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ORIGINAL ARTICLE
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Abstract
Patients with primary immunodeficiency diseases often require lifelong immunoglobulin (IG) therapy. Most clinical trials inves-
tigating IG therapies characterize serum immunoglobulin G (IgG) pharmacokinetic (PK) profiles by serially assessing serum IgG
levels. This retrospective analysis evaluated whether steady-state serum IgG trough level measurement alone is adequate for PK
assessment. Based on individual patient serum IgG trough levels from two pivotal trials (phase 2/3 European [NCT01412385] and
North American [NCT01218438]) of weekly 20% subcutaneous IG (SCIG; Cuvitru, Ig20Gly), trough level-predicted IgG AUC
(AUCτ,tp) were calculated and compared with the reported AUC calculated from serum IgG concentration-time profiles (AUCτ). In
both studies, mean AUCτ,tp values for Ig20Gly were essentially equivalent to AUCτ with point estimates of geometric mean ratio
(GMR) of AUCτ,tp/AUCτ near 1.0 and 90% CIs within 0.80–1.25. In contrast, for IVIG, 10%, mean AUCτ,tp values were lower
than AUCτ by >20%, (GMR [90% CI]: 0.74 [0.70–0.78] and 0.77 [0.73–0.81] for the two studies, respectively). Mean AUCτ,tp

values calculated for 4 other SCIG products (based on mean IgG trough levels reported in the literature/labels) were also essentially
equivalent to the reported AUCτ (differences <10% for all except HyQvia, a facilitated SCIG product), while differences for IVIG
products were >20%. In conclusion, steady-state serum IgG levels following weekly SCIG remain stable, allowing for reliable
prediction of AUC over the dosing interval using trough IgG levels. These findings indicate that measuring steady-state serum IgG
trough levels alone may be adequate for PK assessment of weekly SCIG.

Keywords Pharmacokinetics . primary immunodeficiency diseases . subcutaneous immunoglobulin . intravenous
immunoglobulin . Cuvitru

Introduction

Primary immunodeficiency diseases (PID) are a heterogeneous
group of >400 disorders that are often characterized by absent
or deficient antibody production, which can lead to frequent
and severe infections [1, 2]. Patients with PID often require
lifelong immunoglobulin (IG) replacement therapy, which

reduces the frequency and severity of infections [3, 4]. IG re-
placement therapy is administered intravenously (IVIG; every
3–4 weeks) or subcutaneously (SCIG; usually daily to every
2 weeks) [5]. Unlike IVIG, SCIG products can be self-
administered at home, are associated with a lower risk of sys-
temic adverse events, and do not require venous access [3–5].
The benefits of SCIG use in patients with immunodeficiencies
have led to the development of several SCIG products with
various concentrations of immunoglobulin G (IgG) [1].

The pharmacokinetic (PK) properties of exogenous IG
vary by route of administration. While the infusion of
IVIG treatment directly into the intravascular space results
in an early, high peak of IgG serum concentration (Cmax)
followed by distribution and elimination phases, the
slower absorption of SCIG from the SC infusion site re-
sults in a more gradual and stable increase in IgG serum
concentration for several days, with a lower Cmax than the
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peak achieved with IVIG infusions [5–7]. The increased
dosing frequency of SCIG compared with IVIG may con-
tribute to the more stable IgG levels, and less fluctuation
between peak and trough of steady-state IgG levels
throughout the dosing cycle and the occurrence of higher
trough IG levels compared with IVIG [6, 8].

Serum IgG trough level monitoring is an important consid-
eration when evaluating IG therapies. While patients show
considerable interindividual variability in trough IgG levels,
higher serum IgG trough levels (into the normal range for
IgG) have been associated with a decreased risk of infections
and improved clinical outcomes [4, 9]. PK assessments have
also been deemed essential by health authorities to support the
pharmacological activity and efficacy in the registration of IG
products. The US Food and Drug Administration recom-
mends that investigational IG products be evaluated for PK
parameters, including the area under the curve (AUC) of se-
rum IgG, for comparisons with effects of previous IVIG treat-
ment [7, 10]. Dose adjustment of SCIG products may be nec-
essary to achieve an AUC of serum IgG that is equivalent with
IVIG products due to the decreased bioavailability of IG-
administered SC versus IV [7]. In addition, for new IG prod-
ucts, the European Medicines Agency requires assessment of
serum trough levels of IgG as well as other PK parameters in
comparison with those achieved with the former IVIG or
SCIG product [11].

Clinical investigation studies often use serial blood sam-
pling as a means for understanding PK properties in accor-
dance with regulatory guidance. These studies commonly
characterize serum IgG PK profiles through the serial evalua-
tion of serum IgG levels during one or more dosing intervals
[12–15]. While serial sampling generally facilitates the provi-
sion of valuable PK data, this practice has some drawbacks,
including added logistical challenges for the conduct of clin-
ical trials, as well as the burden of multiple blood draws for
patients, particularly for pediatric patients, for whom veni-
puncture can be a highly distressing experience [16]. Blood
draws are one of the most common reasons that pediatric
patients decline to participate in clinical trials, and the need
for additional blood collection outside routine care is a con-
cern expressed by pediatric patients as well as their caregivers
[17]. For these patients and others, characterizing PK profiles
with fewer blood collection time points, if demonstrated fea-
sible and valid, can be beneficial for eliciting participation
from patients in clinical trials and for trial investigators.

Serum IgG generally exhibits prolonged SC absorption,
with the time to reach Cmax reported in the range of days
and long elimination half-life reported in weeks [18]. With
weekly dosing for SCIG, peak serum IgG levels at steady state
are hardly discernible, and IgG levels remain rather stable
from pre-infusion throughout the treatment interval [12, 14].
Therefore, it is reasonable to believe that the IgG trough level

is representative of not only the exposure level at a single time
point, but also the total exposure over the dosing interval (AUCτ).

The objective of this retrospective analysis is to evaluate
whether serum IgG trough level measurement alone can pro-
vide reliable AUC assessment over a dosing interval at steady
state compared with that calculated from serial sampling.

Methods

PK Data Source for Ig20Gly

Individual patient PK data were obtained from 2 prospective,
open-label, noncontrolled multicenter phase 2/3 licensing
studies evaluating weekly Ig20Gly (Cuvitru) in patients with
PID conducted in Europe (NCT01412385) [12] and North
America (NCT01218438) [14]. Inclusion criteria, exclusion
criteria, and study designs have previously been described
[12, 14]. Briefly, patients aged ≥2 years with a documented
diagnosis of PID requiring IG replacement therapy, for
≥3 months before the first study treatment, and serum IgG
trough levels >5 g/L at screening were included.

Patients in the European study received IVIG, 10% for 13
weeks or SCIG, 16% for 12 weeks in period 1, and then
received weekly SCIG, 20% at a dose of the period 1 dose
adjusted to weekly equivalent for 52 weeks [12]. In the North
American study, patients received IVIG, 10% for 13 weeks in
period 1, and then received weekly SCIG, 20% at 145% of the
IVIG, 10% dose adjusted to weekly equivalent for 12–28 weeks
during period 2 and period 3. This was followed by an individ-
ualized dose of SCIG, 20% for 40weeks in period 4 [14]. In both
trials, IgG trough levels were assessed in all patients at defined
time points throughout the course of each study period, with
some additional PK serial sampling collections for patients aged
≥12 years in both of the studies [14]. Abbreviated serial PK
sampling was performed for patients aged <12 years in the
North American study (Supplemental Figure S1).

PK Data Source for Other IG Products

Mean IgG trough levels were obtained from the published li-
censing studies for 6 other IG products (SCIG products:
Kiovig/GammaGard Liquid [Baxalta US Inc., a member of
the Takeda group of companies], HyQvia [Baxalta US Inc., a
member of the Takeda group of companies], Gamunex [Grifols
Therapeutics Inc.], and Hizentra [Grifols Therapeutics Inc.];
IVIG products: Kiovig/GammaGard andGamunex). A descrip-
tion of the IG products evaluated is provided in Table 1.

For IVIG and SCIG administration of Kiovig/GammaGard,
PK data were obtained from a multicenter, prospective, open-
label North American study of patients with PID [20, 24].
Patients received IV infusions at 3- or 4-week intervals based
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on their pre-study IV dosing regimen during the first study peri-
od, and then were switched to receive weekly SC infusions at
varying doses (130% of IV of weekly equivalent for period 2,
137% of IV of weekly equivalent for period 3, and an individually
adjusted dose for period 4) for the remainder of the study period.

For the facilitated SCIG, HyQvia/HYQVIA (Immune
Globulin Infusion, 10% administered with recombinant hu-
man hyaluronidase), PK data were obtained from a prospec-
tive, open-label, noncontrolled, multicenter US trial in patients
with PID who had received IVIG treatment for ≥3 months,
followed by HyQvia/HYQVIA (at 108% of the weekly equiv-
alent IV dose) administered every 3–4 weeks for approximate-
ly 14–18 months [21, 25].

For IVIG and SCIG administrations of Gamunex, PK data
were obtained from an open-label, crossover North American trial
in patientswith PIDwhohad previously received orwere currently
receiving IG replacement therapy. Patients received Gamunex
200–600 mg/kg IV every 3–4 weeks for at least 3 months,
then were switched to weekly SC infusions at a dose adjustment
coefficient (DAC) of 1.37 for up to 24 weeks [22, 26].

Data for Hizentra were obtained from 2 studies conducted
in Europe and the USA. In the European PK substudy, pa-
tients with PID who had previously received IVIG treatment
(Privigen®, Immune Globulin Intravenous [Human], 10%

Liquid) were switched to weekly subcutaneous (SC) treatment
with Hizentra [23, 27]. After a 3-month wash-in/wash-out
period, doses were individually adjusted to achieve a systemic
serum IgG exposure that was not inferior to that of the previ-
ous weekly equivalent IVIG dose. In a US multicenter, pro-
spective, open-label study, patients with PID who had re-
ceived regular intravenous (IV) treatment with Privigen for
≥3 months prior to enrollment and had achieved serum trough
concentration values ≥5 g/L were switched at study entry to
weekly SC treatment with Hizentra at an initial dose calculat-
ed using a DAC of 1.3 [28].

Calculation of Trough-Predicted AUC

Trough-predicted AUC (AUCτ,tp) was calculated based on
serum IgG trough levels using the following formula:

AUCτ;tp ¼ Ctrough;ss � τ

where Ctrough,ss is the steady-state trough concentration and τ
is the dosing interval.

AUCτ,tp was compared with the reported AUCτ that was
derived from PK profiles, which were estimated based on serum
IgG levels at various time points from serial sampling. For

Table 1 Summary of SCIG and IVIG products evaluated

Product Manufacturer Dosage form and strength Approved method of
administration and dosage in PID

IG content

Cuvitrua [19] Baxalta US Inc., a
Takeda company,
Lexington, MA, USA

Immune Globulin Subcutaneous
(Human), 20% Solution
(200 mg/mL)

SC: 1.30 × current IVIGb dose
(g)/IVIGb dose interval (weeks); at
regular intervals from daily to
every 2 weeks (individualized per
patient). If switching from another
SCIG, administer at same dose as
previous treatment

≥98% IgG with ~80 μg/mL
IgA

Kiovig/GammaGard
Liquid [20]

Baxalta US Inc., a
Takeda company,
Lexington, MA, USA

Immune Globulin Infusion (Human),
10% Solution (100 mg/mL)

IV: 300–600 mg/kg every 3–4 weeks
SC: 1.37 × current IV dose (g)/IV

dose interval (weeks); weekly

≥98% IgG with trace
amounts of IgA (average
concentration of
37 μg/mL)

HyQvia/HYQVIA [21] Baxalta US Inc., a
Takeda company,
Lexington, MA, USA

Immune Globulin Infusion 10%
(Human), Solution (100 mg/mL)
and Recombinant Human
Hyaluronidase (160 U/mL)

SC: 300–600mg/kg every 3–4 weeks
for patients naïve to or switching
from another SCIG. If switching
from IVIG, administer at the same
dose and frequency as previous
treatment

≥98% IgG with trace
amounts of IgA (average
concentration of
37 μg/mL)

Gamunex [22] Grifols Therapeutics Inc.,
Research Triangle
Park, NC, USA

Immune Globulin Injection
(Human), 10% Solution

IV: 300–600 mg/kg every 3–4 weeks
SC: 1.37 × current IV dose (g)/IV

dose interval (weeks); weekly

≥98% IgG with trace levels
of fragments, IgA
(average concentration of
46 μg/mL), and IgM

Hizentra [23] CSL Behring AG, Bern,
Switzerland

Immune Globulin (Human), 20%
Liquid (200 mg/mL)

SC: 1.37 × current IV dose (g)/IV
dose interval (weeks); at regular
intervals from daily to every 2
weeks (individualized per patient)

≥98% IgG with ≤50 μg/mL
IgA

aAlso known as Ig20Gly
bOr facilitated SCIG

IG, immunoglobulin; Ig20Gly, Immune Globulin Subcutaneous (Human), 20% Solution; IgA, immunoglobulin A; IgG, immunoglobulin G;
IgM, immunoglobulin M; IV, intravenous; IVIG, intravenous immunoglobulin; PID, primary immunodeficiency diseases; SC, subcutaneous;
SCIG, subcutaneous immunoglobulin
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Ig20Gly, data for individual patients are available from the two
licensing studies. Summary statistics of the AUC values, as well
as the geometric mean ratio (GMR) of AUCτ,tp/AUCτ (point
estimates and 90% CIs obtained from back-transforming the
log-transformed values), were calculated. In addition, Bland-
Altman plots of log-transformedAUCτ,tp and AUCτ values were
generated to assess agreement of the methods at individual levels
rather than as a summary over the full sample [29].

For other SCIG or IVIG products, the calculation of
AUCτ,tp was based on the published mean serum trough data,
and the % difference between AUCτ,tp and AUCτ was deter-
mined using the following formula:

% difference ¼ AUCτ;tp−AUCτ
� �

=AUCτ
� �� 100

For completeness, for Ig20Gly, the mean trough data were
also used to calculate AUCτ,tp and the % difference between
AUCτ,tp and AUCτ.

For all studies included in this retrospective analysis, pa-
tients or their guardians provided written informed consent
according to local consent procedures in accordance with the
ethical standards of their respective institutional research com-
mittees and with the 1964 Helsinki declaration and its later
amendments [12, 14, 24–28].

Results

In the two Ig20Gly licensing studies, mean values of AUCτ,tp

for SCIG, 16% and SCIG, 20% were essentially equivalent to
the reported AUCτ, with point estimates of GMR of AUCτ,tp

versus AUCτ between 0.98 and 1.09, and all 90% CIs within
the commonly used equivalence limit of 0.80–1.25 (Fig. 1,
Supplemental Table S1). By comparison, for IVIG, mean
values of AUCτ,tp in these 2 studies were consistently lower
than the reported AUCτ by greater than 20%; the point esti-
mate of GMR (90% CI) of AUCτ,tp versus AUCτ was 0.74
(0.70–0.78) and 0.77 (0.73–0.81) for the European study and
North American study, respectively (Fig. 1, Supplemental
Table S1). Bland-Altman plots for IVIG, 10% (Fig. 2a) and
SCIG treatment (SCIG, 16% and SCIG, 20%) (Fig. 2b) ad-
ministration show the individual agreement for AUCτ,tp and
AUCτ with back-transformed values to account for the ap-
proximately Gaussian distribution of the AUCs. Agreement
was lower for IVIG, 10% than for SCIG treatment.

AUCτ,tp were also calculated for other SCIG and IVIG
products, based on mean serum IgG trough levels in the pub-
lished licensing studies (Table 2). Differences between the
calculated AUCτ,tp and reported AUCτ were >20% for both
IVIG therapies, while for the SCIG therapies, AUCτ,tp and
AUCτ were all within ± 10% of each other, except for
HyQvia. The mean Cmax was more than double the Ctrough

for all IVIG products, while differences between the means
ofCmax and Ctrough for SCIG products were in the range of 1.9
to 23.7% (mostly within 15%), except for HyQvia (33.0%).
For the 2 products administered as both SCIG and IVIG ther-
apy (Kiovig/GammaGard and Gamunex), the IV products re-
sulted in lower mean values of AUCτ,tp and a greater differ-
ence between AUCτ,tp and AUCτ compared with the corre-
sponding SC products, and greater mean Cmax values and
lower mean Ctrough values than the SC products.

Discussion

This retrospective analysis sought to determine whether mea-
surement of serum IgG trough levels alone is sufficient for
steady-state PK assessment of SCIG therapies in patients
who have PID. Given the PK characteristics of serum IgG
after SC administration, i.e., long elimination half-life (in
weeks) and prolonged SC absorption (in days), it is expected
that the serum levels of IgG over a 1-week dosing interval at
steady state would remain stable, with essentially no discern-
ible peak in serum IgG levels. This is demonstrated by the data
for Ig20Gly [12, 14] and other conventional SCIG products
where the means of Cmax and Ctrough for SCIG products were
in the range of 1.9 to 23.7% (mostly within 15%) of each
other. By comparison, the mean Cmax was more than double
the Ctrough for all IVIG products. This minimal fluctuation
between peak and trough concentrations after SC administra-
tion of a SCIG therapy at steady state has formed the founda-
tion of this proposed trough-based PK assessment.

AUCτ,tp calculated based on steady-state trough levels for
Ig20Gly administered weekly was found to be equivalent to
the AUCτ reported in pivotal studies using a serial sampling
method [12, 14]. The agreement between AUCτ,tp and AUCτ

for Ig20Gly treatment was found to be as expected given a
generally reported range of 15–20% for the coefficient of var-
iation of IgG assays. Similarly, for other SCIG products, when
AUCτ,tp was derived from mean serum trough IgG levels, it
was within ± 10% of the reported AUCτ for each individual
product. In contrast, the AUCτ,tp for IVIG and facilitated
SCIG products was considerably lower than the reported
AUCτ, and the agreement between AUCτ,tp and AUCτ was
much lower for IVIG, 10%. These findings suggest that for
SCIG therapies, steady-state serum IgG trough levels are rep-
resentative of not only the exposure level at a single time point
but also the total exposure over the dosing interval (AUCτ);
therefore, the measurement of serum trough level alone at
steady state may be adequate for PK assessment of weekly
conventional SCIG treatment in patients with PID.

HyQvia/HYQVIA is a facilitated SCIG product, which is
co-administered with recombinant human hyaluronidase, an
absorption enhancer [21]. It is likely that the increased

1334 J Clin Immunol (2021) 41:1331–1338



absorption rate of serum IgG associated with this treatment
together with the dosing schedule of 3–4 weeks would result
in higher Cmax and a consequently larger difference between
Cmax and Ctrough, and therefore contributed to our findings for
this product that trough-predicted AUCτ,tp is not equivalent to
the reported AUCτ. Similarly, the larger difference between
AUCτ,tp and the reported AUCτ observed for IVIG products is
likely the result of their increased bioavailability relative to

SCIG products, increasing Cmax, and the longer dosing inter-
val, which allows for more IgG to be metabolized before the
next dose is administered, lowering Cmin [5–8]. Given the
larger variation in serum IgG levels from peak to trough dur-
ing the 3–4-week dosing interval for HyQvia/HYQVIA and
across IVIG products, IgG trough levels alone are not suffi-
cient for PK assessment at steady state in patients receiving
IVIG or HyQvia/HYQVIA.

European phase 2/3 study North American phase 2/3 study

IVIG

(n = 19)

SCIG

(n = 13)

IVIG

(n = 54)

SCIG

(n = 32)

SCIG

(dose equivalent to 

145% of IVIG)

(n = 18)

SCIG

(dose individualized)

(n = 60)

1.00

0.74

0.98

0.77

1.09

1.00

0.5

1.0

1.5

A
U
C
τ,
tp
/A
U
C
τ
G
M
R

Fig. 1 Trough-predicted AUCτ,tp versus reported AUCτ (90% CIs) for
IVIG and SCIG in two phase 2/3 licensing studies of Ig20Gly (Cuvitru),
calculated using individual patient data.
Error bars represent 90% CIs. Horizontal reference line = GMR of 1.0.
AUCτ, area under the curve calculated from serum IgG concentration-
time profiles over a dosing interval; AUCτ,tp, trough level-predicted area
under the curve over a dosing interval; CI, confidence interval;

GMR, geometric mean ratio; Ig20Gly, Immune Globulin Subcutaneous
(Human) 20% Solution; IVIG, intravenous immunoglobulin;
SCIG, subcutaneous immunoglobulin; τ, dosing interval (3–4 weeks for
IVIG [Kiovig/GammaGard and Gamunex] and facil i tated
SCIG [HyQvia/HYQVIA], and 1 week for SCIG [Cuvitru, Kiovig/
GammaGard, Gamunex, and Hizentra])

Fig. 2 Agreement between trough-predicted AUCτ,tp versus reported AUCτ

for IVIG (a) and SCIG (b) in two phase 2/3 licensing studies of Ig20Gly.
To facilitate the interpretation, back-transformed values are shown. The
central (upper/lower) line represents the mean (± 1.96 standard
deviations) of the log-transformed difference of predicted vs reported
values to account for the approximately Gaussian distribution of the

AUCs. AUCτ, area under the curve calculated from serum IgG
concentration-time profiles over a dosing interval.
AUCτ,tp, trough level-predicted area under the curve over a dosing
interval; Ig20Gly, Immune Globulin Subcutaneous (Human) 20%
Solution; IVIG, intravenous immunoglobulin; SCIG, subcutaneous
immunoglobulin; τ, dosing interval (3–4 weeks for IVIG, 10%, and 1
week for SCIG, 16% and SCIG, 20%)
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Despite the fact that other PK parameters, such as volume
of distribution, elimination half-life, and clearance, are occa-
sionally reported for SCIG, these parameters are not truly
accurately estimated from a steady-state PK profile over a
1-week dosing interval due to the prolonged absorption and
long elimination half-life. In the authors’ opinion, the system-
ic exposure parameters, including Ctrough and AUCτ, are the
most relevant PK assessment at steady state for SCIG prod-
ucts, and our proposed serum trough alone approach will cover
both the single-point exposure and the total exposure. Therefore,
the value of characterizing PK profiles of serum IgG over the 1-
week dosing interval by serial sampling is very limited.

One limitation of this analysis is that because this was a
retrospective analysis, direct access to individual patient data
was not available for all products; in these cases, the analysis
was conducted only on the mean values reported in the pub-
lished literature, and a Bland-Altman plot could not be pro-
vided. In addition, conclusions about the value of measuring
serum IgG trough levels alone for PK assessment of SCIG
products at steady state are limited in this manuscript to
SCIG treatment received on a weekly basis, regardless of the
dose level (100–145% of the equivalent prior IVIG dose in the
Ig20Gly studies).

In conclusion, steady-state serum IgG levels remain stable
following weekly SCIG treatment in patients with PID, en-
abling reliable prediction of total exposure (AUCτ) using se-
rum IgG trough levels alone. Our findings appear to be gen-
eralizable across all conventional SCIG products. These re-
sults indicate that measuring steady-state serum IgG trough
levels alone for PK assessment of weekly SCIG treatment is
a reasonable and beneficial alternative to serial PK sampling
during clinical development and beyond. For patients and in-
vestigators, the use of steady-state IgG trough levels for PK
assessment offers multiple benefits, including more efficient
clinical trial conduct through decreases in study costs and
logistical complexity and, more importantly, a reduction in
the patient burden of frequent blood sampling.
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