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Abstract
BACKGROUND
Small bowel adenocarcinomas (SBA) are rare malignancies with exceedingly low survival rates, with different presentation in Crohn’s disease (CD). CD-induced SBA poses diagnostic challenges given overlapping presentation with stricturing CD and lack of diagnostics for early detection. Moreover, guidance is lacking on the impact of recently approved therapeutics in CD on SBA management. Here, we aim to highlight the future of CD-induced SBA management and discuss the potential merit of balloon enteroscopy and genetic testing for earlier detection. 

CASE SUMMARY
We report the case of a 60-year-old female with longstanding Crohn’s ileitis, presenting with acute obstructive symptoms attributed to stricturing phenotype. Her obstructive symptoms were refractory to intravenous (IV) steroids, with further investigation via computed tomography enterography not providing additional diagnostic yield. Ultimately, surgical resection revealed SBA in the neoterminal ileum, with oncologic therapy plan created. However, this therapy plan could not be initiated due to continued obstructive symptoms attributed to active CD. Ultimately, infused biologic therapy was initiated, but her obstructive symptoms continued to remain dependent on IV corticosteroids. Review of diagnostics by a multidisciplinary care team suggested metastatic disease in the peritoneum, lending to a shift in the goals of care to comfort. 

CONCLUSION
With the diagnostic and therapeutic challenges of concurrent SBA and CD, multidisciplinary care and algorithmic management can optimize outcomes.
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Core Tip: The prognosis of Crohn’s disease-induced small bowel adenocarcinomas (SBA) depends largely on staging at diagnosis, with early detection resulting in potentially improved outcomes. A multidisciplinary approach with gastroenterology, colorectal surgery, and radiology is key to this early diagnosis. Initially, a thorough family history can aid in decision-making with earlier intervention in those with stricturing phenotype and suggestion of higher colorectal cancer risk or syndrome. If imaging shows atypical features such as a mass, retrograde balloon enteroscopy should not be delayed. Finally, when surgical resection is considered in strictures refractory to medical therapy, lymph node sampling can aid in surgical staging of the SBA.

INTRODUCTION
Small bowel adenocarcinomas (SBA) are rare malignancy that originate from the epithelial lining of the small intestine and progressively invade deeper layers of tissue. A systematic review and meta-analysis[1] of eight studies comprising 7344 patients with Crohn’s disease (CD) estimated the standardized incidence ratio of small bowel cancer to be 22.01. Risk factors for SBA include hereditary mutations, celiac disease, and inflammatory bowel disease (IBD)[1-3]. More recent work suggests CD-induced SBA may be a separate entity than de novo SBA, driven by mutations of different genes and presenting in younger populations.
Patients with CD-induced SBA typically present with intermittent abdominal pain, weight loss, and nausea, but delays in diagnosis result in 33% of patients presenting with an intestinal obstruction[4]. Diagnostic challenges arise given the similar presentation to fibrostenotic CD. Highly specific and sensitive radiological methods can detect SBA but typically once it has caused an obstruction late in the disease course, greatly diminishing prognosis[5]. The current mainstay approach for both SBA and fibrostenotic CD remains surgical resection with histopathology. 
CD-induced SBA is a rare phenomenon, and as the therapeutic landscape for CD expands, there presents more opportunity for variation in phenotype, progression, and therapy. Here we present a case of CD-induced SBA in a 60-year-old female with a history of Crohn’s ileitis refractory to intravenous (IV) steroids and biologic therapy, presenting with neoterminal ileal obstructions and hepatic consolidation. Through a literature review of previous cases we investigate clinical features and prognostic factors and subsequently propose the use of novel diagnostic techniques for early detection of malignancy.

CASE PRESENTATION
Chief complaints
A 60-year-old female with a 30-year history of poorly controlled stricturing small bowel CD (Montreal L1B2) presented with abdominal pain and nausea.

History of present illness
She was admitted with several weeks of increasing nausea and vomiting, abdominal pain, inability to pass gas or stool. She denies fevers, chills, change in bowel movements, or hematochezia.

History of past illness
The patient was diagnosed with CD 30 years ago, managed largely with mesalamine and courses of corticosteroids. About 15 years after her initial diagnosis, she presented with small bowel obstruction and underwent an exploratory surgery with small bowel resection. She was subsequently treated with corticosteroids with plans for biologic-based treatment which was cost-prohibitive. She was lost to follow-up until she presented more recently with recurrent obstructive symptoms. 

Personal and family history
She denied family history of malignant tumors, including small and large bowel malignancy.

Physical examination
On physical exam, she was afebrile and well-developed, well-nourished. She was clearly uncomfortable with distension. She had diffused abdominal tenderness without rebound or guarding. Her exam was otherwise unremarkable.

Laboratory examinations
Initial labs most notable for an elevated fecal calprotectin 448 (normal < 50 mcg/mg) and normal C-reactive protein. Stool tests (Clostridium difficile and gastrointestinal polymerase chain reaction (PCR) were negative for infection.

Imaging examinations
The patient underwent a computed tomography (CT) enterography which demonstrated multifocal stricturing, predominantly of the ileum, with progressive partial small bowel obstruction. There was no clear intra-luminal or submucosal mass visualized in the small bowel (Figure 1). Given longstanding untreated small bowel CD and elevated calprotectin, the presentation was concerning for small bowel obstruction in the setting of mixed inflammatory and fibrostenotic strictures.

FINAL DIAGNOSIS
The final diagnosis was metastatic CD-SBA.

TREATMENT
Her case was managed in a multidisciplinary fashion, with input from gastroenterology, colorectal surgery, and radiology. Despite IV corticosteroids, she continued to have obstructive symptoms and, ten days later, the decision was made for a repeat ileocecectomy with end ileostomy. Histopathologic examination of the background ileum showed severe chronic active ileitis with cryptitis (Figure 2) consistent with active Crohn’s disease. Histopathologic examination of the resected ileocolic anastomosis revealed a poorly-differentiated adenocarcinoma comprised of sheets of single malignant cells with signet-ring morphology. Well-differentiated areas (tubules with small rigid lumina and polarized tumor cell clusters without a distinct lumina) were also identified (Figure 3). The ileum proximal to the tumor displayed a background of chronic active ileitis. Metastatic carcinoma was also found in 6/235 lymph nodes. She was subsequently discharged home with outpatient follow-up. 
The patient was readmitted with recurrent obstructive symptoms with CT imaging showing a partial small bowel obstruction with a transition point in the proximal jejunum. The patient had a response to IV methylprednisolone but had recurrence of symptoms after transitioning to oral prednisone. Her case was discussed at a multidisciplinary conference, with a focus on risks and benefits of escalation to biologic therapy. After shared decision-making, infliximab was initiated, and the patient obtained two doses taken alongside IV solumedrol. She continues to remain dependent on IV corticosteroids.

OUTCOME AND FOLLOW-UP
Subsequent CT and positron emission tomography scan demonstrated metastatic hepatic involvement, loculated ascites, and omental nodularity concerning for peritoneal carcinomatosis, and the focus of care was transitioned to comfort measures only. Patient’s perspective was not available.

DISCUSSION
Neoplasms of the small bowel comprise 2.4%[6] of all gastrointestinal cancers and the rarity in comparison to CRC is thought to be due to the fluid, alkaline and immunoglobulin A rich nature of the small intestine[7]. SBA describes the malignant transformation of glandular epithelia and is the most prevalent malignancy of the types of small intestine cancers[8]. The incidence of small bowel cancers in the United States have risen from 1.18/100000 in 1973[3] to 2.5/100000 in 2021[9], and are 1.5 to 2 times more common in males than females[9]. Known risk factors include consumption of alcohol, smoked foods and refined carbohydrates, a background of hereditary cancer syndromes including familial adenomatous polyposis and hereditary nonpolyposis CRC or IBD[10]. SBA tends to localize to the duodenum and jejunum, while a small percentage localize to the ileum[11]. This is in contrast to CD-induced SBA, where the ileum is most commonly involved.
The prevalence of SBA is markedly higher in CD patients, at 1.15 per 1000 CD patients[12], A study done by Yu et al[13] determined the standardized infection ratio (SIR) of SBA in CD to be 8.3, with the SIR for stricturing CD being 14.7 per 100000 person years. The eight-fold increase in risk for SBA in a background of CD warrants active surveillance methods and development of an effective algorithm for the detection and diagnosis of SBA.
Recent work suggests major differences in the pathogenesis of de novo SBA and CD-induced SBA[8]. CD-induced SBA thought to be caused by a predisposed gastrointestinal environment of chronic inflammation[14,15]. The environment increases permeability of carcinogens and promotes malabsorption of anti-carcinogenic compounds[16]. Longstanding CD results in cycles of inflammation and scar tissue formation, resulting in mutagenesis of genes implicated in tumor suppression and chromatin remodeling leading to an increased risk of carcinogenesis. Molecular differences between de novo SBA and CD-induced SBA indicate the implication of different carcinogenic pathways[15]. A prospective analysis reveals CD-induced SBA is predominantly driven by mutations of CDKN2A/B, CASP8 and ATRX[9]. 
There is little information directing management of the disease, resulting in many cases being treated as an extrapolation from CRC due to overlap in the drivers of molecular pathogenesis and lack of knowledge surrounding the progression of SBA[17]. The presentation is nonspecific lending to an average delay in diagnosis of 6 to 12 mo. In light of this delay in diagnosis, SBA has a markedly decreased 5-year survival rate at 34.9% and increase in prevalence, as opposed to the 51.5% 5 year survival rate in CRC and decline in prevalence[18].

Risk factors
A prior study using the National Cancer Database[19] involving 493 patients with CD-associated SBA and 2175 with sporadic SBA demonstrated that CD-associated SBA were more likely to present at a younger age, have tumors located in the ileum, and have poorly differentiated tumors compared to sporadic SBA. The typical age of diagnosis of de novo SBA is 60-69 years, whereas CD-induced SBA is 45-55 years, with diagnosis of CD usually predating diagnosis of SBA by 20 years[20]. SBA is also more likely to affect males (62.5%-80%)[21]. Family history of colorectal cancer (CRC) and potential cancer syndromes are also important risk factors, highlighting the need for a thorough family history. In addition, a prior multi-center case-control study[22] suggested that a prior small bowel resection and prolonged salicylate treatment (> 2 years) were associated with decreased risk of SBA in CD. 
In contrast to these known risk factors, our patient’s gender and age did not fit typical demographics of CD-induced SBA and her symptoms were readily attributable to stricturing CD, signifying the need to broaden conceptualizations regarding demographic trends. In addition she developed SBA despite having a prior small bowel resection and being on long-term mesalamine therapy. 

Diagnostics
The pathogenesis of CD-induced SBA suggests the prospect of genetic testing in refractory CD to investigate potential risk factors for malignancy development. Advances in liquid biopsy allow for the detection of tumor related markers through analysis of ctDNA, cfDNA and circulating tumor derived endothelial cells in samples of biological fluids[23]. Recent work describes the merits of this method in the detection and real time monitoring of CRC, allowing repeated temporal sampling for detection at curable stages[24-26]. A study done by Zhong et al[27] found that mesenchymal cell marker vimentin (M-CTC) in liquid biopsy directly correlated with tumor size, tumor, node and metastasis stage and vascular invasion. Unfortunately, the cost of liquid biopsy[26] outweighs its feasibility as a screening method, warranting discovery of affordable techniques that serve the same purpose for SBA. Nevertheless, these techniques could be applied to high-risk phenotypes, such as stricturing CD.
Resection is an invasive process with several associated risks, posing the need to explore novel less invasive diagnostic techniques. Currently CT and magnetic resonance enterography provide high specificity and sensitivity in the detection of stricturing malignant lesions at lesions at 98% and 95%[28] respectively. If a mass is seen on these imaging modalities, further diagnostics could be pursued. However, the shortcomings of cross-sectional imaging include lack of ability to distinguish CD-related stricturing from malignancy; neither of these methods can allow for examination of cellular morphology like histopathology, which is why both methods must be combined for definitive diagnosis of malignancy. 
Independent of imaging finding of a mass, a method that is able to evaluate the investigate a significant length of the gastrointestinal tract and the strictured area whilst allowing for biopsy, delivery of therapy and tattooing the lesion as a marking for subsequent surgery double balloon enteroscopy (DBE)[29]. DBE has a 85.9% positive rate of diagnosis opposed to the 72.9% of CT[30]. A case in 2021 was able to harness DBE to diagnose SBA presence and progression prior to surgery[31], allowing for early confirmation of peritoneal dissemination via laparoscopy prior to resection. 

Survival and effect of biologics on disease progression
The mainstay treatment for SBA remains to be surgical resection of the primary tumor and loco-regional lymph node resection. This may be accompanied with chemotherapy in between surgeries if multiple surgeries are required to resect the mass. In the case that the final ileal loop is affected, an ileocecal or right hemicolectomy with ligation of the ileocolic artery is recommended[14]. 
Patients with lymph node involvement have a 32% 5-year overall survival (OS) compared to the 52% of patients without lymph node involvement[14]. Moreover, patients with over 75% lymph node involvements had a 12% 5-year OS as opposed to 51% in patients with less than 75% lymph node involvement[14]. 5-year OS for resected vs non resected tumors are 40-60% and 15-30% respectively[14]. Recent work has shown very minimal improvement in prognosis when adjuvant chemotherapy such as fluoropyrimidine and oxaliplatin are used in conjunction with surgery for stage 3 disease[14]. However, retrospective studies do indicate the efficacy of chemotherapy in non-surgically treated patients, showing an OS of 12 mo vs 2 mo for chemotherapy treated and non-treated respectively[12]. Generally, when chemotherapy is pursued, patients with concomitant IBD stop biologic treatments until the course of chemotherapy is complete due to increased risk of carcinogenesis with immunosuppression[13]. 
Our patient was started on infliximab alongside IV steroids, prior to development of ascites and metastatic hepatic involvement representative of peritoneal carcinomatosis. While there have been some small studies that have correlated infliximab therapy to either development or rapid progression of colorectal adenocarcinoma, larger studies show similar progression as a basline population[32-34]. Further larger studies can clarify the association between the usage of anti-TNF therapy and incidence of malignancy to justify the merit of anti-TNF biologics to treat CD in patients with risk factors for small bowel cancer progression or recurrence.

Multidisciplinary care
This case is unique regarding the patient’s demographics which challenge what is currently expected in patients with CD induced SBA, making diagnosis difficult, especially when paired with insignificant imaging. Our case highlights the need for multidisciplinary care for management of CD-induced SBA. Medical gastroenterologists, colorectal surgeons, radiologist, specialized pathologists, and medical oncologists are key elements of the team to expedite diagnosis and delineate treatment.

Proposal of a novel algorithm
Through this case, we propose an approach for earlier detection of SBA in CD patients. First, identification of a CRC risk or syndrome in the setting of stricturing ileal CD warrants evaluation of the stricture DBE. Furthermore, symptomatic strictures unresponsive to therapy should head to surgery early in the course of hospitalization. Finally, during the surgical approach, sampling of the lymph nodes to understand the staging of SBA. These different stages should be approached in a multidisciplinary fashion. 
Although this study provides insight into a novel presentation of CD induced SBA, this case report is limited primarily by clinical follow up and sample size. While we provide one algorithm to treatment, a prospective multicenter trial would be needed to validate the recommendations and conclusions made in this study. Moreover, the limited clinical follow up may have skewed results.

CONCLUSION
Our case highlights the challenges of diagnosing and managing SBA in longstanding CD. It emphasizes that the absence of an apparent mass on cross-sectional imaging in a patient with CD and bowel obstruction does not rule out malignancy, underlining the importance of maintaining a broad differential diagnosis in patients with nonrefractory, obstructive CD. SBA is a recognized complication of CD. Studies identifying clinical factors to risk stratify patients who will develop small bowel malignancy in CD are lacking. Future studies are needed to explore strategies for early detection and prevention of SBA among patients with CD.
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Figure Legends
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Figure 1 Computed tomography enterography demonstrating multifocal stricturing Crohn’s disease. A: Persistent areas of mucosal hyperenhancement and segments of stricturing throughout the small bowel. This included an approximately 6.5 cm area of stricturing of the terminal ileum just proximal to the ileocecal valve; B: Additional smaller segments of stricturing of the terminal ileum proximal to this measuring approximately 2.8 cm and 1.8 cm; C: Additional more proximal 4.5 cm segment of stricturing. Possible short segments of stricturing of jejunum in the left hemiabdomen. No fistulas visualized. 
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Figure 2 Resected ileum with severe chronic active Crohn’s ileitis. The background ileum showed severe chronic active ileitis with cryptitis, crypt abscess formation, fissuring ulceration (center), architectural distortion, pyloric metaplasia, and lymphoid aggregates (5 × objective magnification).
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Figure 3 Small bowel adenocarcinoma in resected neoterminal ileum. A: Cross section of the ileum near the anastomosis, showing complete effacement of the mucosa and infiltration of the underlying ileal wall by the adenocarcinoma (0.5 × objective magnification); B: Representative high-magnification view of the poorly-differentiated adenocarcinoma, comprised of sheets of single malignant cells and cell clusters with signet ring morphology (40 × objective magnification); C: Representative high-magnification view of a well-differentiated region of the adenocarcinoma, characterized by well-defined tubules with small, rigid lumina, mimicking intestinal crypts, as well as tumor cells arranged in well-polarized clusters without distinct lumina (40 × objective magnification).Tumor was noted in 6/35 lymph nodes and showed serosal involvement and lymphovascular and perineural invasion. Immunohistochemistry revealed intact expression of DNA mismatch proteins MLH1, MSH2, MSH6 and PMS2. 
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