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Abstract
Crohn’s disease is a chronic inflammatory disease process involving different sites in the gastrointestinal tract. Occasionally, so-called metastatic disease occurs in extra-intestinal sites. Granulomatous inflammation may be detected in endoscopic biopsies or resected tissues. Genetic, epigenetic and environmental factors appear to play a role. Multiple susceptibility genes have been described in both familial and non-familial forms while the disease is phenotypically heterogeneous with a female predominance. The disorder occurs over a broad age spectrum, from early childhood to late adulthood. More than 80% are diagnosed before age 40 years usually with terminal ileal and colonic involvement. Pediatric-onset disease is more severe and more extensive, usually with a higher chance of upper gastrointestinal tract disease, compared to adult-onset disease.  Long-term studies have shown that the disorder may evolve with time into more complex disease with stricture formation and penetrating disease complications (i.e., fistula, abscess). Although prolonged remission may occur, discrete periods of symptomatic disease may re-appear over many decades suggesting recurrence or re-activation of this inflammatory process. Eventual development of a cure will likely depend on identification of an etiologic cause and a fundamental understanding of its pathogenesis. Until now, treatment has focused on removing risk factors, particularly cigarette smoking, and improving symptoms. In clinical trials, clinical remission is largely defined as improved numerical and endoscopic indices for “mucosal healing”. “Deep remission” is a conceptual, more “extended” goal that may or may not alter the long-term natural history of the disease in selected patients, albeit at a significant risk for treatment complications, including serious and unusual opportunistic infections. 
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INTRODUCTION
Crohn’s disease is a chronic inflammatory disorder that usually involves different sites along the length of the gastrointestinal tract, and also, occasionally, other extra-intestinal “metastatic” sites. Genetic, epigenetic and environmental factors are believed to play a role in its etiology and pathogenesis[1,2]. Indeed, recent evidence suggests that multiple susceptibility genes may be present and play a critical role[1,2]. Some believe that genetic risk profiling to predict the eventual disease course is feasible[3,4]. Currently, it is thought that the disorder is likely related to an aberrant immunological response to intestinal microbiota in genetically-susceptible individuals[5]. A prevalence of up to 1% has been recorded with numerous studies suggesting that the incidence is increasing in developed or industrialized as well as developing or non-industrialized countries[6]. Although there is little epidemiologic data, a recent analysis noted that the rise in incidence and prevalence over time and in different regions around the world reflects emergence as a global disease[6]. A key pathological footprint of Crohn’s disease is the granulomatous inflammatory response, a special form of chronic inflammation characterized by focal collections of macrophages, epithelioid cells and multinucleated giant cells. It is believed that initiation and development of this specific form of inflammatory reaction depends on persistence of the inciting agent, a complex immune reaction to perpetuate the granulomatous response leading to development of necrosis and fibrosis[7]. 

The clinical expression of Crohn’s disease is known to be very heterogeneous. Prior working groups for the World Congress of Gastroenterology in Vienna and later in Montreal developed a classification scheme that has evolved[8,9]. An important goal was to enumerate different phenotypic characteristics so that more homogeneous cohorts could be explored and compared, particularly for geographically-distinct populations. Application of this classification schema to a tertiary care clinical database revealed a female predominance, occasional familial nature, and a high rate of stricture formation and penetrating disease complications[10,11]. 

Crohn’s disease appears to be a life-long disorder becoming clinically apparent at almost any time from early childhood to late adulthood[10,11]. For most, the actual onset of the disease, or more precisely, age of detection or diagnosis, has usually been during the late teens and early twenties, and now, during the past two or three decades, over 80% of patients with Crohn’s disease are diagnosed before age 40 years[10]. Moreover, the majority have involvement primarily of the ileum and colon, at least based on the most sensitive and most modern imaging methods[10,11]. Finally, most clinicians usually evaluate and treat “late” complicated disease, while “early” disease without stricture or fistula development may not be as commonly seen, particularly in tertiary-care centers.
ONSET OF DISEASE AND DIAGNOSIS

Clearly, an appreciation for the natural history of Crohn’s disease must depend, not on the age at diagnosis defined by these classifications, but the actual time of onset of the disorder. These are obviously very different. Indeed, some authorities have opined that symptoms may be chronically present over a long latent period in many patients for months, even years, before a diagnosis is entertained and established. Symptoms that eventually lead the patient to specialist referral include diarrhea, abdominal pain and weight loss, but these are not always universally present. Occasionally, only a single symptom, possibly abdominal pain alone, may be evident. In some, suspected appendicitis may first lead to detection of an unexpected ileal inflammatory process. For others, extra-intestinal findings (e.g., arthropathy or a skin disorder, such as erythema nodosum) may be present without significant abdominal symptoms. Or, rarely, granulomatous inflammatory change defined in an extra-intestinal site, called metastatic Crohn’s disease, including skin, muscle, or bone may complicate or actually lead to recognition of occult intestinal disease[12-14]. For metastatic disease, a distinct focus of granulomatous inflammatory disease is defined, geographically separated from the gastrointestinal tract. Other “systemic” or distant sites may also be involved in patients with Crohn’s disease leading to atypical clinical features, such as a concomitant sellar inflammatory mass[15], or even unusual complications, sometimes attributed to treatment, such as osteonecrosis[14].
In Crohn’s disease, the initiating event (including, a possible infectious agent) leading to this ongoing, step-wise and destructive inflammatory process may no longer be detectable, having long departed the scene. Indeed, multiple events (or agents) could conceivably precipitate or generate this insidious inflammatory cascade causing eventual symptoms and signs at the bedside as well as end-pathological changes in the laboratory, clinically recognized as Crohn’s disease. Additional studies are urgently needed to further elucidate these hypothetical genetic, microbiologic and immunologic factors that permit progression of this frustrating clinical disorder. 

DISEASE EXTENT AND LOCALIZATION

In Crohn’s disease, there is a predilection for the distal small intestine and proximal colon[8-11]. Of course, more extensive involvement of the intestinal tract may also occur[16] and the old adage that Crohn’s disease can potentially involve any site “from mouth to anus” still holds true, although this probably deserves to be altered slightly to “and in other sites separated from the gastrointestinal tract as metastatic Crohn’s disease”. Familial factors play a role in Crohn’s disease[17], including genetic factors that appear to directly influence the localization of the disease in different intestinal sites[18,19]. Further information, however, is clearly required on fundamental luminal and intestinal factors that play a role in localization of the disorder to specific sites along the length of the gastrointestinal tract. 

Crohn’s disease may develop in the upper gastrointestinal tract, often with concomitant disease in the ileum, colon, or elsewhere. Rarely, at least in Caucasian populations, the disorder may also occur solely in the upper gastrointestinal tract without disease involvement elsewhere[9-11]. Interestingly, a recent study from Hong Kong suggested that the Chinese may have an increased risk for this upper gastrointestinal tract phenotype[20]. Also, extensive jejuno-ileal disease, evaluated over the long-term, appears to reflect a form of Crohn’s disease that historically responds poorly to medications, often leading to surgical treatment, long-term nutritional support and greater costs for care[13,20,21]. New and developing biological treatment paradigms largely focused on reducing numerical activity indices in ileocolonic disease may have little impact here, unless the long-term severity and extent of the inflammatory process can be reduced. In recent years, improved and novel imaging methods have also opened the door to more precise recognition of this extensive small intestinal group[22], so that early inflammatory changes may be detected along the length of the small intestine, rather than late-stage and more complex disease. 

DISEASE BEHAVIOR

Crohn’s disease is a chronic, persistent and destructive disorder with different forms of clinical behavior[23,24]. Over the long term, the disease appears to be progressive although the rate of progression may be altered or slowed, by the use of some medications, or with surgical treatment, at least for a period of time. Oral corticosteroids within 3 mo of diagnosis and early thiopurine use within 1 year were recently shown over several decades to independently affect the likelihood of intestinal surgery[25]. Another long-term study suggested that immunomodulator use for over 6 mo reduced the risk for first surgery, particularly in non-stricturing non-penetrating Crohn’s disease[26]. Other long-term studies have independently suggested that the disease may start as an inflammatory process with progressive development over time to more complex disease with stricture and fistula formation[27-29]. Once initiated, it is likely that numerous genetic and environmental factors play a role in regulating the rate of progression, but these are poorly understood. Moreover, the “progression” of the disease itself may not necessarily be a linear process but rather progression may occur in a step-wise fashion with prolonged symptom-free periods over many decades[30]. 

Crohn’s disease may also initially present as an already advanced and clinically complex disease with extensive or multiple jejunoileal strictures[16], sometimes even with free perforation of the small intestine, large intra-abdominal inflammatory masses, and deeply penetrating fistulae (e.g., ileosigmoid fistula). In some, it has been hypothesized that recurrent disease may occur as a patterned clinical response, possibly related to specific genetic regulatory factors. For instance, recurrent stenotic events may result in a localized ileocecal resection, “new” erosions and ulcers in the “neo-terminal” ileum, and further stricture formation, recurrent obstructive symptoms and another resection[31]. Or, in some, recurrent penetrating events with fistula and abscess formation may occur[31]. 

Recently, additional long-term studies of post-operative Crohn’s disease have been reported[32-34]; even here, cigarette smoking has been again identified as the strongest risk factor for recurrence[34]. Clinical experience has also shown that classifying clinical behavior in Crohn’s disease is difficult and may not be truly reflective of natural history as the rates of development of a complication, such as a stricture, may differ remarkably, not only between different patients, but even in the same patient. Some may have either a rapidly progressive inflammatory process, or alternatively, a low grade sub-clinical process, possibly present for months, that suddenly becomes clinically expressed. A recent report noted that 10 years following a resection for ileo-cecal disease, only about half were free of clinical recurrence and about 30% needed added surgical treatment[32]. 
AGE-RELATED PHENOTYPIC EXPRESSION 

Early historical studies suggested that the phenotypic clinical expression of Crohn’s disease differed substantially, depending on the age of initial diagnosis[35-44]. This age-dependent phenotypic clinical expression probably, in part, reflects an age-dependent regulation of the inflammatory process[40]. Disease developing earlier in children and adolescents tends to be much more severe, often resulting in significant disease complications, including strictures or fistulae, or both[40-45]. It is also more extensive in childhood, often involving multiple sites in the small and large intestine, with a higher frequency of involvement of the upper gastrointestinal tract[40-45]. Comparative studies also show significant differences in clinical expression between children and adults[41,42] as well as the elderly[46,47]. Others have defined a difference in some “immune-reactive” characteristics of early-onset compared to late-onset Crohn’s disease[48-50]. A hypothesis that suggests that a dysregulated immune response occurs, likely affected by aging per se, and leading to different phenotypic disease expressions of Crohn’s disease, needs to be further elucidated. 

CLINICOPATHOLOGICAL CORRELATIONS

Clinical and pathological correlations have been explored during the long-term clinical course of Crohn’s disease. Some early historical descriptions tended to avoid the possible temporal sequence of progression of pathological lesions and focused on their prognostic significance[51,52]. However, more recent studies related to this chronological sequence have hypothesized that early small ulcers or granulomas initially develop with ongoing progression to later sinuses and strictures complicating large ulcers[53]. These have also confirmed that this granulomatous inflammation may be a histopathological marker for an early phase of the inflammatory process in Crohn’s disease, at least prior to development of fibrotic strictures and fistulous tracts[53]. Granulomatous inflammatory change has been documented in multiple endoscopic biopsies and surgically-resected specimens obtained over many decades from the same patient[29,54]. Often, long intervals of relatively symptom-free disease may be documented[29,54]. This temporal pattern may indicate multiple initiating events in Crohn’s disease with different rates of progression, or alternatively, the presence of granulomas may simply reflect ongoing active inflammation, even with subclinical or asymptomatic disease. 
These studies also suggested a geographic change in the location of detectable Crohn’s disease along the length of the gastrointestinal tract with extended periods of time[29]. For instance, granulomatous ileal involvement was defined many years after initial colonic disease, and gastroduodenal disease occurred after ileocolic resection. If there was a single event that initiated this granulomatous inflammatory process, then different tissues along the length of the gastrointestinal tract may develop a granulomatous response at different rates, or alternatively, there might be multiple or recurring initiating events. Possibly, different gastrointestinal sites may differ in sensitivity to a possible initiating event (or infectious agent). This could be due to a site-specific differential in intestinal permeability or differing immunological responses along the length of the gastrointestinal tract[55,56].

SUMMARY AND FUTURE CONSIDERATIONS

Changes in the clinical features, course and prognosis of inflammatory bowel disease during the last 5 decades has been recently evaluated[57]. In spite of variations in presentation and initial course, the long-term prognosis for Crohn’s disease appeared to be stable. A database review for a similar time period noted that about a third of patients had ileitis, colitis or ileocolitis at the time of diagnosis. After about 20 years, half suffered an intestinal complication. Only 10% had a prolonged clinical remission. About a third required steroid therapy to some extent and a third needed surgical treatment after steroids were used. Hospitalization was necessary in 20% and about half needed surgery within 10 years from diagnosis[58]. Further studies to examine the effects of different therapies on the natural history of Crohn’s disease are in early stages. A long term evaluation of a population-based inception cohort from Hungary documented a reduction in surgical rates associated with increased and earlier use of azathioprine[59]. Although some consider endoscopic mucosal healing as a useful target in ulcerative colitis, the role on the long-term natural history of Crohn’s disease has been more difficult to establish and is not known. Additional information on the effects of biological agents, especially TNF blockers[60], on the long-term natural history is critical. There is evidence that these agents may reduce disease complications requiring surgical treatment, but a significant adverse risk profile remains, particularly for serious opportunistic infections[61]. Some have hypothesized that directing focus to induction of a “deep remission” may have potential to change natural history[62], even if the precise cause of Crohn’s disease is not defined. Time will tell. 
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