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Stopping Biologics in IBD-What Is the Evidence?
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Abstract
Biologic treatments have revolutionized the way we treat inflammatory bowel disease patients (IBD). Anti-tumor necrosis factor (anti-TNF) antibodies are superior to conventional therapies to achieve sustained remission without steroids and mucosal healing. The objective of IBD treatment has evolved from symptom alleviation to a combination of absence of symptoms and intestinal healing. Nevertheless, biologics are expensive and are associated with an increased risk of infections and possibly skin cancers. Therefore, the duration of these treatments may be questioned, and stopping them may be contemplated by some patients and clinicians, while it is sometimes even imposed by some jurisdictions across the world. In the present paper, I highlight the recent literature about outcomes after biologics withdrawal, patients' profiles associated with these outcomes, monitoring after withdrawal, and results of retreatment. We also introduce the concept of biologic treatment cycles in IBD.
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INTRODUCTION
Biologics have revolutionized the way we treat inflammatory bowel disease (IBD) patients. Their ability to induce sustained remission and mucosal healing is superior to the conventional therapies, including immunomodulators.1-3 They have changed our conception of what can be achieved as a therapeutic objective. We have thus gone from treating to alleviate symptoms to treating to normalize quality of life and induce intestinal healing to prevent the development of complications and the need for surgical resection. This has recently been very well formalized in the treat-to-target concept, which probably currently represents the best treatment strategy for IBD.4 However, biologics can't cure IBD, and therefore continuous treatment has been the rule to avoid relapse and disease progression. Particularly, on-demand treatment, which was first tried with anti-tumor necrosis factor (anti-TNF) in the late 90s, proved to be ineffective and even deleterious for the patients through the appearance of anti-drug antibodies (ADAs) in a significant proportion of patients, leading to acute infusion reaction and loss of response.5 In this setting, we may ask ourselves what would be the rationale to contemplate stopping this kind of therapy. A comparison is often made with other chronic diseases, like diabetes or hypertension, where stopping therapy would never be considered. The aim of this review is to highlight recent literature emphasizing the potential consequences of long-term biologic treatment, including the risk of side effects, costs, disease evolution after biologic withdrawal, subgroup analyses indicating some low-risk and high-risk populations, and response to resuming biologic therapy. Finally, from this bulk of evidence may emerge the concept of cycles of biologic treatment aimed at a timely but time-limited use of biologics still compatible with a sustained steroid-free remission and absence of tissue damage progression. Very few data are available for biologics other than anti-TNF, and our review will mainly focus on anti-TNF. We are not considering here the situations where there is an obvious lack of efficacy and benefit for the patients or where treatment intolerance or toxicity should prompt treatment cessation.
ACHIEVEMENTS OF BIOLOGICS IN IBD
Biologics are superior to placebo to induce and maintain remission in IBD refractory to conventional therapies, including immunomodulators.1-3 They have shown an ability to heal the intestinal mucosa and to decrease the risk of surgery and hospitalization.6,7 They also improve quality of life and are associated with an increased ability to perform professional and everyday life activities.8 
They are usually well tolerated, and the majority of patients don't experience any relevant side effects. Prospective and retrospective studies have shown a superior efficacy compared with immunomodulators for all these end points. 
Biologics are also nowadays considered safer, particularly than purine analogues, for which a significant increase in the risk of cutaneous and urinary tract cancers and lymphomas has consistently been reported.9,10 Thus it seems that today biologic treatments fit best with the concept of treat-to-target and are most appropriate to achieve sustained remission without steroids and decrease or suppress tissue damage progression, which is the priority in IBD.
REASONS FOR WITHDRAWAL
Biologics also have some drawbacks, and these drawbacks may call for withdrawal despite the assets described here above. These drawbacks may be categorized in different classes: patients' preferences and perception, biology of the disease and loss of response, side effects and risks, and finally costs.
Very few data are available on patient preference regarding withdrawal or continuation of biologic therapy. This is a field where specific studies are awaited. We can only analyze indirect evidence or generalities about treatment perception by patients suffering from chronic diseases. Adherence to long-term treatment in chronic disease is usually weak.11,12 Although adherence rate may be influenced by some demographic and sociologic characteristics, it is thought to be mainly governed by a balance between perceived need for therapy and fear about toxicity13 In a patient who has been in mid- long-term remission under a biologic treatment, the perceived need may decrease while the fear for toxicity may increase, leading to a trend to stop therapy. Even if patients' education may help to decrease this trend, it will not completely disappear. The need to go to the hospital or to an infusion clinic or even the need to inject a drug subcutaneously may reinforce this trend, although recent data have suggested higher adherence to injectable biologic therapy compared with oral immunomodulators in IBD, potentially linked to a higher perceived need with biologics.14
The impact of biologics on the biology of the disease process and the pathways of inflammation has not been adequately studied. Nevertheless, a change in the biology of inflammation has been observed over the disease course15 and is a potential reason for loss of response in patients still having high trough levels of the drug, no ADA, and no complication.16 Such a change in the inflammation process may also explain why some patients nonresponding or losing response to anti-TNF may become responders later on.17 The development of paradoxical inflammation in some patients has also been described18 as a potential sign of change of the biological process of the disease. Some patients may also develop rapid clearance of the therapeutic antibody and antidrug antibodies while still being treated without interruption.19 Whether timely planned therapeutic windows would allow prevention of such evolution is unknown but should be tested. Even if treatment cessation has been shown to be immunogenic, it was in some specific circumstances, including on-demand treatment, or after treatment secondary failure or side effects. Whether the same effect would be observed in case of long-term sustained remission and whether it would occur more often than when continuing the drug have still to be demonstrated. Particularly, in the STORI trial, among the patients relapsing after infliximab withdrawal and being retreated with infliximab, no one developed ADA.20 Likewise, in a prospective cohort of infliximab-treated patients, the development of ADA was mainly observed during the first year of treatment, highlighting the fact that this tends to be an early phenomenon and that beyond this stage, the risk seems significantly lower.21
Another aspect to consider is the need for constant immu-nomodulation in IBD. IBDs were initially described as chronic relapsing diseases with alternating periods of clinical flare and remission. As clearly illustrated by the natural history after "curative" ileo-caecal resection in Crohn's disease (CD), up to 40% of the patients may experience no relapse over an 8-year period of time, thus showing the absence of the need of constant immune-modulation in some CD patients.22 The currently available biologics are able to put a subset of patients in longstanding clinical and endoscopic remission, thereby mimicking what can be achieved with "curative" surgery. It is therefore possible that after having reached a state of prolonged clinical and endoscopic remission, a subset of patients may conserve this state without treatment for a prolonged time. This has been suggested in several withdrawal studies with either immunomodulators or biologics where 20%-40% of the patients did not experience relapse over follow-up of several years.23
Even if biologics were revealed to be globally very well tolerated and reasonably safe, some patients may experience mild to moderate side effects, and some long-term risks are well established. Even if mild to moderate side effects are not sufficient to decide treatment withdrawal, they may interfere with quality of life, and in a holistic approach, they would be an argument for treatment withdrawal. Among these mild to moderate side effects, best documented are skin lesions. Skin lesions under anti-TNF have been documented in up to 20% of patients.24 
They include dry skin, itching, and more severe lesions like psoriasiform and eczematiform eruptions or palmo-plantar pustulosis. Some of these manifestations may respond to local treatment, but they also can be very debilitating and can be an argument for treatment withdrawal in 2%-5% of patients.25 
Other side effects often put forward by the patients, like fatigue, tiredness, and muscular or joint pain, are much more difficult to substantiate, and there is no evidence that treatment withdrawal would improve the situation, although some of these symptoms have been associated with higher biologic trough levels in patients in remission.26 Again, from the patients' perspective, they may represent an argument to contemplate biologic withdrawal. Well-established long-term risk includes the risk for severe and opportunistic infections,27 whereas the increased risk of melanoma and other skin cancers has recently been questioned.28 The risk of severe and opportunistic infection, including intracellular bacteria and tuberculosis, has been very well documented in registries and real-life practice. Appropriate screening, preventive measures, and vaccination programs may decrease this risk, but these programs are not infallible and adherence to them is imperfect.29
Although the risk of melanoma may be lowered by preventive measures and regular surveillance, these are sometimes difficult to apply and not very well followed by young patients who may want to enjoy all aspects of modern life including travel and sun exposure. The risk of lymphoma has been once suspected but never fully demonstrated, and more recently has been associated with purine co-treatment. An increased risk of solid tumors has never been firmly demonstrated with biologics.30
The problem of cost is probably not something we should discuss on an individual basis, but rather at a general health care policy level. Nevertheless, in some jurisdictions or for some patients for whom insurance or national health care coverage is absent or insufficient, cost at the individual level may become an issue. From this point of view, and even if the advent of biosimilars has significantly decreased the cost, biologics' cost remains much higher than for immunomodulators, particularly purine analogues. This is a complex issue, as most available data mainly concern direct costs and are based on models and not real-life data.31 These data showed a cost-effectiveness for anti-TNF in CD and more recently in ulcerative colitis (UC), but when considering long-term maintenance, cost-effectiveness was not guaranteed beyond 1 to 4 years of treatment. Hence in some European countries, the continuation of an anti-TNF beyond 1 year of therapy has to be strongly justified to get reimbursement. What real-life data have recently shown is that biologics nowadays represent a big part of the direct cost in IBD care, around two-thirds in CD and one-third in UC32 Particularly in CD, where the direct cost of management has not globally increased over the last decade, the cost of biologics has actually replaced the cost of hospitalizations and surgeries, which has decreased. This is good news for patients and the society, but it emphasizes the fact that the cost of biologics is significant for the health care system and that the most appropriate use of them is important. While earlier use of biologics in a growing number of IBD patients has been advocated to increase sustained steroid-free remission and decrease the risk of tissue damage progression,33 to keep cost at a reasonable level, we may question the duration of therapy. It is probably a better use of available money to treat a significant proportion of IBD patients earlier but for a limited period of time than to treat the most severe patients later, without hope of treatment discontinuation because the disease is too severe and tissue damage accumulation strongly impacts patients' quality of life.
Arguments to stop or to continue biologic treatment in patients in sustained steroid-free remission are illustrated in Table 1.
CONSEQUENCES OF WITHDRAWAL
There is no published controlled trial comparing biologic continuation with withdrawal in patients with sustained remission, although several are currently ongoing. However, the data coming from prospective cohorts suggest an increased risk of relapse when compared with historical cohorts of patients who were continuously treated. In UC, this is confirmed by a retrospective comparison of stoppers vs non stoppers within a unique cohort of patients.34 In patients continuously treated with anti-TNF, the annual rate of secondary loss of response has been estimated at 10%-15%.35 In different prospective cohorts of patients in whom anti-TNF was stopped while in sustained remission, the relapse rate was around 40% at 1 year and 50% at 2 years.36-41 The same numbers were observed in CD and UC patients. Retreatment with the same biologic, most often infliximab, has been associated with variable success, going from below 50% with a high risk of infusion reaction to almost 90% success.42-15 This heterogeneity may reflect the heterogeneity of the cohorts and the retreated patients. In cohorts where biologic therapy was electively stopped while the patient was in sustained steroid-free remission, the response rate to resuming the same treatment was usually very high and the development of ADA, when it was measured, was very rare.20,42-45 This may reflect the selection of a subgroup of patients who are the best responders to this biologic therapy, as already suggested by their longstanding stable remission. Those patients are probably not prone to developing ADA against the considered biologic. 
Interestingly, in other diseases and with other biologies, genetic predispositions have been demonstrated to be associated or not with the development of ADA.46,47 On the contrary, more infusion reactions and lower success rates were reported from a cohort incorporating patients having stopped infliximab because of loss of response, because of side effects, on their own decision, and not necessarily in sustained remission.44, 45 
Another aspect that may have influenced the relapse rate and the response to retreatment is the immunomodulatory cotreatment. This has mainly been associated with a better response rate to retreatment and less infusion reactions, maybe also partly reflecting less ADA development.44
One important aspect to consider is the rate of early surgical resection after relapse. This was low in CD,20,36-38 whereas a colectomy rate around 20% among the relapsers was reported over 1 year in UC40 This emphasizes the fact that the consequences may be more severe in UC than CD. 
	TABLE 1: Arguments to Stop or Continue Biologic
Treatment

	Arguments to Continue
	Arguments to Stop Biologic

	Biologic Treatment
	Treatment

	Ability to sustain steroid-free   remission
	Loss of response over time

	Good tolerance
	Risk of infection

	Decreased hospitalization rate
	Potential risk of cancer

	Decreased surgical rate
	Cost

	
	Need to go to hospital for infusions

	
	Injections

	
	Remitting/relapsing disease course


Very few reports were published on the long-term outcome after withdrawal. The long-term follow-up of the STORI cohort was recently reported.48 It showed that only 20% remained free of biologics, surgical resection, and new complex perianal lesions over a median follow-up of 7 years. However, the majority of patients who resumed infliximab or another biologic treatment remained under this biologic treatment without major complications over time. Only around 20% of the patients over 7 years required surgical resection or developed complex perianal disease. Overall, the high rate of remission after resuming treatment, the low rate of ADA development (at least over the short term) and infusion reaction, and the relatively low rate of long-term major complication may counterbalance the relatively high rate of relapse after withdrawal and make it possible to contemplate such withdrawal, at least in a subset of patients.
IN WHICH PATIENTS TO STOP/HOW TO DECIDE
Globally, the clinical results after withdrawal of biologics may seem unsatisfactory as the relapse rate seems to be by far superior to the one observed in continuously treated patients. However, in several prospective as well retrospective cohorts, consistent risk profiles were disclosed.20,36-41,49 Among the most broadly confirmed factors were the presence of mucosal healing, normalization of the CRP, and lowering of fecal calprotectin in CD. Other predictors seem more specific to particular cohorts, including sex, age, duration of disease, and previous failure of immunomodulators. Another interesting predictor for a favorable outcome after stopping was a low trough level of infliximab. This was shown both in multivariable (but not univariable) analysis in STORI20 and in another independent French-Israeli cohort.50 In the STORI trial, the low-risk group, representing one-fourth to one-third of the patients, had a 10%-15% risk of relapse over 1 year, which is very close to the risk of relapse in the patients continuing infliximab scheduled maintenance in historical cohorts.20 Interestingly, also in STORI, the risk factors of short-term relapse were different from those of long-term major complication development.20, 48 Apart from some specific clinical or demographic characteristics, the factors predicting short-term relapse were mainly surrogate markers for ongoing disease activity despite clinical remission (endoscopic lesions, fecal calprotectin, CRP), while the factors predicting long-term major complications (surgical resection, new complex perianal disease) were the presence of upper gastro-intestinal tract lesions, lower hemoglobin, and higher white cell count, the last probably reflecting inefficacy, insufficient dosage, or low adherence to the immunomudulator. If confirmed in prospective controlled studies, these parameters may help to stratify patients and contribute to decision-making as whether to continue or stop biologics. On the contrary, no consistent predictor of relapse was found in UC, where even mucosal healing was not associated with a lower risk of relapse.40
Beyond this, it is evident that the decision to continue or stop biologic treatment in a patient in sustained steroid-free remission is a complex one, which has to take into account benefit/ risk and benefit/cost balance.36 Predictors of short-term relapse and long-term complications are only a few of the elements that should be integrated in this decision-making process. The parameters potentially involved in the decision-making process have recently been reviewed, and it was proposed to integrate them in a multidimensional figure to help decision-making.36 
Among others, important parameters include patient history, including previous surgeries, disease severity, and treatment failures; the current disease situation, including intestinal healing; the age of the patient; the risk profile for side effects; treatment tolerance; comorbidities; and, last but not least, patient preference. This last point, albeit highly subjective, is important to take into account. Clinical practice highlights the fact that priorities may differ from patient to patient, some privileging safety and fearing above all drugs' side effects, others privileging the full disease control and accepting some degree of treatment-related risk.51 Examples of patients' profiles in whom the treatment could be stopped or should be continued are illustrated in Table 2. To these medical aspects should be added the jurisdiction and health care insurance system, in the context of which this decision has to be made. Indeed, the money globally available to manage IBD patients and the cost of specific medical or surgical procedures in specific jurisdictions may determine different optimal strategies. Ultimately, when a decision has to be made, the difficulty will be to weigh the different parameters to select a balanced and appropriate option. To this end, mathematical models, integrated in clinical decision support system like the ones used in other chronic diseases, may reveal what is necessary. 52,53
HOW TO MANAGE POSTWITHDRAWAL/WHICH TREATMENT TO RESUME AND HOW
As highlighted in the previous paragraph, the relapse rate after biologic withdrawal is approaching 40%-50% over 1-2 years. In the published prospective cohorts, most of these patients have been retreated with the same biologic. Results of this retreatment have varied, some patients not responding very well and some even requiring surgical resection. There are thus at least 2 important questions here: first, is it possible to predict clinical relapse to potentially retreat the patients before it occurs, thereby avoiding the deleterious consequences?; second, what is the best retreatment option? Very few data have been published on the longitudinal follow-up of patients in whom a biologic has been stopped. In the STORI trial, blood C-reactive protein (CRP) and fecal calprotectin were measured every 2 months after infliximab withdrawal.54 A significant increase in CRP and fecal calprotectin was observed in future relapsers up to 4-6 months before the relapse. 
	TABLE 2: Examples of Patient Profiling to Take Decision of Biologic Continuation or Withdrawal While in Sustained Clinical Remission

	Profile Favoring Treatment Continuation
	Profile Favoring Treatment Withdrawal

	Medical reasons

	Young patient with previous extensive or complicated Crohn's disease (abscess, stricture, surgical resection...)
	Older patient* with Crohn's disease without previous complication or surgery and without endoscopic lesion or elevation of CRP or fecal calprotectin

	Patients with previous complex perianal Crohn's disease
	Older patienta with ulcerative colitis with previous distal colitis

	Patient with previous extensive ulcerative colitis
	Patient with mild-moderate side effects of the biologic treatment

	Crohn's disease patient with persisting endoscopic lesions or elevated CRP and/or fecal calprotectin
	Patients with comorbidities increasing the risk of infection

	Patients with prior surgeries
	Patient with absence of residual trough level

	Nonmedical reasons

	Patient fearing more complications of the disease than the side effects of treatment
	Absence of drug reimbursement by insurance or health care system

	
	Patient with low adherence to treatment

	
	Patients having difficult access to infusion center

	aThere is no strict, uniformely accepted threshold, but infection and cancer risks certainly increase beyond 60 years of age.


This elevation of fecal calprotectin has been confirmed in a more recent prospective cohort, and it occurred a median of 3 months before the relapse.42 This may suggest that regular monitoring of these biomarkers may help to select patients for early retreatment. A limitation to this monitoring is the absence of specificity of an isolated elevation of fecal calprotectin. Hence, the significance and the relevance of an elevation of calprotectin in 2 successive measurements may be higher.55 
As far as the best retreatment option, here also prospective controlled data comparing retreatment strategies are lacking. Should one favor the same biologic, or switch? Should one re-induce or simply resume maintenance treatment? Should the re-induction scheme be similar to the first induction?56, 57 All these important questions, among others, are without clear answer. Also, the optimal retreatment scheme may differ if one preventively retreats the patient based on an elevation of the biomarkers or if one retreats the patient after a clinical relapse. 
The only thing that has been suggested is that the better outcome when patients were retreated with the same biologic, essentially infliximab in the available data, was seen when retreatment was combined with an immunomodulator, particularly when this immunomodulator was also maintained between the 2 infliximab treatment sequences.44,57
CONCEPT OF CYCLES OF BIOLOGIC TREATMENT
The biologics currently available to treat IBD, as well as the ones currently in phase 2 or 3 trials, don't have the ability to cure the disease. The genetic predisposition and probably some immunological, microbiome, and barrier function disturbances are still present and may trigger a relapse over time. Therefore, in most of the cases, the biologic withdrawal will not be definitive but rather for a variable period of time between 2 cycles of biologic therapy. Whether this temporary withdrawal is beneficial for the patient and cost-saving for the health care insurance or health care system may depend on the duration for which the drug can be stopped and the frequency of development of complications, and our ability to avoid them by proactive monitoring and early retreatment in case of elevation of biomarkers suggesting a high risk of clinical relapse. At this moment, this kind of temporary interruption of biologic treatment should be reserved for patients having reached full mucosal healing and having had an uncomplicated disease history thus far,49 because the priority in the management of IBD is still the full control of the disease, preventing the long-term consequences of disease activity, including abscesses, fistula, and fibrotic strictures in CD and cancer in CD and UC.4
Whether it would make sense to repeat temporary interruptions over time in patients in full clinical and endoscopic remission with a new cycle of therapy with biologics is speculative. No data are available with such successive interruptions and cycles of treatment. However, the multiplication of available therapies to treat IBD and the advent of effective monitoring tools to detect preclinical disease activity may make us more comfortable in the future with such a strategy as the main fears are the loss of response following a temporary interruption on the one hand and tissue damage progression on the other.
The concept of cycles of biologic treatment and its comparison with on-demand treatment are illustrated in Figure 1.
CONCLUSIONS
Despite the high level of benefit associated with biologic treatment in IBD, long-term safety, cost, and natural history of IBD justify contemplation of treatment withdrawal. Current evidence suggests a high risk of early relapse after withdrawal and highlights the fact that this strategy can't be generalized. 
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FIGURE 1. On-demand vs cycles of biologic treatment. The first and undisputable aim of IBD treatment is full disease control. The idea of cyclic treatment is to aim at the lowest biological use still compatible with full disease control. Treatment withdrawal is only contemplated when sustained remission without steroids and with mucosal healing has been achieved (deep remission). The patient is then proactively monitored with biomarkers. The treatment is restarted for a new cycle when biomarkers indicate an increased risk of relapse (preclinical relapse).
Nevertheless, low-risk patients have been identified, and retreatment appears safe and effective in the vast majority of them, suggesting that some kind of biologic treatment cycles could be contemplated in those patients. While the results of the ongoing controlled trials are eagerly awaited to confirm outcomes and predictors, stopping biologics should be reserved in patients having reached prolonged steroid-free clinical and endoscopic remission and without previously accumulated tissue damage in CD and in patients with strong risks associated with treatment continuation in UC.
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