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WHAT IS ALREADY KNOWN ABOUT

interferon having potent antiviral effects in
subjects with hepatitis C virus (HCV).

proteins.
• Following administration of pegylated
interferons to subjects with impaired renal
function clearances of these proteins have
been shown to be decreased
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treatment of HCV.
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THIS SUBJECT
• Peginterferon lambda-1a is a novel type III
AIMS
This open label studywas conducted to assess the effect of renal impairment
(RI) on the pharmacokinetics (PK) of peginterferon lambda-1a (Lambda).
• The kidneys are a major site of proteolysis

and facilitate the elimination of therapeutic
 METHODS
Subjects (age 18–75 years, BMI 18–35 kg m–2) were enrolled into one of
five renal function groups: normal (n= 12), mild RI (n= 8), moderate RI
(n= 8), severe RI (n= 7), end-stage renal disease (ESRD, n= 8) based on
estimated glomerular filtration rate (eGFR) calculated using the Modifi-
cation of Diet in Renal Disease (MDRD) equation. Subjects received a
single dose of Lambda (180μg) subcutaneously on day 1 followed by PK
serum sample collections through day 29. Safety, tolerability and im-
munogenicity data were collected through day 43. PK parameters were
estimated and summarized by group. Geometric mean ratios (GMR) and
90% confidence intervals (CIs) were calculated between normal and RI
groups.
• Renal insufficiency reduces the clearance of

peginterferon lambda-1a, similarly to other

RESULTS
With decreasing eGFR, Lambda exposure (Cmax, AUC) increased while
apparent clearance (CL/F) and apparent volume of distribution (V/F)
decreased. Relative to subjects with normal renal function (geometric mean
AUC=99.5ng ml–1 h), Lambda exposure estimates (AUC) were slightly
increased in the mild RI group (geometric mean [90% CI]: 1.20 [0.82, 1.77])
and greater in the moderate (1.95 [1.35, 2.83]), severe RI (1.95 [1.30, 2.93])
and ESRD (1.88 [1.30, 2.73]) groups. Lambda was generally well tolerated.
CONCLUSIONS
The results demonstrated that RI reduces the clearance of Lambda and
suggests that dose modifications may not be required in patients with mild
RI but may be required in patients with moderate to severe RI or ESRD.
acol / 80:3 / 515–524 / 515
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Introduction

Interleukin 29 (IL-29), also known as interferon (IFN) lambda-
1a (IFNλ) is amember of the type III IFN family whose biolog-
ical characteristics are similar to those of type I IFNs, such as
IFNα and IFNβ [1, 2]. Type I and type III IFNs exhibit in vitro ac-
tivity against a similar array of viruses (e.g. vesicular stomati-
tis virus, hepatitis C virus [HCV] and hepatitis B virus [HBV])
and regulation of host antiviral responses via similar intracel-
lular signalling pathways [3, 4]. The receptor for IL-29 com-
prises the IL-28 receptor alfa (IL-28Rα) and IL-10 receptor
beta (IL-10Rβ) and expression is limited in comparison with
that of the type I IFN receptors, in particular on
haematopoietic cells [5]. This comparatively limited expres-
sion suggests that IL-29 administration may be associated
with fewer systemic adverse effects, especially haematolog-
ical side effects, than following administration of type I IFNs.
IFNλ in both the native and pegylated forms has been
shown to be active in preclinical systems [6]. Thus, to prolong
interferon lambda-1a exposure, thereby increasing dosing
interval, IFNλ was covalently conjugated to a 20kDa linear
polyethylene glycol (PEG) chain to form peginterferon
lambda-1a (Lambda), having a total molecular weight of ap-
proximately 40kDa. Lambda was being studied in the treat-
ment of HCV as weekly subcutaneous (s.c.) 180μg doses
with ribavirin and direct acting antiviral agents at durations
of 12 to 48weeks of treatment [7].

Protein therapeutics, like endogenous proteins, undergo
proteolysis as the primary route of elimination. While prote-
olysis can occur throughout the body, the kidneys serve as a
major site of proteolysis and a primary mechanism of elimi-
nation for therapeutic proteins/peptides≤ 60kDa in size. The
mechanisms for elimination by the kidneys include glomer-
ular filtration followed by either reabsorption into endocytic
vesicles and subsequent hydrolysis, or by intraluminal me-
tabolism via exopeptidases, both in the proximal tubules,
and peritubular extraction of proteins from postglomerular
capillaries with subsequent intracellular metabolism [8]. For
IFNs, the mechanism of elimination has been characterized
as renal filtration, with subsequent re-uptake and catabolism
by renal tubules [9–11]. The elimination of PEG conjugated
to proteins is unknown, but the primary route of elimination
of PEG for all sizes is via urinary excretion [12]. For unconju-
gated PEG with molecular weights up to and including
190kDa, elimination is primarily mediated via urinary excre-
tion. It is assumed that because of the size of the PEG mole-
cules conjugated to proteins, once the covalent linkage to
the protein is broken, urinary excretion would also be the
major route of elimination [13].

In the current draft guidance document for the as-
sessment of pharmacokinetics in subjects with impaired
renal function, the recommendation is that for drugs
with a molecular weight less than 69 kDa, a renal
impairment study is recommended [14]. Following ad-
ministration of peginterferon alfa-2a (60 kDa) clearance
decreased with decreasing renal function and, in
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subjects with ESRD, a 25% to 45% reduction in total
body clearance (CL/F) was observed [15]. Following sin-
gle dose peginterferon alfa-2b (32 kDa) administration,
Cmax and AUC were increased up to approximately two-
fold and clearance was decreased up to 45% in subjects
with ESRD [16]. Lambda, which has a similar molecular
size to these peginterferons, would be expected to be
influenced by reduced capacity for protein degradation
in subjects with renal impairment. Preclinically, in par-
tially nephrectomized rats, the clearance of Lambda
was decreased compared with controls (internal data).

The purpose of this study was to determine the effect
of renal impairment on Lambda exposure by assessing
the pharmacokinetics following administration of a sin-
gle 180 μg s.c. dose of Lambda in subjects with normal
renal function and subjects with mild, moderate, severe
and end-stage renal dysfunction
Methods

The study design was an open label, single dose study of
subjects with normal renal function and subjects with
mild, moderate, severe and end-stage renal dysfunction.
The study was approved on 30 August 2012 by Indepen-
dent IRB, Sunrise, FL, USA (Registration Number IORG0
000635), by Aspire IRB, Santee, CA, USA (Registration
Number IORG0003876) on 4 September 2012 and by
Crescent City IRB, New Orleans, LA, USA (Registration
Number IORG0005426) on 10 September 2012.

After signing informed consent, subjects underwent
screening evaluations within 21 days of drug administra-
tion. Subjects were eligible to participate in the study if
they were aged 18–75 years, inclusive, and not infected
with HIV, HCV or HBV. All subjects were to have stable re-
nal function, defined as no change in renal function
group between screening and day –1, and have a mini-
mum body weight of 50 kg. Women of childbearing po-
tential (WOCBP) used highly effective methods of birth
control (for up to 4weeks prior to the start of Lambda,
during the entire duration of the study, and for a mini-
mum of 12weeks after the last dose of Lambda) to mini-
mize the risk of pregnancy.

Subjects were assigned to one of five renal function
groups based on their estimated glomerular filtration
rate (eGFR) as calculated by the Modification of Diet in
Renal Disease (MDRD) equation [17] (Table 1):

eGFR ¼ 175 � standard serum creatinine Scrð Þ�1:154

� age�0:203 � 1:212 if AfricanAmericanð Þ
� 0:742 if femaleð Þ

Groups were assigned based on the following eGFR:
stage 1 CKD/normal: ≥ 80ml min–1 1.73m–2 (group 1),
stage 2 CKD/mild renal impairment (RI): 60 to 79ml
min–1 1.73m–2 (group 2), stage 3 CKD/moderate RI: 30



Table 1
Subject baseline characteristics for normal subjects and subjects with varying degrees of renal impairment (RI)

Renal function

Parameter

Normal Mild Moderate Severe RI ESRD*

(n = 12)

RI RI

(n = 7) (n = 8)(n = 8) (n = 8)

Age, mean years (SD) 52.8 (7.7) 67.0 (4.5) 66.4 (8.0) 61.1 (8.9) 51.6 (9.1)

Male, n (%) 10 (83) 2 (25) 6 (75) 3 (42) 6 (75)

Race, n (%)

White 9 (75) 4 (50) 8 (100) 4 (57) 2 (25)

African American 3 (25) 4 (50) – 3 (43) 6 (75)

BMI, mean kg m
–2

(SD) 28.1 (3.2) 29.1 (3.7) 29.6 (2.3) 29.5 (3.3) 29.3 (4.9)

eGFR, mean (SD)† 96.9 (11.1) 67.4 (6.4) 43.0 (6.5) 23.1 (2.7) -

CLcr, mean (SD)‡ 118 (24.1) 69.1 (17.2) 54.4 (7.4) 30.7 (8.9) -

Baseline proteinuria, n (%)

Negative/Trace 12 (100) 8 (100) 6 (75) 5 (71.4) -

2+/3+ - - 2 (25) 2 (28.6) 4 (100)§

*All patients with ESRD were receiving HD. †eGFR (ml min
–1

1.73 m
–2
) calculated with MDRD equation. ‡Calculated by Cockroft–Gault (ml min

–1
). §Four subjects were evaluable.

Lambda pharmacokinetics in renal impairment
to 59ml min–1 1.73m–2 (group 3), stage 4 CKD/severe RI:
15 to 29ml min–1 1.73m–2 (group 4) and stage 5
CKD/end-stage renal disease (ESRD)<15ml min–1

1.73m–2, on haemodialysis (HD) or non-HD (group 5).
Subjects were eligible to be in group 1 if they were

generally healthy as determined by no clinically signifi-
cant deviation from normal in serology, medical history,
physical examinations (PEs), 12-lead electrocardiograms
(ECGs), vital signs measurements, and clinical laboratory
determinations, and had a body mass index (BMI; weight
(kg)/[height (m)]2) of 18.0 to 32.0 kg m–2. For groups 2 to
5, subjects were deemed eligible if free from unstable
clinically significant disease unrelated to renal disorder,
as determined by serology, medical history, PEs, ECGs, vi-
tal signs measurements, and clinical laboratory determi-
nations and have BMI of 18.0 to 35.0 kg m–2, inclusive.
Previously, it was demonstrated that age, gender and
weight did not meaningfully affect the PK of Lambda
[7]. Thus, subjects in the normal renal function group
were not matched based on demographics to those sub-
jects in the RI groups.

Eligible subjects were admitted to the clinical site
on day –1. On day 1, Lambda was administered as a
single 180 μg s.c. dose (administered within 1 h follow-
ing completion of HD for HD subjects in group 5). Sub-
jects remained confined to the clinical site through
day 15, and returned to the site for ambulatory visits
on days 18, 22, 29 and 43. On day 43, subjects were
discharged from the study after collection of the final
immunogenicity sample and at the completion of all
safety assessments. Subjects were monitored for
safety via PEs, ECGs, physical measurements, vital
signs measurements, clinical laboratory testing and
adverse event (AE) observations. Blood samples for
determination of serum concentrations of Lambda
were collected at pre-dose (0 h) on day 1 and up to
28 days following single dose administration (day 29).
Blood samples for the assessments of immunogenicity
were collected on day 1 (pre-dose) and days 8, 15, 29
and 43.
Bioanalytical methods

Serum Lambda concentrations were determined using
a validated Meso Scale Discovery (MSD) platform
electrochemiluminescence (ECL) assay in which carbon
electrodes integrated into the bottom of an assay
plate excited a ruthenium label, emitting light, which
was then read by the MSD Sector Imager [18]. A mu-
rine anti-Lambda monoclonal antibody coated on the
surface of a standard MULTI-ARRAY® microplate cap-
tured any Lambda present in reference standards,
serum controls and test samples. A second ruthenium-
labelled murine anti-Lambda monoclonal antibody
was then bound to the captured drug. Upon addition
of the MSD read buffer to the plate, the resulting light
emission was proportional to the amount of Lambda
present in the sample, allowing for quantitation
against the standard curve on the same plate. The assay
had a quantitative assay range of 75 to 19 000 pg ml–1.
Low, mid and high quality controls (QCs) were run at
200, 1500 and 14 500 pg ml–1. Pre-study validation
accuracy and precision including five levels of QCs
spanning the assay range including upper and lower
limits of quantitation demonstrated inter-assay bias
(%) ranging from –8.1% to –3.1 %, inter-assay pre-
cision, as demonstrated by the coefficient of variation
Br J Clin Pharmacol / 80:3 / 517
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(%CV), ranging from 2.3 to 4.1 %, and total error
(|%bias| +%CV) ranging from 8.2 to 12.4%. In-study
accuracy and precisions including high, mid and low
QCs yielded inter-assay bias (%) ranging from –3.8 to
6.4 %, inter-assay precision (CV%) ranging from 4.5 to
5.4 %, and total error (%) of 8.3 to 11.8%. Assay spec-
ificity is described in detail in Myler et al. [18]. The
Lambda detection assay is cross-reactive with the en-
dogenous lambda counterpart. However, endogenous
levels are normally below the limit of quantitation.
The assay does not cross-react with other interferon
family members and there is no interference from
co-administered compounds, haemolytic or lipaemic
products. Anti-drug antibodies (ADAs) do interfere in
the assay once a certain threshold is achieved, making
the correlation of PK/ADA data important for data
interpretation.

ADAs to Lambda were also determined using MSD
technology. Samples were pre-incubated with a mix
containing biotinylated Lambda and ruthenylated
Lambda allowing ADA present in the sample to bind
both labelled forms of drug in a complex, which was
captured on streptavidin coated MSD microplates. Read
buffer was added to the plate and resulting light emis-
sion (RLU) was proportional to amount of ADA present
in the sample. Controls were prepared using pooled
ADA negative human serum [18] with or without
polyclonal antibody immunoaffinity purified from
hyperimmunized monkey serum. Low, mid and high
positive controls were prepared at 62.5, 250 and
1000ng ml–1. Relative assay sensitivity was determined
using this surrogate polyclonal antibody to be approxi-
mately 62.5 ng ml–1 when tested in both the screen
and confirmatory assays. The screening cut point factor
(multiplicative) was 1.06 and the confirmatory cut point
was 55%. Study samples that were greater than the
floating cut point were further tested in the confirma-
tion tier. Samples confirmed positive were titred using
five-fold serial dilutions and were assessed in the cell-
based neutralizing antibody assay. Specificity is an in-
herent characteristic of the tiered ADA assay design
pertaining to the confirmatory tier discussed above.
However, additional information pertaining to the
rate of pre-existing antibodies and cross-reactivity
with interferon superfamily members are detailed in
Myler et al. [18].
Pharmacokinetic parameter
estimates

The following non-compartmental pharmacokinetic pa-
rameters were estimated using non-compartmental
methods using WinNonlin® Professional Network Edi-
tion, Version 6.2.1 (Pharsight Corp, St Louis, MO, USA):
maximum serum concentration Cmax, time of Cmax tmax,
518 / 80:3 / Br J Clin Pharmacol
area under the serum concentration–time curve from
time zero to the last quantifiable concentration AUC(0,t),
AUC from time from zero to infinity AUC(0,∞), serum
half-life t1/2, apparent volume of distribution V/F and
apparent clearance CL/F.
Safety assessments

Safety was assessed by AEs, serious AEs (SAEs), AEs lead-
ing to discontinuation and death, clinical laboratory
tests, marked laboratory abnormalities, vital signs, physi-
cal measurements and ECGs. All AEs were coded to sys-
tem organ class (SOC) and preferred term (PT) using the
Medical Dictionary for Regulatory Activities and pre-
sented by subject in the data listings. Adverse events
were listed and tabulated by SOC, PT and renal function
group. An AE was classified as treatment-emergent if it
was not present prior to dosing of study drug, but oc-
curred after the start of study drug, or if it existed prior
to dosing, it had an increased intensity after initiation
of study drug. Only treatment-emergent AEs (TEAEs)
were summarized.
Statistical methods

Sample size
The sample size was not based on statistical power for
formal hypothesis testing. The number of 12 subjects
for the normal renal function group (group 1) was se-
lected because data from 12 otherwise healthy subjects
were to provide 80% probability for the 90% CI of the
geometric means (GMs) for Lambda AUC to be within –

32.4% and +47.8% of the point estimate, while for the im-
paired renal function groups (Groups 2 to 5) data from
eight subjects were to provide 80% probability for the
90% CI of the GM for Lambda AUC to have been within
–40.4% and +67.9% of the point estimate. This calcula-
tion was based on the assumption that Lambda AUC
was log normally distributed with an intersubject CV%
of 0.73, as estimated from data reported previously [19].

Pharmacokinetic evaluations
Lambda serum concentrations were summarized by time
and renal function group. Pharmacokinetic parameter es-
timates were summarized by treatment group: To inves-
tigate the relationship between Lambda PK and renal
function, a simple linear regression analysis was per-
formed on loge-transformed values of Lambda AUC(0,t),
AUC(0,∞), Cmax,, V/F and CL/F with baseline (day –1) esti-
mated CLcr determined by the Cockcroft–Gault equation
as the independent variable. Non-HD subjects from
groups 1 to 4 were included in the analysis. Residual plots
from this model were constructed to evaluate the validity
of model assumptions. If a linear relationship appeared
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inappropriate, alternative models were to be explored.
Point estimates and 95% confidence intervals (CIs) of
the intercept and slope are presented. A general linear
model was fitted on loge-transformed values of Lambda
AUC(0,t), AUC(0,∞) and Cmax,, with renal function group
as a fixed effect. Point estimates and 90% CIs for renal
function group differences on the loge scale were
exponentiated to obtain estimates for ratios of GMs on
the original scale. Each renal dysfunction group (groups
2 to 5) was compared with the normal renal function
group (group 1).

Immunogenicity
Antibody response to Lambda was listed and summa-
rized descriptively by collection timepoint. Subjects were
considered to have a positive antibody response to
Lambda if any of the following conditions were met: 1)
a negative laboratory-reported baseline immunogenicity
response and a positive laboratory-reported immunoge-
nicity response at a post-dose timepoint or 2) a positive
laboratory-reported baseline immunogenicity response
and a five-fold or greater increase in titre at a post-dose
timepoint. The number and frequency of subjects with
positive antibody responses were summarized.

Safety
The total number of AEs was summarized. The incidence
of AEs was summarized with counts and percentages by
SOC, PT and renal function group, by PT and renal func-
tion group, by SOC, PT, maximum intensity and renal
function group, by SOC, PT, maximum intensity and renal
function group, for related TEAEs, by SOC, PT, maximum
intensity and renal function group, for non-related TEAEs
and by SOC, PT and renal function group for AEs leading
to study discontinuation. For the incidence by SOC and
PT, if a subject experienced more than one event within
the same SOC and PT, only one occurrence was included
in the incidence. For the incidence by SOC, PT and inten-
sity, if a subject experienced more than one event within
the same SOC and PT, only the most severe occurrence
was included in the incidence. Observed values and
change from baseline of continuous laboratory parame-
ters (haematology, chemistry and urinalysis) were listed
and summarized descriptively by renal function group
and study day. Observed values and change from base-
line of vital signs were summarized descriptively by renal
function group and study day. Observed values and
change from baseline of 12-lead ECG parameters were
summarized by renal function group and study day.
Results

Subjects
Twelve subjects were dosed in group 1, eight subjects
were dosed in each of groups 2, 3 and 5 and seven
subjects were dosed in group 4 for a total of 43 subjects
dosed in the study. All 43 subjects (100.0%) completed
the study. All subjects in the ESRD group were on HD
and four of these subjects were anuric. The aetiologies
of renal insufficiencies in the subjects in groups 2 to 5
were hypertension and/or diabetes, as all subjects in
groups 3 to 5 presented with either one or both condi-
tions, while three subjects in group 2 had either or both
of these clinical conditions. The five other subjects in
group 2 did not have notable past medical histories con-
tributing to renal insufficiency, but were in the age range
of 58 to 71 years. Subject baseline characteristics are
summarized in Table 1.
Pharmacokinetics
The mean concentration–time profiles showed that serum
concentrations of Lambda increased with decreasing re-
nal function. The elimination profile of Lambda appeared
to be biphasic for all renal function groups. Following a
single dose of Lambda, the serum concentrations were
quantifiable up to 240h for subjects with normal renal
function and up to 408h in subjects with renal dysfunc-
tion (Figure 1).

The median time to Cmax appeared to be shorter in
the normal group (12 h) compared with the renal im-
paired groups (range 30 to 48 h). However, the variability
in the tmax was quite high (range 8 to 144 h) across the
treatment groups. On average, the mean t1/2 estimates
of Lambda were similar in the normal, mild, moderate
and severe groups, while up to approximately 32% lon-
ger in subjects with ESRD. The CL/F of Lambda was sim-
ilar in the mild group compared with the normal group,
while it was decreased in the other renal function
groups. On average, the V/F was decreased in the renal
dysfunction groups compared with the normal group
(Table 2).

Linear regression analysis indicated that the loge-
transformed values of Lambda Cmax and AUC generally
increased with decreasing eGFR. There was a decrease
in both CL/F and V/F with decreasing eGFR (Figure 2).

On average, following a single dose of Lambda, the
Cmax and AUC of Lambda were only 13% and 20%
greater, respectively, in the mild group compared with
the normal group, whereas they were greater (37% to
109% for Cmax and 88% to 95% for AUC) for all other renal
dysfunction groups compared with the normal group.
The exposures were comparable among the moderate,
severe and ESRD groups. On average, the CL/F and V/F
were lower for all renal dysfunction groups compared
with the normal group. The decrease in CL/F and V/F
was only 17% and 35%, respectively, in the mild group
compared with the normal group. However, the decrease
in the moderate, severe and ESRD groups was greater
and ranged from 47% to 49% for CL/F and 46% to 59%
for V/F compared with the normal group (Table 3).
Br J Clin Pharmacol / 80:3 / 519



Figure 1
Lambda mean (+ SD) serum concentration vs. time plot following single dose Lambda 180 μg s.c. administration to subjects with normal renal function
and subjects with varying degrees of renal impairment (RI). normal; mild RI; moderate RI; severe RI; ESRD

Table 2
Summary PK parameters following single dose Lambda 180 μg s.c. administration to subjects with normal and varying degrees of renal impairment (RI)

Pharmacokinetic parameters [Geometric mean (%CV)]

RI Cmax tmax* AUC(0,t) AUC(0,∞) t1/2† CL/F V/F

group (ng ml
–1
) (h) (ng ml

–1
h) (ng ml

–1
h) (h) (ml min

–1
) (l)

Normal 1.00 12.0 99.5 131‡ 63.4‡ 22.9‡ 129‡

(n = 12) (109) (8.0–120.0) (65) (52) (14.3) (43) (56)

Mild RI 1.10 48.0 125 157§ 53.8§ 19.1§ 84.0§

(n = 8) (59) (12.0–72.0) (65) (55) (19.4) (55) (48)

Moderate RI 2.10 30.0 238 256 54.9 11.7 53.7

(n = 8) (101) (8.0–144.0) (40) (37) (14.9) (40) (59)

Severe RI 1.40 48.0 161 256¶ 53.5¶ 11.7¶ 52.7¶

(n = 7) (81) (12.0–96.0) (74) (55) (15.1) (69) (56)

ESRD 1.60 48.0 233 247 70.0 12.1 69.6

(n = 8) (35) (8.0–72.0) (33) (31) (23.7) (41) (56)

*Median (min–max); †Mean (SD); ‡n = 11; §n = 7; ¶n = 6.

M. W. Hruska et al.
Immunogenicity
Three subjects, one each in the normal, moderate and se-
vere groups had an ADA response detected at baseline
(pre-dose) and at all post-dose time points, but none of
these subjects had a boosted response. For all of the
other subjects, none had a detectable ADA response
post-dosing. Therefore, no subject had a drug-induced
positive antibody response.

Safety
There were no deaths, SAEs or AEs that led to subject
discontinuations from the study. A total of 25 subjects
520 / 80:3 / Br J Clin Pharmacol
(58.1%) reported 40 AEs. Overall, with the exception of
the severe group (in which two subjects [28.6%] re-
ported two AEs), the incidence of AEs and number of
subjects reporting AEs was similar across treatments.
The most commonly reported AEs were headache
(5/43, 11.6%), hypertransaminasaemia (4/43, 9.3%),
muscle spasms (4/43, 9.3%), injection site erythema (3/43;
7.0%), diarrhoea (2/43, 4.7%) and injection site pruritus
(2/43, 4.7%). Thirteen subjects (30.2%) reported 18 AEs
considered related to study drug. All but one AE were
assessed as mild in intensity and no AEs were assessed
as severe. One subject in the moderate group had an



Figure 2
Linear regression analyses of Lambda (A) CMAX, (B) AUC, (C) CL/F and (D) V/F vs. baseline eGFR following single dose Lambda 180 μg s.c.
administration.△normal renal function; □ mild RI; ◯ moderate RI; ● severe RI

Table 3
Statistical analysis of Lambda PK parameters comparing renal dysfunction groups with the normal group following single dose Lambda 180 μg s.c.
administration

Renal impairment group
vs. normal renal function

Ratio of adjusted geometric mean (90% confidence interval)

Cmax AUC(0,t) AUC(0,∞) CL/F V/F

Mild renal impairment 1.13 1.25 1.20 0.83 0.65

(0.58, 2.21) (0.71, 2.21) (0.82, 1.77) (0.57, 1.23) (0.41, 1.04)

Moderate renal impairment 2.09 2.39 1.95 0.51 0.42

(1.07, 4.08) (1.36, 4.22) (1.35, 2.83) (0.35, 0.74) (0.27, 0.66)

Severe renal impairment 1.37 1.62 1.95 0.51 0.41

(0.68, 2.75) (0.90, 2.93) (1.30, 2.93) (0.34, 0.77) (0.25, 0.67)

ESRD 1.60 2.34 1.88 0.53 0.54

(0.82, 3.12) (1.33, 4.14) (1.30, 2.73) (0.37, 0.77) (0.35, 0.85)

Lambda pharmacokinetics in renal impairment
AE of muscle spasms that was assessed as moderate in
intensity and considered not related to study drug. All
AEs resolved without sequelae. Four subjects with
markedly abnormal ALT and/or AST values had eleva-
tions reported as AEs of hypertransaminasaemia that
were considered mild in intensity and related to study
drug. The subjects’ elevated ALT and/or AST values
returned to within normal ranges between days 10 and
29. One subject had an AE of increased creatine phos-
phokinase (CPK) that was considered mild in intensity
and not related to study drug. There were no other
clinically relevant laboratory findings or clinically
relevant trends from baseline for laboratory assess-
ments. No ECG parameter abnormalities were con-
sidered clinically significant by the investigators.
While some of the subjects had ECG parameters that
met prespecified criteria for QT and QTcF interval pro-
longation, the changes were considered by the inves-
tigators to be consistent with the degree of renal
impairment. The majority of ECG findings were identi-
fied in subjects in the moderate, severe and ESRD
groups.
Br J Clin Pharmacol / 80:3 / 521
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Discussion

This study demonstrated that following single dose ad-
ministration of Lambda 180μg, Cmax and AUC increased
with decreasing eGFR. The increase in Lambda expo-
sures were observed across all of the renal dysfunction
groups compared with the normal group. In the mild
group, the increases in exposures (only 13% for Cmax

and 20% for AUC and the 90% CI included 1) were con-
sidered only slightly greater compared with the normal
group. The effects on exposures in subjects with
eGFR< 60ml min–1 1.73m–2 in the moderate, severe
and ESRD groups were comparable across groups, with
a range of increases of Lambda Cmax and AUC from
37% to 109% and approximately 88% to 95%, respec-
tively. It should be noted that on average, the mean
half-life estimates of Lambda were similar in the normal,
mild, moderate and severe groups, while up to approx-
imately 32% longer in subjects with ESRD. The exposure
estimates of AUC were increased, while half-life esti-
mates were relatively similar across groups, which could
be due to the previously observed flip-flop pharmacoki-
netics for Lambda [7].

At the outset of the study, the effects of renal dys-
function on the PK of Lambda were expected to be sim-
ilar to two other pegylated IFNs used in the treatment
of HCV, peginterferon alfa-2a [15] and peginterferon
alfa-2b [16], because of the relatively similar molecular
weight of Lambda. The current results were largely con-
sistent, but there were slight differences in the effects
of moderate renal impairment. As with the other
pegylated IFNs, mild renal dysfunction did not appear
to have a clinically significant impact on Lambda expo-
sure. When comparing the PK parameter point estimates
across the renal impairment groups, the exposure point
estimates for CL/F were similar across the moderate, se-
vere and ESRD groups, whereas for peginterferon alfa-
2b and peginterferon alfa-2a, the estimates for moderate
and severe renal insufficiency groups were different. For
example, the mean CL/F estimate for Lambda were re-
duced by approximately 49% in the moderate group vs.
normal group, while for peginterferon alfa-2a and
peginterferon alfa-2b, the reduction was approximately
20% [15] and 37% [16], respectively, in subjects with
moderate renal insufficiency. For those with severe renal
impairment, the results were similar for Lambda as for
the other pegylated-IFNs, as the results demonstrated
close to approximately a reduction of CL/F by about
50% for all compounds [15, 16].

The linear regression analysis demonstrated decreas-
ing CL/F with decreasing eGFR (Figure 2C). It should also
be noted that with the relatively high variability with
Lambda exposure estimates, some of the subjects in
the moderate group (30ml min–1 to 50ml min–1), had ex-
posures similar to those in the mild group. Thus, it is pos-
sible that some subjects with eGFR in this range could
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maintain exposures in the mild/normal range and could
be administered the 180μg dose without dose adjust-
ment, most likely patients with eGFR above 40ml min–1.
The regression analysis can be used to ascertain to what
degree the amount of non-renal clearance accounts for
the elimination of Lambda. While renal elimination is
the predominant mechanism for therapeutic proteins in
similar size and confirmation as Lambda, proteolysis in
other tissues needs to be accounted for, as therapeutic
proteins are metabolized via the same catabolic pro-
cesses as endogenous and dietary proteins via ubiqui-
tous proteolytic enzymes throughout the body [20].
Using the linear regression equation for CL/F (Figure 2C)
and by setting eGFR= 0, the predicted non-renal CL/F es-
timate is ~8.71ml min–1. The predicted CL/F when
eGFR= 100 (normal renal function) is ~ 23.7ml min–1,
which is similar to the geometric mean estimate of CL/F
for the normal group (Table 2). Dividing the predicted
CL/F estimate when eGFR= 0 by the clearance estimate
at full renal function suggests that non-renal clearance
is responsible for approximately 36.8% of Lambda elimi-
nation. Thus, the elimination of Lambda is not
completely dependent on a renal mechanism and dose
adjustments for subjects with varying degrees of renal
insufficiency can be supported by using these regression
analyses and through additional population PK analyses
using the phase 2/3 data.

Because Lambda is a pegylated protein, the meta-
bolic fate of PEG could also be considered. The major-
ity of excretion data for PEG is derived from
administration of forms not conjugated to proteins. In
the unconjugated forms, PEG molecules up to and in-
cluding 190 kDa are primarily eliminated via urinary ex-
cretion [12, 13]. Currently, no data exist on the
excretion of PEG when conjugated with proteins. Be-
cause of the size of the PEG molecules used for paren-
teral administration, it is assumed that urinary
excretion would be a major route of elimination [13].
Because both the protein and PEG portions of Lambda
are primarily renally eliminated, it is possible that PEG
clearance could also be slowed in subjects with renal
impairment. However, the fate of the linear PEG por-
tion in this study can only be postulated, as the
bioanalytical methods used here detected the com-
plete 40 kDa molecule.

The current FDA draft guidance for PK studies in re-
nal impairment states that renal impairment decreased
the renal clearance of cytokines or cytokine modula-
tors that have a molecular weight less than 69 kDa,
and therefore, renal impairment studies are recom-
mended for this class of therapeutic proteins during
their development. Thus, it is of interest to compare
the current study results with results of other similarly
sized protein therapeutics. When peginterferon beta-
1a, which has a molecular weight of ~ 44 kDa, was ad-
ministered as a single dose to subjects with varying
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degrees of renal insufficiency, exposures were margin-
ally increased with decreased renal function [21]. In
that study, as with the current study results, exposure
point estimates for the moderate and severe renal im-
pairment groups were similar to one another. Interest-
ingly, the exposures of albiglutide, a protein linked to
albumin with approximate size of 73 kDa, were mod-
estly (up to ~40%) increased in moderate and severe
groups vs. normal volunteers [22]. This molecule has
a molecular weight that is greater than the cutoff
identified by the draft FDA guidance, but shows effects
of renal impairment of clearance. Conversely, following
single dose administration, pegfilgrastim, which has a
molecular weight of approximately 38.8 kDa, the phar-
macokinetics and pharmacodynamics of the molecule
were not affected [23]. Following a single dose of
palifermin, a protein with a molecular weight of
16.3 kDa, clearance estimates were similar between
mild and moderate renal impairment with a slight de-
crease in point estimate for the severe and ESRD
groups, but the exposures were relatively similar,
resulting in no dose adjustments due to renal impair-
ment status [24]. Overall, the results of the current
study and the literature demonstrate that the size of
the protein is not a sole determinant of the effect of
renal impairment on the elimination of the molecule,
but other aspects, such as molecular confirmation
and charge should be considered when determining
the conduct of renal impairment studies.

In conclusion, these data collectively suggest that fol-
lowing single dose Lambda administration, mild impair-
ment appears to slightly increase exposure, but may
not be clinically significant, while subjects with moderate
and severe renal insufficiency and ESRD had approxi-
mately two-fold increases in exposures. These results
suggest that subjects with mild renal impairment could
use the same dosing regimen as subjects with normal re-
nal function. Similarly to the other pegylated IFNs used to
treat HCV, patients with moderate to severe renal impair-
ment and ESRD most likely would require dose modifica-
tions of Lambda.
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