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Abstract
Tumor necrosis factor (TNF) inhibitors are increasingly used in treatment of rheumatoid arthritis (RA), ankylosing spondylitis, psoriatic arthritis, and inflammatory bowel diseases including Crohn's disease and ulcerative colitis. Rarely, anti-TNF therapy is associated with neurological complications, including both central and peripheral nervous system disorders. To the best of our knowledge, only one case of infliximab-associated multifocal motor neuropathy with conduction block in a patient with spondyloarthropathy has been reported to date in Korea. Here, we report on the case of a 58-year-old Korean woman affected by RA who developed multifocal motor neuropathy after infliximab treatment.
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INTRODUCTION
Tumor necrosis factor (TNF), an inflammatory cytokine originating from T lymphocytes and macrophages, plays an important role in the development and maintenance of rheumatoid arthritis (RA) [1]. TNF antagonists effectively treat several immune-mediated inflammatory diseases, such as RA, spondyloarthropathies, and inflammatory bowel disease. There are two classes of TNF antagonist: anti-TNF monoclonal antibodies (infliximab, adalimumab, and golimumab) and soluble TNF receptor-Fc fusion proteins (etanercept) [2]. The adverse effects of anti-TNF therapy are well known and include injection/infusion reactions, infection (e.g., tuberculosis), vasculitis, congestive heart failure, malignancy, and pancytopenia [3]. Additionally, neurological adverse events after anti-TNF therapies can develop in both the central nervous system (e.g., multiple sclerosis, optic neuritis, and acute transverse myelitis) and peripheral nervous system (e.g., Guillain-Barré syndrome, Miller Fisher syndrome, chronic inflammatory demyelinating polyneuropathy, mononeuritis multiplex, axonal sensorimotor polyneuropathy, and multifocal motor neuropathy with conduction block [MMNCB]) [4].
Multifocal motor neuropathy (MMN) is a rare, slowly progressive, inflammatory neuropathy that involves asymmetric weakness of a distal limb without sensory involvement [5]. Several cases of MMNCB associated with TNF antagonists have been reported worldwide, but only one case of MMNCB has been reported in Korea, which developed during infliximab treatment of ankylosing spondylitis [6]. We here describe a 58-year-old Korean woman with RA who developed MMNCB after treatment with infliximab.

CASE REPORT
A 58-year-old woman presented with progressive weakness and a tingling sensation in both hands and legs for 5 months. She complained that it was difficult to climb stairs and elevate her legs as well as handle chopsticks and fasten the buttons. Before coming to our medical center, she had been diagnosed with seropositive RA 10 years previously and commeced treatment with methotrexate and low-dose steroids 5 years prior. Four years previously, she underwent surgery due to spondylolisthesis. After this operation, she denied all of neurologic symptoms such as weakness, sensory change, or radiating pain. For the past year, she had received infliximab infusion combined with methotrexate every 2 months to control RA activity. After six of these infusions, she developed progressive bilateral weakness of the legs and hands. 
On examination, her body temperature was 37.0℃ and her blood pressure and pulse rate were 121/81 mmHg and 77 beats per minutes. Her respiration appeared normal with a respiratory rate of 18 breaths per minute. On neurological examination, first dorsal interosseus, thenar, and hypothenar muscle atrophies were present in both hands without fasciculation. She had bilateral arm weakness that was slightly worse in the right arm. The proximal and distal muscle powers of her arms were Medical Research Council (MRC) grade 4+ and 3, respectively. Finger flexion was MRC grade 4 on the left and the right, and finger spread and thumb abduction were MRC grade 3+ on the right and MRC grade 4 on the left. Additionally, she had bilateral leg weakness with proximal and distal muscle powers of MRC grade 4+ and 4. The sensation in both arms was normal. The vibration and position sense of both legs were almost normal. The pinprick sensation of both legs was decreased, below the L1 level in the right leg and below the knee in the left leg. There were no pathologic reflexes.
Complete blood counts were normal with white blood cell count of 6,400/µL (neutrophils 75.7%, lymphocytes 15.3%, and monocytes 8%), hemoglobin level of 11.0 g/dL, and platelet count of 297,000/µL. Her C-reactive protein was normal at 0.34 mg/dL (reference range 0 to 0.5 mg/dL) but her erythrocyte sedimentation rate was elevated at 57 mm/h (reference range 0 to 20 mm/h). Other laboratory test results, including renal and liver function tests, blood electrolyte levels, coagulation tests, serum B12, and folate were normal. Serum anti-MAG antibody and anti-ganglioside antibodies, such as anti-GM1, anti-GQ1b, and GD1b, were negative. There was no monoclonal band on protein electrophoresis. Routine screening tests for hepatitis, cryoglobulinemia, thyroid tests, and antinuclear antibody were negative. A genetic study of hereditary neuropathy with liability to pressure palsy was negative. Paraneoplastic antibodies were negative. Rheumatoid factor was 133.0 IU/mL (reference range 0 to 15 IU/mL) and anti-cyclic citrullinated peptide antibody was positive (25 U/mL) (reference range <7.0 U/mL).
Nerve conduction studies showed the presence of definite conduction block in the bilateral median and left radial nerves (Figure 1). A significant decrease in motor conduction velocity was evident in both the median nerves. Sensory conduction studies of the bilateral median, radial, ulnar and sural nerves were unremarkable. Additionally, brain magnetic resonance imaging was normal. Based on the neurologic data, she was diagnosed with MMNCB following treatment with infliximab. This therapy with infliximab was thus discontinued and intravenous immunoglobulin (IVIG), 400 mg/kg daily, for 5 days was immediately started. Three months after IVIG infusion, her muscle weakness was neither progressive nor improved and follow-up nerve conduction studies showed no interval change compared with the previous study (Figure 2).
[image: Figure F1 ]Figure 1
Motor nerve conduction studies of bilateral median (A, B) and radial (C, D) nerves during the first examination of the study patient, performed several months after symptom onset. It is notable that in panels A and B, the muscle responses after stimulation at the axilla and elbow (arrows) were reduced in amplitude and area by 50% compared with those after a more distal stimulation at the wrist. In panel C, muscle responses after stimulation at the spinal groove and axilla (arrows) showed a 50% reduction in amplitude and area as compared with those after more distal stimulation at the forearm. These findings are in accordance with the definition of a focal motor conduction block across that nerve segment. On the other hand, in panel D, it was evident that the muscle responses after stimulation at the spinal groove and axilla were less than 50% reduced in amplitue and area as compared with those after more distal stimulation at the forearm. NCV: nerve conduction velocity, O: onset, P: peak, T: threshold.


[image: Figure F2 ]Figure 2
Three months after stopping infliximab, the conduction blocks of the bilateral median nerves (A, B) showed no interval change compared with the previous motor nerve conduction studies. In panel C, muscle responses after stimulation at the axilla (arrow) were 50% reduced in amplitude and area as compared with those after more distal stimulation at the wrist. O: onset, P: peak, T: threshold.


Three months after discontinuing infliximab treatment, she suffered hand arthralgia again and swelling and tenderness of both wrists and both hand proximal interphalangeal joints were identified. A 125 mg subcutaneous injection of abatacept was then started. While considering an evaluation of treatment, she decided to receive follow-up evaluations at a hospital nearer her home and she was transferred to that facility.

DISCUSSION
There have been several reports of adverse neurological events associated with anti-TNF therapy and there are several theories on the mechanism of anti-TNF therapy-induced neuropathy. Anti-TNF therapy decreases the regression of myelin-specific T-cell reactivity because TNF-α inhibits T-cell reactivity to autoantigens. The prolonged survival of activated T-cells increases cytokine production. By interrupting the equilibrium of the immune system, these immunoregulatory changes can lead to neuropathy [5]. Other reports of immunoregulatory changes related to anti-TNF therapy include increased antigen-presenting cell function and T-cell signaling that lead to an attendant increased production of either Th1 or Th2 cytokines in cavities that restrict the entrance of these agents [7]. Other theories to explain the adverse effect of anti-TNF therapy are either an ischemic mechanism or vasculitis. Vasculitis after anti-TNF therapy is induced by the immune complex deposits on the walls of small blood vessels [2]. Various mechanisms for this have been suggested, and these remain the subject of speculation and debate with no consensus as yet.
Solomon et al. [8] reported previously that etanercept, a soluble and dimeric fusion protein of the human p75 TNF receptor linked to the Fc portion of human immunoglobulin (Ig)G1, is associated with most cases of central nervous system syndromes, whereas a smaller number of central neurological complications were related to adalimumab and infliximab, an anti-TNF monoclonal. Interestingly, the cases in that series treated with infliximab were mostly related to optic neuritis and neuromuscular syndromes such as MMNCB.
According to previous reports of anti-TNF agents-related MMNCB cases, most MMNCB patients were treated with infliximab, except for only one case that was treated with both infliximab and etanercept (Table 1) [6, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19]. This is consistent with the treatment profile in the case series described by Solomon et al. [8]. It is unclear why MMNCB is mainly associated with infliximab therapy and further studies are needed to confirm these findings. As indicated by Table 1, anti-TNF agents were immediately stopped after MMNCB diagnosis in most previous cases. In addition, some of these patients were treated with IVIG, high-dose methylprednisolone, or plasma exchange. Regardless of the additional management approach, most previous MMNCB patients showed improvement in their symptoms after the discontinuation of anti-TNF agent therapies.
Table 1
Published cases of multifocal motor neuropathy with conduction block occurring after anti-TNF treatment		Singer et al. [9]	Cocito et al. [10]	Rodriguez-Escalera et al. [11]	Tektonidou et al. [12]	Fardet et al. [13]	Lozeron et al. [14]	Paolazzi et al. [15]	Carrilho et al. [16]	Theibich et al. [17]	Kim et al. [6]	Fernández-Menéndez et al. [18]
	No.of patients	2 (2)*	1	1	1 (2)*	1 (7)*	1 (5)*	1	1	1 (6)*	1	1
	age/sex	28/F (A); 45/F (B)	40/F	34/F	60/M	39/M	45/M	54/M	64/F	57/M	49/F	24/M
	Underlying disease	CD (A); collagenous colitis and seronegative arthritis (B)	RA	Symmetric polyarthritis	RA	HS	PsA	AS	CD	PsA	AS	CD
	Predisposing anti-TNF agents	Infliximab	Infliximab	Infliximab	Infliximab	Infliximab	Infliximab; etanercept	Infliximab	Infliximab	Infliximab	Infliximab	Infliximab
	Type of Predominantly	Predominantly motor neuropathy with CB†	MMNCB	MMNCB	MMNCB	MMNCB	MMNCB†	MMNCB	MMNCB	MMNCB	MMNCB	MMN-like disease
	Duration from symptoms to active management	Less than 3 wk (A); about 4 mo (B)	4 mo	Not described	Not described	Not described	4 wk	11 mo	Not described	Not described	Not described	About 2 mo
	Treatment for neuropathy	HD IV MP (A); none (B)	IVIG	IVIG	IVIG	Not described	IVIG; secondarily IVIG+PE	None	None	None	None	IVIG
	Duration of follow-up after treatment termination	5 wk (A); 3 mo (B)	13 mo	6 mo	4 mo	Not described	3 mo	10 mo	6 mo	Not described	3 mo	5 mo
	Improvement	Partial (A); marked (B)	Marked	Complete	Complete	Not described	Complete	Marked	Marked	No further progression	Marked	Marked

AS: ankylosing spondylitis, CB: conduction block, CD: Crohn's disease, F: female, HS: hidradenitis suppurativa, IVIG: intravenous immunoglobulin, HD IV MP: high dose intravenous methylprednisolone (1g/d, 3 days), M: male, MMN: multifocal motor neuropathy, MMNCB: multifocal motor neuropathy with conduction block, ND: not determined, PE: plasma exchange, PsA: psoriatic arthritis, RA:rheumatoid arthritis, TNF: tumor necrosis factor. *Number in parentheses is the total number of patients who are reported in the case. †Three cases were considered to represent acute MMN [19].




Our current patient showed slow, stepwise, progressive, and asymmetric limb weakness for several months after infliximab therapy. A nerve conduction study and electromyogram revealed a motor conduction block in this patient with normal sensory nerve conduction in the arms segments. These findings indicated MMN, according to established diagnostic criteria [5]. Although caution should be used when making a causal connection between anti-TNF agents and MMNCB, infliximab-induced MMNCB could be considered a possibility based on proposed criteria [20] i.e., temporal association (the cardinal symptoms/signs occurred after exposure to TNF antagonists); lack of likely alternative explanations (clinical manifestation and diagnostic evaluations, including the absence of IgM anti-GM1 antibodies and nerve conduction study results matching MMNCB); biologic plausibility (anti-TNF agents block a cytokine playing a crucial role in many aspects of the immune system); analogy (there are prior published reports); and specificity (the defining symptoms and laboratory findings of the disorder are the same as those seen in previous cases).
There is no the definite treatment for this complication [21]. However, permanent weakness and disability in patients with MMN are determined by the duration without IVIG treatment and the amount of axon loss [21]. Therefore, early recognition of MMN and its proper treatment is very important. If a patient with anti-TNF therapy presents new or unusual neurological symptom, physicians should consider adverse events and the discontinuance of anti-TNF agents, proper evaluation, and a treatment such as IVIG.

SUMMARY
We report a case of infliximab-induced MMN in a patient with RA. Patients who treated with anti-TNF agents should be monitored for signs and symptoms of neurological disease associated with anti-TNF therapy.
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[image: Figure F1 ]Figure 1

Motor nerve conduction studies of bilateral median (A, B) and radial (C, D) nerves during the first examination of the study patient, performed several months after symptom onset. It is notable that in panels A and B, the muscle responses after stimulation at the axilla and elbow (arrows) were reduced in amplitude and area by 50% compared with those after a more distal stimulation at the wrist. In panel C, muscle responses after stimulation at the spinal groove and axilla (arrows) showed a 50% reduction in amplitude and area as compared with those after more distal stimulation at the forearm. These findings are in accordance with the definition of a focal motor conduction block across that nerve segment. On the other hand, in panel D, it was evident that the muscle responses after stimulation at the spinal groove and axilla were less than 50% reduced in amplitue and area as compared with those after more distal stimulation at the forearm. NCV: nerve conduction velocity, O: onset, P: peak, T: threshold.
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Three months after stopping infliximab, the conduction blocks of the bilateral median nerves (A, B) showed no interval change compared with the previous motor nerve conduction studies. In panel C, muscle responses after stimulation at the axilla (arrow) were 50% reduced in amplitude and area as compared with those after more distal stimulation at the wrist. O: onset, P: peak, T: threshold.
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Table 1

Published cases of multifocal motor neuropathy with conduction block occurring after anti-TNF treatment		Singer et al. [9]	Cocito et al. [10]	Rodriguez-Escalera et al. [11]	Tektonidou et al. [12]	Fardet et al. [13]	Lozeron et al. [14]	Paolazzi et al. [15]	Carrilho et al. [16]	Theibich et al. [17]	Kim et al. [6]	Fernández-Menéndez et al. [18]
	No.of patients	2 (2)*	1	1	1 (2)*	1 (7)*	1 (5)*	1	1	1 (6)*	1	1
	age/sex	28/F (A); 45/F (B)	40/F	34/F	60/M	39/M	45/M	54/M	64/F	57/M	49/F	24/M
	Underlying disease	CD (A); collagenous colitis and seronegative arthritis (B)	RA	Symmetric polyarthritis	RA	HS	PsA	AS	CD	PsA	AS	CD
	Predisposing anti-TNF agents	Infliximab	Infliximab	Infliximab	Infliximab	Infliximab	Infliximab; etanercept	Infliximab	Infliximab	Infliximab	Infliximab	Infliximab
	Type of Predominantly	Predominantly motor neuropathy with CB†	MMNCB	MMNCB	MMNCB	MMNCB	MMNCB†	MMNCB	MMNCB	MMNCB	MMNCB	MMN-like disease
	Duration from symptoms to active management	Less than 3 wk (A); about 4 mo (B)	4 mo	Not described	Not described	Not described	4 wk	11 mo	Not described	Not described	Not described	About 2 mo
	Treatment for neuropathy	HD IV MP (A); none (B)	IVIG	IVIG	IVIG	Not described	IVIG; secondarily IVIG+PE	None	None	None	None	IVIG
	Duration of follow-up after treatment termination	5 wk (A); 3 mo (B)	13 mo	6 mo	4 mo	Not described	3 mo	10 mo	6 mo	Not described	3 mo	5 mo
	Improvement	Partial (A); marked (B)	Marked	Complete	Complete	Not described	Complete	Marked	Marked	No further progression	Marked	Marked

AS: ankylosing spondylitis, CB: conduction block, CD: Crohn's disease, F: female, HS: hidradenitis suppurativa, IVIG: intravenous immunoglobulin, HD IV MP: high dose intravenous methylprednisolone (1g/d, 3 days), M: male, MMN: multifocal motor neuropathy, MMNCB: multifocal motor neuropathy with conduction block, ND: not determined, PE: plasma exchange, PsA: psoriatic arthritis, RA:rheumatoid arthritis, TNF: tumor necrosis factor. *Number in parentheses is the total number of patients who are reported in the case. †Three cases were considered to represent acute MMN [19].
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