



[image: image]








Neuroendocrine Tumors


Hematology/Oncology Clinics of North America


Editors


Jennifer A. Chan, MD, MPH


Harvard Medical School, Department of Medical Oncology, Dana-Farber Cancer Institute, Boston, MA, USA


Matthew H. Kulke, MD, MMSc


Harvard Medical School, Department of Medical Oncology, Dana-Farber Cancer Institute, Boston, MA, USA


Consulting Editors


George P. Canellos


H. Franklin Bunn


 


Clinics Review Articles


 


www.hemonc.theclinics.com


 


February 2016 • Volume 30 • Number 1


[image: image]









Copyright


ELSEVIER


1600 John F. Kennedy Boulevard • Suite 1800 • Philadelphia, Pennsylvania, 19103-2899


http://www.theclinics.com


HEMATOLOGY/ONCOLOGY CLINICS OF NORTH AMERICA Volume 30, Number 1


February 2016 ISSN 0889-8588, ISBN 13: 978-0-323-41692-4


Editor: Jennifer Flynn-Briggs


Developmental Editor: Kristen Helm


© 2016 Elsevier Inc. All rights reserved.


This periodical and the individual contributions contained in it are protected under copyright by Elsevier, and the following terms and conditions apply to their use:


Photocopying


Single photocopies of single articles may be made for personal use as allowed by national copyright laws. Permission of the Publisher and payment of a fee is required for all other photocopying, including multiple or systematic copying, copying for advertising or promotional purposes, resale, and all forms of document delivery. Special rates are available for educational institutions that wish to make photocopies for non-profit educational classroom use. For information on how to seek permission visit www.elsevier.com/permissions or call: (+44) 1865 843830 (UK)/(+1) 215 239 3804 (USA).


Derivative Works


Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal circulation within their institutions. Permission of the Publisher is required for resale or distribution outside the institution. Permission of the Publisher is required for all other derivative works, including compilations and translations (please consult www.elsevier.com/permissions).


Electronic Storage or Usage


Permission of the Publisher is required to store or use electronically any material contained in this periodical, including any article or part of an article (please consult www.elsevier.com/permissions). Except as outlined above, no part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or by any means, electronic, mechanical, photocopying, recording or otherwise, without prior written permission of the Publisher.


Notice


No responsibility is assumed by the Publisher for any injury and/or damage to persons or property as a matter of products liability, negligence or otherwise, or from any use or operation of any methods, products, instructions or ideas contained in the material herein. Because of rapid advances in the medical sciences, in particular, independent verification of diagnoses and drug dosages should be made.


Although all advertising material is expected to conform to ethical (medical) standards, inclusion in this publication does not constitute a guarantee or endorsement of the quality or value of such product or of the claims made of it by its manufacturer.


Hematology/Oncology Clinics (ISSN 0889-8588) is published bimonthly by Elsevier Inc., 360 Park Avenue South, NewYork, NY10010-1710. Months of issue are February, April, June, August, October, and December. Business and Editorial Offices: 1600 John F. Kennedy Blvd., Ste. 1800, Philadelphia, PA 19103–2899. Customer Service Office: 3251 Riverport Lane, Maryland Heights, MO63043. Periodicals postage paid at New York, NY and at additional mailing offices. Subscription prices are $385.00 per year (domestic individuals), $707.00 per year (domestic institutions), $100.00 per year (domestic students/residents), $440.00 per year (Canadian individuals), $875.00 per year (Canadian institutions) $520.00 per year (international individuals), $875.00 per year (international institutions), and $255.00 per year (international and Canadian students/residents). International air speed delivery is included in all Clinics subscription prices. All prices are subject to change without notice. POSTMASTER: Send address changes to Hematology/Oncology Clinics of North America, Elsevier Health Sciences Division, Subscription Customer Service, 3251 Riverport Lane, Maryland Heights, MO 63043. Customer Service (orders, claims, online, change of address): Elsevier Health Sciences Division, Subscription Customer Service, 3251 Riverport Lane, Maryland Heights, MO 63043. Tel: 1-800-654-2452 (U.S. and Canada); 314-447-8871 (outside U.S. and Canada). Fax: 314-447-8029. E-mail: journalscustomerservice-usa@elsevier.com (for print support); journalsonlinesupport-usa@elsevier.com (for online support).


Reprints. For copies of 100 or more, of articles in this publication, please contact the Commercial Reprints Department, Elsevier Inc., 360 Park Avenue South, New York, New York 10010-1710; Tel.: 212-633-3874, Fax: 212-633-3820, E-mail: reprints@elsevier.com.


Hematology/Oncology Clinics of North America is covered in MEDLINE/PubMed (Index Medicus), EMBASE/Excerpta Medica, and BIOSIS.


Printed in the United States of America.












Contributors



Consulting Editors


GEORGE P. CANELLOS, MD,    William Rosenberg Professor of Medicine, Department of Medical Oncology, Dana-Farber Cancer Institute, Boston, Massachusetts


H. FRANKLIN BUNN, MD,    Professor of Medicine, Division of Hematology, Brigham and Women’s Hospital, Harvard Medical School, Boston, Massachusetts



Editors


JENNIFER A. CHAN, MD, MPH,    Assistant Professor of Medicine, Harvard Medical School, Department of Medical Oncology, Dana-Farber Cancer Institute, Boston, Massachusetts


MATTHEW H. KULKE, MD, MMSc,    Associate Professor of Medicine, Harvard Medical School, Department of Medical Oncology, Dana-Farber Cancer Institute, Boston, Massachusetts



Authors


EMILY K. BERGSLAND, MD,    Professor, Division of Hematology/Oncology, Department of Medicine, University of California, San Francisco, San Francisco, California


CELINE CHAYA, MD,    Fellow, Division of Endocrinology and Metabolism, Department of Medicine, Strelitz Diabetes and Neuroendocrine Center, Eastern Virginia Medical School, Norfolk, Virginia


THOMAS E. CLANCY, MD,    Division of Surgical Oncology, Brigham and Women’s Hospital, Dana-Farber Cancer Institute, Harvard Medical School, Boston, Massachusetts


JENNIFER R. EADS, MD,    Assistant Professor of Medicine, Division of Hematology and Oncology, University Hospitals Seidman Cancer Center, Case Western Reserve University, Case Comprehensive Cancer, Cleveland, Ohio


HEATHER A. FARLEY, MD,    Department of Surgery, Oregon Health and Science University, Portland, Oregon


LAUREN FISHBEIN, MD, PhD, MTR,    Instructor of Medicine, Division of Endocrinology, Diabetes and Metabolism, Department of Medicine, Perelman School of Medicine, University of Pennsylvania, Philadelphia, Pennsylvania


DANIEL M. HALPERIN, MD,    Assistant Professor, Department of Gastrointestinal Medical Oncology, The University of Texas MD Anderson Cancer Center, Houston, Texas


ANDREW S. KENNEDY, MD, FACRO,    Physician in Chief; Director, Radiation Oncology Research, Sarah Cannon Research Institute, Nashville, Tennessee; Adjunct Associate Professor, Department of Biomedical Engineering, Department of Mechanical and Aerospace Engineering, North Carolina State University, Raleigh, North Carolina


DAVID S. KLIMSTRA, MD,    Professor of Pathology and Laboratory Medicine, Weill Cornell Medical College; Attending Pathologist and Chairman, James Ewing Alumni Chair in Pathology, Department of Pathology, Memorial Sloan Kettering Cancer Center, New York, New York


ERIC P. KRENNING, MD, PhD,    Department of Nuclear Medicine, Erasmus MC, University Medical Center, Rotterdam, The Netherlands


PAMELA L. KUNZ, MD,    Assistant Professor, Medicine/Oncology, Stanford University School of Medicine, Stanford, California


DIK J. KWEKKEBOOM, MD, PhD,    Department of Nuclear Medicine, Erasmus MC, University Medical Center, Rotterdam, The Netherlands


ANYA LITVAK, MD,    Fellow, Thoracic Oncology Service, Division of Solid Tumor Oncology, Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, New York


CLAIRE K. MULVEY, MD,    Resident, Department of Medicine, University of California, San Francisco, San Francisco, California


SUJATA NARAYANAN, MD,    Instructor, Medicine/Oncology, Stanford University School of Medicine, Stanford, California


M. CATHERINE PIETANZA, MD,    Assistant Member, Thoracic Oncology Service, Division of Solid Tumor Oncology, Department of Medicine; Assistant Professor of Medicine, Memorial Sloan Kettering Cancer Center, Weill Cornell Medical College, New York, New York


RODNEY F. POMMIER, MD,    Professor of Surgery, Division of Surgical Oncology, Oregon Health and Science University, Portland, Oregon


NITYA RAJ, MD,    Medical Oncology Fellow, Gastrointestinal Oncology Service, Division of Solid Tumor Oncology, Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, New York


DIANE REIDY-LAGUNES, MD, MS,    Assistant Attending, Gastrointestinal Oncology Service, Division of Solid Tumor Oncology, Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, New York


AARON I. VINIK, MD, PhD, FCP, MACP, FACE,    Division of Endocrinology and Metabolism, Department of Medicine, Strelitz Diabetes and Neuroendocrine Center, Eastern Virginia Medical School, Norfolk, Virginia


JAMES C. YAO, MD,    Professor and Chair, Department of Gastrointestinal Medical Oncology, The University of Texas MD Anderson Cancer Center, Houston, Texas










Forthcoming Issues





Forthcoming Issues


April 2016



Global Hematology


Sir David Weatherall and David Roberts, Editors



June 2016


Transfusion Medicine


Jeanne E. Hendrickson and Christopher A. Tormey, Editors



August 2016


Imaging of Neurologic Complications in Hematological Disorders


Sangam Kanekar, Editor






Recent Issues


December 2015



Head and Neck Cancer


A. Dimitrios Colevas, Editor



October 2015


Congenital and Acquired Disorders of Macrophages and Histiocytes


Nancy Berliner and Barrett J. Rollins, Editors



August 2015


Pancreatic Cancer


Brian M. Wolpin, Editor



Issue of Related Interest


Surgical Oncology Clinics of North America, July 2015 (Vol. 24, Issue 3)


Head and Neck Cancer


John A. Ridge, Editor


Available at: http://www.surgonc.theclinics.com/







THE CLINICS ARE AVAILABLE ONLINE!


Access your subscription at: www.theclinics.com














Preface


Neuroendocrine Tumors—Current and Future Clinical Advances



Jennifer A. Chan, MD, MPH


Department of Medical Oncology, Dana-Farber Cancer Institute, Harvard Medical School, 450 Brookline Avenue, Boston, MA 02115, USA, E-mail: jang@partners.org





Matthew H. Kulke, MD, MMSc


Department of Medical Oncology, Dana-Farber Cancer Institute, Harvard Medical School, 450 Brookline Avenue, Boston, MA 02115, USA, E-mail: Matthew_Kulke@dfci.harvard.edu





[image: image]
Jennifer A. Chan, MD, MPH, Editor







[image: image]
Matthew H. Kulke, MD, MMSc, Editor






Remarkable progress has been made over the last several years in our understanding of the biology and treatment of neuroendocrine tumors. The field has been transformed from one where patients have limited treatment options to one characterized by an increasing number of clinical trials and approved therapeutic agents. Recent studies have also revealed that we can no longer view neuroendocrine tumors as a single disease entity. Biological differences based on primary site, histologic grade, and ability to secrete hormones and other peptides influence clinical presentation, prognosis, and response to treatment; these factors must be taken into account when formulating treatment plans for individual patients and when designing clinical trials. This issue of Hematology/Oncology Clinics of North America brings together a multidisciplinary team of experts to discuss our current understanding of neuroendocrine tumors and to provide perspective on future clinical advances.


The issue begins with a comprehensive overview of the evolving histologic classification of neuroendocrine tumors by Dr Klimstra. Drs Vinik and Chaya next describe the clinical presentation and diagnosis of neuroendocrine tumors, with a focus on imaging and biomarkers. The subsequent articles focus on the management of neuroendocrine tumors and are divided according to primary site. The surgical management of gastrointestinal neuroendocrine tumors is discussed by Drs Farley and Pommier, and systemic treatment options are covered by Drs Mulvey and Bergsland. Drs Litvak and Pietanza provide a comprehensive discussion of the biology and management of lung and thymic neuroendocrine tumors. Dr Clancy provides an overview of surgical management of pancreatic neuroendocrine tumors, and Drs Raj and Reidy-Lagunes examine systemic therapy of this disease. Dr Fishbein reviews the diagnostic approach, genetics, and management of pheochromocytoma and paraganglioma. In the following article, Dr Eads discusses the management of poorly differentiated neuroendocrine tumors.


In addition to providing disease-specific reviews, this issue also includes specific articles focused on evolving classes of therapy of particular importance for patients with neuroendocrine tumors. Drs Narayanan and Kunz provide an overview of existing and novel somatostatin analogues and their role in controlling both hormone secretion and tumor growth. Drs Kwekkeboom and Krenning provide an in-depth discussion of the use of peptide receptor radiotherapy using radiolabeled somatostatin analogues for the treatment of neuroendocrine tumors. Dr Kennedy discusses hepatic-directed therapies, including various hepatic artery embolization approaches, for neuroendocrine tumor liver metastases. The final article of the issue by Drs Halperin and Yao focuses on the unique challenges that must be taken into consideration when designing clinical trials for neuroendocrine tumors, including patient heterogeneity and appropriate response and endpoint assessment.


It is our hope that this issue of Hematology/Oncology Clinics of North America provides readers with an overview of the current treatment landscape for neuroendocrine tumors and serves as a useful reference as we continue to advance our understanding of this disease.












Pathologic Classification of Neuroendocrine Neoplasms
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The pathologic classification of neuroendocrine neoplasms has evolved over the past decades, as new understanding of the biological behavior, histologic characteristics, and genetic features have emerged. Nonetheless, many aspects of the classification systems remain confusing or controversial. Despite these difficulties, much progress has been made in determining the features predicting behavior. Genetic findings have helped establish relationships among different types of neuroendocrine neoplasms and revealed potential therapeutic targets. This review summarizes the current approach to the diagnosis, classification, grading, and therapeutic stratification of neuroendocrine neoplasms, with a focus on those arising in the lung and thymus, pancreas, and intestines.
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Key points




• Neuroendocrine neoplasms arise throughout the body. They are recognized pathologically based on characteristic morphologic patterns and immunoexpression of neuroendocrine differentiation markers.


• The pathologic classification of neuroendocrine neoplasms has evolved over the past decades, as new understanding of the biological behavior, histologic characteristics, and genetic features of these neoplasms has emerged.


• Many aspects of the classification systems remain confusing or controversial. The reasons for the lack of uniformity in approach include the diversity of neuroendocrine neoplasms, the functional status of some neuroendocrine neoplasms, and the organ-specific differences.


• Recent efforts to standardize the classification of gastroenteropancreatic neuroendocrine neoplasms have been reasonably successful; but other organ systems, such as the lung and thymus, use different terminology and classification criteria.


• Genetic findings have not only helped establish relationships among different types of neuroendocrine neoplasms but they have also revealed potential therapeutic targets. Thus, the pathologic approach to neuroendocrine neoplasms is becoming more consistent and clinically relevant.







Introduction


Neuroendocrine neoplasms arise throughout the body. They are recognized pathologically based on characteristic morphologic patterns and immunoexpression of neuroendocrine differentiation markers. The pathologic classification of neuroendocrine neoplasms has evolved over the past decades, as new understanding of the biological behavior, histologic characteristics, and genetic features of these neoplasms has emerged. Nonetheless, many aspects of the classification systems remain confusing or controversial. The reasons for the lack of uniformity in approach include the diversity of neuroendocrine neoplasms. Although their shared neuroendocrine differentiation suggests a closely related family, it is now clear that several distinct types of neuroendocrine neoplasms exist. Most importantly, the well-differentiated neuroendocrine tumor (WD-NET) and poorly-differentiated neuroendocrine carcinoma (PD-NEC) families are increasingly recognized to be very different and, in all likelihood, not closely related. Other variables include the functional status of some neuroendocrine neoplasms, which can drive their clinical manifestations and treatment, relative to the nonfunctional counterparts. Finally, there are organ-specific differences.


Recent efforts to standardize the classification of gastroenteropancreatic neuroendocrine neoplasms, first proposed by the European Neuroendocrine Tumor Society (ENETS) and then adopted by the World Health Organization (WHO), have been reasonably successful; but other organ systems, such as the lung and thymus, use different terminology and classification criteria; even within the gastroenteropancreatic group there exists biological heterogeneity that is partially obscured by the standardization of classification criteria. Despite these difficulties, much progress has been made in determining the features predicting behavior. In particular, recently implemented grading schemes can effectively stratify the indolent, moderately aggressive, and highly aggressive groups of neuroendocrine neoplasms. Genetic findings have not only helped establish relationships among different types of neuroendocrine neoplasms but they have also revealed potential therapeutic targets. Thus, the pathologic approach to neuroendocrine neoplasms is becoming more consistent and clinically relevant. This review summarizes the current approach to the diagnosis, classification, grading, and therapeutic stratification of neuroendocrine neoplasms, with a focus on those arising in the lung and thymus, pancreas, and intestines. The array of rare neuroendocrine neoplasms affecting other epithelial organs and the skin (Merkel cell carcinoma) is beyond the scope of this review.



General features of neuroendocrine neoplasms


Neuroendocrine differentiation in tumors is conceptually defined as the secretion by the neoplastic cells of bioactive substances, usually bioamines or peptide hormones, into the bloodstream. Non-neoplastic neuroendocrine cells, which are dispersed within the epithelium of most organs and clustered in islets of Langerhans in the pancreas, produce similar substances; their morphologic appearance is shared by the cells of neuroendocrine neoplasms, WD-NETs in particular. The origin of neuroendocrine neoplasms from normal neuroendocrine cells has, thus, been postulated, although the concept that neoplasms arise from their mature non-neoplastic cellular counterparts is likely overly simplistic. Potentially, it is more primitive cells with stem cell features that give rise to these neoplasms, and it is the differentiation, rather than the cell of origin, of the neoplasm that allows its classification. Pathologically, neuroendocrine differentiation is defined as architectural and cytologic patterns reminiscent of non-neoplastic neuroendocrine cells (such as a nesting or trabecular growth pattern and coarsely stippled nuclear chromatin (Fig. 1)) and the production of characteristic neurosecretory proteins that can be detected by immunohistochemistry. A wide array of peptide hormones and bioamines can be produced as well; but for the purposes of pathologic diagnosis, it is the so-called general neuroendocrine markers that are detected. The most specific general neuroendocrine markers in wide use are chromogranin A and synaptophysin. Staining for one or both of these can be detected in essentially all WD-NETs. Other general neuroendocrine markers are available, such as CD56 (neural cell adhesion molecule) and neuron-specific enolase; but these label other types of neoplasms without known neuroendocrine differentiation and are, therefore, considered less reliable.1–3 In many cases typical examples of WD-NETs are readily recognizable as having neuroendocrine differentiation based on their routine histologic features, and immunolabeling for chromogranin A and synaptophysin is not absolutely required for their diagnosis.1


[image: image]
Fig. 1 Histologic appearance of WD-NETs. An organoid architecture is present, usually with a nesting (A) or trabecular (hematoxylin-eosin, original magnification ×100) (B) pattern (hematoxylin-eosin, original magnification ×100). High power of an ileal WD-NET (C) reveals nests of cells with granular eosinophilic cytoplasm (hematoxylin-eosin, original magnification ×200). The nuclei have coarsely granular (salt and pepper) chromatin. Mitoses and necrosis are not present. A pancreatic WD-NET (D) exhibits similar nuclear features; but there are prominent nucleoli, and the cytoplasm is more abundant. Again, mitotic activity is essentially nil (hematoxylin-eosin, original magnification ×200).




Although WD-NETs closely resemble non-neoplastic neuroendocrine cells, PD-NECs are high-grade carcinomas that exhibit neuroendocrine differentiation. These neoplasms share some histologic features with WD-NETs, but they are obviously less differentiated. Although PD-NECs typically express the same general neuroendocrine markers described earlier, the staining may be less intense and more focal. PD-NECs are usually classified as a small cell carcinoma or large cell neuroendocrine carcinoma (LCNEC), variants that are distinguished based on the cell size and nuclear morphology.4 Small cell carcinomas have round to fusiform cells with very little cytoplasm and hyperchromatic nuclei with a finely granular chromatin pattern and inconspicuous or absent nucleoli. The cells are often arranged in sheets, although a nested pattern can occur; there is usually single cell or geographic necrosis and a very high mitotic rate (Fig. 2). The histologic features of small cell carcinoma are sufficiently distinctive that the entity can be diagnosed without the need to demonstrate neuroendocrine differentiation by immunohistochemistry, although most cases (85%) do express chromogranin or synaptophysin. LCNECs more typically demonstrate a nested architecture and are composed of larger cells with moderate cytoplasm and round or oval nuclei with more open chromatin and prominent nucleoli (Fig. 3). The necrosis and high mitotic rate of small cell carcinomas is also present in LCNECs. This histologic pattern is not entity defining, however. LCNECs must demonstrate immunoexpression of at least one neuroendocrine marker to be distinguished from poorly-differentiated carcinomas of an exocrine type, such as poorly-differentiated adenocarcinoma or large cell undifferentiated carcinoma. PD-NECs are primarily distinguished from WD-NETs by having a substantially higher proliferative rate, although there are many other differences.


[image: image]
Fig. 2 Histologic appearance of a PD-NEC, small cell type (small cell carcinoma). The neoplastic cells form only vague nests (A) (hematoxylin-eosin, original magnification ×100). The cells are closely packed and have minimal cytoplasm. At high power (B), the nuclei are fusiform and have finely granular chromatin and no nucleoli. Abundant mitotic figures are present (hematoxylin-eosin, original magnification ×200).



[image: image]
Fig. 3 Histologic appearance of PD-NEC, large cell type (large cell neuroendocrine carcinoma). The neoplastic cells form large nests with central necrosis (A) (hematoxylin-eosin, original magnification ×100). The cells have moderate cytoplasm and round to oval nuclei. At high power (B), the chromatin is open and coarsely granular and there are prominent nucleoli (hematoxylin-eosin, original magnification ×200). Numerous mitoses are present.




The relationship between WD-NETs and PD-NECs is becoming clearer. Although classification systems that include both entities seem to suggest that they represent the opposite ends of a spectrum of neuroendocrine neoplasms, and they do share neuroendocrine differentiation and histologic features associated with the neuroendocrine phenotype, accumulating evidence demonstrates that WD-NETs and PD-NECs are in fact two very different families of neoplasms.4 Several lines of evidence support this distinction. WD-NETs are generally relatively indolent and may be surgically curable if detected early, and their evolution can take years to decades when they recur; PD-NECs are highly aggressive, usually progressing rapidly even when detected at an early stage.5 WD-NETs and PD-NECs are etiologically different in some organs, such as the lung where small cell carcinomas and LCNECs have a close association with smoking that is lacking in carcinoid tumors (WD-NETs). Also, it is usually only WD-NETs that arise in patients with neuroendocrine neoplasia syndromes (eg, multiple endocrine neoplasia 1 [MEN1] or von Hippel Lindau syndromes). PD-NECs, at least small cell carcinomas, exhibit marked but transient sensitivity to platinum-based chemotherapy; but WD-NETs are usually resistant to platinum and other cytotoxic chemotherapies.6,7 PD-NECs often arise in association with exocrine-type precursor lesions, such as adenomas in the large intestine or ampulla of Vater, or they may be combined with adenocarcinoma or squamous cell carcinoma components, as in mixed adenocarcinoma neuroendocrine carcinoma (MANEC). WD-NETs rarely have exocrine components. Also, individual tumors containing both WD-NET and PD-NEC components are exceedingly rare. Finally, there are distinct molecular alterations in these two families of neuroendocrine neoplasms. Although some alterations are specific to the site of origin (see later discussion), WD-NETs lack alterations in genes, such as RB1 and TP53, that are commonly found in PD-NECs.


Thus, the evidence is strong that WD-NETs and PD-NECs must be distinguished whenever possible. The distinction can be challenging in some instances, such as when only biopsy samples are available; but a pathologic diagnosis that only indicates a neuroendocrine neoplasm with specifying the differentiation is considered inadequate to direct therapy. It should also be noted that the concept of differentiation differs from that of grade, because it signifies a specific category of neuroendocrine neoplasm rather than a degree of aggressiveness. Although most classification schemes use 3 grades, current thinking is that only 2 categories of neuroendocrine tumors exist (WD-NETs and PD-NECs); there is no longer a definable group of moderately differentiated neoplasms.


The terminology for neuroendocrine neoplasms has been problematic for various reasons. Even following significant recent efforts to standardize the terminology, different terms are used in different organs to describe the same category of neoplasm. Historically, the term carcinoid tumor, coined by Oberndorfer8 in 1907, has been used for WD-NETs; in the pancreas, islet cell tumor was used. Currently, in the gastroenteropancreatic system, these terms have been replaced with NET to emphasize that a carcinoid tumor is a not benign neoplasm.1–3 However, this concept is not used for neuroendocrine neoplasms of the lung and thymus; also, in other rare sites (gallbladder, kidney, larynx, and so forth), the term carcinoid tumor persists. Although terminology systems vary by organ (http://meetinglibrary.asco.org/content/115000092-156; Table 1), the distinction between the well and poorly-differentiated categories applies throughout the body.2,9




Table 1


Classification of neuroendocrine neoplasms of the lung, gastrointestinal tract, and pancreas










	Differentiation

	Grade

	Lung

	Gastrointestinal Tract and Pancreas









	Well differentiated

	Low grade

	Carcinoid tumor

	WD-NET, grade 1





	Intermediate grade

	Atypical carcinoid tumor

	WD-NET, grade 2





	Poorly differentiated

	High grade

	Small cell carcinoma

	PD-NEC, grade 3; small cell carcinoma





	Large cell neuroendocrine carcinoma

	PD-NEC, grade 3; large cell neuroendocrine carcinoma





	Combined

	High grade

	Combined small cell carcinoma (with adenocarcinoma or squamous cell carcinoma)

	Mixed adenocarcinoma neuroendocrine carcinoma (small cell carcinoma)





	Combined large cell neuroendocrine carcinoma (with adenocarcinoma or squamous cell carcinoma)

	Mixed adenocarcinoma neuroendocrine carcinoma (large cell neuroendocrine carcinoma)
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Data from Klimstra DS, Modlin IR, Coppola D, et al. The pathologic classification of neuroendocrine tumors: a review of nomenclature, grading, and staging systems. Pancreas 2010;39(6):707–12; and Basturk O, Tang L, Hruban RH, et al. Poorly differentiated neuroendocrine carcinomas of the pancreas: a clinicopathologic analysis of 44 cases. Am J Surg Pathol 2014;38(4):437–47.





A major objective of pathologic classification is to stratify neuroendocrine neoplasms by prognosis. Many different pathologic findings have been shown to correlate with outcomes, and some are incorporated in staging systems that were developed for the first time in the most recent American Joint Committee on Cancer’s (AJCC) staging system (2009), some neuroendocrine neoplasms being staged using the same parameters as exocrine carcinomas of the same organ, others having unique NET-specific staging systems.10 In some organs, immunohistochemical labeling for various markers has prognostic significance, and even cytogenetic or molecular features can predict outcomes in certain circumstances. But apart from staging, the emphasis has been on grading neuroendocrine neoplasms, and grading systems based largely on the proliferative rate have been developed for thoracic and gastroenteropancreatic neuroendocrine neoplasms.11 Proliferative rate can be determined by counting mitotic figures (usually expressed as the number of mitoses in 10 high power microscopic fields or 2 mm2) or, in the gastroenteropancreatic organs, by measuring the percentage of tumor cells immunolabeling for the proliferation marker Ki67 (the Ki67 index). The thoracic system does not use the Ki67 index, but the presence of necrosis is included. In both of these major grading schemes, neuroendocrine neoplasms are divided into 3 grades, with the low and intermediate grades (grade 1 and 2) being WD-NETs, and the high-grade (grade 3) group generally consisting of PD-NECs.2


The grading parameters for neuroendocrine neoplasms of the entire gastroenteropancreatic system have been unified, such that a single system proposed by ENETS12,13 and endorsed by the WHO14,15 is now widely used for these primaries (http://meetinglibrary.asco.org/content/115000092-156; Table 2). In the lung and thymus, a different WHO-accepted system has been in place for many years (http://meetinglibrary.asco.org/content/115000092-156; Table 3).16 For organs outside of these sites, no formal systems exist; but individual proposals have been based on the thoracic or gastroenteropancreatic systems. The major differences between the thoracic and gastroenteropancreatic systems are as follows:




1. The use of necrosis to separate low- from intermediate-grade WD-NETs in the thorax


2. The requirement for Ki67 staining in the gastroenteropancreatic system


3. The different mitotic rate cut point that defines high grade (10 mitoses per 10 high power fields in the thorax; 20 mitoses per 10 high power fields in gastroenteropancreatic organs)







Table 2


ENETS/WHO grading system for gastroenteropancreatic neuroendocrine neoplasms








	Tumor Grade

	Definition









	Low grade (grade 1)

	<2 mitoses per 10 HPF and Ki67 index <3%





	Intermediate grade (grade 2)

	2–20 mitoses per 10 HPF or Ki67 index 3%–20%





	High grade (grade 3)

	>20 mitoses per 10 HPF or Ki67 index >20%








Abbreviation: HPF, high power field.


Data from Refs.12–15







Table 3


IASLC/WHO grading system for pulmonary neuroendocrine neoplasms










	Neoplasm

	Morphology

	Mitoses

	Necrosis

	Immunohistochemistry









	Typical carcinoid tumor

	Polygonal cells arranged in nested or trabecular patterns

	<2 per 10 HPF

	Absent

	Chromogranin, synaptophysin, CD56 (supportive but not required)





	Atypical carcinoid tumor

	Polygonal cells arranged in nested or trabecular patterns

	2–10 per 10 HPF

	Present, usually punctate

	Chromogranin, synaptophysin, CD56 (supportive but not required)





	Large cell neuroendocrine carcinoma

	Large cells, moderate cytoplasm, round nuclei, frequent nucleoli

	>10 per HPF

	Present, usually extensive

	Chromogranin, synaptophysin, CD56 (at least one required)





	Small cell carcinoma

	Small cells, scant cytoplasm, fusiform nuclei, no nuclei

	>10 per HPF

	Present, usually extensive

	Chromogranin, synaptophysin, CD56 (supportive, but not required)
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Abbreviations: HPF, high power field; IASLC, International Association for the Study of Lung Cancer.


From Travis WD. The concept of pulmonary neuroendocrine tumors. In: Travis WD, Brambilla E, Muller-Hermelink KH, et al, editors. Pathology and genetics of tumours of the lung, pleura, thymus, and heart. Lyon (France): IARC Press; 2004. p. 20; with permission.





The ability of these systems to stratify the outcome of neuroendocrine neoplasms has been convincingly demonstrated for multiple anatomic sites. Interestingly, the outcome difference between low grade and intermediate grade is striking, even though the proliferative rate that distinguishes these groups is very modest (0–1 mitoses per 10 high power fields vs 2 or more). To some extent, the grade correlates with stage; but these prognostic parameters are independently predictive of outcome. Even among patients with stage IV disease, the grade stratifies the length of survival. Thus, the importance of accurate grading is now well accepted for neuroendocrine neoplasms, even though there may not presently be major management differences between low- and intermediate-grade NETs. It should be emphasized that the initial proposed grading parameters were chosen based on the experience and intuition of the individuals who proposed the systems, rather than on rigorous review of outcome data. The specific cut points of mitotic rate and Ki67 index chosen to separate the grades are continually reevaluated and may require adjustment as data accumulate. Also, the attempts to unify the grading parameters for many anatomic sites are laudable; but it is clear that distinctive features specific to each site of origin exist, and organ-specific grading systems may prove necessary for optimal stratification.


Grading neuroendocrine neoplasms requires precise determination of mitotic rate and Ki67 index. These assessments have proven more challenging than they might seem. The mitotic rate is expressed as a number per unit area (10 high power fields), but in fact the diameter of a high power microscopic field varies among microscopes.17 In an effort to render this more reproducible, some investigators have used an actual area (2 mm2), which corresponds to the size of 10 fields on one of the most standard microscopes in current use. But this means that pathologists using other microscopes would need to adjust their counting based on measuring the field area, a correction that is not often performed.


Another obvious issue is that within the family of WD-NETs, there is considerable variation in cell size and stromal content, both of which affect the number of cells within a given area. There has been no proposal to correct for these variables; but in theory a tumor composed of large cells with more abundant stroma would have fewer mitotic figures identified than a densely cellular tumor with minimal cytoplasm, even though the actual proportion of cells undergoing division were the same. These vagaries settle out when examining the outcome of a large patient cohort; but for the individual case, they can lead to underestimation of grade.


The use of the Ki67 index corrects for these issues because the index is expressed as a percentage of positive-labeling nuclei, rather than a number per unit area. In order to calculate the Ki67 index, it was originally recommended to count the regions with the greatest proportion of positive nuclei (hot spots). Heterogeneity of labeling is common, and data comparing the average labeling rate with that of the hot spots confirm that the more proliferative regions more accurately predict the outcome.18 Nonetheless, the exact size of a hot spot is uncertain (one 200 × microscopic field has been proposed). Furthermore, the identification of hot spots requires that a large sample of the tumor be stained for Ki67.


When biopsy samples are evaluated, this is not possible. The theoretic risk that biopsies may, therefore, underestimate the grade of WD-NETs has been proven, using virtual randomly oriented biopsies of resected hepatic metastases.18 A single core biopsy from a G2 WD-NET has only a 35% chance of accurately identifying the higher proliferative rate; 3 core biopsies identify the G2 focus in 48%, and it would take 31 core biopsies to identify 90% of G2 cases.19 Conversely, an apparent G1 WD-NET graded on a core biopsy has only a 59% chance of truly being low grade. The phenomenon of grade heterogeneity exists within the primary WD-NET, between the primary and metastases, and also between different foci of metastatic disease.20 A higher-grade component can also emerge during the course of disease progression. Targeting a metastasis that shows radiographic evidence of growth may be a more reliable way to ensure that the highest-grade focus is detected.


Another consideration, for gastroenteropancreatic NETs, is that the mitotic rate and Ki67 index may point to different grades. In one study of pancreatic WD-NETs, 107 of 297 tumors (36%) had discordance between these two proliferation indices.21 Usually it is the Ki67 index that suggests the higher grade, and the original grading system proposed by ENETS recommended relying on whichever measure defined the higher grade.12,15,16 This suggestion has also been supported by data showing that WD-NETs with discordant mitotic rate and Ki67 index (G1 by mitoses, G2 by Ki67) behave more like cases whereby both indices point to the higher grade.21


A final consideration regarding Ki67 is the means to assess the index itself. The ENETS and WHO recommend counting 2000 cells (or at least 500 cells) to accurately determine the Ki67 index. It is very challenging to undertake this count while reviewing the actual glass slide, and many pathologists have been simply estimating the percentage by casual observation (eyeballed estimate). Although eyeballing is simple and fast, the degree of interobserver and intraobserver variability using eyeballing is unacceptably high.22


Digital image analysis can be used to determine a highly accurate percentage, provided that the instrument is calibrated to recognize truly positive cells and non-neoplastic cells, whether positive or negative, are excluded from analysis. Digital image analysis has been shown to correlate almost perfectly with manual counting, but it is not in routine use and requires considerable time to perform properly. Therefore, many experts suggest manual counting based on a printed photomicrograph of the hot-spot regions (Fig. 4).23 All of these issues have called into question the entire concept of measuring proliferation to grade NETs, but the practice is now well established; the resulting grades have strong prognostic implications, even with all of the challenges.


[image: image]
Fig. 4 Method to determine the Ki67 index. The most intensely labeling region of the Ki67 immunohistochemical stain (hot spot) is printed. Each positive (brown staining) neoplastic nucleus is counted, and then the negative (blue) nuclei are individually marked to ensure accurate counting. In this case, 61 of 1421 tumor nuclei are labeled, giving a Ki67 index of 4.3% (ENETS/WHO grade G2).




One potentially promising addition to the assessment of proliferation is the antibody against phosphohistone H3 (PHH3), which can be used immunohistochemically to detect mitotic figures. PHH3 staining is more sensitive and specific for detecting mitoses than hematoxylin-eosin (H&E) staining, in which hyperchromatic nuclei or poor-quality histology can render recognition of true mitotic figures challenging. Immunolabeling mitoses also has the potential to detect hot spots of mitotic activity, which may more accurately reflect tumor biology. Additionally, there is the theoretical possibility to express the mitotic rate as a percentage of neoplastic cells, rather than a number per unit area, circumventing the issues raised earlier regarding mitotic counting. Because somewhat different counts are obtained with PHH3 compared with H&E, more experience is needed to determine whether grading cut points using this stain are the same as for mitoses detected routinely. Early data are promising.24


Just as the mitotic rate and Ki67 index discordance can occur between the low and intermediate grade groups of WD-NETs, there are some gastroenteropancreatic neuroendocrine neoplasms with a mitotic rate in the G2 range but a Ki67 index greater than 20%. These cases would be assigned to the G3 (high grade) category, which has been regarded as synonymous with PD-NEC. However, several studies have suggested that a subset of such cases remain well differentiated morphologically, have a prognosis better than bona fide PD-NECs, and do not respond well to platinum-based chemotherapy.6,18,25 These uncommon tumors are increasingly regarded as G3 WD-NETs rather than PD-NECs, and emerging genomic data also suggest they are part of the well-differentiated spectrum, as they lack mutations in TP53 and RB1 and, in the case of pancreatic primaries, instead have abnormalities in genes involved in other pancreatic WD-NETs, such as DAXX, ATRX, and MEN1.9 Although the prognosis of G3 WD-NETs is not as poor as that of small cell carcinomas and LCNECs, these are aggressive tumors, perhaps somewhat more so than G2 WD-NETs.25 This group has yet to be formally recognized in the WHO classification, and there are cases in which the distinction between a G3 WD-NET and an LCNEC is very difficult; thus, additional data must be obtained to definitively characterize these cases. Interestingly, it is rarely difficult to distinguish a small cell carcinoma from a WD-NET.


Another aspect of neuroendocrine neoplasm classification is related to the functional status of the neoplasm. In both the WD-NET and PD-NEC families, some cases exhibit inappropriate secretion of peptide hormones or bioamines, resulting in highly characteristic paraneoplastic syndromes, such as carcinoid syndrome, Cushing syndrome, insulinoma syndrome, and Zollinger-Ellison syndrome.15 The frequency of clinical functional neuroendocrine tumors varies by organ and, to some extent, by stage of disease because some bioactive substances are cleared by the liver until hepatic metastases develop and the burden of disease increases. An even greater proportion of neuroendocrine tumors can be shown to produce bioactive substances if serologic or immunohistochemical assays are performed, but it is the clinical manifestation of the syndrome that defines a tumor as functional. The one exception to this rule is for pancreatic WD-NETs producing pancreatic polypeptide. Although excess levels of this hormone do not generally produce symptoms, WD-NETs associated with significant pancreatic polypeptide production have been designated “PPomas.”26 Because only clinical findings define all other neuroendocrine neoplasms to be functional, searching for the expression of specific hormones by immunohistochemistry is rarely necessary in the pathologic characterization of neuroendocrine tumors.1 The clinical picture of patients with functional neuroendocrine tumors can be dominated by the paraneoplastic symptoms, which create management challenges unique to each tumor type. Also, some functional tumors have a characteristic prognosis, such as the low rate of malignant behavior in pancreatic insulinomas. Pathologically, the primary diagnosis of functional neuroendocrine neoplasms is the same as for their nonfunctional counterparts (WD-NET, PD-NEC, and so forth), but the further characterization as a specific functional type (eg, consistent with gastrinoma) is often appended to the primary diagnosis.





Neuroendocrine neoplasms of specific anatomic sites


Thoracic Neuroendocrine Neoplasms



The classification of neuroendocrine neoplasms in the lung was established many years ago and has persisted unchanged, now being applied for thymic primaries as well.16 The classification system combines the grading system with the terminology. As shown in Table 3, the name of each entity corresponds to the grade. The low- and intermediate-grade NETs (typical carcinoid tumor and atypical carcinoid tumor) are well differentiated, and the high-grade NECs (small cell carcinoma and large cell neuroendocrine carcinoma) are poorly-differentiated.27–29 Atypical carcinoid tumors were first recognized by Arrigoni and colleagues30 in 1972, and LCNEC is the most recently described entity (1991) in the group.17 The morphologic appearance of LCNEC is typically neuroendocrine (nesting or trabecular pattern, rosettes, and so forth), but the cells are larger than in small cell carcinoma and have more abundant cytoplasm and prominent nucleoli. In contrast to small cell carcinoma, immunohistochemical labeling for chromogranin, synaptophysin, or CD56 is required for the diagnosis of LCNEC (see http://meetinglibrary.asco.org/content/115000092-156 and Table 3). Not all solid carcinomas with the morphologic appearance of LCNEC prove to have neuroendocrine differentiation, however. The term large cell carcinoma with neuroendocrine morphology is used for carcinomas with neuroendocrine morphology but no labeling for neuroendocrine markers. Conversely, some large cell carcinomas without characteristic neuroendocrine morphology nonetheless express neuroendocrine markers; the term large cell carcinoma with neuroendocrine differentiation is used for these cases.16 The clinical implications of these diagnoses are unclear, and both of these entities are usually approached clinically as a non–small cell lung cancer, as opposed to LCNEC, which is managed with similar chemotherapy to small cell carcinoma.


Although only mitotic rate and not Ki67 is not used in the formal classification, there are several new studies evaluating the significance of the Ki67 index; one formal proposal to incorporate the Ki67 index into a new grading scheme has been published.31 Ki67 is useful to distinguish small cell carcinoma from carcinoid tumors when examining small specimens, such as biopsies or cytology, because the difference in labeling between these two entities is extreme (>50% vs <5%, respectively) and can readily be appreciated even when insufficient cells are present for formal counting.32,33


As in other anatomic sites, pulmonary neuroendocrine neoplasms actually constitute two families that may not be closely related.33 Carcinoid tumors, which can be central or peripheral in the lung, usually arise in nonsmokers and can occur in patients with MEN1. They may also be associated with hyperplasia of pulmonary neuroendocrine cells (diffuse idiopathic pulmonary neuroendocrine cell hyperplasia),34 and they usually are not combined with adenocarcinoma or squamous cell carcinoma.35 The PD-NECs, in contrast, are closely linked to tobacco use and commonly (up to 30%) contain elements of adenocarcinoma or squamous cell carcinoma. Such tumors in the lung are designated as combined neuroendocrine carcinomas. Finally, individual neoplasms containing both carcinoid tumor and PD-NEC are almost nonexistent. Molecular data further support the separation of carcinoids from PD-NECs. PD-NECs, especially small cell carcinomas, commonly exhibit TP53 and RB1 mutations,36,37whereas carcinoid tumors lack these alterations and instead have abnormalities in chromatin remodeling genes, such as MEN1, PSIP1, and ARID1A.38


Neuroendocrine neoplasms of the thymus are classified using the same criteria as those in the lung. However, a somewhat different spectrum of tumors occurs in the thymus. Typical carcinoid is uncommon; most WD-NETs represent atypical carcinoid tumors and have an aggressive clinical course.39 The associations of thymic carcinoid tumors with MEN1 syndrome and with Cushing syndrome are well documented and much more common than with lung carcinoids.40 PD-NECs occur in the thymus but are very rare, and a metastasis from the lung must always be considered when a small cell carcinoma or LCNEC is found in the mediastinum.



Pancreatic Neuroendocrine Neoplasms


WD-NETs arising within the pancreas, previously designated islet cell tumors, are referred to as pancreatic neuroendocrine tumors (PanNETs). PanNETs include an array of functional entities (insulinoma, glucagonoma, gastrinoma, VIPoma, somatostatinoma, and so forth) as well as nonfunctional PanNETs, which are now the most prevalent type41 because of their more frequent incidental detection by cross-sectional imaging. PD-NECs (small cell carcinoma and LCNEC) also arise in the pancreas but are rare.9,38 PanNETs range from small (0.5 cm, by definition the size separating a PanNET from a neuroendocrine microadenoma), circumscribed, organ-confined tumors with a very low risk for aggressive behavior to large, necrotic, highly infiltrative malignancies42 (http://meetinglibrary.asco.org/content/115000092-156-bibr17-EdBookAM20153592). Among the organs commonly giving rise to WD-NETs, the pancreas produces the largest variety of histologic patterns. PanNETs with clear cell, oncocytic, glandular, pleomorphic, and rhabdoid morphologies have been described43–45; although these features by themselves have limited clinical significance (clear cell PanNETs may be more prevalent in patients with von Hippel–Lindau syndrome46), these unusual morphologies can lead to confusion for other neoplasms. Immunolabeling for chromogranin and synaptophysin will usually resolve diagnostic uncertainties, although some neoplasms in the differential diagnosis can also label with one or both of these markers, such as solid pseudopapillary neoplasm (synaptophysin) and mixed acinar neuroendocrine carcinoma (both).47


PanNETs are now classified using the WHO system for all gastroenteropancreatic neuroendocrine neoplasms (see http://meetinglibrary.asco.org/content/115000092-156 and Table 2), which relies exclusively on the proliferative rate to separate G1, G2, and G3 neoplasms,15 the last group largely representing the PD-NECs.9,18,48 Several studies have validated the prognostic significance of this classification, even for metastatic disease; the difference in outcome between G1 and G2 is quite dramatic.30,32,49 As previously mentioned, the highest grade identified drives the prognosis,21,50 an important consideration because there can be grade heterogeneity within well-differentiated PanNETs, between the primary and metastases, and even among different metastatic sites.51,52 Compared with other anatomic sites, the pancreas gives rise to more cases that straddle the G2/G3 boundary; many of the reported cases of neuroendocrine tumors with a G2 mitotic rate but a G3 Ki67 index are of pancreatic origin.25 Thus, the concept of G3 WD-NETs as distinct from PD-NECs has been principally developed with data from pancreatic primaries. For patients with distant metastases, tumor growth rate observed on cross-sectional imaging is also helpful to predict the prognosis, especially for cases in which inadequate biopsy material may be available for definitive grading. Many other potential prognostic markers for PanNETs have been evaluated, such as immunohistochemical staining for CD117, cytokeratin 19, CD99, CD44, p27, progesterone receptor, and PTEN; but none of these has achieved sufficient independent predictive value to be incorporated into routine practice.53


The molecular alterations in PanNETs have been better characterized recently as a result of the completion of whole-exome sequencing studies.43 Well-differentiated PanNETs differ genetically from pancreatic ductal adenocarcinomas. PanNETs lack frequent alterations in the genes involved in ductal neoplasia, such as KRAS, TP53, CDKN2A, and SMAD4. Instead, PanNETs often have alterations in chromatin remodeling genes, such as MEN1, DAXX, and ATRX.54 Also, alterations in members of the mammalian target of rapamycin (mTOR) pathway are found. Both MEN1 and mTOR pathway alterations may be expected, given that PanNETs arise in patients with MEN1, von Hippel–Lindau syndrome, neurofibromatosis-1, and tuberous sclerosis syndromes. Involvement of the mTOR pathway also provides a rationale for targeted therapy, and clinical trials using the mTOR inhibitor everolimus have shown promise.55 Pancreatic PD-NECs have different molecular alterations from PanNETs, including common TP53 and RB1 mutations and, less frequently, alterations in KRAS and CDKN2A.56 These results demonstrate the genetic distinction between the well-differentiated and poorly-differentiated families of pancreatic neuroendocrine neoplasms.


In terms of predicting response to specific therapy, there are few well-established biomarkers. Loss of expression of O6-methylguanine DNA methyltransferase (MGMT) or methylation of its promoter can predict sensitivity to temozolomide.57 In theory, inactivation of the mTOR pathway should also correlate in the response to mTOR inhibitor therapy; but this is a complex pathway with multiple positive and negative regulators, and a simple biomarker of pathway activation status has not been developed.58,59



Intestinal Neuroendocrine Neoplasms


The spectrum of neuroendocrine neoplasms varies considerably through the course of the small and large intestines; the appendix gives rise to unique neoplasms, goblet cell carcinoid tumors, that differ substantially from the neoplasms of the rest of the intestinal tract.60 A historical distinction that has faded in recent years is among WD-NETs of the foregut, midgut, and hindgut.61–63 Differences in morphology and biology among primaries of these various sites were not thought sufficient to justify separate classification systems. However, it is true that the spectrum of neoplasms varies with the region of the intestines, and some features are sufficiently distinctive to suggest the likely origin. The upper small intestine (predominantly the duodenum) gives rise to both WD-NETs and PD-NECs, the latter being particularly centered on the ampulla of Vater.64–66 The duodenal WD-NETs include conventional carcinoid tumors, which are usually nonfunctional,67 as well as gastrinomas (particularly in MEN1 syndrome) and highly distinctive glandular WD-NETs that occur in patients with neurofibromatosis, type 1 and are variably termed glandular duodenal carcinoid, ampullary somatostatinomas, and psammomatous somatostatinomas.68–70 These synonyms reflect the distinctive features of these NETs, including gland formation, psammoma body production, and somatostatin expression. However, somatostatinoma syndrome is very rare in duodenal primaries, so these tumors are considered nonfunctional. Prognostic studies of duodenal and ampullary neuroendocrine neoplasms are hampered by the rarity and diversity of these entities; but as in other locations, the PD-NECs are highly aggressive65 and the WD-NETs are relatively indolent. Within the latter group, tumor size (and therefore stage) and grade predict survival.67


In the remainder of the small bowel, terminal ileum in particular, most of the neuroendocrine neoplasms are WD-NETs—the classic midgut carcinoid tumor composed of enterochromaffin (EC) cells that produce serotonin.15 This is the most common site of origin for WD-NETs associated with carcinoid syndrome. PD-NECs are extremely rare, as are other carcinomas, with the exception of cases arising in the terminal ileum in the setting of Crohn disease.71 Ileal WD-NETs are staged and graded like other neuroendocrine neoplasms of the gastroenteropancreatic system. Perhaps because they are asymptomatic when localized, they commonly present with advanced disease, which can be in the form of regional lymph node metastases, mesenteric involvement, or liver metastases. In the mesentery in particular, ileal WD-NETs often produce abundant fibrosis,72 which can constitute the majority of the tumor mass. Ileal WD-NETs are also more commonly multicentric than in other anatomic sites; conflicting data exist about whether multicentric tumors represent intramural metastases73 or truly multiple independent primaries.74 Most ileal WD-NETs are low or intermediate grade; the phenomenon of G3 WD-NET has been rarely observed in this location. The histologic pattern of ileal WD-NETs is highly characteristic, including a nesting architecture, peripheral nuclear palisading, eosinophilic granular cytoplasm, and lumen formation (see Fig. 1C). Metastatic WD-NETs with this morphology can often be recognized as originating in the midgut purely by morphology.


The large intestine proximal to the rectum most commonly gives rise to PD-NECs, which can be small cell carcinomas but more commonly are LCNECs or carcinomas with features intermediate between these two PD-NEC entities.75–77 They commonly arise in association with adenomas or have components of adenocarcinoma (MANEC), further demonstrating that these neoplasms are more closely related to the exocrine cell lineage rather than to WD-NETs.78 Platinum-based chemotherapy, commonly used for PD-NECs of the colon, has not been shown to be more effective than other treatments in a randomized clinical trial; but it is widely thought that PD-NECs should be treated more like small cell carcinoma than colonic adenocarcinoma. The outcome is poor unless they are detected at a very early stage. WD-NETs occur in the cecum, where they are identical to the midgut-type EC cell WD-NETs of the terminal ileum.79 Otherwise, WD-NETs are usually limited to the rectum, where they exhibit L-cell differentiation and express enteroglucagons.80 Rectal WD-NETs are often detected incidentally by colonoscopy when they are quite small, and the prognosis of those less than 1 cm is excellent. With increasing size (especially >2 cm) and proliferative activity, the potential for aggressive behavior increases; prognostic models in addition to the AJCC staging and WHO grading systems have been proposed.81




Primary site determination in neuroendocrine neoplasms


Some patients present with metastatic neuroendocrine neoplasms that have an occult primary, despite attempts at radiographic localization. For PD-NECs, small cell carcinomas in particular, it is generally not possible to identify the primary site pathologically. Thyroid transcription factor-1 (TTF1) expression occurs in most pulmonary small cell carcinomas, but primaries from many other sites also express this marker. For WD-NETs there are several transcription factors that can point to a particular primary, but they must be used in combination because no individual marker is perfectly specific or sensitive.53 TTF1 labels pulmonary carcinoid tumors and is a helpful but insensitive marker if a medullary thyroid carcinoma can be excluded. CDX2 is an intestinal lineage marker and generally stains only small bowel WD-NETs. Isl1 and PAX8 are positive in pancreatic WD-NETs and also are expressed in rectal WD-NETs. A combination of these stains can supplement data from imaging studies in an attempt to identify the primary site.
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