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INTRODUCTION

Technology has extensively permeated all medical special-
ties, including diagnostic anatomic pathology, where inno-
vative new tools are being used with increasing frequency
to make accurate diagnoses and provide meaningful bio-
logic information for prognosis and treatment.

I this setting of rapidly emerging scientific knowledge,
it i3 necessary to ask why anatomic patholegy should con-
tinue to keep microscopic histologic exatmination as a part
of the diagnostic armamentarium. This question has gained
further importance, for two specific reasons:

* any studies have shown that the typical and overt
cases of the most common lymphoma entities have

Diagnostic significance of pathologic processes that 707
form distinctive patterns

The inherent role of histology 728

Fundamental Importance of morphology 729

Importance of morphology in the diagnosis of benign 730
lymphoid diseases

Distinguishing benign from malignant lymphaid 730
proliferations

Impertance of morphologic patterns and cytolegic 731

features in the WHO classification of Hodgkin and
norn-Hadgkin lymphomas

Genergl considerations 721

Specific examples 732

Correlation between morphelogic patterns, 733
immunechistochemistry and cytogenetics

Importance of cell typing in grading and prognosis 733
of lymphomas

Relative merits of incisional/excisional biopsies versus 734
fine needle biopsies i

A summary of our systematic approach 735

Key points 738

References 736

characteristic gene expression profiles (signatures) that
may alsc provide more reproducible diagnoses and
clinical relevance than histologic and fmmuno-
histologic evaluation of tissue sections,! %

* Morphology has many limitations: it is subjective,
diagnostic accuracy is directly proportional to whether
the pathologist is a subspecialist, their degree of
experience and the daily volume of case material
seen.”'"%* Quantitative measurements, such as accurate

and reproducible enumeration of cells, are also
difficult,2t-%3

Our answer is that histologic examination, as an independ-
ent method, provides specific types of diagnostic informa-
tion that cannot be obtained by any other methodology and
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# inherent problems associated with histologic evaluation
extrancous problems related to artifacts of fixation, processing, cutting and staining that result in cytelogic variability and
lead to diagnostic ertors

# requirement of image imprinting in the memory for future instant image recall to automatically initiate the differential
diagnosis

& cognizance and understanding of the limitations of individual knowledge and experience
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Basic assumptions for forming a differential diagnosis
2. Consequences of the inherent limitations in anatomic pathology and other difficulties in fulfilling the basic assumptions for
' ming a differential diagnosis:

Reasahs why making a histologic diagnosis is an art and not a science:

_The diagnostic significance of pathologic processes that form distinctive patterns
. The inherent role of histology:

specific knowledge requirements

relating to the explosion of rapidly evolving new scientific knowledge, technologies, changing concepts and criteria and their
application to daily practice
imprecise clinical information

the cardinal skill required to initiate a differential diagnosis is to accurately identify pathologic processes
identification of pathologic processes is markedly facilitated by identifying cells based on their colors andfor tinctorial
properties seen at low magnification

rmerphelogic manifestations of pathologic processes and their recognition

different types of pathologic processes

methods of identifying pathologic processes and distinguishing them from normal

the glogal importance of morphalogy, and its value as part of a systematic approach to diagnosis

the importance of morphology in the diagnosis of benign lymphoid diseases

distinguishing benign frem malignant lymphoid proliferations

the importance of morphologic patterns and cytologic features in the World Health Organization (WHO) classification of

Hadgkin and non-Hedgkin lymphamas

morphologic patterns

naming of lymphomas in the WHO classification after morphologic patterns
naming of lymphomas in the WHO classification according to cytologic features, which often also have distinctive

naming of lymphomas in the WHO classification according to eponyms

correlation between morphologic patierns, immunchistochemistry and cytcgenetics of lymphomas

correlation of interobserver reproducibility of lymphomas with and without distinctive patterns with immunophenotyping
importance of cell typing in grading and prognosis of lymphomas

the relative merits of incisional/excisional biopsies versus fine needle biopsies

information is clinically valuable and irreplaceable.
¢ of these simple facts, histologic diagnosis contin-
e the most important first step in making an accu-
nosis in any new patient subjected to a biopsy.*!
cent, detailed, companion review paper in 2007,
ssed not only the fundamental role that histology
stablishing a correct diagnosis, but also how its
enhanced by immunophenotype analysis by flow
»itnmunohistochemical staining, and molecular
in this era of genomics and proteomics, taking
mt the limitations of these technologies.® The
£ this chapter is to present an outline of values
tations in histologic diagnosis as obtained from
blished data and our personal experience. We also
1g justification to continue the practice, with
conviction, of the art of histologic diagnosis,
18 necessary today and in the foreseeable future.

Towards this end, Box 41.1 provides an overview of our
chapter,

BASIC ASSUMPTIONS FOR FORMING
A DIFFERENTIAL DIAGNOSIS

Before we address in detail some of the inherent problems
faced when making a morphologic diagnosis in anatomic
and/or lymph node pathology, we briefly summarize the
prerequisites for forming a proper differential diagnosis.
When making a histologic diagnosis, three basic assump-
tions are made:?>-3

® The known diseases have criteria on the basis of which
29,33

they can be separated from each other,” requiring
specific knowledge of these diseases,
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722 The art of histologic diagnosis

® The diseases can be recognized by the presence/absence
of different types of histologic features that can be
estimated or quantified, ™ requiring specific skills for
suich recognitien.

® The histologic features of disease can be correlated
with clinical information, and when avaitable,
immunophenotypic and molecular information, and
can be synthesized into a logical histolegic differential
diagnosis, >~ requiring the ability to integrate such
information.

The intellectual task of integrating information from diverse
sources to form a differential diagnosis requires utilizing
different types of knowledge and skills. The strategies
involved in forming a diagnosis vary from one case to
another, and may vary within each slide or between differ-
ent slides from the same case. ™

In the next section, we present the inherent limitations
in the discipline of histopathology, and other problems
that are encountered while reviewing histologic sections,
which further compound the diagnostic difficulties in
making accurate diagnoses,

CONSEQUENCES OF THE INTRINSIC
LIMITATIONS IN ANATOMIC PATHOLOGY
COUPLED WITH OTHER DIFFICULTIES iN
FULFILLING THE ABOVE BASIC ASSUMPTIONS
FOR FORMING A DIFFERENTIAL DIAGNOSIS

Specific knowledge requirements

[ p— S A S—_ R

® Exhaustive knowledge is necessary regarding histologic,
frmmunophenotypic and genotypic criteria for diagnosis
of various diseases
In anatomic pathology, there are currently more than 5000
individual disease entities.?’ Each of these present with dif-
ferent histologic features and at ditferent stages, with their
own repertoire of morphologic, imnunologic and genetic
characteristics. The knowledge regarding different diseases is
available in the form of text information, which is considered
as passive or theoretical ot a priorf knowledge. This passive
textual knowledse is independent of the knowledge obtained
from experience. 1t is impossible for a single pathologist to
remember all of this informaiion, especially because it con-
tinues to rapidly evolve and change.

& Dynaniic lymph node pliysiology iy mavkedly bui
reversibly alter cytologic and architectural features in
specific compartments, leading to diagnostic errors

The histologic examination of lymph node sections is diffi-

cuit because the lymph node is a unique and dynamic organ.

The interaction of lymphoid cells of different types, together

with the stromal cells of different types, results in the gener-

ation of numerous complex immune responses/functions.

These ymphoid cells may change dramatically in size and

appearance, and often migrate from cne compartiment to

ancther in response to endogenous or eX0genous simuli, or
to neoplastic transformation. {mportantly, because cells
and cellufar changes are dynamic and occur within different
compartments (follicular, mantle zone, marginal zene, para-
cortical, interfollicular, and medullary) it is therefore natu.i)
to find subtle to profound histelogic changes in one or more
compartments, simultaneously or over time, and the.e
changes often lead to interpretive difficulties and diagnostic
errors, especially in the absence of extensive experience.

Inherent problems associated with histologic
evaluation

® Normal and abiormal cells within the same
compartment may exhibit a wide histologic spectrum
and overlapping histologic features

There are numerous benign and malignant lymphoid dis-
eases, and their histologic features may overlap, requiring
the pathologist to use judgment and experience 1o accu-
rately recognize them and form a proper diagnosis. Sirnular
to the rest of surgical pathology, diagnosis of lymphoid dis-
cases frequently relies on accurate pattern recognition, us,
architectural features such as the size, shape and density of
lymph node compartments, their relationship to cach
other, and the various colors that correspond to different
cell types, are all examined at low magaification and a
rapid differential diagnosis is formed.

The knowledge required for accurate identification of
cells and patterns involves recognition, processing hitor-
mation and storage of histologic images in the mind, and
it only comes from experiential reinforcement.”’ T his
experience-based knowledge often is celled empirical or
posteriori or heuristic knowledge. To acquire this ryne of
knowledge and use it effectively in the daily practice of
making histologic diagnoses requires time, special effort
and undivided concentration. This type of knowledge can
only be obtained by continuous, specific, hands-on, one-
on-one training, from highly experienced pathologists,
preferably sith subspecialty training. Thus, it is impossible
for one histopathologist to be proficient in interpriiing
biopsy specimens from all organ systems.

8 Accurate quantification of different types of cells is very
difficult

Often, a differential diagnosis will require quantification of
ove or more cell populations. Unfortunately, most of the
time it is almost impossible to achieve this with greai pres
cision, and the inter- and intra-observer agreement tends
to be in the 20 percent range and often higher, thus len:ding
to significant disagreements among pathologists and pro-

17 1%

moting communication and diagnostic exrors. ™™
o A well-defined and systematic vocabudary andior
dictionary is not available

To make a proper histologic diagnosis, a histopathologist
requires in-depth knowledge of the wide spectrutd of
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tologic features. However, a universal, systematically
rednized nomenclature of histologic descriptors is not
ently available, nor are there reference materials such
stbooks and/or illustrated texts that outline guidelines
he use of such descriptors. In the real world, histopathol-
fcts have to recognize and quantify histologic features to
, a proper differential diagnosis, but again with very
iceptions,®* large collections of well-organized, inter-
¢ digital libraries of photomicrographs of histologic
es- and diseases ate not available for instant use in
fly-histopathology practice, which has made the task of
athologists difficult, especially in conveying to other
ogists what they mean, and in teaching what they
gen or diagnosed.

widequate sampling of tissue and non-representative
CHEns are common

ilogic evaluation is the first step towards determin-

inddequate sampling becomes inevitable and can
nd the diagnostic difficulties and lead to errors,

0 go’, L.e. to decide whether he or she is dealing
dequate or inadequate specimen. These Issues are

h coexisting lesions within the same lymph
thfibrotic and inflamed, infectious or noninfec-
grounds, Importantly, benign diseases typically
fifocal pathologic processes, changes or abnor-

otiated lymphoid tissue (MALT) lymphoma,
dsons, generous and representative biopsies

problems related to artifacts
processing, cutting and staining
In- cytologic variability and lead
errors

f generous histologic sections received for
Paramount importance for making an
philévic diagnosis. Occasionally, artifacts can
that they may preclude interpretation of the

o see in one hematoxylin and ecsin
tey one or more artifacts such as crack-
Hing, crumpling, shattering, dry carth,

peripheral drying, moth-eaten and Venetian blind appear-
ances. Also, the nuclei may be shrunken, muddy or bubbly
(Table 41.1).> These artifacts can occur after a surgical
biopsy has been performed, during specimen transporta-
tion, slicing of tissue by pathologist, tissue fixative used,
duration of tissue fixation, processing, paraffin embedding
of tissue, cutting of paraffin blocks, staining of cut slides
from paraffin blocks, and cover slipping the slides. There is
an excellent correlation between the artifacts seen and their
underlying cause, and steps that can be taken to prevent
them or the procedures that can be adopted to remove
these artifacts, While most of the above-mentioned arti-
facts are common and readily identified, those that relate
to inadequate or poor fixation and the fixative used are
often not recogrized and can readily lead to diagnostic errors,
therefore we mention them below,

Lymphoid cells are fragile and prone to significant cyto-
logic distortion of their nuclear chromatin pattern, amount
of cytoplasm and immunchistochemical properties (i.e.
availability of cell surface antigens). Inadequate fixation can
lead to a subtle, yet significant change in the nudlear-to-
cytoplasmic ratio due to shrinkage of nuclei and an artificial
increase in the amount and staining quality of the cyto-
plasm. Poorly fixed areas can be recognized by the increased
space between lymphoid cells and the artificial clearing that
surrounds individual cells, and interpretation of such areas
should be avoided. Shrinkage of nuclei can also result in
pseudo-cendensation of nuclear chromatin, making dis-
tinction between ‘mature’ and ‘immature’ lymphold cells
very difficult. It should be noted that cautery artifact, intro-
duced by the surgeon, resuits in smudging that cannot be
reversed by good fixation, Thus, extreme care should be
exercised when choosing the areas appropeiate for histo-
logic evaluation in an inadequately fixed specimen.

Another major problem that is often not well appreci-
ated is that different fixatives create different sets of
changes and artifacts In tissue samples. For example, lym-
phoid cells fixed in B5 appear approximately 15-20 per-
cent smaller than the same cells fixed in formalin. The
B5-fixed lymphoid cells also have a finer chromatin pat-
tern and better-defined nuclear and cytoplasmic borders.
Formalin-fixed lymphoid cells, in contrast, are larger and
may show vesicular chromatin due to ballooning artifact,
and their borders may be ill defined. Frozen tissue intro-
duces an artifact that appears to flatten out or blur cyte-
logic features and cannot be reversed {(moreover, prior
freezing alters antigenicity and thus affects immunohisto-
chemistry). The lack of understanding or appretiation for
these changes often leads to errors.

Requirement of image imprinting in the mind
for instant image recall to automatically
initiate the differential diagnosis

The basis of histologic diagnosis is recognition of morpho-
logic patterns and cytologic features. One of the maost
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W Table 41.1  Problems encountered by pathologists in routine sactions and their causes
Sbiemelaitifact s ;
A Dehydration
Tissue shrunken, dry and hard results in cracks during sectloning; Dehydration; acetone used as dehydrant
sections may be beth thick and thin
uf Sections crumbled, torn or "exploded’ Contamination of absolute alcohol with water or other
May exhibit 'dry earth effect’ (small irregular cracks throughout) hydrating substance, leading to incomplete dehydration
" Cells are 'muddy’
Clearing
Tissue hard and brittie excessively prolonged clearing time in xylene
pé Sections crack and may be both thick and thin Chloroferm used as clearing agent on tissue processor
Sections compressed, wrinkled, will not ribbon Contamination of xylene by aleohol leading to poor infiltration
s of paraffin
Infiftration
1 Tissue shrunken and hard. Cracks during sectioning, and sectiening tnfiltration paraffin too hot
may be both thick and thin
o Stain ‘'muddy’ and homogeneous
' Embedding
Air spaces around tissue in paraffin block make sectioning difficult Delay In embedding after removal from paraffin bath
pE Blocks crack and are either impossible to section or yield Water used to cool blocks too cold
crackad sections
" Sectioning
Sections compressed and wrinkled, may fall off slides, will not Biunt knife
rivbon, may be cracked
Linear knife marks, scratches and splits Knife rough and uneven (even if sharp)
Sections compressed, wrinkled thick and thin (Venetian blind effect) Loose block or knife
W Sectlons bath thick and thin Blade not angled enough
Sections cracked Blade angled too much
Punched out areas (Swiss cheese or moth-eaten effect) Inadequate facing of block after rough-cutting
Cracked circular areas with central shrunken, over stained tissue Failure to remove air bubbies while picking sections up on
slides from water bath {bubbles were produced while
wh layering ribbon on fiotation bath)
Hematoxylin and eosin (HEE] staining
Too much egsinophilic color in the HEE stain (acid formaldehyde, Formation of acid formalin
hematin, formalin fixative)
y Randomly distributed brown to black crystalline depaosits {(mercurie Failure to process tissue from mercury-containing fixatives
chloride crystals, Zenker and B5 fixatives) through iodine and hypo
8 Results variable, with any sections overstained Paor differentiation of Harrls hematoxylin
Excess eosin appears 'muddy’ and obscures detafl Passage through alcohols after eosin staining too rapid
oy Cover slip
Air bubbles, exeess or insufficient media Poor technigue
Sections appear cloudy Defective media
iy Media may form bubbles with time
ﬂﬁ Tissue appears dry Delay between removal from xylol and cover slipping
important facts, which is often not understood or appreci- summoned to instantly and intuitively form a differential
ated by many pathologists and clinicians, is that for an diagnosis for the pathologist, Because different entities
image te be retained in long-term memeory and for it to be may exhibit a wide histologic spectrum, for imprinting
accessible instantly through recall, it must be seen repeat- of images to occuy, it is essential for the pathologist to
edly, with high frequency. Once so-called ‘imprinting’?"¢ see daily as many cases as possible. To achieve a levet of
of the image has occurred into leng-term memoty, when expertise necessary for this process requires the study of
encountered or seen in the future, it will be automatically thousands of lymph node biopsies each year at a rate
Ir——— et et e e e =) i




Histologic diagnosis as an art rather than a scisnce 725

of 5-10 cases daily. However, this is very difficult for the
general surgical pathologist who typically sees just a few
cases of uncommon diseases, such as lymphomas, every
year. These facts strongly underscore the need for sub-
specialty-based practice in anatomic pathology.

Cognizance and understanding of the
limitations of individual knowledge
and experience

The vast spectrum of existing benign and malignant dis-
eases and the amount of new data continuously becoming
available over a short period of time makes it almost
impossible for a single pathologist to be intimately familiar
wiill the diagnostic criteria and subtleties of every single
entity. Most critical is the interpretation and integration of
all information pertaining to a specific patient, in an ever-
changing pathologic context, which needs to be filtered
through a thorough understanding of the pathologist’s
own limitations and experience, In other words, we do not
know what we do not know. We see what we know, and the
more we know, the more we see. Also, what we recognize
is greatly influenced by our training, concepts, criteria,
approach and methods used in diagnostic practice, 2124

Relating to the explosion of rapidly evolving
new knowledge, technologies and changing
conicepts and their application to daily
practice

The rapid emergence of techniques, methods and instrument
platforms for immunophenotype analysis by flow cytometry,
high-resolution conventional cytogenetics, fluorescent in sity
hybridization, microdissection, and the subsequent develop-
ment of molecular techniques such as polymerase chajn reac-
tion (PCR}, genomics and proteomics, have initiated great
surges of discovery that have increased our knowledge of the
genotypic and phenotype aspects of lymphoid disease by
ieaps and bounds. For example, the February 2008 research
product catalog of Santa Cruz Biotechnology (Santa Cruz,
CA lists over 33,500 primary antibodies, which is an increase
of 2100 antibedies within three months, Consequently, it has
become more and more difficult for the hisiopathologist to
keep up to date with all the new developments in the field
and to determine what can be useful in daily practice. Thus,
the daily diagnostic tasks are often overwhelming and may
Promote diagnoestic errots,

Imprecise clinical information

The provision of inaccurate clinical data such as wrong age
and wrong site can lead to devestating errors. Alsc, not
Providing prior clinical history of lymphoma and type of
tresument increases the risk of errors. Such information

cannot be gleaned from the histologic material and there-
fore can lead to misdiagnosis.

HISTOLOGIC DIAGNOSIS AS AN ART RATHER
THAN A SCIENCE, AND A DISSECTION AND
EXPLANATION OF THIS ART

From the preceding discussions, it is clear to us that in this
new scientific world, it is often forgotten by many that
making an accurate histologic diagnosis is an art and not a
science, and because this art is irreplaceable and indispen-
sable, it is necessary to practice it proficiently. The diction-
ary definition of the word ‘art’ is ‘skill, dexterity or the
power of performing certain actions acquired by experi-
ence, study or observation’, and highlights several essential
attributes. Practicing this art well requires a thorough under-
standing of why histologic diagnosis is considered an art,
what the common problems encountered when practicing
this art, how to recognize these problems and solve them,
and what is required to become skillful at practicing it.
Below, we atternpt to address several of these key issues.

The cardinal skill required to initiate
a differential diagnosis is to accurately
identify pathologic processes

In contrast to normal states, by definition, the pathologic
processes are abnormal and recognized by focal or multi-
focal changes at a cellular or architectural level, that may be
subtle or overt, and well to poorly defined. The pathologic
processes can be distinctly different from the normal and
thus readily recognizable, especially when they are a promi-
nent or predominant finding and/or diffusely present
threughout the node. However, when these processes are
multifocal and/or are not well defined, they may be more
difficult to recognize and differentiate from normal.*1*

When dealing with an abnormal or pathologic area, itis
worthwhile to ask whether there is more than one abnos-
mality, what are their locations and the types of abnormal-
ities, and whether more than one diagnosis is required to
explain their presence,

Some of the important issues pertaining to the sam-
pling, appearance and recognition of pathologic processes
and their etivlogy, and the variables that affect them are
presented in Box 41.2. It is beyond the scope of this chap-
ter to go into great detail about these issues, but rather we
attempt to highlight the difficulties and the experience
required to recognize them and to integrate all the infor-
mation pertaining to the pathologic processes. An under-
standing of zll the nuances and subtleties related to the
pathologic processes brings a profound realization that
making accurate histclogic diagnoses consistently is an
intricate art, and that it requires special ‘hands-on’ training
with exposure to large volumes of material, and that it can-
not be substituted by subspeciaity texts and atlases, or by
doing diagnostic work enly occasionally.
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Patholegic processes

@ Type: similar andfor dissimilar

#  Number: one or several

+  Size:small, medium, large, mixed

4 Shape:any

¥ Margins: sharp andfor vague

s Celiular constituents: lymphoid cell types, accessery
cells, matrix, vessels, ete.

# Relationship of pathologic processes to each other
and to normal tissue

% Type and number of compartments involved

Variables affecting the appearance of the patholagic process

= Anatomic site: lymph node, spleen, bone marrow,
mucesa, viscera, soft tissue, etc.

#  Adequate sampling of the specimen:
() Clinical history of the size of the lesion(s) biopsied
{il} Type of biopsy: incisional, excisional, needle core,

fine needle aspirate

(iii) Size of the biopsy specimen

= Gross appearance of the biopsy specimen

= Etiology of the pathologic process: infection, trauma,
autoimmunity, neoplasm, etc.

« Findings in step sections: small lesions disappear and
new lesions appear in degper sections

# Changes due to prior treatment and type

# Foilow-up biopsy: progression or regression or
no change, ete.

identification of pathologic processes is
markedly facilitated by identifying cells
based on their colors and/or tinctorial
properties seen at low magnification

R 4 2
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Athigh magnification, cells such as eosinophils, epithelioid
cells, starry-sky histiocytes, histiocytes, transformed lym-
phoid cells of medium or large size, blastic cells, small
lymphocytes, plasma cells, lacunar and other variants of
Sternberg—Reed ($-R) cells, large mummified cells, necro-
sis, etc., are distinctly different from each other regarding
their size, shape, chromatin structure and amount and
staining quality of cvtoplasm. Because of these distinct dif-
terences, when these cells occur in small and/or large clus-
ters and islands, irrespective of whether or not they are
confluent or in sheets, they assume distinctive colors
and/or tinctorial properties at low magnification. "%
Learning, remembering and imprinting of these colors
in leng-term memory, and their correlation with cell types

as evident at low magnification, permits rapid identifica-
tion of these cells, regardless of the compartment i
which they may be located. With knowledge of the rela-
tionship of these colors to each other, awareness of where
these colors (cell types) are normally supposed to occur,
including their location and distribution in different djs.
eases, most pathologic processes can be recognized at 1o
magnification,?*&%7

Once recognized, these pathologic processes can be ¢
related with each other and integrated into one or more
unifying diagnoses. Based on the presence of colors seen in
different compartments at low magnification, the patholy-
gist can recognize clusters, islands, and sheets of different
cell types very quickly and form a proper and narrow di-
ferential diagnosis, which has to be confirmed or clarified
or refined or changed by further study at high magnisi-
cation.”™®¥7 In other words, the differential diagnosis
formed at low magnification tells the pathologist what
do next at high magnification. The histologic features
obiserved at high magnification then dictate what should be
done next, that is, to review the slide further at high mag-
aification or to go back to 2X magnification or 10X mag-
nification, whichever is most efficient and/or necessury
to reach a final diagnosis.?'~** This evaluation precedes
immunchistochemical evaluation.

This iterative approach, based on our longstanding
experience in learning and teaching, is one of the most v-e-
ful and reproducible arts of diagnoestic pathology that only
comes with dedicated in-depth study, continuous practice
and experience. Unfortunately, only a minority of pathel-
ogists learn to recognize cells of different types at low mag-
nification based on the colors observed.

Morphologic manifestations of pathologic
processes and their recognition

Pathologic cellular interactions occur in one or more
compartmenis of the lymph node, and thus these changes
can usually be recognized histologically at low magnifica-
tion by the presence of cne or more of the following
findings in one or more compartments.”'~?* First, there
could be absence or chliteration of ene or more compart-
ments normally seen in the lymph node. Second, the
normal compartments could be greatly exaggerated or
highly distorted. Third, there may be the presence of
pathologic processes or features (patterns) that do not
have a normal counterpart and thus their presence i3
clearly abnormal. Fourth, there may be fusion, distortion,
disintegration, colonization of compartments, Fifth, thore
may be the presence of one or more cell Lypes in a compart-
ment where they are not normally found, or converscly:
the absence of cells fron: a compartment in which they are
normally present. Sixth, markedly hyper- or hypo-cellular
areas within compartments, focally or multifocally, with an
abnormal appearance as compared with adjacent areas aré
useful in recogrizing abnormalities,
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Different types of pathologic processes

sbriormalities or pathologic areas occur within com-
rtments, pathologists have usually named them after the
¢ompartment in which they occur or from which they
ise, and these abnormmalities are labeled as patterns that
e described in the next section on patterns?3%7 A spe-
¢ tnge of pattern(s) may be focal, multifocal or diffuse,
& well defined or poorly defined. Also, multiple pat-
6Ins often coexist and one pattern may predominate.?!
Ti6wever, the predominating pattern may not have major
agnostic relevance, or the pattern that may be focally
ent may have pathognomonic significance. Thus, the
iowledge and experience that is required pertains not
Iy t'f)'recognizing patterns accurately, but also to under-
Ading the diagnostic relevance of each pattern 21253

Methods of identifying pathologic processes
d distinguishing them from normai

"4T1.3 lists the specific methods that are useful for
ttifying abnormal or pathologic foci?! Identifying the
ologic areas requires practice and commitment, and
learnt, the metheds come intuitively and naturally
-experienced pathologist to instantaneously or rap-
m narrow and proper differential diagnoses.

\GNOSTIC SIGNIFICANCE OF PATHOLOGIC
CESSES THAT FORM DISTINCTIVE
TERNS

ymph node is a unique and dynamic organ, Due to its
alrole in various types of immunity, it is invelved in a
fad of complex immune cellular interactions and func-
that occur within the several distinct compartments
‘lymph node which have to be critically examined.
ch lymph node is surrounded by a capsule. The sub-
ar sinus penetrates the lymph node cortex and
hes into the trabecular sinuses, which in turn drain
the medullary sinuses located in the lymph node
i adjacent to the hilum. The cortex contains pri-
ollicles that transform into secondary follicles upon
ciwith antigen. The secondary follicles consist of a
flar center surrounded by a second outer layer com-
of mantle zones. In secondary follicles, a marginal
may usually partially surround the mantle zones
iird outer layer. Different types of T cells are present
¢ follicles, paracortex, and in the interfollicular areas
cell regulation and differentiation occurs, These
&ctural structures represent distinct compartments
gh which migration and trafficking of different cell
occurs and in which complex and dynamic physio-
“well as pathologic interactions occur.

arions disease states, due to initiating events such
fifection, trauma, autoimmunity or neoplasia, cellular

# Sequential step-wise examination of each lymph
hode compartment one at a time, at low and high
magnification, with identification of specific
histologic features

# Recognition at lcw magnification of cells of different
types, based on thelr colors and tinctorial properties,
and subsequently, comparison of celors present in
different compartments in order to identify the
presence of abnormal populations and track the
migratory pathways of these cells

# Comparison of similar compartments: follicular
centers, mantle zones, marginal zones, interfollicular
aregs and sinuses

#» Comparison of adjacent compartments: follicular
centers with mantle zones, follicular centers with
marginal zones and follicles with interfollicutar areas

®  Assessment of the density of the lymphoid cellular
populations

interactions, events, and changes occur in different com-
partments resulting in their exaggeration, fusion, distortion
and/or obliteration. The ensuing result is subtle or overt
shifts and changes in one or more compartments, which
are recognized under the microscope as pathologic
processes which are usually described and recognized as
specific patterns”**" These patterns are either well
described and understood and thus reproducibly recog-
nized, or alternatively, because they are infrequent, poorly
understood, and often subtle or vague, they may pose great
difficulty in their recognition and/or interpretation,

The accurate recognition and interpretation of these
patterns at low magnification is important to formulate a
narrow and proper differential diagnosis, and they also aid
in preventing erroneots diagnoses. The patterns recog-
nized at low power dictate what one should look for next
at high magnification.”® Box 41.4 lists the different types
of pattern observed in lymphoid discases.”* For each pat-
tern there is a differential diagnosis, which includes benign
and/or malignant diseases. %% .

Box 41.5 summarizes the most important reasons why
paitern recognition is of fundamental importance. The
WHO classification®® has recognized the importance of
patterns and has named most B cell lymphomas after pat-
terns. We discuss this value of patierns further at length in
the next section.

The same pattern approach to diagnosis is-used when
examining sections of spleen, liver, bone marrow, skin,
mucosal sites, soft tissue and other sites. However, because
these sites do not have the same precise lymphoid architec-
ture as the lymph node, specific local factors such as
function, local architecture and microenvironment also
influence the appearance of patterns seen, and therefore,

FIS = L PR,
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Fellicular pattern

Mantle zone pattern

Marginal zone pattern

Inverse follicular pattern

Pseudofollicular pattern

Mantle cell nodules

Marginal zone (manocytoid) B cell nodules
Follicular colonization

Paracortical nodular T zone hyperplasia with and
without mottling

Pragressive transformation of germinal centers
Land H nodutar pattern

& Fibrous nodular pattern

% &

Cther patterns (non-spherical structuras)

Sinus pattern
Interfollicular pattern
Mottled pattern
Lennert pattern
Starry sky pattern
Vascular patten
Diffuse pattern

'Mass effect’
Necrosis pattern
Multiple patterns
Miscellaneous patterns

& £ & B & F D B B & @

these factors have to be kept in mind while interpreting
lymphoid patterns at an extranodal site.

THE INHERENT ROLE OF HISTOLOGY

Morphologic observations correlated with clinical infor-
mation have resulted in the development of specific clini-
copathologic entities, which have then been validated or
clarified into distinct entities by immuunophenotypic, cyto-
genetic and molecular techniques much later. A few exam-
ples are offered below of the contribution of morphology
in the last century;

* The normal MALT and the marginal zone lymphoma
of MALT type were first described in 1983 by Issacson
and Wright.” Based on these seminal morphologic
observations, a vast and very useful body of knowledge
pertaining to their immunoprofile, cytogenetic
abnormalities, molecular biology and clinical correlates
has subsequently established that MALT lymphomas
are distinct clinicopathologic entities. Furthermore, the
involvement of the benign follicular centers by the

# Most lymphomas and benign diseases have distinctive
patterns

# Accurately identifying patterns allows a pathologist to
remember and convey the most important diagnostic
information with maximum efficiency

# Many lymphomas, such as follicular, mantle cell and
marginal zone lymphamas, are named after patterns
and can accurately be diagnosed on the basis of
marphologic features alone ‘

& 99 percent of nodal small lymphocytic
lymphomafchronic lymphoeytic leukemia (CLL) has g
pseudafollicular pattern (proliferation centers), which
is pathognomonic for this entity

# Diffuse large B cell lymphoma represents a
heterogeneous category and not a single disease
entity, but by definition it requires the presence of 2
diffuse pattern

& Nodular lymphocyte-predominant Hedgkin lymphaoma
and nadular lymphocyte-rich classical Hadgkin
lymphoma both require the presence of a nodular
pattern

& Nodular sclerosing classical Hodgkin lymphoma
requires the presence of at least one fibrous nodule for
the diagnasis

s Most distinctive benign entities and disezses have one
or mare characteristic patterns

# Pattern can be focal or multifocal, subtle or overt, well
or poorly defined, and there can be multiple concurrent
patterns. Familfarity with subtleties and variant patterns
can provide indispensabie diagnostic information

#% Pattern recognition may ald in resclving diagnostic
conflicts with other specimens andfor with results
abtaihed from ancillary technigues such as
Immunohistochemistry, flow cytometry and
molecular studies.

marginal zone lymphoma cells (follicular colonization}
was morphologically described before being confirme.
by immunohistochemistry, 44

Angiloimmunoblastic T cell lymphoma was first
defined as a clinical and histopathologic syndrome as
angioimmunoblastic lymphadenopathy in 1974 by
Frizzera,** and as immunoblastic lymphadenopathy
by Lukes in 1975.* This distinct entity has continued
to be refined by the addition of morphologic and
clinical criteria in the intervening years. For example,
the finding of clear cell clusters of malignant T cells
was associated with a progressive course and death,
confirming the morphologic criteria as valid.**
Subsequent contributions of immunohistochemistry
and in sity hybridization have added greatly te our
understanding of this disease, and have served to more

s . N,
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recisely define this lymphoma as a distinct disease

plastic large cell lymphoma of the T cell type was
iginally described as a morphologic entity termed
jalignant histiocytosis’ in 1939 by Scott and
bh-Smith.*6 Immunochistochemistry, cytogenetics
& molecular studies later defined this lymphoma
disease entity by its immunophenotype and
racteristic genetic alterations.

re only a few of the historical examples of histolog-
noses that have held up to close scrutiny over the
ral decades. Lymphocytic and histiocytic nodular
Jymphoma, nodular sclerosing Hodgkin lym-
ymphoblastic lymphoma, small lymphocytic lym-
ollicular lymphoma and large cell lymphomas
h recognized by their morphological characteris-
aite some tirne, These morphologic observations
n.correlated with the natural history of the disease,
esponses and survival characteristics, which
shed these associations as distinct entities. Over the
years, immunohistochemistry and molecular
ave cetermined that these associations truly
que disezses, which. were codified in the Revised
American Lymphoma (REAL) classification,?
the WHO classification. -0

AENTAL IMPORTANCE OF
HOLOGY, AND ITS VALUE AS
A SYSTEMATIC APPROACH
OsIS

liseases, especially B cell lymphomas, arise from
dal. and extranodal locations/compartments,
licular centers, mantle zones and marginal zones.
dg their fundamental importance, many fym-
‘named after these sites in the WHO classifica-
inithese locations/compartments, the neoplastic
ead according to specific signaling, cross-talk,
on: or transforming events. The microenviron-
1partiments, particularly the interplay between
d non-neoplastic cellular components pres-
dynamic role in determining whether ot not
1ume response is able to control the.spread of
1152153 For example, in follicular lymphoma,

rognostic information than those of the
11,54
frent systematic approach to the diagnosis
iseases at nodal and extranodal sites,
ves as the first step in the evaluation of a tis-
orphologic examination can confirm ade-

ssion profiles of the background T cells may -

foundation for a differential diagnosis and as a method of
quality assurance, especially when evaluating small sam-
ples, crush artifacts and the presence of normal or non-
representative tissue.?*

Even though histologic examination is subjective, it
generates a recordable observation that serves as a com-
mon language among pathologists and consultants. The
pathology report, along with the microscopic descrip-
tion, is a racord of what the pathologist saw, and the diag-
nosis thus derived is a record that is valuable for legal
purposes as well as clinical care, research and teaching,
Furthermore, histological diagnostic qualifiers used in
pathology reports such as ‘worrisome fot’, ‘suggestive of”,
‘suspicious for’ or ‘consisient with’ indicate limitations in
morpholoegic criteria or limitations in the sample quality,
and thus serve as triggers for additional biopsies and labo-
ratory studies.®*

The responsibility of the diagnostic histopathologist is
to accurately recognize, record and report the important
morphologic features of a specimen, which then form the
basis for a differential diagnosis. The differential diagnosis
guides the selection of subsequent ancillary studies that are
undertaken to further characterize and precisely classify a
disease process. Once the results of these ancillary studies
become available, it is the responsibility of the pathologist
to correlate all available data with the clinical information,
and based on these data, to arrive at an accurate final diag-
nosis and offer prognostic and therapeutic information.
This integrative approach requires a thorough understand-
ing of the limitations of each test to achieve this end, and
we reviewed this extensively in 2007.%

This archival material of paraffin blocks and H&E-
stained slides has been most useful for histologic compar-
isons with subsequent biopsies to ascertain whether there
is regression, progression or transformation of disease and
can be accessed through histological reports. Archival
material has also been most useful for research studies and
equally importantly for the teaching and training of future
pathologists who will be invelved in patient care activities.
Furthermare, the pathologist becomes the guardian and
classifier of the paraffinized tissue by providing morpho-
logic assessment and correlations.**

Last, but not least, morphelogical evaluation and diag-
nosis often serves as a benchmark against which results of
newer tests are velidated, which usually takes many years
to complete. Based on such extensive comparisons, the
limitations and values of morphology, as well as those of
other tests that are being compared and evaluated, can
be better determined and defined. This process of compar-
ison is necessary, because it has improved not only mor-
phologic criteria and diagnosis, but alse the quality of
newer tests, teaching and focused clinical and basic
research, leading to more accurate diagnoses, proper
staging and superior treatment of patients. In the end,
making precise differential diagnoses is the first prerequi-
site for adequate management of patients, teaching and
research.** '
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730 The art of histologic diagnosis

IMPORTANCE OF MORPHOLOGY IN THE
DIAGNOSIS OF BENIGN LYMPHOID DISEASES

Benign lymphoid diseases frequently have non-specific
immunchistochemical and flow cytometric phenotypes.
Therefore histologic examination is indispensable for an
accurate diagnosis,

The fundamenta! value of morphology is further under-
scored by the lack of sensitivity and specificity of the vari-
ous antibodies used in the diagnosis of lymphomas, as we
recently summarized,”* Moreover, all flow cytometry and
molecular reports contain a disclaimer that states that they
should always be correlated with clinical, morpholegic and
other findings. For these reasons, morphology is very valu-
able in distinguishing benign lymphoid proliferations from
each other.

It is beyond the scope of this chapter to go into the
details of resolving a differential diagnosis involving benign
diseases. However, we wisn to emphasize that morphologic
examination, in many cases, is able to differentiate benign
disease from melignant.

Benign lymphoid diseases that show distinctive mor-

phologic patterns are:*!

& dermatopathic lymphadenitis (paracortical nodular
T zone hiyperplasia)

¢ infectious mononucleosis/viral lymphadenitis
(interfollicular, mottling, intravascular)

o toxoplasmosis (follicular, interfollicular, sinus)

e cat-scratch disease (Bartonelln henselae)
(interfellicular, mbtﬂing, necrosis)

e benign, histiocytic, necrotizing lymphadenitis
(Kikuchi-Fujimoto disease) (interfollicular, mottling,
necrosis}

® sinus histiocytosis with massive lymphadenopathy
{Rosai-Dorfman disease) (sinus)

e giant lymph node hyperplasia (Castleman disease)
(mantle zone, hyaline vascular)

e Tangerhans cell histiocytosis (sinus, interfollicular)

e human immunodeficiency virus (HIV) infection, early
stage (follicular, sinus, mottling).

DISTINGUISHING BENIGN FROM MALIGNANT
LYMPHOID PROLIFERATIONS

Renign and malignant lymphoid proliferations occur
throughout the body at both nodal and extranodal sites
and distinguishing between them is a common problem.
As indicated above, distinguishing benign from malig-
nant lymphoid proliferations involves identification and
recognition of the pathologic process(es), which includes
determining what patterns are present, which compart-
ments are abnormal or involved and whether or not the
findings present and absent can be made to fit a specific
diagnosis. For each pattern seen, there is a list of differen-
tial diagnoses, which includes specific benign and malig-
nant lymphoid proliferations of different types.27

The histologic criteria that are used to distinguish noda)
benign diseases that are distinct entities are well known
and have been previcusly well described,

At extranodal sites, differentiating benign from maljg-
nant lymphoid proliterations is difficult for several reasory.,
First and most important, extranodal biopsy specimens are
small, often superficial, contain fibroadipose and connecti. .
tissue, and are often crushed. Thus, it is easy to make an
erroneous diagnosis. Second, at extranodal sites, the Jyis-
phoid infiltrates are not surrounded by & capsule, as seen ip
a lymph node. Third, specific benign lymphoid diseases that
are encountered at extrancdal sites usually do nof occur in
the lymph nodes, and have specific histologic criteria,
Fourth, several specific, benign, non-infectious diseases )yt
primarily involve the lympl: node, rarely invelve extranodal
sites secondarily. Fifth, the normal mucosal extrancdal ly;;-
phoid tissue (MALT) is found essentially in Peyer’s patches
and tonsils.” Otherwise, it is acquired lymphoid tissue that
is secondary to antigenic stimulation, such as seen in the
acquired MALT that occurs in the stomach, thyroid and sahi-
vary glands, for example. At extranodal sites such as the slan,
lung, liver and gastrointestinal tract, non-neoplastic lym-
phoid infiltrates are more common than primary malignant
lymphomas. However, many benign lymphoid diseases at
these sites may closely resemble marginal zone B cell Iy
phomas of MALT type, and indeed in the past, many cases of
this lymphoma were diagnosed as pseudo-lymphomas,
because follicular hyperplasia is a hallmark of this iym-
phoma and admixed polycional plasmacytosis s common.
Sixth, the incidence of various lymphomas at different extra-
nodal sites varies considerably, and is different from these in
the lymph nodes. Also, the immunophenotypic and maokec-
ular eriteria may be different.

In general, the histologic features that strongly fawor
the diagnosis of typical examples of a nodal non-Hodgkin
lymphoma are:

1. Complete obliteration of all sinuses, pericapsular
infiltration, a ditfuse pattern, and & markedly
hypercellular proliferation of large nucleolated lymphoid
cells. This Is indicative of a large cell lymphoma. In very
rare instances, acute infectious mononucleosis can akso
have this histologic appearance.

2. Similar to item 1, with almoest all medium-sized
lymphoid cells with multiple nucleoli, is diffuse smeal!
centroblastic lymphoma, i.e. a Burkitt lymphoma.

3. Same as item Z, but with medium-sized cells and a
blastic chromatin structure, is suggestive of a
lymphoblastic lymplioma or perhaps a blastic
mantle cell lymphoma.

4. The presence of proliferation centers is indicative of
small lymphocytic lymphoma,

5. Complete obliteration of sinuses, pericapsular
infiltration, poerly defined follicles without mantle
zones or with incomplete or thin manatle zones, and a
back-to-back pattern of follicles would be indicative of
a follicular lymphoma.
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few malignant cells
giant cells (Hodgkin granuloma)

% Nodular lymphaocyte-rich classical Hodgkin lymphoma
# Peripheral T cell lymphoma, Lennert variant

far proliferation

& W

=

T cell- and/or histiocyte-rich large B cell lymphoma
#» Lymphematoid granulomatesis

&)

» Kikuchi-Fujimoto disease, proliferative stage
& Autoimmune lymphoproliferative syndrome

R

(&) Lymphomas that may be mistaken for o benign proliferation because they exhibit o predeminant inflummatory component and
% Hodgkin lymphama, mixed cellularity type, showing extensive proliferation of epithelivid cells, Langhans and foreign-body

= Nodular lymphocyte-predominant Hodgkin lymphoma with exuberant proliferation of epithelioid cells and/or histiocytes

s Angioimmunablastic T cell lymphoma with marked plasmacytosis, exuberant epithelicid celis, eosinophits and marked vascu-

Anaplastic large cell lymphoma, histlocyte and neutrophil-rich variant
Marginal zone B cell lymphoma (nodal and extranodal) with foilicular hyperplasia and polyclonal plzsmacytasis
Extranodal NK[T cell ymphema with extensive necrosis, degeneration and inflammation

Benign diseases that may be mistaken for fymphoma becouse they show a prominent component of benign large cells
% Florid infectious moncnucleosis and other viral lymphadenitis
# Necrotizing lymphadenitis with florid Iarge cell proliferation

» Human immunodeficiency virus (HIV} infection, early stage
Multicentric Castlemnan disease with 1[gM-A and human herpes virus 8 (HHV8]-positive plasmablasts
Germinotropic lymphoproliferative disorder with HHV8-positive plasmablasts in HIV-negative patients

6. Complete obliteration of sinuses, prominent mantle
zomes, fusion of adjacent mantle zones and mantle cell
nedules, as well as follicular colonization, would be
indicative of a mantle cell lymphome.

7. The presence of prominent marginal zone and/or an
inverse follicular pattern produced by cells that have
features of marginal zone B cells, which alse produce
follicular colonization, interfollicular and a sinus
pattern, is typical of 2 marginal zone B cell lymphoma.

8. Interfollicular and sinusoid patterns and perivascular
rosettes by large cells, some of which have features of
hallmark cells, is indicative of an anaplastic large cell
lymphoma,

In conmast, the architectural histologic features that gener-
ally favor the diagnosis of a benign disease are: the presence
of scattered follicles, patent or partially preserved sinuses
and no or mild pericapsular infiltratien, The cytologic fea-
tures that favor the diagnosis of a benign preliferation
include: a heterogeneous cellular infiltration in interfollicu-
lar areas, including benign-appearing plasma cells, plasma-
Cytoid cells and large cells, clusters of benign monocytoid B
- cells which may be seen in the sinuses, clusters of epithelioid
cells, focal areas of necrosis, moderate vascular proliferation
-and low to moderate mitotic activity in between follicles,
In addition, the absence of any of the typical histologic
+ features of the examples of lymphoma described above

favor the diagnosis of a benign disease. Furthermaore, the
presence of typical histologic features found in the classical
examples of specific benign diseases would enable the
pathologist to make a diagnosis of specific benign diseases.

The majority of the above histologic criteria that are used
for nodal diseases can also be used at extranodal sites. It
should be stressed that many times there can be overlap in
morphologic features between benign and malignant dis-
eases. For example, florid infectious monenucleosis and a
few other benign diseases may have a prominent benign
large cell proliferation that can be readily mistaken for
lymphoma (Box 41.6). Conversely, certain lymphomas
such as Hodgkin and other lymphomas may have a promi-
nent inflammatory component, which may be misinter-
preted as a benign process (Box 41.6).

IMPORTANCE OF MORPHOLOGIC PATTERNS
AND CYTOLOGIC FEATURES IN THE WHO
CLASSIFICATION OF HODGKIN AND
NON-HODGKIN LYMPHOMAS

General considerations

Acknowledging the importance and value of the advances
of the preceding 25 years in the fields of flow cytometry,
immunohistochemistry, cytogenetics, fluorescent in situ
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732 The art of histologic diagnosis

Table 41.2  Correlation of frequency of distinctive patterns present in different types of lymphamas with averall
fncidence of these lymphomas and the terminotogy used in the World Health Organization (WHQ) classification

Follicular 100 Follicular lymphoma 35°
Diffuse 100 Diffuse large B cell 300
Nodular 100 Nodular lymphocyte-predominant 5-10°
Hodgkin lymphoma
Nedular lymphocyte-rich classical 40
Hodgkin lymphoma
Nodular sclerosing 100 Nodular scleresing Hodgkin lymphoma 500
Pseudofolliculgr 99 Small lymphocytic lymphoma/chronic ge
{profiferation centers) lymphocytic leukemia
Mantle zone Overall 70 Mantle cell ge
Mantle cell nodular
Fellicular colonization
Marginal zone Overall 90 Marginal zone 10°

Inverse follicular
Follicular colonization
Sinus

tnterfollicular

?Percent of non-Hodgkin lymphoma.
BFercent of Hodgkin lymphoma.

hybridization and molecular genetics, the WHO published
in 2001 the first worldwide consensus classification of
malignant lymphomas.”® This consensus opinion of nearly
100 international experts in the field stressed that ‘there is
no one gold standard™ for reaching a definitive diagnosis,
This expert panel recommended an integrated approach to
diagnosis, which utilizes clinical, morphologic, immunophe-
notypic and molecular information to reach an accurate
final diagnosis. Moreover, in the introduction to the WHO
classification,” Dr Nancy I Harris also stressed that it was
not necessary to obtain information from all of these
sources to make an accurate diagnosis, and she emphasized
that ‘morphology is always important, and some diseases
are primarily defined by morphology’.

Specific examples

=

Histologic patterns represent the interaction of the under-
lying genetic profile, protein expression, signaling path-
ways, and trafficking of the malignant lymphoid cells and
their associated host accessory/stromal cells, as well as the
host imniune response. As such, these patterns play & fun-
damental role in forming a differential diagnosis and often
help in reaching a specific diagnosis. According to the

WHO dassification, the nomenclature of each lymphoma

depends on the most useful information necessary to reach
a final accurate diaguosis. Table 41.2 outlines in the
WHO dlassification,” the frequency of the most commonly

encountered patterns and the entities they are most com-
monly associated with.

NAMING OF LYMPHOMAS IN THE WHO CLASSIFICATION
AFTER MORPHOLOGIC PATTERNS

The incidence of B cell lymphomas is much higher than
that of T cell lymphomas, particularly in the Western
world. Approximately 90 percent of B cell and Hodgkin
lymphotmas have characteristic architectural patterns :uat
are reflected in their names as delineated below:

¢ Non-Hedgkin lyimphomas:
- Foliicular lymphoma {follicular pattern)
— Mantle cell lymphoma (mantle zone, mantle cell
nodular, follicular colonization patterns)
~ Marginal zone lymphoma (marginal zone, inverse
folticular, sinusoidal, interfollicular, and follicular
colonization patterns)
— Small iymphocytic lymphoma (pseudofollicular
pattern/proliferation centers)
— Diffuse layge B cell lymphoma (diffuse pattern)
® Hodgkin lymphoma
— Nodular lymphocyte-predominant Hodgkin
lymphoma (nodular pattern)
-~ Nedular lymphecyte-rich classical Hodgkin
lymphoma (nodular pattern)
— Nodular sclerosing Hodgkin lymphoma (fibrouvs
nodular pattern)
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NAMING OF LYMPHOMAS IN THE WHO CLASSIFICATION
ACCORDING TO CYTOLOGIC FEATURES, WHICH OFTEN
ALSO HAVE DISTINCTIVE MORPHOLOGIC PATTERNS

Although many lymphomas are named according to spe-
cific cvtologic features, many of them also show distinctive
patterns as delineated below:

¢ Non-Hodgkin lymphomas

- Lymphoplasmacytic lymphoma (patent
sinuses)

- Lymphoblastic lymphoma (B or T) (interfollicular
pattern, extensive pericapsular and vascular
invasion, single file arrangement, crush artifact,
starry sky)

~ Hairy cell leukemia (sinusoidal pattern, vascular
lakes and pseudosinus formation)

- Angioimmunoblastic T cell lymphoma (burnt out
germinal centers, abnormal hyperplastic follicles,
intra- and extravascular clusters of clear cells,
mmarked vascular proliferation)

- Anaplastic large cell lymphoma {sinus and
interfollicular pattern)

- Langerhans’ cell histiocytosis {sinus and
interfollicular patterns)

~ Mastocytosis (sinus and interfollicular patterns)

Hodgkin lymphomas

~ Mixed cellularity Hodgkin lymphoma
(interfollicular, mantle cell nodular, ‘Lennert’
patterns)

- Lymphocyte-depleted Hodghkin lymphoma (diffuse
pattern, fibrosis)

NAWNG OF LYMPHOMAS IN THE WHO CLASSIFICATION
ACCORDING TO EPGNYMS

Burkitt lymphoma (starry sky and diffuse patterns)
* Mycosis fungeides and Sézary syndrome (exocytosis,
epidermotropism, Pautrier microabscesses, lichenoid
band-like infiltrate in the upper dermis)

Correlation between morphologic patterns,
mmunochistochemistry and cytogenetics
f lymphomas

«That the distinctive histologic patterns described for the
ymphomas listed above are real and valuable in diagnostic
ractice is underscored by the fact that immunohisto-
heniical staining on such cases confirms and highlights
he pattern{s) seen in histologic sections. Moreover, there
s also an excellent correlation with the specific underlying
ceurrent balanced translocations, such as t{14;18) in fol-
fcular lymphoma, t(11;14) in mantle cell lymphoma,
(11;18) in MALT lymphoma, etc., which further under-

core the fundamental value of accurately recognizing
atterns,>9-5¢

CORRELATION OF INTEROBSERVER REPRODUCIBILITY
OF LYMPHOMAS WITH AND WITHOUT DISTINCTIVE
PATTERNS WITH IMMUNOPHENOTYFPING

Most B cell lymphomas with distinctive patterns can be
classified on the basis of morphology alone® (Table 41,3},
with minimal contribution of immunophenotypic analysis
for confirmation or resolution of a differential diagnosis.
Furthermore, Table 41.3 also shows that the contribution
of immunophenotype analysis is considerably less in the
case of Iymphomas with distinctive histclogic patterns
than those that show distinctive cytologic features alone.””
In other words, cytologic features for certain diseases may be
less specific than histologic patterns.

IMPORTANCE OF CELL TYPING IN GRADING
AND PROGNOSIS OF LYMPHOMAS

In the WHO classification, the cell type and grade of lym-
phoma are usually established by histologic examination
alone or sometimes in conjunction with immunostains.

As a general rule, in those lymphomas that are discrete
disease entities, the most important histclogic features that
suggest aggressive clinical behavior are: (i) the presence of
blastic/blastcid chromatin structure, (i} the number of
medium and large lymphoid cells with multiple distinct
nucleoli and (iii} increased mitotic activity. For example, in
mantle cell lymphoma, patients whose malignant mantle
cells have rotind nuclei often have a relatively good progno-
sis. But blastic or blastoid forms of mantle cell lymphoma
have the most aggressive natural history. The presence of a
higher mitetic activity confers a poorer prognosis, which
has been confirmed by gene expression profile studies.”

With reference to follicular lymphomas, they are graded
on the basis of the number of small and large centroblasts
into grades 1, 2, 3a and 3b. Grades 3a and 3b are separated
on the basis of the proportion of large centroblasts and the
presence or absence of centrocytes. However, the grading
inte 3a or 3b can also be done sclely on the basis of the
number of small centroblasts and absence of admixed cen-
trocytes. In rare cases, follicular lymplhiomas with blastoid
morphology have been reported and they have an aggres-
sive natural history.

Marginal zone B cell lympheoma that shows transformed
large cells (nucleolated cells) int clusters and/or islands have
an aggressive natural history and were classified as trans-
formation to a diffuse large B cell lymphoma.® Also, if the
large cells did not form clusters and/or islands, but repre-
sented more than 6-20 percent of malignant cells, they had
a more aggressive natural history than those with less than
& percent large cells, Those that had more than 20 percent
large cells were classified as progressed to a diffuse large
B cell lymphoma. Inn addition, in marginal zone B cell lyra-
phoma, patients whose marginal zone B-cells are prolifer-
ating as determined by the Ki-67 stain have a moze aggressive
natural history than those patients whose marginal zone
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Table 41.3  Comparison of the value of immunophenotype analysis in lymphomas having distinctive patterns versus
those with distinctive cytologic features

Follicular - overall 93
Follicular grade 1 72
Follicular gracie 2 61
Follicular grade 3 60
Marginal zong B cell of MALT type 84
Small lymphocytic 84
Marginal zone noda) 55
Mantle cell 77
Diffuse large B cell 73

oo
=]
SO = O =

oo
=1
R

Lymphoplasmacytoid B3
High-grade Burkitt-like 47
Primary mediastinal farge B 51
Precursor T lymphoblastic 52
Anaplastic large T/null cell 46
Peripheral T cell, all types 41

56 3
53

58 7
87 35
85 38
86 45

B cells are generally not proliferating (K Muller-Hermelink,
personal communication).

In a small lymphocytic lymphoma, increased numbers
of prolymphocytes or transformed cells (>30 percent)
outside the proliferation centers are associated with an
aggressive clinical course. Transformation to blastic,
Hodgkin or Hodgkin-like lymphoma is detected by histo-
logical examination. In chronic lymphocytic leukemia, the
number of prolymphocytes seen in the smears (<10 per-
cent, 10-55 percent, >55 percent) directly correlates with
clinical behavior and prognosis. Also, blastic chromatin
structure on the smeurs is associated with an aggressive
natyral history in CLL.

Peripheral T cell lymphoma, unspecified, with more
than 70 percent large transformed cells had a poorer prog-
nosis than those with less than 70 percent.’! In other rare,
specific types of peripheral T cell lymphoma disease enti-
ties, such as subcutaneous panniculitis-like T cell lym-
phoma and enteropathy-type T cell lymphoma, the greater
the number of rransformed medium- and large-sized cells,
the more aggressive the natural history and poorer the
prognosis.

In classical Hodgkin lymphoma, nodular sclerosis,
grade 2, at least 20 percent of the nodules contain the
Hodgkin cells in the form of multiple, confluent clusters
and islands. Patients with these features have a more
agoressive clinical course than those who do not have this
histologic feature.®”

RELATIVE MERITS OF INCISIONAL/
EXCISIONAL BIOPSIES VERSUS FINE
NEEDLE BIOPSIES

As stated before, to form a proper histologic differential
diagnosis requires identification of pathologic processes,
which necessitates accurate detection of architectural distor-
tions and recognition of architectural patterns. Thus, the
amount of tissue sent to the pathologist for histologic review
directly correlates with diagnostic accuracy. Therefore, the
cliché, ‘the more, the better’, is most fitting.

In our daily practice, we recommend that whenever iea-
sible, an excisional biopsy should be done. If the mass,
lesion or lymph node is too large to be excised, a generous
incisional biopsy should be performed and labeled as such,
When ample tissue is sent to the histopathologist, it can be
cryopreserved and/or distributed to the other laboratories
for ancillary studies such as flow cytometry, cytogenetics
and molecular studies.

Fine needle biopsies can be performed with a full under-
standing that the material submitted to the patholog:” is
‘minimal” and it may not be representative of the lesion
and may be non-diagnostic. Also, the risk of an erronecuts,
incomplete, and/or misleading diagnosis is high in this
setting.

Clinical indications of a fine needle aspiration biopsy ar¢
the presence of deep-seated masses such as those seen in the

mediastinum and abdomen, A common problem with hiest
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specimens is that the bicpsy material is scant and often con-
tains fibrosclerosis and hyalinized tissue with crush artifacts,
whicn further reduce the amount of “diagnostic tissue’ avail-
able to the pathologist for review, The biopsy procedure may
also wample surrounding fatty and normal tissue, further
compounding the diagnostic difficulty.

1. :he mediastinum, metastatic carcinomas, germ cel
tumors and thymomas of different types are common, and
Castloman disease has to always be kept in mind as an
additional differential diagnosis. There is the possibility
that the specimen could represent an infectious disease.

in vur practice, unless the biopsy material has diagnos-
tic information, we do not make an unequivocal diagnesis,
but o for an open biopsy specimen,

Fine needle aspiration smears have no architectural fea-
ture- -+ patterns and thus most lvmphomas cannct be clas-
sified or accurately diagnosed. Cells in smears are dispersed
and frequently their origin cannot be established with
accuracy. In general, and with rare exceptions, in any new
patient, if & diagnosis of lymphorma has been made on fine
needie aspiration material, it is likely that there will be a
high diagnostic error rate.%®

A SUMMARY OF OUR SYSTEMATIC
APPFRUACH TOWARDS ACCURATE
HISTOLOGICAL DIAGNOSIS

Box 41.7 briefly summarizes our approach to accurate his-
tolog': diagnosis,® which is more extensively described
elsewhere, 2136.37.64

Te quote from our Novemnber 2007 review:*

In this era of cost containment, patients, physicians
a7 insurers demand both cost-effective and accurate
diagnoses. It is impossible to perform all tests on all
patients. Therefore, a logical, well-defined, standard-
ized and cost-effective approach to diagnosis becomes
essential, in order to aveid an inefficient competition
becween advocates of morphology, immunophenotyp-
ing, genomics, proteomics and future technologies.
tzih of these modalities may provide diagnostic, ther-
apeutic and prognostic information; however, the
eiative utility of each must be weighed carefully in
choosing which tests to pursue in order to generate
the most relevant clinical information.

Morphology s still the first and most important
step towards establishing an accurate diagnosis, and
it nust be used appropriately and precisely. In the
hands of wel{-trained histopathologists, careful mar-
Pt slogic evaluations as part of an integrative diag-
nostic approach can help reduce diagnastic errors.

Frequently, morpholagic, clinical, immunologic and
molecular information obtained may be in disagree-
ment. To resolve any discordance, pathologists with
in-aepth knowledge and experience in the field must
decide how to weigh criteria to arrive at the most
alyrate diagnosis.

Methodicol diagnostic approach
Prerequisites for making an accurate diagnosis:

% Optimal specimen (size, quality, accurate description of
site, fixation, paraffinization, sectioning and staining)

& Adequate micrescope (scanning lens, continuous
rheostat to modulate light)

# Adequate time allotted for detalled review

Knowledge prerequisites:

# Unigueness of iymph node and migration of cells
between compartments

#  Famillarity with histological spectrum (normal, bem’gh
diseases, lymphomas}

® Specific criteria for each disease

Recagnition of pathologic processes
Low magnification appearance of pathologic processes
Methads for identifying pathologic processes:

# Sequential examination of each compartment
# Recognizing cell types in each compartment based on
colors, e.9. plasma cells {purple], small lymphocytes
{dark blue} and ecsinaphils {brick red), ete.
# Comparing similar compartments with each other
# Comparing adjacent compartments with each other
® Assessing cellularity of various compartments {hyper-,
normo-, hypocellularity)
# Recognizing patterns accurately:
 Diagnastic/prognostic importance of patterns
Methads for distinguishing patterns
: Difficulties in identifying similar, multiple and
subtle patterns

Formulating a differentiol diognosis
Integrated diagnosis

@ Clinical correlation
# |mmunostains
% Flow cytometry
&

Cytogenetic/molecular technigues

We end this chapter on the art of making a histclogic
diagnosis by using a quote that we often use in our teach-
ing activities:*"* :
Making an accurate histelogic diagnosis correlates
directly with experience. The more we know, the more
we see, and the more we see the mere we know. In
other words, we don't know what we don't know, and
we see {recognize} only what we know, Also, what we
see is infivenced by our training criteria, our concepts
and methods we use in our diagnostic practice.

i ]
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