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Preface

The second edition of the AJCC Cancer Staging Atlas has been created as a compendium to the 7th Edition of the
AJCC Cancer Staging Manual, which was updated and expanded in 2010 and continues to promulgate the importance
of anatomical and pathological staging in the management of cancer. This Atlas has been viewed as a companion to
illustrate the TNM classifications of all cancer sites and types that are included in the 7th Edition of the Manual. It is
fully illustrated to give meaningful visualization at a glance to the TNM classifications and stage groupings and will
serve as a useful reference for clinicians, registrars, students, trainees, and patients alike.

There have been many evidence-based changes in staging strategies in the 7th Edition of the AJCC Cancer Staging
Manual, the differences compared to the 6th edition have been highlighted throughout the Atlas. This provides mean-
ingful comparisons as well as a reference for teaching and training.

The 616 illustrations have been developed exclusively for the AJCC Cancer Staging Atlas by Alice Y. Chen, our
exceptional medical illustrator. The drawings are specifically designed for simplicity and clarity and have been verified
through multi-disciplinary vetting to ensure their accuracy and relevancy for clinical usage. Every illustration provides
detailed anatomic depictions to clarify critical structures and to allow the reader to instantly visualize the progressive
extent of malignant disease. Appropriate labeling has been incorporated to identify significant anatomic structures,
and each illustration is accompanied by a relevant explanatory legend. Throughout all anatomic sites and cancer types,
the newly developed illustrations reflect concepts that are more completely discussed in the 7th Edition of the AJCC
Cancer Staging Manual and the companion Handbook.

The AJCC Cancer Staging Atlas is an official publication of the American Joint Committee on Cancer and rein-
forces the AJCC’s position as the leader in disseminating state-of-the-art information on TNM staging. The AJCC
continues to have as its mission the education of physicians, registrars, and patients and the promotion of evidence-
based patient management. The Atlas continues to enhance this mission. This project has been fully supported by our
publishing colleagues at Springer and especially Margaret Burns, Richard Lansing, Gregory Sutorius, and Bill Curtis.

The editors of this most recent AJCC project wish to underscore the concept that TNM is a universal language,
which must be applied by all clinicians caring for cancer patients. The creation of visual images of clinical and patho-
logical staging parameters serves to clarify and augment this language. We dedicate this work to all of our patients and
colleagues and hope that they too will benefit from this illustrated resource.

Carolyn C. Compton, MD, PhD
David R. Byrd, MD

Julio Garcia-Aguilar, MD, PhD
Scott H. Kurtzman, MD
Alexander Olawaiye, MD

Mary Kay Washington, MD, PhD

American Joint Committee on Cancer ® 2012 v



Acknowledgment of Contributors

The 2nd edition Atlas would not have been possible without the guidance and the help of several individuals who in
one way or another contributed their valuable expertise to the illustrations and concepts displayed in this publication.

The AJCC and the editors acknowledge and thank the following individuals:

Andreas Andreou, MD
The University of Texas MD Anderson Cancer Center, Houston, TX

Daniel A. Barocas, MD, MPH
Vanderbilt-Ingram Cancer Center, Nashville, TN

Al B. Benson I11, MD, FACP
Robert H. Lurie Comprehensive Cancer Center of Northwestern University, Chicago, IL

Karl Bilimoria, MD, MS
Feinberg School of Medicine, Northwestern University, Chicago, IL

Eugene Blackstone, MD
The Cleveland Clinic, Cleveland, OH

George J. Chang, MD, FACS
The University of Texas MD Anderson Cancer Center, Houston, TX

Sam S. Chang, MD, FACS
Vanderbilt-Ingram Cancer Center, Nashville, TN

Bruce D. Cheson, MD, FACP
Georgetown University Hospital, Washington, DC

Peter Goldstraw, MD
Royal Brompton Hospital, London, England

J. Milburn Jessup, MD
National Cancer Institute, Rockville, MD

James M. McKiernan, MD
Columbia University, New York, NY

Raphael Pollock, MD, PhD, FACS
The University of Texas MD Anderson Cancer Center, Houston, TX

Thomas W. Rice, MD, FACS
The Cleveland Clinic, Cleveland, OH

Valerie W. Rusch, MD, FACS
Memorial Sloan-Kettering Cancer Center, New York, NY

Jatin P. Shah, MD, FACS
Memorial Sloan-Kettering Cancer Center, New York, NY

Michael T. Tetzlaff, MD, PhD
The University of Texas MD Anderson Cancer Center, Houston, TX

J. Nicolas Vauthey, MD, FACS
The University of Texas MD Anderson Cancer Center, Houston, TX

STAFF CONTRIBUTORS
Donna M. Gress, RHIT, CTR
Karen A. Pollitt

American Joint Committee on Cancer » 2012

vii



Contents

Preface v
Acknowledgment of Contributors vii
PART I 1
General Information on Cancer Staging and End-Results Reporting

1. Purposes and Principles of Cancer Staging 3

2. Cancer Survival Analysis 23
PART I 33
Head and Neck

3. Lip and Oral Cavity (Nonepithelial tumors such as those of lymphoid tissue, soft tissue, bone,
and cartilage are not included. Staging for mucosal melanoma of the lip and oral cavity is not
included in this chapter — see Chap. 9.) 41

4. Pharynx (Nonepithelial tumors such as those of lymphoid tissue, soft tissue, bone, and cartilage
" are not included. Staging of mucosal melanoma of the pharynx is not included — see Chap. 9.) .....ccccovueruvunine 55

5. Larynx (Nonepithelial tumors such as those of lymphoid tissue, soft tissue, bone, and cartilage
are not included) 79

6. Nasal Cavity and Paranasal Sinuses (Nonepithelial tumors such as those of lymphoid tissue,
soft tissue, bone, and cartilage are not included. Staging for mucosal melanoma of the nasal cavity

and paranasal sinuses is not included in this chapter — see Chap. 9.) 91

7. Major Salivary Glands (Parotid, submandibular, and sublingual) 105

8. Thyroid 113

9. Mucosal Melanoma of the Head and Neck 121

PART Il 127
Digestive System

10. Esophagus and Esophagogastric Junction (Nenmucosal cancers are not included) 129

11. Stomach (Lymphomas, sarcomas, and carcinoid tumors [low-grade neuroendocrine tumors]
are not included) 143

12. Small Intestine (Lymphomas, carcinoid tumors, and visceral sarcomas are not incltided)......cocerrerrerrsrninsune. 155

13. Appendix (Carcinomas and carcinoid tumors of the appendix are included,
but separately categorized) 169

14. Colon and Rectum (Sarcomas, lymphomas, and carcinoid tumors of the large intestine
are not included) 185

15. Anus (The classification applies to carcinomas only; melanomas, carcinoid tumors,
and sarcomas are not included.) 203

American Joint Committee on Cancer » 2012 ix



16. Gastrointestinal Stromal Tumor 215
17. Neuroendocrine Tumors (Gastric, small bowel, colonic, rectal, and ampulla of vater carcinoid tumors

[well-differentiated neuroendocrine tumors and well-differentiated neuroendocrine carcinomas];

carcinoid tumors of the appendix [see Chap. 13] and neuroendocrine tumors of the pancreas

[see Chap. 24] are not included.) 221
18. Liver (Excluding intrahepatic bile ducts; sarcomas and tumors metastatic to the liver

are not included) 241
19. Intrahepatic Bile Ducts 251
20. Gallbladder (Carcinoid tumors and sarcomas are not included) 259
21. Perihilar Bile Ducts (Sarcoma and carcinoid tumors are not included) 269
22. Distal Bile Duct (Sarcoma and carcinoid tumors are not included) 277
23. Ampulla of Vater 287
24. Exocrine and Endocrine Pancreas 297
PART IV 309
Thorax
25. Lung (Carcinoid tumors are included. Sarcomas and other rare tumors are not included)..................c..... 311
26. Pleural Mesothelioma 329
PARTV 339
Musculoskeletal Sites
27. Bone (Primary malignant lymphoma and multiple myeloma are not included) 341
28. Soft Tissue Sarcoma (Kaposi’s sarcoma, fibromatosis [desmoid tumor], and sarcoma arising

from the dura mater, brain, parenchymatous organs, or hollow viscera are not included)............cccc.cvvuevuns 349
PART VI 355
Skin
29. Cutaneous Squamous Cell Carcinoma and Other Cutaneous Carcinomas 357
30. Merkel Cell Carcinoma (Staging for Merkel Cell of the eyelid [C44.1] is not included

in this chapter — see Chap. 48, “Carcinoma of the Eyelid” in the AJCC Cancer Staging Manual)............... 371
31. Melanoma of the Skin 385
PART VII 417
Breast
32. Breast 419
X  American Joint Committee on Cancer ® 2012



PART ViII 441
Gynecologic Sites

33. Vulva (Mucosal malignant melanoma is not included) 443
34. Vagina 455
35, Cervix Uteri 463
36. Corpus Uteri 477
37. Ovary and Primary Peritoneal Carcinoma 495
38. Fallopian Tube s 505
39. Gestational Trophoblastic Tumors 515
PART IX 521
Genitourinary Sites

40. Penis (Primary urethral carcinomas and melanomas are not included) 523
41. Prostate (Sarcomas and transitional cell carcinomas are not included) 535
42. Testis 547
43, Kidney 557
44. Renal Pelvis and Ureter 567
45. Urinary Bladder 575
6. TUITBEITA e soonenssisinuasissassrosssessssbemssnsmismsoissieessobs st ehtsmtmsen i oot bemas AR o RSP ASE e RSTerso eSS e A B e 583
47. Adrenal 595
PART X 601
Lymphoid Neoplasms

48. Hodgkin and Non-Hodgkin Lymphomas (Excludes ocular adnexal lymphoma) 605
49. Primary Cutaneous Lymphomas 619
Index 627

American Joint Committee on Cancer ® 2012  xi



PART |
General Information
on Cancer Staging and
- End-Results Reporting

eneral Information on Cancer Staging and End-Results Reporting



- —

e e

RIS ] ‘-.-r- e




Purposes and Principles
of Cancer Staging

INTRODUCTION AND OVERVIEW

The extent or stage of cancer at the time of diagnosis is a key factor that defines prognosis and is
a critical element in determining appropriate treatment based on the experience and outcomes of
groups of prior patients with similar stage. In addition, accurate staging is necessary to evaluate the
results of treatments and clinical trials, to facilitate the exchange and comparison of information
among treatment centers, and to serve as a basis for clinical and translational cancer research. At a
national and international level, the agreement on classifications of cancer cases provides a method
of clearly conveying clinical experience to others without ambiguity.

Several cancer staging systems are used worldwide. Differences among these systems stem from
the needs and objectives of users in clinical medicine and in population surveillance. The most
clinically useful staging system is the tumor node metastasis (TNM) system maintained collabora-
tively by the American Joint Committee on Cancer (AJCC) and the International Union for Cancer
Control (UICC): The TNM system classifies cancers by the size and extent of the primary tumor (T),
involvement of regional lymph node (N), and the presence or absence of distant metastases (M),
supplemented in recent years by carefully selected nonanatomic prognostic factors. There is a TNM
staging algorithm for cancers of virtually every anatomic site and histology, with the primary
exception in this manual being staging of pediatric cancers.

Philosophy of TNM Revision. The AJCC and UICC periodically modify the TNM system in
response to newly acquired clinical data and improved understanding of cancer biology and factors
affecting prognosis. Revision is one factor that makes the TNM system the most clinically useful stag-
ing system and accounts for its use worldwide. However, changes in staging systems may make it
difficult to compare outcomes of current and past groups of patients. Because of this, the organiza-
tions only make these changes carefully and based on the best possible evidence.

The revision cycle for TNM staging is 6-8 years. This provides sufficient time for implementation
of changes in clinical and cancer registry operations and for relevant examination and discussion of
data supporting changes in staging. Table 1.1 shows the publication years for each of the versions of
the TNM system up through this current seventh edition of the TNM system. The prior sixth edition
was used for cases diagnosed on or after January 1, 2003. The seventh edition published in this
manual is effective for cancer cases diagnosed on or after January 1, 2010.

Anatomic Staging and Use of Nonanatomic Information. Cancer staging is historically based
solely on the anatomic extent of cancer and remains primarily anatomic. However, an increasing
number of nonanatomic factors about a cancer and its host provide critical prognostic information
and may predict the value of specific therapies. Among those factors known to affect patient out-
comes and/or response to therapy are the clinical and pathologic anatomic extent of disease, the
reported duration of signs or symptoms, gender, age and health status of the patient, the type and
grade of the cancer, and the specific biological properties of the cancer. Clinicians use the pure
anatomic extent of disease in defining treatment, but in many cases must supplement TNM with
other factors in order to counsel patients and make specific treatment recommendations. As more of
these factors are fully validated, it will be necessary to develop strategies to incorporate them into

C.C. Compton et al. (eds.), AJCC Cancer Staging Atlas: A Companion to the Seventh Editions 3
of the AJCC Cancer Staging Manual and Handbook, DOI 10.1007/978-1-4614-2080-4_1,
© 2012 American Joint Committee on Cancer



prognostic systems for patient management while maintaining the core anatomic structure of staging.
The restriction of TNM to anatomic information has led clinicians to develop other prognostic
systems and even led some to conclude that TNM is “obsolete” or “anachronistic.”

As outlined in this chapter and throughout the Manual in many of the revised AJCC staging
algorithms, nonanatomic factors are incorporated into stage grouping where needed. This practice
started in a limited fashion in prior editions. However, anatomic extent of disease remains central to
defining cancer prognosis. Most proposed nonanatomic prognostic factors in use have been validated
only for patients with specific types of disease grouped largely on the anatomic stage (e.g., Gleason’s
score in early stage prostate cancer and genomic profiles that are validated only in women with
node-negative breast cancer). Further, it is critical to maintain the ability to report purely anatomic
information to allow comparability of patients treated using new prognostic schemas with patients
treated in the past using prior anatomic schemas or with current patients for whom new prognostic
factors are not obtained because of cost, available expertise, reporting systems, or other logistical
issues.

Defining T, N, M and Timing of Staging Data. Stage is determined from information on the tumor T,
regional nodes N, and metastases M and by grouping cases with similar prognosis. The criteria for
defining anatomic extent of disease are specific for tumors at different anatomic sites and of different
histologic types. For example, the size of the tumor is a key factor in breast cancer but has no impact
on prognosis in colorectal cancer, where the depth of invasion or extent of the cancer is the primary
prognostic feature. Therefore, the criteria for T, N, and M are defined separately for each tumor and
histologic type. With certain types of tumors, such as Hodgkin and other lymphomas, a different sys-
tem for designating the extent of disease and prognosis, and for classifying its groupings, is necessary.
In these circumstances, other symbols or descriptive criteria are used in place of T, N, and M, and in
the case of lymphoma only the stage group is defined. The general rules for defining elements of staging
are presented later, and the specifics for each type of disease are in the respective chapters.

Beginning with the sixth edition of the AJCC Cancer Staging Manual, TNM adopted a change in
the rules for timing of staging data collection to coordinate data collection among the major cancer
registry organizations in the USA including the North American Central Registry programs [e.g., the
NCI Surveillance Epidemiology and End Results Program (SEER) and the National Program of
Cancer Registries (NPCR) of the Center for Disease Control and Prevention], and the National
Cancer Data Base, and to accommodate changing practice patterns with increased use of sensitive
imaging studies that often were applied during the initial diagnostic phase of care, but occurred after
surgery. The timing rules state that:

* (linical staging includes any information obtained about the extent of cancer before initiation of
definitive treatment (surgery, systemic or radiation therapy, active surveillance, or palliative care)
or within 4 months after the date of diagnosis, whichever is shorter, as long as the cancer has not
clearly progressed during that time frame.

* Pathologic staging includes any information obtained about the extent of cancer through comple-
tion of definitive surgery as part of first course treatment or identified within 4 months after the
date of diagnosis, whichever is longer, as long as there is no systemic or radiation therapy initiated
or the cancer has not clearly progressed during that timeframe.

TNM Staging Classification: Clinical, Pathologic, Recurrent, Posttreatment, and Autopsy. Stage
may be defined at a number of points in the care of the cancer patient. These include “pretreatment
stage” or “clinical stage,” and postsurgical or “pathologic stage.” In addition, stage may be deter-
mined (a) after therapy for those receiving systemic or radiation therapy before surgery (termed
neoadjuvant therapy) or as primary treatment without surgery, (b) at the time of recurrence, and (c)
for cancers identified at autopsy:.

4  American Joint Committee on Cancer ® 2012



Clinical stage (pretreatment stage) is the extent of disease defined by diagnostic study before infor-
mation is available from surgical resection or initiation of neoadjuvant therapy, within the required
time frame (see previous discussion). The nomenclature for clinical staging is cT, ¢N, and cM, and
the anatomic stage/prognostic groups based on ¢TNM are termed the clinical stage groups. Clinical
staging incorporates information obtained from symptoms; physical examination; endoscopic exam-
inations; imaging studies of the tumor, regional lymph nodes, and metastases; biopsies of the pri-
mary tumor; and surgical exploration without resection. When T is classified only clinically (cT),
information from biopsy of single or sentinel lymph nodes may be included in clinical node staging
(eN). On occasion, information obtained at the time of surgery may be classified as clinical such as
when liver metastases that are identified clinically but not biopsied during a surgical resection of an
abdominal tumor.

Pathologic stage is defined by the same diagnostic studies used for clinical staging supplemented
by findings from surgical resection and histologic examination of the surgically removed tissues.
This adds significant additional prognostic information that is more precise than what can be dis-
cerned clinically before therapy. This pathologic extent of disease or pathologic stage is expressed as
pT, pN, and pM.

Posttherapy stage (yTNM) documents the extent of the disease for patients whose first course of
therapy includes systemic or radiation treatment prior to surgical resection or when systemic ther-
apy or radiation is the primary treatment with no surgical resection. The use of so-called neoadjuvant
therapy is increasingly common in solid tumors including breast, lung, gastrointestinal, head and
neck, and other cancers. Posttherapy stage may be recorded as clinical or pathologic depending on
the source of posttreatment information. The extent of disease is classified using the same T, N, and
M definitions and identified as posttreatment with a “yc” or “yp” prefix (ycT, ycN, ycTNM; ypT, ypN,
ypITNM). Note that American registry systems do not have a data element to record “yc” elements,
but these may be recorded in the medical record. The measured response to therapy and/or the
extent of cancer after therapy may be prognostic. It is also used to guide subsequent surgery or other
therapy.

When a patient receives presurgical treatment and has a posttherapy yc- or yp-TNM stage, the
stage used for surveillance analysis and for comparison purposes is the clinical stage before the start
of therapy. Care should be taken not to record the postneoadjuvant therapy stage as the primary
stage for comparison of populations or for clinical trials. This could lead to erroneous reports. For
example, a patient with a clinical Stage 111 breast cancer after chemotherapy could have only residual
carcinoma in situ. If the final y stage was used as the original stage, the cancer would be erroneously
staged as Stage 0. This would be grossly misleading for a case that in fact presented as a locally
advanced Stage 111 cancer.

Two other staging classifications are defined, though there are no data fields reserved for these
stages in most cancer registry systems. The first of these is “Retreatment” classification (rTNM). This
is used because information gleaned from therapeutic procedures and from extent of disease defined
clinically may be prognostic for patients with recurrent cancer after a disease-free interval. Clearly
the extent of recurrent disease guides therapy, and this should be recorded in the medical record
using the TNM classification. It is important to understand that the rTNM classification does not
change the original clinical or pathologic staging of the case. The second of these is the “Autopsy”
classification (aTNM) used to stage cases of cancer not recognized during life and only identified
postmortem.

TNM Groupings. For the purposes of tabulation and analysis of the care of patients with a similar
prognosis, T, N, and M are grouped into so-called anatomic stage/prognostic groups, commonly referred
to as stage groups. Groups are classified by Roman numerals from I to IV with increasing severity of
disease. Stage I generally denotes cancers that are smaller or less deeply invasive with negative
nodes; Stage 11 and 111 define cases with increasing tumor or nodal extent, and Stage IV identifies

Purposes and Principles of Cancer Staging 5



those who present with distant metastases (M1) at diagnosis. In addition, the term Stage 0 is used to
denote carcinoma in situ with no metastatic potential. Stage 0 is almost always determined by patho-
logic examination.

The primary TNM groupings are purely clinical or pathologic. However, in clinical medicine, it
is often expedient to combine clinical and pathologic T, N, and M information to define a mixed
stage group [or treatment planning. An example of a clinical situation where such “mixed staging” is
used clinically is a woman with breast cancer who has had the primary tumor resected providing
pathologic T, but for whom there was no lymph node surgery, requiring use of the clinical N. The
mixed stage combining clinical and pathologic information is sometimes referred to as working stage.
However, pure clinical and pathologic stage is still defined for comparative purposes. In addition,
clinical M status (MO or M1) may be mixed with pathologic T and N information to define patho-
logic stage, and the classification pTis cNO ¢MO may be used to define both clinical and pathologic
stage for in situ carcinoma. If there is pathologic evidence of metastases (pM1), it may be used with
clinical T and N information to define clinical Stage IV and pathologic Stage 1V.

The grouping recommendations in this manual are based primarily on anatomic information.
Anatomic extent of disease is supplemented by selected nonanatomic prognostic factors in some
disease sites. To denote the significance of this selective use of nonanatomic factors and to under-
score the importance of anatomic information, the title of the groupings in the AJCC Cancer Staging
Manual has been changed to “Anatomic Stage/Prognostic Groups.”

Recording Cancer Stage in the Medical Record. All staging classifications, and most importantly
clinical and pathologic T, N, and M and stage grouping, should be recorded in the medical record.
Clinical stage is used in defining primary therapy (including surgery if surgery is performed), and
when surgery is the initial treatment, subsequent systemic or radiation treatment is based on the
pathologic stage. Recording clinical stage is also important because it may be the only common
denominator among all cancers of a certain anatomic site and histology. Examples include lung can-
cer, advanced GI tumors, and head and neck cancers where surgery may not be performed, as well
as cancers such as prostate cancer and others where surgical resection for limited disease may be
omitted. In such scenarios, it may be impossible to compare cases where information is only obtained
by clinical means with those where surgical resection is performed. For this reason, clinical stage
remains an important component of application of the TNM staging system. This was reinforced in
2008 by the American College of Surgeons Commission on Cancer in its cancer program standards
with the requirement that clinical stage be recorded in all cases.

There are many options for recording staging data in the medical record. These include docu-
menting in the initial clinical evaluations, operative reports, discharge summaries, and follow-up
reports. Physicians are encouraged to enter the stage of cancer in every record of clinical encounters
with the cancer patient. In addition, a paper or electronic staging form may be useful to record stage
in the medical record as well as to facilitate communication of staging data to a cancer registry.
A simple form for collecting staging data is included for each disease site in this manual.

The Cancer Registry and the Collaborative Stage Data Collection System. Recording stage
information in a cancer registry allows analysis of treatment effects and longitudinal population
studies. Traditionally registries recorded the staging data provided in the medical record or on a stag-
ing form by the physician. With the increasing complexity of staging, the potential to incorporate
various nonanatomic factors into staging algorithms, and the need to coordinate staging data collec-
tion for hospital- and population-based central registries, there was a need for a more standardized
data collection tool for staging data. Such a system, termed the Collaborative Stage Data Collection
System (CS), was developed by the AJCC and its cancer surveillance and staging partner organiza-
tions and implemented in cancer registries in the USA in 2004. It has also been implemented in parts
of Canada with the expectation to implement throughout Canada by 2012.
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