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INTRODUCTION

Comparison data regarding anti-tumor necrosis factor (anti-TNF) drug concentrations in
inflammatory bowel disease (IBD) between the enzyme-linked immunosorbent assay
(ELISA) and the homogenous mobility shift assay (HMSA) are scarce.1=3 As decisions in
clinical practice depend on the thresholds that define a therapeutic drug concentration, it is
important to determine if this varies based on the type of assay used for therapeutic drug
monitoring (TDM).# We recently showed a discrepancy between a commercially available
ELISA and the HMSA for both infliximab and adalimumab concentrations in patients with
IBD.> Based on the results of this study, Prometheus Laboratories initiated a comprehensive
review of their HMSA assays and found that there was an upward drift for both infliximab
(from December 2017 to May 2019) and adalimumab (from August 2017 to May 2019),
including when our study was performed. Prometheus corrected the errant values and
reported the revised drug concentrations to physicians (supplementary material). We aimed
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to compare the corrected infliximab and adalimumab concentrations to the original ELISA
values.

These are described in the supplementary material.

For infliximab, 45 samples were analyzed (supplementary Table 1). Following the
implementation of corrective measures for the HMSA infliximab concentrations (median
[interquartile range, IQR]) were still significantly higher when measured by the HMSA
compared to ELISA (9 [7.1-12.4] vs. 5.7 [4.8-9] pg/ml; p<0.001, respectively). The
correlation between assays remained very good (r=0.873, p<0.001, Figure 1A). However,
agreement between assays, although improved, was only moderate (ICC=0.658, 95%CI:
-0.080 to 0.892, p<0.001). A Bland-Altman plot of infliximab concentrations to compare
the two assays is shown in Figure 1C. A Passing and Bablok plot is shown in Figure 1E.
Qualitative agreement in drug concentration status (therapeutic vs. sub-therapeutic),
although improved, was only minimal between assays using >5 pg/ml (K = 0.299, p=0.005),
>7 ug/ml (K = 0.303, p=0.005) or >10 pg/ml (K = 0.323, p=0.003) as therapeutic drug
concentrations. Supplementary Table 2 describes negative, positive and total agreement
between assays based on different cut-offs for therapeutic infliximab concentrations.

For adalimumab, 29 samples were analysed (supplementary Table 1). Following the
implementation of corrective measures for the HMSA adalimumab concentrations (median
[IQR]) were still significantly higher when measured by the HMSA compared to ELISA
(12.9 [10.3-16.9] vs. 10.6 [8.6-14] pg/ml; p=0.036, respectively). The correlation between
assays remained very good (r=0.930, p<0.001 Figure 1B). Agreement between assays was
now strong (ICC = 0.826, 95%CI: —0.066 to 0.949, p<0.001). A Bland—-Altman plot of
adalimumab concentrations comparing the two assays is shown in Figure 1D. A Passing and
Bablok plot is shown in Figure 1F. Qualitative agreement in adalimumab concentration
status (therapeutic or sub-therapeutic) markedly improved reaching a total agreement of
97% for both >5 pg/ml and >7 pg/ml adalimumab concentrations; however was still weak
between assays using >10 pg/ml as therapeutic drug concentrations (K = 0.437, p=0.004).
Supplementary Table 2 describes negative, positive and total agreement between assays
based on different cut-offs for therapeutic adalimumab concentrations.

DISCUSSION

Although the implementation of corrective measures for the HMSA made the two assays
more comparable for both infliximab and adalimumab, there are still quantitative and
qualitative discrepancies in drug concentrations. While the correlation remained very good
for both infliximab and adalimumab the qualitative agreement between assays, although
improved, was still only minimal for infliximab concentrations >5 pg/ml (K=0.299), >7
pg/ml (K=0.303), or >10 ug/ml (K=0.323), respectively, and weak for adalimumab
concentrations >10 ug/ml (K=0.437).
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These differences between assays may also apply to other biologics as well. A recent cross-
sectional study comparing ustekinumab serum concentrations between two commercial
ELISAs manufactured by Progenika (Dynacare Labs) and Theradiag and the HMSA in
patients with CD showed that there was poor agreement between the HMSA and both
ELISA tests. There was an almost 2-fold increased difference in the absolute ustekinumab
serum concentrations between the HMSA and both ELISA tests.® Moreover, differences in
the quantitative results may apply also to different ELISAs as demonstrated by two recent
studies, one for infliximab’ and one for golimumab.8

Limitations of the study include the relatively small sample size and the fact that most of the
samples were drawn applying proactive TDM limiting the evaluation of clinically
meaningful differences at lower drug concentrations.

In conclusion, although the correlation between the ELISA and the HMSA was very good
for both infliximab and adalimumab, our data suggest that it may be difficult to compare
absolute concentrations between assays. Until commercial assays are accurately cross-
validated and standardized, clinicians should consider assay-dependent drug concentration
thresholds and follow patients over time utilizing the same assay, if possible.

METHODS

Implementation of corrective measures

The mathematical corrections were determined utilizing wet-lab experiments by comparing
the assay standards (calibrators) in place when the drift occurred to new gold standards
freshly prepared from original pure infliximab and adalimumab vials. For Infliximab, both
the assay infliximab standard in place at the time of the drift and the new infliximab gold
standard were also compared to an International standard for Infliximab that had recently
become available from the World Health Organization (WHO). The new infliximab gold
standard and the WHO International infliximab standard were observed to match,
confirming both the accuracy of the new infliximab gold standard, as well as the method
used to prepare the new standards from the pure drug source vials. Subsequently, additional
lots of standards were prepared for both infliximab and adalimumab using this method
(measured drug from the pure drug source vial) by different personnel to further compare the
accuracy of both the gold and the current drug standards. Lastly, spike and recovery
experiments were also performed using measured levels of pure drug spiked into buffer at
various concentrations spanning across the standards range for each of the drug assays.
These experiments further confirmed the accuracy of the gold standards as well as the values
obtained for unknown patient samples using these standards in an assay.

Statistical analysis

This was a follow up of a previous single-center prospective cross-sectional study comparing
drug concentrations of infliximab and adalimumab utilizing two different commercially
available assays, an ELISA (InformTx™, Inform Diagnostics, Irving, TX, USA) and the
HMSA (ANSER®, Prometheus Laboratories Inc. San Diego, CA, USA).> Peripheral venous
blood samples from consecutive patients with IBD either on infliximab or adalimumab

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2022 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Papamichael et al.

Page 4

therapy were collected and sent the same day in separate tubes to be evaluated both with
ELISA (for research purposes) and the HMSA (as part of routine clinical care) following the
implementation of corrective measures for the latter by Prometheus. Per the reported limit of
quantification of the assays, infliximab concentrations of < 0.3 pg/mL were considered
undetectable with the ELISA and concentrations < 1 ug/mL were considered as undetectable
with the HMSA assay. Adalimumab concentrations of < 0.5 pg/mL were deemed
undetectable with the ELISA, and concentrations < 1.6 pg/mL were deemed undetectable
with the HMSA assay. Samples with no absolute values were excluded from the final
analyses. All patients consented to participate in the study. Approval was obtained from the
Institutional Review Board at Beth Israel Deaconess Medical Center.

Comparisons of drug concentrations between assays were performed using the Wilcoxon-
signed rank test. To quantify the correlation between drug concentrations from the ELISA
and the HMSA, the Spearman’s’ rho was calculated, whereby a value of 1 represents an
ideal correlation between the two methods. Correlation coefficients were compared using a
linear regression analysis. Comparison of the two assays was also performed by Passing
Bablok regression analysis. The intraclass correlation coefficient (ICC) was calculated using
the two-way mixed single measures test (absolute agreement) to quantify the agreement
between drug concentrations for the two assays. ICC were interpreted as follows: lack of
agreement (0-0.3), weak agreement (0.31-0.5), moderate agreement (0.51-0.7), strong
agreement (0.71-0.9) and very strong agreement (>0.91). A Bland—Altman plot was used to
present the data in which the difference between two measurements is plotted on the Y-axis,
and the average of two measurements on the X-axis. Qualitative agreement in drug
concentration status between assays was performed using the method described by Fleiss3!
and expressed as the positive and negative percent agreement (correlating with therapeutic
and sub-therapeutic classification, respectively) using different cut-offs for therapeutic drug
concentrations. Coefficient of agreement was reported using Cohen’s kappa (K) and
classified as almost perfect (>0.9), strong (0.8-0.9), moderate (0.6-0.79), weak (0.4-0.59),
minimal (0.21-0.39), and none (0-0.2). The statistical software package SPSS version 25.0
(IBM, New York, NY, USA) and GraphPad Prism version 5.03 for Windows (GraphPad
Software, San Diego, CA, USA) were used for all analyses.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Correlation of infliximab (A) and adalimumab (B) concentrations between assays. Scatter
plot with solid line representing fitted regression line and dashed lines the 95% confidence
interval for the regression line. Bland—Altman plot of infliximab (C) and adalimumab (D)
concentrations to compare the two assays: the difference between two measurements (mg/L)
is plotted on the Y-axis and the average of the two measurements (mg/L) on the X-axis.
Dotted lines represent the 5-95% limits of the mean difference (solid line). Passing and
Bablok plots for infliximab (E) and adalimumab (F) according to assay. Scatter plot with
solid line representing fitted regression line and dashed lines the 95% confidence (ClI)
interval for the regression line. For infliximab (slope: 1.25; 95%Cl: 1.05-1.57 and intercept:

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2022 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Papamichael et al.

1.04; 95%Cl: —0.63 to 2.37) and for adalimumab (slope: 1.25; 95%CI: 0.98-1.47 and
intercept: —0.24; 95%ClI: —2.76 to 2.21).
IFX: infliximab; ADM: adalimumab.
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