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Abstract
Spondyloarthritis (SpA) patients do not respond uniformly to TNF inhibitor therapy, some of them losing their 
beneficial evolution and becoming primary or secondary non-responders. Hence, questions have been raised 
whether this situation is linked to predictive genetic factors, individual characteristics or to disease activity. Studies 
have incriminated immunogenicity as being responsible for the loss or lack of response. It appears that the de-
velopment of anti-drug antibodies leads to a decrease in drug levels with further impact on patients’ clinical state. 
This brief review aims to clarify some of the processes involved in the immunogenic phenomenon for patients with 
SpA, based on the current published literature. 
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DATA ON THE IMMUNOGENICITY OF 
BIOLOGICAL AGENTS

Introducing anti-TNF (tumor necrosis factor) 
therapy has significantly improved the outcome of 
patients with spondyloarthritis (SpA) by diminish-
ing the clinical symptoms and lowering the global 
disease activity (1). In Romania, there are currently 
five approved anti-TNF agents-adalimumab (ADL), 
infliximab (IFX), etanercept (ETA), certolizumab 
(CTZ) and golimumab (GOL) (2). 

In spite of a high rate of favorable response in 60-
70% of patients, there is still a notable percentage of 
non-responders to biological therapy (3). Approxi-
mately one third of patients who initially had a good 
therapeutic evolution with TNF inhibitors lose this 
response or suffer from adverse reactions that lead to 
treatment discontinuation (4). 

Although these products have a similar mecha-
nism of action, the heterogeneity of response to these 
molecules can be attributed to certain differences in 
bioavailability, the drug-TNF complex stability or 
the development of anti-drug antibodies (5). 

An increasing number of studies indicate that the 
lack or loss of response in SpA patients might be due 
to immune reactions against the drugs, by forming 
neutralizing antibodies. Immunogenicity to anti-

TNFs has been incriminated in the therapeutic fail-
ure in non-responder patients by lowering the level 
of active substance or in those with adverse events 
occurrence (6). 

This feature is influenced by multiple factors and 
it differs according to the agent. Patient characteris-
tics such as age, sex or weight can play a role in the 
immunogenic events (7). Moreover the structure of 
the drug, its dose and route of administration togeth-
er with concomitant medication are elements worthy 
to be taken into account. The presence of anti-drug 
antibodies (ADA) shows a wide range of intra- and 
inter- individual variability (8). 

The production of ADA is responsible for neu-
tralizing the effect of TNF inhibitors or for increas-
ing the clearance of the drug in the circulation, fol-
lowing the ulterior impact of therapy failure. 

Cutaneous or respiratory reactions might be me-
diated by immune complexes formed between the 
drug and ADA which imposes drug discontinuation 
(9). 

Monitoring drug serum level reveals its impor-
tance in patients who exhibit a loss of therapeutic 
response; in this case, clinicians can adjust the dose 
or frequency of administration. Therefore patients 
with a low drug serum level but with no detectable 
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ADA can benefit from increasing the dose or fre-
quency of the biologic (8,10). 

At present the two above-mentioned tests (drug 
serum level and ADA) are not routinely determined 
in clinical practice so that the decision to make a 
therapeutic switch is solely based on clinical data 
and laboratory parameters. 

However in SpA patients where therapeutic op-
tions belong to the same anti-TNF category, objecti-
fying the cause of loss of response seems to be a 
more rational approach for the management of these 
patients. 

Neutralizing ADA directly block the action of the 
TNF inhibitor by linking to the Fab fragment of the 
immunoglobulin or they can occur secondary to 
structural alterations after binding to one or more 
agent sites. They can also form immune complexes 
that mask the TNF binding lieu. Thus these anti-id-
iotypic antibodies prevent the drug from acting 
which makes them clinically significant (11). 

Non-neutralizing ADA can reduce the therapeu-
tic efficacy by interfering with the drug’s bioavail-
ability or by accelerating the drug’s clearance from 
the circulation (12).

 
ADALIMUMAB AND ANTI-ADALIMUMAB 
ANTIBODIES

Adalimumab (ADL) is a fully humanized mono-
clonal antibody that specifically binds to the TNF 
alpha and blocking its interaction to the cellular re-
ceptors, leading to reduction of the inflammatory 
process. In spite having a less immunogenic struc-
ture, ADL can induce ADA formation in the first six 
months of treatment with consequent therapeutic 
damage (13). 

The presence of anti-ADL antibodies (AAA) var-
ies in published studies, some suggesting an 87% 
rate in rheumatoid arthritis (RA). However, in RA 
using concomitant medication such as methotrexate 
(MTX) can reduce the rate of AAA production as 
opposed to the anti-TNF monotherapy that is recom-
mended in SpA (8). In RA studies noted an increased 
production of AAA in patients who underwent a 
switch compared to biological naïve patients (14). 

In inflammatory bowel diseases e.g. Crohn’s dis-
ease the rate of AAA ranges from 9 to 46%; in the 
CLASSICAL II trial, 2.6% of patients had positive 
AAA (15). 

In these inflammatory conditions, the presence of 
AAA has been associated with a low or undetectable 

serum drug level and with a decreased probability of 
reaching remission or low disease activity (16). 

Concerning the SpA group, AAA have been de-
tected in 27% of patients and they were correlated to 
a higher disease activity measured through ASDAS 
and BASDAI scores but also through the inflamma-
tory markers (17). 

The presence of AAA can be related to adverse 
events, according to Korswagen et al. in 2011. He 
noticed a higher frequency of thromboembolic 
events in patients with RA or PsA with positive AAA 
(18).

 
INFLIXIMAB AND ANTI-INFLIXIMAB 
ANTIBODIES

Infliximab (IFX) is a chimeric monoclonal anti-
body with high affinity for both soluble and trans-
membrane TNF alpha; it has a ten day half time but 
it can remain in tissues for up to 12 weeks (14,19). 
This molecule contains 25% murine sequences that 
can induce anti-IFX antibodies (AIA) that neutralize 
the active substance and reduce the beneficial effect. 
AIA can block the flow of the drug in the circulation, 
they can accelerate its clearance through immune 
complexes with splenic passage or they can neutral-
ize its capacity to inhibit TNF (9). 

As beforehand, the detection of AIA has been 
linked to an absent level of substance and a lower 
rate of remission in these patients. Medication such 
as methotrexate or azathioprine can reduce AIA for-
mation but the mechanism is not fully understood. 

AIA can be responsible for infusion-related ad-
verse events that can occur after administration – 
headaches, dyspnea, and nausea. So far ADA have 
not been connected to delayed hypersensitivity reac-
tions (20). 

In chronic inflammatory diseases the prevalence 
of AIA ranges from 12 to 44% in RA (21) and 6-61% 
in Crohn patients (22). In the SpA group and PsA 
AIA can reach a rate of 26 to 50% (6). These rates 
are comparable to ADL’s immunogenic profile de-
spite their different structure (chimeric versus hu-
manized). 

For IFX the possibility to adjust the administra-
tion interval or the dose has been raised. 

Hence, a study showed that shortening the inter-
val of IFX reduces the level of AIA (15), while an-
other study suggested the opposite (14,19).

A minimal rise in efficacy has been attributed to 
the increase of biological dose in a study but this 
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escalation showed no benefits in the presence of AIA 
in another study (19). 

A meta-analysis published in 2015 which in-
cludes 34 studies with IFX estimates that the time of 
AIA detection is around 44-50 weeks although in 
some patients they were found after only 16 weeks 
of treatment (23). 

ETANERCEPT AND ANTI-ETANERCEPT 
ANTIBODIES

Etanercept (ETA) is a soluble receptor for TNF 
composed from the fusion of the extracellular recep-
tor domain with the Fc fragment of the IgG1 immu-
noglobulin (1). 

In the same meta-analysis that we previously men-
tioned two studies searched for a AEA in patients with 
RA – one of them found no antibodies and the lack of 
response was due to low ETA levels (13). 

The study conducted by Klareskog et al. 5% of 
the RA patients were found having non-neutralizing 
AEA but with no clinical involvement (24). 

In SpA patients there were no AEA detected so 
far and the ETA serum level was similar in both re-
sponders and non-responders (25). 

A research published in 2014 identified a correla-
tion between the ETA serum level and disease activ-
ity scores in SpA (ASDAS, BASDAI) as well as 
with inflammatory markers (ESR, CRP) (23). Thirty 
five percent of patients with an ASDAS higher than 
2.1 at week 24 had low ETA levels (24). This deter-
mination can prove its utility in case of dose escala-
tion with clinical benefits or cost-efficacy in patients 
with low disease activity where we can lower the 
dose or space administration. The outcome of these 
patients is still controversial and no algorithm has 
been established so far. 

CERTOLIZUMAB AND ANTI-CERTOLIZUMAB 
ANTIBODIES

Certolizumab (CTZ) is a Fab fragment that spe-
cifically binds TNF alpha and it is conjugated with 
poly ethylene glycol (26). 

The prevalence of anti-CTZ antibodies (ACA) is 
found to range between 3 and 25% in chronic in-
flammatory conditions. In the FAST4WARD study 
on RA patients in CTZ monotherapy after prior fail-
ure to DMARD treatment, 8.1% were identified with 
neutralizing ACA (27). However the ACR20 at week 
24 was only reduced by 5% in patients with positive 
antibodies (27). 

In patients with Crohn’s disease, approximately 
12% developed ACA but with doubtful clinical im-
pact on efficacy according to the PRECISE study 
(8).  

In the study of Reich et al. patients suffering from 
psoriasis treated with CTZ presented a higher rate of 
ACA detection after a period of drug interruption 
(28,29). 

GOLIMUMAB AND ANTI-GOLIMUMAB 
ANTIBODIES

Golimumab (GOL) is a humanized monoclonal 
antibody that binds to both soluble and transmem-
brane TNF alpha (30). 

The frequency of anti-GOL antibodies (AGA) 
detection is situated between 0 and 7% (31). Two 
studies held on RA and PsA patients failed to iden-
tify a correlation between the presence of AGA and 
the clinical response to treatment. However there has 
been a signaled connection between the presence of 
AGA and a low GOL serum level in patients with 
RA and SpA (1,23). 

In the GO-RAISE study for SpA the responders 
had a higher GOL concentration compared to non-
responders. During the two years of the study, out of 
the 4.1% of patients who were AGA positive, half 
went negative after week 24 of therapy (30).

So far there were no associations made between 
the presence of AGA and side effects appearance.

 
HOW CAN WE DETECT ANTI-DRUG 
ANTIBODIES? 

The classical methods for detecting ADA include 
the bridging ELISA (enzyme linked immunosorbent 
assay) technique and RIA (radioimmunoassay). The 
ELISA testing is sensitive and specific, relatively 
easy for wide use but it cannot detect type IgG4 an-
tibodies, an isotype that occurs after prolonged im-
munization (20). 

Binding the antigen technique uses radio isotopes 
that can identify type IgG1 and IgG4 antibodies with 
proven clinical significance but it is more expensive 
and uses radioactivity (32). 

Some ADA detections can offer mistaken results 
caused by high concentrations of rheumatoid factor 
(RF) that mask the epitopes in the Fc region of the 
IgG (33). 

A high drug concentration in the presence of 
ADA can lead to immune complex formation with 
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fast product clearance together with in vivo ADA so 
their detection in vitro is made difficult. 

At present newer and more rigorous techniques 
are being developed so that they can exclude these 
result biases. However they are more difficult to use 
in routine clinical practice. The ADA prevalence that 
varies a lot between studies depends on the type of 
procedure so that comparing biolgics or even the 
same product is to some extent difficult. 

Although the immunogenicity phenomenon is 
not fully understood, instruments for predicting its 
occurrence both in vivo and vitro are being devel-
oped so that this effect can be further minimized 
(34). American and European drug control associa-
tions have imposed testing immune reactions in-
duced by monoclonal antibodies before approving 
them for use. 

WHAT FACTORS INFLUENCE THE 
IMMUNOGENICITY OF TNF BLOCKERS? 

There are numerous factors involved in modulat-
ing the immunogenicity phenomenon of anti-TNF 
agents. Firstly, those that depend on the ADA detec-
tion method – the technique, the moment of blood 
draw or the duration of treatment (20). There are also 
factors that depend on the product itself, like a con-
tamination during the preparation process, the struc-
tural properties or the murine component included in 
the agent’s sequence (35). 

Moreover the immunogenicity can depend on in-
dividual patient characteristics, his genetic predispo-
sition or the immunocompetent status (36). 

Regarding the treatment, the dose and frequency 
of administration, the route of administration or con-
comitant use of immunomodulating drugs can in-
duce immunogenic qualities to the biologic agents 
(37). 

WHEN IS THE OPTIMAL TIME TO DETECT 
ANTI-DRUG ANTIBODIES? 

Optimal testing for ADA detection is performed 
at the end of a therapeutic cycle when we can detect 
the “trough level” (7). This is the preferred method 
since most tests cannot accurately detect serum ADA 
close to the drug administration point. In daily prac-
tice there are situations that influence this analysis – 
e.g. long treatment discontinuation. 

Determining ADA trough levels after a treatment 
pause can result in higher than expected values 
through intensifying the immune response (14). 

The clinician can decide a shorter administration 
interval of the TNF inhibitor when faced to an appar-
ent therapeutic failure. Determining ADA can give 
lower than expected results by the rapid elimination 
of the drug-ADA structures from the circulation 
(38). 

Controlling these result biases can be made by 
dividing the drug-antibody complexes before or dur-
ing the detection tests but these are difficult to adapt 
to daily clinical routine. 

HOW CAN WE CONTROL BIOLOGICS’ 
IMMUNOGENICITY?

Secondary non-responders are patients who lose 
their initial benefit from anti-TNF therapy and this 
state can be attributed to ADA formation. Their iden-
tification is not part of the routine investigations so 
that the cause of treatment failure remains unclear 
for the clinicians.

Concomitant use of medications such as metho-
trexate or azathioprine has been associated with low-
er immunogenicity and a lower rate of ADA detec-
tion in RA, SpA and Crohn’s disease (39). 

Studies have shown that the use of methotrexate 
can reduce the immunogenic profile of IFX and ADL 
to 41% by blocking the expansion of T and B lym-
phocytes with further modulation of the immune re-
sponse (40). Other studies suggest a supplementary 
action on the inflammatory process, with its synergic 
reduction. Thus, a higher concentration of active 
substance would be available (39). 

A rational question would be if including MTX in 
the treatment of SpA patients as part of the combo-
therapy would influence the immunogenic events 
and improve the therapeutic effect, especially in SpA 
where therapeutic options are limited compared to 
RA. 

So far using MTX with IFX in SpA has offered 
debatable results, while a double blind randomized 
study with GOL plus MTX showed no significant 
results, probably due to low ADA positive (41). 

Azathioprine has been evaluated together with 
TNF blockers in Crohn’s disease where it showed a 
reduction of ADA formation (36). 

Adding immunosuppressive therapy to biologic 
agents for the treatment of SpA, RA or Crohn’s dis-
ease has not been associated with a higher risk of 
adverse events.

Other molecules such as leflunomide have no 
convincing data on this topic (36). 
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Using glucocorticoids as intravenous hydrocorti-
sone can reduce the level of AIA in patients with 
Crohn’s disease but it cannot prevent their formation 
or infusion-related events. Future studies should in-
clude pre-medication that can limit damaging im-
mune reactions (42). 

Certain studies indicate that a low serum level of 
TNF inhibitor is associated with the presence of 
ADA in the case of non-responders, issuing the hy-
pothesis that a low dose of biologic allows ADA for-
mation while high doses of anti-TNF block this ef-
fect. This theory has been proven for IFX in SpA and 
Gottlieb et al. showed a higher frequency of ADA in 
patients with psoriasis receiving 3 mg/kg versus 
those with 5 mg/kg (43).

In addition, spacing the administration of anti-
TNF can stimulate ADA production in patients with 
clinical remission. The fact that the IFX treatment 
scheme that follows the protocol is more beneficial 
than an “on demand” regime stands to support this 
idea. Besides, the latter can produce a threefold in-
crease in the risk of adverse reactions (33). 

WHAT RESULTS CAN WE EXPECT WHEN 
TESTING FOR ANTI-DRUG ANTIBODIES? 

When determining anti-TNF serum level and an-
ti-drug antibodies there are four expected result cat-
egories (44):

• Loss of response when there is a sub-thera-
peutic drug level and negative ADA. This re-
sult can be due to an inadequate bioavailabil-
ity or a disturbance in the drug pharmacokinetics, 
with an increased turnover. This can be caused 
by a high level of inflammation with exces-
sive TNF amounts in the affected tissues or in 

patients with inflammatory enteral disorders 
that lead to drug elimination. Patients in this 
category can benefit from intensifying anti-
TNF therapy and they do not need a change of 
therapy. 

• Loss of response in the context of moderate or 
high capacity to block circulating TNF. This 
can be encountered when there are new im-
mune-inflammatory pathways that avoid TNF. 
These patients need a switch on another TNF 
inhibitor or another therapeutic class, the lat-
ter being unavailable in SpA patients in our 
country. 

• Loss of response in the presence of neutraliz-
ing ADA and inadequate neutralize of TNF 
with or without increased drug clearance. 
These ADA are specific to the administered 
drug and for this reason it is recommended to 
switch the anti-TNF molecule. 

• Loss of response while having an optimal 
drug level and detectable ADA is a relatively 
rare situation and it can be met in case of false 
positive results. For these patients, a second 
determination is recommended; if the same 
result is given it suggests an anomaly of the 
product’s pharmacodynamics. 

Taking into account the current literature data, 
regularly monitoring the drug serum level together 
with detecting the presence of anti-drug antibodies 
might improve the therapeutic strategy of biologics 
in patients with SpA by guiding clinicians’ decision 
to a more targeted approach. The future concept of 
personalized medicine will allow us to make safe 
and cost-effective choices for patients, based on ob-
jective and rigorous analysis. 
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