 × 1 mL SC injections 1 × 2 mL SC injection

Cohort 1 
6 mL/min 

n = 15

Cohort 2 
12 mL/min 

n = 15

Cohort 3 
2 mL/min 

n = 15

Cohort 4 
0.167 mL/min 

n = 15

Total 
N = 60

Total number of participants reporting:
 ≥ 1 TEAE 5 (33.3%) 5 (33.3%) 4 (26.7%) 4 (26.7%) 18 (30.0%)
 ≥ 1 treatment-related TEAE 1 (6.7%) 3 (20.0%) 3 (20.0%) 3 (20.0%) 10 (16.7%)
 ≥ 1 SAEa 0 0 0 0 0
 ≥ 1 TEAE leading to 
  discontinuation of 
  tralokinumab

0 0 0 0 0

 Deaths 0 0 0 0 0
TEAEs reported by ≥ 5% participants in any cohortb:
 Headache 1 (6.7%) 3 (20.0%) 3 (20.0%) 3 (20.0%) 10 (16.7%)
 Nasal congestion 1 (6.7%) 0 1 (6.7%) 1 (6.7%) 3 (5.0%)
 Rhinorrhea 2 (13.3%) 0 1 (6.7%) 0 3 (5.0%)
 Oropharyngeal pain 0 0 1 (6.7%) 1 (6.7%) 2 (3.3%)
 Productive cough 0 1 (6.7%) 0 1 (6.7%) 2 (3.3%)
 Sneezing 2 (13.3%) 0 0 0 2 (3.3%)
 Throat irritation 0 2 (13.3%) 0 0 2 (3.3%)
 Vomiting 0 2 (13.3%) 0 0 2 (3.3%)

SAE = serious adverse event; SC = subcutaneous; TEAE = treatment-emergent adverse event. aSAE criteria: death, life threatening, 
requiring inpatient hospitalization, prolongation of existing hospitalization, persistent or significant disability/incapacity, important 
medical event, congenital anomaly/birth defect in the offspring of the participant. bParticipants were counted once for each category 
regardless of the number of events.
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must also be noted that there is considerable 
variability associated with pain assessments 
due to the subjective nature of this parameter 
[29, 30, 31]. Nevertheless, overall, the pain 
outcomes observed in this study are gener-
ally consistent with those seen in previous 
published work showing favorable tolerabil-
ity profiles, in terms of pain- and injection-
site reactions, following administration of a 
large volume (up to 3.5 mL) SC injection of 
a viscous solution (up to 20 cP) [8, 9, 10].

In addition to the PK and pain-intensity 
findings observed in the current study, the 
mean intensity of injection-site pruritus 
was low at all time points post injection and 
generally similar between all cohorts. Ery-
thema and hematoma or bleeding were the 
only types of local injection-site reactions 
reported, and all were mild in severity. Both 
erythema and hematoma or bleeding were re-
ported at a higher incidence in cohorts 3 and 
4 compared with cohorts 1 and 2. However, 
these injection-site reactions may have been 
related to the soft cannula insertion set rather 
than the delivery method, although this re-
quires further investigation. In particular, the 
adhesive required to apply the soft cannula 
to the skin could have caused an increase in 
reddening and itching around the injection 
site. The longer residence time of the cannula 
in the skin could have also been the cause of 
the increase in hematoma or bleeding seen at 
the injection site in cohort 3 and, particularly, 
cohort 4, rather than the volume or flow rate 
of the injection.

Significant injection-site leakage was only 
observed in 4 participants and was attributed 
to incorrect application of the insertion set, 
rather than to the volume of injection or flow 
rate. This suggests the adequate accommoda-
tion of large volume solutions (up to 2 mL) by 
the SC tissues, even at the highest flow rate 
tested (12 mL/min).

The overall safety profile of 300 mg 
tralokinumab SC was favorable, and was 
consistent with other studies of this molecule 
in a healthy population [26, 32]. All TEAEs 
were mild in severity, and no SAEs, discon-
tinuations, or deaths were reported.

A limitation of this study is related to the 
open-label exploratory design and the lack of 
a study control. As such, the assessors, who 
evaluated local reactions to administration of 
tralokinumab, could not be blinded to the treat-

ment allocation of participants in cohort 1. 
The large variations in delivery flow rate and 
the difference in number of injections received 
also prevented blinding of the participants to 
the treatment received. As different delivery 
apparatus were used for cohorts 1 and 2 (rigid 
needle) and for cohorts 3 and 4 (soft cannula) 
to mimic representative delivery systems, cau-
tion is required when directly comparing the 
tolerability data from these groups. Finally, 
the small sample size prevented any meaning-
ful statistical comparisons across cohorts with 
respect to the secondary endpoints, and no cor-
rection for multiple testing was applied due to 
the exploratory nature of the study.

Conclusion

The results from this exploratory study 
demonstrated comparable PK and tolerabil-
ity when tralokinumab is delivered at a dose 
of 300 mg via a single 2-mL SC injection at 
different flow rates, vs. two 1-mL injections. 
Our findings therefore support the feasibil-
ity of administration of the therapeutic dose 
of tralokinumab as a single 2-mL injection, 
potentially via a device such as an on-body 
delivery system or autoinjector, and warrant 
further investigation.
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