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lenaed B cells. The T cells occupy the parafollicular
NORMAL reaions (p. 158). The medullary cords, occupvina the

he oriin and di - . central portion of the node, contain predominantly
| The oriqin and differentiation of white cells (aran-  plasmacells and some lvmphocvtes. A delicate reticulin
3.0‘3“93'("0“00\/‘65- and Ivmphocvtes) were brieflv  that connectsperipherallywith the capsule is the pre-
Iscussein Chapter 14 along with the other formed  dominantsupportina structure within the lymph nodes.
elementsof blood. Lymphocytes and monocvtes not The morphologicdescription of the lymph node
onlycirculatein the blood and lvmph, but also accu- just given is highly idealized and falsely static. The size
mulatein discrete and organized masses, the so-called “and morpholoayof lvmph nodes are modified by stress,
lvmphoreticularsystem. Components of this system  thyroid and adrenal function. and immune responses.
lncéqulelvmoh noﬂes. thvmucsj, spleen, tﬁnsn_s. ade??lds. As secondarylines of defense, they are constantly re-
andPever's patches. Less discrete collectionsof lvm-  spondingto ‘stimuli, even in’the g
phoidcells also occur in the bone marrow. lunas, and ; absence of clinical

ellsal € disease. Trivial injuries and infection
oastrointestinatract and other tissues. Lymph nodes sctions effect subtle

: 1a ¢ - C chanaesin Ivmoh node histoloay. More signifi -
are the most widely distributed and easilv accessible terial infections sianificant bac

bute inevitablv produce enlaraement of
componenof the lymphoid tissue and are therefore nodesand sometimesleave residual scarring. Eor this
frequently examined for the diagnosis of lymphoreticular — reason, lvmph nodes in the adult are almost never
disorders.It would therefore be advantageousto review

normal,” since they usually bear the scars of i
the normal morphology of lymph nodes. events, rendering the inguinal nodes narticulaﬁ;e\i/#:é)s-
Lvmphnodes, in general, are discrete structures,  propriate for evaluative biopsies. Except in the child. it
Ovoitin shape, that vary from a few millimeters to 1to s diffcultto find a "normal” a

2cmin length. Their consistencyis softand their cut  evaluationsit is often necessars?g%’i;?r?qmsﬂ'Stoqu'c
surfactis aray-white. They are surrounded by acapsule  secondaryto past experience from those Ichaéluges
composecof connective tissue and a few elastic fibrils,  present disease. related to

Pelforatecat various points by afferent lymphaticsthat
emptvinto the peripheral sinus subjacent to the capsule.
Brancheofthe sinus extend into the nodes and termi-
nateat the hilus, where the efferent lymphatics emerge.

Alllymphatics are lined with reticuloendothelial cells. PATHOLOGY
Situatecin the cortex or peripheral portion ofthe node _
are snherical aggregates of lymphoid tissue, the so- Disorders of white cells m

_ a e
called primary follicles. which represent the B-cell broad cateqories, proliferative a\égihﬂggs:\fgiga'ﬂo _twg
areas.Upon antigenic stimulation. the primary follicles by a deficiencyof Jeukocvtes, ie. |PUkonénias“e“2e'

enlargeand develop pale-stainina germinal centers com-  erations of white cells and lvmph nodes o - Prolif-
Posecof follicularcenter cells (lymphocytesin varying  Or neoolastic. Since their majo 1> MIY De reactive
stagesof activation, described on p, 663). Surrounding rationi 0 an yniarjctense,
these germinal centers are mantles of small unchal- mary, often microbial gisea unaeriving prj-

fairly common. Neo-
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plastic disorders, although less frequent, are much more
important. In the followingdiscussion, we will describe
first the leukopenicstates and summarizethe common
reactive disorders, and then consider in some detail
malignant proliferations of the white cells that in many
instancesarise in the nodes.

LEUKOPENIA

The number of circulating white cells may be
markedly decreased in a variety of disorders. An abnor-
mally low white cell count (leukopenia) may occur
because of decreased numbers of any one of the specific
types of leukocytes, but most often involvesthe neutro-
phils (neutropenia, aranulocytopenia). Lymphopenias
are much less common, and in addition to the congenital
immunodeficiency diseases (p. 205)they are associated
with specific clinical syndromes (e.q., Hodgkin's disease,
nonlymphocytic  leukemias, following corticosteroid
therapy, and occasionally in chronic diseases). Only the
more common leukopenias involving granulocyteswill
be discussed here.

Neutropenia—Agranulocytosis

_Reductionin the number of aranulocytesin the
peripheral blood—neutropenia—may be seen in a wide
variety of circumstances. Frequently it is transient and
of trivial sianificance.Sometimesthe reductionin cir-
culatina neutrophils is marked and has serious conse-
quences bv predisposinato infections.When of this
maanitude. it is referred to as agranulocvtosis.The
lymphocvtes are not affected, so the percentage of
lymphocytes is increased (relative lvmphocytosis).

PATHOGENESConsidering first the broad tonic
of neutropenia, whatever its severity, a reduction in
circulating granulocytes will occur if (1) granulopoiesis

neutrophils or (2) there is accelerated removal of ney-
trophils from the circulatingblood. Yourecall that the
neutrophil is a very short-lived cell havinaa half-lifeof
only six to seven hours. Any impairment of aranulo-
poiesiscan therefore induce a neutropeniawithin hours
to a few davs.

Inadequate or ineffectiveqranuIopoiesismay be
encountered with (I) suppression of plurinotent mveloid
stem cells, as occursin aplastic anemia (p. 638)and a
variety of leukemiasand Ivmphomas(p. 683)—ithese
conditions, granulocytopenia is accompanied by anemia
and thrombocytopenia; (2)suppression of the committed
granulocytic precursors, which occurs after exposure to

anemias, due to vitamin 131or folate deficiency (p. 630),
in which defective DNA synthesis produces abnormal
granulocytic precursors, rendering them suscentible to
intramedullary death (ineffective aranulopoiesis). Mar-
row granulopoiesisis increased but the number of
mature neutrophils entering the blood is decreased.
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removal or destruction of neutrophdt
Accelerated (1Y immunoloaiGillymediated
s. Which may -bﬁ Idlopl?tglg_wic}h n;
ality, associated with a well-defined jm-
%B%ﬁ)bqr}zaﬂorger (e.q.. Feltyss syndrome. p. 1.1385),
or produced by exposure to drugs_, (2) splenic seques_
tration in which excesswedestructloln o«urs
to cnlargementof the spleen (p, 6!h)),associatecalso
Amona the many associations mentioned, the most
significant neutropenias (agranulocytoscs) are produced
bv drugs.’ Certain drugs. such as alkylating ak'ontsami
antimctabolites used In _cancer treatment. pI'OdUCG
agranulocytosisin a predictable, qlose-relate_d_
They cause a generalized suppression of the iFinemar.
row, and therefore other cells are also affected Laplastic
anemia). Agranulocytosis may also be encount€'SUlasan
idiosyncraticreaction to a large variety of agents.
roster of implicateddrugs includes aminopyllte, chlor-
amphenicol, sulfonamides, chlorpromazine, thiouracd,
and phenylbutazone. Although the mechanism ofagran-
ulocvtosishere 'is obscure, both decreased production
and increased destruction have been implicated. The
neutropenia induced by chlorpromazine and related
phenothiazines is of slow onset and is believed to result
fromthe suppressionof granulocytic precursors in the
bone marrow. Chlorpromazine can inhibit DNA synthe-
sis of marrow cells in vitro, and therefore it is postulated
that certain individualsunusually sensitive to this effect
develop agranulocytosis. Neutrophil production gradu-
allybecomesnormal after the cessation of drug therapy.
Aaranulocytosisfollowing administration of aminopyr-
Ine, thiouracils,and certain sulfonamidesis believedto
result from immunologicallymediated destruction of
mature neutroohils. Antibodies reactive against a com-
blexbetweenthe drua or its metabolite (actinaas the
hapten) and lerikocyte proteins may evoke a Tvpe I
Pn\g%seeg:lﬁ\gtg q reaction.  Afternatively, neutrophils
tion of dr e 85 innocent bustanders by the adsorp-
bse ug;{}[ antibody romplexes on the sufface and the
?1% antgceder‘?tC .ElvatlonOf complement. In many cases,
autoimmunityfe o .oF neiiropenia can be detected but
rected against o vopov o o SINCE serum antibodiesdi-
neutroph|I-speC|f|camIgens can be de-

isencountered
to the neutrophil

MORPHOLOGY The  -tomic alterationsin the bone

Whenit s ~
aused p : .
neutroohils,he marr(:/wﬂxcesswe destructionof the mature

numbersof ;o re M2 be hunarcellular with increased
larityis also <een _thf_zranulo_cvtlc precursors. HypercellUe
N megaloblastic . "r - meffeCt'Veﬂmmllnpoiesis,as occurs
that affect the m?rimzz Agranulocvtosis caysed by agents
standably Lccqciated ..o ANUIOCYHC nracyrsors are under-
from creatlyapcmagpd"".'th hvnacellular marrow. resulting
SIS and . s karyocytes SUKODOIRLIC aloments. Erythropoie-
with rartain mvelotoxic usually remain at normal levels, but
affocted.n,.mcinnm : .drugs a”d"narrow elements mav be
INCreased nymbers of plasma cells

and Ivmnhocytes
aré found :
the marrow o comes acellular, € marrow, particularlyas
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Infertinnare a characteristic

<icUlceratingnecrotizing lesi fea’rureof acranulo.
cvtos g lesions of the gingiva, fi
ofthemouthbuccal mucosa, pharvnx, or anywhere’ .c;]c.)r
th-nralcavitv (agranulocytic ancina) are quite ~par tW.'tt.'n
~fagranulocvtosi(Fig. 15—1)These ulcers .area: o I|C|
deepunderminedand covered by gray to Qree\r;r-)llz)(i:cl\(/
necrotmembranes from which numbers of hacteria or fungi
carbeisolated.Similar ulcerations may occur in the suk?ﬁl
vaginaanus. O gastrointestinal tract, but these sites are
muclless freauentlvinvolved. Severe necrotizing infections
arealsn encountered. but less nrominently, in the lings
urinaitract.and kidnevs. All these sites of infectionare
characterizebv massive growth of bacteria (or other
agentswith relativelv poor leukocvtic response. In manv
instancethe bacteria grow in colony formation(botrvomv-
cosisas thoughthev were cultured on nutrientmedia. The
regionlvmphnodes draining these infectionsare enlarged
andnflamecThe spleen and liver are rarely enlarged.

CLINIC/COURSE Agranulocytosis tends to follow
afairhcharacteristic clinical pattern. The initial symp-
tomare often malaise, chills, and fever. followedin
sequencby marked weakness and fatigability,symp-
tomthat stem from the severe infectionscharacteristic
ofthisdisorder. In severe agranulocytosiswith virtual
absencofneutrophils, these infections may become so
overwhelmiras to cause death within a few days. Less
extremdepression of the marrow may appear insidi-
ouslandcometo light only durina the investigatiorof
freauenand persistent minor infections. ]

Characteristicallythe total white cell count IS
reduceto 1000cells per mm3of blood and. in certain
instanceto levels as low as 200 to 300 cells. Usually
thereis no associated anemia. save that caused by the
infectionnor is there thrombocvtopenia.

The prognosis is very unpredictable. Before the
adverofantibiotics, the mortality rate ranaed between

7and90%. At present the antibicf)tic_s amgl ”suplotgerttti;/re
measure neutrophil transfusions aliovy
such as the adverse effectsof

survivisince,in many instances,

chronic
-« Show
ival marseins

Figure15-1. Granulocvtopenia Ging fprotectiveWhitece”S
Qppurativnecrotizing infection due to loss ©

circulation.
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the toxicdrug are discoveredearly and the depression
of Whitccells eventually remits. The idiopathicform,
too, may spontaneously remit or may progressively
worsen, leading to death.

RFACTIVF (INFI AMMATORY)
PROLIFERATIONS OF WHITE CELLS

Leukocytosis

~ Leukocytosisis a commonreactionin a variety of
inflammatorystates. The particular white cell series
affected varies with the underlyina cause. In Chapter 2

we discussedpolymorphonuclearleukocytosis(granulo-
cvtosis), which accompanies acute inflammation. Pyo-
genic infections are common causes of neutrophilic
leukocvtosis,but it may also result from nonmicrobial
stimuli such as tissue necrosis caused by burns or

myocardial infarction. In patients with severe, life-
threatening sepsis, in addition to leukocytosisthere may
be morphologicchanaes in the neutrophils such as toxic
aranulations. Dohle bodies. and cvtoplasmic vacuoles.

Toxicgranules are coarseand darker than the normal
neutrophilic aranules. Althouah their precise oriain is

not entirely clear. they are believed to represent ab-
normal forms of azurophilic aranules. Déhle bodies are

pale blue, round or oval inclusionsthat represent ag-

gregates of the rough endoplasmicreticulum.

Eosinophilic leukocvtosis is characteristic of alleraic
disorders such as bronchial asthma, hay fever (p. 727),
parasitic infections. and some diseases of the skin. The
latter include pemphiqus.eczema. and dermatitis her-
petiformis. all of which are probably immunoloaicin
origin. Elevationsin monocvtecount mav be seen in
several chronic infections including tuberculosis, bac-
terial endocarditis, brucellosis, rickettsiosis, and ma-
laria. Certain collagen vascular diseases such as systemic
lupus erythematosus (SLE)and rheumatoid arthritis are
also associated with monocvtosis. Lymphocytosis may
accompanv monocvtosisin chronic inflammatory states
such as brucellosisand tuberculosis. representina in
these instancesa sustainedactivatiorof the immune
response. The lvmphocyte count may also be increased
in acute viral infections such as viral hepatitis, in cvto-
meaalovirus infections, and particularly in infectious
mononucleosis(p. 288).

In most instances. reactive leukocytosisis easy to
distinquish from neoplastic proliferationof the white
cells (i.e., leukemias)by the rarity ofimmaturecellsin
the blood. However, in some inflammatorystates, manvy
immature White cells mav appear in the blood and a
picture of leukemia may be simulated (leukemoidreac-
tion). The distinction from leukemias may then be
difficult. as discussed on page 680.

Infections and other inflammatorvstimuli may not
onlv cause leukocvtosisbut also involve the lvmph
nodes. Which act as defensivebarriers. The infections
that lead to lvmphadenitis(describedbelow)are so
numerous and varied that it is impossibleto detail each,
since it would be a virtual catalog of all systemic
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microbiologicdiseases. Moreover, in most instancesthe
lymphadenitis is of a banal variety and is entirely
nonspecific, designated acute or chronic nonspecific
lymphadenitis.

Acute NonspecificLymphadenltls

Lvmph nodes undergo reactive changes whenever
challenaedby microbiologi@gents or their toxicprod-
ucts, or by cell debris and foreign matter introduced
into wounds or into the circulation, as in drug addiction.

Acutely inflamed nodes are most commonlvcaused
by direct microbiologicdrainage, and are seen most
frequently in the cervical area in associationwith infec-
tions of the teeth or tonsil, or in the axillaryor inguinal
regions secondaryto infectionsin the extremities. Sim-
ilarly, acute lymphadenitis is found in those nodes
draining acute appendicitis, acute enteritis, or any other
acute infections. Generalized acute lymphadenopathyis
characteristic of viral infectionsand bacteremia, partic-
ularly in children. The nodal reactions in the abdomen—
mesenteric adenitis—may induce acute abdominal
symptoms closelv resembling acute appendicitis, a dif-
ferential diagnosisthat plaguesthe surgeon.

Macroscopically. the nodes become swollen, grav-red.
and engorged. The capsules are generallv intact. but per-
meationof infectionmav lead to inflammatorchanges in
the perinodal tissues. Histologicallv there is prominenceof
the Ivmphoid follicles and large germinal centers containing
numerous mitotic figures. Histiocvtes often contain particu-
late debris of bacterial origin or derived from necrotic cells
(Fig. 15—2).When pvogenic organisms are the cause of the
reaction. the centers of the follicles may undergonecrosis;
indeed, the entire node mav sometimes be convertedintoa
suppurative mass. With less severe reactions, there is some-
times a neutrophilic infiltrate about the follicles. and numer-
ous heutronhils can be found withinthe Ivmohoidsinuses.
The cells lining the sinuses become hypertrophie@and
cuboidal and may undergo hyperplasia.

Clinically, nodes with acute lymphadenitis are en-
larged because of the cellular infiltrationand edema. As
a consequence of the distention of the capsule, they are
tender to touch. When abscessformationis extensive,
they become fluctuant. The overlyinaskin is frequently
red, and sometimespenetration of the infectionto the
skin surface produces draining sinuses, particularly
when the nodes have undergone suppurativenecrosis.
With control of the infection, the lymph nodes may
revert to their normal appearance or scarring may follow
the more destructive disease.

Chronic Nonspecific Lymphadenitis

Chronic reactions assume one of three patterns,
depending on their causation. Most chronic infections
caused by organisms that represent Becell antigens
induce follicular hyperplasia. Microbioloaicagents or
antigens that stimulate T cclJsproduce a second type of
pattern, called paracortjcal lymphoid hyperplasia. Drugs
such as the anticonvulsant Dilantin (phenytoin) serving

DISEASES OF WHITE CELLS, LYMPH NODES, ANDSPLEEN

°C

Figure 15—2Acute lvmphadenitis High-power detail of germinal
centers withlarge histiocyticcells showing phagocytic activity.

as haptens may induce this pattern of parafollicular
hvperplasia. A third nonspecific pattern, referred toas

sinus_histiocytosis, is encountered in regional nodes

draininga site of cancer.

Follicular hvperplasia is distinguishedbv prominence
of the large germinal centers. which appear to bulge against
the surroundingcollar of small B lvmphocvtes (Fig. 15--3).
The follicularenlargement may be readily mistaken for
nodular lvmphoma (p. 658). Prominent within these germinal
centersare lvmphocvtesin varving stages of "blast"trans-
formationand large numbers of histiocytes containing
phagocytizeddebris of bacterial or cellular origin. Plasma
cells. histiocvtes, and occasionallv neutrophils or eosinophils
mav be foundin the narafollicularregions. and theregen-
erallvis strikinghvoerplasiaof the reticuloendothelizcells
lining the lvmnhatic sinuses.

) Paracortlcal Ilvmphoid hvnernlasia is characterized
nxdrgamclﬂi\éicra naeshwithinthe T-cell regions of the lymph
the s Incr_oaC on, and sometimes appear to efface.
egerminalfollicles.In these regions the T cells undergo
Droeressive transformatiorto immunoblasts. These large

cells i i
o a,rtwhen vllewed withina sea of smaller lymphocvtes,
o a mott ednnnpgrance to the T'Ce” zones. In addlflﬂn

thereis hvbertrophyof the sinusoidal and vascular endo-
::;(I:'f;[)cﬁlalse:nd a mixed cellular infiltrate, principallvof
increase R thand sometimes of epsinophils. The striking
N the number of immunoblasts may producea
pseudolvmphomatous pattern, sometimes referred to as
pseudolvmphomatous ynhadenitis, sych changes are ens
goun:cjered narticularly often in immunologic reactions in-
uced bv drugs (acpecially Nilantin) or followingsmallpox

vaccination. Similar reacti
~actions have ibed afterthe
use of otheryaccines. been described
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Fiaui15-3 Chronifolliculioerplasidemonstratimmarked
enlargemeand prominence of germinal follicles.

Sinus histiocvtosis refers to distentionand promi-
nenceOfthe lymphatic Sinusoids, encountered h'” bl?ggth
nodedrainingcancers. particularlv carcinoma of the e
Thelinincendothelial cells are markedlv hypertrobhied, &
thesinusesmay be virtually engorged with histiocvtes (Fig.
15-4) This patternof reaction has been thoughtto represent
animmuneresoonse on the part of the host to the tumoror
itsproductsAccording to some, the presence of sinus

hiStiOCVtOSiS a sign ofa favorable prognosis, bUtthIS Issue
IS debatable.

Althougtthe three patterns of reaction ha\éei%(tagrrj
describeseparately, freauent cor_nblnatmns an il
aradeare encountered. Characteristicallv ImeH arg
inchronicreactions are not tender. ecause - ey are
notunder increased pressure. Chronic rgactlorr]lgdes
Particularicharacteristic of inguinal and aX'"a[}gd and
Botlaroupsdrain relatively large areas of trheison these
soare frequently challenged, for which specimens in
lvmplnodes are inappropriate aS biopsy SP disorders

thestudy of hematologic and lymphomatous .

NEOPLAST!~ PRO!FFRATIONS OF
TECELLS
Maliananiproliferative diseases constitute (e 7105

i : categori
importarofwhite cell disorders The Severguowsg 1€s
ofthesediseases can be briefly defined & :

WhiteCoils and LymphNodes 657

Figure 15--4.Sinus histiocvtosisin an axillary node from a female
patient with carcinoma of breast.

1. Malignant lymphomastake the form of cohesive
tumorous lesions composed mainly of lymphocvtes and
rarely of histiocytesthat arise in lymphoidtissue any-
where in the body, mostcommonlvwithin lymph nodes.

2. Leukemiasare systemic leukoproliferative dis-
orders arisinain the bone marrow that secondarilv flood
the circulatingblood and other organs with leukemic
cells.

3. Plasma cell dyscrasias and related disorders
usually arising in the bones take the form of localized
or disseminated proliferationsof antibody-forming cells.
Thus, this category is marked by the appearance in the
peripheral blood of abnormal levels of immunoalobulins
or the light or heavy chains of the immunoalobulins.
Hence. these disordersare sometimescalled gammop-
athies or dysproteinemias.

4. The histiocvtoserepresent proliferativelesions
of tissue macrophaaesor histiocytes. There is unfortu-
nately much confusionin the terminology of histiocytic
disorders. First. as indicated above, the rare neoplastic
proliferations of histiocvtes oriainatina within the
lvmphoidtissue are arouped with the malignantlvm-
phomas. Second, there is no evidence that some of the
tumor-like proliferations—the so-called histiocytoses X,
which are traditionallv listed under this category—are
indeed neoplastic.Finally,there seemto be no clearly
defined boundaries of histiocytoses since some investi-
gators include clearly non-neoplastie, metabolic storage

discussed further on page 694.

_As can be seen, the neoplastie disorders of the
white cells are extremely varied. In the followingsec-
lions, each of the categoriesis treated separately,

MALIGNANT LYMPHOMAS

Lvmphomasare malianantneoplasmscharacterized
by the proliferationof cells native to the lymphoid
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tissues, i.e., lymphocytes, histiocytes, and their precur-
sors and derivatives. Like other neoplasms, all lympho-
mas are of monoclonalorigin, as can be documented by
isoenzyme and cell markers, The term lymphomais
something of a misnomer, since these disorders arc
lethal unless controlled or eradicated throuah therapy.
In the past, the term lvmphosarcomawas applied to
some of these disorders. but to so many that. althouah
it revealed their ominous nature, it lost any specific
meanind.

Within the broad aroup of malignantlymphomas,
Hodgkin's disease (Hodgkin's lymphoma)is segregated
from all other forms, which constitute the non-llodgkin's
lyrnphomas. Although both have their origin in the
lvymphoid tissues, Hodakin's disease is set apart by the
presence of a distinctive unifvina morphologicfeature.
the Reed-Sternberggiant cells. In addition, there is a
variable component of non-neoplastic inflammatory
cells, which in the past raised questions about the
neoplastic nature of Hodakin's disease. Therefore, we
will discuss non-Hodgkin's lymphomasand Hodgkin's
disease separately.

Non-Hodgkin's Lymphomas (NHL)

The usual presentation of NHL is as a localized or
aeneralized Ivmphadenopathy. However. in about one-
third of casesit mavbe primaryin other siteswhere
lvmphoid tissue is found. e.q.: 'in the oropharynaeal
region, qut, bone marrow, and skin. Lvmph node
enlaraement due to lvmphomatous disease must be
differentiatedfrom that caused by the more frequent
infectious and inflammatorydisorders. Lymphomatous
involvementoften produces marked nodalenlargement,
which is almost always nontender. Althoughvariable,
all forms of lIvmphoma have the potential to spread from
their oriain in a sinale node or chain of nodesto other
nodes, and eventuallyto disseminateto the spleen,
liver, and bone marrow. Some, after becominawide-
spread. soill over into the blood. creating a leukemia-
like picture in the peripheral blood. In such blood-
borne dissemination. all lvmph nodes throuahout the
body become floodedwith lvmphomatouscells. It may
therefore be impossibleto determine from microscopic
examination ofa lymph node alone whether it represents
primary lymphomatousdisease with involvementof the
bone marrow and blood, or nodal changesincident to
leukemia. This problem is encountered more often with
certain cytologic forms of lymphoma than with others.

CLASSIFICATION OF NHL

Neoplastic proliferation of anv one of the cell lines
indigenousto lvmphoidtissue can aive rise to a lvm-
phoma. Thus, theoreticallyit should be possible to
classifythem on the basisof cell types. Optimally, the
classification should (1) provide categories that have

apv and the outlook for the patient and (2)be based on
morphologic criteria sufficientlydistinctive to be gen-

DISEASES OF WHITE CELLS. LYMPHNODES, ANDSPLEEN

interpreted by cllifferﬁnt ohserv.

i even among expert “lvmphomaniacs"
tegz,rellsrgerﬁ:/tgg\ﬁm approaches to classification. Some use
strictly morpholoaiccriteria; others use morphologic
criteria combined with functional features, e.g., immu.
nologic markers and cnzymc content of cells. Moreover,
therc are varvina histoaenctic interpretations of cell
tvpes. For cxamplc.when is a cell that lookslike
histiocytein realitv a histiocyteand not a modified
lymphocyte? What has emerged are more classifications
than there are experts on the subject, or, to the 'mere
mortal," a veritable Augean stable in which the experts
appear to have agreed to disagree, No attempt willbe
made to present all the current classifications.:Instead,
two currentlv in favorin the United States—the Rap-
paport and Lukes-Collinsclassifications—-wibe dis.
cussed in some detail. Thereafter. brief commentswill
be made on the recent workingformulationproposed
by a panel of international experts.3 Moreover, manvof
the potentiallv bewilderina details of taxonornyto be
foundin the numerous references will be omitted, lest
the forest get lostamongthe trees.

erallvaoplicablewhen

RAPPAPORT CLASSIFICATION

Pronosed in 1966 and subseauently modifiedin
1978, this approachis based on two criteria: (I) the
cvtologiccharacteristicsof the lymphomatous cells in
routinely employed stains; and (2) separation of the
Ivmphomasinto two arowth natterns—a nodular form
in which the lymphomatouscells are clustered into
identifiable nodules within the lymph nodes, and a
diffuseform in which the cells diffusely infiltrate the
;antlrz lymph node, without any definite organizedpat-
ern.

The nodular pattern is characterizedby cohesive
adaregatesof neoplastic cells that somewhat resemble
the aerminal centers of the lvmoh node follicles:hence.
this architectureis sometimesreferred to as follicular
lvmphomaThe lvmohomatousnodules are dispersed
throughoutthe cortexand the medulla of the nodeand
therefore efface the normal nodal architecture (Fig. 15-
5). In many instances the capsular and pericapsular
tissue is |nf|_Itrated by neoblastic cells, sometimeswith
the formationof nodules outside the capsule. This
nodularor follicularnattern of lymphoma may be con-
fl;se-d morphologicallywith the reactive follicular hyper-
ot mohadenitis) of inflammatory states. 5 It is be-
T rour scopeto go into all the subtle morphologic
eaures In this differential, but several points may be
noted. Favoring reactive follicular hyperplasia are (1)
restriction - yperplasia
node, (2 of the folliclesto the cortical region of the

' (2) @ mixed cell population of lymphocvtesin

different staaes of 4; o My es|
the germinal differentiation and histiocytes within

! r‘Panrs—lephOmatOUEnodu|es are mono-

morphic, i i i i

OfCeplIuIaFez:]ctlvefol_l|c|e§D_|eomorph|c;and (3)evidence
nhAANCVICactivity in the germinal Centers.

h Aoproximately

the nodular variety. On the

lymphomasgye divided basis of cytoloqy. hodular

into three subtypes (Table
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Fig. 15-5

Figure 15—5.Non-Hodgkin's lvmphoma.nodularnattern.Nodularager
present throughoutlvmph node and in perinodafat. (FromJackson.

WhiteCells and LymphNodes 659

z.'k4.4

Fig. 15-6

egates of lymohomacells are
H.J.. Jr.. and Parker, F. Jr.

(eds.): Hodgkin's Disease and Allied Disorders. New York, Oxford UniversityPress, 1947.)
Figure 15--6. Non-Hodgkin's lymphoma,diffuse. Nodal architectureis replaced by a diffuse sea of

neoplastic lymphoid cells.

). Sincethe cytologicfeatures of nodular lymphomas
overlawith those of the diffuse type, these will be
describelater. The nodular lymphomas have distinctive
clinicfeatures: (1) they occur predominantlyin older
individug(rarely persons under 20 years of age): (2)
thevaffectmales and females equally; and (3) despite
thecommofinding of involvement of many or all nodes
aswellas nossibly extranodal sites at the time of
diagnosithey have a much better prognosis than
diffusgymphomas.6 _
Thediffuselymphomas are characterizedby flood-
incOfthe nodal architecture by a monotonous sea of
cell(Fig. 15—)All underlying architecture, such as
thedistinctiorbetween cortex and medulla and the
sinusoidimorphology, is totally obscured. The capsule

ofthe node and the extracapsulartissue are often heavily
infiltrated. The diffuselvmphomasare more heteroge-
neouswith regard to cell type (Table 15—1and clinical
behavior. Since some diffuse lvmphomas are cvtologi-
cally identical to their nodular counterparts, they are
considered to represent proaression of the disease from
a nodularto a diffusepattern. Indeed, the coexistence
of nodular and diffuse patterns and the documented
transformatiorover time of nodular to diffuse pattern
in a small number of cases does support this concept.
However, it should be emphasizedthat there is no
critical evidencethat all diffuse lymphomasare preceded
by nodular lesions. Indeed, as will be discussed, some
variants such as the well-differentiated Ivmphocytie lym-
phomaare not encountered as nodular lesionse More-

Table 15-1. RAPPAPORT CLASSIFICATION

G all
1
Diffuse ymphomas Cases
Lymphocyt.i(‘,\,e” differentiated 16
Lymphocytlcnoorly
differentiated
Lymphoblastict
Histiocvtic 28

MIxecllumnhr\r\:+i.¢_hi5tiocytic
Undifferent'at(Burkitt's and

non-Burkitt's)

Nodular Lymphomas

% All
Cases*
Lymphocytic, poorly differentiated
Histiocvtic
Mixed, lymphocyticehi8tiocytic 12
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ocer, nodular lymphomas  persistin the individual
otvr the span of vears and may disseminatethtvuahout

the bodv to cause death mtainingthe distinctive
nodular amhitccture.

.__In addition to the "nodular" and "diffuse”categos
rization, all NIILs are further subdiGded into cytologie
subsets.
tion of NHLs, the irnmunologie of Ivtnphoid eells
“-as in its infancy, and so subdivisionin the Rappaport
scheme is bas«i entirely on It takesinto
acxeounffirst the apparent similarity of tutnor cells to
various nonnal cell tvnes. Thus. terms such as Ivaphos
cvtic and histiocaic lvmphomasare used, to implv
similarityand presumed fmm nonnal lym-
phocvtes or histiocges. Second, within a cvtologiceat-
edory it further searegates tumors on the basis ofdearee
of differentiationas judged by nuclear and cell size,
nuclear configuration, chromatin pattern, and the pres-
ence or absence of nucleoli. The comhined use of these
two criteria permits differentiationof the following
patterns.

WELL-DIFFERENTIATED  LYMPHOCYTIC LYMPHOMA
(WDLL). This pattern makes up approximately 5% of all
NHLs and occurs only in the diffuse form: nodular
variants have not been identified. The cell type consists
of compact, small, apparently unstimulated lvmphocytes
.vithdark-staining round nuclei, scanty cytoplasm, and
little variation in size (Fig. 15—7). Mitotic figqures are
very rare, and there is little or no cvtoloaic atypia.
Diffuse WDLL mayv occur without intoltement of the
bloodand bone marrotc, but in about 40%of casesit
may seed the blood, evokinga chronic lymphocytic
leukemia—TIikédolood picture.7 Conversely, in patients
with the primarv diaanosis of chronic lvmohocvticleu-
kemia (CLL), the nodes are invariablyfloodedwith
well-differentiated lymphocytes. Thus, it is impossible
from a lymph node biopsy alone to differentiate CLL
from WDLL. Their clinical features are also similar.
Both occur primarily in the older ade aroups. Tvoically,
these patients have aeneralized lvmphadenopathwith
mild-to-moderateenlargement of the liver and spleen;
the associated symptoms are mild and prolonged sur-
Vivalis usual. Some patients with a histologicpicture
closely resemblina WDLL also have monoclonallaM
immunoalobulirin the serum and a distinctiveclinical
syndrome called Waldenstrém's macroalobulinemiz(p.
692). In these patients the lymph nodes often contain
variable numbers of plasmacells or "plasmacvtoidlym-
phocytes,” in addition to the well-differentiatedlym-
phocytes described above. As discussed later, WDLL,
CLL, and Waldenstrom's macroalobulinemiarepresent
different manifestationsof the neoplasticoroliferatiorof
B lymphocytes, and as such are closelyrelated to each

POORLY DIFFERENTIATED LYMPHOCYTICLYMPHOMA
(PDLL). The tumor cells in PDLL consistof atypical
lymphocytes, which mav appear in nodular or diffuse
patterns. The cellsare somewhatlarger-thanthoseseen
in WDLL (but smaller than the nuclei of benign endo-
thelial cells or histiocytes, which are used as.a reference

Raptxeportfirst presented the el.xs.sifieas

DISEASES OF \WITE CELLS, LYMPHNODES,ANDSPLEEN

Figure 15—7Non-Hodgkin's lymphoma, well-differentiated lympho-
cvtic tyne_ Cutnloov is that of mature. unifarm. unstimulated lvmnhao-
cvte (Conrteenf Dr Inse HernandesNenartmerof Pathology,

SouthwesteMedicsSchool Dallas,Texas.)

when evaluatingsize). Much more distinctiveare the
nuclei, whichare irreqular, with marked indentations
and anaularity (Fig. 15—8The chromatin is coarseand
condensed,and mitosesare rare. The nodularand
diffusepatterns of PDLL together account for approxi-
mately 30%ofall NHLs. Some cases of PDLL may spill
over into the bloodand produce a leukemic picture, the
so-calledacute lvmphosarcomacell Jeukemia. The pre-
cise incidence of leukemia in PDLL is not known.
However, leukemic spread is definitely less common
than in WDLL. patientswith PDLL are usuallymiddle-
aged to elderlyand present commonlywith generalized
dlseasemvolvanmultiplg Ivmph nodes. liver. spleen,
and bone marrow. Despite the presence of éxtensive
disease, the prognosisis relatively favorable, especially
In nodular PDLL. The prognosis in diffuse PDLL is
POOTET, as is the rase with most diffuse lymphomas.
formHOI?R?_'CJFCLYMPHOM/(HL)- Characteristic of this
oo ¢ Is the large size of tumor cells. They are
{0 three times Jarger than pormal lymphocytesand
their nuclei are larger than £ benign tissue
histiocytes i ose of benian tiss
WDLL dor endothelial cells. As compared with
but alsgnarePDLL' the nuclei in 1-ILnot onlvare larger
prominent nug}ggfiiveglcular and ysually have more
however ic noe €O (Fid. 15—9)The nyclear shape,
ooy ,|15qu_|te variable: it may be round and smooth,
Irreaularwith marked ingentati lobulations.
Several cytologic ndentations and lobulatic
from a poonotanetMYPES can be recognized, ranging
proliferation of large cells to €x-
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Figure15—8 Non-Hodgkin's Ivmphoma. poorlv differentiated lvm-
phocvttvoe. Nuclei are irregular with indentations(arrows) and
markeangularitv(Courtesv of Dr. Jose Hernandez.Department
ofPathologySouthwestern Medical School, Dallas, Texas.)

tremelpleomorphic tumors with bizarre cells. Althouah
HLcanoccur in both the nodular and diffuseforms,
thelatteris much more frequent and constitutesone of
themostcommon forms of NHL (Table 15—1The few
caseofnodular 1L tend to proaress rapidly into the
diffusformand have the worst prognosis amona nod-
ularlvmphomas. Diffuse histiocytic lymphomas are as-
sociatewith somewhat distinctive clinical bresenta-
tions.As compared with lymphocytic lymphomas,
involvemerof extranodal sites is more frequent: In-
deed,involvement of the gastrointestinal tract. skin.
boneor brain may be the presentina. and in some
casesthe only, feature, Suggesting extranodal oridin.
Whemodalinvolvement is the main Presentaion. I|t N
usuallrestricted to one side of the diaphraam. rt1_v 0 vg%
menof liver and spleen is not commonat the IrT;;eells
Presentatiotbut when it occurs the Iymph%mr?tr t
formlarge, destructive ttnnorous Masses. Ins ?eena?n'
forexample, involvement of the liver and 'fp dis-
PDLLis associated with the formation of uni OrmLeu-
miliary nodules throughout these 0rdans. =
kemicmanifestations are distinctly uncor_nnwﬁnis an
wherpresent indicate a verv POOr Progn%SISqroup asa
acaressivdisease, and the prognosis for t sgujdies ave
wholéis poor. Ilowever, several re_cen}Lcan achieve
indicatecthat up to 60% of patients W'thbl- tior- chemo-
SUStainclinical remission With COMOInatior
erapvwhich mav lead to 10Ng-term >\ uois ) in
MIXED LYMPHOCYTIC-HISTiOCYTIC

WhiteCeils and LymphNodes 661

Figure 15-9. Non-Hodegkin's Ivmphoma. diffuse histiocvtic tvoe.
Tumor cells in this example have large nuclei (compare with
endothelialcell nucleus at tio of arrow) and prominent.centrally
placed nucleoli. Nuclear pleomorphismis not marked. (Courtesy of
Dr. Jose Hernandez. Departmentof Pathology, Southwestem Med-
ical School, Dallas, Texas.)

this variant, cells of the PDLL type as well as large
cells (histiocytic) are present. In general, a tumor is
classified as mixed if the large cells constitute 30 to 50%
of the total number of cells. This cvtoloaic pattern is
seen more commonlyin the nodular form. As for most
other nodular lIvmnhomas. the nroanosis is aood.
LYMPHOBLASTILYMPHOM/This is a relatively
new addition to the Rappaport classificatiorQ Previ-
ously, these cases were included under diffuse PDLL,
but recent studies indicate that lymphoblastic lymphoma
is a distinct clinicopathologic entity closely related to T-
cell acute lvmphoblastic leukemia (ALL) (p, 676). This
variant is seen most commonlyin adolescentsor young
adults, although any age group may be involved.10In
aflécted males, there is a suaagestion of bimodal age
distribution, the two peaks being in the second and

three times as often as females, but in the earlv peak
encountered in the second decade, the male-to-fomale
ratio is 6:1. A very characteristic clinicalfeature, par-

inass (5() to 70% of cases) at the tilnc of diaanosis,
suaaestina a thvtnic oriain. This disease is rapidlv pro-
gressive,and early disseminatiorto the bone tnarrow,

of a picture resembling ALL.
'J'he histologic pattern of the tunnor is always diffuse
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and the tumor cells resemble the lymphoblasts of ALL.
They are fairly uniform in size, with scanty cytoplasm
and nucleithat are somewhatlarger than those of small
lymphocvtes. The nuclear chromatin is delicate and
finely stippled, and nucleoliare either absent or incone
spicuous. In many, but not all, cases the nuclear mem-
brane shows deep subdivision, imparting a convoluted
(lobulated)appearance. In keepina with its agaressive
growth. the tumor showsa high rate of mitosesand, as
with other tumors having a high mitotic rate (e.q.,
Burkittes lvmphoma). a "starrv skv" pattern is produced
by the interspersedbenignmacrophaaesin the past,
when this tumor was treated as diffuse PDLL, the
survival was dismal, average life expectancybeing less
than one year. llowever, with the realizationthat lym-
phoblasticlymphomais biologicallvmore akin to ALL,
treatment protocolsemployedfor ALL have been uti-
lized with much areater success,with a median survival
in excessof 71 months in one series ofadults.”

UNDIFFERENTIATEILYMPHOMAThis tvpe is so
termed becausethe cellsdo not have any morphologic
evidence of "maturation” toward lymphocytes or histio-
cytes. Within this category, two clinically distinct
subaroups have been recognized: Burkitt's type and
non-Burkitt's type.

The undifferentiated Burkitt's-type lymphomawas
described initially in Africa, where it is endemic in some
parts, but it also occurs sporadicallvin nonendemic
areas including the United States, where it has been
called American Burkitt's lymphoma. Histologically, the
Africanand the nonendemic Americancasesof Burkitt's
lvmphoma are identical, although there are some clinical
and virologic differences. The relationship of these
disordersto the Epstein-Barrvirus (EBV)is discussed
on pages 245 and 669. These tumors consistof a sea of
strikingly monotonouscells, 10to 25 pm in diameter,
with round or oval nuclei containing two to five promi-
nent nucleoli. The nuclear size approximatesthat of
benign macrophageswithin the tumor. There is a mod-
erate amount of faintly basophilic or amphophilic cyto-
plasm, which also is intensely pyroninophilicand often
contains small, lipid-filledvacuoles (better appreciated
on stained imprints of the tumor). A high mitoticindex
is very characteristic, as is cell death, accountingfor the
presence of numerous tissue macrophages with ingested
nuclear debris. Sincethese benign macrophages,which
are diffuselydistributed amona the tumor cells, are
often surrounded by a clear space, they create a "starry
sky" pattern (Fia. 15—10'which can also be seen in
other lymphomas, such as the lymphoblastictype, with
a high mitotic rate. Both the Africanand non-African
casesare found largelyin childrenor youngadults. In
both iorm;, the diseaserarely arises in the lymph nodes.
In Africancases, involvementofthe maxillaor mandible

whereas abdominal tumors (bowel, retroperitoneum,
ovaries)are morc commonin cases seen in America.
Leukemic transformationof Burkitt's lymphoma is un-
common, especially in African cases. These tumors
respond well to aggressive chemotherapy, and long

DISEASES OF WHITECELLS, LYMPHNODES, ANDSPLEEN

Figure 15-10. Burkitt'slymphoma.Tumor cells have multiplesmall
nucleoli and high mitoticindex. Lack of significant variation in nuclear
shape and size lends a monotonousappearance interruptedbyv
pale-stainingbenigntissue macrophages (arrow), which impara
"starrvskv" appearance better appreciated at a lower magnification.
(Courtesvof Dr.Jose Hernandez, Department of Pathology, South-
westernMedicalSchool, Dallas, Texas.)

remissionshave been reported. Although a relapse
OCCUrs In many cases, a 50% long-term survival rate can
be expectedwith present methods of treatment.

The undifferentiated, non—Burkitt's-typelympho-
ma differsfrom the Burkitt's tumor both clinicallyand
histologically.1This disease more commonly affects
adults (median age 34 vears) and is somewhat less

\rlei?g)lgn?lveto treatment. There is no known clinicalor

are d Casspc'%[t'?n""'th EBV. Histologically, the nuclei

but ?r?ee/rcs)ﬁ(g\?va : }tr? € same size as in Burkitt's tumor,

size. and occar:?ilcj)%alnreaﬁgr valrlattlon both in shapeand
’ multinucleate

The nuclearchromati cells are also seen.

i . INis delicate -
?lllrjlgllggrmmmem ancinophilic m1nlaer;?ughelgeeclzasuﬁzuoi‘ltlzz
oieagCe, this tumor has also been called
r;d”Le(:%WtorDh'C lvmphoma. The cvto-
umor is ‘distinct from Y- The aeneral view that this
challenged. ~ Singe ho (L UrKILS lvmphoma has been
Very low, more « freauency of these neoplasmsis

. tidi i . .
IssuesatiSfaCtOI‘”;/I,dleS will be required to resolvethis

LURES-COLLINS CLASSIFICATION

neoplasmsgf ﬁ:gls.e that the malianant lymphomasare
IMMUNE system, |_ukes and Collins
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additincells are dispersed along the liver cords subjacent
tothevascular sinusoidal walls. The infiltratesare charac-
teristicalllocalized to the portal areas in lvmphocvtic|eu-
kemi:(Fig. 15—31)The central regions of the liver lobule
arerelativehspared in this dvscrasia. The hebatic infiltrates
ofthemonocvtivariant are least prominentand are very
ofterabsent.When present. they tend to follow the pattern
descrihacin myelogenous leukemia.

In additionto these organ involvements, leukemic infil-
trateare frequentlvfound in the kidnevs, adrenals, thyroid,
ancmyocardiunand in many otherbody tissues. Of partic-
ularimportance is the infiltration of the central nervous
systenby the leukemic cells; this occurs most commonly in
ALL. Protectedby the blood-brain barrier, cells infiltrating
themeningesmay escape the effects of svstemicallv admin-
isteredrugs and eventually initiatea relapse. In all affected
tissuestheinfiltratesbegin as small perivascular aggregates
thatprogressivelv diffuse through the stroma of the affected
organAs the cells accumulate in sufficient number, they
maycompress and destroy adjacent parenchymal structures.
Whertheinfiltratesbecome large enough. thev mav produce
macroscopicallvisible, pale-gray areas of infiltrationHow-
ever.these infiltrates are usuallv different from ordinarv
metastaseThey tend to be less sharply circumscribedand
aremorediffuselv infiltrated, so that thev do not wine out
theunderlvingarchitecture as completelvas do the metas-
tasesofothertvpes of cancer (Fig. 15—32).

Special mention should be made of the leukemic infil-
tratewof the skin and mucous membranes of the gingiva.
Onoccasion.abnormal cells accumiilate in the dermal and
subcutaneotconnectivetissue (leukemia cutis). These
cause variable forms of elevated-to-flat. pale-to-red skin
maculewor papules and are common in leukemias of T cells.

Cimmra 15-21 Chronic lymphocvtic

Jackson. H. ., Jr..
Oxford University Press, 1947.)

leukemia in liver.

and Parker, F., 1. (eds.): Hod

WhiteCells and LymphNodes 683
Infiltrates in the gingiva are particularlv characteristic of the
monocvticvariant of AML. Swelling and hvpertroohvof the
gingival margins occur. and freauentlvthe soft tissues in-
volved freely ooze blood, or secondarv bacterial infection
develops. forming superficial necrotic ulcerations.

Secondary Changes. By secondarvchanges are meant
those lesions that stem from the destructive, erosive effects
of the aggressive leukemic infiltratesand from the functional
incompetenceof leukemiccells. Anemia and thrombocv-
topenia are characteristic secondarv conseauences of
leukemic involvement of the bone marrow. The marrow
failure results not only from replacement of the hemopoietic
cells but also from the inhibitionof normal stem-cell function
by leukemic cells or their products. The anemia mav become
quite profoundand lead to systemic and local tissue hypoxia.
A hemorrhagic diathesis results from the thrombocvtooenia.
and abnormalbleeding is one of the most characteristic
manifestations of acute leukemias. Purpura and ecchvmoses
mav occur in the skin. with or withoutleukemic infiltrates.
Hemorrhages into the gingivae as well as hemorrhagic foci
in the urinarybladder.the mucosa of the renal pelves and
calvces. the serosal membranes lining the bodv cavities.
and the serosal coverings of the viscera (particularlyof the
heart and lungs) are standard features in advanced leuke-
mia. Not uncommonlv. intraparenchvmal hematomas de-
velop, most frequentlvin the brain. Many times, this wide-
soread hemorrhagic tendency is the most obvious anatomic
postmortemfinding in these cases. In acute promvelocvtic
leukemia (FAB. M3).the release of procoagulant substances
from the granules often leads to DIC and the attendant
hemorrhagicdiathesis (p. 649).

Although the total white cell count is usuallv elevated in
leukemia, the circulating abnormal white cells have little

High-power detail of 2 perinartalinfiltrate (From
gkin'sDisease and Allied Disorders.New York,
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Fieure 15-32. Chronic lymnhaocvticleukemiainfiltratesin heart
muscle. (From Jackson. H. J.. Jr.. and Parker.F.. Jr. (eds.):
Hodgkin's Disease and Allied Disorders. New York, Oxford Univer-

sity Press, 1947.)

defensive capacitv. resultingin an enhanced suscentibility
to bacterial infection. The morphologicchanges of these

infections mav be found in any organ or site in the bodv but

are particularlv common in the oral cavitv, skin, lungs.

kidnevs. urinarv bladder, and colon. The bacterial infections
of leukemia resemble. to a great extent. those found in

granulocvtopenia,since both have in commona deficiency
of functioning leukocvtes.

The leukemic proliferatiorin the bone marrowcauses
expansion of the marrowspaces. encroachmentupon the
cancellous and cortical bone, and resultant osteoporosis
with increased radiolucencv. The infiltrateswithinothertis-
sues and organs remain confinedfor the most partto the
interstitialconnective tissue. The parenchvmal elementsare
thus spread apart but usually are not severely damaged.
For this reason, hepatic. renal, or cardiac failureis extremely
uncommonin these cases. Onlv rarelvdoes enlargementof
the portahepatic nodes encroach sufficientlv upon the extra-
hepatic biliarv ducts to cause obstructiveiaundice.

Therapy may significantly modifythe anatomicchanges.
The use of cytotoxic drugs before death may virtuallydestroy

striking paucitv of preserved leukemiccells and indeed of
all forms of marrowcells in patientswho received intensive
radiation theranv and chemotheraovin the terminalstages

of their disease. Thus, the pathologistis sometimescon-
fronted with the paradox of a patienthaving a clinicallv well-
documented leukemia withoutanatomicchanges to permit
confirmationof the diagnosis.

DISEASES OF WHITE CELLS, LYMPH NODES, ANDSPLEEN

CL'N'CACOL_JR_SEAcute Icukcmias have an almost
tota”ydiﬁerentc||n|ca|presentat|on fl:OfT] chronic
kcmia.s. Chronic lcukcmiasappear insidioua/u. but the
acute disorders have a sudden, often stormy onset. You
recall that ALL is a disease of childhood, whcrceacAML
usually appears in adult life. Symptoms, when they
appear, are related t(?) (ﬁqressg)n of n_oimal marrow
functionand include () Tatiguc due mainly to anemia;
(2)fever, usually reflecting an infection; and (3)hleeding
(pctechiae, ecchymoses. epistaxis, and gingival pleed.
ing) secondary to thrombocytopenia. Generalized
lymphadenopathy, splcnomegaly, and hepatomegaly,
the results of organ infiltration by lcukcmic cells, are
characteristicof ALL but usually arc not prominent
with AML. The marrow involvementin both disorders
leads to subperiostealbone infiltration, marrow expan-
sion, and bone resorption, often resulting in bone pam
and tenderness on palpation. CNS manifestationsmay
appear with leukemic infiltration of the meninges, pro-
ducina headache, nausea, vomiting, papilledema, cra-
nial nerve palsies, and sometimes seizures and coma.
More acute CNS complications may arise, such as
intracerebral or subarachnoid hemorrhages. Occasion-
ally, DIC punctuates the course of the promyelocytic
form of AML (n. 649), especially when cell Iysis caused
by there]lpv re?]ult in the release of thromboplasticsub-
stances fromthe granules.

_Both forms of acute leukemia are characterized by
distinctivelaboratoryfindinas. Anemia is almostalways
present. The white count in about half the patientsis
less than 10,000cells/mn3 of blood, whereas in about
20%it is e!evated_ abpve 100,000cells/mms. Much more
Important is the findingofimmature white cells, includ-
mgr%\a}it Lormst,hm the clirculatln_q blood and the bone

» WNere they make up 60 to 100% of all the
cells. The platelet count is almost always depressed and
ml ah qre%t majority of cases is less than 100,000/mma3.
Alt _c:cu_q not linearly related, the danger of bleeding
ma”'tEStatlon_SoroareSSIvely increases as the platelet
f(a(ijukr:erri?;lssisv\{gg;;wtreatmenj[’ tlhe course of the acute

. proaressive i ing in
death in two to four months. Y downhill, ending
hat tThhe onset of the chronic leuketnias s so insidious

NEy are sometimesgiscovered only during a routine
physical examination. Symptoms, when they appear,
g[]%f?'atle%to the hvpermetabolism of the leukemic cells
ek oy ey T L, el s

e atiganility. The profound anemia
tcﬁgsgz,géms;qeiabkexertlonal dvspnea. In some cases
sensationin tf|1res becomes aware of a heavv dragging
alv. In other abdomen produced by the splenomeg-
© the un derm'lfqagcesy:j\{njnhadenopathycalIsattentlon

9 condition. i
lvmohadenopathy, Frequently, generalized
already present ar o enomedaly, and hepatomeaalv are
at the time of diagnosis. Generali:cd
]X?rﬁzadenopathy is_Inost tynical of CLL. Whereas
Bleedin splenomegalis nost characteristic of CML,
1A manifestations may qominate the clinical pres-
entation, narticularlyas marrow faj CLL
characterized "'OW failure develops.
Y accumulation of inununoincompctent
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Beellsisoften associated with hypogammaglobulinpmia
andncreasesusceptibilityto infections. paradoxically,
somepatients develop anti—red cell antibodies ang
hemolvtjanémia. . ]

As acute_leukemlas. anemia is usually present
inchronileukemias, but the critical laboratory finding
isthepresenceof abnormal immature leukocytc«in the
peripherblood. accolnpanicd by an elevated white
celcount,In chronic leukemias the white cell count
rangefrom 50,00(to 500,000 cells/mma of blood. In
011, the circulating white cells are predominantly
neutmphiand metamyelocytes, but more immaturc
brnsarealso present. An increased number of baso-
philisquite typical of CML, helping to distinguishit
frorleuketnoicreactions, which may produce a periph-
erabloodpicture deceptively similar to that of leukemia
(n655)Otherfeatures that help to differentiate leu-
kemoreactionsffront CML are the absence of the Phl
chromosonand the increased level of leukocyte alkaline
phosphatasin CLL the peripheral white cells are
largelmaturelymphocytes, but some immature forms
arealsofound. In both forms of chronic leukemia,
plateleiare depressed with advanced disease, but in
theearlvcourse of CML the platelet count may be
bve normal.

Theprognosesfor each of the various forms ofacute
ancchronicleukemia are best considered individually.
sincethey differ so much. Remarkable advances in
therapbring fresh aains vearly. renderina data out of
datdbythe time they are set to paper. In particular,
theoutlookfor children with ALL is spectacularly
improvedntensive chemotherapy and the use of cor-
ticosteroinow induce a remission in almostall chil-
drenWith nrophylactic irradiation and intrathecal che-
motheraffor CNS involvement, over 50% are living
afterfivevears, many apparentlv free of disease. In
thesefortunateyoung ones, a much more prolonaed
remissicor even a cure is not beyond hooe. The adult

ALLfares less well and, although remissions can
beachievedthe average survival is for two to three
years.
Theoutlookfor patients with AML is more grim.
Remissiocan pe achieved with chemotherapyin over
halithe patients, but these are generally transient and
Onl15to 20%are alive after three vears. In View of
bey, 2 rrim Pronnosis, bone marrow transplantation has

N aftemnted in some centers, Early results are
Promisinyith 50% long-term remissions, but this form

treatmentis not widely available.

Thern |rc20f t\ae(;[ chron\i/c leukemiasis one 9f5|0W
Vivaof two tn three vears. In CMI _therapv mav
inducramissionsbut there is little improvementin
Overésrvival. Death in most cases is heralded by an

__nhaseknown as a blast crisis during which a
Picturvesembling acute leukemia develops. n about
rases, plasts contain the enzyme TdT and thus
represeNt mnhoplasts: the remaining cases have a
myeloblms sis Recent studies indicate that the blaét

founcin the lymphoblasticcrises belongto the B-
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cell this observation supports the thesis that
CML represents a disease of totipotential stern cells (p.
611). CLL is thc most indolent of the leukemias, and
W|th_ therapy the median survival is four to six vears.
Unlike CML, blast crisis is rarc and most patients die
of infections, progressive Icukcmic infiltration, or causes
unrelated to leukemia.

Unusual Typesof Leukemlas and Lymphomas

HAIRY CELL LEUKEMIAThis is an uncommorbut
distinctive form of chronic leukemia involvingan un-
usual cell, which shows several features of B lympho-
cytcs. The disorder derives its picturesque name from
thc appearanceof the leukemiccells, which have fine
"hairlike" cytoplasmicprojectionsbest recognized under
the phase-contrastmicroscopeor scanning electron mi-
croscope, but also visible in routine blood smears. The
genealogyofthe transformed cells has proved extremely
baffling.In most cases the pathognomonichairy cells
synthesize surface immunoglobulins of restricted light-
chain type, a feature characteristic of monoclonal B-cell
proliferations.On the other hand, some relationshipsto
the monocyte-macrophagelineage and T cells have also
been described56Confusingly,the markers may fluc-
tuate from those of B cells to those of T cells during the
course of the disease or in culture 57Without delving
into further comolexities.hairv cell leukemiamay be
said to resultfrom the neoplastictransformation of a
poorly characterized cell with features most strongly
sugaestiveof B cells; however, originfrom a totipotent
stem cell (p. 611)with somedifferentiation along the T-
cell or monocvte pathway cannot be ruled out at present.
Mercifully.there is one cvtochemicalfeature that is
quite characteristicof hairy cell leukemia, i.e., the
presence of tartrate-resistantacid phosphatase (TRAP).
The exceptionsto this observation are so few that
positive TRAP staining in leukemic cells endowed with
"hair" is considered virtually diagnosticof hairy cell
leukemia in the appropriate clinical setting.

Hairy cell leukemiaoccursmainlyin older males
and its manifestationsresult largelyfrom infiltrationof
bone marrow liver and spleen. Splenomegaly,often
massive, is the most common and sometimes the only
abnormal physical finding. Hepatomegalyis less com-
mon and not as marked, and lymphadenopathyis dis-
tinctly rare. Pancytopenia, resulting from marrow failure
and splenic sequestration, is seen in over halfthe cases.
Leukocytosisis not a commonfeature, being present in
only 25% of patients. Hairy cells can be identifiedin
the peripheral blood smear in most cases. The course
of this disease is chronic with no satisfactorytreatment;
the median survival is four years.

ADULT T-CELL LEUKEMIA-LYMPHOM/£This uncom-
mon T-cell neoplasm has gained much prominence
owina to its associationwith human T-cell leukemia
virus (p. 243). Most of the initial cases were described
from the southern part of Janan. where it is endemic®
but similar cases have now been found in the West
Indies and sporadicallyin several other countries, in-
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eludingthe U.S. Characteristic clinicaffeatures ofadult
T-ccll Icuketnia include generalized Ivtnphadcnopatll!/,
hepatosplcnotnegal Y/, ftvequent skin involcetnent, severe
hvpercalcemia,and a poor prognosisS¢The tumor cells
are usually OKT4-positive,a fieature shared with the
closely related cutaneous T-cell lymphomas. These clise
orders, alongwith T-cell chronic lvmphocyticleukemia
and the T-cell lymphomas involving lymph nodes (p,
665), represent the spectruni of differentiated T-cell
neoplasrns. In contrast, T-cell ALL and lymphoblastic
lymphoma (convoluted T-cell lymphoma) represent tu-
mors of inunature T cells.

HISTIOCYTIC MEDULLARY RETICULOSIS (MALIGNANT
HISTIOCYTOSThis disease is widely believed to rep-
resent a malignant tumor of mature and immature
histiocytes with diffuse invasion ofthe visceraand bone
marrow. For mysterious reasons, however, it usuallyis
not included among histiocvtic lvmphomas. Earlier it
was classified into a poorly defined category called
histiocvtoses,which also included the "histiocytosesX '
discussed later (p. 694). It derives its name from the
infiltrationof the medullaryzone of lymph nodesby the
histiocytes, which by no meansis a diagnosticfeature.

Masses of histiocvtes and their precursors mav be seen
in the skin, bone marrow,lvmph nodes. spleen, and liver.
The levels of cellular maturationdiffer. butin mostinstances
the cells are immatureand variable in size and shape. with
large round nuclei and an abundant amohonbhilicor slightlv
basophilic cytoplasm. The nuclear chromatinis lacv and the
nucleoli are prominent. In other cases. the cells mav closelv
resemble mature histiocvtes. with oval-to-reniformnuclei,
small nucleoli. and abundantamphobhiliccvtoblasm. It is
impossible to differentiatethese cell tvbes fromthose en-
counteredin histiocvticlvmphoma.Sometimesthese cells
appear to fill the sinuses of lvmph nodes. In the various
organ involvementsthe infiltratesmav be difficultto differ-
entiate from histiocvtic Ivmphoma with svstemic dissemina-
tion. However.characteristic of histiocvtic medullarv re-
ticulosis is prominent erythrophagocvtosis. notseen in
histiocvtic vmphoma.The neonblastic histiocvtesmav also
contain other phagocvtized material. including leukocvtes
and platelets. all of which contributeto the pancytopenia
associated withthis disease.

The maijor clinical features of histiocyticmedullary
reticulosis include (1) lymphadenopathy, (2)hepatosple-
nomegaly, (3) anemia or pancytopenia, (4) fever, and
sometimes (5) skin infiltrates. Leukemicspread to the
blood has been reported, but is rare. It is a rapidly
progressive and fatal disease. Survivalfor more than 15
months is unusual, the average being six months.

Aanoagenlc MveloidMetaplasla (Myeloid
Metaplasia with Myeloflbrosis)

Agnogenic myeloid metaplasia. along with polycy-
themia vera, chronic granulocvtic leukemia, and idio-
pathic thrombocythemia. belonasto the group of mue-
loprof/iferatice syndrotnes. As discussed earlier, these
disorders arise from the clonal, neoplastic proliferation
of the pluripotcnt myeloid stem cells (p, 641). Although
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the doniinantdifferentiated cell line differs in the var.
ious myeloproliCcrativediscuses, all the myeloid cell
types (i.c.. granulocytes/tnncrophaacs. ervt_hr0|(I cells.
and platelets) can be demonstrated to bc inonoclonal,
Some cases of polycythcmia vera and CML jrrayulti.
mately evolve into a stagc characte_rlzgaq by marrow
fibrosisand extramcdullaryhcmatopoicsisin the splccn
(mveloid tnetaplasia). In rnany paticnts, however,
splenic myeloid metaplasia and thc accompanying mar.
row fibrosis arise insidiouslv without an identifiable
precedingsyndrome;hence, the term (idio-
pathic) myeloid metaplasia. o . _
The cause of marrow fibrosis in agnogcnic mveloid
metaplasiais not clear. In the initial formulationofthe
concept of mycloprolifcrative diseases, it was assumed
that marrowfibroblastswere derived from the hemato-
poictic stem cells, and therefore proliferation of fibro.
blasts was considered but one manifestation of the stem-
cell disorder. Several subsequent studies do not support
this view. First, it is established that fibroblastswithin
the marrowdo not arise from the hematopoieticstem
cells, and second, studies with C,6PD isoenzymes clearly
indicatethat the marrowfibroblastsin myelofibrosido
not belona to the neoplastic hematopoietic clone.@
Thus, fibrosis of the bone marrow appears to be a
reactive phenomenon. However, no cause for marrow
destructionor scarringcan be demonstrated, a feature
that distinguishes mveloid metaplasia with myelofibrosis
from mvelophthisicanemia (p. 640). It has been sug-
aested that the oroliferation of marrow fibroblastsis
triggeredby the release of a platelet-derivedgrowth
factor (PDGF), which is a normal component of platelet
aloha aranules60PDGF is known to be mitoaenicfor
fibroblastsand a varietv of other mesenchymalcells,
but it is not clear why or how it is released in the
marrow of patients with mvelofibrosis. In one study,
circulatingimmune complexeswere detected in most
patients, and it was suqggested that interaction of the
19G in the complexeswith the FC1gG receptors onthe
platelets mav lead to the release of PDGF.61lt isalso
conceivablethat the inappropriate release of PDC.Fis
due to an intrinsic defect of the platelets, whicharea
part of the abnormalclone of myeloid cells. Attractive
as these theories may be, they are entirely hypothetical

. MORPHOLOGY. The principal anatomic chanee is strike
ing pxrramedulIaryhpmatopoiesis,The brincipal site of this
is the <nleen, which is ysyally moderately to markedly
enlareed, sometimesp to 4000 gm (Fig. 15—331The
capsule is unaffectedbut occasionally shows underlving
small infarcts. On section the spleen is firm, red tograv. and
notdissimilar from that seen in CML. However. the lymphoid
follicles are wsually nreserved, implying that there has been
no nEOD|aStIC0b|iteratiorof the native architecture Occa-
sionally, small red masses of hematopoietictissue can o€
discerned grossiv. wistologicallv, the extramedullarhema-
topoIesls seems to be larsely confined to the red Pulp.
lntraSanSQIda|nroliferationof normoblasts and immature
granulocvticrallc ig nresent, sometimes in small aggregates
Megakaryocytesare also nromineniin the sinuses These
myeloid elements may diffuse into the splenic cords. Usually
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Figure 15—33.Mveloid metaplasia with mvelofibrosis.Spleen is markedlyenlarged and dwarfs the
15-cmrule. Irregular shading of capsule is an artifact.

fiehematopoiesiis orderly, with relativelv normal propor-
ionsof maturingred cells, white cells. and platelets. but
certaicases show a disproportional activity in any one of
thesthreemaiorlines. Most readilv visualized are the nests
olnomoblastand megakarvocvytes.

The liver is often moderatelv enlarged. with foci of
extramedullhematopoiesis. The lvmph nodes are onlv
rarelthesite of blood formation and usually are not en-
larged.

Theclassic bone marrow finding is diffuse fibrosis with
Obflteratiof the normal myeloid elements (Fig. 15—34).0n
occasiothowever. marrow biopsy discloses hypercellularity
Witnraliferaticof all the mveloid elements and sometimes
Promine;;hnorma|_|ookingmegakarvocvte5, Even in the
earlcellularphase, a tell-tale finding of the more extensive
fibrosto come is a delicate deposition of reticulin, only
evideinnsnecial stains. Moreover. sequential studies have
showthatthe fibrosis appears first in centrally located
bonewhereasthe large bones of the extremitiescontain
hyperplastiynarrow.

CLINIC.COURSEMyeloid metaplasia is uncom-
morinindividuals under 50 vears of age. Except when
Precedeby polycythemia vera or CML, it usually
cometoelinical attention because of either Progressive
anemior marked splenic enlargement. producina a
dracairesnsationin the left upper quadrant. Some
PatieNnare asymptomatic. Most strikina are the labo-
ratorfindinas There is usually a Mmoderate-to-severe
Ormochromormocytic anemia. Red cells show all
Mann€of yariation in size and shape, but particu-
lar Yeharacteristicare teardrop-shaped erythrocvtes
(poikilocytey, addition, numerous ”0fm0b|a.5t?]an1
stippled red cells appear in the Periphera
blooThewhite cell count ma\'?'?,e normal, leukopenic,
oﬁf}‘arkedh/elevated (80,000 to with a
Shiltothe left Tumically, myeloblasts. Myelocvtes. and
metamyelocyteongtitute a small fraction of the white

Populatiolgn peripheral smear. The platelet count

is usually elevated at the time of diagnosis, but throm-
bocytopeniasupervenes as the disease progresses. Mor-
phologic abnormalities of the platelets (giant forms) are
frequent, and sometimesfraomentsof megakaryocytes
may be detected in the peripheralblood. Biopsyof the
marrowto detect the early deposition of reticulin or the
more advanced fibrosis is essential for diagnosis. The
differential diagnosisof CML frequently arises in these

Figure 15—34.Mvelofibrosis. Marrowcavity is virtually replaced by
fibrous tissue, totally obliterating normal hematopoietic elements.
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patients. In myeloid metaplasia, leukocyte alkalinc

phosphatase levels are often elevated, or at least normal.

whereas in CML these levels are low or absent. More-
over, most patients with CML disclosethe Pht chro-
mosome, which is absent in agnogenic myeloid meta-

plasia. An equally difficult differential diaanosis is

mvelophthisic anemia secondary to an identifiable cause

of tnarrow injury. In such cases the diaanosisof aano-
aenic mveloid tnetaplasia can be established onlv bv

careful historv-takinato elicit the cause of marrow
injury, or by morpholoaidetectionof the underlying
cause (e.a.. cancer) in the marrow bionsv.

The course of this disease is difficult to predict.
Despite weight loss attributed to the increased metab-
olism of the hvperproliferatina cells. most patients can
survive for vears with transfusions. Sometimes the
course is punctuated by episodes of acute left upper
auadrant pain arisina from splenic infarctions. Secon-
darv aout may appear as a manifestationof the rapid
turnover of blood cells. Threats to life are intercurrent
infections, thrombotic or hemorrhaaic crises related to
the thrombocytosis, and in some cases (10%)conversion
to acute leukemia.

PIASMA CFLL DYSCRASIAS AND RELATED
DISORDERS

This rather vaque title refers to a diverse aroup of
conditions having in common: (1) uncontrolled prolif-
eration of plasma cells or closelv related cell tvpes, and
(2) abnormally hiah levelsin the bloodand/or urine of
a monoclonalhomoaeneousimmunoalobuliror one of
its constituent polypeptide chains. In essence these
conditionsare neoplasmsof B cells, Thev differ, how-
ever, from the B-cell lymphomas discussed earlier bv
virtue of the fact that in plasma cell dyscrasiasthe
neoplastic B cells are differentiated enough to secrete
immunoalobulins or their components. In the individual
patient the immunoalobulin belonas to a sinale class.
subclass. and type and is indistinauishable in structure
from a normal immunoalobulin. Thus, there are 1aG.
JaM. 1aA. laD, and rarelv lgE dvscrasias. It would
appear, then, that the plasmacell proliferatiorin the
individual patient is monoclonalin origin. The immu-
noglobulin as identified in the blood is referred to as a
complete M component in reference to Myelom_a. Since
complete M components have molecular weiahts of
160,0000r higher, they are largelyrestrictedto circu-
lating plasma and extracellular fluid. However, they
may appear in the urine when there is some formof
glomerular damage with heavy proteinuria. In some of
these dyscrasias, excess light (L)or heavy (Il) chains are
also synthesized alongwith complete immunoglobulins,
but the polypeptide chains are always identicalto those

found in the complete immunoglobulin. and thus the L
chains are either kappaor lambda(never both)or the
[l chains ofa sinale class (e.a.. either alpha. camma, or
mu. etc.), dependina on the particular class of la.
Occasionally only L chains or H chains are produced
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but no complctc lg. *1licfrce L chains, known  Bente

Joncs proteins. arc sufficientlvsmall in sizeto  rapidly

excreted in the urine. and so mav bc totally cleared
from thc blood or persist only at very low levels.
llowcver. with renal failure or massive syntheeos, they

may appear in the bloodin significantconoaftrations.
Thus, the cotnmon thread throughout this (litemc aroup

of entities is the appearance of excessivelevels of com.

plcte or incmnplete immunoalobulins in the plasma
and/or urine. llcnce, a caricty of alternaticc desiana-
tions have been applied to these dygcrasiag, vuchas

gammopathies. monoclonal gammopathies, dv;protein-

emias, and paraproteinemias. It is of interest that, of

the innumerable M components studied to date, notwo

have been structurally identical.

A variety of clinicoanatomic patterns, listed below,
can be differentiated among these gammopathres.

I. Multiple myeloma (plasma cell myeloma) is the
most important and most common syndrome. It is
characterized by multiple neoplastic tumorous masses
of more or less mature plasma cells, haphazardlyscat-
tered throughout the skeletal system and sometimesin
soft tissues (Fig. 15—35'Solitary myelomaor solitary
plcmnacytomais an infrequent variant consistingofa
solitary neoplastic mass of plasma cells found in bone or
some soft tissue site. Some, but not all, patients with
solitary lesions eventually develop multiple myeloma.
sugaestingthat the solitary lesions represent an early
stage of the disseminated disease.

2. Waldenstrém's macroglobulinernia has been
separated from the other aammopathies by virtue ofthe
fact that it is characterized by the synthesis. usuallyof
IaM and rarely 109G or IgA, and ‘a diffuse infiltrate
throughout the bone marrow, aswell as extramedullary
Ivmohoid tissues of plasma cells, plasmacvtoid lympho-
cytes, and lvmphocytes.The Iytic bone lesionsth)ical
of myelomaare not present in this condition. .

3. Heavv-chaindiseaseis a rare gammopath\dis-
tinquishedby neoplasticmedullaryand extramedullary
infiltrates of plasma cells, and precursors that Spithesize
only heavy chains.

4. Primary or immunocyte-associatedmnyloidosis
is also an expression of plasma cell dyscrasia. It maybe
recalled that this form of amyloidosis results froma
monoclonal proliferation of plasma cells, with €xcessive
production of free light chains that are depositedas
amyloid (p. 197).

_ 9. Lvnwhoproliferativedisease teith dysproteines
nalarefers to those uncommoncases of CLL and NHL
In which the neoplastic B cells are differentiated nN0Ugh
to produce monoclonaiimmunoglobulins. .

.. 6. Monoclonal ganonopathy of undetcnnined S19-
nificance (MC,US)refers to instances in which M
ponentsare identifiedin the blood in patients
NO symptoms or signs of anv of the better characterized
monoclonal gammonathies. At one time this condition
was termed benign monoclonalgammopathy, but this
designation is misleading because some of these Patients
develop symptomatic multiple myeloma nr other Plastna
cell dyscrasiasafter a variable interval 02
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Figure 15—35.Radiograph of skull extensivelyinvolvedby focal, sharply punched-ouilesions of

plasma cell myeloma.

Adgainsthis backaround we can turn to some of the
specifclinicoanatomicentities not discussed elsewhere
inthis text.

MultipMyeloma (Plasma Cell Myeloma)

Multiplemyeloma is basicallva multifocalplasma
celcancerofthe osseous system that in the course of
itsdisseminatioimay involve many extraosseous Stes.
Aspointecout, the neoplastic plasma cells synthesize
COmpliand/or incomplete immunoglobulins. It is the
mosicommon of the gammopathies and represents
aporoximategg, Most patients are Symptomatic
whetdiagnosed.Clinical manifestations stem from the
effeciof(1) infiltrationof organs, particularly the bones,
bytumorousmasses nf plasma cells; and (2)the abnormal
immunoglobulsecreted by the tumor cells.

In 99%of patients with multiple myeloma, electro-
Phoretignalysiswill disclose increased levelsof one of

immunoglobuliclasses in the blood and/or light
chainin the yrine (BenceJones protein). In approxi-
matel6N%of patients, the M component is 1aG. in 15
t020%10A, and rarely IgM, IgD, or IgE. In the
remainings 1o 209 of cases. Bence Jones proteinuria
alonwithoutserym M components is present. How-
€VeTRence jones proteins are present in the urine
alonwith njasma M components in 60 to 80% of all
MmveloMyatients, 6¢ldentification of these Proteins in

®loocand yrine constitutes one of the most impor-

tant diagnosticfeatures of this disease. Electrophoresis
of the serum or urine (paper, adgar, cellulose, acetate) is
the most readily available and reliable procedure. When
the serum electrophoreticpattern is analyzed, the ho-
moaeneousM componentyields a high spike, referred
to asan M protein or M-component"spike." Immuno-
electrophoresis, using appropriate monospecificantisera
directed againstthe variousheavy and light chains, is
essential to establish the monoclonalnature of the M
component. Bence Jones proteins in the urine are
similarly detected by immunoelectrophoretic tech-
niques.

PATHOGENESSome waorkers believe that long-
persisting antigenic stimulationof B cells may in time
provide the opportunity for spontaneous mutation or
the activation ofa latent oncogenicvirus, leading even-
tually to neoplastic transformation6165This proposition
is supported by the increased frequency of plasmacell
neoplasmesin patients with long-standingchronic infec-
tions such as osteomyelitis, tuberculosis, cholecystitis,
and pneumonitis.66Experimentally, plasma cell tumors
have been inducedin mice by the intraperitonealinjec-
tion of a varietv of irritant substances, including
Freund's adjuvant, mineral oil, and plastic. In recent
vears, these tumors have been widely utilized to pro-
duce monoclonalantibodiesby the hybridomatechnol-
oav(p. 159).Despite the associatiorbetween persistent
antigenic stimulation of B cells ancl plasma cell neo-
plasms, the cause-and-effect relationship is still uncer-
tain.
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MORPHOLOGY. Desnite the abundance of abnormal
biochemicalfindings. the ultimatediagnosis of plasma cell
dvscrasias rests on the morphologicidentificatiorof the
abnormalaggregates of plasma cells (Fig. 15—36)In most
cases these cells make up morethan 15%. and sometimes
up to 90%. of all marrowcells. In manv instances the
neoblastic cells annear as mature plasma cells. but all
ranges of immaturitimav be encounteredincludineundif-
ferentiatedcells resembling lvmphoidprecursorsas well as
lvmphocvte—plasmecell intermediates. It mav be difficultto

identifv the neoblastic nature of the well-differentiated

plasma cell lesions from the cvtology of the individualcells;

more important is their abnormal aggregation or evidence of

their destructive potential in the form of infiltration.invasion.

and erosion. Sometimes bi- or even trinucleatecells are
seen in these lesions. essentiallv reproducingcancerous
giant cells (Fig. 15—37).Electron microscoov has disclosed.
in the mveloma cell, a highly developed endoplasmicretic-
ulum, often stuffed with amorphous material compatiblewith
immunoglobulin aggregates.67Under the light microscooe.
the oroteinageregates mav annear as acidobhilicinclusions
knownas Russell bodies. These. howeverare notpath-
ognomonic of mveloma.since thev can also be seen in
reactive plasma cells that are actively synthesizingimmu-
noglobulins.

Multinle mveloma presents as multifocal destructive
bone lesions throughoutthe skeletal svstem. The bone
resorotion results from the activation of osteoclasts bv an
osteoclast-activating factor secreted by the myelomacells.
Although anv bone mav be affected. the followingdistributio-
obtains in large series of cases—vertebral column.66Y/ *
ribs, 44%: skull, 41%: pelvis. 28%: femur.24%: clavicle.
10%: and scapula, 10%. These focal lesions generallvbegin
in the medullary cavity, erode the cancellous bone, and
progressively destroy the cortical bone. On section, the bony

Figure 15--36. Multiole myeloma. High-power detail of tumorcom-
posed of mature characteristic plasma cells.
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Figure 15-37. Multiplemyelomato show masses of plasmacells,

mostly mature, but some with anaplasia and forming tumorgiant
cells.

defects are filled with red. soft. gelatinous tissue Radioe
graphically, the lesions appear as punched-out defects,
usuallv ranging between 1 and 4 cm in diameter. In the late
stages of multiplemveloma. plasma cell infiltrationsof soft
tissues may be encounteredin spleen, liver, kidneys, lungs,
and Ilvmph nodes or more widelv.

. Renalinvolvementgenerallvcalled mveloma neohro-
Sis, appearsin 60 to 80% of cases. Grossly, the kidneys
may be normalin size and color. slightly enlarged and pale.
or shrunkenand pale because of interstitialscarring. The
most distinctive features are microscopic” Interstitialinfil-
trates of abnormal plasma cells or chronic inflammatorvcell
infiltratesmay be encountered. However, the most prominent
lesions are found in the distal convoluted and collecting
tubules, which contain protein casts (Fig. 15—38).The casts
are homogeneous and eosinophilic or polvchromatic. some-
times thev are lamellaror granular. On immunofluorescent
microscobVthe casts reveal albumin, all classes of immui-
noglobulins. kanpa and |ambda light chains. as wellas
Tamm-Horsfallprotein" In some cases the casts havethe
tinctorialand birefringent characteristics of amyloid (p. 201).
The fact thatamvloid fibrils can be produced in vitrobvthe
Df'OtGOthCdigeS.tion Of human Bence Jones protpinmakes
this morphologicfinding not so surprising.7(The casts are
usually «urrounded hy myitinucleated giant cells, whichwere
oreviouslythoughtto be formed by the fusion of tubular
enithelialcells. More recent studies suggest that the giant
cells are derived from marrophages that migrate intathe
area through discontinuitiesin the tupular basement Mem®
brane, The tibular atrophy associated with these lesions S
accomoanied by an jncrease of interstitial fibrous tissue. A
number of other intercurrentchanges may be present,in-
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dudinmetastatircalcifications as a reflection of bone
destructiand secondary hypercalcemia, pvelonephritis
incidetothe predisposition to infection in these patients,
an(systemi(amyloidosis. All of these contributeto renal
"sufficiencv.

Amyelom:neuropathv mav develop owing to tumorous
nfltratiorof nerve trunk roots. Vertebra fractures and

of roots mav add to these neurologiccompli-

catim®Occasionallv.a form of neuropathyoccurs in the
absencofobviouscauses and may represent the nonspe-
dficcarcinomatopolyneuropathydiscussed on page 1432.
Patholojfracturesare sometimes produced by the plasma
cellesionsthev are most common in the vertebral column
bumazaffectany of the numerous bones suffering erosion
andestructioof their cortical substance.

Systemiamyloidosisoccurs in about 10% of patients.
Whethiscomplication supervenes. it mav introduce all the
morpholochanges associated with the widespread de-
posiofamvloiddescribed in an earlier chapter (p. 195).

Inmosicases. infiltrates of neoblastic blasma cells mav
befouncin the spleen, liver, lymph nodes, and other
bcations.

CLINICCOURSEThe peak age incidence of mul-
tiplmyeloméis between 50 and 60 vears. Both sexes
areaffectecequally. As previously stated, the clinical
featurcof myelomastem from the effects of (1) infiltra-
tiorof organs, particularly bones, by the neoplastic
plasrreells;and (2) the production of excessive Immu-
noglobulirwhich lack antibody activity and often have
abnonnaphysicochemical properties. Infiltration of
boneis manifestedby pain and pathologicfractures.

'”° *384Proteinaceous casts surrounded by multlnu_cleate
cellsin collectingtubules of kidney in myeloma nephrosis.
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I lypcrcalcemia resultina from bonc resorption may q_ivc
rise to neurologic manifestations such as confusion,
weakness, letharqy, constipation.and polyuria. It also
contributes to renal discasc. Rccurrent infectionswith
encapsulated bacteria (e.g., pneumococci) resulting from
severe suppression of normal immunoglobulins POsC a
maior clinical problem. Cellular immunity is relatively
unaffected. To explain the loss of normal immunoalob-
ulinsit is postulatedthat the myelomacells secrete a
factor capable of activating suppressor macrophaaes,
which in turn inhibit normal B cells71Excessive pro-
ductionand agaregationof myelomaproteins may lead
to the hyperviscositysyndrome in approximatelv7% of
patients. Those with the lgA myelomaare particularlv
prone to this complicationbecause of the tendency of
lgA moleculesto form polymers. Manifestationsof the
hyperviscosity syndrome including retinal hemorrhaaes,
prolonaed bleeding, and neurologic changes are much
more common with Waldenstrom's macroalobulinemia
and are therefore discussed later (p. 693). Amyloidosis
of the AL type results from excessive imbalanced pro-
duction of immunoalobulin liaht chains (p. 197). Of
areat significanceis renal insufficiency, which is second
only to infections as a cause of death. Renal failure
develops in two different settings. In the more common
form it develops insidiously and usually proaresses
slowlyover a period of months or vears. Another form
occurs suddenly in the absence of obvious previous
renal impairment and is manifested by acute renal
failure. The pathoaenesis of renal failure, which may
occur in up to 50% of patients, is multifactorialand is
discussed in Chapter 21 (p. 1040).The most important
factor appears to be Bence Jones proteinuria, since the
excreted light chains are believed to be directly toxic to
the tubular epithelial cells.7zIn addition to these specific
symptoms. some patients may present with unexplained
anemiaor weakness.

The clinical diagnosis of multiple myeloma rests on
radiographic and laboratory findings and ultimately on
biopsy of a lesion to reveal the tumorous aggregates of
plasma cells. The radiographic changes are so distinctive
that a reasonably certain diagnosis can usually be made.
Classically. the individual lesions appear as sharply
punched-outdefects, having a rounded soap-bubble
appearance on x-ray film, but generalized osteoporosis
may also be seen. Almostall patients have a normo-
chromic normocytic anemia, sometimes accompanied by
moderate leukopenia and thrombocytopenia due to mar-
row failure. Rarely, neoplastic plasma cells flood the
peripheralblood, givingrise to plasma cell leukemia.
The hyperglobulinemia leads to rouleaux formation on
blood smear and an increased ervthrocyte sedimentation
rate. llypcrcalcemia is frequently present. Most confir-
matory of the diagnosis are M-protein spikes on blood
or urine analysis. Quantitative analvses usually disclose
more than 3 am of Ig per 100 ml of serum and more
than 6 ma of Bencc Jones proteins per 100 ml of urine.
The presence of the latter generallyimpliesa graver
proanosis.7 Asthe disease progresses and the total mass
of plasma cells expands, the level of M proteins in-
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creases. It should be remembered, however. that rarely
elevated serum imtnunoglobulinsare absent in this
disease (nonsecretory myeloma). Perhaps one-third of
the patients lack Benee Jones light chains. On the other
hand, sometimes only Renee Jones proteins are present
without increased serum gamma globulins (in so-called
"light-chain disease™).
The prognosis for this condition depends on the
stade of advancement at the time of dianosis. Patients
with multiple bony lesions, if untreated, rarelv survive
for more than sixto 12 months. Chemotherapyin the
form of alkvlating agents induces remission in 50 to 70%
of patients, but the median survival is still a dismal two
to three vears. For reasons not entirely clear, these
patients have an increased incidence of nonplasmacytic
cancers, particularlyacute myelogenousleukemias. |t is
unknown whether these are induced by alkviatinaaaents
used in therapy, or whether disorderedimmune sur-

veillance underlies this predispositionto superimposed
malignant neoplasia.

SOLITARY MYELOMA (PLASMACYTOMA)

About 3 to 5% of monnclonal aammonathies consist
of a solitarvolasmacytidesion, in either bone or soft
tissue. The bony lesionstend to occurin the same
location as in multiple myeloma. Extraosseouslesions
are often located in the lunas, oronasopharynxor nasal
sinuses. Wherever they arise, they havethe fleshy. red-
brown appearance characteristicof the lesionsin mul-
tiple mveloma. The cytologic detail is also similar.
Elevated levels of M proteins in the bloodor urine are
found in approximately25%of cases, but when present
they are not as extreme as with multiple myeloma
When patients with such localized disease are followed,
progression to classic multiple mvelomabecomesmani-
fest in most patients with osseous plasmacvtoma,
whereas extraosseousprimaries rarely disseminate. It
appears that the solitarv nlasmacvtomainvolvinathe
bones is an earlv staae of multiple mveloma,but in
some individuals it may be present for many vears
without progression. 75 Extraosseous plasmacytomas,
particularly those involvina upper respiratory tracts,
represent limited disease that can usuallybe cured by
local resection.

Waldenstrom's Macroglobulinemia

This dvscrasia. constitutina about 5% of monoclonal
oammopathies. is marked bv a diffuse. leukemia-like
infiltrate of the bone marrow by lvmphocvytesplasma
cells, and hybrid forms that synthesizea structurally
and antigenically homogeneous laM immunoalobulin,
leading to macroglobulinemia.When first described, it
was thought that the immunoglobulin was alwaysof the
IaM class, but it is now known that in some patients it
may be 1gG or 1gA.7¢Approximatelvhalf the patients
have lymphadcnopathy, hepatomeaaly, or splenomeg-
aly, alone or in combination. This disease may best be
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differentiated lymphocvtic lymphoma. As in ryelorna
the neoplastic 13cells secrete a monoclonalimmuno_
alobulin. llowevcr, unlike myeloma but resembling
lymphoma, the tumor cells diffusely infiltrate the

lymphoid tissues including bone marrow, spleen, ang

lymph nodes.

MORPHOLOGY. Tvpicallv there ig a diffuse, <narse-to.
heavy infiltrateof the bone marrow by lvmphocytes, plasma
cells, lymphocvtoid plasma cells, and other variants on thig
theme (Fig. 15—39)The infiltrateis rarelv as heavy as that
encounterecin leukemiaand does notoccur in tumoroug
masses thatare characteristic of plasma cell myofornaThus,
thereis no bone erosion or characteristic radiographicfind.
ing. Abnormalplasma cells are sometimes found. Forex.
ample. "flame" cells have diffuse, intensely ooginophilic.
staining cvtoplasm. Thesaurocvtes (storage cells) contain
both cvtoplasmic and intranuclear inclusions, which stain
intenselvwith PAS (Fig. 15—40)The inclusions represent
lgM or IgA, having the highest content of carbohvdrate
among the immunoglobulinsThese cells are notdiagnostic
of Waldenstrém'smacroglobulinemiaand are sometimes
encounteredin othergammonpathies, such as IgA mveloma.
An increased numberof mast cells mav also be present.

A similarinfiltratemav be presentin the lvmohnodes.
spleen. or liver in patients having disseminateddisease.
Infiltratiolof the nerve roots. meninges, and cerebralsub.
stance by proliferatingells has also been reported."

CLINICALCOURSE. Waldenstrdm's  macroglobuli-
nemiais a disease of old age, rarely presenting before

Figure 15—39.\1midenstrém's
with pleomorphic cg||ularity ¢
and nlasma cells admixed
case Record21964. N En

Y permissionfromThe New

macroelobulinemia. Detail of marrow

ontaining recognizable lYmphocvtes

ith manv hybrid forms (FrnmC?bOt

gl.J. Med.270:1190.1964.Reprinted
England journal of Medicine.)
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@urel5-40.Waldenstrém's macroglobulinemia. High-power detail
ofinfiltradisclosing an intracellular inclusion (arrow) made up of
macroglobul(H and E stain.) (Courtesy of Dr.Jose Hernandez,
Departmiof IPathology, Southwestern Medical School, Dallas,

Texas.)

theseventhdecade. The dominant presentina com-
plainiare weakness, fatigability, and weight loss—all
nonspecifsymptoms. 78As pointed out, lymphadenop-
athyhepatomegalyand splenomegaly may be present.
Thspecificomplaints stem largelv from the abnormal
physicochemiproperties of the macroalobulins.Be-
causoftheir large size and increased concentration In
bloottheseparaproteins tend to form large aggregates
thagreatlyincrease the viscositv of blood. The resultina
hyperviscossyndrome is characterized by visual Im-
Painnentneurologic sians, and excessive 00zina from
tcoundThe visual disturbances are related to the
strikirtortuosityand distention of retinal Veins, with
narrowilat arteriovenous crossings, producina what
habeenlikened to a "sausage-link" pattern. Some-
timesretinal hemorrhages and exudates result frpm
venolgistention. The neurologic Symptoms Stemming
frorsluagisiblood flowand sludaing are protean: they
inclutheadache dizziness, deafness. and even Stupor
somicases. Fxaessive bleedina is related not onlv to
hvnerviscosht also to interference in platelet func-
ti0naswell as inhibition of clotting factors by macro-
alobulirin some cases the abnormal globulins Precio-
itatat lowtemneratires, giving rise to symptoms of
Crvoglobulinesych as Raynaud's phenomenon and
urticaria.
Despitethe numerous clinical findinas. diagnosis
testheavilyon Jahoratorydata. Unlike Myeloma, there
no distinctive radiologic findings. Classicallv. the
~ analysisof the serum disclosesan M-
Protespike,which is identified as IgM by Immuno-
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electrophoresis, Associated Bcnce Joncs proteinuria 0c-
CUI'Sin 20 to of cases: for unknown reasons,
however. renal damage is much less comrnonthan In
Inultiple tnycloma. A variety ofother laboratory findinas
are present but arc of less value diagnosticallv.These
include anemia, an increased sedimentation rate, rou-
leaux formation, hypcrvi«cosity. and cryoglobulinemia.
Ultilnately, diagnosisrests on the typical bone marrou;
findings along trith an Meproteirlspike, usually due to
IgM, in the scrutn. Differentiationof Waldenstromes
inacroglobulinemifrom malignantlymp.,oma is some-
titnes difficult. Since most lymphomasalso have a B-
cell origin, clinical forms intermediate between thern
and Waldenstrém'sare not entirely unexpected. Differ-
entiation, then, becomeslaraelva matter of
and is usually based on the predominant clinical symp-
toms.

The averagesurvivalin this disease is two to five
years with appropriatechemotherapy.

Heavy-chain Disease

These extremely rare monoclonal gammopathies
will be discussed only briefly. Three variants have been
described, each characterizedoy elevated levelsin the
blood or urine of a specificheavy chain of immunoglob-
ulins. 79Gamtna-chain disease, encountered most often
in the elderly, resemblesa malianantlymphomamore
than a multiple myeloma.The manifestation«consistof
lymphadenopathy, anemia, and fever often accompanied
by malaise, weakness, and hepatomeaalyor splenomeg-
aly. Immunoelectrophoresiswith monospecificantisera
discloses gamma chains in the serum or urine. Histoloaic
study revealsan infiltrate of plasmacells and lympho-
cytes admixed with eosinophilsand histiocytes. Lvtic
bone lesions are not present. Because levels of normal
immunoalobulinare low. patients with this condition
are susceptible to infection. In some instances the
disease appears in associatiorwith tuberculosis, rheu-
matoidarthritis, and variousautoimmunediseases, but
no causal relationship has been established. The course
can be rapidly downbhillto death within a few months,
or may be protracted for years.

Alpha-chain disease, the most common in this
group. may be viewedas a disorder of 1gA-producing
cells involving mainly the sites of normal IgA synthesis.
It occurs mainlvin vounaadults in two clinicalpatterns.
One. seen mostcommonlyin the Mediterraneanarea,
is characterized by massive infiltration of the lamina
propriaof the intestine and abdominallymph nodes by
lymphocytes. plasma cells, and histiocvtes. Villous atro-
phyv and severe malabsorptionwith diarrhea, steator-
rhea, and hypocalcemizare consequencesof the infil-
trate. With progression, the infiltrate may be replaced
by large neoplasticcells and transforminto an immu-
noblastic sarcoma of B cells (p. 664). This abdominal
fortn of alpha-chaindisease is now designated "immu-
noproliferative small intestinal disease."79/The other
clinical variant marked by a similar infiltrate limited to
the respiratory tract is much less common80Required
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for the diaanosis of both conditions is the demonstration
ofalpha-chain ptotein in the serum. Occasionally,small
amounts of aloha-chainsappear in the urine.

Mu-chain disease is the rarest of these entities,
most often encountered in patients having cluonic Iytne
phocvtie leukemia81 Characteristic are vacuolated
plasma cells in the marrow. Immunoelectrophoresis
reveals an excess of mu chains in the blood, and
sometimes also kappa-type liaht chains in the urine.
Hepatomeaalvand splenomegalvare usuallypresent,
but in contrast to the usual case with CLL, peripheral
lymphadenopathy is inconspicuous.

Monoclonal Gammopathy of Undetermined
Significance

M"henlarae numbers of individualsabovethe aqe
of 50 are screened by electrophoresifor M-protein
serum spikes, about | to 3% are found to have elevated
levels of 1aG, IgA, or laM. despite the fact that they
are completely asymptomaticand clinicalinvestiaation
does not discloseany of the well-definedimmunoalob-
ulin-producing diseases. Tothis dysproteinentiawithout
associated disease. the term "tnonoclonaloammopathy
of undetermined sianificance"(MGUS) is applied.
MGUS is much more commonthan previouslyappre-
ciated; in one larae studv. over two-thirdsof the cases
with a monoclonalserum protein belonaged to this
cateaorv.62Contrarv to previous beliefs. the course of
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icti ic lynjphomas (p. *665).and lliatiocytic )
Pa:?\t/l?g\t,it(l;%lc\)/sclgfrom the clearly reactive proliferations
exemplified by tuberculosis anc_i other |_nfect|ons grant'.
lotnas. Prol)lenisoccur in trving to find a - for
certain rare proliferativcdBordcrs often described
histiocytosisX. This term includes generalized higtio-
cvtosis (Letterer-Sitec syndrome), pnultifocal eosino.
philic granulotna (lland-Schiiller-C/1rivtian //iscase),
and unifocalor solitar/ eosinophilicaranulopna, 'I'hcse
three conditionsarc )clicved to rcpresent diflOrent
clinicoanatomicatterns of the same ba«ic disorder,
Generalized histiocytosis, which behaves like a dissem.
inatcd malignant tumor, lies at one end of the spectrum,
whereas unifocal eosinophilic granuloma with its benign
course representsthe other end. In bctween hes mul.
tifocal eosinophilic granuloma, with intcrrncdiate prog-
nosis. Although these disorders differ from each other
with respect to the extent of organ involvementand the
prognosis, they are unified by the presence in the lesions
of large, histiocyte-like cells that bear several similarities
to Langerhans'cells. These cells, you may recall(p.
160).are normallv present within the epidermi> and are
believedto be related to the mononucleamphaaocvte
system. They have FC receptors, bear HLA-D/DRan-
tigens, and react with anti-OKT6 antibody, whichalso
binds to thymocytesbut not to peripheral T cells. These
immunoloaicmarkersare also present on the so-called
histiocytosis X cells (11XC) that infiltrate the organs
involvedby these disorders82The similarity between

MGUSis not entirely benian. In a ten-vearfollow-up Lanaerhans'cells and 11XC extends also to the ultra-
of 241 patients with MGUS, 18% developed a well- structural level, The cytoplasmof 11XC containschar-
defined plasma cell dyscrasia (myeloma, macroglobuli- acteristic inclusionscalled histiocytosis X (11 X) bodies,
nemia, amyloidosis, or lymphoma). In another 9%, no Which resemble Birbeck granules found in Langerhans'
overt disease appeared but a significantincreasein the  cells (Fig. The I-IXbody is seen as a pentalam-
serum monoclonalprotein sudaested expansionof the inar, rodlike tubular structure with characteristicpe-
abnormal plasma cell mass.62In aeneral, patients with riodicity and sometintesa dilated tenninal end (tcnnise
MGUShave less than 2.0 gm per dl of monoclonal racquet appearance). Thus, histiocytosis X is viewed
protein, no Bence Jones proteinuria, and fewer than 5% currently as a proliferative disorder of Langerhans' cells
plasma cells in the bone marrow. However, none of O their marrowprecursors, and hence the term “Lan-
these criteria is absolutely reliable, and therefore the derhans’ cell aranulomatosis'has also been appliedto
diaanosis of MGUS requires careful exclusionofall the ~them.84Althoughthe cell of origin seems to be reason-
other specificforms of monoclonalgantmopathies.ably well established, the pathogenesis of histiocytosis
Whether a given patient with MGUS will followa X'is still mysterious. Diffuse histiocytosis behaves like
benign course, as most do, or develop a well-defined @ maliananttumor, whereas ensinophilic granulomas.
plasma cell neoplasm cannot be predicted, and hence Whether solitaryor multifocal appear to be non-neo-
periodic assessment of serum M componentlevelsand  Plastic, rarely causing death. It is conceivable that they

Bence Jones proteinuria is warranted. ave all reacive disorders of variable severity, responding
to unknown inciting agents.

HISTIOCYTOSES

Several classifications of these disorders have been
proposed. Some are based on segregationinto reactive
and neoplastic categories, others on the level of matu-
ration of the histiocyte-macrophagesinvolved. Still oth-
ers include the histiocyticproliferationsencountered in
storage diseases such as Gaucher's and Niemann-Pick
disease. Regardless of the nosoloaicscheme emploved,
it is relativelyeasy to seqgregatethe clearl_yneoplastlc
proliferations such as the monocyticleukemias, the rare

Generalized

Histiocytosis _Gi
Syndrome) YLOSIS (Letterer-Siwe

This condition nq

' constitutes essentially an acuteor
subacute progressive : Y

. svstemic proliferation of mature
Z‘P\?I érrr;rgatucrje histiocytes. Classically, infants and young
the diseace 3 vears of age are affected. Sometimes
I9€aS€ Is present from birth. OccasionalrePorts
suqgest that a closely similar gisorder may also occurin
adults.&n the very young the onset is marked by fever,
sometimeselated tg 4 |ocalized infection such as Otitis
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figure15-41. Histiocvtosis X. Infiltrate is composed of large,
cordecellscontaining reniform and infolded nuclei (A). At higher
pow(B),characteristiBirbeck granules (arrows) and membrane
reavitfforthymocyte differentiation antigen T6 (dense deposits

cellmembraneare observed These features are also bresent
hromalLangerhans'cells. (Courtesy of Dr. George Murphy,
HnardMedicalSchool, Boston, MA.)

medor mastoiditis.followed soon by a diffuse macu-
bpapulieczematousor purpuric skin rash and subse-
quetenlaraemenofthe spleen. liver, and lymph nodes
throughcthe body. Cystic, rarefied lesions may be-
Ornapparenradiographicallvin the skull, pelvis, and
lonhonesAnemia, thrombocytopenia, and leukopenia
arefrequenthpresent as manifestations of floodina of
thonemarrowby proliferatinghistiocytes. The clin-
_picturéof diffuse histiocytosis shows several simi-
hritieto acute Jeukemia, histiocvtic medullary reticu-
bsisanda variety of infectious processes. These must
beclearhexcluded by morpholoaic and other appro-
Matcriteriapefore diagnosis is made.

MORPHOLOGYThe characteristic microscooic feature
p-th|sr‘|i<nl’deris an apparent ne0p|astic prO“feratiOn of
.UOCVtGa-hroughou.‘virtuallva” the organs and tissues of

bodyThe cells have abundant. often vacuolated cyto-

whichic amphophilic-to-acidanhilic. and vesicular
renifornor jindented nuclei. Nucleoli, when present,
smallnceasionally, multinucleated giant histiocvtes are
aduli and jn some cases, especiall\{ thOS.e I[‘lvplvmg
thereImay be some atypia and variationin histiocvte
andshape. with electron microscopy, occasional histio-
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cvtes can be seen to contain HX bodies (Fig. 15-41),
described earlier. The proliferatinghistiocvtes sometimes
disclose evidence of phagocvtic activitvin the form of inclu-
sions of nuclear debris or occasional red cells. but striking
ervthrophagocvtosissuch as is seen in histiocvticmedullary
reticulosis, is not present. The histiocvtic infiltratescan be
seen in the skin lesions, lymphnodes. spleen. and liver and

particularlvwithinthe bone marrow. where thev mav cause

erosive defectsvisible on x-rav film. In fatal cases. manv
otherorgans and tissues are affected.includingthe lungs,
kidneys, gastrointestinal tract, and meninges.

The course of this condition is somewhat variable
and appearsto be related to age of onset. Up to the
recent past, infants under 6 months of age generally
pursued a rapid course to death within sixmonths, and
older children rarelv survived more than one to two
vears. Intensive chemotherapy has remarkably Im-
proved this gloomyoutlook. Lahey, in an analysisof a
varied group of children with histiocvtic disorders, cited
"complete to good" remission in about two-thirds of
infants under the age of 2 years with the use of several
chemotherapy programs.86Several immunologic abnor-
malities, including a deficiency of T-suppressor cells,
have been described in some patients. Administration
of calf thymic extract has reversed some abnormal
responses and also induced clinical remission, sugaest-
ing that deranged immunitvmay be an intearal com-
ponent of this disorder87Thus, there is new hope in
this previouslyarim situation. Death is usually related
to intercurrent infections and progressive anemia and
debility.

Eosinophilic Granuloma—Unifocaland Multifocal

The distinctivemorphologiclesions of boththe unifocal
and multifocalvariants consist of expanding, erosive accu-
mulations of histiocvtes usuallv withinthe medullarv cavities
of bones. Freauentlv.a few to many of the histiocvtes are
foamv and vacuolated. These are variably admixed with
eosinophils. Ivmphocvtes. nlasma cells. and neutrophils (Fig.
15—42)0ccasionallv. there are areas of necrosis within
these infiltrates,rimmedbv a more intense infiltrationof
neutrophils and sometimes multinucleated histiocvtes, re-
sembling foreign bodv—tvpor Langhans' giant cells. The
eosinonhilic compbonent ranges from scattered mature cells
to sheetlikemasses of cells. The foam cells. too. mav be
massed in some lesions, but since they merely reflect
phagocvtosis of linid debris. thev have no particularsignifi-
cance. Rod-shaped HX bodies mav sometimesbe present
in the histiocytes within these lesions, similar to those
described in the generalized histiocvtoses. Although virtuallv
anv bone in the skeletalsvstem mav be involved.favored
localitiesare the calvarium.ribs. and femurs. Thus. in a
series of 50 cases of unifocaleosinophiliceranuloma.ap-
proximately60% of the lesions occurredin one of these

in the skin, lungs, or stomach,eitheras unifocallesions or
as componentsof the multifocaldisease.

Unifocal eosinophilic granuloma is a benign disor-

der that occursin childrenand youngadults, especially
males. The solitary lesions may be asymptomatic, or
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Figure 15-42. Eosinoohilic granuloma.The tvpical roundand oval
macrophages are most numerousbelowand are interspersecwith
scattered lymphocytes, plasma cells, and eosinophils.

may cause pain and tenderness as the lesion erodes the

bone and in some instances leads to patholoaicfractures.

There are usually no systemicmanifestationssuch as
fever, nor involvement ofthe blood or viscera. Diagnosis
is based on roentgenologic demonstration of a focal
destructive bone lesion arisingwithin the marrowcavity
and on the characteristic morphologicfindings. In some
cases, spontaneous fibrosisand healing occur, usuallyin

the span of a year or two. In other instances, curettage,

excision, or local irradiation leads to a cure. Occasion-
ally, individuals with an apparent unifocal lesion are

encountered in whom, over the course oftime, multiple

lesions in bones or soft tissues develop. Whether such
a sequence implies conversion of unifocal eosinophilic
granuloma to the multifocal disease. or instead repre-

sents a single overt lesion presentinafirstin a patient
with disseminated disease, is unknown. In any event

it is clear that patients with unifocaleosinophilicgran-
uloma must be carefully followedfor vears.

Multifocal cosinophilic granuloma is a more dis-
ablina disease. with onset usually before the age of 5
vears. This syndrome was formerly called Hand-
Schiillcr-Christian disease. (p. 694). Tvpically, patients
have fever: a diffuse, scalv. seborrhea-like eruption,
particularlv on the scalp and in the ear canals;and
frequent bouts of otitis media, mastoiditis,and upper
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respiratory infcctions as well as gingival infiatnrmationg,
Mild Iymphadcnopathv.hCDatOtanaW- and solenomcg.
aly due to infiltratesmay bc present. Pneumonitisyyith
diffuseradiographicpulmonary opacities arc sometimes
present, perhaps related to granu_Iorna}tousi_m,oh,ement
of the lungsor to intercurrcnt microbiolodiCinfections,
Abouthalfthe patients have granulotnatous jnyalvement
of the posterior pituitary stalk or hypothalamus|eading
to diabetes insipidus. Orbital granulornas induce cxoph.

Plai. However, with
tifocaleosinophilicaranulomahave the completetriad.
It may be evident that the presentation of jsifocal

tiple histiocytic lesions in bones and viscera bears con-
siderable resemblanceto generalized histiocytosisac-
counting for the belief that the two syndromesgare
variable expressions of a single disorder. [lowever, in
contrast to generalized histiocytosis, the prognosisin
multifocal eosinophilic granuloma is good. In halfthe
patients the lesions spontaneouslyresolve, and in the
other halfchemotherapyinduces ultimate recovery.

ANGIOIMMUNOBLASTICLYMPHADENOPATHY

This entity, sometimesalso called “angioimmuno-
blastic lvmphadenopathywith dysproteinemia,™ isan
uncommon systemic disorder marked principallyby
aeneralized lvmphadenopathy. 89Seen principally in el-
derly individualsiit is characterizedby fever, weight
loss, generalized lvmphadenopathy (present in all cases),
hepatosplenomegaly, maculopapular rash, polyclonal
hvpergammaglobulinemia, and Coombs'-positive he-
mOlytICar_]emla. Ahistory of drug ingestion—penicillin,
sulfonamides, aspirin, halothane, phenytoin sodium,
griseofulvin,allopurinol,and methyldopa—is sometimes
present and may precipitate the disease.

In addition to the involvement of the lymph nodes,
less characteristic anatomic changes are encounterecin
the spleen, liver, bone marrow, skin, and lungp The
lymph nodes are aenerally2 to 3 ¢m in diameter.soft,
movable, nonmatted, and sometimes tender. Thehis-
topathologicdiagnosisrests on the followina triad:(
a pleomorphiccellular infiltrate of small and large
lvmohocytes,immunoblasts, and plasma cellsthat infl-
trates the capsuleand effacesthe nodal architecture:
(2) an arborizing vascular profiferation accompanie®y
e¥dothellal cell hvnerplasia; and (3) interstitial deposits
Ot an amorphous, eqsinophilic, PAS-positice Material
thOUght to be cellular debris (Fia. 15443\,Immun0ﬂU'
orescent and jmmunoperoxidasetechniques reveakr
toplasmic inclusions of immunoglobulins in manyofthe
lvmphoid cells. 91| ess characteristic pleomnrnhicinfi-
trates may be found in the other organs mentiotrF]a
golrgg::]lmes with marked erythrophagocytosis i

PIEEN (accountingfor the hemolytic anemia).
The nature of this entity is obscure, but the cine!
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Figure15-43. Angioimmunoblastic lvmphadenanathv. Note pleo-
morphinfiltrateconsisting of small dark cells (lvmphocvtes),
plasmcells, and large cells with vesicular nuclei (immunoblasts).
Theelongatemnuclei (arrows) represent endothelial cells, which are
usuallquite prominent owing to vascular proliferation. (Courtesv of
Drlose Hernandez Department of Pathology, Southwestern Med-
icaSchoolDallas, Texas.)

ancanatomidindings are most consistent with chronic
antigenistimulation inducing non-neoplastic prolifera-
tiorofB lymphocytes. The frequent, but not invariable,
historofdrug ingestion raises the possibility that these

Congenital Anomalies
PATHOLOGY
Wenomegaly

Hypersplenism
Splenic Infarcts

NORMAL

Thespleen is to the circulatory System as the lymph
nodeare to the lymphatic system. Among its functions
arefiltratiorfrom the bloodstream of all Toreign" matter
includinahenlescent and damaged blood cells, and
Participatitin the jmmune response to all blood-borne
antigenspesigned ingeniously for these functions, the
soleetis a maior repository of mononuclear Phagocvtic
cellin the req oulp and of lymphoid cells in the white
pulpNormallyin the adult it weighs about 150gm and

Nonspecific Acute Splenitls
Reactive Hynernlasia of Spleen

Congestive Splenomegaly

Spleen 697

agents precipitate the immune response. Jndced, the
anatomicchanges in angioimmunoblasticlymphadenon-
athy arc very similarto thosc encountcrcd in lvmph
nodes in so-called "drua reactions,” except that vascu-
litic lesionsare often prcsent in the latter. In patients
without a history of drug ingestion, an autoimmune
reaction is postulated, but no definite triggcring agents
have been identified. A variety ofimmunologic derange-
ments includinaa deficiencvof T-suppressor cells. cu-
taneousanergy, or the presence of suppressor mono-
cvtes have been described in patients with this disorder.
llowever, there is no characteristicor constant Immu-
nologic abnormality, which suggests that angioimmu-
noblastic lymphadenopathy may evolve by several dis-
tinct mechanisms. i

The course of this disorder is extremely variable.
About one-half of the patients survive two to four vears,
some (25%)without any treatment. others (25%)with
treatment (steroids.combinationchemotheraowv). In the
remainder, the disease proaressesrapidly, regardless of
the treatment given. Most deaths are caused by severe
infection, possibly related to immunoloaic Incompe-
tence, but some patients have developed immunoblastic
sarcomas. In such cases, it is postulated that one of the
several hyperactive B cells becomes autonomous and
neoplastic. Thus, a monoclonal B-cell neoplasm, asso-
ciated with a change from polvclonal to monoclonal
hypergammaglobulinemizmay emerge (see also the
discussion on p. 668):

In this condition, confusion stems from two sources:
() it is frequently misdiagnosed histologically as a
lymphoma. particularly Hodakin's disease, because of
the pleomorphiccellular infiltrate: and (2)the presence
in about 40% of patients of a pruritic, aeneralized,
maculopapularash, interpreted as a dermal druq re-
action, may direct attention away from the potentially
serious underlying systemic disorder.

Spleen

Neoplasms
Primarv lesions
Secondarylesions
Rupture

measuressome 12 cm in lenath, 7 cm in width, and 3
cm in thickness.It is enclosedwithina thin, glistening
connective tissue capsule that appears slate ‘gray and
through which the dusky-red, friable parenchyma of the
splenic substance can be seen. In man, unlike some
animals, there is little if any smooth muscle in the
capsule and therefore virtually no contractile function.
The cut surface of the spleen is dotted with agray specks,
the splenic or malpiahianfolliclesthat constitute the
white pulp. In three dimensionsthis white pulp forms
periarterial sheaths of lvmphoid cells around the arter-
ies, most abundant about the larger branches and pro-
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aressivelymore attenuated as the arterial supplypene-
trates the splenic substance. A cross section of such an
arranaement reveals a central artery surrounded cc-
centricallybv a collar of T lvmphocytes, the so-called
periarteriolar lymphatic sheath. At intervals the lym-
phatic sheaths become expanded, usuallyon one side
of the artery to form lvmphoid nodules composedprin-
cipally of B lvmohocytes. Upon antigenic stimulation,
tvpical aerminal centers form within these B-cellareas
(0. 656). Eventually the arterial system terminates in
fine penicilliary arterioles, which at first are enclosed
within a thin mantle of lvmphocvtes but which then
enter the red pulp, leavingbehind their “fellow-travel-
ers.

 The red pulp of the spleen is traversed by numerous
thin-walled vascular sinusoids, separated by the splenic
cords or “cords of Billroth." The endothelial lining of
the sinusoid is of the open or discontinuoustype.
providing passage of blood cells between the sinusoids
and cords. The splenic cords are spongelikeand consist
of a labyrinth of macrophaaes loosely connected throuah
long dendritic processes to create both a physical and a
functional filter through which the blood can slowly
seep.

It is widely believed that the blood. as it traverses
the red pulp. takes two routes to reach the splenic
veins. Some of the caillarvflowis into the splenic
cords and is then graduallyfiltered out into the sur-
rounding splenic sinusoidsto reach the veins:this is the
so-called “open circulation,” which is functionallythe
slow compartment. The other pathway involvesdirect
passage from the capillaries to the splenic veins without
the intervenina stage of passage throuah the cords.
This, the "closed circuit," is understandablythe more
rapid compartment. Accordinato current views. onlya
small fractionof the blood entering the spleenat any
given time pursues the “"open™ route. Nevertheless,
during the course of a day the total volume of blood
passes throuah the filtration beds of the spleniccords,
where it is exposed to the remarkably sensitive and
effective phagocytic macrophages, which are able to

Most anatomic disorders of the spleen are secon-
dary to some systemicdisorderand thus are the con-
sequence of normal splenic function, These can be

1. Filtration of unwanted elernentsfrom the blood
by phagocytosisin the splenic cords is a major function
of the spleen. Asvyou know, 1/120thof all red cells are
destroyed daily by phagocytosisin the reticuloendothe-
lial system. Engulfment by splenic macrophages ac-
counts for approximately half this removal of ghsolescent
red cells from the circulation. The splenic phaaocytes
are also remarkably efficientin "culling” damaged red
cells and leukocytes, red cells rendered foreign by
antibody coating, as well as the abnormal red cells
encountered in several of the anemias (e.g., hereditary
spherocytosis, sickle cell anemia). As discussed earlier
(p. 615), the red cells have to undergo extreme degrees
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deformation during passage from the cords intothe
gifnusoids. In scvcral hemolvtic anemias, the reduced
plasticitvof the red cell membrane leadsto trappinc.f
the abnormal rcd cells within thc cords and subsequent
phagocytosisby the cordal macrophages, In additiorto
removal of the red cells, splenic macrophagesgre aln
involvedin "pittina” of red cells by which jnclusions
such as sideroticaranules, lleinz bodies, and Howell.
Jolly bodies are neatly excised without destructiorof
the “erythrocytes. The phagocytes are also activein
removal of other particulate matter from the blood,such
as bacteria, cell debris. or abnormal macromolecules
produced in some of the inborn errors of metabolism
(e.g., Gaucher's disease, Niemann-Pick disease).

2. A second function of the spleen relates to ts
role asa major secondaryorgan in the immunesystem.
The reticular network in the periarterial lymphatic
sheaths traps antigen, permitting it to come into contact
with effector lymphocytes. Both T and B cells are
present in the lvmphoid tissue of the spleen, andthus
it contributesto both humoral and cell-mediatecim-
mune responses.

3. The spleen is a source of lymphoreticulaicells
and sometimeshematopoietic cells. Asyou recall, splenic
hematopoiesisnormallyceases before birth, but inse-
vere anemia, extramedullary splenic hematopoiesismay
be reactivated. Lymphocyte and macrophage production
normally occursin the spleen throughout life, becoming
progressively attenuated with increasing age.

4. Because of its rich vascularization and phagocytic
function, the spleen also constitutes a reserve pooland
storagesite. In humans, the normal spleen harboronly
about 30 to 40 ml of erythrocytes, but with splenomegaly
this reservoir is greatly increased. The normalspleen
also stores anproximately 30 to 40% of the total platelet
mass in the body. With splenomegaly this platelet
storage may markedly increase, sometimes to up to80
t0 90%ofthe total platelet mass. Similarly, the enlarged
spleen may trap a sufficient number of white cellsto
induce leukopenia.In addition to the bloodelements,
as mentioned, the spleen is a major storage site ofred
cell Iron and macromolecular products of abnormal
metabolism.

In view of all these functions it is no wonderthat
the spleen pecomes secondarily involved in a wide
variety of systemic gisorders,

PATHOLOGY

o AhS the largestunit of the reticuloendothelicis
d' the sple_en IS involved in all systemic inflammations
an aeneralized hematnpoietic disorders. and many
metaboliCyisrpances. 1t i rarely the primansite,
disease. when the spjeen is involved in systemic(lis®
€ase, Splemc pnlarqement usua“y deVe|0pS‘ andthere

fore snienomegalyj i : : disorders
Of thIS Organl g yIS a major manlfestatlon Of
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SPLENOMEGALY

splenienlargetncnt may be an itnortant diaanos-
ticclueto the existence of an underlying disorder, pyt
theconditioiitself thay cause problctns. When stifii-
(ienthenlaraed. the spleen tnav cause a draqaqing
g,nsatidn the left upper aquadrant and, through pres-
suronthe stotnach, cause discomfort after eating. |n
additinits Storage function 'nay lead to the sequestra-
tiooofsianificaninumbers of blood elelncnts, aiving
ristoa syndrotneknown as hvpersplcnism (described
belowA listing, by no means exhaustive, of the dis-
orderassociateawith splenomegaly is provided in Table

15--8.

HYPERSPLENISM

Hypersplenisris encountered in only a minority
olpatientwith splenic enlaraement. In essence, this
mdromis characterizedby the triad of (1) spleno-
megausuallycaused by one of the disorders listed in
Tabl15--{secondaryhypersplenism), but sometimes
ofunknown etiology (primary hypersplenism);  (2) a
reducticofone or more of the cellular elements ofthe
bloocleading to anemia, leukopenia, thrombocvto-
penisor any combination of these, associated with
h)perplasof the marrow precursors of the deficient
celtype;and (3)correction of the blood cytopenia(s) by
splenectomThe precise cause of this syndrome is still
uncertaibut increased sequestration of the cellsand
theconsequenenhanced lysis bv the splenic macro-
phaaseemto be the likely explanationfor the cyto-
penialn mostcases there ‘is a reasonablebasis (un-
derlvirdisease)for the splenomegaly. represented bv
thetermsecondary hypersplenism. In a minority of
casehoweverthe splenomegaly is of unknownorigin
ancthesvndrome is designated primary hypersplenism.
Insuchcases, what caused the splenomeaalv? More-
ovelprimaryhypersplenism has also been diagnosed
irpatienthavingno apparent splenomeaaly, in which
casit must be assumed that sequestration was not
operativlt is apparent that there are still manvarav
areareauiringexplication. For now, It seems best to
considthe diagnosis of hypersplenism to be appropri-
atonlwhenthere is splenic enlargement. however
milcandto view primary hypersplenism as COVerina
thosinstancesin which the systemic disease causing
thesplenomegalhas remained undiscovered.

ne snlenomegalyin virtually all the conditions
Previousmentioned has been discussed elsewhere.

reremainonly a few causes that require considera-

tion.

CONGENITAL ANOMALIES

Comnletepsence of the spleen is rare and is usually
associatyith other congenital a@onormalities. Hypo-

Slaisa more common finding.

Spleen 699
15-8. DISORDERS ASSOCIATED WITH
SPLENOMEGALY

Infections
Nonspecific splonitigof various blood-borneinfections
(particularlyinfective endocarditig)
Infectious mononucleosis
Tuberculosis
Tvphoid fever
Brucellosis
Cvtomegalovirus
Syphilis
Malaria
Histoplasmosis
Toxoplasmosis
Kalaeazar
Trypanosomiasis
Schistosomiasis
Leishmaniasis
Echinococcosis
Il. Congestive States Related to Portal Hypertension
Cirrhosis of liver
Portal or splenic vein thrombosis
Cardiac failure (right-sided)

lll. Lvmphohematogenous Disorders

Hodgkin's disease

Non-Hodgkin's lymphomas

Histiocytoses

Multiple myeloma

Mveloproliferativesyndromes (chronic myelogenous leukemia,
polvcythemiavera, agnogenic myeloid metaplasia)

Chronic Ilvmphocvtic leukemia

Acute leukemias (inconstant)

Hemolvtic anemias (autoimmunehemolyticanemia, hereditary
spherocvtosis. hemoglobinopathies)

Splenic neutropenia

Thrombocytopenicpurpura

IV. Immunologic-inflammatoryConditions
Rheumatoid arthritis
FeltVs syndrome
Systemic lupus erythematosus

V. Storage Diseases
Gaucher's disease
Niemann-Pick disease
Mucopolysaccharidoses

V1. Miscellaneous

Amvloidosis
Primary neoplasms and cysts
Secondary neoplasms

Abnormal lobulations, either shallowor deep, are
another form of anomaly. These must be distinguished
from depressed healed infarcts.

Accessory spleens (spleniculi) are common and have
been encountered singly or multiply in one-fifthto one-
third of all postmortem examinations. They are usually
small spherical structures that are histoloaicallvand
functionallvidentical with the normal spleen, reactina
to variousstimuliin the same manner. They are gen-
erallvsituated in the gastrosplenidiaamentor the tail
of the pancreas, but are sometimeslocated in the
omentum or mesenteries of the small or large intestine.
Accessory sbleens may have great clinical importance,
In some hematologic disorders such as hereditary
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spherocvtosis, thrombocvtopenicpurpura, and hvocr-

splenism, splenectomyis a standard method of treat-

ment. If a larae accessoryspleen is overlooked.the

Benlefitt from the removal of the definitive spleen may
e lost.

NONSPECIFIC ACUTE SPLENITIS

Enlaraement of the spleen, sometimesalsocalled
acute splenic tumor,' occursin any blood-borneinfec-
tion. The nonspecific splenic reaction in these infections
may be caused not only by the microbioloaiagents
themselves but also by the productsofthe inflammatory
disease. Obviously, acute splenitis is also encountered
in many specific infections, but these histologicchanaes
usually provide some clue to the nature ofthe infection,
as for examole the strikina reticuloendothelial hvoerpla-
sia and erythrophagocytosiin typhoidfeveror the
characteristic ' mononucleosiscells" in infectiousmono-
nucleosis. In nonspecific acute splenitis it is impossible
to identify the causative agent from the splenicchanges.

Morphologicall\the spleen is enlarged(up to 200 to
400 gm) and soft. The color of the cut surfacevaries from
gravish-red to deep red: the whitepulpis usuallvobscured.
The splenic substance is oftendifflueniand mav be suffi-
ciently soft literallvto flow out from the cut surface. Micro-
scopicallv. the maior change is acute congestionof the red
pulp. which mav encroach on and sometimes virtuallvefface
the lvmphoid follicles. Reticuloendothelialhvoerplasiaand
numerous free macrophages are promineniwithinthe sinu-
soids, and these phagocvtic cells are oftenfilledwithviable
and disintegrating bacteria as well as amorphous debris. An
infiltrate of neutrophils. plasma cells. and occasionallv eosin-
ophils is sometimes present throughoutthe whiteand red
pulp. At times there is acute necrosis of the centers of the
splenic follicles. particularlvwhen the causative agentis a
hemolvticstreptococcus. Rarelv. abscess formatioroccurs.
Infarcts, either bland or septic, may be presentin those
cases associated with infective endocarditis.

REACTIVE HYPERPLASIA OF SPLEEN

This rather vague desianationrefers to the splenic
changes encountered in chronic inflammatorystates,
systemic antigenemia, immunologic-inflammatorcgn-
ditions (rheumatoid arthritis, Felty's syndrome, pacte-
rial endocarditis, SLE), systemic viremias (infectious
mononucleosis. herpes simplex),and chronic graft re-
jections. In all these situations,the spleenalongwith
the lymph nodes reacts as a componentof the immune
system, and so the spleen in these settinashas peen
referred to by Enriquez and Neimanas an "ctivated
spleen.’

The spleen is enlarged. sometimesup to 1000 gm, and
generallv is moderatelvfirm.The solenic capsule is naf-
fected. The red pulp mav be unusuallycongested,and on
cut surface the splenic follicles are often prominentpjcro-
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Figure 15-44. Chronic reactive hvperplasia of spleen.View
spleen substance. Sinuses are filled with macrophagesandotter
whitecells so thatthe low-powerarchitecture is suffused Wiffcells.

scopically, the dominant changes are hyperplasiaofthe
splenic follicles and marked reticuloendothelial hyperplasia,
sometimes fillingthe sinusoids with phagocytic cells showing
phagocvtosisof debris (Fig. 15-44). Large germinalcenters
may be seen in the follicles, with prominentmitoti@ctivity
and transformation of many of the follicular center cellsinto
"blasts." Macrophages, eosinophils, and humerousplasma
cells are often presentin both white and red pulp.

Should the underlving condition causina the splenic
changesbe amenableto control, the spleenin
generallyreverts to normal or near-normalsize.

CONGESTIVE SPLENOMEGALY

Persistent or chronic venous congestion Maycause
enlargementof the spleen referred to as congestive
snlenomegaly.The venous congestion may be systemic
IN orlain, may be caused by intrahepatic derangement
of portal venous drainage, or may be due to 9stru-sve
Venous disorders in the portal or splenic veins. All ese
disordersyitimately ead to portal or splenicVein
pertension. systemic or central venous ON9estife
encountered in cardiac decompensation INVolviny
ridht side of the heart. and therefore is found'™™”
type of lonn-standing cardiac decomnensatiOBour
particularlysevere in tricuspid or pulmonic
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diseas@nd in chmnie cor pulnjonal(.s,  systeiiiic
stasis_there congestive
changdn the liver and intestines, and frequently
lusciteand peripheral cdetna. Such systetnie
congestionptodttees only tnoderato enlargotnent
ofthespleen. so that it rarely cp€eeeds  gtn in weight.

The "jost conunon causes of strikina conaestive
splcnomraalv the t.&iriotfortns of cirrhosisof the

diffuse fil»ous scarring of alcoholic cirrhosis
an®igmencirrhosisevokes the most extreme enlarge-
mentsLess commonly. other fortns of cirrhosis are
implicateln these conditions, there is sufficientim-
pingemeon the venousdrainage through the liver to
causmarked within the portal system. At the
stmitime, portohepaticartery shunts develop in the
helkltiscars to raise the portal and splenic venous
pressureven further. Only infrequently does tumor-
ouobstructioof the vasculature of the liver give rise
toogestive changesin the spleen. It is therefore
uncommdor diffuse metastatic seeding of the liver to
pmduesignificantportal hypertension. Primary hepatic
carcinormay be an exception when it invades the
majchepatic vessels.

Congestivesplenomegaly is also caused by obstruc-
tiototheextrahepaticportal vein or splenic vein. The
ienouobstructiormay be due to spontaneousportal
tcirthrombosisSuch thrombosis is usually associated
aitrsomeintrahepatic obstructive disease, or may be
initiateby inflammatory involvement of the portal vein
(pvlephlebitisuch as follows intraperitoneal infections.
Thromboof the splenic vein itself may be initiated
byvthepressureof tumors in neiahboring oraans. e.q..
carcinonof the stomach or pancreas. Less often, it
occuras a splenic thrombophlebitis resulting_from
suppuratiperitonitis, or as a bland thrombosissec-
ondarto upper abdominal surgery or some disorder
thapredisposeto systemic venous thromboses.

| ons-standing congestive splenomegalv produces
markeanlargemenof the soleen (1000 gm or more):the
orgais firmand becomes increasinslv so the loneer the
mneesticlasts. The weight mav reach 5000 gm. The
capsulmav ha thickened and fibrous but is otherwise
UninvolvThe cut surface has a meatyappearanceand
vanefromeray-red to deep red, depending on the amount
OfibrosisOften the malpighian corpuscles are indistinct.
Smalsray-to-browrfirm nodules scattered throughoutthe
recpulbeonstitute the so-called Gandy-Gamna nodules
describebelow. Microsconicallv, the ulo is suffused with
reccellsduringthe early phases but becomes increasinely
fihraycand cellular with time. The increased portal
Pressulrnnses depositionof collagen in the basgment
membraiof the sinusoids. which appear dilated owing to
therigiditof their walls (Fig. 15—45).The resultine impair-
mentdbloodflow from the cords to the Sinusoids Prolongs
exposuréof the blood cells to the cordal macrophages.
resultitin excessive destruction (hypersplenismiv Foci of
recetornld hamorrhage mav be presant with deposition of
hemosidejn Ihictincvtes. It is the organizatinn of these
bcalhemorrhageithat gives rise to the Gandy-Gamna
of fibrosis containine deposits of iron and
caluutsalts encrustedon connective tissue and elastic
The trabeculaeare thickened and fibrous. In long-
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Figure 15-45. Congestive splenomegalv.Congestion of sinuses.
fibrosis and wideningof walls of sinuses, and fibrosis of capsule
are the dominant features shown.

standing splenic congestion. foci of hematopoiesisappear.
presumablyas a responseto the local vascular stasis and
hypoxia.

SPLENIC INFARCTS

Durina the acute staqes, infarcts of the spleen may
cause enlargement. dependinaon the size and number
of the lesions. The splenomeaaly,however, is at most
sliaght. and as the infarcts underao fibrosis the spleen
returns to normal size. Indeed, in the late stages,
multiple splenic infarcts may cause loss of splenic sub-
stance. Splenic infarcts are comparatively common le-
sions. Caused bv occlusion of the maijor splenic artervy
or anv of its branches. thev are almost alwavs due to
emboli that arise in the heart. The spleen, alonawith
kidneys and brain, ranks as one of the most frequent
sites of localization of systemic emboli. The infarcts may
be smallor large, multipleor single, or sometimesmay
involve the entire oraan. They are usuallv of the bland,
anemic type. Septic infarcts are found in infective
endocarditisof the valves of the left side of the heart.
Much less often, infarctsin the spleen are caused by
local thromboses, especiallyin the mveloproliferative
syndromes. sickle cell anemia, polvarteritis nodosa,
llodgkin's disease, and bacteremicdiseases.
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Figure 15-46. Splenic infarcts. Multiplewedge-shapedlesions are present, the largest having

developed cystic softening.

Infarcts are characteristicallvpale and wedge-shaped,
with their bases at the periphery where the capsule is often
covered with fibrin (Fig. 15—46).Septic infarction modifies
this anoearance as frank suppurativenecrosis develons. In
the course of healing of these solenic infarcts. large. de-
pressed scars mav occur. The uncommonnpatternof scat-
tered in situ thrombosesis characterizedas the "spotted
spleen" or "fleckmilz." It is usuallv produced bv acute
infectious diseases that initiateacute vasculitis and throm-
boses of splenic vessels. In this condition,the splenic
substance is dotted by minute infarctions thatvary from 1 to

5 mm in diameter.

Splenic infarcts are an important clinicalconsider-
ation in older cardiac patients who suddenly complain
of left upper quadrant pain. This clinicalaccidentis not
an unusual accompanimentof bacterial infective endo-
carditis. Occasionallvin these cases, the fibrinousperi-
splenitis leads to friction rubs that can be heard in the
left upper quadrant. The destructionof splenic sub-
stance is not criticallysignificant,and the majorimpor-
tance of these infarctsis their differentiationfrom other
more serious intra-abdominal diseases that cause left
upper quadrant pain: e.a.. rupture of the spleen. per-
forationof the stomachor intestines, or rupture of an

intra-abdominal aneurysm.

NEOPLASMS

Neoplastic involvement of the spleen, whether
primary or secondary, may induce splenomegaly.

PRIMARYLESIONS

~In qgeneral, primary tumors, either benignorma-
lignant, are rare.

_ BENIGIThe followingtypes of benign tumorsmay
arise in the spleen: fibromas, osteomas, chondromas,
Ivmphangiomas, and hemangiomas. The last-named
are the most commonand are often cavernousin type.
Undoubtedly, some of the hemangiomas are better
classifiedas hamartomasthan as neoplasms.

MALIGNAIAny of the types of non-Hodgkin's
lvmphomasor Hodakin's disease primary in the lvmph
nodes (p. 657)may be primary in the spleen.andin
this oraan thev have the same characteristicsas inthe
z{%%&wa- In additionto these Iesions.hemamzio“0

It metastases, i liver,
oceur (p. 542). especially to the

SECONDARY LESIONS

temi(\:Nhethe( to call involvement of the spleeninSYY
Hodakin's disease or gisseminated non-1lodakins
Ivmphomas a_ sacondary lesion is largelv a Semanfic
![Eseue, however, as you recall, splenic involvemen!"
of S‘iﬁnndmonsls by no means uncommon, Nietasi e
repgrtggl ttal%es of tumors to the spleen have
assiduousl € rare, or present in 509 of Cases
in the sp| Ysouaht. In gjther event, metastases@PPear
inateds\?\,ie;& only when the primary lesion has lisselil*
since tha oy and are of little clinical ,
€ patients are almost always in a terminalStg¢
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Fguril5-47 Large spontaneous hemorrhage into spleen of a 27-
patienwithinfectious mononucleosis. Hematoma ruptured
tougtcapsuleand caused massive intraperitoneal hemorrhage.

RUPTURE

Rupturofthe spleen is usually caused by a crush-
indnjunor severe blow. Much less often, it is en-
Nunterein the apparent absence of trauma: this event
isdesignateas spontaneous rupture. It is a clinical
maxithatthe normal spleen never ruptures sponta-
neous/in all instances of apparent nontraumatic rup-
hiresomeunderlying condition should be suspected as
thidbasiforthe enlargement or weakenina of this oraan.
Spontanecrupture is encountered most often in in-
fectiomononucleosismalaria, typhoid fever, leuke-
maandthe other types of acute splenitis (Fia. 15-47).
Ruptuis usually followed by extensive, sometimes
massivintraperitoneal hemorrhage. The condition

mustbe treated by prompt surgical removalof
thespleerto prevent death from loss of blood and
shocIn rare instances, clotting staunches the flow of
blooinsomecases, followina rupture, spleniculi may
befounceither localized or scattered throuahout the
peritoncavity, apparently transplants of splenic sub-

stance.
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