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Abstract 

Immunogenicity against biologic medicines is ubiquitous, and it is traditionally measured by the final humoral 

response. However, the onset of a sustained immunogenic response begins at the cellular level with activation of 

T cells and maturation of naïve B cells into plasma cells.  Ex vivo comparative immunogenicity assessment 

(EVCIA) of cellular immunogenicity in participants with moderate-to-severe chronic plaque psoriasis in the 

AVT02-GL-302 study, who received either reference product (RP) alone (non-switching arm) or switched 

between RP and AVT02 (switching arm) after 1: 1 randomization at week 12. Peripheral blood mononuclear 

cells (PBMCs) were collected and cryopreserved from 28 participants at: baseline (before treatment) (week 1); 

pre-randomization (week 12); and week 16 and week 28 in both switching and non-switching arms. PBMCs 

were thawed and re-exposed to either medium alone (negative control), RP, AVT02, keyhole limpet 

hemocyanin (KLH) (positive control), RP+KLH, or AVT02+KLH. Samples from 10 participants 

(predetermined average cell viability of 75% across all timepoints) from each arm were analyzed for cytokine 

release after 24 hours and for Th-cell proliferation, 6 days post-seeding. Until week 28, cytokine release and Th-

cell proliferation was similar at all time points in both switching and non-switching arms. Overall cellular 

immune response was elevated post-KLH re-exposure at all timepoints. The comparable ex vivo cellular 

immunogenicity between switching and non-switching arms complements the confirmation of 

interchangeability in the main study. Given the sensitivity of novel EVCIA, detecting cellular immunogenicity 

could be a potential outcome in predicting the immunogenicity of biologic medicines. 

 

Keywords: Ex vivo comparative immunogenicity assessment (EVCIA)  , AVT02  , cellular immunogenicity  , 

humoral response  , adalimumab biosimilar 
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Graphical abstract 
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1. Introduction 

Plaque psoriasis is a T-cell-mediated inflammatory condition characterized by chronic erythematous plaques. 

Locally produced by tumor necrosis factor-alpha (TNF-α) as well as resident T cells are key players in the 

chronic inflammation associated with psoriasis [1]. This depicts the critical role of TNF-α in the regulation of the 

proinflammatory cytokine cascade and local T-cell proliferation and function [2]. Anti-tumor necrosis factor 

(TNF) treatment has improved the quality of life of people with inflammatory diseases such as RA, Crohn’s 

disease, and ulcerative colitis. There are currently five U.S. Food and Drug Administration-approved anti-TNF- 

biologic treatments available: infliximab (Remicade
®
), adalimumab (Humira

®
), golimumab (Simponi

®
), 

certolizumab pegol (Cimzia
®
), and etanercept (Enbrel

®
). Adalimumab is a recombinant human immunoglobulin 

1 monoclonal antibody designed to bind and neutralize soluble and membrane-bound TNF. It specifically 

inhibits the interaction of p55 and p75 cell-surface TNF receptors, thereby blocking important cell-signaling 

pathways, such as those that lead to an inflammatory cell response [3,4-6]. 

In humans, the application of anti-TNF biologics like reference adalimumab can evoke unintended immune 

responses over time [7,8]. Therefore, the evaluation of the immunogenicity of anti-TNF biologics is important to 

ensure the safety and therapeutic efficacy of treatments and their biosimilars. Anti-drug antibodies (ADAs) are 

one of the unfavorable potential outcomes of biologics, which involve both the innate and adaptive immune 

systems. Although the development of immunogenicity in some individuals is temporary and reflects an extent 

of immune tolerance, the development of high titers of ADAs over a longer period of time may considerably 

alter pharmacokinetics and neutralize the drug, which would likely reduce the efficacy of biologics [9]. 

Immunogenicity is traditionally measured by detecting ADAs in an individual’s plasma or serum during clinical 

trials (the humoral response). Immunogenic responses at a cellular level initiate long before the induction of 

ADAs, for example, T cell activation prior to the secretion of pro- and anti-inflammatory cytokines or the 

development of naïve B cell-originated plasma cells, which are the endogenous sources for ADAs [10-12]. In 

fact, T-cell epitopes in the primary sequences of biologics are the major inducers or harmonizers of ADA 

responses, depending on the type of T-cell response being stimulated (for instance, in this case, T helper or 

regulatory T cells, respectively) [13]. Recently, various in vitro methods for the evaluation of the 

immunogenicity of biologics have been developed, including methods to investigate T-cell proliferation or 

cytokine secretion from cultured peripheral blood mononuclear cells (PBMCs) [14,15]. 
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AVT02 is a monoclonal antibody with proposed interchangeability to reference adalimumab [2,6,16]. The 

biosimilarity of AVT02 to the reference product (RP) Humira
® 

has been previously confirmed in both a 

pharmacokinetic study and a confirmatory efficacy and safety study [17-20]. 

This paper reports ex vivo exploratory data from a comparative clinical study designed to support the 

demonstration of interchangeability between AVT02 and the RP (AVT02-GL-302; ClinicalTrials.gov Identifier: 

NCT04453137) [20]. The aim was to compare the cell-mediated immunogenicity in participants with moderate-

to-severe chronic plaque psoriasis in the AVT02-GL-302 study who received either the RP alone or switched 

between the RPand AVT02 after ex vivo exposure of isolated PBMCs with the reference product, AVT02, or 

Keyhole limpet hemocyanin (KLH), using the novel ex vivo comparative immunogenicity assessment (EVCIA).   

2. Materials and Methods 

2.1 Study Design 

The samples used in this study originated from the AVT02-GL-302 study (NCT04453137); a multicenter, 

randomized, double-blind, parallel-group study evaluating pharmacokinetics, efficacy, safety, and 

immunogenicity in participants with moderate-to-severe chronic plaque psoriasis. Participants received either the 

reference product or underwent repeated switches between the RP and AVT02.  

The EVCIA (a Th-cell proliferation and cytokine release assay) was used to measure immunogenicity at the 

cellular level, and to further assess the impact of repeated switches between AVT02 and the RP. During the 

study, PBMC samples were isolated from whole blood sourced from the AVT02-GL-302 clinical trial and 

cryopreserved from 28 participants at four time points: baseline/week 1, week 12, week 16, and week 28 (Figure 

1a). After study unblinding, participant samples were identified as belonging either to the non-switching or 

switching arm. Ten participants from each treatment arm were analyzed. They were selected based on 

predetermined average cell viability of 75% across all timepoints within each participant. The frozen PBMCs 

were thawed and re-exposed ex vivo to the RP, AVT02, positive- (KLH) or negative (medium) assay controls, as 

well as a combination of the RP (frozen,10 μg/mL) + KLH (25 μg/mL) or AVT02 (frozen,10 μg/mL) + KLH (25 

μg/mL) for either a 6-day Th-cell proliferation assay or a 24-hour post-stimulation cytokine release assay 

(Figure 1b). 
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2.2 PBMC Isolation 

Blood samples were drawn at the clinical site (Ukraine) according to the clinical trial protocol at week 1 

(baseline), and before drug administration at week 12, week 16, and week 28 (Figure 1). Pooled blood samples 

(3xS-Monovette® 7.5 mL per participant, Sarstedt, cat# 11604001) were diluted 1:1 with washing buffer. 

PBMCs were isolated by transferring diluted blood into prefilled Leucosep tubes (Greiner, cat#227288) and spun 

at 400g for 35 minutes at room temperature without brakes. The PBMC layer was washed twice with washing 

buffer before being resuspended in 2 mL freezing medium and cryogenically stored (2x1 mL) until further usage. 

The details of sample collection and preparation, labelling, storage, and shipment are described in the clinical 

trial protocol for the AVT02-GL-302 study and the respective laboratory manual. 

Washing buffer was prepared using Dulbecco's phosphate-buffered saline (Gibco, cat#14190250) and 0.5M 

ethylenediaminetetraacetic acid (2 mM final concentration, Gibco, cat#15575020). Freezing medium for 

cryogenic cells storage was prepared by adding 10% dimethyl sulfoxide (DMSO, AppliChem GmbH, 

cat#A3672,0250) to 90% fetal bovine serum (Gibco, cat#16140071). KLH was purchased from Enzo (cat# ALX-

202-064). 

2.3 Ex Vivo EVCIA 

To evaluate the cell-mediated immunogenicity of the RP and AVT02, a novel EVCIA was developed and 

performed using freshly isolated and subsequently cryopreserved PBMCs from study participants, which 

included both human innate and adaptive immune cells. 

For both the Th-cell proliferation assay and the cytokine release assay, PBMCs were seeded using tissue culture-

treated 96-well round-bottom microplates at 2.0x10
5 
cells per well separately for each assay. For both the assays, 

the following test conditions were added to defined wells: the RP, AVT02, positive- (KLH) or negative 

(medium) assay controls, as well as a combination of the RP (frozen,10 μg/mL) + KLH (25 μg/mL) or AVT02 

(frozen,10 μg/mL) + KLH (25 μg/mL). The assays were each performed in three replicate wells per test 

condition. Details are given below. 

2.3.1 Th-Cell Proliferation Assay 

PBMC cultures were pulsed on Day 5 with 5-ethynyl-2’-deoxyuridine (EdU) for approximately 16 hours. On 

Day 6, cluster of differentiation 4 (CD4)+ Th-cell proliferation was assessed by measuring EdU incorporation 

via flow cytometry. Cells were fluorescently stained for live/dead differentiation and Th-cell surface markers 
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(CD3 and CD4); the cells were then fixed, permeabilized, and the incorporated EdU was stained with a 

fluorescent azide. All flow cytometry data were acquired with a MACS Quant 10 (Miltenyi) and analyzed using 

FlowLogic software. Proliferating Th cells were defined as CD3+CD4+EdU+ cells and the gating strategy 

applied to identify them is described below.  

A lymphocyte gate was applied on a forward scatter (FSC)/side scatter (SSC) dot plot to separate the debris from 

cells. Doublets were excluded using a double exclusion (FSC-A/FSC-H and SSC-A/SSC-H). The live cells were 

then gated using a viability dye. The T cells were gated based on their CD3 expression, which was followed by 

CD4 expression. Finally, proliferating CD3+CD4+cells were gated on a CD4-EdU dot plot, yielding 

CD3+CD4+EdU+ cells. 

The statistical analyses were performed with the statistical software SAS JMP version 15 (SAS Institute Inc., 

Cary, NC, 1989–2021). T-cell stimulation index (SI) per donor and test condition (see section 2.3. for test 

conditions), as measured by 3H-thymidine incorporation, was calculated by dividing the geometric mean of 

EdU
+
 counts of the test condition by the geometric mean of EdU

+
 counts of the negative control (medium only) 

condition. Statistical analysis was performed on log-transformed SI values, as the original data follow log-

normal distribution. An equivalence test was performed to evaluate if switching arm participants responded 

similarly to each stimulation compared with the non-switching arm participants [21]. The cut-off for a non-

relevant effect was determined based on the variation in log(SI) data from the non-switching arm. The standard 

deviation was estimated as the residual variation of a model on data from the non-switching arm only, per 

stimulation. An intercept only (no predictors) model was fitted per time point. A model was fitted with 

participants as a random effect, and time as a fixed effect for the overall comparison across all time points. A 

relevant difference was then specified as 2.5x the residual variation from these models. Similar models were 

fitted on data including non-switching arm and switching arm participants, with treatment arm added as a fixed 

effect (including an interaction with time for the overall model). A type III estimate for the treatment arm was 

calculated with 90% confidence intervals (CIs). Equivalence was concluded if these CIs did not exceed a 

relevant difference. Results were back-transformed by exponentiating, and all differences and equivalence limits 

could be interpreted as fold changes of the test (switching) arm versus the reference (non-switching) arm.  
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2.3.2 Cytokine Release Assay 

Twenty-four hours after the PBMCs had been added to the culture, the tissue culture-treated 96-well round-

bottom microplates were centrifugated at 300g for 10 minutes at room temperature, and the supernatant was 

harvested and transferred into a new 96-well non-sterile V-bottom well plate. After a second centrifugation at 

800g for 5 minutes at room temperature, the supernatant was harvested and transferred into a new 96-well non-

sterile V-bottom well plate and stored at –80°C until samples were shipped to Alvotech Germany GmbH for the 

final analysis, where samples were stored at ≤ –65°C until analysis. 

The simultaneous quantitation of interferon gamma (IFN-γ), interleukin-1 beta (IL-1β), interleukin-2 (IL-2), 

interleukin-6 (IL-6), interleukin-10 (IL-10), interleukin-13 (IL-13), and monocyte chemoattractant protein-1 

(MCP-1) were performed with a sandwich assay on separate 96-well multiplex microtiter plates. IL-8 cytokine 

measurements were executed by a single plex assay using the electrochemiluminescence multiplex assay (Meso 

Scale Discovery platform) technology according to the manufacturer’s instructions.  

Supernatant samples were thawed and centrifuged for 1 minute at 1,300 rpm followed by 6- (IFN-γ, IL-1β, IL-2, 

IL-6, IL-10, IL-13, and MCP-1) and 10-fold (IL-8) dilutions, respectively, for quantifying cytokine profiles. 

Data analyses were performed using Meso Scale DISCOVERY WORKBENCH software to create a calibration 

curve for each analyte using a 4-Parameter fit (1/Y
2
 weighting function) as well as to calculate the final 

concentration of the respective analyte in the sample (in reference to the standard curve of each analyte). Final 

analysis and data representation are shown as relative percentage secretion to the relevant negative control 

sample (medium only), with the control sample set to 100%. 

Statistical analysis for the cytokine release assay was performed using GraphPad Prism 9 using the following 

tests based on suitability: Kruskal Wallis – multiple comparison – nonparametric, multiple Mann-Whitney test, 

two-way analysis of variance (mixed model), or multiple t-test – unpaired. 

3. Results 

3.1 Th-Cell Proliferation Assay  

One-hundred and twelve cryopreserved PBMC samples were collected for this study from a total of 20 

participants at the four different time points: baseline, week 12, week 16, and week 28. All participant samples 

showed an elevated response to KLH re-exposure compared to negative control, as assessed by CD3
+
CD4

+
EdU

+
 

cells (data available upon request). No significant difference in Th-cell proliferation was observed after the RP 
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and AVT02 alone re-exposure in the non-switching arm compared with the switching arm at all time points, 

except at week 28 where SIs were higher in the non-switching arm compared with the switching arm. Compared 

with negative controls, the geometric mean SIs for each stimulation at baseline, weeks 12, 16, and 28, for the 

participants after re-exposure to the RP or AVT02 were between 0.66 and 0.85, and for KLH between 14 and 

24.3 (Figure 2a). 

3.1.1 Equivalence Test  

An overview of the equivalence limits, average fold changes, and 90% CI is shown in Supplementary Table 

S1. The geometric mean SIs per participant, time, and stimulation condition for all participants are shown in 

Figure 2b. It shows that geometric mean SIs and distribution of SI of each participant after re-exposure to 

AVT02 and RP were similar between the switching arm and non-switching arms. Figure 2c shows the results of 

the equivalence test described in section 2.3.1. The 90% CI for the difference between switching arm and non-

switching arm participants after re-exposure to AVT02 and RP were within the equivalence margins. Except 

where there is a significant difference or variation in response to any stimulation condition at any time point 

between switching and non-switching arms.  

3.2 Cytokine Release Assay 

Overall, increased secretion of IFN-γ, IL-2, and IL-6 (Figure 3) and IL-1β, IL-8, IL-10, IL-13, and MCP-1 

(Supplementary Figure S1) was detected after re-exposure with KLH. While no significant differences were 

seen between treatment arms after re-exposure to the RP or AVT02 at all time points.  

Overall, the cytokine elevation was similar compared to the negative control. Although, IL-6 elevation was 

relatively marked compared to IL-2 and IFN-γ. The augmentation in IL-6 secretion after KLH re-exposure 

showed the highest fold change compared with the RP (100 fold) or AVT02 (31 fold) in the baseline samples; all 

other cytokines showed fold changes between 3.2–10.47 (RP), or 1.2–5.5 (AVT02) (data available upon 

request). IL-6 is a significant biomarker for T cell or secondarily B cell response to a foreign protein. 

3.2.1 EVCIA Analysis of pro-inflammatory cytokines: IL-2, IFN-γ, and IL-6   

All subject samples demonstrated an increase in IL-2 cytokine secretion by PBMCs ex vivo after re-exposure to 

KLH, compared with the negative control (medium only – unstimulated condition) (Figure 3a) at all time points. 

However, the RP and AVT02 following re-exposure showed only marginal increase in IL-2 secretion at all time 

points, compared with negative control.  
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At baseline as well as week 12, the IL-2 secretion was significantly higher after KLH re-exposure compared to 

both the RP and AVT02 re-exposure. At week 16, in the switching arm, no significant difference was observed 

in IL-2 secretion after the RP versus KLH re-exposure, while in the non-switching arm the difference between 

the two was significant. Although, at week 16, no differences were observed in IL-2 secretion after AVT02 

versus KLH re-exposure in both the arms. At week 28, the difference in IL-2 secretion was remained significant 

after the RP versus KLH re-exposure in both the arms, whereas no difference was observed after AVT02 versus 

KLH re-exposure in both the arms. 

Overall, IL-2 stimulation following KLH re-exposure appeared to be similar between baseline and week 12, with 

a similar pattern in the non-switching arm at week 16 and week 28. In the switching arm, the KLH re-exposure 

response was slightly elevated at week 16, and lowered back at week 28 reaching to a similar level at week 28 in 

the non-switching arm. Kruskal-Wallis test showed no significant difference in IL-2 secretion between the 

treatment arms, at all timepoints after re-exposure to the RP or AVT02 (Figure 4). 

Similarly, all samples demonstrated an increase in IFN-γ cytokine secretion after re-exposure to KLH compared 

with the negative control (medium only – unstimulated condition) at all time points (Figure 3b). Although only 

a marginal increase in cytokine secretion was observed in IFN-γ secretion after both the RP and AVT02 re-

exposure compared with negative control at all time points.  

At baseline and week 12, the difference in IFN-γ secretion was significantly higher after KLH re-exposure 

compared to both the RP and AVT02 re-exposure.  

At week 16 and week 28, AVT02 re-exposure led to a stronger IFN-γ cytokine secretion response with no 

significant difference between AVT02 versus KLH re-exposure in both the arms. Although, both at week 16 and 

week 28 in both the arms, the significant difference was observed after the RP versus KLH re-exposure.  

Overall, IFN-γ stimulation after the KLH response appears to be higher at week 12 than at baseline. In the 

switching arm, at both week 16 and 28 it was similar to week 12. While, in the non-switching arm, at week 16 

the response was similar to baseline and at week 28 was similar to week 12. 

Unlike with other cytokines, all samples demonstrated an highly increase in IL-6 cytokine secretion following 

KLH re-exposure compared with the negative control (medium only – unstimulated condition) at all time points 

(Figure 3c). Although, as like other cytokines only a marginal increase in IL-6 secretion was observed following 

both the RP and AVT02 re-exposure compared with the negative control.  
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At baseline and week 12, no differences were observed in IL-6 secretion after both the RP and AVT02 re-

exposure versus KLH re-exposure. Similarly, at week 16 and week 28 no differences were observed after 

AVT02 versus KLH re-exposure in the switching arm, however, in the non-switching arm the differences were 

significant. It suggests that AVT02 re-exposure led to a stronger response at baseline and week 12 when 

compared with the RP. At week 16 and week 28, significant differences were observed in both arms after the RP 

versus KLH re-exposure. 

Overall, after KLH re-exposure, the IL-6 stimulation appears to be higher at baseline compared with week 12. At 

week 16, it was similar to baseline in both the arms. At week 28, stimulation after KLH re-exposure in the 

switching arm showed a lower IL-6 response compared with the non-switching arm and was also reduced 

compared to week 16. In the non-switching arm, the response was elevated at week 28 compared with baseline 

and week 16. 

A comparison for all EVCIA biomarkers at week 16 and week 28 in the non-switching and switching arms is 

shown in Figure 5. Statistical analyses via unpaired t test showed no significant difference between both the 

arms at both week 16 and week 28 for each cytokine (Figure 5). For baseline and week 12, the data are shown in 

Supplementary Figure S2. There were no immediate critical cell-mediated immune response, particularly for T 

cell-related IL-2 or IFN-γ. Additionally, no significant differences were observed in the response at week 16 and 

week 28 comparing the non-switching arm with the switching arm after re-exposure. 

3.2.2 EVCIA Analysis: All cytokines 

Overall, cytokine secretion after re-exposure with KLH was higher compared to the negative control and similar 

in both treatment arms over time, statistical analysis via Kruskal-Wallis test showed no significant difference 

between the treatment arms for each cytokine (Supplementary Figure S1). Increased concentration was more 

pronounced for IL-8 followed by IL-6 compared to all other cytokines, which were similarly elevated compared 

to the negative control (see section 3.2). For all re-exposure conditions and in both arms, cytokine secretion did 

not differ significantly between baseline and week 28. Overall, a slightly higher sample distribution was 

observed after KLH re-exposure. Relative cytokine secretion at each time point after the RP, AVT02, or KLH re-

exposure for IL-1β, IL-8, IL-10, IL-13, and MCP-1 are shown in Supplementary Figure S3. 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/im

m
unotherapyadv/advance-article/doi/10.1093/im

m
adv/ltad029/7486585 by guest on 22 January 2024



Acc
ep

ted
 M

an
us

cri
pt

 12 

 

4. Discussion 

The goal of this exploratory analysis was to evaluate the ex-vivo immunogenic potential of a biosimilar AVT02 

compared with the RP (Humira
®
), using PBMCs purified from participant samples treated with either the RP 

alone or with repeated switches between the RP and AVT02 in the AVT02-GL-302 clinical study. We used the 

novel EVCIA assay to measure the immunogenicity ex-vivo at the cellular level, which consists of the Th-cell 

proliferation assay and the cytokine release assay. The findings of this study are in line with the AVT02-GL-302 

clinical study which supports demonstration of the potential interchangeability of the RP and AVT02 as anti-

TNF treatments for individuals with inflammatory diseases, such as chronic plaque psoriasis. 

The relative Th-cell proliferation was lower (SI < 1) after the RP and AVT02 re-exposure, whereas KLH re-

exposure showed strongly positive responses (SI between 14 and 24.3), as expected. Despite the fact that there 

was no pronounced time-response trend after KLH stimulation in either arm, except at week 16, when a peak in 

SI value was observed in both treatment arms, the response to each stimulation in the switching arm samples is 

not greater than the non-switching arm. 

The final concentration of IFN-γ, IL-1β, IL-2, IL-6, IL-8, IL-10, IL-13, and MCP-1 in the human PBMC 

supernatant samples varied depending on stimulation type (negative control: medium, the RP, AVT02 or positive 

control: KLH). An increased secretion of all tested biomarkers was observed after re-exposure with the positive 

control (KLH). The highest increase was detected for the pro-inflammatory cytokines: IL-8 (one of the major 

mediators of the inflammatory response, ~ 23,000–25,000 pg/mL), followed by IL-6 (~ 2,100–2,500 pg/mL), 

and the pro-inflammatory chemokine MCP-1 (~ 1,000–1,300 pg/mL) (data available upon request). The highest 

signal detection of these specific biomarkers is equivalent to a similar study [8] and shows that the cytokine 

release assay is functioning on the chosen stimuli and has sufficient sensitivity to detect a cell response.  

There was no significant increase among pro-inflammatory Th cell-specific cytokines like IL-2 (lowest detected 

concentration among all tested biomarkers) or IFN-γ, as well as the anti-inflammatory T-regulatory cell-specific 

IL-10 or Th2 IL-13 cytokines compared to IL-8 or IL-6 following KLH stimulation. The increased secretion of 

IL-8 or IL-6 may have been due to the differential activation of different cell types within the PBMC population, 

such as monocytes, natural killer cells, or B cells, by KLH compared with IL-2, which is uniquely delimited to 

the activation of Th cells [22]. The cell response generally relies on cells representing the innate immunity 

(macrophages, monocytes, and dendritic cells), rather than cells of the adaptive immunity (T cells and B cells). 

No elevated cytokine expression was observed after the RP or AVT02 re-exposure. This shows that innate 
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immunity cell populations are not falsely recognizing both drugs, such as by toll-like receptors, which is another 

sensitive mechanism involved in the onset of immunogenicity [23]. Additionally, there was no preferable Th 

cell-subtype activation, as evidenced by the lack of elevation in IFN-γ secretion (a Th1-defined biomarker) and 

IL-13 (a Th2-defined biomarker) after the RP or AVT02 re-exposure compared with the negative control. 

There was no elevation in the cytokine secretion after the RP or AVT02 re-exposure across all time points 

compared to KLH re-exposure, supporting the assumption that the cytokine release syndrome is highly unlikely 

with the RP or AVT02, as confirmed  during the AVT02-GL-302 clinical study [24]. Moreover, it recommends 

the inclusion of the cytokine secretion analysis at a later stage in the study, approximately 6–7 days post-

exposure. In addition, the biomarker read-out over the study time shows that the cell profile during switching 

between the RP and AVT02, the priming of the immune cells, and the subsequent specific humoral response 

after re-exposure to the RP or AVT02 were similar and consistent with the non-switching arm.  

Given the fact that the RP
 
can inhibit the pro-inflammatory cytokines IL-2, INF- γ, or IL-6

 
[25,26], this study re-

exposed PBMCs to a combination of the RP + KLH or AVT02 + KLH. Following 24-hour exposure, data 

showed no significant inhibition of these pro-inflammatory cytokines secretion in comparison with KLH 

stimulation alone (Supplementary Figure S4), the exposure time was short. Hence, an additional B cell-specific 

assay evaluating immunogenicity could support the detection of fluctuations in antibody production (such as 

ADAs) as a primary immune response. 

High sample distribution was observed during the study, particularly after KLH re-exposure. However, 

responses were generally higher than the median across all time points. A slightly higher distribution can result 

from non-depletion of the PBMC population of CD8
+
 cells to reduce interference, and to measure the CD4

+
 T 

effector response more precisely. A wider distribution within one population is not unusual, participant-related 

factors that also need to be considered such as an unknown disease state, the presence of pre-existing antibodies 

against the therapeutic protein, and the genetic background that contributes to the immunogenicity of therapeutic 

proteins [27,28]. 

The novel EVCIA assay is sensitive enough to detect a cellular response after KLH re-exposure and no 

stimulation of immune cells, triggered by the RP or AVT02, can be detected within the limit of this experimental 

approach. The absence of an immediately critical cell-mediated immune response, as well as similar responses at 

week 16 and week 28, between the non-switching and the switching arms after the RP or AVT02 re-exposure, 

support a similar receptor specific recognition of both the RP and AVT02. All considered, detecting small 
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biomarker secretion differences in the pg/ml range between the negative control (medium) and RP or AVT02 re-

exposure across all time points (data not shown) shows the sensitivity of this assay. 

The findings from this study need to be considered within the context of the study’s limitations. Firstly, this 

study required the blood samples to be treated rapidly after collection, due to the sensitivity of the EVCIA. Small 

delays during the blood sample collection and handling process could have an impact on the overall cell response 

and subsequent data, such as cell viability. Secondly, due to the relatively small sample sizes and the exploratory 

nature of the analyses, the identification of potential differences or similarities between the properties of AVT02 

and RP Humira
®
 need further confirmation in prospectively designed, randomized, controlled clinical studies.   

5. Conclusion 

This study found that the ex-vivo cellular immune response from participants with moderate-to-severe chronic 

plaque psoriasis was highly similar between those who received the RP exclusively versus those who switched 

treatments between the RP and AVT02, over a 28-week study period. This is consistent with the results from the 

main study, which support a demonstration of interchangeability.  Data were generated using the novel EVCIA, 

which provides a unique evaluation of both qualitative and quantitative changes in the cellular immunogenic 

response induced by switching conditions in vivo. Initial cellular response could be a valuable additional 

outcome to predict overall immune response to biologic medicines, currently typically measured by the later 

development of ADAs and Nabs.  
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Figure Captions 

Figure 1. Ex-vivo assessment of the immunogenic potential after repeated switches between   reference 

product and AVT02 versus reference product in AVT02-GL-302 interchangeability study – study 

schematic.  

a) During the Lead-In Period, participants received loading dose (initial dose of 80 mg reference product [2 × 40 

mg] administered subcutaneously [SC], followed by 40 mg SC given every other week (EOW) starting 1 week 

after the initial dose). At week 12, participants with a clinical response (Psoriasis Area and Severity Index 

[PASI] ≥75 [PASI75]) were randomly assigned in a 1:1 ratio to either switching arm or non-switching arm. 

Orange arrows indicate AVT02 administration (40 mg subcutaneous). Grey arrows indicate administration of the 

reference product (40 mg subcutaneous), 1* further defined as switching arm, 2* further defined as non-

switching arm. For the ex-vivo EVCIA assessment, blood samples were drawn at the clinical site at week 1 

(baseline), and before drug administration at week 12, week 16, and week 28. b) Overview of EVCIA assay set-

up using flow cytometry and MSD for determination of Th-cell proliferation and cytokine release. The cells were 

seeded, re-exposed to RP; AVT02; KLH (positive control); Medium (negative control); RP + KLH; AVT02 + 

KLH for 6d (Th-cell proliferation) or 24h (cytokine release assay). 

EOW every other week, CRO Contract research organization, PBMC peripheral blood mononuclear cells, PP plaque psoriasis, RP, reference 

product, Sw switch, W week, EdU Edu 5-ethynyl-2’-deoxyuridine.  

Figure 2. Equivalence test for T cell proliferation comparing response after the reference product, 

AVT02, or KLH stimulation at different timepoints in switching arm versus non-switching arm 

participants.  

PBMCs were stimulated for 5 days in the presence of reference product Humira, AVT02 or KLH and pulsed on 

Day 5 with 5-ethynyl-2’-deoxyuridine (EdU) for approximately 16 hours. The proliferation of T cells was 

determined via flow cytometry by calculating the number of cells within the ‘CD4+ / EdU+ gate. T-cell 

stimulation index (SI) per donor and test was calculated by dividing the geometric mean of EdU+ counts (within 

the CD4+ T cell population) of the test condition by the geometric mean of EdU+ counts of the negative control 

(medium only) condition.  

a) SI values are divided into participants from the switching arm (right) and participants from the non-switching 

arm (left). b) SI per stimulation and time point for each treatment arm. Each dot represents the SI of each 

participant, and the lines connect the geometric mean across all participants per treatment arm. c) Equivalence 

test of switching arm compared with non-switching arm after re-exposure to AVT02 and the reference product. 

Dashed black reference lines represent the equivalence limits based on the variation in outcome of non-switching 

arm participants. Blue dots represent the fold change between switching arm and non-switching arm participants, 

with error bars representing 90% CIs. 

CI confidence interval, KLH keyhole limpet hemocyanin, SI stimulation index. 

Figure 3. Relative cytokine secretion after ex vivo stimulation of PBMCs with the reference product, 

AVT02, or KLH at different time points 

IL-2 release, after reference product Humira or AVT02 ex vivo PBMC stimulation of subject samples collected 

from the AVT02-GL-302 clinical study at different timepoints, is represented as relative secretion to negative 

control in %, it was set to 100%. Blood samples were obtained from healthy subjects at different time points 

(Figure 1 – study design), PBMC’s were isolated and frozen at site, stored before sending it to the CRO 

(ImmunXpert). At the CRO site, cells were thawed and re-exposed to reference product Humira, AVT02, KLH, 

reference product Humira + KLH or AVT02 + KLH for 24h and supernatant was collected, frozen and shipped 

to the Alvotech Germany GmbH site.  

Multiplex MSD assays were performed to determine IL-2 secretion as a relative secretion with respect to the 

negative control (medium). Data points represent the average of two technical replicates per sample, median of 

all data points per treatment is represented as a bar and as an overview of relative values in tabular form below.  
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Subjects defined to the non-switching arm (dark grey bar) or switching arm (orange bar) with n = 20 at predose 

and week 12, divided in n = 10 per treatment arm after week 12 (Figure 1 – study design). Re-exposure samples 

are represented as: dark grey dots for reference product Humira re-exposure, orange dots with grey border for 

AVT02 re-exposure, white dots with red border for KLH re-exposure, dark grey dots with red border for 

reference product Humira + KLH and orange dots with red border for AVT02 + KLH). Kruskal-Wallis test – 

multiple comparison: p value of values: * ≤ 0.05, ** ≤ 0.01, *** <0,001, **** <0,0001, ns = not significant 

calculated using all data points per time point.  

IL- interleukin, KLH keyhole limpet hemocyanin, PBMC peripheral blood mononuclear cell. 

Figure 4.  Comparison of IL-2 secretion between non-switching and switching arms in participant samples 

collected at different time points after reference product, AVT02, or KLH ex vivo PBMC stimulation.  

IL-2 secretion is represented as relative secretion to negative control in %, negative control was set to 100%. 

Multiplex MSD assays were performed to determine IL-2 secretion as a relative secretion with respect to the 

negative control (medium). Data points represent the average of two technical replicates per sample, median of 

all data points per treatment is represented as a bar. Participants in the non-switching arm (dark grey bar, n = 10 

per treatment arm after week 12) or switching arm (orange bar, n = 10 per treatment arm after week 12). Values 

of samples are represented as: dark grey dots for reference product re-exposure, orange dots with grey border for 

AVT02 re-exposure and white dots with red border for KLH re-exposure. Kruskal-Wallis test – multiple 

comparison showed no significance between timepoints within each defined treatment.  

IL- interleukin, KLH keyhole limpet hemocyanin, MSD Meso Scale Discovery, PBMC peripheral blood mononuclear cell.  

Figure 5. EVCIA biomarker profile comparison at Weeks 16 and 28 following stimulation with the 

reference product or AVT02 in the switching arm versus non-switching arm.  

Re-exposure samples are represented as: dark grey dots for reference product re-exposure and orange dots with 

grey border for AVT02 re-exposure. The unpaired t test showed no significant difference in both timepoints, 

between both arms and for each cytokine.  

EVCIA ex vivo comparative immunogenicity assessment, IFN-γ interferon gamma, IL- interleukin, KLH keyhole limpet hemocyanin, MCP-1 

monocyte chemoattractant protein-1. 
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Figure 1 
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Figure 2 
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figure 3 
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figure 4 

 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/im

m
unotherapyadv/advance-article/doi/10.1093/im

m
adv/ltad029/7486585 by guest on 22 January 2024



Acc
ep

ted
 M

an
us

cri
pt

 26 

 

Figure 5 
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