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ESOPHAGUS

Taxol Effect, Colchicine Toxicity

Taxol, an antineoplastic agent with a novel mechanism of action, can be associated with striking mitotic arrest associated with epithelial necrosis and ulceration of the esophagus. As a class of drug, taxane chemotherapeutic agents are commonly used to treat malignancies of the esophagus, breast, and lung.  Paclitaxel (Taxol®) chemotherapy has been associated with dramatic GI mucosal changes, accompanied by an increase in apoptosis1.  Taxol induces these GI mucosal changes by binding to microtubules, thus promoting polymerization and inhibiting depolymerization.  Electron microscopy has shown this central core of polymerized microtubules surrounded by dispersed chromatin, resulting in a “ring” structure during metaphase1.  Taxanes have been shown to induce unique histologic changes within epithelium of the GI tract associated with cell necrosis in the GI tract1.  As referenced by Hruban et al., in preclinical trials, taxol had been associated with gastritis and duodenal necrosis in mice and with colonic necrosis in dogs1.  Reported human drug-related GI effects have included vomiting, diarrhea, mucositis, and neutropenic enterocolitis.

Since the mitotic arrest is associated with bundling of intermediate filaments secondary to accumulation of polymerized microtubules, the histologic correlate is the presence of arrested mitoses with ring forms. With taxol, the findings tend to be striking in the esophagus, whereas, in colchicine toxicity, the small bowel is more likely to be severely altered.  The ring mitoses are accompanied by prominent apoptosis in all gastrointestinal tract sites and, regardless of the site, the alterations are found in the proliferative compartment. Thus, in esophageal squamous mucosa, they are encountered in the basal layer, whereas they are encountered in the gastric pits rather than the deeper glands.  In the small bowel, the epithelial changes are found in the mid crypt but they are in the deep crypts in the colon.   The surface cells are uninvolved in all sites.   It was initially believed that finding this pattern of injury in a patient taking taxol indicated clinical toxicity.  However, this is not necessarily the case.  The medication is administered intravenously on an outpatient basis.  If the patient happens to have a gastrointestinal tract biopsy or resection within 4 days of the administration of the medication, the histologic changes are encountered even in asymptomatic patients 2.

The histologic findings associated with colchicine toxicity are essentially the same as those encountered in patients taking taxol but are only seen in patients who have clinical toxicity.  Since it is impossible to separate the effects of the two medications with certainty on histologic examination, it is our practice to contact the submitting clinician caring for the patient to correlate with medication history and determine the need for intervention (colchicine toxicity can require supportive care).  That noted, colchicine toxicity is typically encountered in the antrum and small bowel.



Allergic/Eosinophilic Esophagitis

Overall, eosinophilic esophagogastroenteritis (EG) is an uncommon benign inflammatory condition characterized by eosinophilic infiltration of the gastrointestinal (GI) tract. The diagnostic criteria are:

•	gastrointestinal symptoms;
•	eosinophilic infiltration of the gastrointestinal tract, usually with intraepithelial eosinophils;
•	no evidence of parasitic infestation.

Most patients (in addition to their GI involvement) also have a history of allergy, asthma, drug sensitivities, peripheral eosinophilia, and increased IgE levels. Food and inhalant intolerance have been postulated as etiologic factors and some argue for allergy evaluation with skin prick testing in patients with eosinophilic esophagitis (EE).  For example, Penfield et al. identified one or more food or inhalant allergens in 21/26 (81%) patients with EE who underwent skin testing 3. The value of such investigations in adults remains uncertain as there is no evidence to support a role for an elimination diet based on their results.  In addition, a seasonal variation has been demonstrated with a predominance of newly diagnosed cases during the spring and summer months4-6.    EG predominantly affects patients in their third to sixth decades. However, 15% to 20% of cases are seen in the pediatric age group and, in some cases, milk allergy may be demonstrated.

Any part of the GI tract (from the esophagus to the rectum) can be affected––the stomach and small bowel are commonly involved. Eosinophilic esophagogastroenteritis can show preferential involvement of the mucosa, muscularis propria, or serosa. Symptoms depend on the site and extent of eosinophilic infiltration. Mucosal disease can present as diarrhea, malabsorption, and protein-losing enteropathy. Submucosal disease presents as obstruction and abdominal pain, and patients can develop eosinophilic ascites with serosal involvement. Rarely do patients present with an acute abdominal emergency necessitating immediate laparotomy.

Patients with eosinophilic esophagitis (limited to esophagus) present with dysphagia, food impaction, and strictures.  This finding is encountered in about 6% of adult patients undergoing upper endoscopy and there seems to be a male predominance.  In children, there is a similar male predominance and probable whites are over-represented. Some of our gastroenterology colleagues provide useful information regarding the endoscopic appearance of the esophagus and pathologists should be familiar with the terminology in order to address the clinical concern.  Linear furrows, esophageal rings, esophageal trachealization, and feline esophagus are some of the possible endoscopic scenarios.  White mucosal specks, corresponding to foci of eosinophilic microabscesses, may also be seen.  In some cases the mucosa appears grossly normal. The differential diagnosis is with reflux esophagitis. However, unlike in reflux esophagitis, the upper and mid esophagus are commonly affected with relative distal sparing. On histologic examination, superficial epithelial clusters of eosinophils that slough into the lumen are more common in eosinophilic esophagitis.  Basal cell hyperplasia can be striking, even more so than in cases of GERD, as shown by Steiner et al. in a study where they found a more severe degree of basal cell hyperplasia in pediatric patients with EE than in those with GERD 7.  Besides mucosal involvement, there may be eosinophilic infiltration present deep in the submucosa and muscularis propria, which could explain the fragility of the esophageal wall in these patients.  Indeed, they are prone to endoscopic complications, namely esophageal tears or rupture, in some cases associated with full thickness esophageal inflammation and high eosinophil density 8-11.  Spontaneous esophageal rupture has been reported in some cases 12-13. The eosinophilic infiltrate in EG can be patchy and multiple, localized, or diffuse. In 10% of cases, mucosal biopsies can be nondiagnostic, due to the patchy nature of the disease or mucosal sparing. Multiple and full thickness biopsies may be necessary to establish the diagnosis.  

Some have proposed that an estimate of the number of eosinophils is a helpful feature to establish the diagnosis.  In fact, a consensus agreement sponsored in part by the American Gastroenterological Association  (AGA) recommends a minimum of 15 eosinophils/hpf to make a diagnosis of EE 14 although Dellon et al noted the poor reproducibility of such eosinophil counts 15.  Because some clinicians feel it is necessary to provide concrete numbers, some pathologists are in the habit of counting and reporting eosinophils/hpf in biopsies from patients suspected of having EE. Taking this recommendation to heart, especially in isolation, can lead to misdiagnoses as it is well-known that significantly increased intraepithelial eosinophils can be seen in other settings such as severe GERD 16. On the other hand, work by Kephart et al. demonstrates significant extracellular deposition of eosinophil-derived neurotoxin (identified via immunofluorescence) in adult patients with EE, even in the face of relatively few intact eosinophils in some cases 17.  This finding raises the possibility that, at least in some situations, counting may actually underestimate the degree of tissue involvement in EE.  Our approach is as follows:  if there are fewer than eight eosinophils per 40× field, reflux esophagitis is favored. Likewise, a count of >24 eosinophils per 40× field better supports eosinophilic esophagitis, especially when seen in a biopsy from the mid or proximal esophagus.  Clinicopathologic correlation should be attempted for all cases, especially for those with intermediate “counts” (e.g. pH monitoring studies, stigmata of allergic disease, endoscopic impression).  Since reporting number of eosinophils can be misleading, we would prefer not to report counts in our practice but we do offer estimates and we attempt to compare biopsies to prior ones, and estimate whether more or fewer eosinophils are present to help assess response to treatment. While we believe that distinguishing between reflux and eosinophilic esophagitis is a worthwhile endeavor (as patients with EE can show dramatic response to steroids), we also believe that making this diagnosis in a vacuum can result in erroneous diagnoses.  A conversation with the gastroenterologist might be of benefit when the clinical and/or endoscopic settings are uncertain.

Reflux disease

In the United States, gastroesophageal reflux disease 18 is the costliest gastrointestinal disorder and the most common physician diagnosis for gastrointestinal disorders in outpatient clinic visits 19. A 2002 estimate of the direct cost of GERD was over $9 billion 20. Not surprisingly, many patients undergo endoscopic biopsies in the course of evaluation for reflux symptoms. Findings in these biopsies can range anywhere from “classic” reflux changes (basal cell hyperplasia, elongation of vascular papillae, and intraepithelial eosinophils) to ulcers, intraepithelial lymphocytosis (which correlates poorly with pH studies), or “balloon” cells (which appear distended and have pale abundant pink cytoplasm).
The classic view on gastroesophageal reflux disease is that it is a reflection of acid reflux. However, we have become increasingly aware that the refluxed material, that is the contents of the stomach, consists of duodenal contents mixed with gastric secretions. These stomach contents probably contain a higher percentage of duodenal “juice” than in the past because modern patients often take proton pump inhibitors and have the benefit of acid suppression (which reduces the volume of gastric secretions and concentrates the secretions refluxed into the stomach from the duodenum). The question in this proton pump era is, “Are the effects of duodenal reflux more severe than those of acid reflux?” Since it is impossible to separate the effects of gastric acid from bile reflux in humans, which can be done in animals 21-22, this question can only be answered indirectly. At the time when Norman Barrett was writing about the condition that now bears his name 23-24, the complications of reflux were severe erosive esophagitis and debilitating stricture formation. But now that ulcers are readily healed by proton pump inhibitors, the objective is to detect early neoplasia because reflux has been shown as a preneoplastic condition 25.

On epidemiologic grounds, bile is a carcinogen. There are many examples of this phenomenon, but some are especially worth reiterating. For example, patients who have had a cholecystectomy (and who thus secrete constant low levels of bile rather than controlled pulses that accompany boluses of food) have a statistically significant increment in their risk of upper gastrointestinal tract carcinomas 26. Patients who are status post Billroth operations are prone to laryngeal carcinogenesis as well 27. But if the duodenum is diverted in patients who already have had ample injury to the esophagus (e.g., Barrett esophagus with damage to the lower esophageal sphincter), the risk of progression to dysplasia/carcinoma is reduced 28.  In fact, regression of Barrett esophagus in obese patients following Roux-en-Y gastric bypass has been documented29-30.  Similarly, diverting the duodenum in patients who already have low-grade dysplasia may forestall progression to invasive carcinoma 28.

In studying patterns of injury to the esophagus, or any part of the gastrointestinal tract, it is difficult to separate the cause of the damage when the GI tract has a limited repertoire of responses to a wide variety of insults. For example, we have seen patients with extensive atrophic gastritis (presuming little acid output, if any) whose esophageal biopsies display features identical to those of acid reflux. However, based on the available epidemiologic evidence, it seems likely that the initial injuries may be a result of acid but that carcinogenic bile reflux informs the cycles of repair. Another possibility is that esophageal mucosal injury stems from the combination of bile juices and acidic gastric contents.  There is evidence that shows that bile acids combined with an acidic medium (but not either one alone) induces oxidative stress and DNA damage in ex-vivo Barrett tissue as well as in esophageal cell lines 31.  For practical purposes, reflux esophagitis (gastroesophageal reflux disease or GERD) is the most common cause of esophagitis. Although most prevalent in adult Caucasian males, reflux esophagitis can occur in both men and women of all races, and even in infants and children.

GERD is caused by reflux of gastric contents into the esophagus, most prominently from reflux of gastric acid and pepsin. However, reflux of alkaline bile and pancreatic secretions (moving from the duodenum into the stomach and then into the esophagus) is increasingly recognized as a contributing factor to esophageal injury in GERD.

Predisposing factors include: decreased tone of the lower esophageal sphincter (LES) from alcohol, medications, hypothyroidism, pregnancy, scleroderma, etc.; interference with the function of a normal LES from nasogastric tubes; hiatal hernia; decreased clearance of refluxed material, as in achalasia; and delayed gastric emptying with accumulation of gastric secretions, as in diabetes. Obesity exacerbates all of the aforementioned and is associated with reflux disease. In many patients, no clear predisposing cause is identified.

	Reflux esophagitis is an example of an “-itis” that often lacks a prominent component of inflammation. The pathology reflects injury to the squamous epithelium, followed by attempts of the epithelium to regenerate. Mild features of cellular injury include balloon cells (squamous cells with ballooned cytoplasm from accumulation of plasma proteins) and vascular lakes (dilated small blood vessels in the mucosa, not areas of hemorrhage, which often are seen endoscopically as erythema or redness). Severe injury can result in mucosal sloughing with erosions or ulcers. Regenerative changes include hyperplasia of the basal zone to >15% to 20% of the epithelial thickness.  The upper limit of the basal cell layer can be defined as the level above which the nuclei are separated by a distance greater than the nuclear diameter32.  There is elongation of the vascular papillae to greater than two thirds of the epithelial thickness. Inflammation is typically mild and includes scattered eosinophils. Less commonly, scattered neutrophils are present and can be more prominent in cases with more severe injury, including erosions and ulcers.  Parakeratosis can be a component as well (but foci of parakeratosis should still be screened for fungal organisms).  Fairly reproducible criteria that have been established by Fiocca et al as abnormal and associated with clinical reflux include:

a. Thickened basal layer (>15% or 5-6 layers)
b. Increased papillary length (>50% of the squamous thickness)
c. Intraepithelial eosinophils, neutrophils (>1-2 cells/40X field)
d. Intraepithelial mononuclear cells (>10/40X field)
e. Dilated/widened intercellular spaces (which may appear as “bubbles” or “ladders”)

It is important to keep in mind that the severity and extent of the histologic changes that we see on a biopsy do not necessarily correlate well with the severity of the patient’s symptoms (heartburn or pyrosis).

Severe complications of GERD are unusual. Complications include development of an ulcer, bleeding from an ulcer, and a stricture formation resulting from scarring, due to deep injury. The complication of Barrett esophagus occurs in approximately 10% of patients with symptomatic reflux.

Dysplasia in Barrett Esophagus

To help diagnose dysplasia in Barrett esophagus, criteria established at a consensus meeting follow 33. However, after noting these, attention will be drawn to cases that defy classification based on such criteria.



Grading Dysplasia in Barrett Esophagus: Algorithm

The following algorithm is based on four mucosal features in Barrett esophagus. The algorithm presupposes that the biopsy in question is taken from the esophagus containing compatible endoscopic features of Barrett esophagus, and that intestinal metaplasia is found.

1.	SURFACE MATURATION compared to the underlying glands.
2.	ARCHITECTURE of the glands.
3.	CYTOLOGIC FEATURES.
4.	INFLAMMATION and erosions/ulcers.

Each feature may vary, but all are combined to arrive at a diagnosis.

“Surface maturation” is assessed at low magnification and confirmed at high magnification. In nondysplastic Barrett esophagus, the proliferating nuclei in the most basal layers of the glands are larger, more hyperchromatic, and more stratified than those at the surface. In contrast, the surface nuclei are generally arranged in a monolayer with polarized basal nuclei. Characteristically, the glands in Barrett esophagus are mildly atypical, especially when viewed in comparison to adjacent nonmetaplastic gastric-type glands (either fundic or cardiac). Thus, an eye-catching feature when scanning a biopsy at low magnification is the tinctorial comparison between the deep portions of the biopsy and the surface. The possible patterns may be any of the following: (a) the glands have proportionally larger nuclei, (b) the glands and surface have similar nuclear size, or (c) the surface has proportionally larger nuclei.

The “architecture” of the tissue is also best assessed at low magnification. The glandular architecture of a biopsy is the relation between the glands and the lamina propria, and also encompasses the outline of the glands. Architectural abnormalities encompass both increased numbers of glands and changes in their shape. In the nondysplastic setting, the glands tend to be round with little budding, and are surrounded by abundant lamina propria. Crowding of normal-appearing glands is considered a mild architectural abnormality. Crowding of abnormal glands is a feature of dysplasia. Cribriform glands, cystic dilation, and necrotic luminal debris are considered severe architectural abnormalities.

“Cytologic features” are assessed at high magnification in zones selected as abnormal during the assessment of surface maturation and architecture. It must be recognized that some degree of nuclear enlargement and atypia is inherent in Barrett metaplasia in the absence of dysplasia, especially in the basal zone and in the columnar epithelium adjacent to squamous mucosa. In summary, cytologic atypia in Barrett esophagus can be due to (a) dysplasia, in which case it should be cytologically and architecturally unequivocal, (b) reactive changes, particularly associated with inflammation, and (c) inherent changes in the deeper glands of Barrett esophagus, in which case the changes are mild and mature towards the surface, or (d) any of the above and without certainty (a situation which would merit an interpretation of indefinite for dysplasia [IND]). Dysplastic cells are generally hyperchromatic. Once the cells have been interpreted as dysplastic, assigning a low- and high-grade category reflects a matter of degree along a morphologic continuum, a point emphasized in the 1988 criteria34. Also included in the assessment of cytologic features is the relationship of one nucleus to another, referred to as nuclear polarity. In “normal polarity,” the long axis of the nucleus remains perpendicular to the basement membrane, and the nuclei are aligned parallel to one another.  “Loss of nuclear polarity” refers to the loss of this perpendicular orientation and a random, “jumbled” appearance of the nuclei, in relation to the basement membrane and one another.

“Inflammation and erosions/ulcers” are a potential component that add difficulty and are assessed at both scanning and high magnification. They can obscure a truly malignant lesion or impart worrisome cytologic alterations that are attributable to a reparative process.

Applying the Algorithm to Classify Dysplasia

Barrett Esophagus: Negative for Dysplasia

In Barrett esophagus without dysplasia, the surface appears more mature than the underlying glands. That is, the nuclear-to-cytoplasmic ratio of surface cells is lower than that of the deeper glands. The architecture is normal, with abundant lamina propria between glands. The cytologic features are normal, noting that mitoses may be present in deeper glands, as well as nuclear stratification. The individual nuclei should have smooth nuclear membranes, and nucleoli, if present, should be small with smooth outlines. Nuclear polarity should be maintained in deep and superficial aspects of the biopsy. If inflammation is a component, reparative features may be present. In this setting, nuclear membranes should remain smooth, although the cells may display nuclear-to-cytoplasmic enlargement and nucleoli may become more prominent but retain smooth contours. The surface should show maturation compared to the deeper glands, but there may be some loss of surface mucin.  A common pitfall in the diagnosis of Barrett esophagus is the presence of carryover intestinal mucosa from the duodenum since typically the duodenum is biopsied first with the same forceps used to biopsy the esophagus and tissue from the intestine can contaminate the container labeled as “esophagus”.   These contaminants are typically small and seen detached from the esophageal mucosa.  Some cases have a hypermucinous pattern reminiscent of hyperplastic polyps in the colon. 
Barrett Esophagus: Indefinite for Dysplasia

Using the algorithm, the IND category includes cases that had deeper cytologic changes suggestive of dysplasia, but which showed surface maturation. But, other observers have used the indefinite category as a “waste can” 34. Cases indefinite for dysplasia could have normal architecture or some degree of glandular crowding. On cytologic evaluation, lesions could have hyperchromasia, nuclear membrane irregularities, and increased mitoses in the deeper aspects, and these matured to the surface. Loss of nuclear polarity was not a feature of IND. In the presence of inflammation, more striking architectural abnormalities were to be included in the indefinite category. This interpretation can also be applied when tangential embedding does not allow assessment between the glands and the surface. Some cases display peculiar hypermucinous features, and it is unclear whether they are neoplastic or reparative. We often offer an explanation for resorting to this category when it is assigned.
Barrett Esophagus: Low-Grade Dysplasia

In Barrett esophagus with low-grade dysplasia, the surface appears similar to the underlying glands at low magnification, or displays only slight maturation. The architecture may be mildly to markedly distorted with glandular crowding, although lamina propria should be identifiable between glands. The cytologic features are important and the changes should extend at least focally to the surface. This lack of surface maturation need not be diffusely present within all tissue fragments and, in fact, areas of abrupt transition between non-dysplastic and dysplastic epithelium are a clue that the changes are indeed neoplastic as opposed to reactive. Superficially located nuclei are irregular, hyperchromatic, mildly enlarged, and may show some degree of stratification and mucin loss.  Mitotic figures may be seen at or close to the surface. More than mild nuclear enlargement is allowed if the other features support an interpretation of low-grade dysplasia. Loss of nuclear polarity and nucleoli are not features of low-grade dysplasia, though nuclear stratification, similar to that seen in colonic adenomas, is within the spectrum of low-grade dysplasia and may be present at the surface. Inflammation is typically minimal; cases with abundant inflammation and the other features of low-grade dysplasia are usually best classified in the IND category. If tangential embedding precludes evaluation of the surface, low-grade dysplasia can be diagnosed in the absence of inflammation if: (a) there are dysplastic features in the deep aspects and (b) the features of high-grade dysplasia (see below) are lacking.
Barrett Esophagus: High-Grade Dysplasia

As in low-grade dysplasia, in high-grade dysplasia, surface maturation is lacking. The architecture may show crowding of cytologically abnormal glands, or be markedly distorted with prominent glandular crowding and little intervening lamina propria. If the cytologic features are sufficiently dysplastic, lesser architectural distortion is acceptable. Most examples, similar to dysplasia in the uterine cervix, do not display prominent nucleoli, which tend to be present in either marked repair or when invasion has begun. Both of these latter situations are associated with ulcers. Nuclei may have either delicately clumped, dark heterochromatin and inconspicuous nucleoli, or prominent, irregular nuclei with irregularly clumped chromatin and irregular nucleoli. Markedly enlarged hyperchromatic cells are a feature of high-grade dysplasia and these may extend to the surface. Loss of nuclear polarity is seen in high-grade dysplasia. Mitoses are readily identifiable. Inflammation is typically minimal. There is some evidence to suggest that high-grade dysplasia, accompanied by an ulcer, is a worrisome feature for an associated, unsampled, invasive carcinoma and we suggest additional biopsies and/or endoscopic ultrasound when we see this pattern.

	Certain features, when seen in association with high-grade dysplasia, should provoke concern for the possibility of an underlying, unsampled carcinoma.  These include:  1) cribiform architecture, 2) dilated tubules containing necrotic debris, 3) associated ulceration, 4) neutrophils within dysplastic glands, and 5) extension of neoplastic cells into the overlying squamous epithelium in a Pagetoid pattern.  Zhu and colleagues demonstrated that identification of 1 of these features in association with high-grade dysplasia is associated with carcinoma in a subsequent resection specimen in 39% of the cases.  This figure increased to over 80% when 2 or more of these findings were present.  In contrast, cases lacking any of these findings had no carcinoma in the resection specimen.  Involvement of the overlying squamous epithelium with neoplastic glands in a Pagetoid pattern was associated with cancer in 100% of the cases35. Other than Pagetoid spread pattern, these features, in fact, overlap with features of intramucosal carcinoma.  Likewise, identification of single Paget cells (intraepithelial glandular neoplastic cells) in a biopsy specimen is invariably associated with an underlying adenocarcinoma containing at least a focal, poorly differentiated component 36 Overall, we believe that sufficient cytologic alterations “trump” architectural pattern.

In the past, esophagectomy was typically offered as a treament in patients with high-grade dysplasia.  Nevertheless, using modern techniques, endoscopic treatment has become the standard37-38.  SEER data show that patients with-high grade dysplasia and early carcinomas have the same mortality whether managed endoscopically or surgically39.   More current practice is to sample aggressively for occult invasive carcinoma and perform close follow-up or endoscopic intervention. Knowing local practices may also influence interpretation of such cases. 

In addition to endoscopic mucosal resection (EMR), available endoscopic treatments include multipolar electrocoagulation, argon plasma coagulation, photodynamic therapy, radiofrequency ablation, and cryotherapy.  There is most experience with photodynamic therapy but radiofrequency ablation is emerging as the preferred technique since it appears to have fewer complications than the others38, 40-41. .  A source of trepidation in the past has been that these techniques would fail to ablate dysplastic mucosa underneath squamous mucosa (buried BE).  Surely dysplastic mucosa can be encountered underneath squamous mucosa but is usually associated with surface dysplasia, at least in patients who have had photodynamic therapy42. 

Intramucosal Carcinoma

The distinction between high-grade dysplasia and the earliest intramucosal carcinoma (defined as invasion through the basement membrane into the lamina propria or muscularis mucosae but not beyond) remains difficult. In general, these cases begin to demonstrate an effacement of lamina propria architecture and a syncytial growth pattern, extensive back-to-back microglands, cells with prominent nucleoli, and an intermingling of single cells and small clusters within the lamina propria. Typically, desmoplasia ranges from absent to incompletely developed at this stage, hence its recognition is difficult and subjective. In carcinoma that has invaded more deeply (into the submucosa), desmoplasia and a clearly infiltrative growth pattern become readily apparent, although tangentially embedded and scarred tissue can pose diagnostic problems. In the upper gastrointestinal tract, invasion into the lamina propria is more significant than in the colon, because colon lamina propria lacks significant lymphatic access. In the colon, invasion into the lamina propria is biologically equivalent to high-grade dysplasia, whereas in the esophagus, invasion into the lamina propria can lead to metastatic disease. Interobserver variability can be a factor when diagnosing intramucosal carcinoma in a small biopsy 43 but this distinction is less important than it was in the past since both high grade dysplasia and intramucosal carcinoma can be managed endoscopically37-38. .

Variant Dysplasia Patterns

Some examples of high-grade dysplasia display abundant acute inflammation. They are distinguished from reparative lesions by their more prominent hyperchromasia and their relative paucity of nucleoli. If biopsies have been processed with Bouin or similar fixatives, these examples display, at their surfaces, similar nuclear membrane irregularities to those seen in more typical dysplasia. 

Though uncommon, some cases show basal crypt changes with surface maturation and the term “basal crypt dysplasia” (BCD) has been used to describe this finding.  As the term implies, these cases show surface maturation with basal crypt changes that include both architectural and/or cytologic anomalies without associated inflammation.  Architectural changes include crypt budding or branching with or without crowding and glandular irregularities. Cytologically the basal dysplastic cells have an increased N:C ratio, pleomorphic, large, hyperchromatic nuclei, mucin depletion, and frequent mitotic figures.  Cellular stratification, nuclear irregularities, dystrophic goblet cells, and loss of polarity may also be seen. Lomo et al. show that, by immunohistochemistry, this type of epithelium demonstrates a significantly elevated basal crypt MIB1 proliferation rate and prominent P53 positivity compared with non-dysplastic BE. While the biologic significance of BCD is still unclear, the same study indicates an association with conventional dysplasia and/or adenocarcinoma in 13/15 patients with BCD (87%) compared with 112/191 controls with BE but without BCD (59%, P=0.05)44.   Though more studies are needed to fully characterize BCD, we report this finding either in a descriptive diagnosis or as part of a comment if “indefinite for dysplasia” is offered as a diagnosis. Some examples of BCD show cytologic features identical to those of high-grade dysplasia. No clear guidelines exist regarding patient follow-up in this setting but most patients are probably best served if followed per LGD guidelines.  Since a diagnosis of LGD requires follow-up biopsies, it is likely that high grade dysplasia would be detected with additional sampling. Observer reproducibility in recognizing “basal crypt dysplasia is similar to that for “low-grade dysplasia”45.

 Other cases of high-grade dysplasia have a subtle, “non-adenomatous” or “small cell pattern” that consists of numerous, tiny glands that appear bland at low magnification, but that display nuclear alterations at high magnification. Occasionally dysplasia extends laterally on the surface of non-neoplastic cardiac or cadiac-oxyntic glands.  Additionally, patients who have had colonic interpositions (in which a segment of colon is used to reconstruct the esophagus after an esophagectomy) can still acquire Barrett-associated neoplasia in their residual esophagus.

Variant patterns of low-grade dysplasia are poorly understood. Whether hypermucinous change is a variant of low-grade dysplasia is not clear, but it sometimes accompanies invasive carcinomas and should probably be noted in biopsies and assigned to the low-grade or indefinite category.  Some cases defy classification but provoke concern when assessing biopsies.  These patients are best served with close follow up.  We have seen a rare case of high grade dysplasia in a patient taking colchicine for the treatment of gout.  The usual features of high grade dysplasia are seen along with the classic ring mitoses that are usually encountered in patients taking this medication.

post-treatment changes

Not surprisingly, endoscopic mucosal resection causes subsequent fibrosis of the lamina propria but both photodynamic therapy (PDT) and radiofrequency ablation (BARRX) result in certain changes to the mucosa. Patients are not usually biopsied immediately after these interventions but, rather, once their mucosa has healed so fortunately most pathologists are not faced with acure reparative changes following these treatments.  Photodynamic therapy results in more complications than does radiofrequency ablation (about 30-40% of patients who have had PDT develop strictures whereas less than 10% of RFA patients do)41-42. We have encountered peculiar graft-versus-host-like changes in patients who have undergone PDT, but the larger concern that has arisen is whether “buried” Barrett mucosa under neosquamous epithelium that cannot be seen by the endoscopist will progress to carcinomas.  The data on this phenomenon remain unclear but at least in one large study of patients who had undergone PDT and developed recurrent dysplasia, those who had “buried” dysplasia also had surface dysplasia (that would thus be visible to the endoscopist)42.  There are fewer follow-up data on patients with RFA since it is a newer technique than PDT but there are many patients who have had PDT in the past who remain in the follow-up phase and the pathologist will need to evaluate their samples.  The squamous mucosa that proliferates in areas of Barrett-related dysplasia after RFA seems to have properties of normal squamous mucosa 46 and patients may be far likely to have “buried” dysplastic Barrett mucosa 46 after RFA than PDT. However, there are fewer patients for whom long-term data are available who have had RFA and patients who have had RFA has often also had EMRs of select areas whereas in the past, patients tended to have PDT only (without EMR). In patients who have had PDT and who have retained buried Barrett mucosa, this Buried mucosa seems to have fewer genetic alterations than surface Barrett mucosa, theoretically because is has less exposure to gastric refluxate47. Interestingly, patients who have NOT have ablation therapy also can have buried Barrett mucosa beneath squamous epithelium (which shares the improved genetic alterations with Buried mucosa after PDT so finding it is not specific for patients treated with RFA or PDT.

handling endoscopic mucosal resection (emr) samples

This technique allows removal of mucosa and submucosa, by a “suck and cut” method. After injection of the submucosa with fluid, the endoscopist applies a cap to the lesion and applies suction through the endoscope.  This creates an artificial “polyp” that is then resected using a cauterizing snare.  EMR allows for superb characterization of dysplasia and neoplasia but has a few pitfalls.  First, since the plastic cup is applied to the surface of the mucosa, the surface epithelial layer of the EMR sample may be damaged such that dysplasia must be evaluated in the absence of an intact surface; this sometimes can require retrieving prior diagnostic samples and comparing the changes.  Second, pathologists have become aware of the finding of duplicated muscularis mucosae in esophagi damaged by many cycles of reflux injury.  In the majority of patients with BE, the original muscularis mucosae is present but a second delicate smooth muscle layer is found closer to the luminal surface; this feature has been identified in over 90% of resection samples 48 and nearly 70% of EMR samples49.   This duplicated muscularis mucosae creates a pitfall when examining superficial biopsies as some observers may interpret lamina propria underneath the more superficial duplicated layer of muscularis mucosae as submucosa. The density of blood and lymphatic vessels in the superficial and deep lamina propria in BE is similar to that of non-Barrett esophagus50. Awareness of this phenomenon should prevent diagnosis of submucosal invasion (T1b) in patients whose invasive carcinoma is restricted to the lamina propria (T1a).  This distinction is important because T1a lesions can often be treated endoscopically whereas submucosal invasive lesions (T1b) require more aggressive treatment. A third pitfall is to remember that the diathermy causes the muscularis mucosae to contract and thus pulls the lateral edges of the sample together such that the sample becomes convex.  This can result in the false impression that lateral margins are instead deep margins. Additionally, one should make an attempt to characterize the depth of invasion in EMR samples in addition to assessing the margins. This is difficult in EMRs since one does not know the total thickness of the submucosa.  Essentially, the mucosa is divided into m1, m2, and m3, representing thirds of the thickness of the mucosa (which consists of epithelium, lamina propria, and muscularis mucosae).  If an intramucosal carcinoma invades into the top third of the mucosa (the “bottom” third is the bottom of the muscularis mucosae), it is an m1 carcinoma.  If it invades into the middle third, it is an m2 carcinoma and if it invades into the muscularis mucosae (the true outer layer and not the delicate inner layer), it is an m3 carcinoma.  The submucosa is similarly divided into sm1-sm351-52.  The trouble is that since, in an EMR, it is not clear where the submucosa ends (as the EMR is obtained by transecting the submucosa) the pathologist has to estimate.  Thus, if the cancer barely penetrates the submucosa, it is an sm1 lesion. Practically speaking, the prognostic cutoff that separates favorable from unfavorable outcomes seems to be between sm1 and sm2 so if there is prominent submcuosal invasion, then the patient will probably not do well following EMR and needs more intervention regardless of whether the pathologist can truly determine whether the lesion is sm2 or sm3. Thus, in reality this estimate can be practical rather than precise.  In our practice we often report “at least sm2” for lesions that invade more than the most superficial submucosa in EMR samples, which offers enough data for our clinical colleagues to make informed management decisions despite our lack of precision.  In resection specimens it becomes relatively easy to separate sm2 versus sm3 lesions.

On a practical note, the savings in headaches about margins is worth however many sessions with colleagues in the endoscopy it takes to teach them how to pin EMR samples daintily to a corkboard and float the sample upside down in formalin (such that the EMR is well-fixed).  It is also worth however much time is required to explain to the histotechnology staff how to ideally embed the samples.  The ideal sample is fixed flat and then the margins are painted with ink. The sample is then “breadloafed” and submitted.  This does not allow precise evaluation of every lateral margin but it assures evaluation of the deep matgin, which is the most important.  The pathologist should expect many positive lateral margins since EMR procedures often require removal of several adjoining zones of mucosa to adequately treat the field of dysplasia.  It is not safe for the endoscopist to resect too much mucosa in one “bite”.
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Autoimmune Metaplastic Atrophic Gastritis

Autoimmune metaplastic atrophic gastritis 1 was called “type A” gastritis in the past (before the role of Helicobacter was elucidated). A frequently under recognized entity, AMAG is a disease in which antibodies attack parietal cells and is typically seen in biopsies from older female patients.  Autoimmune gastritis is the precursor and etiologic cause of the majority of cases of pernicious anemia and may precede pernicious anemia by years to decades. In the past, the condition was believed to preferentially affect Northern Europeans and their ancestors, but this has been shown to be untrue and, in fact, all races are affected 2. Little is known regarding disease etiology.  In an interesting report by Hershko et al. the authors studied 160 patients with autoimmune gastritis identified by hypergastrinemia and the presence of antiparietal antibodies.  Eighty three, forty eight, and twenty nine patients presented with  iron deficiency anemia, normal indices, and macrocytic anemia, respectively.  Patients with iron deficiency anemia were 21 years younger (and mostly females) than patients with macrocytic anemia.  Additionally, stratification by age from those younger than 20 to those older than 60 showed an increasing trend in mean corpuscular volume and a decrease in vitamin B12 levels.  Finally, the prevalence of H. pylori infection decreased from 87.5% at age younger than 20 to 12.4% at age older than 60.  Thus, the authors challenged the notion that AMAG is a disease of the elderly (although it may present in the elderly), suggesting that vitamin B12 deficiency may be the end result of a long-standing process triggered initially by H. pylori and that may present in its initial stages in younger patients (particularly females) with microcytic, iron deficiency anemia and in its later stages in older patients with macrocytic pernicious anemia 3.  It is possible that, via molecular mimicry, H. pylori may be able to induce production of anti-parietal/anti-intrinsic factor antibodies in susceptible individuals 4. 

Patients with AMAG are at threefold risk of developing gastric cancer. But they are not at risk for ulcers because their parietal cells are reduced in number to absent, thus producing little-to-no acid. Since parietal cells are the type affected, the changes occur only in zones where parietal cells are found. Thus, there is metaplasia and atrophy only in the body and fundus. An affected patient with biopsies from the antrum and the fundus will show no significant inflammatory disease in the antrum (hence the importance of taking biopsies from both sites  Fundus biopsies show extensive loss of parietal cells and metaplasia. In some cases, there are residual nests of parietal cells with chronic inflammatory cells (T cells) in the process of destroying them. In fact, the residual, more normal mucosa sometimes appears polypoid to the endoscopist when seen in a sea of severe atrophy 5-6.  Alternatively, the endoscopist may see a flat, thin mucosa, devoid of rugae.  Metaplasia is usually of the intestinal type or the “pseudopyloric” type.  Pancreatic acinar cell metaplasia is not uncommon.  In fact, this type of metaplasia in a biopsy of the oxyntic mucosa should prompt the pathologist to consider the possibility of autoimmune gastritis as it has been observed in 50% of patients with AMAG and is rare in other gastritides 7.  In “pseudopyloric metaplasia,” the oxyntic mucosa resembles antral mucosa, in that it lacks parietal and chief cells 8, but differs from it by not secreting gastrin. Only the real antrum secretes gastrin. Thus, immunohistochemistry for gastrin in biopsies from the body lacks reactive cells, a finding that can be exploited both to establish a diagnosis and to exclude inaccurate sampling (i.e., the endoscopist has biopsied the antrum and labeled it as “body”). In AMAG, there is typically no metaplasia in the antrum, which often shows reactive features that are possibly secondary to bile reflux. Because the patients are hypoacidic due to loss of parietal cell mass, a feedback loop causes the antral G cells to produce abundant gastrin to stimulate acid secretion. As there are few-to-no parietal cells, gastrin levels become progressively elevated in these patients, and this gastrin stimulates proliferation of endocrine cells in the gastric body as a side effect. Thus, chromogranin stains show linear and nodular endocrine cell hyperplasia in the body, neither of which is attributable to G cells. If this condition persists, small indolent carcinoid tumors can result.

To summarize, one can determine the presence of AMAG in a biopsy by looking for the following features in the gastric body, and then noting that the patient’s antrum is unaffected:

Body and Fundus in Autoimmune Gastritis
Loss of parietal cells
Intestinal metaplasia
“Pseudopyloric metaplasia”
        Pancreatic acinar cell metaplasia

Negative gastrin stain (or scattered cells especially if the sample is from transition zone between antrum and body)
Nodular and linear enterochromaffin cell-like (ECL) cell hyperplasia on chromogranin stain
Antrum in Autoimmune Gastritis
Essentially normal biopsy
No intestinal metaplasia
G cells present on gastrin stain
Normal number of cells on chromogranin stain

“early” AMAG.  Autoimmune gastritis can be easily recognized when the histological features are fully developed, but recognizing it before the complete loss of the oxyntic mucosa is more challenging. One feature of fully developed, autoimmune gastritis is ECL cell hyperplasia. Torbenson et al. studied biopsy specimens from 40 patients diagnosed with possible autoimmune gastritis, based on the presence of lymphocytic infiltration and damage to oxyntic glands and/or the presence of metaplastic epithelium that disproportionately involved the body mucosa 9. Nineteen cases had follow-up serological studies for antiparietal cells and/or anti-intrinsic factor antibodies: 13 were positive and six were negative. The remaining 21 cases were indeterminate because of incomplete testing. The histological findings were similar in the patients who were serologically positive and those who were indeterminate. In all of these cases, the oxyntic mucosa showed lymphoplasmacytic infiltrates within the lamina propria, with focal gland infiltration and damage. Sixty-five percent (22 of 34) of the cases showed intestinal and/or pyloric metaplasia, and 85% (29 of 34) showed parietal cell pseudohypertrophy. Chromogranin stains were performed in 11 of 13 cases with positive serological markers for autoimmune gastritis, and all showed at least linear ECL cell hyperplasia. In contrast, none of the six cases with negative serological studies had linear ECL cell hyperplasia (p <0.001). The authors concluded that: (a) the combination of deep or diffuse lymphoplasmacytic infiltrates within the lamina propria with foci of gland infiltration and damage, (b) epithelial metaplasia, (c) parietal cell pseudohypertrophy, and (d) ECL cell hyperplasia at the linear or greater level, all support a diagnosis of autoimmune gastritis before the complete loss of oxyntic mucosa.
Environmental Metaplastic Atrophic Gastritis


Helicobacter gastritis is probably the most important cause of environmental gastritis that we know, but it is probably not the cause of all cases. Other associations include various dietary factors such as excessive salt, smoked foods, nitrites, paucity of green vegetables and fruits (lack of vitamins C, E,  selenium), and nitrosamines. Nitrosamines can be produced from nitrites, in the setting of colonization by anaerobic bacteria in a hypoacidic stomach. This type of gastritis has been called “type B gastritis” and “multifocal atrophic gastritis.”

The key feature is that environmental atrophic gastritis is most marked in the antrum. Multiple foci first appear in the transition zone between antrum and body 10 at the area of the lesser curvature. Over time, the entire antrum is affected but the body is relatively spared. While there is less disease in the body, it first appears in the distal body, and affects more of the body over many years. The body can display pseudopyloric and intestinal metaplasia, just as in autoimmune gastritis, but, of course, the antrum is affected as well. These patients retain enough parietal cell mass that they do not develop pernicious anemia. They can become hypochlorhydric, but achlorhydria is rare. Their serum gastrin is usually normal and they can have both ulcers and develop cancers. In the US, environmental atrophic gastritis is usually seen in patients older than 50 years, but in certain parts of the world, atrophy appears in patients in their third or fourth decades (e.g., Japan, Andean South America).

Pyloric Gland Adenoma

	These lesions have been mentioned briefly over the years and in the 1990 WHO classification of gastric neoplasms but were fully characterized in 2003 by Vieth et al.11   Pyloric gland adenoma (PGA) is a neoplastic polyp known to occur in the stomach, gallbladder, duodenum, and main pancreatic duct.  These polyps show a preference for the gastric corpus, account for 2.7% of all gastric polyps, are typically seen in older patients (median age 73 years), and gastric examples show a remarkable female predominance 11-12.  More than 1/3 occur in patients with autoimmune metaplastic atrophic gastritis 11-12 and account for 10% of polyps found in patients with AMAG 2.  H. pylori or chemical gastritis may also be present in the background mucosa 11.   Histologically, these polyps are composed of closely packed pyloric-type glands with cuboidal to low columnar epithelium showing pale or eosinophilic, “ground glass” cytoplasm.  Nuclei are round without prominent nucleoli.  Foci of dysplasia/carcinoma are commonly encountered.  Low grade and high grade dysplasia are seen in 12% and 39% of the cases, respectively 12 while invasive carcinoma is associated with 12-47% of the lesions, depending on the authors’ criteria for carcinoma; using Western criteria, the figure is probably closer to 10-15% 11-12. PGA’s show coexpression of MUC6 (marker of pyloric gland mucin) and MUC5AC (marker of foveolar mucin) and lack expression of MUC2 (marker of intestinal mucin) and CDX2. While foveolar-type gastric adenomas show MUC5AC expression, they lack expression of MUC6 and MUC212.  Some cases, however, show areas of transition from gastric to intestinal differentiation and these foci may show immunolabeling with MUC2 and CD10 13.   As with other types of adenomas, complete excision of PGA with biopsy of the background flat mucosa is appropriate in these patients.

Hamartomatous/Syndromic Polyps in the Stomach

Hamartomas are polypoid lesions formed from disorganized tissue elements that are native to that site. Hamartomatous syndromes that may involve the stomach include Peutz-Jeghers syndrome, juvenile polyposis, and, less commonly, Cowden disease. Peutz-Jeghers is an autosomal-dominant condition caused by germline mutations in the LBK1/STK11 gene on chromosome 19p13.3, and is characterized by polyposis and distinctive melanin pigmentation around the lips, buccal (cheek) mucosa, and sometimes eyelids and hands. Because the pigment may fade after puberty, the syndrome is not excluded––even if pigment is absent––in an adult presentation. The polyps of Peutz-Jeghers syndrome primarily occur in the small bowel (65%) and are slightly less common in the colon and stomach 14-15. Importantly, unlike the small bowel polyps which show prominent arborization of the muscularis mucosae, gastric Peutz-Jeghers polyps are composed mostly of dilated or branching mucus-filled pits and may have relatively inconspicuous smooth muscle. Occasional examples of gastric Peutz-Jeghers polyps have the classic arborizing architecture with strands of smooth muscle, but most have less specific features (but some degree of smooth muscle proliferation). Essentially, they are best distinguished from hyperplastic polyps by correlation with the history, a reality that is quite humbling for the pathologist16. However, the background gastric mucosa is usually normal in patients who have Peutz-Jehgers polyps (in contrast to the frequently abnormal background mucosa in patients with hyperplastic polyps). While dysplasia is rare in these polyps, patients with Peutz-Jeghers syndrome are at significant risk for gastric and other adenocarcinomas developing outside of the hamartomas 14.  Since the stakes of a diagnosis of Peutz-Jeghers syndrome are high, and the polyps are diagnosed unreliably on gastric biopsies, we would not base a diagnosis of Peutz-Jeghers polyposis on the findings of a gastric lesion alone 16.

Juvenile polyposis is a genetically heterogeneous condition in which some families have autosomal dominant germline mutations in the DPC4 gene on chromosome 18q21. The polyps in juvenile polyposis can be limited to the colon or can be generalized, involving the colon, small bowel, and stomach. There are additional reports of patients who appear to have juvenile polyposis predominantly confined to the stomach. Juvenile polyps involving the stomach frequently show a rounded surface contour with superficial mucosal erosions and an abundant, edematous, and inflamed lamina propria. The foveolae are frequently hyperplastic and dilated. Superimposed epithelial dysplasia, or even mixed adenomatous/juvenile polyps, occurs in up to one third of juvenile polyps. Cowden disease is an autosomal-dominant condition that is relatively poorly characterized, but some families have germline mutations in the PTEN gene on chromosome 10q22-23. The gastrointestinal polyps in Cowden disease are usually a minor component of the syndrome (affected individuals typically show more prominent facial trichilemmomas and oral papillomas, as well as being at increased risk for breast and thyroid carcinomas). Detailed descriptions of gastric polyps in Cowden disease have not been made, but they are reported to be histologically indistinguishable from small hyperplastic polyps 17. Dysplasia has not been reported in these polyps.

There are some clinical and pathologic clues that can help distinguish between gastric hyperplastic polyps and hamartomatous polyps: (a) the patient may have a previously characterized polyposis syndrome; (b) there may be biopsies of the nonpolypoid gastric mucosa showing an atrophic or inflammatory gastropathy of the type associated with the development of hyperplastic polyps; (c) hyperplastic polyps frequently show a more lobulated or villiform surface, as compared to the often rounded surface of juvenile polyps; and (d) hyperplastic polyps often contain a more prominent edematous, inflamed lamina propria when compared with Peutz-Jeghers polyps, which can sometimes (but not always) show smooth muscle arborization. However, we do not believe that it is possible to distinguish between a hyperplastic or hamartomatous polyp based solely on the histologic features of a polyp that is resected or biopsied. In the absence of clinical information and knowledge of the histology of the background gastric mucosa, we state in the diagnostic report that the polyp is histologically consistent with a hyperplastic polyp and give the differential diagnosis listed above.

Cronkhite Canada Polyps
Cronkhite[image: -]Canada syndrome 18 is characterized by diffuse polyposis occurring in patients with unusual ectodermal abnormalities, including alopecia, onychodystrophy (this means fingernails that are falling apart) and skin hyperpigmentation. Europeans and Asians are most frequently affected, with a mean age at onset of 59 years. Several hundred cases of Cronkhite[image: -]Canada syndrome have been reported world-wide, the majority of these reports originating from Japan, probably a result of the popularity of case reports in Japan.   The male to female ratio is 3:2. Potentially fatal complications, such as malnutrition, gastrointestinal bleeding and infection, often occur, and the mortality rate has been reported to be as high as 60%.  Neither a familial association nor a genetic defect are known.

 The most common presenting symptoms include diarrhea, weight loss, nausea, vomiting, hypogeusia and anorexia. Paraesthesias, seizures and tetany, apparently related to electrolyte abnormalities, have also been reported. Mucoid diarrhea results in the depletion of the patients protein reserves such that the patient loses his (usually) hair and nails. Nail dystrophy, with thinning, splitting and separation from the nailbeds are the typical nail features.   Both scalp and body hair alpecia may be present. Diffuse hyperpigmentation of the skin, manifested by light to dark brown macular lesions, is seen most frequently on the extremities, face, palms, soles and neck. Microscopic examination of biopsied skin reveals abnormally increased melanin deposition with or without increased melanocyte proliferation.

Cronkhite[image: -]Canada syndrome is distinguished by the diffuse distribution of polyps throughout the entire gastrointestinal tract, except for characteristic sparing of the esophagus.  The question of whether polyps in Cronkhite[image: -]Canada syndrome possess malignant potential remains controversial.

A number of complications may occur with Cronkhite[image: -]Canada syndrome and can contribute to poor outcomes in patients with this disease. These include potentially fatal gastrointestinal bleeding, intussusception and prolapse. Electrolyte abnormalities, dehydration, protein-losing enteropathy and other nutritional deficiencies due to malabsorption can complicate the course of the disease. Cronkhite[image: -]Canada syndrome patients are prone to recurrent infections, but it is not known whether this is related to malnutrition or is a primary immunological deficiency.

The Cronkhite-Canada  polyp is characterized by its broad sessile base, expanded edematous lamina propria, and cystic glands19. Similar features are found in the lesions of juvenile polyposis. The only distinguishing feature reported  between Cronkhite-Canada and colonic juvenile polyposis was the pedunculated growth of the latter; a feature that did not hold for gastric lesions. Unlike Cronkhite-Canada polyps, juvenile polyps sometimes have areas of dysplasia, but this is not typical. Therefore the diagnosis of Cronkhite-Canada  polyps, (especially in the stomach), requires correlation with the presence of the ectodermal changes characteristic of this syndrome.  The most helpful histologic feature is that the flat mucosa is abnormal and edematous (it is usually normal in the gastric mucosa of patients with gastric juvenile polyps).  This is yet another condition for which we strongly encourage our gastroenterology colleagues to be vigilant about sampling flat as well as polypoid mucosa.
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SMALL INTESTINE

Iatrogenic Disease

<H1>Ischemic Disease

In contrast to ischemic colitis, ischemic enteritis usually results from mechanical alterations (leading to resections) rather than chronic vascular insufficiency. It is seldom seen on endoscopic biopsies.  A possible scenario in which one might encounter an ischemic picture in the duodenum involves the utilization of selective internal radiation spheres (SIRS).  Used as a local ablative procedure in patients with inoperable primary or metastatic liver tumors, SIRS consist of Yttrium-90 – incorporated microspheres that are embolized into the arterial supply of the liver with the goal of selectively targeting tumors, which receive most of their blood supply from the hepatic artery.  If there is a significant degree of shunting from the liver to the gastrointestinal tract, the spheres may become lodged in the duodenal circulation resulting in ulceration and ischemic changes.  The spheres appear as round, black structures found within submucosal vessels.  Other adverse effects include radiation cholecystitis, pneumonitis, or hepatitis1.

Medication-Associated Injury and other iatrogenic forms of injury

Nonsteroidal anti-inflammatory drugs
Nonsteroidal anti-inflammatory drugs (NSAIDs) are well-known to be associated with mucosal damage in the small intestine. They may even lead to a peculiar form of strictures called “diaphragm disease,” based on their macroscopic appearance2-4. The typical injury consists of ulcers, which may lead to strictures. Unfortunately, the histologic features of NSAID-associated ulcers are not specific, although they are usually not associated with abundant chronic inflammation.

Graft versus host disease
Patients with graft versus host disease (GVHD) present with secretory diarrhea, abdominal pain, and, at times, hemorrhage. There is also a syndrome of upper GI GVHD, presenting clinically as anorexia, dyspepsia, food intolerance, nausea, and vomiting. These syndromes were first recognized in the early 1990s and endoscopic criteria for recognizing the lesions of GVHD are now available. Of course, patients who have had bone marrow transplants are prone to many infectious causes of enteritis, but many also have upper tract GVHD. The original grading criteria were published by Snover et al 5  and are summarized as follows: 
Grade [image: ] crypt apoptosis 
Grade [image: ] with crypt abscess 
Grade [image: ] crypt necrosis 
Grade [image: ]denudation of areas of mucosa. 

These criteria are simple to apply and correlate well with clinical findings. Unfortunately, chronic GVHD results in nonspecific features of lamina propria fibrosis, mucosal atrophy, and crypt distortion without basal plasmacytosis. When confronted with such biopsies, we attempt to grade the active component and note the features of the chronic component. We also compare the biopsies to any prior ones. 

Mycophenolate associated injury
Papadimitriou et al. initially reported a graft-versus-host-disease-like (GVHD-like) response, namely striking apoptosis, to CellCept (mycophenolate mofetil) in colon biopsies6 and others have documented similar findings in the upper GI tract (including the duodenum) in patients taking the same medication7.  CellCept is widely used for maintenance immunosuppression in solid organ transplantation. GI toxicity, usually manifested as diarrhea, is its most common side effect. The key finding is crypt apoptosis, which it shares with graft versus host disease.  As a rule of thumb, it is abnormal to encounter more than 2 apoptotic bodies per 100 crypts, which roughly corresponds to one relatively generous mucosal biopsy fragment.  Put another way, if it is easy to find apoptotic bodies, there are too many. It is reasonable to count both “halo” cells as well as cells with popcorn-like nuclei; there is no need to stain with cleaved caspase 3 immunostaining (which marks apoptotic bodies)  but such immunolabeling correlates with a looser definition of apoptosis that includes “halo” cells.

	If a patient is taking mycophenolate and has also had a bone marrow transplant, it is essentially impossible to sort out the cause of prominent apoptosis.  Mycophenolate drug levels can be tested but the correlation between blood levels and clinical toxicity is imperfect. Similarly, infections (especially with cytomegalovirus [CMV]) can result in prominent crypt apoptosis, so biopsies must be carefully assessed.  At our institutions, we have a low threshold for ordering CMV immunostains in transplant patients whose biopsies display erosions/ulcerations as well as prominent apoptosis. 

Ipilimumab-associated injury
Monoclonal antibodies (mAbs) against the cytotoxic T lymphocyte antigen-4 (CTLA-4) molecule are used as an adjuvant to experimental tumor immunization protocols in the treatment of a growing number of malignant neoplasms (for example melanomas, ovarian carcinomas, and pancreatic carcinoma). Among  adverse effects associated with these medications, severe gastroenteritis has been reported. Oble et al have reported their observations of 5 patients who developed severe gastrointestinal toxicity affecting the gastric, small intestinal, and colonic mucosa8. The endoscopic findings were variable, ranging from normal to diffusely erythematous and ulcerated mucosa. The constant histologic findings included a lymphoplasmacytic expansion of the lamina propria with increase in intraepithelial lymphocytes, and prominent apoptosis. Samples displayed cryptitis and glandular inflammation in the colon, ileum, and stomach, whereas villous blunting was present in the ileal and duodenal mucosa. Immunohistochemical analysis revealed a marked increase of all T-cell subsets (CD3+, CD4+, and CD8+) and of CD4+CD25+ regulatory T cells. The authors pointed out that the findings resempled those seen in autoimmune enteropathy (discussed below).

Colchicine toxicity
Colchicine is an alkaloid with an antimitotic ability used to treat a variety of medical conditions. Colchicine toxicity can result in multiorgan failure and death, so it is worthwhile to learn to spot these changes in routine biopsies. Iacobuzio-Donahue et al. reported findings in 21 GI mucosal biopsies from nine patients receiving oral colchicine therapy9. All patients had a history of gout. Four patients with chronic renal failure also had clinical evidence of colchicine toxicity, and the other five patients did not. Distinct morphologic changes––seen as metaphase mitoses, epithelial pseudostratification, and loss of polarity—were seen in biopsy material from four of four (100%) patients with clinical colchicine toxicity. Three of these four cases (75%) also contained abundant crypt apoptotic bodies. These morphologic features were best seen in the biopsies from duodenum and gastric antrum, with relative sparing of the gastric body in the upper GI tract. Ki67 staining demonstrated an expansion of the proliferating region in three available cases with clinical colchicine toxicity. Probably the most important finding in this study was that the distinctive morphologic features were absent in the five patients without clinical colchicine toxicity.

autoimmune enteropathy

This rare condition is characterized by 1) small intestinal villous atrophy unresponsive to dietary restrictions, 2) unrelenting diarrhea, and 3) predisposition to autoimmune disease, as initially proposed by Unsworth and Walker-Smith10.  Though initially thought to affect newborns and young children, adult onset is well-documented in the literature 94-97.  Pathophysiology is poorly-understood but a proposed mechanism involves loss of self-tolerance and a hypereactive immune system with innapropriate T-cell activation and cytotoxicity. Increased numbers of mucosal CD4+ and CD8+ T cells have been observed by some.  This activation may be a result of aberrant HLA class II molecule expression in enteric crypt epithelial cells (normally expressed only by mature enterocytes) as documented by Mirakian et al.11.  Certain autoantibodies are associated with this condition namely, anti-goblet cell and anti-enterocyte antibodies.  Akram et al. found these antibodies in 13 out of 14 (93%) studied patients. Their presence, however, seems neither necessary nor sufficient for disease development as some patients with the condition have no detectable antibodies and antibodies have been detected in healthy subjects and in patients with celiac disease.  Additionally, a myriad of other autoantibodies may be present or coexist with the gut-specific antibodies namely, anti-nuclear, anti-striated muscle, anti-parietal, anti-SSA, and anti-phospholipid antibodies, to name a few.  Up to 87% of affected patients suffer from associated autoimmune disorders such as rheumatoid arthritis, myasthenia gravis, psoriatic arthritis, hypothyroidism, autoimmune inflammatory myopathy, idiopathic thrombocytopenic purpura, Raynaud phenomenon, and atrophic gastritis, among others.  Two variants of the disorder are described.  The first, termed IPEX (immune dysregulation, polyendocrinopathy, enteropathy, X-linked) syndrome, is fatal, X-linked and characterized by polyendocrinopathy and various autoimmune conditions in association with severe, prolonged diarrhea12-13.  The second, termed APECED (autoimmune polyendocrinopathy-candidiasis-ectodermal dystrophy) syndrome or APS-1 (autoimmune polyglandular syndrome 1) is autosomal recessive and affected patients suffer from autoimmune enteropathy in association with endocrine abnormalities (hypoparathyroidism, adrenocortical insficiency, diabetes mellitus, thyroid disease), mucocutaneous candidiasis, and skin manifestations such as alopecia and vitiligo, and nail deformities. 

The histologic appearance of autoimmune enteropathy varies considerably from case to case. Intestinal biopsies show a picture similar to celiac disease with total or partial villous atrophy, crypt hyperplasia, and expansion of the lamina propria by a lymphoplasmacytic infiltrate.  Some cases display intact villous architecture.  Active inflammation with or without crypt abscesses may or may not be present.  Increased intraepithelial lymphocytes may be seen but often to a lesser degree than in celiac disease.  Crypt apoptotis is striking in some cases.  Goblet and/or Paneth cells  may be absent. Cases lacking goblet cells and/or Paneth cells are easy to recognize  as autoimmune enteropathy if the pathologist is in the habit of assessing for these components in biopsies whereas the diagnosis can only be listed as part of a differential diagnosis when, for example, prominent apoptosis is the most salient feature. The diagnosis should be considered when examining biopsies from adult patients labeled as having “refractory sprue” and from babies and children with intractable diarrhea.  Treatment consists of nutritional support and immunosuppressive therapy. With treatment, some patients with absent goblet and Paneth cells regain them.   

Translocation Sarcomas Involving the Small Bowel

	There are several clues that can help in interpreting spindle cell tumors in the gastrointestinal tract.  The first is that knowing the layer in which the tumor is centered (ie mucosa, submucosa, muscularis propria, serosal) can help suggest the type of tumor.  The other is that lesions with characteristic translocations and gene fusions tend to have uniform cells.  Thus the reader might note that both inflammatory fibroid polyp and most gastrointestinal stromal tumors have uniform cells without nuclear pleomorphism and without atypical mitoses.  The rare tranlocation sarcomas encountered on small bowel biopsies follow this rule but may require molecular techniques to confidently diagnose.  For example, Ewing’s sarcoma/primitive neuroectodermal tumor is very rarely encountered on small intestinal samples where it has the same characteristics as lesions elsewhere, namely labeling for CD99 and a small round cell phenotype, but of course, in this location, it is usually only considered after an extensive immunolabeling panel directed at small cell carcinoma and lymphomas.

On the other hand, gastrointestinal type clear cell sarcoma is fairly well described.  The classic location is the ileum and the patients tend to be young adults.  The lesions consist of sheets of rounded to slightly spindled cells that are uniform.  Sometimes there is a slightly nodular appearance and some cases show cells with prominent uniform nucleoli.  The lesional cells express S100 protein but not typically HMB45 or other so-called “melanoma markers”.  This feature distinguishes them from clear cell sarcoma of the soft tissues, which usually express “melanoma markers” in addition to S100.  Whereas most soft tissue clear cell sarcomas have EWS-ATF1 gene rearrangements, those in the GI tract have EWS-CREB1 rearrangements14.  These tumors tend to have overlapping features with neuroendocrine tumors, a concern that can be compounded by their synaptophysin labeling but they lack keratins and show strong S100 protein expression.  Of course, they also overlap with metastatic melanoma such that some cases require molecular confirmation. They are unlikely to express CD117.

Rare cases of low grade fibromyxoid sarcoma (which has a t(7,16) (q32-34;p11) or t(11,16) (p11;p11) translocation, resulting in FUS-CREB3L2 or FUS-CREB3L1)have also been reported in the small bowel 15, where they are centered in the mesentery and unlikely to be encountered in mucosal biopsies.  They appear similar to fibromatoses but differ by featuring more hyperchromatic nuclei.  



Location of Mesenchymal Lesions in the Gastrointestinal Tract by Layer
	Lesion
	Favored Site in Gastrointestinal Tract
	Mucosa
	Submucosa
	Muscularis Propria
	Mesentery

	Benign epithelioid nerve sheath tumors
	Colon
	x
	
	
	

	Sporadic ganglioneuroma
	Colon
	x
	
	
	

	Schwann cell hamartoma
	Colon
	x
	
	
	

	Benign fibroblastic polyp/Perineurioma
	Colon
	x
	
	
	

	Leiomyoma
	Colon
	X (associated with muscularis mucosae)
	
	
	

	Inflammatory fibroid polyp
	Stomach (antrum)
	
	x
	
	

	Synovial sarcoma 
	Stomach
	x
	x
	x
	

	Gangliocytic paraganglioma
	Small bowel (duodenum)
	x
	x
	
	

	Glomus tumor
	Stomach
	
	
	x
	

	Plexiform fibromyxoma
	Stomach
	
	
	x
	

	Gastrointestinal stromal tumor
	Stomach
	
	
	x
	

	Gastrointestinal schwannoma
	Stomach
	
	
	x
	

	Leiomyoma
	Esophagus
	
	
	x
	

	Gastrointestinal clear cell sarcoma
	Small intestine (ileum)
	
	
	x
	

	Ganglioneuromatosis
	Colon
	x
	x
	x
	x

	Mesenteric fibromatosis
	Small intestine
	
	
	x
	x

	Inflammatory myofibroblastic tumor
	
	
	
	x
	x

	Sclerosing mesenteritis
	
	
	
	
	x

	Heterotopic myositis ossificans
	
	
	
	
	x
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COLON

Mastocytosis

Normally the gut has scattered lamina propria and submucosal mast cells, usually not easily identified unless they are specifically searched-for or highlighted with immunohistochemical stains (mast cell tryptase or CD117).  Increased numbers of mast cells in the GI tract can be seen in a number of inflammatory disorders including patients with allergic disease, parasitic infections, and eosinophilic colitis. 

While rarely encountered, neoplastic mast cell infiltration of the GI tract can occur in the setting of systemic mastocytosis (SM). The GI symptoms in SM are often attributable to the histamines and other compounds produced by the mast cells, rather than to their presence in the GI tract.  Clinical and endoscopic features may overlap with those of inflammatory bowel disease 1-2.  Mast cells are CD117-reactive and can be identified with CD117/c-kit stains. Although correlation with skin biopsies and clinical features is helpful in elucidating the etiology for their presence (neoplastic vs. inflammatory) Hahn and Hornick 3 reported histologic clues that are useful in this regard namely, mast cell density and CD25 expression.  In their study, biopsies from patients with SM showed significantly higher mast cell density (>100/hpf) when compared with biopsies from patients with cutaneous mastocytosis or gastrointestinal inflammatory conditions.  In addition, immunostaining with CD25 (IL-2 receptor expressed by neoplastic mast cells) is specific for systemic mastocytosis and is not expressed in GI tract mast cells from patients with cutaneous mastocytosis or GI inflammatory processes 3.     The classic D816V KIT mutation associated with SM is also seen in cases with gastrointestinal involvement 1.  Unfortunately, mastocytosis is not as responsive to imatinib as the CD117 expression would suggest 4.

In contrast to systemic mastocytosis, so-called “mastocytic enterocolitis” refers to a condition in which patients suffer from chronic protracted diarrhea and who demonstrate increased numbers of mast cells in their gastrointestinal biopsies (more than 20/hpf). 67% of those affected respond to treatment with H1 and H2 receptor antagonists and cromolyn sodium (mast cell mediator release inhibitor) 5.  This observation has led to requests for performing mast cells stains on biopsies from patients with diarrhea but without features of typical inflammatory disease; in some respects this is a request to perform mast cell stains on patients with irritable bowel syndrome and the meaning of so-called “mastocytic enterocolitis” is unclear. We do not perform such stains routinely and hesitate to perform them when asked since similar treatment is often offered empirically for such patients.

Langerhans’ Cell Histiocytosis

	Colonic involvement in Langerhans’ cell histiocytosis (LCH, previously known as Histiocytosis X) has been reported in 3.3% of pediatric patients with multisystemic disease and is even less common in children with single organ system involvement 6.  A poorly understood and potentially fatal disease, LCH occurs in both children and adults and results from uncontrolled proliferation or augmented survival of macrophage-like cells, which are histologically and immunohistochemically similar to epidermal, antigen-presenting Langerhans’ cells.  Pediatric patients with GI involvement present with non-specific symptoms such as diarrhea, abdominal pain, lower GI bleeding, and failure to thrive 6 7. The colon may appear endoscopically normal or show edema, erythema or ulceration 6, 8-9.  In most adult patients, LCH seems to be an isolated finding typically (but not invariably) associated with an indolent course10. The condition is characterized histologically by the presence of numerous macrophages with a “kidney bean”-shaped nucleus in the lamina propria and/or submucosa in the background of variable numbers of T-lymphocytes, eosinophils, and giant cells.  Classical Birbeck granules can be identified on electron microscopy but the diagnosis is more easily confirmed by positive immunohistochemical staining for S100 and CD1a.  Prominence of eosinophils may be the first clue to the diagnosis. Some cases, however, display a paucity of eosinophils and diagnosis requires a high index of suspicion.

Common Variable Immunodeficiency

Common variable immunodeficiency (CVID) presents colonic findings that are similar to those in the small bowel 11. CVID syndrome is the second most common immunodeficiency syndrome after select IgA deficiency. The hallmark of CVID presentation is persistent sinonasal infections, but many such patients have GI tract complaints attributable to small intestinal atrophy, chronic giardiasis, pernicious anemia, and colitis. Such patients are at risk for development of small bowel lymphoma and gastric carcinoma. Because CVID is a chronic disease, injury to the colon in patients with this condition is life-long. As such, although these patients have decreased number of lamina propria plasma cells, other features of their disease mimic “quiescent” or active inflammatory bowel disease, such as marked crypt distortion and or intraepithelial neutrophils.  Apoptosis is often a prominent feature of CVID, mimicking graft versus host disease (GVHD), and these patients are prone to a host of infections. CVID is also associated with lymphocytic and collagenous colitis.  Granulomas and lymphoid aggregates can also be encountered in this setting 11.  The diagnosis can be difficult in isolation of the clinical findings. Although the possibility of CVID can be suggested when plasma cells are decreased, this finding is seen in approximately 66% of the patients and about a third of biopsies from CVID patients have (hypofunctional) plasma cells 11.

Chronic Granulomatous Disease 

	Chronic granulomatous disease is an inherited disorder manifesting as immune deficiency caused by mutations in any of the genes which encode the various subunits of the superoxide-generating phagocyte NADPH oxidase system responsible for the respiratory burst involved in organism killing. This disease affects around 1 in 250 000 children and is associated with significant morbidity and mortality, with the predicted life expectancy reduced to around 25–30 years of age, with recurrent severe bacterial and fungal infections with granuloma formation. Treatment usually involves the use of prophylactic and therapeutic antibiotics, and newer therapies have been developed such as interferon (IFN)-γ, bone marrow transplantation and gene therapy. Chronic granulomatous disease can affect the colon in about a third of patients, and displays prominent macrophages and eosinophils(Levine, 2005 #1612).  Granulomas, if present, are often poorly-formed.  Macrophages are often pigmented.  Occasional cases of common variable immunodeficiency also show granuloma formation 11 but of course the hallmark is the absence of lamina propria plasma cells and apoptosis.  
 
Evaluation for Familial Adenomatous Polyposis (FAP) and other Hereditary Colorectal Cancer Syndromes

There are several genetic syndromes predisposing to colorectal cancer (see Table).  Most are caused by tumor suppressor gene mutations such that one mutant copy is inherited at birth (germline mutation) and the “second hit” is acquired in the tumor.  Familial adenomatous polyposis is an autosomal dominant disease caused by a mutation in the APC gene on chromosome 5q21 that displays complete penetrance.  The proband usually manifests greater than 100 and typically thousands of colonic adenomatous polyps. Without knowledge of a family history and subsequent surveillance that would be triggered by such information, progression to colon cancer ensues before the age of 40, but can occur as early as a patient’s teenage years.  Prophylactic total colectomy is the standard of care for eliminating the future risk of colon cancer in FAP patients.  However, in FAP, polyposis is not limited to the colon and can involve other areas of the gastrointestinal tract such as the stomach and small bowel. Continued endoscopic surveillance is therefore required, even after a total colectomy.  The colorectal polyps have the same morphology as sporadic adenomas and the earliest lesions consist of single neoplastic crypt.

Most APC mutations are truncating and thus in the past these were identified using the protein truncation test.  Most recently, full gene sequencing has become the standard diagnostic test. The location of the mutation in the APC gene may play a role in which clinical phenotype manifests.  Identification of kindreds with APC mutations provides the patient with opportunities for medical and surgical interventions prior to the development of colorectal cancer.  In addition to FAP, at least five other predisposition syndromes also increase the risk of colorectal cancer.

A similar, dominantly inherited disease named attenuated FAP has also been recognized as a condition with equally high penetrance, but patients usually have fewer than 100 adenomatous polyps.  These patients typically have APC gene mutations, but these mutations are located at the proximal or distal ends of the gene. Another APC mutation, I1307K, is a missense mutation typically found in Ashkenazi Jewish patients and confers a 2-5 fold increase in risk for the development of colon cancer.  An associated, but genetically distinct, syndrome called MYH-associated polyposis syndrome can show a phenotype similar to that of attenuated FAP, but significantly it demonstrates an autosomal recessive mode of inheritance.  


Table 4  Hereditary Colorectal Cancer Syndromes

	Syndrome
	Gene (chromosome)
	Clinical Manifestation
	Testing Technique
	Mode of Inheritance

	Familial Adenomatous Polyposis/FAP
	APC (5q21) 

	>100 polyps
	Sequencing
	Dominant

	I1307K mutation (Ashkenazi Jewish)
	APC (5q21) 

	2-5 fold elevated risk of colon cancer
	Sequencing
	Dominant

	Attenuated Familial Adenomatous Polyposis /FAP
	APC (5q21) 

	<100 polyps
	Sequencing
	Dominant

	Hereditary Nonpolyposis Colon Cancer/HNPCC
	hMLH1 (3p21), hMSH2 (2p22), hPMS2 (7p22), hMSH6 (2p16)
	Right sided tumors, MSI-H
	Microsatellite Analysis, IHC, sequencing
	Dominant

	MutY- associated polyposis
	hMYH (1p34)
	<100 polyps
	Sequencing
	Recessive

	Juvenile Polyposis Syndrome
	SMAD4/DPC4 (18q21) , 
BMPR1A (10q22)
	1 or more juvenile polyps (depending on family history)
	Sequencing
	Dominant

	Peutz-Jeghers Syndrome
	LKB1/STK11 (19p13)
	Mucocutaneous pigmentation, gastrointestinal hamartomatous polyps (with thick cords of smooth muscle and site specific epithelium)
	Sequencing
	Dominant



Adapted from Table 14-1, Iacobuzio-Donahue C, Montgomery E.  Gastrointestinal and Liver Pathology. Second Edition, 2012, Elsevier, Philadelphia, p445.

hematopoietic lesions

	Lymphomas are far more common in the small bowel than the colon.  Most lymphomas that affect the small bowel may be rarely encountered in biopsies from the lower tract.  However, most lymphoid lesions that are encountered on biopsies are simply prominent lymphoid aggregates. Diffuse large B cell lymphoma (DLBCL) is the most common lymphoma affecting the colon.  Patients at increased risk include those with immunosuppressed states such as HIV, IBD, and transplant recipients.  DLBCL may affect the colon in isolation or the colon and small bowel synchronously.  The right side of the colon is preferentially involved 160,161.  Patients may present with abdominal pain, a palpable mass, obstruction, perforation, and/or hematochezia or melena 160,162.  Endoscopically, the tumors may be fungating, infiltrative, or ulcerating. The morphology, immunolabeling and molecular profiles of large bowel DLBCL are like those of diffuse large B cell lymphomas elsewhere. The neoplastic cells express pan B cell markers and thus these lesions are CD19 (+), CD20 (+), CD22 (+), and CD79a (+).  They have variable expression of CD10 (20-40%), BCL6 (40-60%), and MUM1 (50-60%). They only rarely express CD5. 

	 Follicular lymphoma affecting the colon is rare and, like DLBCL, some cases are seen also involving the terminal ileum.  Follicular lymphoma of the colon preferentially affects the cecum and ascending colon and, like mantle cell lymphoma, may present endoscopically as multiple mucosal polyps measuring up to 1cm in diameter 163,164.    Microscopically, follicular lymphomas in the colon appear similar to those elsewhere with exaggerated lymphoid follicles and monotonous germinal centers without typical tingible body macrophages. On immunolabeling, the lesional cells (the ones inside the prominent follicles) co-express CD20, CD10, BCL2 and BCL6 but not CD5 or CD43.  Normally the cells inside the follicles are BCL2 negative so the co-labeling of the cells inside the follicles with BCL2 and BCL6 is a clue to the diagnosis.  CD21 or CD23 can highlight the follicular dendritic networks if they are difficult to discern on routine stains. Most cases are low grade with minimal mitotic activity in the centers of the follicles but higher grade examples are sometimes encountered in the intestine.  Cases of follicular lymphoma may coexist with DLBCL and follicular areas may be seen only focally 163.
Like mantle cell and follicular lymphoma, extranodal marginal zone B cell lymphoma/mucosa-associated lymphoid tissue 165 lymphoma of the colon may also present endoscopically as multiple mucosal polyps 164,166.    In the setting of multiple polyps, patients may be asymptomatic while patients with a solitary lesion may present with abdominal discomfort or pain 166.  Histological exam presents small to intermediate size lymphocytes with slightly indented nuclei and abundant cytoplasm diffusely infiltrating the mucosa and submucosa.  Germinal centers may be spared and rare follicles may appear “naked” with indistinct mantle zones, reminiscent of mantle cell lymphoma.  Lymphoepithelial lesions are common but not as frequent or as prominent as in gastric examples. Immunohistochemically the neoplastic cells are immunoreactive with CD20 and are negative for CyclinD1, CD10 and CD5. Coexpression of CD43 in CD20-reactive cells is a helpful finding when present, but is seen in only about half of cases. The lesional cells express surface and, to a lesser extent, cytoplasmic immunoglobin (usually IgM or IgA; rarely IgG). They also may show light chain restriction. Cytokeratin antibodies may highlight lymphoepithelial lesions; follicular dendritic cell markers (CD21, CD23, and CD35) help demonstrate the underlying follicular dendritic cell networks, in cases in which the lymphoid follicles have been obliterated by lymphoma. The Ki-67 labeling index is low and can be useful in distinguishing MALT lymphoma from large cell lymphoma.  Differentiation from mantle cell lymphoma is important as MALT lymphoma has a favorable long-term, disease-free survival and patients with mantle cell lymphoma often succumb to their disease. MALT lymphoma is more often polymorphous, associated with reactive T cells, eosinophils, histiocytes, and epithelioid cells while mantle cell lymphoma has a monotonous appearance.  In addition, mantle cell lymphoma is immunoreactive with CyclinD1 and CD5.
    When mantle cell lymphoma (MCL) involves the GI tract, nearly all cases (90%) have both distal small bowel and colon involvement. 77% of patients diagnosed with MCL in an extraintestinal location will have involvement of the colon if mucosal biopsies are obtained.  Endoscopic exam in these patients may be normal or may present multiple micropolyps.  Histologically, however, involvement may occur even in macroscopically normal mucosa 167.  
MCL frequently manifests as an isolated mass and/or small nodular polypoid tumors (2 mm to >2 cm in size), with or without normal intervening mucosa. The manifestation of multiple polypoid masses is termed “lymphomatous polyposis.” This pattern is most commonly associated with MCL but, it is not specific for it as follicular lymphoma, MALT lymphoma, and rare T cell lymphomas can have similar endoscopic appearances. The morphology of GI tract MCL is identical to its nodal appearance. The lymphoma cells are small-to medium-sized with scant cytoplasm; the nuclei have irregular outlines and indistinct nucleoli. Large transformed cells and proliferation centers typically are absent, giving MCL a much more monotonous appearance at low magnification than other low-grade lymphomas. Mitotic figures are easily identified. The most common architectural pattern is diffuse; however, both a nodular pattern and true mantle zone pattern can also be observed. Reactive germinal centers may be intermixed with, and compressed by, the lymphoma. While displacement and/or obliteration of the glands may also be evident, lymphoepithelial lesions characteristic of MALT-type lymphomas are absent.

The tumor cells are mature B-cells that express both CD19 and CD20, and aberrantly express CD5 and CD43. They lack CD10 and CD23. Cyclin D-1 (Bcl-1) is virtually always present. Surface light chains are present (usually IgM or IgD) and are typically 𝛌 restricted.

Burkitt lymphoma (BL) is a highly aggressive, B-cell neoplasm that occurs in three major clinical forms: Endemic, sporadic, and immunodeficiency-associated. All three types present primarily in extranodal sites, including the GI tract. GI tract BL, of all clinical types, has a predilection for the ileocecal region and less often rectum and stomach. These bulky tumor masses typically replace areas of involvement. They have a solid, glistening, white, cut surface (fish-flesh appearing), which is often associated with hemorrhage and necrosis. Lymph nodes are often surprisingly uninvolved but, instead, are enveloped by tumor. The morphology varies with three common patterns: Classic BL, BL with plasmacytoid differentiation, and atypical BL. The imprint morphology is distinct and well described, thus touch preps and smears are helpful in the diagnosis. All the patterns share extremely high proliferation rates (manifest by numerous mitotic figures and a very high Ki-67 labeling index) and high rates of spontaneous cell death (manifest by numerous macrophages with ingested apoptotic tumor cells, so-called “tingible body” macrophages). Classical BL morphology is seen in endemic BL and in most sporadic BL, and is characterized by a “starry sky” appearance, composed of a diffuse, monotonous pattern of infiltration of medium-sized cells (the sky), admixed with frequent tingible body macrophages (the stars). The cells may have squared off borders, which make them appear cohesive at times. The nuclei are round, with clumped chromatin, and contain three-to-four centrally located, small basophilic nucleoli. The cytoplasm is deeply basophilic, and cytoplasmic lipid vacuoles are readily apparent on cytologic prepartions. The atypical Burkitt pattern has more pleomorphism than the monotonous classic BL morphology, and fewer but more prominent nucleoli. BL with plasmacytoid features have eccentric nuclei with only a single nucleolus; this morphology is more common in immunodeficiency-associated BL.


The tumor cells are CD20+, CD10+, CD5-, BCL2-, and TdT-. Ki-67 labeling is seen in nearly 100% of cells. The negative BCL2 helps separate them from diffuse large B cell lymphoma, which sometimes expresses BCL2. CD3+ T cells are infrequent compared to the numbers seen infiltrating diffuse large B-cell lymphoma.

T-cell lymphomas of the GI tract are rare (approximately 5% of all GI tract lymphomas), mostly occurring in the small intestine in the setting of gluten-sensitive enteropathy (GSE) and commonly referred to as enteropathy-type T-cell lymphoma 168.  Primary T-cell lymphomas of the colon are even rarer, many reported in the Japanese literature 169-173.  As expected, cases from Japan do not report an association with celiac disease and, instead, some examples have been reported in the setting of ulcerative colitis 169,172.   Interestingly, two primary colonic examples from the West report an association with GSE 170,171.  At colonoscopy T-cell lymphoma may appear as multiple, shallow or deep ulcers with or without luminal narrowing.  Like follicular, mantle cell, and MALT lymphoma, T-cell lymphoma may present as multiple polyps diffusely involving the colonic mucosa 172,173.  Tumor cells are typically medium to large with significant pleomorphism, irregular nuclei with small nucleoli, and scant to moderate amounts of pale grey cytoplasm. A minority of the cases shows monotonous small to medium sized cells.   Immunophenotype may vary from case to case but most are CD3+, CD4-, CD8-, CD7+, CD5-, CD56-, and express cytotoxic granule-associated protein TIA-1, often with granzyme B.
Other lymphomas that may be seldom encountered in the GI tract include intravascular lymphoma (IVL, intravascular lymphomatosis or angiotrophic lymphoma) and the solid variant of primary effusion lymphoma.  IVL is a non-Hodgkin lymphoma that, unlike other lymphoproliferative disorders, proliferates within small and medium-sized blood vessels and only rarely involves lymph nodes and bone marrow .  Though most are B-cell tumors they can display a T-cell phenotype on rare occasion.  While the central nervous system and the  skin are the typical sites of involvement 174, the vessels in the GI tract may be affected and patients may present with abdominal pain as a result of ischemia.  Microscopic exam reveals ischemic necrosis of the bowel wall associated with vessels containing intraluminal neoplastic lymphoid cells 175.  Additionally, occasionally a leukemia can involve the right colon and result in an ischemic colitis pattern.

Primary effusion lymphoma (body cavity based lymhoma) is an HHV8-driven lymphoproliferative disorder that primarily affects body cavities usually (but not exclusively) in HIV+  male patients. In the HIV+ setting, it is commonly seen in association with Kaposi’s sarcoma.  Patients may present with pleural effusions, ascites, or pericardial effusion.  The diagnosis is usually made upon cytologic exam of the affected fluid and shows medium to large lymphoid cells with ovoid to irregular nuclei, open chromatin pattern, prominent nucleoli, and moderate amount of pale blue cytoplasm 176.  This neoplasm rarely presents a solid variant, not uncommonly afftecting the GI tract 177, and we have seen one such case localized to the colon in the absence of an effusion.  Since it is so rare, a high level of suspicion is necessary for diagnosis.  By immunohistochemistry the tumor cells are CD45+, CD30+, CD19-, CD20-, CD70-, CD7-/+, CD3-, CD4-.  Plasma cell markers (CD38, CD138) may be demontrated.  Half of the cases express cytoplasmic lambda immunoglobulin light chain 176.  Establishing cell lineage may be difficult based on immunohistochemistry but immunoglobulin heavy chain gene rearrangement can often be demonstrated 176,177.  Some cases may show aberrant rearrangement of T-cell receptor genes 176.  All cases are positive for HHV8/KSHV-associated protein, a useful clue to the diagnosis.  Most cases associated with HIV infection are coinfected with EBV, demontrable by EBER in situ hybridization (immunostaining for LMP is usually negative).  Prognosis is dismal.  

Hodgkin’s disease has been reported in the GI tract, but the diagnosis should be made with caution. It maybe found more often (but still rarely) in patients with inflammatory bowel disease treated with immunomodulation. 
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Adenocarcinoma and Anal Gland Adenocarcinomas

Most adenocarcinomas arising in the anus are of the rectal type and arise in the upper zone of the anus (which is normally lined by columnar mucosa). These are identical to true rectal carcinomas and are managed as such. On biopsies, they appear identical to rectal adenocarcinomas, and their immunohistochemical profile is similarly identical, namely CK20+, CK7 (usually) negative. These tumors are characterized by “pencillate” nuclei, abundant necrosis, and the usual overall pattern of colorectal carcinoma, with frequent association with an adenoma. Like rectal cancers, some are mucinous, particularly those associated with fistula tracts 1 and some can be poorly differentiated.  Anal adenocarcinomas generally pose few diagnostic problems, although the differential diagnosis is with prolapse polyps (inflammatory cloacogenic polyps) with prominent colitis cystic profunda, which are distinguished by their diamond-shaped glands, fibromuscular mucosal stranding, and blander cytology. Anal adenocarcinomas with poorly differentiated morphology have a worse prognosis that well-differentiated lesion 2. 

A subset of anal adenocarcinomas (and squamous carcinomas for that matter) arises in association with chronic anal fistulas.  Most of these fistula-associated adenocarcinomas are usually clinically unsuspected and arise from long-standing tracts (10-26 years).  Patients often have a history of Crohn disease and previous anorectal surgery.  A series that included 14 such cases reported 4 deaths associated with metastatic disease (mean follow up 20.2 months). All four patients had poorly differentiated tumors and had not received neoadjuvant therapy. The remaining 10 patients were alive without disease at a mean follow-up of 64.3 months 1.

There is a rare subset of anal canal adenocarcinomas believed to arise in association with, or display differentiation towards, anal ducts/anal glands. These are called anal gland (duct) carcinomas. They are sufficiently rare that the Armed Forces Institute of Pathology (AFIP) was only able to amass seven convincing cases 3. These tumors are composed of tubules originating from ducts that open onto the mucosal surface. They are intramural, without a luminal in situ component, although they may exhibit pagetoid spread.   They have variable overlying surface ulceration. On immunohistochemical staining, they are typically CK7+ and CK20- , akin to the anal glands and ducts. Lisovsky et al. showed that, unlike normal anal glands, anal gland carcinoma lacks immunoreactivity with CD5/6 and P63 when they compared 11 cases with non-neoplastic anal glands to 2 cases of anal gland carcinoma.  The same authors demonstrated that both benign and malignant anal glands are negative for CDX2 4. This immunohistochemical staining pattern has been reproduced by others 5. When these tumors are found, they need to be distinguished from prostate cancer (which is often CK7-, CK20-) and gynecologic carcinomas. Anal duct/gland carcinomas have lacked prostate-specific antigen (PSA) and prostatic acid phosphatase 6 on the small number of tested cases and have also lacked hormone receptor expression and HPV by in situ hybridization7. Many have behaved aggressively7. For example, in our series (of only 5 patients), four of the five patients had previous malignancies.  Of 5 patients, 3 developed metastases of their anal duct carcinomas, whereas 2 had isolated local recurrences7. 


A general caveat to remember is that typical colorectal cancer can display PAP, and microsatellite unstable colorectal cancers can be CK20- 8, so a panel approach with correlation with clinical findings is always in order.  

Paget Disease

Extramammary Paget disease typically affects apocrine gland-rich sites such as the perianal zone. It presents as a slowly growing erythematous eczematoid plaque that may extend internally to the dentate line. On biopsies, part or all of the squamous epithelial thickness is infiltrated by large pale cells, some of which may have signet cell features, and some of which may be large and pink. However, if the epithelium is crushed or altered in any way, it can be difficult to separate the Paget cells from atypical keratinocytes, or from melanoma. Fortunately, an immunohistochemical panel resolves most doubtful examples. True Paget disease is a lesion with apocrine cell differentiation, and the proliferating cells express CAM 5.2, carcinoembryonic antigen (CEA), gross cystic disease fluid protein (GCDFP), and CK7, and they contain mucin 9. Of course, Merkel cells can also express CK7, a feature the pathologist must consider when evaluating these stains. 

About half of cases showing adenocarcinoma cells in anal squamous mucosa reflect Pagetoid extension of an underlying typical colorectal cancer into squamous epithelium. Such lesions lack GCDFP and are often CK20+, CK7-, and CDX2+. However, remember that the occasional microsatellite unstable colorectal carcinoma may lack CK20 8, although most of these tumors are found in the right colon rather than the rectum . The best way to determine whether any given case of anal Paget disease is associated with an invasive cancer is by a careful clinical examination. Approximately 5% of cutaneous squamous cell carcinomas in situ have a nested pattern, referred to as Pagetoid cutaneous squamous cell carcinomas in situ, or Pagetoid Bowen disease. This growth pattern, reported in the genitalia, may simulate extramammary Paget disease and, more importantly, display unexpected CK7 expression 10. Presumably, anal lesions might share this feature. Thus, a panel approach is warranted. Furthermore, occasionally reparative squamous cells associated with Paget disease lesions can mimic AIN lesions as well. These cells lack nuclear p16. The “true” Paget disease cases that are epidermotrophic apocrine neoplasms have a high local recurrence rate and can eventually become invasive. Those that reflect the epidermotropism of “ordinary” adenocarcinomas behave as the associated cancers, and are managed as such; stage is the primary prognostic marker.

MELANOMA/NEVI

As melanocytes are normal residents of the anal canal and anal verge, it follows that both melanomas and nevi can be encountered (albeit rarely) in this area. Anal melanoma usually affects white adults. However, as for subungual and esophageal lesions, individuals with pigmented skin can also be affected. Patients present with a mass and often with rectal bleeding, which, typically, is initially attributed to hemorrhoidal bleeding11. The lesions may be sessile or polypoid. Unless overt pigment is present, a panel immunohistochemical approach is usually warranted to exclude poorly differentiated carcinomas and lymphomas. Confirmation that the lesion is primary is best accomplished by the identification of an in situ component. The outcome has generally been poor, with a 5-year survival reported in 10% to 45% of cases11-13. Some surgeons have advocated sphincter-sparing surgery with adjuvant therapy, rather than operations requiring colostomy 6.

Melanomas often are CD117/Ckit+ on immunohistochemistry, which does not always correlate with KIT mutations.  However, a subset of mucosal melanomas (about 20%) in fact does harbor KIT mutations14.  Some response to imatinib has been reported in melanomas with targetable KIT mutations15.  

Like melanomas in other sites, anal melanomas can display a host of appearances such that they can be difficult to diagnose is an in situ component is not seen.  They can be pleomorphic and sarcomatoid as well as epithelioid.  Some examples consist of uniform monotonous cells.  Like melanomas, melanocytic nevi are rare in this area and only sporadic examples are reported in the literature. Some cases may not be recognized clinically and are incidental findings associated with hemorrhoidectomy specimens 16.  Histologically, they appear similar to nevi elsewhere in the body as collections of bland melanocytes that show maturation towards the deep aspect of the lesion.  
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