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Clinical Utlity of Antihuman Lambda Chain-based Enzyme-
linked Immunosorbent Assay (ELISA) Versus Double Antigen
ELISA for the Detection of Anti-infliximab Antibodies

Uri Kopylov, MD,* Yoav Mazor, MD," Miri Yavzori, MSc,* Ella Fudim, PhD,* Lior Katz, MD,* Daniel Coscas, MD,*
Orit Picard, PhD,* Yehuda Chowers, MD," Rami Eliakim, MD,* and Shomron Ben-Horin, MD*

Background: Anti-infliximab antibodies (ATIs) are associated with lower serum infliximab (IFX) trough levels and diminished clinical
response. The current most prevalent method for detection of ATI is a double-antigen (DA) enzyme-linked immunosorbent assay (ELISA) utiliz-
ing IFX for ligand and detection antibody. Serum IFX interferes with ATI measurement in this method. An alternative ELISA using antihuman
lambda chain (AHLC) antibody for ATI detection may be less amenable to this interference. The aim of our study was to compare the perform-
ance of AHLC-ATI versus DA-ATI for prediction of clinical response and evaluate the clinical significance of positive ATI in the presence of
detectable IFX levels in IFX-treated inflammatory bowel disease (IBD) patients.

Methods: In all, 63 patients’ sera were analyzed for IFX levels and antibody levels by AHLC and DA. The results were compared with the
clinical response to IFX. Percentage of patients with IFX4+ATI+4 status among IFX-treated patients and the clinical outcome of IFX+4ATI+
patients were assessed.

Results: ATIs were demonstrated in 22/63 (34.9%) and 18/63 (28.5%) sera of patients by AHLC and DA assay, respectively (P = 0.6). Detect-
able ATI and in IFX was detected in four patients (6.3%) by AHLC but not by DA assay. IFX4+ATI+ status was documented in 8.7% of avail-
able sera and was associated with a trend for loss of response.

Conclusions: AHLC and DA ELISA are equally effective for ATI detection in patients with undetectable serum IFX. AHLC ELISA detects

ATI in some patients with detectable serum IFX. This IFX4+ATI+ status may be a harbinger of evolving loss of response to the drug.
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lnﬂiximab (IFX) is a chimeric mouse-human monoclonal
anti-tumor necrosis factor (TNF) antibody effective for
induction and maintenance of remission in Crohn’s disease
(CD) and ulcerative colitis (UC). However, 30%—-84% of
the patents lose response to the medication along the
course of the treatment.' Trough levels of IFX signifi-
cantly correlate with clinical response to IFX in CD®’ and
UC?® patients.
Anti-infliximab antibodies (ATI) develop in up to
61% of the patients.® The development of ATI is correlated
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with increased clearance and lower serum levels of IFX as
well as increased risk for infusion reactions in CD
patients.® However, data regarding the relationship between
development of ATI and clinical response to IFX in inflam-
matory bowel disease (IBD) patients has been equivocal.
One possible reason for this may be ascribed to the tech-
nique of conventional double-antigen (DA) enzyme-linked
immunosorbent assays (ELISAs) for ATI measurement,
which employs IFX as the capture antigen and labeled IFX
as the detection antibody. Consequently, this method is sus-
ceptible to various technical limitations, including the
inability to detect monovalent IgG4 ATI, which could pos-
sibly lead to false-negative results on the one hand, and
plastic rheumatoid factor interactions yielding false-positive
results’ on the other. Moreover, IFX in serum competes
with the detection antibody, thereby precluding the
detection of ATI. This situation is commonly reported as
inconclusive ATI and is reported in clinical trials and case
series. For instance, inconclusive results of ATI levels were
reported in 72% of patients included in the SONIC study®
and in 39% of UC patients in a case series from Toronto.’
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These limitations of the DA technique hamper the ability
to accurately define the role of ATI levels in predicting
loss of response to IFX.

As an alternative to the DA technique, a radioimmu-
noassay technique for measuring ATI levels was described
for both rheumatoid arthritis and CD patients.'®!'" Both of
these studies demonstrated a significant correlation between
ATT levels and loss of clinical response to IFX. However,
this method is more cumbersome and is not widely avail-
able yet.

Another alternative to the DA ELISA was developed
in our laboratory. It comprises an ELISA employing anti-
human lambda chain (AHLC) conjugated antibody in the
detection phase, taking advantage of the fact that IFX is
composed of kappa chains. Notably, the presence of ATI
demonstrated by this method correlates with loss of clinical
response in CD patients treated with IFX.” Conceptually,
the implementation of AHLC-conjugated antibody in the
detection phase may allow detection of IgG4 ATIs and
also diminish the magnitude of the interference caused by
positive IFX levels, but this has not been hitherto tested. In
fact, while the method of testing may bear significant
implications for the ability to detect ATI and may thus
impact clinical decisions derived from these results, so far
there are no studies comparing the different ATI assays
with respect to their clinical utility. Moreover, the inability
of DA ELISA to detect ATI in the presence of IFX renders
it impossible to accurately assess the evolution of antidrug
antibody response over time and to investigate the clinical
significance of coexistence of ATI with IFX.

Therefore, the aim of this study was to compare the
accuracy of ATI detection by each of these two ELISA
techniques (DA and AHLC), as defined by its correlation
with clinical response or loss of response to treatment with
IFX. The secondary objective was to evaluate the clinical
characteristics and outcome of IFX-treated CD patients
who developed ATI in the presence of detectable serum
IFX (double positivity [DP]) as compared with patients
who have never developed DP.

PATIENTS AND METHODS

Patient Population and Clinical Outcomes

IBD patients attending the gastroenterology departments
of Sheba Medical Center and Rambam Health Care Campus
and treated with IFX were included in the study. All patients
gave written informed consent and the study was approved by
the ethics committees of the Sheba Medical Center and the
Rambam Health Care Campus. IFX trough levels and antibod-
ies to IFX (by AHLC method) were available for 215 patients
and were measured routinely immediately before the next
infusion or upon a decision of the treating physician to discon-
tinue IFX therapy.
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To delineate the interaction between IFX in serum and
the technical ability to detect ATI, sera were also deliberately
obtained shortly after the infusion (6-21 days) in several
patients with known ATI at trough-time measurements. These
early postinfusion sera were subjected to IFX and AHLC-ATI
measurements. In addition, in order to compare the perform-
ance of the AHLC method with another ATI detection meth-
odology, ATI were also measured by a DA assay in a sample
group (n = 63) out of the entire 215 patient cohort.

The clinical data were retrieved from the patients’ charts
and electronic records and reviewed retrospectively for the
purpose of this study. The correlation of DA and AHLC ATI
results with the clinical response of patients at the time of se-
rum sampling was compared. Clinical response was defined as
improvement or remission of CD-related symptoms coupled
with a decision of the treating physician to continue IFX ther-
apy at the current dosing and schedule.'* Loss of response
was defined by lack of improvement or aggravation of disease
symptoms and by a decision to increase the dose or shorten
the dose interval of IFX further, add immunomodulator ther-
apy or corticosteroids, switch to another anti-TNF medication
(Adalimumab) or refer for CD-related surgery.'* Patients were
excluded if loss of response was attributed to a non-CD
related cause such as CMV or Clostridium difficile colitis.

Determination of IFX and ATI Levels

IFX levels were determined as previously described.’
ATI were measured in sera samples by a commercially avail-
able DA ELISA and by the antihuman lambda antibody
(AHLC) detection ELISA.

The AHLC ELISA was performed as previously
described.” For the measurement of ATI by the DA detection
method, we used a commercially available qualitative ATI
DA assay: TNF-a-blocker-ADA (Immundiagnostik, Bensheim,
Germany) and followed the instructions supplied by the
manufacturer.

Spiking Experiments with Exogenous IFX

In order to assess the influence of presence of IFX in
the serum on DA and AHLC assays more accurately, we per-
formed spiking experiments with exogenously added IFX. For
this purpose, several sera with known high levels of ATI and
undetectable IFX were selected. These sera were pre-incubated
for 60 minutes at room temperature with graded concentra-
tions of extrinsic IFX (25, 5, 7.5, 10 ug/mL). ATI concentra-
tions were then measured by each of the two techniques as
described above.

Clinical Outcome of Patients with Positive ATl in
the Presence of Detectable IFX (DP)

IFX treated patients who were found to have an
IFX+ATI+ trough serum result on at least one occasion were
identified from among the entire cohort (n = 215) of CD
patients treated with IFX. Patients who had complete clinical
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TABLE 1. Detection of ATl by AHLC and DA ELISA

AHLC DA P-value
Patients in clinical 5 (15%)* 1 3%) 0.2
remission (n = 33)
Patients with loss of 17 (57%)° 17 (57%) 1
response (n = 30)
Total (n = 63) 22 (35%) 18 (29%) 0.56

*Three patients with DP.

®One patient with DP.DA, double antigen detection ELISA assay; AHLC,
antihuman lambda chain antibody-based ELISA; DP, double positivity
(IFX+ ATI+).

and laboratory data available were included and were followed
up for at least 6 months from first occurrence of double posi-
tivity (index infusion) or until onset of loss of response. Clini-
cal response was defined as previously described at the index
infusion (immediately following the determination of IFX
trough level and ATI status) and after 6, 12 and 24 months
from the index infusion.

Statistical Analysis

Continuous variables were analyzed by two-tailed Stu-
dent t-test and categorical variables were analyzed by Fisher
Exact test. All statistics were performed using MedCalc soft-
ware (Mariakerke, Belgium). P < 0.05 was considered
significant.

RESULTS

IFX and ATI Levels (Table 1)

Sixty three patients’ sera were analyzed by both DA
and AHLC. Out of the 63 tested patients, 33 (52%) clini-
cally responded to IFX and 30 (48%) experienced loss of
response (LOR) at the time of sampling. Forty-two out of
63 (66.7%) of the patients were being treated with a con-
ventional maintenance dose of IFX (5 mg/kg every 8
weeks) at the time of sampling and 21/63 (33.3%) were
receiving escalation regimens of IFX (5 mg/kg every 6
weeks, 5 mg/kg every 4 weeks, or 10 mg/kg every 8
weeks).

Detectable IFX levels were found in 40/63 patients
(63.4%). A positive IFX trough level was detected in 31/33
(93.9%) clinically responsive patients and 9/30 (30%) of
patients experiencing LOR. DA ELISA has demonstrated
ATI in 18 (28.5%) patients. Seventeen of these patients
were experiencing LOR to IFX when tested for ATI, and
one patient was clinically responsive. AHLC antibody-
based ELISA has demonstrated ATI in 22 (34.9%) patients
(P = 0.59 for AHLC vs. DA, Fisher Exact test). Seventeen
of these patients were experiencing LOR to IFX when
tested for ATI, and five patients retained response to the
drug. The degree of interrater agreement between the two

methods (kappa value) for detection of ATI was 0.72 (95%
confidence interval [CI] 0.54-0.9).

Four of the patients with positive AHLC-ATI had de-
tectable serum IFX. All these patients tested negative for
ATI by DA-ELISA. Thus, when only IFX-negative patients
were included ATI were demonstrated in 17/23 and 18/23
patients by the AHLC and DA methods, respectively.

Spiking Experiments with Extrinsic IFX

In order to further test the performance of the differ-
ent ELISAs in the presence of serum IFX, we conducted a
spiking experiment by addition of extrinsic IFX. Nine se-
rum samples with known high ATI levels and undetectable
IFX by the AHLC method were tested by addition of
graded concentrations of IFX followed by measurement of
ATI by AHLC ELISA. As shown in Figure 1, the addition
of 2.5 pg/mL of extrinsic IFX resulted in a 76% mean
decline in the measured ATI levels by the AHLC method,
compared to the measurement in the absence of exogenous
IFX. Interestingly, further escalation of the concentration
of added IFX to 5, 7.5, and 10 pg/mL did not have an
additive influence on measured ATI levels.

Despite the addition of 2.5 ug/mL of extrinsic IFX,
in three out of nine (33%) sera tested by AHLC method,
the level of ATI remained above the reported positive
cutoff value (1.7 pg/mL) and in one additional
patient (11.1%) the ATI level was reported as borderline
(1.5 pg/mL).

Three of these serum samples, which were either pos-
itive or borderline for ATI in the presence of extrinsic IFX
by the AHLC technique, were also tested by the DA assay.
In all these samples the addition of 2.5 ug/mL of extrinsic
IFX completely abolished the optical density reading of
ATI and resulted in undetectable ATI levels.
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FIGURE 1. ATI levels in the presence of extrinsic infliximab. IFX,
infliximab; ATI, anti-infliximab antibodies; DA, double antigen
method; AHLC, anti-human lambda chain conjugated antibody
method.
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TABLE 2. Serum Infliximab and Anti-infliximab Antibody
Levels in the Early Postinfusion Period

Sample 7 Days Postinfusion ~ IFX,* pg/mL  ATL" pg/mL

1 6 63.9 23
2 7 55 1.73
3 9 6 2.44
4 10 20.9 1.4
5 10 37 0.7
6 15 0.4 5.9
7 21 0.2 10

“IFX, infliximab (positive >1 ug/mL).
bATI, anti-infliximab antibodies (positive >1.7 pg/mL, borderline 1.4-1.7
ug/mL).

Early Postinfusion Levels of IFX and ATI

In seven patients who had undetectable trough levels
of IFX and positive ATI, another blood sample was delib-
erately obtained within several days after the infusion
(Table 2) and tested for the presence of ATI by the AHLC
methodology. All five samples obtained between days 6—10
of the index infusion were positive for the presence of
IFX. In three of these samples ATIs were simultaneously
detected.

Two serum samples obtained after 15 and 21 days,
respectively, were positive for ATI and had no detectable
IFX (Table 2).

The time course of IFX and ATI measurements at
the index infusion, the next infusion and the in-between
measurement is shown in Figure 2 for two exemplary
patients. These findings show that AHLC is able to detect
ATI in the presence of IFX in vivo, and that the pharmaco-
kinetics of IFX clearance by ATI may pass through an in-
termediate stage of IFX+ATI+ before reaching the trough
status of IFX—ATI+, at least in some patients.

patient 1
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—& = ATImcg/m

concentration mcg/ml
[4)]
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Index infusion Index infusion +9  subsequent infusion
days

Prevalence and Clinical Significance of the
Double-positive Phenotype (ATI+IFX+)

To assess the prevalence of double-positive IFX+ATI+
phenotype among our IFX-treated patients, a search of all
AHLC ATI ELISA results performed at both participating
medical centers was performed. A total of 963 samples of
IFX-treated patients were available for 215 individual IBD
patients. A double-positive phenotype was obtained in 40/215
(18.6%) of IBD patients (32 CD and 8 UC patients). The dou-
ble-positive phenotype occurred in some patients on several
occasions, so the overall prevalence of the double-positive
phenotype was 84/963 serum samples (8.7%).

Complete clinical and laboratory data for a follow-up
period of at least 6 months from the first occurrence of the
double-positive phenotype or until onset of LOR was avail-
able for 16/32 patients (Fig. 3). The clinical data of these
16 DP patients are depicted in Supporting Table 1.

As shown, out of the included 16 double-positive
patients, 11 (68.8%) were in clinical remission when dou-
ble positivity was encountered. After 6 and 12 months, 10
(62.5%) and 9 (56.3%) patients were in clinical remission,
respectively. Twelve out 16 patients were followed up for
at least 24 months. By this timepoint, two (21.4%) patients
were still in clinical remission and 10 (78.6%) lost
response to IFX. Five of the patients who lost response to
IFX were treated with shortening of the therapeutic interval
or increasing the dose, three patients were switched to ada-
limumab, and two patients were referred to surgery.

Evolution of IFX and ATI Status of DP Patients

The evolution of IFX and ATI status of the included
patients is depicted in Figure 4. Seven (43.8%) had devel-
oped undetectable serum trough IFX levels after 6.3 £ 3.3
months, which was accompanied by loss of clinical
response in five (71.4%) of these patients. Positive ATI
were persistent in 12 (75%) of the patients and in four
patients the ATI concentration dropped below the detection
level after 6.7 = 6.2 months. Seven patients had persistent
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FIGURE 2. Early postinfusion levels of infliximab and ATI. IFX, infliximab; ATI, anti-infliximab antibodies.
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Total
963 ATI/IFX essay
215 individual IBD patients

DP phenotype
84/963 (8.7%)
42/215 IBD patients (19.5%)

CD patients with DP phenotype
N=32

T

Completedata avaliable for
analysis
N=16

FIGURE 3. Flowchart for selection of double positive patients
included in the study. IFX, infliximab; ATI, anti-infliximab antibodies;
DP, double positivity (positive ATI in presence of detectable serum
infliximab).

DP status; four of these patients had sustained their
response for 17.7 = 5.3 months.

DISCUSSION

To the best of our knowledge, the present study is
the first to compare two methods of ATI detection and
investigate their clinical utility. The results show that the
AHLC-based ELISA performs with a similar accuracy as a
tested commercial DA-based ELISA for the detection of
ATI in patients with undetectable serum IFX. However,
AHLC-based ELISA was able to detect ATI in the sera of
four patients with detectable serum IFX that were undetect-
able by the conventional DA-based ELISA. As 3/4 of these
IFX+ATI+ were still responding at the time of sampling,
the DA technique showed a numeric trend toward better
specificity and positive predictive value of ATI detection
for clinical LOR.

What are the implications of these findings for pre-
dicting clinical outcome and directing medical interven-
tions in IFX-treated patients? There was a significant corre-
lation between detectable ATI (by both methods) and loss
of clinical response as reported by the treating physician.
This finding is consistent with the previous data published
by our group.” However, the correlation of ATI status with
clinical course is not perfect, since nearly half of the
patients losing response may not have detectable ATI in se-
rum by any of the methods (Table 2). Conversely, a pro-
portion of patients may still enjoy a sustained response in
the face of detectable ATI. A number of factors may
explain these observations. Loss of response may occur
due to causes other than immunogenicity, antibodies may

ATI+IFX+
N=16

I

IFX- IFX+

N=7 N=9
IFX- IFX- IFX+ IFX+
ATI- ATl ATl+ ATI-
N=2 H=5 N=7 N=2
LOR LOR LOR I_ LOR
N=1 N=4 N=3 N=2
Response Response Response
N=1 N=1 N=4

FIGURE 4. Clinical course and evolution of serum infliximab and
ATl levels in DP patients. IFX, infliximab (+ — detectable serum
infliximab; — — no detectable infliximab present in the serum). ATI,
anti-infliximab antibodies (+ — detectable serum ATI; — — no de-
tectable infliximab present in the serum). DP, double positivity
(positive ATI in presence of detectable serum infliximab). LOR, loss
of response (includes all patients who developed loss of response
at any point of follow-up). Sustained response includes all patients
who did not develop LOR at any point of follow-up. ATl and IFX
status are reported as measured at time of development of LOR
for patients who developed LOR, and until the end of follow-up for
patients with sustained response.

be nonneutralizing and neutralizing antibodies may have
escaped detection due to the “window phenomena.” The
latter may be unmasked if patients are tested again at a
later timepoint postinfusion. In this respect, the AHLC and
DA assays achieved an overall comparable correlation with
the clinical outcome in our study, likely because of the rel-
atively small sample size.

In the lack of a gold standard technique for ATI mea-
surement, comparing the technical performance accuracy of
ATI assays may be problematic, especially regarding their
ability to detect ATI in the presence of IFX. When meas-
ured within 10 days from IFX infusion, an IFX+ATI+ pat-
tern was demonstrated in 3/3 patients with known positive
ATI and undetectable serum trough IFX level before the
index infusion. This observation is consistent with the
existing data regarding IFX pharmacokinetics'* and attests
to the in vivo validity of this double-positive status. More-
over, double positivity for ATI and IFX was also reproduc-
ible in spiking experiments in vitro. Notably, addition of
extrinsic IFX in concentrations that are commonly detected
in clinical practice resulted in a moderate reduction in
measured ATI levels by the AHLC method, presumably
due to displacement of polyclonal/heterologous low-affinity
ATI. However, ATI levels remained above the cutoff levels
of positivity in 3/9 (33%) of the patients at serum concen-
trations of IFX commonly occurring in clinical practice. In
contrast, addition of extrinsic IFX resulted in undetectable
ATI in all tested samples by the DA technique. These
experiments corroborated that the AHLC method is less
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affected by the presence of IFX in serum compared to the
DA-based assays and is still able to detect “true” ATI in
this situation, at least in some patients.

From the clinical perspective, ATI+IFX+ pattern can
also be demonstrated in samples obtained 6—8 weeks from
IFX infusion. When tested by the DA ELISA, these patients’
ATI status would have been reported as “inconclusive.”
This ATI status was associated with higher rates of steroid-
free remission® and longer median duration of remission.'?
Because all of these patients had detectable serum IFX that
is associated with a superior clinical outcome compared to
patients with undetectable trough IFX levels,®® this observa-
tion is not surprising. However, in the subgroup of patients
who develop positive ATI when IFX is still detectable in the
serum, this may serve as an indicator of evolving immune
response to IFX that would result in future low trough levels
and loss of response. This specific patient population has
never been previously addressed due to technical inability to
detect this double positivity status.

We examined the clinical outcome of these double-
positive patients. Thirty-one percent of these patients experi-
enced LOR upon detection of double positivity status, while
10/12 patients (78%) developed LOR within 24 months of
an index ATIH+IFX+ measurement. Interestingly, develop-
ment of LOR was associated with abatement of trough se-
rum IFX level in only half of the patients. This observation
supports the existence of an alternative pathway for develop-
ment of LOR, which may be nonimmune or mediated by
neutralizing antibodies that do not influence the drug level
as measured by available solid-phase ELISA assays. Thus,
coexistence of detectable serum IFX and ATI may have a
considerable clinical significance. This finding could be an
indicator of a present or evolving immune response to IFX
and imminent development of LOR. Conceptually, the abil-
ity to predict this reaction early may prove useful for intro-
ducing preemptive interventions to prevent the occurrence
of LOR to IFX. Nonetheless, further studies in a larger
cohort of patients are required to clarify the significance of
these findings and to elucidate the value of potential preven-
tive strategies once IFX-+ATI+ status is detected.

Our study has several limitations. The clinical data
for the patients were collected retrospectively, and no
objective clinical scoring system was employed. A prospec-
tive study employing established clinical and endoscopic
scoring system is required for the formal clinical validation
of the AHLC-ATI ELISA. However, from the practical
point of view, the clinician’s decision to discontinue or
escalate IFX coupled with subjective patients’ clinical dete-
rioration probably reflects the real-life assessment of the se-
verity of the disease and the clinical decision making.'*
Another limitation is that the assays examined are solid-
phase assays and a fluid phase test such as a radioimmuno-
assay (RIA) was not tested in the present study. Nonethe-
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less, RIA is more cumbersome and less available in clinical
laboratories compared to standard ELISA techniques. Not-
withstanding, it would be of value as a next step to perform
similar comparative studies of both solid phase and fluid
phase methodologies for ATI detection. Finally, the number
of patients with ATI4+IFX+ was small and does not enable
us to draw any statistically definitive conclusions. However,
it does point to the existence and significance of this phe-
nomenon as a possible harbinger of a future abatement of se-
rum drug level and development of LOR.

In conclusion, the AHLC antibody-based ELISA
method is at least as accurate as the DA-based ELISA for
detection of anti-IFX antibodies. In a subgroup of patients this
method identifies ATI in the presence of detectable IFX in the
serum. This finding may be clinically significant for being a
forerunner of LOR to IFX in some patients, and for possibly
allowing us to undertake early preventive interventions.
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