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Introduction

Patients with tuberculosis may develop paradoxical reaction (PR) while on anti-tuberculosis treatment, especially those with neuromeningeal tuberculosis. The pathway of PR is close to the immune reconstitution inflammatory syndrome (IRIS), primarily reported in immunocompromised HIV-infected patients when they start antiretrovirals (ARV), or in patients with iatrogenic immunosuppression, when their immunosuppressive treatment is interrupted: Both PR and IRIS imply an exacerbated immune response to infectious antigens. Diagnostic criteria, [START_REF] Shelburne | Immune Reconstitution Inflammatory Syndrome: Emergence of a Unique Syndrome During Highly Active Antiretroviral Therapy[END_REF] and guidelines for management have been proposed. [START_REF]Guidelines for the management of people living with HIV in Europe V.11[END_REF][START_REF]Service Delivery and Monitoring: Recommendations for a Public Health Approach[END_REF] In HIV-infected patients IRIS occur in 8-45% of patients, with a median delay of two weeks after ARV start. [START_REF]Groupe des experts[END_REF] Most experts recommend symptomatic treatment for non-severe tuberculosis-related PR and IRIS (ie, not life-threatening, no neurological manifestation), and high-dose corticosteroids as first-line treatment otherwise. [START_REF] Breton | Treatment for tuberculosis-associated immune reconstitution inflammatory syndrome in 34 HIVinfected patients[END_REF][START_REF] Meintjes | Randomized placebo-controlled trial of prednisone for paradoxical tuberculosisassociated immune reconstitution inflammatory syndrome[END_REF] When this first-line treatment fails, or in patients who relapse during corticosteroids doses tapering, TNF-α antagonists may be considered as salvage treatment, given the primary role of TNF-α in the immune response to tuberculosis, despite the fear that it may jeopardize the control of tuberculosis. We report four cases of TNF-α antagonists use for severe PR or IRIS and performed a systematic literature review to better characterize their efficacy and tolerability in this indication.

Methods

Rennes University Hospital is a 1800-bed referral centre for complex tuberculosis in western France (population catchment area, 1 million inhabitants). We extracted all cases of tuberculosis disease managed between 2010 and 2020 in adults from a computerized database. Among the unpublished case from La Réunion island, a French oversea territory in Indian Ocean. Data were collected from medical files on a standardized questionnaire, and anonymized in line with the French regulation for data collection. All patients provided informed consent. Data collected included demographics, comorbidities with a special focus on immunosuppressive diseases and treatments, the characteristics and the management of tuberculosis and tuberculosis-related PR or IRIS, and the outcome.

We performed a systematic literature review, on PUBMED (NCBI databases) looking for any case of tuberculosis-related PR or IRIS treated by TNF-α antagonists. Pediatric cases (age <18 years) were excluded. Patients treated with TNF-α antagonists before tuberculosis and who developed IRIS following discontinuation of TNF-α antagonists were included if TNF-α antagonists were reintroduced as a treatment of tuberculosis-related IRIS. The search strategy used the following terms: "IMMUNE RECONSTITUTION INFLAMMATORY SYNDROME" OR "PARADOXICAL REACTION."; "TUBERCULOSIS" OR "MYCOBACTERIUM TUBERCULOSIS"; " TNF-α INHIBITORS" OR " TNF-α ANTAGONIST" OR "INFLIXIMAB" OR "ADALIMUMAB" OR "ETANERCEPT" OR "THALIDOMIDE". We also reviewed the citations of main articles to identify additional cases.

Qualitative data are reported as numbers (%), and quantitative data as medians [interquartile range].

Results

Case reports

Case 1: A 33-year-old HIV-negative woman who grew up in Cambodia presented with weight loss, fever, dyspnea and confusion. Chest CT scan revealed apical lung mass, and respiratory samples yielded multi-susceptible Mycobacterium tuberculosis. Brain magnetic resonance imaging (MRI) studies showed thickening of the meninges. On cerebrospinal fluid (CSF) analysis, white cells count was 160/mm 3 (98% lymphocytes), protein 2.25 g/L, glucose 3.3 mmol/L (glycemia, 5.7 mmol/L), with a positive PCR for M. tuberculosis. Isoniazid, rifampicin, and pyrazinamide were started along with prednisolone, 1 mg/kg/day during 4 weeks, and the confusion resolved within the first week. On week 5, while prednisolone dose was tapered to 0.75 mg/kg/day, confusion relapsed. Brain MRI found a non-communicating hydrocephalus, with brain vasculitis. We performed a ventriculo-peritoneal shunt (VPS) with septostomy, and she received a three-day course of high-dose dexamethasone, followed by prednisolone 1 mg/kg/day. Her neurological status did not return to normal with cognitive disorders, and motor deficit of the left lower limb. Control MRI at 3 months revealed cerebral and medullar tuberculomas with perilesional edema (Figure 1). We introduced thalidomide (50 mg t.i.d.) for two months, with an additional three-day course of high-dose dexamethasone, again followed by prednisolone 1 mg/kg/day, and she gradually improved. Five months later, when prednisolone dose was tapered to 0.75 mg/kg/day, the left lower limb motor deficit reappeared, and MRI revealed worsening of brain and medullar lesions. Intravenous infliximab was started (10 mg/kg every month during 3 months), and she dramatically improved, clinically and on imaging studies, which allowed to prednisolone dose tapering to 0.25 mg/kg/day. Two months after the third perfusion of infliximab, a ptosis appeared and brain MRI revealed worsening of brain lesions with perilesional edema. Prednisolone was increased to 1 mg/kg/day and infliximab monthly infusions (10 mg/kg) were restarted, for an additional 6 months.

Prednisolone was tapered to 5 mg/day. Five months after the last injection, clinical condition and MRI had dramatically improved. Prednisolone was slowly tapered and stopped 2 months after. Five years later, she remained with mild neurological sequels.

Case 2: A 27-year-old HIV-negative man who grew up in Guinea was admitted with fever, headache, confusion, and orchitis. Brain imaging revealed non-communicating hydrocephalus.

On CSF analysis, white cells count was 860/mm 3 (80% lymphocytes), protein 3.76 g/L, glucose 0.96 mmol/L (glycemia, 5.8 mmol/L), and tests for tuberculosis on CSF, including PCR and cultures, returned negative. Biopsy of the epididymis yielded pan-susceptible M. tuberculosis.

We performed ventriculo-septostomy with VPS, and started isoniazid, rifampicin, pyrazinamide, and prednisolone, 1 mg/kg/day. He gradually improved, and prednisolone was tapered during the second month (daily dose decreased by 25% every week), and stopped after 2 months. After 6 months, he developed left hemiparesis. MRI revealed one cerebellar and one extra-axial tuberculoma with brainstem compression (Figure 2). We started high dose dexamethasone, followed by 3 monthly intravenous infusions of infliximab (10 mg/kg) along with prednisolone, 1 mg/kg/day during one month, followed by slow tapering (10% decrease every week). The patient gradually improved, with no sequelae at a follow-up of 3 years after all treatments were stopped.

Case 3: A 26-year-old HIV-negative woman who grew up in Serbia was admitted for asthenia, night sweats, fever, and blurred vision, while she was pregnant (13 weeks). Her past medical history was remarkable for severe Crohn disease, treated by adalimumab and prednisolone.

Respiratory samples yielded pan-susceptible M. tuberculosis. Ophthalmologic examination was suggestive of tuberculosis-related uveitis. We started isoniazid, rifampicin, pyrazinamide, and prednisolone (1 mg/kg/day during one month, with gradual tapering by 25% each week during the second month), and adalimumab was stopped. She dramatically improved and the pregnancy went well, but 17 days after delivery, she presented abdominal pain, contracture, fever and hypotension. She underwent emergency laparotomy which revealed granulomatous peritonitis. Per-operative and respiratory samples tested negative for tuberculosis by PCR and cultures. She spontaneously improved and was diagnosed with post-pregnancy IRIS. Six months later, she developed enlarged supraclavicular lymph nodes with a 37 mm presternal mass on CT scan (Figure 3). Biopsy of the presternal mass revealed necrotizing epithelioid granulomas with acid-fast bacilli after Ziehl-Neelsen stain and positive tuberculosis PCR, but negative cultures. As the patient presented no complaint, and the investigations were suggestive of IRIS, she received no treatment. Three years later, she developed enlargement of cervical and supraclavicular lymph nodes. CT scan revealed multiple collections (cervical, thoracic, pleural, peritoneal, hepatic). Test for tuberculosis on respiratory samples returned negative, and lymph nodes returned to normal. Six months later (i.e., 4.5 years after the end of antituberculosis treatment), cervical lymph nodes increased again, with the reappearance of the pre-sternal mass.

PCR test for tuberculosis was still positive on a biopsy, with no genetic resistance to isoniazid and rifampicin. In line with the patient wish, we restarted isoniazid, rifampicin, pyrazinamide, associated with three monthly infusions of infliximab (5 mg/kg). She completed a 6-month course of antituberculosis treatment, but enlarged lymph nodes and the presternal mass remained stable at one year, still asymptomatic.

Case 4: A 61-year-old HIV-negative woman, who grew up in Mayotte, was admitted for fever, weight loss, and dyspnea. Her past medical history was remarkable for meningeal bleeding following ruptured brain aneurysm, complicated by hydrocephalus treated by a VPS. Chest radiography and CT scan on admission revealed unilateral moderate pleural effusion, with lymphocytic and exudative pleural fluid (3900 white cells/mm 3 with 69% lymphocytes, protein 45 g/L). Respiratory samples and pleural fluid tested negative for tuberculosis on microscopic examination and cultures. Four months later, she complained of abdominal pain. CT scan revealed a 10 cm-abdominal collection encompassing the VPS tip. The collection was percutaneously drained, and microbiological tests, including tests for tuberculosis, returned negative. The collection relapsed, and required surgical resection 8 months later. Histological studies of the collection wall revealed necrotizing giganto-cellular epithelioid granuloma suggestive of tuberculosis, but microscopic examination and cultures for tuberculosis returned negative. Two months later, she was readmitted for fever and status epilepticus. On CSF analysis, white cells count was 1100/mm 3 (91% lymphocytes), protein 6 g/L, glucose 2.9 mmol/L (glycemia, 9.6 mmol/L), but all tests for tuberculosis on CSF, including PCR and cultures, returned negative. Brain MRI showed hydrocephalus and vasculitis, VPS was replaced by external ventricular catheter, followed by a ventriculoatrial shunt (VAS). Finally, PCR test for tuberculosis retrospectively performed from the granulomatous abdominal collection wall returned positive. She was treated with isoniazid, rifampicin, pyrazinamide, ethambutol and moxifloxacin, associated with intravenous dexamethasone, 10 mg x 4/day, and her neurological status improved. Every attempt to decrease corticosteroids was followed by deterioration of her neurological status associated with worsening of brain imaging and CSF analysis. She received 3 injections of infliximab (5 mg/kg every 2 weeks), and dramatically improved, clinically, on CSF analysis, and on imaging studies. She was transferred to a rehabilitation department.

Literature review

Our literature review identified 16 reports of tuberculosis-related PR or IRIS treated by TNF-α antagonists, with a total of 20 cases reported. The characteristics of these cases, merged with the 4 reported above, are presented in Tables 1 and2. They were 14 women (including two pregnant women), and 10 men, with a median age of 36 years [28-52]. Twelve were immunocompromised before tuberculosis diagnosis: Six were HIV-infected, all uncontrolled (median CD4 count, 67/mm 3 [30-121]), mostly because HIV infection was diagnosed as the same time as tuberculosis (n=4). Six additional patients were immunocompromised due to immunosuppressive treatment: Five were on TNF-α antagonists for rheumatic diseases (n=3), or Crohn disease (n=2), and one on tacrolimus for sarcoidosis.

Tuberculosis was mostly neuromeningeal (n=15), pulmonary (n=10), lymph node (n=6), and miliary (n=6), multi-susceptible in all cases tested (23/23). Treatment included isoniazid, rifampicin, pyrazinamide, and ethambutol in all cases, in addition to moxifloxacin in 4 cases, and corticosteroids in 16 cases. Overall, PR or IRIS started after a median time of 6 weeks [4-9] following anti-tuberculosis treatment start. More precisely, the median time from tuberculosis treatment start to PR onset was 4 weeks [4-7] in immunocompetent patients, mostly (9/12, 75%) during corticosteroids tapering. In untreated HIV-infected patients, median time from ARV start to IRIS onset was 2 weeks [2-2]. For patients previously on TNF-α antagonist, median time from TNF-α antagonist discontinuation to IRIS onset was 3 months [2-3].

PR or IRIS included tuberculomas (n=11), cerebral vasculitis (n=8), lymph nodes enlargement (n=6), hydrocephalus (n=5), meningitis (n=3), arthritis (n=2), spondylodiscitis, brain abscess, pneumonia, lung nodules, lung abscess, chylothorax, peritonitis, and kidney granuloma (one patient each). First-line treatment of PR or IRIS was high-dose corticosteroids in 23 cases: dexamethasone (n=10), methylprednisolone (n=4), prednisone (n=4), prednisolone (n=3), or not specified (n=2). TNF-α antagonists were used as second-line treatment for PR or IRIS in all cases, with infliximab (n=17), thalidomide (n=6), and adalimumab (n=3), with heterogenous regimens in terms of doses and intervals. All patients improved clinically, and 20/24 (83%) improved on follow-up imaging studies: MRI (n=16), CT (n=3), or PET scan (n=1). One patient died, for unrelated reason. Six patients had neurological sequelae, and four had TNF-α antagonist-related severe adverse events: peripheral neuropathy (thalidomide, n=3), and hypersensitivity (infliximab, n=1).

Discussion

The major findings of this case series and literature review on the use of TNF-α antagonists to control severe tuberculosis-related PR or IRIS are the followings: First, limited data are currently available, as we could only identify 20 cases through a systematic literature review.

Although this small number is certainly an underestimate, as most cases have probably not been reported in the literature, it reflects that use of TNF-α antagonists in this indication is probably rare, restricted to corticosteroid-resistant cases, or as corticosteroid-sparing regimen in case of corticosteroid-dependence. Second, CNS involvement is a key factor in the pathogenesis of severe PR or IRIS. Indeed, 15/24 patients (63%) developed severe PR or IRIS while they were treated for neuromeningeal tuberculosis, while the proportion of tuberculosis with CNS involvement is 2-4%. 7 In addition, CNS is also the primary site for severe PR or IRIS manifestations, with at least one CNS complication in 16/24 (67%) of cases, primarily tuberculomas (n=11), cerebral vasculitis (n=8), and hydrocephalus (n=5). Third, TNF-α antagonists were only prescribed as second-line treatment, after different regimens of corticosteroids, mostly for PR or IRIS of early onset (median time from tuberculosis treatment start, 6 weeks [IQR 4-9]). Fourth, infliximab was the main TNF-α antagonists in this indication (17/24, 71%), with a striking heterogeneity in terms of dose per injection (3 to 10 mg/kg), intervals (2 to 4 weeks), and total duration (1 day, 8 to 9 months). Fifth, despite TNF-α antagonists have been used as salvage treatment in the most complicated PR or IRIS, the outcome was good in most cases, with 100% rate of improvement, and good tolerability. This is particularly remarkable, given that 50% of patients (12/24) were immunocompromised prior to TNF-α antagonists start, and none experienced uncontrolled tuberculosis following TNF-α antagonists use for severe PR or IRIS. TNF-α is a pro-inflammatory and immunoregulatory cytokine, playing a major role in adaptive immunity against M. tuberculosis: it enhances the release of pro-inflammatory cytokines IL-1 and IL-6, stimulates phagocytosis by leukocytes, and recruits various immune cells around the infectious foci. In latent tuberculosis infection, TNF-α is of paramount importance for granulomas genesis, which allows to control M. tuberculosis replication and dissemination. This key role is illustrated by the disproportionate incidence of tuberculosis disease following initiation of TNF-α antagonists in patients with untreated latent tuberculosis infection. [START_REF] Zhang | Risk of tuberculosis in patients treated with TNF-α antagonists: a systematic review and meta-analysis of randomised controlled trials[END_REF] Conversely, PR and IRIS are characterized by an excess of pro-inflammatory cytokines (TNF-α, IL-1, IL-6), not compensated by anti-inflammatory cytokines (IL-10). [START_REF] Ravimohan | Robust Reconstitution of Tuberculosis-Specific Polyfunctional CD4+ T-Cell Responses and Rising Systemic Interleukin 6 in Paradoxical Tuberculosis-Associated Immune Reconstitution Inflammatory Syndrome[END_REF] This observation lead to the hypothesis that TNF-α antagonists would be appropriate to control corticoid-resistant PR or IRIS, with the benefit of selective action on the main cytokine involved, contrarily to the broad effect of corticosteroids on the immune system. However, the powerful and long-lasting effect of TNF-α antagonists may lead to the progression of tuberculosis due to the loss of TNF-α activity. The literature review is quite reassuring in this regard: Indeed, we did not identify a single case of uncontrolled tuberculosis associated with the use of TNF-α antagonists as salvage treatment of PR or IRIS.

Overall, the tolerability of TNF-α antagonists was good, with the notable exception of thalidomide. The incidence of severe adverse event was 5.9% (1/17) in patients treated with infliximab (hypersensitivity), as compared to 50% (3/6) in those treated with thalidomide (peripheral neuropathy). Of note thalidomide has been only used for the first cases, in our series (case #1) as well as in the literature, with no report of thalidomide use over the last 8 years in this indication. All recent cases received infliximab. The high risk of peripheral neuropathy, combined with the difficulty to detect this severe adverse event early due to the high prevalence of neurological impairment in these patients advocate against the use of thalidomide for severe PR or IRIS. We would recommend infliximab as the preferential TNF-α antagonist in this indication. The fact that most cases of PR and IRIS had a favourable outcome with a large heterogeneity of infliximab dose, and duration, suggests that PR and IRIS control does not necessarily requires high dose, or prolonged duration of infliximab. In our opinion, first-line treatment could be subcutaneous infliximab, 5 mg/kg at week 0, 2, and 6. A maintenance regimen (eg, 5 mg/kg every 8 weeks), may be indicated in the most severe or refractory cases.

This study has limitations, primarily due to study design, and limited sample size. As the study was retrospective and observational, we may have failed to collect important data, and several biases may have occurred. The follow-up was not standardized (median 12 months [12-12], range 6-144 months): Although we could collect data after at least 12 months of follow-up for 16/24 patients, we may have missed late relapses, or delayed adverse events related to TNFα antagonists. Finally, publication bias is of particular concern: Indeed, case reports are more likely to be submitted, and accepted for publication, when the outcome is favourable, which limits the interpretation of cumulative findings extracted from single case reports. However, our study -by far the largest to date -adds a brick in the wall by demonstrating that the use of TNF-α antagonists as salvage treatment for severe cortico-resistant PR or IRIS -primarily infliximab -has been associated with good outcomes in most cases, with 100% rate of improvement, good tolerability, and no emergence of uncontrolled tuberculosis disease. 
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Figure 1 .

 1 Figure 1. Case report #1: Evolution of cerebral and medullar lesions on infliximab. Sagittal and

Figure 2 .

 2 Figure 2. Case report #2: Evolution of cerebellar tuberculoma after 3 injections of infliximab.

Figure 3 .

 3 Figure 3. Case report #3: Chest and abdominal contrast-enhanced, axial CT scan. A five-year

Table 1 .

 1 Patients treated with TNF-α antagonists for severe paradoxical reaction or immune reconstitution inflammatory syndrome (case reports and literature review)

	Author, year	Sex, age	Immuno	Tuberculosis	TB	Time from	PR or IRIS	First line	TNF-α antagonists	Outcome	Follow-up,
		(years)	suppression	(TB) sites	treatment	treatment	Manifestations	corticosteroid			months
						to PR or					
						IRIS onset					
	Roberts, 2003	F, 23	No	Pulmonary,	IREP	ND	Tuberculoma, visual	Dexamethasone (dose	Thalidomid 50 mg bid	Improved, with	12
	[11]			CNS, lymph			pathway	not specified)	(duration not available)	sequelae	
				nodes			compression			(hemianopsia)	
	Roberts, 2003	F, 37	No	CNS	IREP	8 weeks	Tuberculoma, CNS	Dexamethasone (dose	Thalidomid 50 mg tid (9	Improved, but	9
	[11]						vasculitis	not specified)	months)	unrelated death	
										(stroke)	
	Blackmore,	F, 42	No	Miliary, CNS	IREP	4 weeks	Tuberculoma	Methylprednisolone 1	Infliximab 10 mg/kg/month	Improved, no	12
	2008 [12]							g/day	(3 months)	sequelae	
	Wallis, 2009	F, 29	Rheumatoid	Pulmonary	IREP	2 weeks	Severe pneumonia	Methylprednisolone 2	Adalimumab (restart)	Improved, no	ND
	[13]		arthritis					mg/kg/day		sequelae	
			(adalimumab)								
	O'Dowd,	M, 28	Crohn disease	Lymph nodes	IREP	8 weeks	Lymph nodes,	Prednisolone 40	Infliximab (restart)	Improved, no	12
	2011 [14]		(infliximab)				pulmonary abscess	mg/day		sequelae	
	Jorge, 2012	M, 20	Juvenile	Miliary, CNS	IREP,	12 weeks	Tuberculoma, CNS	Dexamethasone (dose	Infliximab (restart)	Improved, no	12
	[15]		idiopathic arthritis		MXF		vasculitis,	not specified)		sequelae	
			(infliximab)				hydrocephalus				
	Lee, 2012	M, 63	No	CNS	IREP	1 week	Meningitis,	Dexamethasone 20	Adalimumab 40 mg every 2	Improved, with	12
	[16]						hydrocephalus	mg/day	months (6 months)	sequelae	
										(cognitive)	
	Vandecasteele	M, 58	Rheumatic	Pulmonary,	IREP	12 weeks	CNS vasculitis	Dexamethasone 12	Infliximab (restart)	Improved, no	12
	, 2012 [17]		disease	lymph nodes				mg/day		sequelae	
			(infliximab)								
	Brunel, 2012	F, 19	HIV	ND	IREP	28 weeks	Lymph nodes,	Prednisone 2	Thalidomid 100 mg/day (14	Improved, no	12
	[18]						kidney granuloma	mg/kg/day	months)	sequelae	
	De La Riva,	F, 35	No	Pulmonary,	IREP	6 weeks	Tuberculoma	Dexamethasone (dose	Thalidomid 100 mg bid (8	Improved, with	12
	2013 [19]			CNS				not specified)	months)	sequelae (ataxia)	
	Fourcade,	F, 51	HIV	CNS	IREP	4 weeks	Tuberculoma,	Methylprednisolone 2	Thalidomid 100 mg/day,	Improved, no	ND
	2014 [20]						meningitis	mg/kg/day	then 50 mg/day (5 months)	sequelae	
	Richaud, 2015	M, 30	HIV	Lymph nodes	IREP,	6 weeks	Lymph nodes,	Corticosteroids	Infliximab 5 mg/kg/month	Improved, no	ND
	[21]				MXF		spondylo-discitis	(molecule and dose	(6 months)	sequelae	
								not specified)			
	Molton, 2015	F, 60	No	CNS	IREP	4 weeks	CNS vasculitis,	Dexamethasone	Infliximab 10 mg/kg/month	Improved, with	12
	[22]						brain abscesses	(dose not specified)	(3 months)	sequelae	
										(cognitive)	
	Molton, 2015	F, 32	No	Miliary, CNS,	IREP	4 weeks	Tuberculoma,	Prednisolone 60	Infliximab 5 mg/kg/2 weeks	Improved, no	
	[22]			laryngeal			hydrocephalus	mg/day	(2 months)	sequelae	

Table 2 .

 2 Paradoxical reaction and immune reconstitution inflammatory syndrome One patient had infliximab then adalimumab; one had thalidomide then infliximab; ** cognitive disorders (n=2), paralysis of common oculomotor nerve and paresis of left lower limb (one patient), deafness, hemianopsia, ataxia (one patient each). One patient with missing data because still in early rehabilitation.

	* missing data; £ Others: abdominal (n=2), ocular, genital, laryngeal, articular (one patient each); §
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