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    Chapter 12   
 Neurological Complications of Anti-TNF 
Treatments and Other Neurological Aspects 
of Infl ammatory Bowel Disease                     

       Su-Yin     Lim      and     Cris     S.     Constantinescu     

    Abstract     Infl ammatory bowel diseases (IBD) result from dysregulated immune 
responses in the bowel. They are characterised by pathology mediated by immune 
cells with upregulated infl ammatory profi le. These disorders of immune regulation 
often coexist with other infl ammatory conditions with altered immunoregulatory 
activities, including multiple sclerosis, rheumatoid arthritis, psoriasis, etc. 
Treatments targeting the pro-infl ammatory cytokine, tumour necrosis factor alpha 
(TNFα), such as antibodies or soluble receptors, have revolutionised the manage-
ment of IBD. However, paradoxically, such treatments have been associated with a 
risk of developing demyelinating disease, often typical multiple sclerosis. This 
chapter reviews the literature on the known prevalence and risk of demyelination in 
patients with IBD receiving TNF inhibitors, discusses potential mechanisms and 
also addresses the immunopathogenic, environmental and genetic commonalities of 
IBD and central nervous system demyelinating disease.  
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      Introduction: Pathological Basis of TNFα in Infl ammatory 
Bowel Disease and Multiple Sclerosis 

 The two main forms of infl ammatory bowel disease (IBD), Crohn’s disease (CD) 
and ulcerative colitis (UC), share characteristic features of chronic, relapsing 
infl ammation of the gastrointestinal tract, although they demonstrate distinct clini-
cal and pathological features. CD most commonly affects the small intestine and 
colon, although any part of the GI tract can be affected. It is characterised by discon-
tinuous or ‘skip’ ulcerated lesions and transmural infl ammation. UC involves the 
colonic mucosa, usually extending to the rectum, characterised by mucosal infl am-
mation, ulcers and crypt abscesses [ 1 ]. 

 The exact aetiology of IBD is unknown. The development of IBD is believed to 
be, in part, due to genetic susceptibility and a dysregulated T-cell-mediated immu-
nological response to enteric bacteria, along with other environmental factors [ 2 ]. 
TNFα has been identifi ed as a crucial mediator in the infl ammatory response in 
IBD, and TNF-inhibitory therapies have been effective in the treatment of both CD 
and UC where conventional therapy has failed [ 3 ]. 

 TNFα is part of a large family of pleiotropic cytokines that induce signalling via 
two receptors, i.e. TNFRI and TNFRII. Cellular proliferation, survival, differentia-
tion and death are mediated via complex signalling pathways, giving rise to infl am-
matory and immunomodulatory processes. Dysregulation of TNFα expression and 
of its signalling have been implicated in the pathogenesis of a variety of disorders 
including cancer, sepsis and autoimmune-mediated infl ammatory disorders such as 
IBD, multiple sclerosis (MS), rheumatoid arthritis (RA), psoriasis and psoriatic 
arthritis (PsA). TNFα is secreted by macrophages, monocytes, lymphocytes, natural 
killer cells, microglia, fi broblasts, astrocytes and other immune and nonimmune 
cells. TNFα is expressed in response to a number of stimuli including infective 
antigens, tumour cells and a variety of complement and cytokines [ 4 ]. Signalling via 
TNFRI can induce both pro- and anti-apoptotic mechanisms via separate pathways 
[ 5 ], whilst activation of TNFRII is thought to enhance the actions of TNFRI and is 
involved in remyelination [ 6 ] and other pro-infl ammatory effects [ 7 ,  8 ]. 

 TNF inhibition (TNFi) is achieved by blocking TNFα activation of their recep-
tors using a monoclonal antibody or soluble receptor. A number of TNFi agents are 
licensed for use in IBD – infl iximab (Remicade, Merck Sharp & Dohme), adalim-
umab (Humira, Abbott Laboratories), certolizumab pegol (Cimzia, UCB) and goli-
mumab (Simponi, Merck Sharp & Dohme). Infl iximab, adalimumab and golimumab 
are monoclonal antibodies to TNFα, and certolizumab pegol is a PEGylated anti- 
TNFα antibody fragment. 

 Infl iximab, adalimumab and certolizumab pegol have licensed indications in CD, 
whereas infl iximab, adalimumab and golimumab are licensed in UC. Pivotal studies of 
infl iximab, a chimeric monoclonal antibody to TNFα, demonstrated therapeutic effi -
cacy in inducing and maintaining disease remission in luminal and fi stulising CD [ 9 –
 13 ] and in UC [ 14 ] compared to placebo. Adalimumab, a human monoclonal antibody, 
has shown comparable effi cacy to infl iximab in the induction of disease remission and 
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maintenance of remission in both CD [ 15 – 17 ] and UC [ 18 ], including those previously 
unresponsive to infl iximab [ 19 ]. The newer agents, certolizumab pegol and golimumab, 
have both shown effectiveness in inducing and maintaining remission in CD [ 20 ] and 
UC [ 21 ], respectively. TNFi therapy reduces hospitalisations and surgical intervention 
in these patients [ 22 ]. Infl iximab and adalimumab are currently recommended in the 
UK by the National Institute for Health and Care Excellence (NICE) for patients with 
severe, active CD who have not responded to or are intolerant of conventional therapy 
including immunosuppressive and/or corticosteroid treatment. Infl iximab, adalimumab 
and golimumab are recommended by NICE for the treatment of moderate to severe UC 
in those who have failed or are unsuitable for conventional treatment. 

 MS is an immune-mediated infl ammatory demyelinating disorder of the CNS, 
with a UK population prevalence of around 203 per 100,000 [ 23 ]. The disease is 
characterised by the appearance of demyelinating plaques disseminated in time and 
space. The exact aetiology of MS is uncertain and likely involves an interplay 
between genetic and environmental factors [ 24 ]. The immunopathogenesis of MS is 
shown to be mediated by autoreactive CD4+ T-cells, CD8+ T-cells, antibodies and 
components of the innate immune system [ 25 ]. 

    MS and TNFα 

 TNFα is detected in MS lesions [ 26 ] and cerebrospinal fl uid (CSF) of MS patients 
[ 27 ], showing a correlation with disease progression [ 28 ] and relapses [ 29 ]. TNFα 
contributes to oligodendrocyte damage and demyelination by signalling apoptotic 
pathways [ 30 ,  31 ], enhancing leukocyte transgression into the CNS via upregula-
tion of endothelium-based cellular adhesion molecules at the blood–brain barrier 
[ 32 ] and promoting the expression of MHC I and II on neurons and glial cells which 
are targeted by MHC-restricted cytotoxic T-cells [ 33 ,  34 ]. In the animal model of 
MS, experimental autoimmune encephalomyelitis (EAE) administration of TNFα 
causes disease worsening [ 35 ]. Mice genetically engineered to overexpress TNFα 
developed infl ammatory demyelination [ 36 ], whilst antagonism of TNFα prevented 
the onset of EAE [ 37 – 39 ]. 

 Despite the role of TNFα in the pathogenesis of MS and its animal model, TNFα 
inhibition has been shown to worsen disease activity in MS patients. In an early 
phase I open-label study, infl iximab was administrated to two MS patients with rap-
idly progressive disease [ 40 ]. Both patients showed an increase in contrast- enhancing 
MRI lesions and a corresponding rise in CSF leukocyte counts and IgG index, denot-
ing increased disease activity. Subsequently, two MS patients with active disease 
were treated with lenercept, a soluble recombinant TNF receptor fusion protein, in a 
phase II double-blinded trial [ 41 ]. Lenercept had previously demonstrated effi cacy in 
preventing the onset of demyelination in the animal model of MS [ 42 ]. The lener-
cept-treated patients showed a higher relapse rate and more severe clinical relapses 
compared to the placebo-treated group, leading to the cessation of TNFi use for treat-
ment of MS.   
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    Demyelination Associated with TNFi Therapy 

 There are an increasing number of reports from trial safety data, postmarketing 
surveillance and cases in the medical literature of the development of CNS demye-
lination with TNFi therapy for conditions such as IBD, RA, ankylosing spondylitis 
(AS), psoriasis, systemic lupus erythematosus (SLE) and vasculitis [ 43 – 58 ]. 

 Deepak et al. [ 59 ] evaluated neurological adverse events with TNFi treatment 
(infl iximab, adalimumab, certolizumab pegol and etanercept) reported to the FDA 
Adverse Event Reporting System (FAERS) between 1st January 2000 and 31st 
December 2009. 18.1 % of patients had IBD whilst the majority of patients had 
underlying RA (50.9 %). The most commonly reported neurological adverse event 
was peripheral neuropathy (38.3 %). Of the peripheral neuropathy cases, 16.6 % 
are composed of acute infl ammatory demyelinating polyneuropathy (AIDP) and 
5.1 % were chronic infl ammatory demyelinating polyneuropathy (CIDP), whilst 
the remainder consisted of unclassifi ed peripheral neuropathies, sensory neuropa-
thies, motor neuropathies and sensorimotor neuropathies. CNS demyelination was 
the second most commonly reported neurological adverse event (19.8 %), in addi-
tion to reports of optic neuritis (ON) (13.6 %), transverse myelitis (3.4 %) and 
‘demyelination’ where the site of disease was unspecifi ed (3.4 %). Taking into 
account the temporal association, relevant reported past adverse events and plau-
sible alternative causative factors, the majority of cases were scored as a ‘possible’ 
adverse event (71.4 %), whilst the rest were ‘probable’. None met the criteria for 
‘defi nite’ adverse events. 

 A number of cohort studies have attempted to determine whether TNFi therapy 
increases the risk of demyelination in IBD patients [ 50 ,  60 – 63 ]. The largest and 
most recent study [ 62 ] retrospectively examined a total of 9095 IBD patients (4342 
with CD and 4753 with UC) across a region of North America. Median follow-up 
was 10.5 years. 5 of 3425 (0.15 %) patients who were exposed to TNFi treatment 
developed a CNS demyelinating disorder confi rmed on the basis of clinical, MRI 
and laboratory assessment. Of these, four had an underlying diagnosis of CD and 
one had UC. Three of the patients with demyelination developed neurological 
symptoms during treatment with TNFi, one patient developed asymptomatic demy-
elinating lesions on MR imaging during treatment, and one patient with a past expo-
sure to TNFi experienced progressive neurological symptoms whilst on azathioprine. 
Neurological symptoms either improved or resolved in two patients following dis-
continuation of TNFi, whereas a third patient went on to develop a relapsing–remit-
ting demyelinating disease course. In the unexposed patients, 29 of 5670 were 
diagnosed with CNS demyelination, ten of which developed the condition after the 
onset of IBD (0.18 %). In this group, fi ve had CD and fi ve had UC. The relative risk 
of CNS demyelination with TNFi exposure in this study was 0.83 for IBD (95 % CI 
0.28–2.42), 0.89 for CD (95 % CI 0.24–3.31) and 0.49 for UC (95 % CI 0.06–4.22), 
none of which showed statistical signifi cance. The authors concluded that IBD 
patients exposed to TNFi did not appear to have a signifi cantly increased risk of 
CNS demyelination over those who were not exposed to TNFi. 
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 A retrospective cohort study by Andersen et al. [ 43 ] compared the risk of demy-
elinating disorders in 651 Danish IBD patients who were TNFi-treated between 
1999 and 2005 to that of the general IBD population, with data gathered from four 
unrelated retrospective cohort studies of demyelinating diseases in IBD patients 
[ 64 – 67 ]. From the Danish cohort, four patients treated with TNFi agents were 
reported to develop neurological symptoms; however, only one was confi rmed to 
have a demyelinating disorder in this case, MS – following investigations. They 
reported a standardised morbidity ratio of 4.2 for developing MS in the study cohort 
of TNFi-treated IBD patients, which was comparable to that of the general IBD 
population, leading the group to conclude that TNFi did not appear to signifi cantly 
increase the risk of demyelination in this cohort. 

 In a more recent database study, Katsanos et al. [ 68 ] retrospectively reviewed 
cases of demyelination in patients with IBD including those who were treated with 
TNFi therapy, identifi ed via MEDLINE and EMBASE. The study included 34 case 
reports, three case control studies [ 69 – 71 ] and eight cohort studies [ 50 ,  60 ,  61 ,  63 –
 66 ] including one prospective study [ 72 ]. Cases of CNS demyelination are com-
posed of MS or MS-like syndromes, acute disseminated encephalomyelitis (ADEM) 
and ON and demyelinating polyneuropathies such as Guillain-Barré syndrome 
(GBS), CIDP and MMN. The group found comparable and overlapping prevalence 
rates of demyelinating adverse events in TNFi-treated IBD patients compared to 
those who were treated with conventional therapy [mean prevalence of 0.65 % (0.2–
2.5 %) and 0.48 % (range 0.41–1.2 %), respectively]. 

 Other retrospective database studies of TNFi and demyelination in other chronic 
infl ammatory conditions appear to support these fi ndings. A study on the incidence 
of demyelination in patients with rheumatic diseases such as RA, AS and PsA 
treated with TNFi examined data from three pharmacovigilance sources – the 
Spanish registry of biological therapies in rheumatic diseases (BIOBADASER), the 
Spanish Pharmacovigilance Database of Adverse Drug Reactions (FEDRA) and 
major biomedical databases (PubMed, EMBASE and the Cochrane Library) [ 73 ]. 
Of 9256 patients receiving TNFi therapy for a total 21,425 patient-years, 14 patients 
were reported to have developed a demyelinating disease in the BIOBADASER 
database, including one case of MS, four of ON and one GBS. The incidence rate of 
demyelinating disease in this group of patients was estimated at 0.65 per 1000 
patient-years (95 % CI 0.39–1.1). Nineteen cases of demyelination were reported in 
the FEDRA database, with some overlap of cases with BIOBADASER, of which 
nine had MS and seven had ON. 48 case reports from the major biomedical data-
bases were reviewed, including ten cases of MS and 13 of ON. The authors con-
cluded that the number of demyelination cases reported in the registry did not 
exceed that of the expected rate in the Spanish general population, and thus a direct 
link between TNFi and demyelination remains to be established. 

 From published care reports in the literature, the timing of onset of neurological 
symptoms from TNFi exposure appears wide ranging and does not always support 
a clear-cut temporal relationship. Reports of symptom onset varying from a few 
hours to up to 4 years from TNFi exposure have been described in IBD patients 
[ 68 ], whereas an unrelated case review of patients with infl ammatory arthritides 
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report an interval of between 1 week and 5 months [ 74 ]. Demyelination has also 
been reported in patients on other forms of immunomodulation and DMARDs in 
the treatment of IBD, such as methotrexate, azathioprine and mercaptopurine [ 49 , 
 75 ,  76 ]. Discontinuation of the TNFi tended to cause improvement or lead to resolu-
tion of neurological symptoms [ 47 ,  52 ,  58 ], whilst re-exposure to TNFi has been 
associated with symptom recurrence [ 62 ,  74 ]. However, this does not necessarily 
confi rm an association; as MS typically runs a relapsing–remitting clinical course, 
acute demyelinating events often spontaneously improve or recover without specifi c 
treatment, and symptom change may refl ect a response to steroid initiation or taper. 

 There is a lack of a clear explanation for the discordant effect of TNF inhibition 
in conditions such as IBD and RA compared to MS. A possible hypothesis relates to 
the lack of penetration by TNFi agents into the CNS via the blood–brain barrier [ 77 ] 
and subsequent failure of TNFα antagonism to take place locally, in contrast to the 
joints and bowel. In the aforementioned phase I study of infl iximab in MS, the mono-
clonal antibody was not detected in the CSF of patients despite the presence of 
blood–brain barrier disruption [ 40 ]. Another theory is based on the dissemination of 
a latent or recently acquired infection by TNFi agents, inducing an autoimmune 
response [ 78 ]. A further explanation for the discordant effect of TNFi lies in the het-
erogeneity of the cytokine TNFα and its disparate effects. TNFα promotes remyelin-
ation and oligodendrocyte regeneration via activation of the TNFRII receptor [ 6 ], 
and therefore blockade of this process can cause MS worsening. TNFα-mediated 
apoptosis is important for the deletion of autoreactive cytotoxic T-cells, thus playing 
a key role in the regulation of autoimmunity [ 79 ]. Selective TNFi inhibition, particu-
larly of the TNFRI receptor or its function, may be key to inhibiting the pro- 
infl ammatory properties of TNFα whilst sparing its neuroprotective and 
immunoregulatory effects [ 80 ]. 

    Imaging Studies in TNFi-Treated Patients 

 It remains unclear whether TNFi treatment unmasked pre-existing (subclinical) MS 
or whether it induced the onset of new demyelination in these patients. A contribut-
ing factor to this ongoing uncertainty is the lack of prospective imaging studies in 
this fi eld. An early study by van der Bilj [ 81 ] examined quantitative MRI metrics 
(magnetisation transfer ratio [MTR], apparent diffusion coeffi cient and spectros-
copy) before and up to 7 days after treatment with TNFi in seven patients with 
infl ammatory arthritis (fi ve rheumatoid arthritis and two psoriatic arthritis). Reduction 
in MTR correlates with demyelination, axonal loss and other infl ammatory changes 
in MS [ 82 ]. Results showed a signifi cant decrease in the white and grey matter MTR 
histogram peak height following treatment, although there were no signifi cant 
changes to the other MRI metrics. The fi ndings would support a possible diffuse 
CNS infl ammatory process related to TNFi treatment; however, without longer term 
follow-up, it was not possible to ascertain if the MTR changes were transient or clini-
cally relevant in this study. 

S.-Y. Lim and C.S. Constantinescu



217

 Our own subsequent imaging study (Lim SY, et al; manuscript in preparation) quan-
titatively examined white matter lesions and the normal-appearing white matter 
(NAWM) in a cohort of 15 patients who were receiving TNFi treatment for either RA 
or AS and compared the fi ndings with 11 healthy controls and seven RRMS controls, 
obtaining MTR and T1 relaxation times (T1RT). Like MTR, the latter has been shown 
to correlate with demyelination and axonal loss in MS [ 82 ]. Incidental white matter 
lesions were a common fi nding in the RA and AS patients, as well as the healthy con-
trols. We demonstrated that white matter lesions and the normal-appearing white mat-
ter MTR and T1RT of TNFi-treated patients did not differ to that of healthy controls 
whilst being signifi cantly abnormal in the RRMS patients. The fi ndings do not support 
the presence of clinically asymptomatic CNS demyelination in our treatment cohort. 

 A recent study by Kaltsonoudis [ 83 ] prospectively followed 75 patients with RA 
and spondyloarthropathies treated with TNFi therapy for a mean study period of 
18 months. Neurological assessment, MRI and neurophysiological testing were per-
formed in all the patients prior to commencement of TNFi treatment. A total of 38 
patients were treated with infl iximab, 19 with adalimumab and 18 with etanercept. A 
proportion of patients remained on concomitant steroids and/or other immunomodu-
latory agents. Three patients reportedly developed neurological complications – the 
fi rst patient developed CNS demyelination with corresponding periventricular white 
matter lesions, a peripheral facial nerve palsy and peroneal mononeuropathy. The 
second patient developed a unilateral optic neuritis, whilst the third developed a sen-
sory-predominant peripheral neuropathy. Symptom onset ranged from 6 to 25 months 
from initiation of therapy. In all three cases, TNFi therapy was discontinued. The 
second and third patients experienced a re- emergence of symptoms shortly following 
re-initiation of treatment, and TNFi was permanently discontinued thereafter. 
Incidentally, the study also identifi ed two patients with asymptomatic white matter 
lesions on MR imaging, described as a radiologically isolated syndrome, prior to 
commencement of TNFi therapy. This highlighted an important consideration of per-
forming baseline imaging in those being considered for TNFi treatment.   

    Association Between TNFi and Other Immune Disorders 

 TNFi therapy has also been associated with the development of other immune disor-
ders. The induction of clinically asymptomatic ANA and anti-dsDNA autoantibodies 
have been observed in 53 and 35 % of CD patients treated with infl iximab, respec-
tively [ 84 ], and cases of infl iximab-induced lupus have been described [ 61 ]. Induction 
of anti-cardiolipin antibodies has been associated with TNFi therapy [ 85 ] which may 
be associated with clinical features of antiphospholipid syndrome in a signifi cant 
proportion of patients [ 86 ]. Vasculitis and, in particular, cutaneous vasculitis have 
also been reported in association with TNFi agents [ 87 ,  88 ]. Other autoimmune 
infl ammatory disorders reported in association with TNFi treatment include sarcoid-
osis, autoimmune hepatitis, psoriasis and myositis, amongst others [ 61 ,  87 ,  88 ]. 
However, like the reported associations between TNFi and demyelinating disorders, 
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a cause and effect association between TNFi and paradoxical induction of autoim-
mune diseases cannot be made conclusively, given the overall lack of controlled 
studies and the presence of underlying autoimmune spectrum disorders for which 
these patients are receiving TNFi therapy in the fi rst place.  

    Association Between MS and IBD 

 The concomitance of MS and other immune-mediated disorders has long been rec-
ognised [ 69 ,  70 ,  89 – 97 ] including the fi nding of a higher incidence of MS amongst 
IBD patients prior to the use of TNFi agents [ 64 – 67 ,  98 ,  99 ]. 

    IBD in MS 

 A prospective study [ 100 ] of 658 MS patients showed signifi cantly increased rates 
of IBD, with fi ve patients identifi ed as having UC (0.8 %) and two with CD (0.3 %). 
The odds ratio for UC and CD in the MS cohort were found to be 3.15 (91 % CI 
7.64–1.30) and 3.17 (95 % CI 9.95–1.01), respectively. The study also demonstrated 
signifi cantly increased rates of asthma, type 1 diabetes, pernicious anaemia, autoim-
mune thyroid disease, uveitis and seronegative spondyloarthropathies compared to 
the general population. A North American study of over 5000 MS patients reported 
the prevalence of IBD in this cohort of 0.79 % and an odds ratio of 1.7 (95 % CI 
1.2–2.5) compared to the control population [ 69 ]. The study also reported an 
increased risk of other immune-mediated conditions in MS patients, including uve-
itis, Guillain-Barre syndrome and bullous pemphigoid. 

 A recent systematic review and meta-analysis of autoimmune diseases in MS 
patients and their families [ 101 ] derived a signifi cant odds ratio of 1.37 (95 % CI 
1.12–1.69) for CD in patients with MS based on four population-based studies [ 100 , 
 102 – 104 ]. They also derived an odds ratio 2.26 for UC in MS (95 % CI 1.23–4.14) 
from six population-base studies [ 76 ,  100 ,  102 – 105 ]. The overall odds ratio for IBD 
in MS was 1.56 (95 % CI 1.28–1.90). The relatives of patients with MS however did 
not appear at signifi cant risk of IBD.  

    MS in IBD 

 A retrospective cohort study [ 65 ] of 7988 CD cases and 12185 UC cases obtained 
from the UK-based General Practice Research Database demonstrated a higher inci-
dence of demyelinating disease (optic neuritis, demyelination and/or MS) in CD 
and UC compared to matched controls, although only the UC group showed statisti-
cal signifi cance (incidence rate ratio 2.63; 95 % CI 1.29–5.15). The group also 
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conducted a cross-sectional study in the same cohort of patients, fi nding a signifi -
cantly higher prevalence of CD (OR 1.54; 95 % CI 1.03–2.32) and UC (OR 1.75; 
95 % CI 1.28–2.39) in comparison to matched controls. Echoing the fi ndings from 
the retrospective cohort study above, Bernstein et al. [ 64 ] also found a signifi cantly 
increased likelihood of MS in UC patients compared to controls (prevalence rate of 
at least 1.81; 95 % CI 1.35–2.42) amongst a cohort of 8072 IBD sufferers in Canada. 
In another study from North America, Kimura et al. [ 66 ] found a prevalence of MS 
amongst 474 newly diagnosed IBD patients between 1950 and 1995 at 3.7 times 
higher than that expected for the population. 

 The nature of the association between IBD and peripheral neuropathy, particu-
larly demyelinating neuropathy, is less clear, probably refl ecting the variations in 
the clinical defi nition of neuropathy and its wide-ranging aetiology. In a prospective 
study of 31 CD and 51 UC patients followed up for a period of 1 year [ 72 ], at least 
13.4 % of patients were diagnosed with a cryptogenic large-fi bre or small-fi bre neu-
ropathy based on clinical and/or neurophysiological assessment, including a single 
case of demyelinating neuropathy at the diagnosis of CD, leading the authors to 
conclude that IBD may be a cause of neuropathy either due to immune mechanisms 
or possible undiagnosed nutritional defi ciencies. On the other hand, Bernstein et al. 
[ 64 ] reported a relatively low prevalence of peripheral neuropathy in IBD of 0.10 % 
in CD and 0.18 % in UC. A subsequent retrospective cohort study of 772 IBD 
patients [ 106 ] extending from 1940 to 2004 identifi ed only nine cases of peripheral 
neuropathy, comprising either a chronic large-fi bre sensory-predominant polyneu-
ropathy or an immune radiculoplexus neuropathy, giving a relatively low cumula-
tive incidence of 2.4 % over 30 years. 

 The observed co-occurrence of IBD and MS/demyelination in patients pre- dating 
the use of biological therapy has led to putative genetic and immunopathological 
associations between the two conditions. Both MS and IBD affect relatively young 
populations [ 107 ,  108 ]. They share a similar pathogenesis of dysregulated T-helper 1 
(Th1) cell function, and recent studies have implicated Th17 cells, a subset of helper 
T-cells, in the pathogenesis of autoimmune infl ammatory diseases such as MS and 
IBD [ 109 ]. The incidence of IBD appears to be highest amongst populations with 
highest rates of MS [ 107 ] and, like MS, follow a latitudinal pattern of geographical 
distribution [ 110 ]. Genomic variations in the major histocompatibility complex 
(MHC) region are known to confer susceptibility to or protection from autoimmunity 
including MS and IBD [ 111 ,  112 ]. Genome-wide association studies have identifi ed 
a number of other shared gene loci conferring susceptibility to IBD as well as MS, 
for example, the IL2RA (alpha-subunit of IL-2 receptor) on chromosome 10p15 
[ 113 ]. The hypothesis of genetic susceptibility to autoimmunity is further supported 
by a clustering study [ 90 ] which identifi ed a higher than expected prevalence of IBD 
in patients with familial MS and their fi rst degree relatives, noting a common variant 
of the CTLA4 (cytotoxic T-lymphocyte-antigen 4) gene in the families involved. 

 It is being increasingly postulated that the gut microfl ora plays an important 
role in the pathogenesis of systemic infl ammatory diseases including MS and IBD 
[ 2 ,  114 ]. Alteration of gut fl ora via oral administration of antibiotics ameliorates 
infl ammatory activity in the mouse model of MS, experimental autoimmune 
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encephalomyelitis (EAE) [ 115 ]. Similarly, microbe-directed treatments including 
faecal transplantation have shown potential in the treatment of IBD, although fur-
ther study and clinical trials are warranted [ 116 ]. 

 Vitamin D has been identifi ed as an important modulator in the adaptive and 
innate immune response [ 117 ]. Vitamin D promotes T regulatory cell function [ 118 ] 
and regulates MHC class II gene expression [ 119 ] in MS, and its defi ciency is 
regarded as an environmental risk factor in the development of MS [ 120 ]. Vitamin 
D stimulates the expression of the NOD2/CARD15/IBD1 gene, a susceptibility 
gene for CD [ 121 ], and its defi ciency correlates with a higher risk of CD [ 122 ]. 

 Extra-intestinal manifestations of IBD are commonly reported, potentially aris-
ing from intestinal dysfunction (e.g. nutritional defi ciencies), complications from 
immunotherapy or other autoimmune diseases not directly linked to IBD, for exam-
ple, systemic vasculitis, polymyositis and Sjogren’s syndrome [ 123 ]. Neurological 
conditions reported in IBD patients include peripheral neuropathies, myelopathy, 
myopathy, myasthenia gravis and cerebrovascular disease [ 124 ,  125 ].   

    Conclusion 

 Despite a clear acknowledgement of the risk of demyelination with TNFi therapy, a 
causal association remains unconfi rmed. IBD and MS share similar immunopatho-
genic characteristics, and the likelihood of co-occurrence may confound the risks 
associated with TNFi. The risk of CNS demyelination in IBD patients is estimated at 
over three times that of the general population [ 100 ]. However, the concerns about 
developing a demyelinating disorder with TNFi therapy are fully justifi ed. It is essen-
tial that patients are counselled on the risk of demyelination prior to commencement 
of treatment with TNFi agents and that treatment is avoided in those with suspected 
or a known diagnosis or of MS.     
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