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ORIGINAL ARTICLE

A Mathematical Modeling Approach to Understanding the
Effect of Anti-Interleukin Therapy on Eosinophils

T Karelina, V Voronova', O Demin', G Colice? and BM Agoram®*

Emerging T-helper type 2 (Th,) cytokine-based asthma therapies, such as tralokinumab, lebrikizumab (anti-interleukin (IL)-13),
and mepolizumab (anti-IL-5), have shown differences in their blood eosinophil (EOS) response. To better understand these
effects, we developed a mathematical model of EOS dynamics. For the anti-IL-13 therapies, lebrikizumab and tralokinumab,
the model predicted an increase of 30% and 10% in total and activated EOS in the blood, respectively, and a decrease in the
total and activated EOS in the airways. The model predicted a rapid decrease in total and activated EOS levels in blood and
airways for the anti-IL-5 therapy mepolizumab. All model-based predictions were consistent with published clinical
observations. The modeling approach provided insights into EOS response after treatment with Th,-targeted therapies, and
supports the hypothesis that an increase in blood EOS after anti-IL-13 therapy is part of the pharmacological action of these

therapies.
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE
TOPIC?

M Historically, high blood EOS count has been associ-
ated with more severe asthma symptoms. Emerging
anti-inflammatory therapies, such as tralokinumab and
lebrikizumab, have shown efficacy in improving lung
function, but show an increase in blood EOSs. On the
contrary, benralizumab and mepolizumab also show
efficacy in reducing asthma exacerbations, but cause a
reduction in blood EOS.

WHAT QUESTION DOES THIS STUDY ADDRESS?

M The question that this study aims to address is
whether mechanistic understanding of changes in
blood EOS could provide insights into the pharmaco-
logy profile of targeted anti-Th, therapies. Animal
models are not useful in this setting due to fundamen-
tal differences in their immune systems.

Eosinophilic (EOS) airway infiltration is a key feature of the
airway inflammatory process in asthma. Precision targeted
therapy using monoclonal antibodies against EOS-related,
interleukin (IL)-5 and IL-4/IL-13 pathways are under devel-
opment for managing severe uncontrolled asthma.” Those
currently in development include mepolizumab and reslizu-
mab (anti-IL-5), benralizumab (an anti-IL-5 receptor anti-
body with antibody-dependent cytotoxicity), lebrikizumab
(anti-IL-13), tralokinumab (anti-IL-13), and dupilumab (anti-
IL-4/IL-13).28 Phase Il and Ill clinical trials have demon-
strated that these antibodies reduce asthma exacerbations
and lung function improvements (forced expiratory volume
in 1 second).2® One important difference among these
therapies is their effect on blood EOS; benralizumab,
mepolizumab, and reslizumab profoundly decrease EOS in

WHAT THIS STUDY ADDS TO OUR KNOWLEDGE

M Our novel, model-based approach provides a quantita-
tive explanation for biomarker changes linked to the
mechanism of action, while providing synthetic evidence
supporting their therapeutic benefit (i.e., reduction in lung
EOS that is difficult to gather in a clinical setting). This
study also supports the value of systems modeling in
evaluating biomarker hypotheses for patient selection.
HOW MIGHT THIS CHANGE DRUG DISCOVERY,
DEVELOPMENT, AND/OR THERAPEUTICS?

M Our model contributes to our understanding of the
clinical pharmacology of these compounds by providing
a link between observable blood biomarker changes
and unobservable site-of-action biomarker changes and
providing a framework for evaluating biomarker hypo-
theses using systems modeling.

both the blood and airways, whereas tralokinumab, lebriki-
zumab, and dupilumab increase blood E0S.%®

It has been speculated that anti-IL-13 therapies increase
blood EOS by interfering with the role of IL-13 in EOS traf-
ficking from the blood to the airways.®>'® However, this
hypothesis does not consider the impact of other processes
governing blood EOS levels, such as the direct effect of
IL-13 blockade on EOS survival and activation, as well as
indirect effects through other cytokines on EOS maturation/
release, activation, and survival. Furthermore, a more
quantitative understanding of these processes is required
to gain a more insightful understanding of the underlying
pharmacology and better understand the in vivo effects of
these therapies; for instance, the possible existence of a
T-helper type 2 (Thy)-high subpopulation that is more
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responsive to these therapies.'® We have utilized a mathe-
matical modeling approach to analyze why anti-IL-5 and
anti-IL-13 monoclonal antibodies have different effects on
blood EOS.

Previously, there have been a few attempts to mathemati-
cally describe the inflammatory processes in asthma. Vogel
et al.'" and Kim et al.'? developed models to study interac-
tions between T-helper type 1 and Th, cell populations and
to understand mechanisms of abnormal proliferation of
CD4+ cells into Th, cells. Walsh et al.'® proposed a model
that reproduced the accumulation of immune cells and
cytokines in murine lungs during allergic airway response.
Blood and lung eosinophilia have also been described in
the model previously developed by Demin et al.'* to under-
stand the impact of anti-leukotriene treatment on EOS and
forced expiratory volume in 1 second; however, these
models have not explicitly addressed the impact of anti-Th,
cytokine treatment on EOS dynamics in humans.

The development of this new, EOS-focused model
allowed us to analyze the effect of anti-IL-5/IL-13 monoclo-
nal antibodies on each factor controlling blood EOS
levels. We also used this model to assess baseline perios-
tin as a marker of the Th, pathway, and its response to
anti-IL-13 therapy compared to blood EOS. The model was
calibrated and verified using separate sets of published
clinical data.

METHODS

The main processes considered in the model are depicted
in Figures 1a and 1b. The model takes into account the
following aspects of immune cells/cytokine/chemokine
homeostasis in bone marrow, blood plasma, and airways:

* Dynamics of EOS, including maturation, migration, activation, death,
and IL-5/IL-13 production.

* |IL-13-induced production of eotaxin and periostin by lung epithelial
cells.

* Production of IL-5 and IL-13 by cells other than EOS.

* Distribution between airways and blood, and elimination of IL-5,
IL-13, eotaxin, and periostin.

* Regulatory influences of IL-5, IL-13, eotaxin, and periostin on EOS
dynamics.

* Ability of cytokines other than IL-5, IL-13, eotaxin, and periostin to sen-
sitize effect of IL-5, IL-13, eotaxin, and periostin on EOS dynamics.
The EOS levels in the blood and lungs depend on EOS

maturation in bone marrow, distribution between bone mar-

row, blood, and airways, and apoptosis (Figure 1a). EOS
maturation takes place in bone marrow and is stimulated by

IL-5."® Mature EOS, released into the blood, can migrate to

the airways. EOS trafficking from blood to airways is regu-

lated strongly by eotaxin and periostin, whose production is
stimulated (see Figure 1b) by IL-13."® In plasma and air-
ways, EOS undergoes reversible activation accompanied
by their degranulation and IL-5/IL-13 production.’” The total

EOS pool in the model represents the sum of activated

EOS and inactive EOS. IL-5 is the most powerful activator

among those produced by cells presented as model varia-

bles of EOS, whereas IL-13 and eotaxin are less potent
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activators.'®2° Activated EOS produce cytokines, such as

IL-5" and IL-13.22 EOS apoptosis is inhibited mainly by
IL-52% and with less potency by IL-13.

The dynamics of cytokines IL-5, IL-13, eotaxin, and peri-
ostin are depicted in Figure 1b. IL-5 and IL-13 are pro-
duced by activated EOS in the airways and blood. Eotaxin
and periostin are produced only in the airways, where
they stimulate EOS migration from blood to the airways.
Figure 1 shows that IL-5, IL-13, eotaxin, and periostin are
distributed between airways and blood, and can be elimi-
nated from both compartments. Other cells (e.g., Thy, mast
cells, etc.) that also produce IL-5/IL-13 are not explicitly
accounted for in the model, but their contribution is taken
into account in the overall levels of production of these
cytokines. Contributions of these cells are considered
invariant during the timescale described by this model.
Similarly, other inflammatory mediators, such as tumor
necrosis factor alpha and leukotrienes, can also contrib-
ute to the stimulation of eotaxin/periostin production by
IL-13, stimulation of EOS migration by eotaxin/periostin,
and EOS activation by IL-5/IL-13 in airways;'®2*2% these
mediators are combined in this model. Although the levels
of these cytokines are not explicitly accounted for in the
model, their impact on sensitization of inflammatory pro-
cesses is taken into account. The strategy of model
parameter identification is presented in Table 1 and Sup-
plementary Information, Section 2.

The model allows reproduction of immune cell/cytokine
homeostasis in healthy subjects and subjects with asthma
and their response to anti-IL-5/IL-13 therapies, but it does
not consider the transition between healthy subjects and
subjects with asthma. The processes governing EOS
dynamics are all essentially the same in the model between
healthy subjects and subjects with asthma, except for two
differences: (1) In the healthy state, there is some residual
synthesis of IL-5/IL-13 by EOS, but no synthesis by non-
EOS (e.g., Thy, and mast cells); in the asthmatic state, the
latter is switched on. This non-zero value of IL-5/IL-13 pro-
duction by non-EOS in the asthmatic version of the model
is justified by abnormal accumulation of Th, and mast cells
in airways and Thy-associated cytokine production.?® The
non-zero synthesis rate is identified on the basis of steady-
state cell and chemokine data measured in subjects with
asthma (Figure 2). (2) The sensitivity of eotaxin/periostin
production and EOS migration and activation to IL-5, IL-13,
eotaxin, and periostin is greater in subjects with asthma.
This greater sensitivity in subjects with asthma is justified
by accumulation of proinflammatory cytokines other than
IL-5, IL-13, eotaxin, and periostin (e.g., immunoglobulin E),
which are able to affect EOS cell dynamics.

Regulatory feedback within this model (e.g., the influence
of cytokines and chemokines on EOS maturation, activa-
tion, chemotaxis, and survival, and the influence of IL-13
on eotaxin and periostin production) is described by empiri-
cal equations (either linear or Michaelis—Menten-type equa-
tions). Parameters of these equations were estimated from
appropriate in vitro data obtained from published literature.

Pharmacokinetics of tralokinumab and mepolizumab
were described by two- and one-compartment models,
respectively (Supplementary Information, Section 3).
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Figure 1 Schematic representation of key processes considered in the model. (a) Eosinophil (EOS) dynamics and regulations.
(b) Cytokine dynamics and regulations. Black arrows denote model reactions. Positive and negative influences are marked by dashed
green and red arrows, correspondingly. Abnormal processes switched on in asthmatics (sensitization of model processes and regula-
tions by other cytokines and interleukin (IL)-5/IL-13 production by non-EOS) are marked by thick green arrows.

Pharmacokinetic and cytokine binding affinity (Kd) data
were obtained from published literature.? Pharmacokinetic
parameters and Kd were used in the standard binding
equation to predict cytokine suppression.

For all simulations, anticytokine antibodies were assumed
to be delivered at time zero and the variables of the model
were tracked continuously. Change of IL-5, IL-13, eotaxin,
and periostin in response to anti-IL treatment is automatically
calculated; the impact of anti-IL-5/IL-13 therapy on reduc-
tions in cytokine synthesis and dampening of the sensitivity
to cytokine mediated inflammatory processes (reversal of

steps 1 and 2 in the section above) were implemented
based on data from the literature (see Supplementary
Information, Section 3, for detailed description). Changes
in other metabolites®® and activated cells in lungs®” were not
observed in response to mepolizumab administration, where-
as ~15% decrease of CCL17 and CCL13 was observed after
administration of the anti-IL-13 antibody lebrikizumab.'®
Accordingly, IL-5/IL-13 production by non-EOS was not
changed for mepolizumab simulations and was reduced
by 15% after treatment was started for tralokinumab
simulations.

Table 1 Data types used for model calibration (see Supplementary Information for details and references)

Step Description

Type of data used in the step

Parameters identified

1 Evaluation of individual effects of IL-5, IL-13,
eotaxin, and periostin on EOS dynamics
and IL-13 influence on eotaxin and
periostin production (Supplementary
Information, Section 2)

(1) In vitro data characterizing influence of
cytokines on EOS activation, trafficking,
apoptosis, and proliferation, eotaxin,
and periostin production measured in
human cell cultures; (2) KO mice data

Regression parameters, ECsos and Fpax
in Eqs. S18, S28, S31, S33 in
Supplementary Information,
Section 1

describing periostin influence on EOS

chemotaxis

2 Calibration of the model against in vivo data
(Supplementary Information, Section 2)

asthma
3 Identification of mAb pharmacokinetic and
pharmacodynamic parameters
(Supplementary Information, Section 3)

Human data: steady-state levels of EOS
and cytokines in lungs and blood of
healthy subjects and subjects with

(1) Drug level in plasma measured in
humans; (2) in vitro data characterizing
mAb affinity to IL-5 and IL-13

Rate constants in Eqs. S15-S26, S29,
S32 in Supplementary Information,
Section 1

Rate constants in Eqs. S45, S51 in
Supplementary Information,
Section 3

EQS, eosinophil; IL, interleukin; KO, knockout; mAb, monoclonal antibody.

CPT: Pharmacometrics & Systems Pharmacology
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Figure 2 Reproduction of cytokine and eosinophil (EOS) base levels in healthy subjects and pooled subjects with mild/moderate/severe
asthma in the model. (a) Cytokines. (b) EOS. Sources of data are given in Supplementary Table S8. Green/red bars represent model
predictions for healthy subjects/subjects with asthma, dots with error bars represent experimental data taken from the literature.

Confidence intervals for model predictions were obtained
using Monte-Carlo sampling from parameter distribution.
The covariance matrix of parameter distribution was calcu-
lated from the Hessian matrix of residual sum of squares
function using DBSolve software.?®

For the simulation of Th,-high vs. -low subpopulations, a
sensitivity analysis was performed to identify the main
determinants of serum periostin levels. The four most
sensitive parameters (see Supplementary Information,
Section 4) were chosen and multiple values simulated
assuming log-normal distribution of the parameters.®®
Steady-state levels of cytokines and cells in patients with
asthma were calculated for 1,200 sets of parameters using
the system of equations and parameters described earlier.

RESULTS

Model adequately describes cytokine and EOS levels

in healthy subjects and subjects with asthma

Figure 2 shows a comparison of the predicted and
observed steady-state levels of key variables in healthy
subjects (green) and subjects with asthma (red). Figure 2a
shows that there is very little, or no, IL-5 and IL-13 in the

blood and airways of healthy subjects,3°3! justifying the

model assumption of negligible basal production of these
cytokines. There is significant variability in reported cyto-
kine steady-state concentrations, but a 5-10-fold increase
of cytokine levels in the airways and blood compared with
concentrations in healthy subjects has been reported. This
increase was associated with up to twofold increase in
eotaxin and periostin in subjects with asthma.3233

Figure 2b demonstrates the large variability in the EOS
levels (both total and active) that has been reported in the
literature, presumably because of differences in disease
state and etiology. Some information could not be found in
the literature (e.g., active EOS levels in the blood of healthy
subjects and airway periostin levels in both populations);
therefore, these predictions were not verifiable.

Model adequately reproduces EOS and chemokine
change in subjects with asthma in response to
anti-IL-13 and anti-IL-5 treatment

Predicted and observed active and total EOS changes in
the blood and airways in response to mepolizumab and
tralokinumab treatment are presented in Figure 3. More

www.wileyonlinelibrary/psp4
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Figure 3 Prediction of mepolizumab and tralokinumab influence on eosinophils (EOS). (a) Change of total EOS in blood, activated
EOS in blood, total EOS in lungs, and activated EOS in lungs in response to tralokinumab treatment. (b) Change of total EOS in blood,
activated EOS in blood, total EOS in lungs, and activated EOS in lungs in response to mepolizumab treatment. Dots with numbers
denote experimental data, error bars denote SE. Thick lines denote median for model predictions; thin lines denote 95% confidence
intervals. Predictions for mepolizumab 250 mg (blue) and 750 mg (red), for tralokinumab 300 mg (green). 1 = Mean data for 300 mg
Q2W (Medimmune, data on file); 2 =mean data for 300 mg Q2/4W (Medimmune, data on file); 3 =median data for 300 mg Q2W;
4 =250 mg®*; 5 =250 mg®®; 6 = 750 mg®*; 7 = 750 mg®®; 8 = 250 mg*®; 9 = 750 mg®®; and 10 = 750 mg.*”

details, including data on lebrikizumab and dupilumab, are
presented in Supplementary Information, Section 3.

An overall decrease in blood EOS (total and active) is
predicted for mepolizumab and an increase in blood EOS
(total and active) is predicted for tralokinumab, similar to
clinical observations®3® and Medimmune data on file,
respectively. Near maximal reduction in blood EOS is pre-
dicted for mepolizumab in the dose range 250-750 mg,
similar to previous reports.3*3® On cessation of dosing, the
EOS counts return to baseline levels 30-40 weeks after the
final dose (Figure 3). Contrary to blood EOS, both traloki-
numab and mepolizumab are predicted to decrease the
number of total and active EOS in airways (Figure 3). This
may provide an explanation for the efficacy of both these
compounds in reducing asthma exacerbations in spite of
their differing effects on blood EOS. Available data for
mepolizumab®’3* indicates about 55-85% reduction in

CPT: Pharmacometrics & Systems Pharmacology

airway EOS, whereas near-complete reduction in airway
EOS is predicted in the model.

The model-predicted decrease of periostin during traloki-
numab treatment was ~40%, almost twofold greater than
observed (Figure 4a; Medimmune, data on file). A fast
decline of eotaxin by 50% is observed after initiation of
dupilumab, according to model predictions and experimen-
tal data (Figure 4b’; see also Supplementary Informa-
tion, Section 3).

Model-predicted mechanisms of blood EOS response

To explore the underlying mechanisms governing blood
EOS response, we simulated treatment influence on EOS
dynamics for mepolizumab and tralokinumab at week 30 of
treatment when the maximum drug effect on EOS is
observed (Figure 5). After tralokinumab administration, the
model predicts an approximate reduction of 50% in the
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Figure 4 Validation and prediction of dupilumab and tralokinumab influence on blood cytokines. (a) Periostin change during
tralokinumab 300 mg Q2W administration (Medimmune, data on file). (b) Eotaxin change during dupilumab 300 mg Q4W administration
(data from Wenzel et al.,” Supplementary Figure S7). Dots denote experimental data, error bars denote SD, solid lines denote model
predictions, and dashed areas denote 95% confidence bands for model predictions.

EOS trafficking rate from blood to lungs, primarily due to
blockade of the production of the most potent chemokine,
eotaxin. As a consequence, EOSs are isolated in the blood
and do not migrate to the airways. Predicted direct impact
on other processes (e.g., apoptosis, activation, and prolifer-
ation) is negligible. In contrast, the primary reason for the

B Mepolizumab
B Tralokinumab

380 400

20

Change of rates, %
0

Figure 5 Model-predicted change from the start of therapy of
eosinophil proliferation, apoptosis, chemotaxis, and activation
rates in blood at Week 30 of mepolizumab or tralokinumab treat-
ment. Bars denote model predictions.

decrease in EOS numbers in the blood and lungs for mepo-
lizumab is a large increase in the predicted apoptosis rate,
due to the substantial decline of free IL-5. An approximate
50% reduction in the release rate from bone marrow further
contributes to lower EOS levels. There is predicted to be
little impact on the EOS chemotaxis rate into the airways
for mepolizumab; however, the model predicts an overall
drop of activated EOS in airways for both mepolizumab and
tralokinumab, resulting from reduction of activation of EOS
in the blood and airways (Supplementary Figure S16).

Model-based simulation of periostin-high vs. -low
subpopulations

The virtual population generated using the model showed
a weak correlation between serum periostin and lung
eosinophilia status (Figure 6), when separated into two
equal-sized groups based on those above and below the
median periostin level. Simulations also indicated a great-
er magnitude of EOS change in the blood and airways
after treatment in the periostin-high group compared
with the periostin-low group (Supplementary Informa-
tion, Section 4).

DISCUSSION

We have used a mathematical modeling approach to pro-
vide insights into the pharmacological process that is driv-
ing clinically reported changes in blood EOS after
treatment with tralokinumab and mepolizumab.3* This
model adequately describes cytokine and EOS levels in
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Figure 6 Correlation between periostin and tissue eosinophil (EOS) obtained by simulation of virtual subjects (a) dependence of peri-
ostin on tissue eosinophils; (b) predictive ability of periostin value for tissue eosinophilia.

healthy subjects and subjects with asthma, reproduces
EOS and chemokine changes in subjects with asthma in
response to anti-IL-5 and anti-IL-13 treatment, and provides
insights into the role of periostin as a marker of response
to treatment, thus providing an overall insight into the
mechanism of action of these targeted agents.

The model provides an adequate description of the cali-
bration data in healthy subjects and subjects with asthma,
considering the high variability in data reported in the litera-
ture (Figure 2). An interesting estimate from the model is
that between healthy and asthmatic states, the production
of IL-5/IL-13 increases by ~15-fold, whereas eotaxin and
periostin production increases only 1.5-2-fold. One reason
for this may be the presence of redundant mechanisms of
chemokine production (e.g., IL-4-mediated synthesis).'®

The model predicts an increase in blood EOS and a
decrease in lung EOS for anti-IL-13 therapy and a decrease
in both blood and lung EOS for anti-IL-5 treatment
(Figure 3). As previously suggested by Hanania et al.® and
Corren et al.,'® the largest direct impact of tralokinumab on
EOS dynamics is predicted by the model on prevention of
EOS airway chemotaxis through reduced levels of eotaxin
and periostin. However, IL-13 treatment has other effects,
including reduced EOS survival, and prevention of EOS mat-
uration and release through suppression of IL-5; both of
these effects serve to decrease blood EOS. Increase in
EOS levels due to sequestration in blood counters the other
effects, thus resulting in a net increase in blood and reduc-
tion in lung EOS levels. Although human studies have not
confirmed the effect of IL-13 treatment on lung EOS levels,
the predicted magnitude of changes is in line with that
reported in animal models by May et al.,? after tralokinumab
treatment. An ongoing study, based on this model’s predic-
tions, is currently being performed to assess airway and
blood EOS changes after tralokinumab treatment.

A greater than threefold increase in the apoptosis rate
coupled with a twofold reduction in the proliferation/release

CPT: Pharmacometrics & Systems Pharmacology

rate from the bone marrow is the main reason for the
reduction in blood EOS after anti-IL-5 therapy with mepo-
lizumab. The role of mepolizumab on proliferation and
release is known,®® but its role on reduced EOS survival
may not be fully appreciated, although neutralization of IL-5
was shown to reverse prolonged EOS survival in nasal
polyps.®” Our model predicts that the survival effect may be
responsible for the rapid decline in EOS levels — near maxi-
mal reduction in blood EOS levels is seen within 2 weeks
after the start of mepolizumab treatment.®® A similar effect
is also seen on EOS apoptosis in the lungs (Supplemen-
tary Information, Section 4), resulting in a prediction of
rapid, near-complete depletion of EOS in the lungs. These
predictions are similar to observations by Buttner et al.?®
who saw sustained reduction in EOS number and activation
after mepolizumab treatment. The model predicts near-
complete EOS depletion in the lungs after mepolizumab
treatment, but data from sputum samples in humans with
asthma®”** indicate a mean reduction of ~55-85%. There
are several possible explanations for this discrepancy —
incomplete neutralization of IL-5 in the tissues,®® activation
by other proinflammatory cytokines, including IL-13%¢ and
eotaxin®® not considered in the proposed model, and
experimental variability. In contrast to mepolizumab, benrali-
zumab administration results in near-complete reduction in
sputum EOS,*® which may be due to the direct action of
this compound in binding EOS and recruiting natural-killer
cells.

Periostin production in airway epithelial cells is stimulated
by IL-13; therefore, periostin is considered a biomarker of
the Th, pathway. The observed change in serum periostin
levels after IL-13 treatment with lebrikizumab or tralokinu-
mab was twofold lower than predicted by the model.
Steady-state serum periostin concentrations are 60% great-
er in subjects with asthma compared with healthy subjects
in the model (Figure 2a) and, as expected, the model pre-
dicts the reduction of periostin levels to those seen in



healthy subjects in response to tralokinumab treatment
(Figure 4a). One explanation for this discrepancy could be
lack of information in the model on the relative contribution
of various cytokines that stimulate periostin production.
Large variability between steady-state level data used to
characterize the periostin synthesis rate®*'*? in the model
could also have caused this difference. The model provided
a good description of the eotaxin data after dupilumab
administration (Figure 4b); furthermore, data obtained for
cynomolgus monkeys after allergen challenge indicate
eotaxin reduction to baseline levels (before sensitization) in
response to IL-13 blockade,*® which is in accordance with
model predictions. The narrow range of change after treat-
ment in these two markers and the high variability limit their
utility as easy-to-measure markers of drug-dose response —
an important requirement in this therapeutic area.

A virtual population simulated with the model had similar
characteristics to observations, including a positive correla-
tion between periostin and blood EOS. With anti-IL-13
treatment, there is dissociation between changes in blood
EOS and serum periostin levels, the former increasing and
the latter decreasing. This is a clinically relevant observa-
tion because it suggests that changes in serum periostin
with tralokinumab treatment will be more reflective of
changes in airway EOS than changes in blood EOS, thus
lending support to the use of periostin as a possible marker
of response.’®** A more detailed analysis, including the
correct correlation between the variables influencing perios-
tin levels and their true population variability, is required to
make more realistic predictions on population response to
these therapies and, hence, the value of periostin as a pre-
dictive biomarker. However, this is the first report highlight-
ing the utility of systems modeling in identifying biomarker
hypotheses in a severe asthma setting.

As is often the case for these types of models, simplifica-
tions of the biological system have been made during model
development to ensure that the model was “fit-for-purpose”
and not unnecessarily complex. In our model, only the effect
of IL-5 and IL-13 are explicitly considered on the various pro-
cesses. However, it is well known that other factors, such as
platelet-activating factor and cys-leukotrienes are also
involved in the maturation, release, and airway trafficking of
EOS.**¢ Similarly, other cells, including mast cells and
T cells, also produce IL-5/IL-13.474% By “lumping” other
inflammatory cells in the model and, similarly, all other cyto-
kines/chemokines other than IL-5/IL-13, eotaxin, and perios-
tin, any difference in response among these cytokines/
chemokines and the differential impact on EOS is not cap-
tured by the model. We also assumed that the general anti-
inflammatory impact of anti-IL-13 treatment resulted in a
15% reduction in “other cytokines” participating in EOS
dynamics. This was based on data from Corren et al.,'® who
reported an ~15% change in CCL-13, CCL-17, and immu-
noglobulin E after lebrikizumab treatment. We did not include
the effect of anti-IL-5 treatment on other cytokines in our
model, because neither a change in levels of other inflam-
matory mediators (IL-4, interferon gamma, etc.25; Supple-
mentary Information, Section 3) nor activated cells (other
than eosinophils) in the lungs®” was observed in response to
mepolizumab administration; however, some data indicate
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increased production of eotaxin.®*® Thus, neglecting the
mepolizumab effect on cytokines may provide a reason for
an overestimate of the impact of anti-IL-5 treatment on EOS
levels in the lungs. Furthermore, the model does not account
for different asthma phenotypes (e.g., Tho-driven or neutro-
philic asthma); a more detailed understanding of the different
asthma pathophysiological processes would be required for
such an analysis. In addition, the effect of inhaled corticoste-
roids treatment is not explicity modeled. This effect is implic-
itly considered by calibration of the model against baseline
data in subjects with asthma who are already receiving
inhaled corticosteroids (Figure 2). The model cannot be
used to evaluate the impact of anti-Th, cytokine therapy on
factors such as potential reduction in inhaled corticosteroids
dose. In light of these assumptions, predictions by the model
should be considered a hypothesis-generating semiquantita-
tive attempt providing a convenient starting point for the
exploration of the dynamics of the Thy inflammation
pathway.

In conclusion, a mathematical model of cytokine/chemokine-
mediated EOS dynamics has been built and verified. The mod-
el indicates that different processes are impacted by anti-IL-5
and anti-IL-13 treatment causing differences in the changes in
blood EOS. Inhibition of trafficking because of tralokinumab
treatment is the primary cause of the net increase in blood
EOS. This increase is associated with an expected reduction in
lung EQOS, both active and total. Baseline variability in the
inflammatory markers could serve to explain existence of
Tho-high vs. -low populations, which respond differently to
anti-IL-13 therapy. The role of tralokinumab on EOS trafficking
in the periphery, blood, and lungs, as well as understanding
possible biomarkers, such as DPP-4,** are areas for further
investigation.
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