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Objectives:

*Recognize normal, benign, and malignant cells in organs reached by EUS

*Formulate a differential diagnosis of tumors biopsied by EUS

*Formulate a differential diagnosis of cystic pancreatic lesions

“EUS” combines Endoscopy with Ultra-Sound. EUS can visualize the gastrointestinal tract as well as surrounding tissues. It is less costly, less risky, and less invasive than other biopsy procedures. Established indications for EUS-FNA biopsy include diagnosis and staging of esophageal, gastric, colorectal, and pancreaticobiliary lesions. Lesions in periluminal lymph nodes, spleen, left kidney, and left adrenal gland can also be sampled. An organ system approach to diagnosis will be presented. 


Esophagus is normally lined by a nonkeratinizing squamous epithelium, similar to that of the uterine cervix. Maturation to the intermediate cell level is normal. In some cases, the squamous epithelium is replaced by a glandular epithelium (“Barrett esophagus”). Specialized, or intestinal, epithelium is diagnostic; it can be recognized by the presence of goblet cells. These glandular cells can undergo reactive as well as neoplastic change. Barrett dysplasia is the precursor to adenocarcinoma of the esophagus. Squamous cell carcinoma tends to occur at the midlevel and can be keratinizing or nonkeratinizing.


Stomach is lined by mucous cells, as well as parietal cells, which secrete intrinsic factor, and chief cells, which have zymogen granules. Intestinal metaplasia can occur in reaction to a variety of conditions. Most gastric cancers occur in a background of intestinal metaplasia. There are two main forms of gastric carcinoma: intestinal type, similar to colorectal carcinoma, and gastric type with its characteristic signet ring cells. 


Gastrointestinal stromal tumors can occur anywhere in the GI tract, but most (~67%) of them arise in the stomach. About 20% are malignant. The tumor can be composed of either spindle cells, or epithelioid cells, or both. The differential diagnosis of spindle cell type includes muscle, nerve, and fibrous tumors; the differential diagnosis of the epithelioid type includes carcinomas, melanoma, and other soft tissue tumors. CD117 (c-kit) is characteristically expressed. It is a tyrosine kinase receptor mutation in the interstitial cell of Cajal. Gleevec, a tyrosine kinase inhibitor, is used to treat GISTs.


Gastric lymphomas of various types also occur. Most are either large B cell lymphomas (centroblasts or immunoblasts) or MALTomas with monocytoid B cells. 


Pancreas diseases encompass pancreatitis, ductal carcinoma, neoplastic cysts (mucinous, serous), endocrine neoplasms (including carcinoids and islet cell tumors), and acinar cell carcinoma. Three cell types characterize pancreatic biopsies: acinar cells, with zymogen granules, ductal cells, and islet (neuroendocrine) cells—though these are rarely observed.


Pancreatitis is characterized by overall low cellularity, but a predominance of ductal cells. Reactive/reparative cells are common. Note that pancreatitis does not exclude a co-existing carcinoma. 

Pancreatic pseudocysts are common sequelae of pancreatitis. These cysts lack an epithelial lining (hence, pseudocyst). Granular debris, foamy macrophages, and mixed inflammation characterize the aspirate. Amylase concentration is characteristically high and CEA concentration low.


Neoplastic cysts come in two major types: serous and mucinous. The diagnosis is made by combination of clinical and radiologic findings, chemical analysis of the fluid, and FNA biopsy.
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Serous cystadenoma typically occurs in elderly women. It forms a spongy mass, more often in the body or tail, that does not collapse on aspiration. Rare cases behave aggressively, but most are benign. The cytology consists of cytologically bland, duct-like cells, containing glycogen, but not mucin. 


Mucinous cystic neoplasms (MCNs) and intraductal papillary mucinous neoplasms (IPMNs) are both mucin producing cystic neoplasms. MCNs are more far more common in women; IPMNs are more common in men. IPMNs arise in the ductal system; MCNs do not communicate with the ductal system. Both of these lesions have malignant potential. The cytopathology of both lesions is similar. A gross clue to the diagnosis of these neoplasms is thick, sticky mucus. The neoplastic cells are mucinous goblet-like cells, with variable cytologic atypia. Frankly malignant cytology indicates cystadenocarcinoma. 

DDx Cystic Neoplasms
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*Intraductal papillary neoplasm


Solid pseudopapillary tumor usually occurs in young women. It is a cystic or partially cystic lesion. Papillary like aggregates with stromal cores, lined by bland tumor cells, are characteristic. The cells often have nuclear grooves and cytoplasmic processes. Hyaline globules are almost unique to this primary pancreatic tumor. Nuclear expression of (-catenin is typical. 


Pancreaticobiliary carcinoma can be a straightforward cytologic diagnosis. Characteristically, there are many cells, mostly ductal, that look malignant. Tombstone cells, giant cells, spindle cells, and squamoid cytoplasm can also occur. Rarely, osteoclasts are present in the stroma. MUC1 is sensitive and specific for diagnosis.


Well differentiated adenocarcinomas, however, can be more difficult to diagnose. Look for abnormal architecture (too loose [drunken honeycombs] or too crowded), irregular nuclear membranes, increased mitotic rate, and rare “no doubt about” tumor cells that pop out of the background like the Martian Popping Thing!


Pancreatic endocrine neoplasms (PENs) encompass islet cell tumors and pancreatic carcinoid tumors. PENs are more common in the tail, than the head or body, of the pancreas. A clue to diagnosis is rare clinical syndromes, such as Zollinger Ellison syndrome. PENs can have either lymphoplasmacytoid cells or spindle cells or both. Endocrine atypia (random atypical cells) is common. The chromatin typically has a “salt and pepper” texture. Metachromatic neurosecretory granules may be seen in the cytoplasm. Immunocytochemistry (eg, synaptophysin, chromogranin) clinches the diagnosis. 


Acinar cell carcinoma is very rare; as a rule of thumb, the diagnosis of acinar cell carcinoma is usually wrong! More likely, you are looking at reactive/degenerative, but benign, acinar cells which can mimic malignancy. PAS stain helps highlight the zymogen granules. Immunocytochemistry is useful in diagnosis: trypsin, lipase, amylase, etc, are typically expressed in zymogen granules. Note that neuroendocrine markers can also be positive, complicating the differential diagnosis with neuroendocrine neoplasms. 
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Liver biopsy is used to distinguish cirrhotic nodules from tumors (including focal nodular hyperplasia, adenoma, and malignancies) and hepatocellular carcinoma (including variants) from metastatic carcinoma. The normal cytology includes hepatocytes, which are large cells with granular cytoplasm, and ductal cells, similar to those encountered in the pancreas. The presence of both cell types in a liver lesion usually indicates a benign process (exclude sampling error).


Other “stuff” can be seen in hepatocytes. Lipofuscin (“wear and tear”) pigment is common in adults. Bile is olive green in Pap stain; blue green in DQ. Hyaline globules and intranuclear cytoplasmic invaginations are more common in hepatocellular carcinoma than metastatic carcinoma. Lipid vacuoles imply steatosis. Mallory bodies are ropy inclusions that tend to surround the nucleus; these can occur in hepatitis and hepatocellular carcinoma. Pale glycogenated nuclei are associated with hyperglycemia (including intravenous glucose administration). 


Benign liver tumors include liver cell adenoma (liver cells only), focal nodular hyperplasia (liver cells plus ductal cells), and bile duct hamartoma (ductal cells only). Sampling is crucial in interpretation.


Liver cysts include congenital cysts (by far the most common type) and acquired cysts. Acquired cysts include nonneoplastic cysts, eg, abscess, hydatid, and hematomas, and neoplastic cysts (primary and metastatic tumors, necrotic tumors). The FNA biopsy of congenital cysts is nonspecific, usually consisting of only a few bile duct-like cells and histiocytes.


Hepatocellular carcinoma is the most common primary malignancy of the liver in older males. Most patients have cirrhosis. Elevated serum a-fetoprotein is a good marker, but not always present. The primary diagnostic clue is malignant cells that look like hepatocytes. Other features that may be present include: endothelial lined trabeculae, high N/C ratios, fine chromatin, intranuclear cytoplasmic invaginations, granular cytoplasm, hyaline globules, Mallory bodies, showers of naked nuclei, and bile production by malignant cells (this is pathognomonic!).


Fibrolamellar hepatocellular carcinoma has a better prognosis than the usual type. It is slightly more common in females. Most patients are younger than 30 years. Although there may be a central scar, there is no cirrhosis, nor is (-FP elevated. Cytologically, the cells are oncocytes. Evidence of lamellar fibrosis may or may not be seen. A characteristic feature is the pale body, basically an intracytoplasmic lumen. 


Other variants of hepatocellular carcinoma include: adenoid, giant cell, clear cell, and spindle cell. 
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   *Cytoplasmic, not nuclear, staining

 **Usually (+) in colorectal and GI adenocarcinomas;


Other adenocarcinomas typically negative

***Positive nuclear staining in thyroid and many pulmonary adenocarcinomas


Cholangiocarcinoma is the second most common carcinoma of the liver. It is indistinguishable, cytologically, from metastatic pancreatic carcinoma. Sclerosis may result in poorly cellular specimens. Bile duct neoplasms characteristically lack hepatocytes (and liver cell neoplasms lack bile duct cells). 
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Lymph nodes are common targets of EUS-FNA biopsy. Diseases encompass chronic lymphadenitis (reactive hyperplasia), metastatic carcinoma, and malignant lymphoma. 


Chronic lymphadenitis (basically, your benign lymph node) is characterized by a range of maturation of the lymph cells, in which small “mature” lymphocytes predominate. Plasma cells and tingible body macrophages are usually present. Of course, malignant cells, such as carcinoma or Reed Sternberg cells, are absent. 


Granulomatous lymphadenitis occurs in many conditions, ranging from infection, to sarcoidosis, to tumors (including carcinomas, lymphomas). Granulomas are characterized by epithelioid histiocytes and giant cells. 


Malignant lymphoma, particularly high grade lymphomas, can be easy to diagnose in cytology, although exact classification can be problematic. They are characterized by a dispersed cell pattern, characteristic lymphoid morphology (best appreciated in DQ), and lymphoglandular bodies (cytoplasmic fragments). There are no true tissue aggregates, no spindle cells, and no melanin in tumor cells, which help distinguish lymphoma from carcinoma, sarcoma, and melanoma, respectively. Examples of specific lymphomas are illustrated.


Metastatic carcinoma is usually a straightforward diagnosis. Some clues to primary tumor type include: cercariform cells (urothelial carcinoma); caterpillars (breast); intracytoplasmic lumens (breast); signet ring cells (gastric); “terminal bars” (colorectal); clear and granular cells (renal); and bug-eyed demons (melanoma).


Kidney cytology encompasses normal kidney, angiomyolipoma, renal cell carcinoma, oncocytic neoplasms, Wilms tumor, and other renal tumors. 


Normal kidney yields predominantly renal tubular cells, particularly proximal tubular cells with abundant granular cytoplasm. Rarely, an intact glomerulus, complete with Bowman capsule, may be obtained. When glomeruli are present, be cautious diagnosing malignancy, even when atypical cells are present.


Angiomyolipoma includes thick walled blood vessels, smooth muscle (which may be atypical appearing), and fibroadipose tissue. The differential diagnosis with renal cell carcinoma can sometimes be difficult. 


Renal cell carcinoma can be composed of clear cells or granular cells, or both. Sarcomatoid (and other variants) also occur. A characteristic feature is tumor cells surrounding metachromatic basement membrane-like material. 


Oncocytic neoplasms occur in the kidney. When the entire tumor is composed of cytologically bland oncocytes, the tumor usually behaves in a benign fashion. However, sampling can be a problem. A small focus of malignancy may not be sampled in a biopsy. Therefore, it is best to avoid the term, oncocytoma, for FNA biopsy and use instead, oncocytic neoplasm. Oncocytic carcinomas also occur.


Wilms tumor is characterized by a triad of small blue “blastema” cells; epithelioid cells (often forming tubules); and mesenchyme. Not all components are always present, especially in biopsies. This tumor can also be associated with basement membrane-like material. Look for anaplasia, which is associated with p53 mutations.


Other renal tumors include: papillary (chromophil) carcinoma characterized by uniform cuboidal cells; chromophobe carcinoma characterized by large cells with prominent cell borders and colloidal iron positivity; collecting duct carcinoma the mucin positive renal cancer; and rhabdoid tumor with characteristic dense cytoplasmic inclusions.


Adrenal gland pathology includes adenomatous nodules, cortical neoplasms, and neural crest tumors (neuroblastoma, pheochromocytoma). In cases of suspected pheochromocytoma, it is best to avoid biopsy because of the possibility of inducing hypertensive crisis. 


Differential diagnosis of normal adrenal cortex, nonneoplastic nodules, and neoplasms can be difficult or impossible by cytology alone. Carcinomas can be bland; benign lesions, including nonneoplastic tissue, can be atypical. Diagnosis of metastatic carcinoma, a more common indication for biopsy, is usually straightforward. Differential diagnosis includes clusters of naked nuclei mimicking small cell carcinoma.


Neural crest tumors include neuroblastoma (pure neuroblasts), ganglioneuroblastoma (neuroblasts plus ganglion cells), and ganglioneuroma (ganglion cells and Schwann [spindle] cells, but no neuroblasts) as well as pheochromocytoma. Pheochromocytoma can behave in a benign or malignant fashion; morphology is not always predictive of behavior.


Lung biopsy is performed to distinguish benign from malignant pulmonary lesions; primary vs metastatic malignancy; and for staging. For practical purposes, primary pulmonary carcinoma can be divided into small cell and nonsmall cell (NSC) types.
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Neuroendocrine carcinomas form a spectrum of tumors, ranging from typical carcinoid tumors (grade 1) to atypical carcinoid tumors (grade 2) to small cell carcinoma (grade 3). Atypical carcinoid tumors are distinguished from carcinoid tumors by the presence of mitosis and necrosis. In general, the more the tumor looks like small cell carcinoma, the worse the prognosis.

