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OBJECTIVE To compare the timing of serum anti-drug antibodies in adult and pediatric age groups,
males and females, treated for inflammatory bowel disease or arthritis with adalimumab or infliximab by
retrospectively combining data collected during a 2-year therapeutic drug monitoring period.

METHODS Four hundred thirty sera were divided in groups collected at 0, 3, 6, 12, and 24 months (TO, T3,
T6, T12, and T24) after initiation of therapy and assayed for drug and relative anti-drug antibodies levels. At
each time point, the percentage of sera presenting anti-drug antibodies, as well as the drug concentrations,
were calculated and correlated with patient age and sex.

RESULTS Anti-drug antibodies were present in 31.5% of sera and were significantly higher in the pediatric
age group than in the adult age group, through all time points. The percentages of sera showing anti-drug
antibodies were significantly different as early as 3 months and were sera from pediatric female group. The
percentages of sera showing anti-drug antibodies reached the highest value at 6 months in the pediatric

age group and at 12 months in the adult age group.

CONCLUSIONS Sera from pediatric had an earlier presence of anti-drug antibodies than adults. In particular,
pediatric females sera showed the fastest anti-drug antibodies development.

ABBREVIATIONS A, adult; ADA, adalimumab; AF, adult females; AM, adult males; ATA(s), anti-adalimumab
antibody(ies); ATI(s), anti-infliximab antibody(ies); F, female; IBD, inflammatory bowel disease; IFX, infliximab;
M, male; P, pediatric; PF, pediatric females; PM, pediatric males; SEM, standard error of the mean; TDM,
therapeutic drug monitoring; TNF, tumor necrosis factor; TNFa, tumor necrosis factor alpha
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Introduction

Infliximab (IFX) and adalimumab (ADA) are 2 biological
agents (chimeric and humanized, respectively) blocking
the activity of tumor necrosis factor alpha (TNFa). They
are widely used in pediatric patients for treatment of
rheumatological and gastrointestinal diseases at doses
ranging from 3 to 5 mg/kg for IFX and 20 to 40 mg/kg
for ADA. However, due to their side effects (i.e., blocked
or runny nose, headaches, dizziness, flushing, a rash,
stomach pain, indigestion or sickness, irregular heart-
beat, infections), the formation of anti-drug antibodies
and consequent reduction of their plasma levels, these
drugs may lose their effectiveness over time.* In fact,
several studies have documented an ineffectiveness of
both IFX or ADA treatments following an immunogenic
response arising with a frequency from 6% to 16% for
IFX and from 2.6% to 44% for ADA .5

Therapeutic drug monitoring (TDM) is a crucial tool to

suggest an adjustment of the dose, or even the change
to another class of drug.™* Although most retrospec-
tive studies analyzed the pharmacokinetics and serum
concentrations of the 2 drugs in single pathologies,”-22
no analyses cross-correlate the serum drug concentra-
tions and anti-drug antibodies levels with the time of
their appearance in the serum by combining multiple
diseases treated with the same drug. Similarly, there are
no analyses that correlate the time of anti-drug antibod-
ies onset with the sex and age of the patient.

The present retrospective study aims to clarify these
points through analysis of data collected over a 2-year
period using serum samples obtained from patients with
inflammatory bowel disease (IBD) or arthritis who were
being treated with IFX or ADA.

Materials and Methods
Data Collection. In this study, 430 sera from patients
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Table. Patients’ Treatment

Disease
Avrthritis

Rheumatoid arthritis

Ankylosing spondylitis

Psoriatic
arthritis

Juvenile idiopathic
arthritis

ADA

Adults: 40 mg in a single administration
every 2 wk subcutaneously.

Adults: 40 mg in a single administration
every 2 wk subcutaneously.

Pediatrics: weighing 30 kg or more, 40 mg
every 2 wk; weighing between 15 kg and
<30 kg, 20 mg every 2 wk.

Adults: 40 mg in a single administration
every 2 wk subcutaneously.

Pediatrics: weighing 30 kg or more, 40 mg
every 2 wk; weighing between 15 kg and
<30 kg, 20 mg every 2 wk.

Pediatrics: weighing 30 kg or more, 40 mg
every 2 wk; weighing between 10 kg and
<30 kg, 20 mg every 2 wk.

Inflammatory bowel disease

Crohn disease

Ulcerative colitis

Adults: 80 mg (via 2 injections in 1 day)
followed by 40 mg every other week
after 2 wk.

Pediatrics: weighing 40 kg or more, initial
dose of 80 mg followed by 40 mg every 2
wk; weighing < 40 kg, initial dose of 40 mg
followed by 20 mg every 2 wk.

Adults: 160 mg (through 4 injections in 1 day
or 2 injections per day for 2 consecutive
days) at week 0, 80 mg (through 2 injections
in 1 day) at week 2 and subsequently 40 mg
every other week.

Pediatrics: weighing 40 kg or more, 160 mg
(through 4 injections in 1 day or 2 injections
per day for 2 consecutive days) at week

0, 80 mg (through 2 injections in 1 day) at
week 2 and subsequently 40 mg every
other week; weighing between 20 and < 40
kg, 80 mg (through 4 injections in 1 day or 2
injections per day for 2 consecutive days) at
week 0, 40 mg (through 2 injections in 1 day)
at week 2 and subsequently 20 mg every
other week.

IFX

Adults and pediatrics: an intravenous infusion
of 3 mg/kg followed by additional infusions
of 3 mg/kg at weeks 2 and 6 after the first
infusion, then every 8 wk.

Adults and pediatrics: an intravenous infusion
of 5 mg/kg followed by additional infusions
of 5 mg/kg at weeks 2 and 6 from the first
infusion, then repeated after a time that can
vary from 6 to 8 wk.

Adults and pediatrics: an intravenous infusion
of 5 mg/kg followed by additional 5 mg/

kg infusions at weeks 2 and 6 after the first
infusion, then repeated every 8 wk.

Pediatrics: an intravenous infusion of 3—4 mg/
kg followed by additional 3—4 mg/kg infusions
at weeks 2 and 6 after the first infusion, then
repeated every 8 wk.

Adults and pediatrics: 5 mg/kg administered
as an intravenous infusion followed by an
additional 5 mg/kg infusion 2 wk after the
first infusion. Maintenance: additional 5 mg/
kg infusion at week 6 after the first dose,
followed by repeated infusions every 8 wk.

Adults and pediatrics: an intravenous infusion
of 5 mg/kg followed by additional 5 mg/

kg infusions at weeks 2 and 6 after the first
infusion, then repeated every 8 wk.

ADA, adalimumab; IFX, infliximab

naive to biological medications were included. These
were routinely collected between June 2019 and Janu-
ary 2021 at the therapeutic drug monitoring unit of the
University Polyclinic “Luigi Vanvitelli”; the sera were

from the immunology-autoimmune diseases, gastroen-
terology, and pediatric rheumatology clinics. They were
tested for ADA, IFX, anti-adalimumab antibody (ATA),
and anti-infliximab antibody (ATI) levels. Sera were as-
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Figure 1. Demographics of total samples. Percentages of total samples: (A) by age and drug; (B) by age, sex,
and drug; (C) by age and anti-drug antibodies; (D) by age, sex, and anti-drug antibodies.
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A, adults; ADA, adalimumab; AF, adult females; AM, adult males; ATA, anti-adalimumab antibody; ATI, anti-infliximab antibody; IFX, infliximab;

P, pediatrics; PF, pediatric females; PM, pediatric males.

sayed blind of the pathology, treatment protocols, age,
sex, and time point of treatment.

Criteria for Analysis. Exclusively for the purpose of
this study, sera were retrospectively divided by treat-
ment as 1) ADA and 2) IFX. In each of these, sera were
grouped into 5 time points (months) according to the
request made by the clinicians for therapeutic monitor-
ing (TO, T3, T6, T12, T24). A further division was made
by age (adults [A] 45 + 16 years, 70 + 6 kg; pediatrics
[P]13 £ 4 years, 45 + 2 kg) and age combined with sex
(males [M], females [F)).

Sera showing antibodies were cross-compared at
each time point for the percentages of them showing
ATAs or ATls, for the levels achieved, for drug levels,
and for patient’s sex.

In order to avoid any misinterpretation of the final re-
sults, due to different treatment regimens with respect

to those accepted by the international scientific com-
munity for each drug and pathology,?*?* the clinicians
were asked to provide the protocol used. They declared
that the samples were collected from patients treated
in accordance with the consensus statements on the
initiation and continuation of TNFa blocking therapy
for IBD (Crohn disease, ulcerative colitis) and arthritis
(ankylosing spondylitis, idiopathic juvenile arthritis,
psoriatic arthritis, rheumatoid arthritis).252¢ Specifically,
patients were treated as reported in the Table,?”?® and
were naive to biologic treatments.

Determination of Drug Trough Concentrations and
Anti-Drug Antibodies. Adalimumab, IFX, ATA, and ATI
serum levels were assayed in samples collected just
prior to the administration of the subsequent dose.
Triplicate measurements were performed for each
sample. A commercial and validated enzyme-linked

www.jppt.org

J Pediatr Pharmacol Ther 2022 Vol. 27 No.1 65



Autoimmune Diseases and Therapeutic Drug Monitoring Trotta, MC et al

Figure 2. Development of serum ATA levels during time points of maintenance therapy. Number sera with
ATAs (%), determination of serum ATA (ng/mL) and ADA (mcg/mL) levels in A and P populations (A), AM and PM
(B), AF and PF (C), PM and PF (D), AM and AF (E) during different time points of maintenance regimen. Results
are expressed as mean + SEM. *p < 0.05 and **p < 0.01vs A; fp < 0.05 and **p < 0.01vs A, same sex; fp < 0.05
and #p < 0.01vs PM.
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A, adults; ADA, adalimumab; AF, adult females; AM, adult males; ATA, anti-adalimumab antibody; P, pediatrics; PF, pediatric females; PM, pe-
diatric males; TO, induction therapy; T3, T6, T12, and T24, 3, 6, 12, and 24 mo after induction.
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immunosorbent assay was used for the monitoring of
drugs and anti-drug antibodies according to the manu-
facturer’s instructions (R-BioPharm, Melegnano, Italy).?°
The detection limit for ADA and IFX was 0.1 mcg/mL,
whereas for ATAs and ATls it was 0.06 ng/mL.

Statistical Analysis. All results were reported as
mean £ SEM. Two-way analysis of variance followed
by the Tukey comparison test was used for the statisti-
cal analysis and performed with Prism 6.0 (GraphPad,
San Diego, CA, USA) . A p value < 0.05 was set as the
level of significance.

Results

Demographics of Total Sera Collected. Fifteen
percent of sera (65/430) were from patients starting
anti-TNFa therapy (TO), whereas 75% of sera were from
patients in maintenance regimen (365/430). The latter
were further composed of 67.5% ADA (6.24 + 1.0 mcg/
mL) and 32.5% IFX (6.02 + 0.7 mcg/mL).

Seventy-four percent of the total sera analyzed
(318/430) were collected from A, whereas 26% (112/430)
were collected from P. Among A, 80% were treated
with ADA, whereas only 20% received IFX. On the
contrary, IFX treatment was more frequent in P (55%)
compared with ADA (45%) (Figure 1A). Considering
the sex, samples consisted mainly of sera from adult
females (AF) (48%), followed by adult males (AM) (26%),
pediatric females (PF) (15%), and pediatric males (PM)
(11%). Adalimumab was the prevalent drug administered
in both AF (86%) and AM (70%), whereas IFX was more
frequently administered in PF (57%) and PM (52%)
(Figure 1B).

Demographics of Sera in Maintenance Therapy De-
veloping Anti-Drug Antibodies. Of the sera collected in
maintenance therapy, 31.5% (115/365) were character-
ized by anti-drug antibodies. Of these, 49.6% (57/115)
were collected from A and 50.4% were collected from
P (58/115). ATAs were more present than ATls in A
samples (57% ATAs vs 43% ATIs). In contrast, P samples
had 57% ATls vs 43% ATAs (Figure 1C). Concerning the
sex, anti-drug antibodies were more presentin F (29%
PF, 27% AF) than in M samples (23% AM, 21% PM). Adult
females exhibited the highest percentage of ATAs (56%
AF, 44% AM), whereas PF showed the highest percent-
age of ATls (60% F, 40% M) (Figure 1D).

ATAs. Among A sera, the highest percentage show-
ing ATAs was calculated in those collected at T12 (27.5%
+ 3.4%), whereas it was calculated at T6 in P sera. At T6
there was a significant difference between the percent-
age of A sera and the percentage of P sera (e.g., A, 6.5%
11.2%; P, 27.5% + 3.6%; p < 0.01) (Figure 2A). The same
trend appeared by comparing sera from AM and PM
(e.g., T6 AM, 7.0% £ 11%; PM, 28.0% £ 3.4%, p < 0.01)
(Figure 2B). Interestingly, the comparison between AF
and PF showed the highest percentage recorded at
T3 in PF (AF, 7.0% + 11%; PF, 28.0% * 3.4%, p < 0.01)
(Figure 2C). Pediatric females showed earlier presence

of serum ATA levels than PM (T3, PM: 6.0% + 1.4%; PF,
28.0% * 3.4%, p < 0.01) (Figure 2D).

ATls. The highest percentage of A sera showing ATls
was recorded at T12 (25.0% + 3.4%), whereas for P sera
it was at T6. At T6 there was a significant difference be-
tween the percentage of A and P sera (A, 3.5% + 0.8%,;
P, 28.5% + 3.4%, p < 0.01) (Figure 3A). The same trend
was observed when considering AM and PM (at T6 AM,
5.0% = 0.9%; PM, 27.0% + 2.8%, p < 0.01) (Figure 3B).
Moreover, the highest percentage of AF sera showing
ATIs was calculated at T12 (27.0% + 2.4%), whereas it
was at T3 for PF sera (AF, 2.0% + 0.5%; PF, 35.0% + 3.6%,
p < 0.01) (Figure 3C). Again, at T3 the percentage was
significantly different in comparison to the percentage
of PM sera (T3, PM, 4.0% + 0.7%; PF, 35.0% + 3.6%,
p < 0.01) (Figure 3D).

Serum ATA and ATI Levels Through Time Points.
ATAs. Serum ATA levels were significantly higher in
P sera compared with A sera starting 3 months after
initiation of therapy (A, 2.3 £1.0 ng/mL; P, 60.0 £ 2.3 ng/
mL; p <0.01) (Figure 2A). They were majorly present in
PF sera. Indeed, PF sera showed significantly higher
serum ATA levels at T3 than AF (AF, 2.1+ 0.4 ng/mL; PF,
105.0 £ 24 ng/mL; p < 0.01) (Figure 2C), and compared
with PM sera (PM, 15.0 + 31 ng/mL; PF, 105.0 + 24 ng/
mL; p < 0.01) (Figure 2D). Anti-adalimumab antibodies
were significantly higher at T6 in PM compared with AM
(AM, 2.9 + 0.3 ng/mL; PM, 75.0 = 16.0 ng/mL; p < 0.01)
(Figure 2B).

ATls. Serum ATls were significantly higher in P sera
compared with A sera starting at T3 (A, 2.9 £ 1.2 ng/
mL; P, 8.3 £ 1.5 ng/mL; p < 0.01) (Figure 3A). However,
serum ATls were significantly higher in PM compared
with AM at T6 (AM, 3.5 £ 0.9 ng/mL; PM, 15.2 + 2.8 ng/
mL; p <0.01) (Figure 3B). Interestingly, PF sera showed
significantly higher ATI levels at T3 than AF (AF, 2.7
+ 0.6 ng/mL; PF, 13.5 £ 1.3 ng/mL; p < 0.01) (Figure 3C),
and with respect to PM sera (PM, 3.1 + 0.8 ng/mL; PF,
13.5 £ 1.3 ng/mL; p < 0.01) (Figure 3D).

All serum ATAs and ATls levels were negatively cor-
related with serum ADA and IFX trough levels during
time points of maintenance therapy (Figures 2 and 3).
Their peaks raised at T12 for both A and P. In addition,
35 of the total 115 sera (30%) with anti-drug antibodies
belonged to patients who had therapy changes. Of
these, 24 were PF (70%), 4 were PM (13%) and 7 were
AF (17%).

Discussion

Infliximab and ADA are 2 of the most effective and
most commonly used drugs for the treatment of arthri-
tis and IBD.3%3" Several studies have characterized the
use of IFX and ADA in these autoimmune diseases,
including kinetics, dynamics, and immunogenicity of
the 2 drugs.>3**2 However, some new elements have
emerged in the present retrospective study that are
worthy of attention. They are the timing of serum ATAs
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Figure 3. Development of serum ATl levels during time points maintenance therapy. Number of sera with ATls
(%), determination of serum ATls (ng/mL) and IFX (mcg/mL) levels in A and P populations (A), AM and PM (B),
AF and PF (C), PM and PF (D), AM and AF (E) during different time points of maintenance regimen. Results are
expressed as mean + SEM. *p < 0.05 and *p < 0.01vs A; 'p < 0.05 and **p < 0.01 vs A, same sex; ¥p < 0.05 and
##p <0.01vs PM.
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A, adults; AF, adult females; AM, adult males; ATI, anti-infliximab antibody; IFX, infliximab; P, pediatrics; PF, pediatric females; PM, pediatric
males; TO, induction therapy; T3, T6, T12, and T24, 3, 6, 12, and 24 mo after induction.
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and ATls in pediatric and adult patients and the relation
they have with sex and age. It was established that each
anti-TNF agent generated differences concerning the
percentage of patients presenting antibodies and levels
of the antibodies formed. Most importantly, differences
in the timing of anti-drug antibodies appearance were
noted between adults and pediatrics, and between pe-
diatric females and males. Indeed, a higher percentage
of sera from pediatric patients contained ATAs or ATls
and at high levels. This finding represents a novelty be-
cause no study has compared the 2 groups of patients
time by time.

Interestingly, by comparing the timing of anti-drug
antibodies appearance, this was shorter in pediatric
sera compared with adult sera. A plausible hypothesis
we formulated to explain this difference was that anti-
TNFs induced an alteration of the children’s immune
system toward an easier onset hypersensitivity. This
could have affected the immunogenicity of the 2 drugs
IFX and ADA in pediatric patients. Again, this is a novelty
because several studies have traced the possibility to
generate antibodies during the therapy with anti-TNFs
but no study compared the timing of their genesis in adult
and pediatric patients. Moreover, anti-drug antibodies
in P sera were always paralleled by lower drug trough
levels of both ADA and IFX than A sera, regardless of
sex. This represents a further novelty because no study
has compared the 2 groups.

A further data analysis showed differences of antibody
response and time of appearance as a function of sex in
pediatric patients. PF sera showed the highest percent-
age of sera with ATAs or ATls compared with PM. They
always showed higher levels of ATls or ATAs than males
and the shortest onset time for a significant difference.
This, underlines to our opinion that the immune system
of PF may react differently from that of PM, possibly due
to hormonal status. On another note, patient-related
factors such as differences in human leukocyte antigen
genotype and alleles (e.g., human leukocyte antigen-
DRB1 alleles) may have influenced the formation of
antibodies.*344

In both adults and pediatrics, the majority of patients
who underwent TDM were female regardless of the
type of drug used. This means that females, especially
adults, were more prone to undergo TDM with respect
to males. Why this occurred needs clarification given the
pure descriptive nature of the study. However, one would
like to speculate that this happened because females
respond poorly to therapy, as observed in studies done
in both arthritis and IBD,?° or it may be related to the fact
that they have biological cycles (pregnancy and lacta-
tion) that could have influenced the kinetics of anti-TNF
drugs, unlike males.*®

It should be noted that the total serum drug levels
were overall in line with the evidence in the literature for
the therapeutic success of arthritis and IBD with ADA or
IFX 373846-52 However, sera showing antibodies had total

levels of ADA or IFX lower than those described earlier.
In fact, it is well known that the concentration of ATls is
inversely proportional to the plasma concentration of
IFX 16425354 Similarly, if initially the immunogenicity of
ADA was thought to be an extremely rare event, being
a fully humanized anti-TNFq, recent studies showed that
drug concentrations are inversely correlated with ATAs"©
Particularly, serum drug levels were higher in A than in
P. This is probably due to the high amount of antibodies
formed in sera from pediatrics.

The limitations of the study consist in the lack of
disease activity data, as well as the lack of information
concerning the whole therapy adopted and patients’
lifestyle habits (e.g., smoking, sun exposure, and alcohol
consumption) and the lack of compliance data due to the
retrospective nature of the study.

Conclusion

In summary, the pediatric age group, particularly fe-
male, developed an earlier immunogenic response to
IFX and ADA than the adult age group, and therefore
great attention should be paid to this possibly. Trans-
lating these results in clinical relevance—70% of the
patients with anti-drug antibodies underwent a change
of therapy for another anti-TNFa drug and were female
pediatric patients.
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