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Abstract
Small bowel adenocarcinoma (SBA) is a rare malignancy of the gastrointestinal tract. However, these tumors are among those with worst prognosis. Vague clinical signs and symptoms and radiological diagnostic challenges often delay treatment, which negatively impacts the prognosis of the patients. However, recent advances in imaging technology, like multidetector computed tomography , magnetic resonance imaging, and capsule endoscopy, have made earlier and accurate diagnosis possible. Surgery is the treatment of choice followed by adjuvant therapy. However, there are no strict treatment guidelines available for the management of SBA. Most of the available evidence from colorectal and gastric carcinoma has been extrapolated to adequately manage SBA. Prognosis for SBA is better than gastric carcinoma but worse than colorectal carcinoma. Currently, there is not enough information on the molecular characteristics and tumor pathogenesis. Because the incidence of SBA is very low, there is a need for further studies to evaluate the possible application of newer investigative agents and strategies to obtain a better outcome within the framework of international collaborations.
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Core Tip: Small bowel adenocarcinoma (SBA) are rare malignancies with a poor prognosis. These are often diagnosed in the advanced stage owing to the non-specific nature of symptoms. The clinical presentation is varied and vague, and a high index of suspicion is required for prompt diagnosis and treatment. The most common site of presentation is the duodenum. Surgical resection with negative margins and adequate lymph node dissection remains the mainstay of treatment. Since the disease is rare, there is a paucity of prospective data. The treatment is generally extrapolated from the evidence available from colonic cancers. We have discussed all the aspects of this small bowel cancer comprehensively.


INTRODUCTION
The small intestine is the longest part of the entire digestive tract, which constitutes about 75% of the total length (about 6 m in length and 4 times the length of the large intestine). It constitutes 90% of the absorptive surface area of the gastro-intestinal tract. It has three parts: duodenum, jejunum, and ileum. It is the primary site of absorption of proteins, lipids, and carbohydrates as well as the synthesis of vitamin B12. Malignant neoplasms arising from the small intestine are very rare worldwide, but their incidence has been on the rise in the past few decades, with an estimated growth of around 100%[1]. Malignancies of the small intestine are primarily small bowel adenocarcinoma (SBA) (40%) and neuroendocrine tumors (40%), with others including gastrointestinal stromal tumor, lymphoma, sarcoma etc. Since SBA is a rare cancer, there is no consensus regarding its diagnostic approach and management strategies. In general, resectable and advanced stages of SBA are treated as an extension of colorectal cancer (CRC) despite poor patient outcomes. However, recent data on molecular profiling have highlighted the settings where it may not be possible to treat SBA as an extension of CRC. This review article will focus only on SBA and discuss in brief its etiopathogenesis, presentation, and management.

EPIDEMIOLOGY
According to the United States (US) National Cancer Database, there has been a rapid rise in the incidence of small bowel tumors, from 11.8 cases/million in 1973 to 22.7 cases/million in 2004[2]. The lifetime risk of developing SBA in the US was only about 0.3% in 2015, and this was 2-5 times less than the risk of developing CRC[3]. African Americans show disproportionate gender affliction, with incidences of 4.2 and 3.5 among men and women, respectively, while Native Americans and Asians are the least likely to be diagnosed with SBA. Duodenal primaries constitute about 50% of SBA, while jejunal and ileal primaries contribute to 30% and 20% of SBAs, respectively[4]. The median age at diagnosis is around 60 years, of which over 85% present above 50 years of age and with a relatively higher incidence among males (relative risk: 2.6 for males, 2 for female)[5,6]. SBA is mostly diagnosed in the late stage. This highlights that SBA is difficult to diagnose and enlightens the lack of adequate screening programs, even for the high-risk individuals.
About 60% of patients are symptomatic at presentation, and the most common symptom is related to stenosis[7]. Symptomatic presentation was more common for jejuno-ileal primaries (84%) as compared to duodenum (54%). For duodenal primaries, patients present with complaints suggestive of both stenosis or bleeding.

ETIOLOGY AND PATHOPHYSIOLOGY
In contrast to CRC, studies evaluating the pathogenesis of SBA are lacking due to the rarity of the disease. As seen with most alimentary tract cancers, smoking and alcohol consumption are associated with a higher risk of SBA. Some studies have reported high consumption of refined carbohydrates, red meat, or smoked food to be related to higher risk, but higher intake of coffee and vegetables appear to be protective[8].
Since SBA is a rare disease, it has been difficult to construct a hypothesis regarding its pathogenesis. However, the probable hypotheses include rapid turnover of small intestinal epithelium due to accumulated genetic damage and increased lymphoid tissue allowing increased immune surveillance. On the other hand, the inherent nature of the small intestine allows less exposure to carcinogenic agents due to rapid transit, dilute alkaline milieu, and lack of bacterial degradation[9]. The intestinal epithelium also has a wide array of microsomal enzymes, including various hydroxylases, that protect them against possible carcinogens[10].
Most of the cases of SBA are sporadic, but an increased risk is seen in inherited cancer syndromes, like Lynch syndrome, familial adenomatous polyposis, and Peutz-Jeghers syndrome[11]. The majority of sporadic cases are related to inflammatory bowel diseases (IBD) like the Crohn’s disease and celiac disease. A meta-analysis showed that the relative risk of developing SBA in patients with Crohn’s disease was 33.2 times greater than that of the general population[12]. The increased SBA risk in Crohn’s disease could be due to the location (with about 70% of cancers arising in ileum) and duration of disease (with approximated SBA risk of only 2% after 25 years)[13-15]. Some other risk factors for the development of SBA in Crohn’s disease are debateable, including male gender, old age, proximal small bowel disease, use of 6-mercaptopurine, corticosteroids, azathioprine or TNF-alpha antibodies, and younger age at the time of diagnosis. All these risk factors need to be validated in a large cohort study.
A study found that DNA copy number aberrations seen in SBA are more similar to CRCs than to gastric cancer[16]. The rates of mismatch repair deficiency, characterized by microsatellite instability (MSI), are similar (5%-35%) in both CRC and SBA[17,18]. The common carcinogenesis pathway involved in both SBA and CRC include KRAS mutations, loss of 18q and p53[19,20],and relatively lower rates of APC mutations (0%-27%)[21]. This lack of APC mutations could be responsible for the difference in incidence between SBA and CRC. Recently, a comprehensive genomic analysis of SBA demonstrated that it is a molecularly unique cancer[22]. The frequency of genetic mutations in SBA is significantly different from that in CRC (APC: 27% vs 76%, CDKN2A: 14.5% vs 2.6%) or gastric carcinoma (KRAS: 53.6% vs 14.2%, SMAD4: 17.4% vs 5.2%). Though rates of BRAF mutations were similar in CRC and SBA (7.6% and 9.1%), V600E mutations were much less frequent in SBA (only 10.3% of BRAF-mutated patients). SBAs showed high human epidermal growth factor receptor 2 (HER2) mutations (8.2%), MSI (7.6%), and high tumor mutational burden (TMB) (9.5%). There were also distinct differences between the molecular profile of unspecified SBA compared to IBD-associated SBA. Targetable mutations were also identified in a significant group of patients, including PIK3CA and mitogen-activated protein kinase kinase (MEK1), and receptor tyrosine kinase fusions.

PROGNOSTIC FACTORS
The disease staging of SBA is similar to CRC and the prognosis is directly related to the stage of the disease. Approximately 10% of the patients present with stage I disease, 30% with stage II, 25% with stage III, and 35% with stage IV disease, which reflects the delay in diagnosis[23]. The 5-year overall survival (OS) for SBA is around 20%-30%[13]. The stage-wise 5-year OS is 55%, 50%, 30%, and 5% for Stages I, II, III, and IV, respectively[24]. Moreover, the 5-year disease-free survival (DFS) in stage III patients is related to the number of lymph nodes involved. The DFS is 58% with two or less positive lymph nodes vs 35% with three or more[25]. In general, the prognosis of SBA is worse than CRC but better than gastric cancer. Other factors associated with poor prognosis are advanced age, poor performance status, duodenal primary, low serum albumin, high carcinoembryonic antigen (CEA) or cancer antigen 19-9 (CA 19.9), poorly differentiated tumor, and positive surgical margins[26,27]. Those with duodenal primary have the worst prognosis, probably related to under-staging and incomplete lymph node dissection[25].
An analysis from the SEER database showed that removal of 10 or more lymph nodes was associated with significantly improved survival in jejuno-ileal adenocarcinoma, but only for stage II patients[28]. Similar relation of improved survival with adequate lymph node dissection was also described for stage II duodenal adenocarcinoma[29]. But it is still debateable whether the improvement in survival was due to stage migration after ample lymph node dissection. Even adjuvant chemotherapy can never compensate for inadequate lymph node dissection in duodenal primaries.

CLINICAL PRESENTATION
The diagnosis of SBA is often delayed due to vague and non-specific symptoms. Also, the small bowel has been a challenging anatomical site for evaluation by endoscopic and radiological techniques. The disease is often advanced by the time the patient presents to the health care facilities. Abdominal pain, which is intermittent and crampy, is the most common presenting symptom followed by nausea and vomiting, anemia, gastrointestinal bleeding, weight loss, and jaundice[6,7]. Though initial symptoms are nonspecific abdominal discomfort, they are often missed and SBA usually presents as an emergency due to an occlusion or bleeding. Obstruction may occur due to narrowing of the lumen by large intraluminal mass or due to an apple core lesion. However, it is difficult to differentiate between benign and malignant lesions based on clinical presentation. The physical findings depend on the stage and degree of involvement. The differential diagnoses include adhesions, IBD, irritable bowel syndrome, diverticulitis, adenomas, polyposis syndromes, benign neoplasms of small bowel, and peptic ulcer disease.

DIAGNOSIS AND STAGING
Multiple imaging techniques are available to evaluate small bowel neoplasms but the best imaging strategy is still not clear. Plain abdominal X-rays may show partial or complete obstruction; however, they are of limited value. Upper gastrointestinal series with small bowel follow-through involves administration of barium to delineate the small bowel and to pick up mucosal abnormalities; however, it does not contribute to staging and may miss smaller lesions. Enteroclysis provides improved and detailed evaluation of small bowel segments and can be performed by three methods : single contrast, air contrast, and methylcellulose enteroclysis. A thin nasogastric tube is passed beyond the stomach into the small bowel. However, enteroclysis is time-consuming, technically complex, and causes discomfort to the patient, and the procedure may miss flat infiltrating lesions and extramural disease.
Computed tomography (CT) scans are routinely done to detect abnormalities in small bowel, extramural spread of disease, and to rule out lymphatic and distant metastasis. The oral contrast agent is selected based on the anatomical area of interest in the small bowel and on the clinically suspected diagnosis for a particular patient. The radiographic findings differ with the location of the SBA and therefore aid in diagnosis. Duodenal carcinomas are seen as polypoidal, well-delineated lesions[30,31], whereas jejunal and ileal carcinomas are seen as annular narrowing with abrupt concentric or irregular overhanging edge stenosis that could lead to partial or complete obstruction[32]. Moderate heterogeneous enhancement is usually seen after intravenous contrast administration. The absence of comb sign and the presence of a single focal lesion rather than multiple skip areas of bowel wall thickening differentiate adenocarcinoma of the ileum from Crohn’s disease[30].
CT enterography and magnetic resonance (MR) enterography are the preferred diagnostic and staging modality for small bowel neoplasms. The technique requires careful patient preparation, which includes administration of neutral or low-density oral contrast media (1.5-2 litres over 45-60 minutes) with enteric phase CT (45 seconds after infusion of contrast) to optimize contrast resolution between mucosa and lumen, thus enabling evaluation of mucosal abnormalities arising from the small bowel wall[33]. Positron emission tomography-CT (PET-CT) helps in the initial diagnosis, disease staging, and assessment of response to treatment and restaging or ruling out recurrence of disease but is not routinely recommended[34].
Small bowel video capsule endoscopy (VCE) is a non-invasive diagnostic modality used for visualization of small bowel mucosa. In a pooled analysis of 530 patients, out of 106 diagnosed neoplasms, 20 were missed at capsule endoscopy (miss rate 18.9%), while 67 were missed by the comparison modality (miss rate 63.2%)[35]. VCE is limited by its inability to perform tissue sampling and it cannot be performed in small bowel obstruction or stricture due to risk of capsule retention. Enteroscopy allows visualization and biopsy of small bowel lesions. For complete evaluation, enteroscopy should be performed both via oral and anal approach, as the diagnostic accuracy for any suspected small intestinal pathology is almost 80%. The limitations of enteroscopy are its invasive nature, and the need of expertise and equipment for performing it.
Other than imaging, faecal occult blood test should be done in addition to complete hemogram and kidney and liver function tests. The role of tumor markers is limited, and serum CEA may be elevated but cannot be used for diagnostic and prognostic purposes. 
On histopathology, SBA may present as polypoidal, infiltrative, or constrictive lesions. The duodenal primaries are mostly exophytic. Jejunal and ileal adenocarcinomas are usually constricting apple-core lesions, which are large annular and have circumferential bowel involvement. They are histologically very similar to colorectal adenocarcinoma and are identified by their complex glandular architecture, degree of cellular and nuclear pleomorphism, loss of epithelial polarity, desmoplastic reaction, luminal necrosis, and invasion[36]. 
On immunohistochemistry (IHC), SBA are cytokeratin (CK)7 positive in more than 50% of cases. SBA may also be CK20, caudal-type homeobox 2 (CDX2), SMAD4, or villin positive. They may be easily distinguished from CRC which are CK7-/CK20+ on IHC[37]. There is also a significant difference in the expression of α-methylacyl coenzyme (a racemase overexpressed in CRC but very rare in SBA). IHC of the pathways of tumorigenesis reveals that the pathogenesis of SBA and CRC are significantly different. Complete loss of APC reactivity, nuclear expression of ß-catenin was more frequently associated with SBA, thus showing that Wnt signaling defects and MSI pathways are only responsible for 40% of SBA[38]. Rates of mutation in p53 and Rb gene were similar in both groups. However, an Italian study found that a subgroup of SBA with CK7−/CK20- were associated with mismatch repair (MMR)-deficiency, and those with CK7−/CK20− or CK7−/CK20+ SBAs had significantly better survival compared to those with CK7+/CK20− or CK7+/CK20+ cancers[39]. Table 1 summarizes the IHC test results that differentiate between adenocarcinoma of stomach and small and large intestine.
Small bowel cancers are staged according to the American Joint Committee on Cancer (AJCC) tumor, node, metastasis (TNM) system, eighth edition.

TREATMENT
Surgery remains the treatment of choice for localized SBA. Complete resection with negative margins with adequate lymph node dissection is the mainstay of treatment. The principle of surgical resection is to remove the tumor with at least 5 cm proximal and distal margin, with resection of the adjoining mesentery and adequate lymph-node dissection. The technique and type of resection depend on the segment of small bowel involved. Segmental resection with lymph node dissection is the treatment of choice for tumors located in jejunum and ileum. Lymphatic drainage of ileum and jejunum is to mesenteric nodes, which include superior mesenteric nodes. Tumors of the distal ileum or ileocaecal valve require ileo-caecal resection or right hemicolectomy with resection of ileocolic artery and associated lymph nodes[40]. The lymphatic drainage of the ileocecum is to appendicular, ileocolic, and superior mesenteric lymph nodes. Segmental resection with lymph node dissection can be performed for tumors of first and third part of duodenum. For adenocarcinoma arising from the second part of duodenum or invading into the ampulla or pancreas, pancreaticoduodenectomy should be considered[41]. Lymphatic drainage of duodenum is to pancreaticoduodenal, pyloric, hepatic (pericholedochal, cystic, hilar), and superior mesenteric nodes.
Harvesting eight lymph nodes are considered adequate for lymph node evaluation[42]. Extended lymph node dissection does not appear to be beneficial in small bowel cancers[40]. 

ADJUVANT TREATMENT
The prognosis of SBA remains poor even after surgical resection. The 5-year survival ranges from 20%-50%[2,24,43-45]. The pattern of relapse is predominantly systemic. In a study by Dabaja et al[24], out of 146 patients who underwent curative resection, 58 patients had disease recurrence. The patterns of recurrence were: distant, carcinomatosis, abdominal wall, and local recurrence in 33, 11, 4, and 10 patients, respectively. Since SBA is a rare disease, randomized controlled trials (RCTs) on the use of adjuvant therapy are largely lacking. The role of adjuvant treatment in SBA is still not clear. The use of chemotherapy in the adjuvant setting has been extrapolated from colon cancers because of clinicopathological and molecular similarities. The rationale and regimen of chemotherapy is the same as colon cancer. A prospective phase 3 randomized trial, BALLAD, is recruiting patients to investigate the benefit of adjuvant chemotherapy in SBA. 
A meta-analysis of 26 observational studies showed that the 5-year OS was 46% after curative surgical resection. Lymph node involvement was associated with poor OS with 5-year survival rate of 21% for nodal metastases as compared to 65% for patients without lymph nodal involvement. Adjuvant treatment after curative resection did not result in any survival benefit even in patients with nodal metastasis[46]. The efficacy of adjuvant chemotherapy was investigated in a large database of 4746 patients of SBA who underwent curative resection[26]. A propensity score matched analysis was used to account for the effects of confounding by indication in different treatment groups. Patients who received adjuvant chemotherapy had a significant survival advantage as compared to patients with surgery alone (median OS, 63.2 vs 44.5 mo; P < 0.001). There was trend towards improved OS with adjuvant chemotherapy in AJCC stage I patients (158.8 vs 110.7 mo; P = 0.226) and AJCC stage II patients (104.0 vs 79.6 mo; P = 0.185), patients with T4 tumor (64.0 vs 47.4 mo; P = 0.130) or a positive resection margin (44.4 vs 31.0 mo; P = 0.333), but it did not reach level of statistical significance in either of them. Stage III patients who received adjuvant chemotherapy showed significantly superior survival as compared to surgery alone (42.4 vs 26.1 mo; P < 0.001).
Completely resected stage I tumors are kept on observation. Adjuvant chemotherapy for 6 mo is recommended for patients with node-positive, completely resected disease. The regimens of choice are CAPOX (capecitabine and oxaliplatin) and FOLFOX (folinic acid, fluorouracil, and oxaliplatin). Observation or 6 mo of adjuvant chemotherapy are acceptable options for Stage II patients (T3, T4 node-negative), and treatment decision making is based on clinicopathological features, MMR status, and patient preference. Observation or 6 mo of adjuvant chemotherapy (5-fluro-uracil [FU]/leucovorin [LCV] or capecitabine) is preferred for stage IIA (T3N0M0) patients that are microsatellite stable (MSS) or proficient MMR (pMMR) with no high-risk features. High risk features include T4 disease, inadequate lymph node dissection, close or positive surgical margins, tumor perforation, lymphovascular invasion, perineural invasion, and poorly differentiated histology. Patients with deficient mismatch repair (dMMR) have better outcome and can be kept on observation; if adjuvant chemotherapy is to be given in this setting, then oxaliplatin containing regimen should be chosen over fluoropyrimidines alone. The choice of regimen for stage II patients with high risk features and MSS or pMMR is CAPOX, FOLFOX, FU/LCV or Capecitabine.
The role of chemoradiation is limited to duodenal adenocarcinoma, as duodenal primaries have a high rate of local relapse. In a study by Kelsey et al[47], the most common site of recurrence was the operative bed followed by retroperitoneal lymph nodes. None of the studies have demonstrated improvement in survival with the addition of adjuvant chemoradiation[46-48]. Chemoradiation in duodenal cancer has been used mainly for high-risk cases (node-positive, advanced T stage, resection margin positive, inadequate lymph node dissection, or poorly differentiated histology)[47,48]. In a propensity score-matched analysis of 1028 patients from 1998-2012 who received adjuvant therapy (chemotherapy in 478, chemoradiation in 550), there was no survival advantage observed in patients who received adjuvant chemoradiation compared to those who received adjuvant chemotherapy. Even in high-risk cases, additional use of radiotherapy did not result in improved survival[26]. 

METASTATIC DISEASE
Approximately one-third of the patients with SBA present with metastatic disease and common sites of metastasis are the liver and peritoneum[7,23]. Evidence supporting the role of metastasectomy in SBA is limited. Only patients with limited visceral metastasis may be considered as candidates for metastasectomy, but after discussing in a multidisciplinary tumor board. Peritoneal metastases are seen in 25%-50% of the patients with metastatic SBA and are more common in jejunal and ileal carcinomas as compared to duodenal cancers[24,49,50]. Peritoneal metastasis generally carries a poor prognosis. The treatment of choice in these patients remains systemic chemotherapy. Cytoreductive surgery (CRS) with hyperthermic intraperitoneal chemotherapy (HIPEC) may be considered in very selected patients (patients suitable for complete cytoreduction, absence of unresectable systemic disease, and good general condition of patient allowing a major surgical procedure), but there is limited evidence due to rarity of disease. Grade III-IV morbidity ranged from 12%-35%[51]. Recurrences are common and careful patient selection is of utmost importance[24].
There is a dearth of prospective data on chemotherapy regimens used in SBA. The majority of retrospective studies and phase II prospective studies support the use of fluoropyrimidine and oxaliplatin based chemotherapy[52-54]. The most commonly used regimens are FOLFOX and CAPOX. The addition of bevacizumab has been considered safe. In a recently published systematic review and meta-analysis[55], the use of bevacizumab in addition to chemotherapy improved the OS and DFS, but the results should be interpreted with caution, as there were no RCTs included in the analysis. The role of anti- epidermal growth factor receptor (EGFR) therapies (cetuximab and panitumumab) is unclear. 
Patients with progressive disease on first-line chemotherapy whose tumors are dMMR or MSI-high (H) or with high TMB (> 10 mutations per megabase) can be considered for immune check-point inhibitor therapy with anti- programmed cell death protein (PD)1 inhibitors. The percentage of SBA with dMMR or MSI-H range from 1%-16%[22,56,57]. Pembrolizumab is approved for patients with solid MSI-H/dMMR malignancies which have progressed following prior treatment and for which no satisfactory alternative treatment options are available[58]. Efficacy of pembrolizumab in patients with MSI-H/dMMR non-colorectal malignancies has been established in phase II Keynote-158 study. Out of 19 patients of SBA, 3 had complete response and 5 had partial response. Overall response rate was 42.1% and median progression-free survival was 9.2 mo[59]. FOLFIRI (leucovorin calcium [calcium folinate], 5-fluorouracil, and irinotecan) and taxane-based chemotherapy are second-line treatment options for patients with pMMR/MSS and patients who are refractory to immunotherapy.

CONCLUSION
SBA are rare malignancies with a poor prognosis. These are often diagnosed in an advanced stage owing to the non-specific nature of symptoms. The clinical presentation is varied and vague and a high index of suspicion is required for prompt diagnosis and treatment. The most common site of presentation is the duodenum. Surgical resection with negative margins and adequate lymph node dissection remains the mainstay of treatment. Because of the rarity of ther disease, there is a paucity of prospective data. The treatment is generally extrapolated from the evidence available from colonic cancers. 
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Table 1 Immunohistochemistry to identify adenocarcinoma of stomach, small and large intestine
	Gastric malignancy, %
	SBA, %
	CRC, %

	CK7 + (51)
	CK7 + (50)
	CK7 - (95)

	CK20 + (48)
	CK20+
	CK20 + (96)

	CDX-2 + (60)
	CDX-2+ (70)
	CDX-2 + (99)

	HepPar-1 (31)
	Villin + (67)
	Villin + (80)

	MUC1 (31)
	SATB2 (46)
	AMACR (68)

	MUC2 (29)
	Small intestinal mucin antigen (50)
	

	
	AMACR
	


AMACR: Alpha-methylacyl-CoA racemase; CDX: Caudal-type homeobox; CK: Cytokeratin; CRC: Colorectal cancer; MUC: Oligomeric mucus gel-forming; SATB: Special AT-rich sequence-binding protein.
