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Refractoriness to drugs in migraine may be the result of developing 
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Introduction: Migraine is a common neurological disease and is listed second among the most disabling health 
conditions worldwide. Refractory migraine (RM) is a term used to emphasize the unresponsiveness of migraine to 
various treatment options, encompassing both episodic refractory and chronic refractory migraine. In this paper 
we discuss various known and possible mechanisms of pharmacological refractoriness in RM, such as possible 
involvement of the gut microbiome, the blood-brain barrier, migraine genetics and various mechanisms of 
pharmacokinetic and pharmacodynamic tolerance. Development of medication-overuse headache as a secondary 
disorder following migraine is also considered. We argue that the available literature is insufficient to fully 
explain the mechanisms of refractoriness and we present our hypothesis. 
HYPOTHESIS. Refractoriness to drugs in migraine may be the result of developing anti-drug antibodies. Most 
migraine drugs are small molecules, which cannot elicit an immune response on their own due to their size. 
However, such molecules can bind to peptide carriers in their vicinity, greatly increasing their immunogenicity. 
A small molecule possessing this binding ability is called a hapten. Haptens form hapten-carrier complexes 
(HCCs), which can evoke powerful immune responses. Immune reactions to HCCs are known to be predomi
nantly ‘drug allergies’ or type 1 drug hypersensitivity reactions’, usually resulting from IgE or non-IgE mediated 
mast cell degranulation. We argue that the immune reaction to HCCs can take shape in developing neutralizing 
anti-drug antibodies (ADA) in the form of IgG and IgA class antibodies. Since biological therapeutics, such as 
various monoclonal antibodies, face the issue of ADA-induced drug tolerance, HCCs, being similar in the sense 
that they carry peptide antigens, are of sufficient size and may be considerably immunogenic, can be responded 
to in a similar way by producing neutralizing ADA. Furthermore, we argue that such responses are expected to 
happen more frequently than is thought, due to IgG and IgA being prevalent antibodies, which utilize their 
neutralizing capabilities on regular basis. Finally, it is important to consider that neutralization reactions in 
normal immune responses are typically asymptomatic, with the only clinical expression being progressive drug 
tolerance. These cases may be overshadowed by the life-threatening cases of drug allergy induced anaphylaxis, 
possibly leading to neutralization reactions being underrecognized. 
Discussion: This hypothesis aims to stimulate more research regarding drug resistance, and if it receives support 
from empirical evidence, it may help further elucidate the mechanisms underlying refractory diseases and 
contribute to the development of more effective treatment of many disorders.   

Background 

Drug resistance (DR) is a prevailing issue in treatment of various 
diseases. Among are neurological diseases, such as migraine, psychiatric 
disorders, arterial hypertension, gastrointestinal disorders and many 
other conditions that may be resistant to pharmacotherapy. Different 
medications have different underlying mechanisms of DR that are in 

play, therefore each drug class must be examined individually to make 
valid claims regarding the pathophysiological factors of developing 
resistance. To examine every case of drug resistance of various diseases 
would be beyond the scope of this article, therefore the authors have 
chosen to use DR in migraine treatment as an example to present the 
hypothesis. However, the ideas of the hypothesis in their essence are not 
restricted exclusively to migraine treatment and may be considered in 
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other drug-resistant diseases. 

Introduction 

Migraine is a common neurological disease, and is listed second 
among the most disabling health conditions worldwide [1]. Migraine 
can greatly impact persons’ quality of life and is responsible for 
considerable economic costs [2]. Epidemiological studies estimate the 
prevalence of migraine to be around 12% in total population. However, 
a study by Yeh et al. found the prevalence in neurologists to be up to 3- 
fold that of general population, pointing to possible underrecognition of 
the disease in non-specialists [3]. 

Chronic migraine (CM) is characterized by a migraine headache, 
which occurs 15 or more days per month for 3 consecutive months, and 
is associated with patient’s greater functional impairment. Prevalence of 
the condition is estimated to be around 1–2% of global population, and 
around 2.5% of episodic migraine cases progress into chronic migraine 
[4]. 

The condition develops as episodic migraine undergoes gradual 
transformation over time [5]. However, it is not solely the frequency of 
headache attacks that changes. It has been revealed that significant 
pathophysiological changes in chronic migraine are responsible for the 
development of the condition, such as alterations of top-down pain 
modulation, trigeminal sensitization, and biochemical changes in the 
brain [6]. Furthermore, as opposed to episodic migraine sufferers, more 
comorbidities are often present in chronic migraine patients, such as 
gastrointestinal disorders, psychiatric disorders, and cardiovascular 
disorders, suggesting that the disease may have deeper pathophysio
logical roots than episodic migraine [4,7,8]. 

In contrast to episodic migraine, chronic migraine poses greater 
diagnostic and treatment challenges. From a diagnostic standpoint, it 
can be difficult to distinguish it from medication-overuse headache, 
which is a secondary headache disorder and develops as a result of 
chronic analgesic medication use, often from use of triptans or opioids. 
From a treatment standpoint, treatment options are often eventually 
exhausted due to chronic migraine often becoming resistant to 
numerous different medications [9]. 

Refractory migraine (RM) is a term used to emphasize the unre
sponsiveness of migraine to various treatment options. As pointed out in 
a recent review, there is a lack of consensus regarding the definition of 
RM, such as disagreements related to headache diagnosis, headache- 
related disability, type of and number of medications failed in at
tempts to control the condition [10]. Such disagreements about the 
definitions and criteria present difficulties for the scientific community 
to collect and systemize data regarding RM, which is reflected in the 
current literature as a lack of a consistent body of evidence. 

In this paper, we use the term ‘refractory migraine’ to refer to both 
episodic refractory migraine and chronic refractory migraine, focusing 
solely on the refractoriness as unresponsiveness to a number of different 
drug classes as the primary feature of RM. Accurate definitions of RM for 
the presentation of the hypothesis, however, are not necessary. 

Mechanisms of refractoriness 

Failure to reach the desired pharmacological response can manifest 
from a variety of sources. Drug resistance in migraine has to be briefly 
reviewed in light of available literature to assess whether known 
mechanisms of refractoriness have sufficient explanatory power for this 
phenomenon. Therefore, several known and possible causes of drug 
resistance in migraine are discussed. 

Gut and pharmacokinetics 

Since many drugs are taken orally, the gut may play a vital role in 
drug kinetics, for if the concentration of the drug cannot reach a suffi
cient level in the bloodstream, it cannot systemically exert its intended 

effects. Following this logic, malabsorption syndromes may be hypoth
esized to have considerable negative effects on drug absorption, since 
available surface area of GI decreases substantially. This idea was 
examined in a number of studies. For instance, patients following bar
iatric surgery for obesity have reduced functional GI surface area, 
however, reports demonstrate that in such patients medication 
bioavailability varies by drug type, and while in some cases a decrease 
was observed, in many cases drug concentration remained unaffected or 
even increased after surgery, possibly due to a higher proportion drugs 
surviving by having less contact with GI enzymes [11,12]. 

The gut microbiome has been found to have substantial influence 
over drug kinetics, having effects on absorption, pro-drug activation, or 
drug inactivation, and metabolism. NSAIDs, which are common in acute 
treatment of migraine, are metabolized by gut bacteria, however, the 
possible net effect of this process in this case is increased toxicity to the 
gut, not decreased systemic activity [13]. From this perspective, there
fore, it is unlikely that bacterial metabolism is responsible for cases of 
NSAID resistance for in migraine patients. In a similar manner, gut 
microbiome has been proposed to have effects on metabolism of anti
hypertensive medication, although the evidence of such interaction 
appears to be mainly on a theoretical level [14,15]. If suggested con
cepts become backed by more empirical evidence, resistance to beta- 
adrenoceptor antagonists, which are used as prophylactic agents in 
migraine, could be examined through this lens. 

Mechanisms of tolerance to migraine medication 

Tolerance can be defined as reduction of drug efficacy due to its 
repeated administration. A study on migraine prophylactic drug toler
ance has observed several viable mechanisms of action [16]. Besides 
pharmacological tolerance, behavioral and cross-tolerance need to be 
considered when identifying the cause for refractoriness. However, the 
literature regarding these mechanisms is scarce, and no substantial ev
idence is readily available. 

Opioids are among the most potent analgesics and are used to treat 
acute pain in migraine. Several mechanisms of developing pharmaco
logical tolerance exist, primarily involving mu-receptor endocytosis and 
desensitization to opioid agents [17]. Another noteworthy mechanism 
involving opioid medication is that of gut-brain interaction. It has been 
demonstrated that alterations in gut microbiome take place as a result of 
chronic opioid exposure and these changes may lead to development of 
pharmacological resistance to analgesic effects [18]. With this in mind, 
opioids present a high risk of developing tolerance, which can be 
appreciated in the context of ongoing opioid crisis. 

Another mechanism of possible pharmacological migraine drug 
tolerance is related to the function of the blood-brain barrier (BBB). 
Inflammatory responses, such as that during exposure to chronic pain, 
elicit a cascade of molecular and cellular responses in the brain. Such 
responses increase the permeability of BBB, leading to higher concen
trations of CGRP (Calcitonin-gene related peptide), substance P and 
other inflammatory molecules [19]. Inflammatory pain also causes an 
increase in expression of P-glycoprotein, which functions as a powerful 
drug efflux pump in the BBB. As a result, P-glycoprotein may in some 
cases be an obstacle for drugs to reach CNS to exert their effects, leading 
to a decrease in drug efficacy. 

However, development of drug tolerance may have a broader path
ophysiological background. In Drosophila melanogaster, it has been 
shown that even a single exposure to a sedative creates epigenetic effects 
which ultimately result in changes in the excitability of neurons in the 
brain [20]. Upon exposure to a sedative, the slo gene, which is respon
sible for the coding of the Ca2+ dependent K+ channels in the neuron 
membrane, was shown to be upregulated, resulting in upregulation ion 
channels. Further exposure to the drug led to significant and consistent 
tolerance. Whether this mechanism is applicable to humans remains 
unclear. 

Apparent tolerance to analgesic drugs may actually be a consequence 
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of chronic drug overuse, causing medication-overuse headache, which is 
classified as a secondary headache condition [9]. The condition de
velops in patients, who typically suffer from a primary headache con
dition, such as migraine, and who have commonly and consistently used 
analgesic drugs for pain management. Therefore, perceived decreases in 
efficacy of analgesic drugs may erroneously be attributed to drug 
tolerance. 

Genetics in migraine 

It has been generally established that migraine may have a genetic 
component [21]. This concept has been backed by discovery of familial 
hemiplegic migraine (FHM) and other specific disorders, such episodic 
ataxia 2 and spinocerebellar ataxia type 6, which have been shown to be 
hereditary [22]. A mounting body of evidence regarding identification 
of various genetic nucleotide polymorphisms has been accumulating 
since. 

Migraine has been referred to as being polygenic. Different poly
morphisms have been associated with different pathophysiological links 
[22]. Considering the spectrum of pathophysiological factors in 
migraine, it comes as no surprise that refractory cases persistently 
develop, as currently available drugs are limited in their areas of effect. 

Genetic influence may present itself not only through intricacies and 
variations of migraine pathophysiology, but also as drug resistance. 
Specific single nucleotide mutations have been associated with 
decreased efficacy of triptans and ergotamine in treating acute migraine 
attacks, suggesting that heterogeneity of migraine genetics may be 
relevant to the individualized selection of potential agents for treatment 
[23]. This notion is also supported by emerging evidence of individual 
genetic polymorphisms affecting drug metabolism through CYP450 
enzyme systems [24]. Consequently, metabolic variations may affect 
drug bioavailability and drug efficacy. 

Context for the hypothesis 

Although many theories are possible to underlie the refractoriness in 
migraine, many of them have limited support in the available literature. 
We argue that the current evidence to explain the causes of refractory 
migraine is insufficient. Regarding this matter, we present our 
hypothesis. 

The hypothesis 

Refractoriness to drugs in migraine may be the result of developing 
anti-drug antibodies. 

Supporting evidence 

The issue of anti-drug antibodies 

Anti-drug antibodies (ADA) are recognized as a problem for biolog
ical therapy. Anti-tumor-necrosis-factor (anti-TNF) agents adalimumab 
and infliximab, anti-CD20 agent rituximab and many others are studied 
in vivo in attempts to detect possible ADA [25–27]. Such efforts are 
grounded in the fact that biological agents are protein-based, and being 
so, they may have immense immunogenic potential, evoking an 
immune-mediated response from the host [28]. Ultimately the result 
may be neutralization of the agent by formation of immune complexes 
following ADA development. However, it has been demonstrated that 
ADA development is not necesarilly associated with decreased drug ef
ficacy [29,30]. Hence, generation of ADA does not implicitly mean drug 
resistance. 

Substantial progress has been made in the development of ADA assay 
methods [31–34]. However, assessment of ADAs in the literature is not 
usually carried out by analysis of different immunoglobulin classes. But 
since neutralization mechanisms typically happen through IgG or IgA 

class antibodies, we presume IgG/IgA are responsible for the majority of 
the ADA, as found in some studies [35–37]. 

As explained above, ADA is considered as a cause of drug resistance 
in biological therapy. Here, however, we argue that traditional non- 
biological drugs, such as NSAIDs, triptans and other analgetics used 
for migraine, may be subject to ADA formation as well. 

Eliciting a humoral immune response 

In order to support the claim of the hypothesis, we must first review 
how the specific humoral immune response against foreign antigens 
develops. 

Antibody production is the result of B cell activation. Once activated, 
the specific B cell will clone itself and terminally differentiate into an 
antibody producing plasma cell [38]. 

Activation of a B cell takes place in the process of antigen presen
tation. A mature B cell is a professional antigen presenting cell (APC) 
and is able to sample the environment through direct binding of a 
molecule to a B cell receptor (BCR) [39]. Once a foreign antigen is bound 
to a BCR, it is endocytosed and the content is decomposed. Afterwards, 
the antigen undergoes a process of attachment to the major histocom
patibility complex class 2 protein (pMHC II) and the antigen-pMHC II 
conjugate is transported to the surface of the cell to be presented on the 
outer membrane of the B cell, along with expression of other cos
timulatory molecules [40]. When the antigen-pMHC II conjugate pos
sessing B cell and a CD4+ T cell come into contact, B cell activation can 
take place and antibody formation events are set into motion [39]. 

Not all antigens can be presented on the pMHC II. Antigen has to be 
sufficient in size, otherwise it is too small to bind [41]. The pMHC II 
usually binds molecules at least of the size of a small peptide, therefore, 
non-biological drugs, including most drugs for migraine, fit the category 
of small size and, since they cannot launch a response cascade through 
antigen presentation, are unable to elicit an immune response on their 
own, i.e. are not immunogenic. 

However, it is known that these small molecules through the course 
of absorption into the bloodstream can sometimes bind to small peptides 
in their vicinity, and the new conjugate structurally develops different 
antigenic properites, often greatly amplifying immunogenicity aswell 
[42]. Molecules, which become immunogenic with this peptide-binding 
ability are known as haptens in the context of immunology and have 
been deeply studied since their discovery of Karl Landsteiner in the early 
20th century [43]. Haptens, when bound to a peptide, form a hapten- 
carrier complex (HCC) and can evoke powerful immune reactions 
[44]. Hence, further discussion of small drug molecule immunogenicity 
must be conducted through recognition of (1) drugs being haptens and 
(2) immune responses to HCCs. 

Drugs as haptens 

A wide spectrum of molecules are now recognized as haptens. For 
instance, HaptenDB is a free and easily accessible database of haptens, 
featuring over a thousand haptens, including morphine and several 
other studied drugs [45]. The fact that many drugs may be haptens is 
also proved by a wide array of medications causing anaphylactic re
actions, since such reactions are typically a result of HCC formation 
[44,46]. Common drugs in that regard include NSAIDs, beta-lactam 
antibiotics and radiocontrast media. Therefore, many more drugs in 
migraine, and in other diseases for that matter, may be considered as 
haptens. 

Typical immune reactions to HCCs 

Immune responses to HCCs are typically described as IgE-mediated 
type 1 drug hypersensitivity reactions in the literature. Along with 
other mechanisms, they feature mast cell degranulation, with release of 
potent immune mediators, causing life-threatening conditions, involing 
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acute cardiovascular, respiratory, gastrointestinal and skin manifesta
tions [44]. However, a considerable part of type 1 hypersensitivity re
actions are non-IgE mediated, in which other cofactors and mediators, 
such as complement activation, IgG-related mast cell degranultation, 
and kalikrein activation systems, are in play [47]. Still, both IgE and 
non-IgE mediated reactions lead to what is described as “drug hyper
sensitivity”, featuring strong allergic reactions or even anaphylaxis. 

Proposed immune reactions to HCCs 

HCCs are similar to biological drugs we have described in this paper 
in the sense that both types of compounds can feature similar peptidic 
antigens, considerable antigen size and immunogenicity. If such simi
larities are considered, one could argue, that the immune system can 
occasionally respond to HCCs in the same way it responds to biological 
agents – by regarding the HCC molecules as foreign and subsequently 
producing ADA. As already described, ADA may often manifest as IgG 
and IgA, which neutralize the antigen in the formation of immune 
complexes (ICs). In light of the fact that IgG is the most common anti
body and that neutralizing function is a crucial function of this antibody 
class, such responses are to be expected [48]. In the case of neutraliza
tion of HCCs, immune complexes would then be cleared by the innate 
immune system by the means of phagocytosis, diminishing the intended 
magnitude of effect of the administered drug, without any allergic 
reaction. 

Silent reactions and hypersensitivity 

Immune complex formation does not predict host reaction on a 
macroscopic scale. For instance, in viral diseases, antibody-dependent 
neutralization is a vital part of host defense, resulting in immune com
plex formation. But in the case of the novel severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), there has been astounding het
erogeneity in disease severity [49]. While some patients are asymp
tomatic, in others immune complex formation leads to type 3 
hypersensitivity reactions, such as vasculitis [50]. Such cases demon
strate, that while the immune system of each host is responsive to a 
threat, it does not necessarily predict clinical manifestations. 

Even though an example of viral infection might not be the most 
adequate of scenarios to analyze, for infections can escalate quickly and 
are an emergency to the immune system, the notion that neutralization 
reactions may be asymptomatic holds true in the case of ADA against 
biological therapeutics and in the cases of vaccination, regardless of 
antigens being recognized, analyzed, and conjugated, following the 
production of neutralizing antibodies. For these reasons, immune re
actions against HCCs may also be asymptomatic on a macroscopic scale. 

Finally, perhaps allergic reactions receive the most attention 
regarding this subject due to them being the most clinically significant as 
anaphylactic reactions may be life-threatening. Silent ADA drug 
neutralizing reactions may be underrecognized and manifest only as 
progressing drug tolerance. 

Discussion 

Drug resistance is an issue in many diseases and is the reason for 
great suffering in many patients, including those with migraine. 
Inability to solve these issues drives costs of treatment and generates 
frustration in patient and physician alike. Therefore, drug resistance as a 
subject should be actively studied for possible solutions and the hy
pothesis aims to stimulate research in this area. 

A wide array of causes may underlie drug resistance in different 
diseases; hence the authors have chosen to present the hypothesis 
through the lens a single disorder. Moreover, we find that in-depth 
analysis of possible etiology of refractoriness is essential in a given 
disorder, for known causes have to excluded first in order to consider a 
novel mechanism. Cases of drug resistant disorders may be very 

heterogeneous and need to be investigated patiently and thoroughly. 
In terms of migraine disorders, we hoped to show that drug resis

tance mechanisms in refractory migraine are insufficiently explained 
and that a possible explanation for refractoriness might be development 
of immunologically mediated drug tolerance by formation of ADA. 
Should this idea be backed by empirical evidence, the hypothesis could 
be extrapolated into a general subject of immune-mediated drug resis
tance, solving of which could prove useful to a variety of different 
medical fields, not just neurology. 

In contradiction to the hypothesis, presence of ADA would possibly 
lead to slow and progressive reduction in drug efficacy, i.e. drug toler
ance. This tolerance would be expected to be drug-specific and to revert 
back after a period of no drug exposure. However, hard cases of re
fractory migraine are immediately resistant to multiple drug classes, 
which is not consistent with the hypothesis. Moreover, as mentioned 
earlier in the text, even when ADA are present in considerable titers, 
drug efficacy might not be as affected as thought. Still, considering the 
number of mechanisms refractory migraine can emerge, immune- 
mediated responses retain a possibility to explain a fraction of the cases. 

Analysis of this subject may become useful not only in attempts to 
elucidate mechanisms of refractoriness, but also to develop a deeper 
understanding of how and to what immune responses are generated and 
carried out, since there are many disorders, such as autoimmune dis
orders, course of which is yet to be fully controlled. 

In order to test the hypothesis, it has to be understood, that ADA as 
IgA antibodies can also be found in the mucus of various mucous 
membranes(36). Therefore, using blood as a sole source of sampling for 
antibody search may yield inconclusive results and mucus samples may 
be needed. As the quality of ADA assays improves, in time it would be 
possible to detect specific antibodies against HCCs in blood or mucus 
samples. As for different approaches to hypothesis testing, clinical case- 
control studies are a conceptual possibility, in which patients, fitting the 
clinical profile of immune-mediated drug tolerance, would receive 
immunomodulatory treatment with hopes to improve drug efficacy. 
However, with so many possible mechanisms of tolerance development, 
substantial obstacles may emerge in proving a causal effect. 

If the hypothesis is confirmed, it may help further elucidate the 
mechanisms underlying refractory diseases and contribute to the 
development of more effective treatment of many disorders. Further
more, considering the range of different glucocorticoid and immune- 
modulatory medications already available, it may be possible to 
develop potent treatment strategies fairly rapidly. 
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