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A revised concept of anaplastic large cell lymphoma (ALCL) on both historical and practical
 

grounds is presented. The main histological findings are illustrated with special reference to the
 

cytological spectrum that is characteristic of the tumor. The phenotype is described in detail. The
 

expression of the ALK protein as well as the chromosomal abnormalities that sustain it,are discussed
 

along with potential pathogenetic implications. The clinical features of ALCL are presented by under-

lying the dramatic difference in terms of response to therapy and survival between ALK-positive and
 

ALK-negative forms. The possibility of limiting the term ALCL to systemic ALK anaplastic tumors
 

with T/null phenotype is considered.
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Anaplastic large cell lymphoma(ALCL)rep-

resents 2-3% of all lymphoid neoplasms,accord-

ing to World Health Organization (WHO) esti-

mates . In children,ALCL makes up to 20-30%

of lymphoid neoplasms . Originally described by
 

Stein et al.in 1985,categorizations of this malig-

nancy have undergone a series of revisions,

which have led to a more refined and restrictive
 

definition of the process .

DEFINITION
 

The International Lymphoma Study Group

(ILSG)first and the WHO later stated that the
 

term ALCL should be applied to tumors with a
 

T-cell or null phenotype, thus modifying the

 

definition originally given in 1985. The latter
 

reflected the way by which the neoplasm had
 

been identified. Following the production of the
 

Ki-1 monoclonal antibody,Stein and co-workers
 

validated the hypothesis that it specifically react-

ed with Hodgkin and Reed-Sternberg cells

(HRSC)of Hodgkin’s Lymphoma (HL). In the
 

process, they showed that besides HRSC, the
 

antibody stained activated normal B-and T-

lymphocytes, a variety of non-Hodgkin’s
 

lymphomas, and a group of tumors that in the
 

past had often been interpreted as metastatic
 

undifferentiated carcinoma or malignant his-

tiocytosis . The latter cases consisted of very
 

large cells with kidney-shaped nuclei,rod-shaped
 

nucleoli, and a wide rim of deeply basophilic
 

cytoplasm,which tended to produce a cohesive
 

growth pattern and to diffuse through sinuses

(Fig.1:a). They all expressed the Ki-1 molecule

(later included in the 30 cluster of lymphoid
 

differentiation antigens and termed CD30), but
 

displayed variable phenotypes (B-cell, T-cell,

null, or hybrid). Further studies revealed the
 

presence of recurrent chromosomal abnormal-

ities among ALCL with T/null phenotype (see
 

below),which were never detected among B-cell
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Fig. 1.
a. Anaplastic large cell lymphoma,common type:Hallmark cells are shown with large size,irregular nuclear

 
contour (kidney-shaped), prominent inclusion-like nucleoli, and a wide rim of greyish-violet cytoplasm
(Giemsa, 400).

b. Anaplastic large cell lymphoma,giant-cell rich:Neoplastic elements often showing multiple nuclei diffuse
 

through open sinuses (Hematoxylin and eosin, 300).
c. Anaplastic large cell lymphoma,lympho-histiocytic type:lymphomatous cells are comprised of a reactive

 
population,mainly consisting of histiocytes with eccentric,pyknotic nuclei(Hematoxylin and eosin, 400).
Inset:Anti-CD30 staining highlights the tumor cells (Immunoalkaline phosphatase technique;Ber-H2

 
monoclonal antibody;Gill’s hematoxylin nuclear counterstain; 500).

d. Anaplastic large cell lymphoma, small-cell variant:The neoplastic population is characterized by a mor-
phologic spectrum,small element predominating over the anaplastic ones (Giemsa, 400).
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tumors, including those with an anaplastic pro-

file. At present, there is broad consensus that
 

lymphomas showing anaplastic morphology,but
 

carrying a B-cell phenotype,represent a subtype
 

of diffuse large B-cell lymphoma (DLBCL) that
 

do not significantly differ on clinicopathologic
 

grounds from other tumors within this category.

In addition,most authors tend to discard the term

“Ki-1 cell lymphoma” ,used in the late eighties
 

as a synonym for ALCL, as it refers to a
 

phenotypic attribute which is shared by many
 

other lymphoid tumors (e.g. most Hodgkin’s
 

lymphoma and some peripheral  T-cell
 

lymphomas unspecified, nodal marginal zone
 

lymphomas, and follicular lymphomas). The
 

Revised European-American Lymphoma(REAL)

Classification and the WHO scheme derived
 

from it have further refined the concept of
 

ALCL,by limiting it to T/null-cell tumors with
 

systemic presentation. The forms with limited
 

cutaneous involvement have been included within
 

the group of CD30 lymphoproliferative dis-

orders of the skin, because of their distinctive
 

clinical behavior . Tumors with anaplastic
 

morphology,but secondary to another lymphoma

(e.g.Hodgkin’lymphoma, mycosis fungoides,

peripheral T-cell lymphoma), are regarded as
 

progression of the originally diagnosed process
 

and should not be diagnosed as ALCL .

MORPHOLOGY
 

With time,it has become evident that ALCL
 

is not sustained by a unique histotype,but actu-

ally includes several morphologic variants (clas-

sical,giant cell-rich,lymphohistiocytic,small-cell
 

type,and mixed)(Fig.1:a-h). Classical ALCL
 

corresponds to the description of the tumor given
 

by Stein and co-workers in 1985 (Fig.1:a)(see
 

above). The giant cell-rich type is characterized

 

by several multinucleated elements, often pro-

vided with Reed-Sternberg-like features and
 

prominent intra-sinusoidal diffusion (Fig.1:b).

The small and lymphohistiocytic variants

display a marked variability in neoplastic cell
 

size that ranges from small to large(Fig.1:c-d).

The main difference between the two forms con-

sists of a huge amount of reactive histiocytes
 

with eccentric nuclei in the latter (Fig. 1:c).

Such a reactive population tends to obscure the
 

neoplastic component (Fig. 1:c inset) and can
 

lead to a misdiagnosis of hyper-immune reac-

tion . Interestingly, transition from one his-

totype to another has been recorded within the
 

same node(mixed variant)or in different nodes
 

taken from the same patient at the time of diag-

nosis or at relapse. These modifications might
 

correspond to intra-clonal modulation or differ-

ential interactions between the tumor and micro-

environment .Further variants have been repor-

ted in the literature including signet-ring cell-

like, epitheliod cell-rich, sarcomatoid, and
 

eosinophil-rich (Fig.1:e-g) . These are very
 

rare and may indeed represent a diagnostic chal-

lenge. Finally, the so-called ALCL of the
 

Hodgkin-like type deserves special attention . It
 

was originally described as a form of the tumor,

presenting in young people with a bulky medias-

tinal mass and consisting of anaplastic cells
 

arranged in nodules surrounded by sclerotic
 

bands (Fig. 1:h), as seen in nodular sclerosing
 

Hodgkin’s lymphoma (NSHL) . Following
 

the introduction of the REAL Classification ,

which regarded it as a provisional entity, this
 

diagnosis was by no means also applied to cases
 

of aggressive HL that could not be easily differ-

entiated from ALCL, both on morphologic and
 

phenotypic grounds .This led to a diffuse skepti-

cism regarding the existence of such a variant. It
 

was considered a collection of tumors that could

 

e. Anaplastic large cell lymphoma,signet-ring cell type:At high power,a neoplastic cell contains numerous
 

cytoplasmic vacuoles producing a signet-ring like appearance(Giemsa, 1000).
f. Anaplastic large cell lymphoma,epithelioid-cell rich:The lymphomatous population is obscured by a huge

 
granulomatous reaction (Hematoxylin and eosin, 400). The search for the ALK protein allows the easy

 
identification of neoplastic cells(Immunoalkaline phosphatase technique;ALK monoclonal antibody;Gill’
s hematoxylin nuclear counterstain; 400).

g. Anaplastic large cell lymphoma,sarcomatous variant:the growth displays a storiform pattern(Hematoxylin
 

and eosin, 250). The anti-CD30 antibody reacts with lymphomatous elements, at times provided with
 

fusiform shape (Immunoalkaline phosphatase technique;Ber-H2 monoclonal antibody;Gill’s hematoxylin
 

nuclear counterstain; 400).
h. Anaplastic large cell lymphoma,Hodgkin’s-like:Nodules of cohesive large anaplastic cells (Inset;Giem-

sa, 400)are surrounded by thick collagen bands originating from the lymph node capsule(Hematoxylin and
 

eosin, 25).
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Fig. 2.
a. Anaplastic large cell lymphoma, common type:CD30 is strongly expressed, mainly at the cytoplasmic

 
membrane level(Immunoalkaline phosphatase technique;Ber-H2 monoclonal antibody;Gill’s hematoxylin

 
nuclear counterstain; 400).

b. Anaplastic large cell lymphoma,common type:EMA-positivity(Immunoalkaline phosphatase technique;
E29 monoclonal antibody;Gill’s hematoxylin nuclear counterstain; 500).

c. Anaplastic large cell lymphoma,common type:Neoplastic cells express CD3 both at the membrane and
 

cytoplasmic level (Immunoalkaline phosphatase technique;anti-CD3 polyclonal antibody;Gill’s hematox-
ylin nuclear counterstain; 400).

d. Anaplastic large cell lymphoma, common type:in the same case, CD2 positivity (Immunoalkaline phos-
phatase technique;AB75 monoclonal antibody;Gill’s hematoxylin nuclear counterstain; 400).

S.Pileri .

J.Clin.Exp.Hematopathol Vol.44,No.2,Dec 2004



 

not be classified rather than as a specific entity
 

and was thus not listed in the WHO scheme. In
 

reality, bona fide examples of ALCL of the
 

Hodgkin’s-like type have been described. These
 

are characterized by ALK protein-expression,

homogeneous CD30-positivity,lack of CD15 and
 

B-cell activator protein (BSAP), possible T-cell
 

antigen expression, and variable positivity for
 

the leukocyte common antigen/CD45 and epith-

elial membrane antigen (EMA) .

PHENOTYPE
 

Neoplastic ALCL cells carry a distinctive
 

phenotypic profile irrespective of the histotype .

Notably, they regularly express CD30 (Fig. 2:

a) . This molecule is a 120 kD glycoprotein
 

expressed by lymphoid elements following acti-

vation and formed by three distinct domains

(intracytoplasmic, transmembranic, and exter-

nal) . It is encoded by a gene located at chro-

mosome 1p36,whose activity is modulated by the
 

number of ATCC-repeats in the 5’region of the
 

promoter,and represents a member of the tumor
 

necrosis factor (TNF) receptor superfamily .

Recently,CD30 overexpression has been reported
 

to induce constitutive NF-κB activation . As
 

expected,the CD30 ligand (CD30L)belongs to a
 

group of molecules,which show homology with
 

TNF . The external domain of CD30 is steadily
 

cleaved by a metalloproteinase so that it can be
 

detected and measured in the serum . Immuno-

histochemical analysis of paraffin and frozen
 

sections using antibodies against CD30 produce
 

different  patterns of positivity including
 

membrane-bound,dot-like in the Golgi area (cor-

responding to accumulation of the 90 kD precur-

sor), and diffuse . The first two patterns are
 

exclusive of lymphoid elements with the excep-

tion of embryonic carcinoma ,while the third
 

can occur in a variety of malignant tumors other

 

than lymphomas, including  pancreatic car-

cinoma, nasopharyngeal undifferentiated car-

cinoma, mesothelioma, and malignant
 

melanoma . Therefore, the immunophenotypic
 

diagnosis of ALCL should always be based on the
 

application of a panel of antibodies, including
 

anti-cytokeratins, melanoma-associated
 

antigens,CEA,and PLAP . In 60-70% of cases,

ALCL expresses the epithelial  membrane
 

antigen ,which is more easily detected in Bouin-

fixed samples (Fig.1:b).CD3 expression is ap-

preciated in about half of cases (Fig. 1:c)and
 

usually occurs at the cytoplasmic level as expect-

ed in activated cells . All T-cell associated
 

antigens should be assayed, as CD3 negative
 

tumors may express CD2,CD5,and/or CD7(Fig.

1:d). The expression of CD4 and CD8 is vari-

able. Positivity for TIA-1, granzyme B, and
 

perforin is recorded in about 85% of instances

(Fig. 1:e) . NK-antigens have at times been
 

detected,both in spontaneous and experimental
 

tumors .About 20% of ALCLs lack CD45 and/or
 

express CD15 .Notably,BSAP(the PAX5 gene
 

product)expression is absent (Fig. 1:f) ,mak-

ing it useful for differentiating ALCL from com-

mon HL and DLBCL, which are both BSAP-

positive .The recent development of antibodies
 

against the anaplastic large cell lymphoma
 

kinase(ALK)has further refined the immunohis-

tochemical analysis of ALCL . In fact,

expression of this molecule characteristically
 

occurs in cases carrying translocations that
 

involve the corresponding gene (see below). In
 

principle,the most common t(2;5)causes strong
 

positivity of neoplastic cells at the cytoplasmic
 

and nuclear levels (Fig. 1:g), while the other
 

translocations produce accumulation of the pro-

tein in the cytoplasm(Fig.1:h). These different
 

staining patterns correspond to overexpression
 

of the ALK gene product and bear diagnostic
 

relevance, since ALK is not detected in normal

 

e. Anaplastic large cell lymphoma,giant-cell rich:lymphomatous elements express TIA-1 (Immunoalkaline
 

phosphatase technique;24 monoclonal antibody;Gill’s hematoxylin nuclear counterstain; 500).
f. Anaplastic large cell lymphoma, common type:Neoplastic cells lack BSAP expression;please note an

 
internal central control(arrowed)(Immunoalkaline phosphatase technique;2-G9 monoclonal antibody;Gill’
s hematoxylin nuclear counterstain; 600).

g. Anaplastic large cell lymphoma,lympho-histiocytic type,carrying t(2;5):Small and large neoplastic cells
 

express ALK protein at the nuclear and cytoplasmic and nuclear level, respectively (Immunoalkaline
 

phosphatase technique;ALK monoclonal antibody;Gill’s hematoxylin nuclear counterstain; 250).
h. Anaplastic large cell lymphoma,common type,carrying a variant translocation:Lymphomatous elements

 
reveal a strong cytoplasmic ALK protein positivity(Immunoalkaline phosphatase technique;ALK mono-
clonal antibody;Gill’s hematoxylin nuclear counterstain; 500).
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lymphocytes or in HL . Recently, this
 

kinase has been identified in some lymphoid and
 

non-lymphoid neoplasms that have nothing in
 

common with ALCL . In particular,it can be
 

detected,more often at the cytoplasmic level,in
 

B-plasmablastic lymphomas bearing a distinctive
 

phenotype (ALK ,CD138 ,EMA , IgA ,Bcl-2
 

protein , CD4 , CD57 , CD20 , CD3 , and
 

CD30 ). Like ALCL, these tumors also carry
 

cytogenetic abnormalities involving the ALK
 

gene . Interstingly,ALK protein is never detect-

ed in anaplastic lymphoid tumors confined to the
 

skin, thus further legitimizing their exclusion
 

from the ALCL body . Among  non-

hematopoietic neoplasms, ALK positivity is
 

found in inflammatory myofibroblastic tumors

(IMT)as well as some neuroblastomas and rhab-

domyosarcomas . Recently, ALK has been
 

shown to have immunogenic properties,causing
 

the production of antibodies that can be easily
 

detected in the serum which might be relevant to
 

the relatively good prognosis of ALK ALCL .

These immunogenic properties should be taken
 

into account for two additional reasons:1)they
 

might be employed for vaccination strategies

and 2)might cause extensive tumor destruction,

hypocellularity,and edema of the affected nodes,

thus mimicking  an inflammatory lesion .

Notably,ALK expression is felt to play a rele-

vant role in the process of lymphomagenesis,as
 

suggested by experimental data . In this respect,

experimental and in vivo studies have provided
 

evidence that the chimeric protein NPM/ALK,

produced by t(2;5),causes profound dysregula-

tion of cell kinetics. In fact, it mediates phos-

phorylation of JAK3 with consequent STAT3
 

activation, and the latter induces expression of
 

TIMP1 and Bcl-X that in turn lead to increased
 

activated caspase-3 levels and activation of the
 

anti-apoptotic pathway . Within this context,

one should keep in mind that NPM/ALK causes
 

BCL-3 overexpression with consequent produc-

tion of a nuclear protein belonging to the I kappa
 

B family of inhibitors of the nuclear factor-kappa
 

B (NF-κB) transcription factors . In other
 

words, ALCL with t(2;5) behaves unlike HL
 

with constitutional NF-κB activation .In addi-

tion,the NPM/ALK chimeric protein facilitates
 

proliferation via activation of a series of factors,

including PLC-γ, type IA phosphoinositide 3-

kinase,Src-kinases,AKT,and FOXO3a .Inter-

estingly,the above mentioned alterations are not

 

observed to the same extent in ALK-negative
 

ALCLs,a fact that further emphasizes the need
 

to definitively clarify whether ALK-positive and
 

negative cases should be grouped together . In
 

line with this, the differential expression of the
 

lymphocyte specific protein (LSP1)is detected in
 

all ALK ALCLs but only 25% of ALK

ALCLs . Expression of retinoblastoma protein,

survivin, and MUC-1 highly glycosylated trans-

membrane protein can occur in both ALK and
 

ALK ALCLs, in either case representing in-

dependent unfavorable prognostic indicators .

Finally,the assay for Epstein-Barr virus(EBV)is
 

negative in most if not all ALCLs both by in situ
 

hybridization (ISH) and immunohistochemistry.

Such negativity is regarded as one of the distin-

guishing features between ALCL and HL in un-

clear cases . Recently, however, rare cases of
 

ALK ALCLs showing EBV integration in their
 

genome have been reported in patients with a
 

previous history of solid organ transplant .

MOLECULAR AND CYTOGENETIC FINDINGS
 

The t(2;5) (p23;q35) was originally de-

scribed in patients with malignant histiocytosis

(MH) . These actually represent ALCL cases
 

diagnosed according to dated criteria. In fact,it
 

soon became evident that this translocation char-

acteristically occurred in ALCL . At the begin-

ning,the real incidence of this phenomenon was
 

uncertain. The need for fresh or frozen material
 

for cytogenetic studies or Southern blot analysis
 

prevented a systematic analysis . This aberra-

tion produced a hybrid gene,formed by the seg-

ment of the ALK gene encoding the transmem-

brane portion of the corresponding kinase and
 

the NH -terminal region of the NPM gene .

Under physiologic conditions,the latter encodes
 

nucleophosmin,a shuttle-protein that undergoes
 

dimerization in the cytoplasm and subsequently
 

moves to the nucleus . Due to the production
 

of highly specific (polyclonal and monoclonal)

antibodies raised against the transmembranic
 

portion of the ALK protein,as well as the NH -

and COOH-terminal regions of NPM,the identifi-

cation of the chimeric NPM/ALK protein (also
 

termed p80 because of its molecular weight)

became easily feasible in routine samples

(formalin-fixed,paraffin-embedded) . This
 

allowed the determination that a large majority
 

of cases diagnosed as ALCL according to the

 

S.Pileri .

J.Clin.Exp.Hematopathol Vol.44,No.2,Dec 2004



 

REAL/WHO Classification do carry t(2;5). The
 

staining produced by the anti-ALK antibodies is
 

typically cytoplasmic and nuclear, because the
 

NPM/ALK protein forms heterodimers with
 

normal  NPM which, like normal  NPM
 

homodimers, is shuttled to the nucleus . Un-

expectedly,the broad application of monoclonal
 

antibodies to ALK1 and ALK revealed that
 

about 10% of ALK-positive ALCLs showed an
 

immunohistochemical reactivity confined to the
 

cytoplasm. This was concomitant with the detec-

tion of a series of additional translocations(com-

monly called variant translocations), all involv-

ing the ALK gene,leading to the formation of a
 

chimeric gene with partners other than NPM .

The derived hybrid proteins,all cause ALK over-

expression and more often under oligomeriza-

tion, but have no shuttling properties, and thus
 

remain confined to the cytoplasm . The most
 

relevant of these variant translocations are the
 

following:

t(1;2)(q25;p23),producing the fusion gene and
 

chimeric protein TMP3/ALK;

inv(2), producing the hybrid gene and chimeric
 

protein ATIC/ALK;

t(2;3)(p23;q21),producing the fusion gene and
 

chimeric protein TGF/ALK;

t(2;11;2)(p23;p15;q31),producing the hybrid
 

gene and chimeric protein CARS/ALK;

t(2;17)(p23;q23),producing the fusion gene and
 

chimeric protein CLTL/ALK;

t(2;17) (p23;q25), producing the hybrid gene
 

and chimeric protein ALO17/ALK;

t(2;19)(p23;p13),producing the fusion gene and
 

chimeric protein TPM4/ALK;

t(2;22)(p23;q11.2),producing the formation of
 

the hybrid gene and chimeric protein MYH9/

ALK;

t(2;X)(p23;q11-12),producing the fusion gene
 

and chimeric protein MSN/ALK.

Interestingly,t(2;17)(p23;q23)is also observed
 

in B-plasmablastic lymphoma as well as in
 

IMT , while t(1;2) (q25;p23), t(2;19) (p23;

p13),and t(2;11;2)(p23;p15;q31)are detected
 

more frequently in IMT than in ALCL . With
 

the exception of two studies,which could not be
 

reproduced in other labs ,neither ALK protein
 

detection(see above)nor t(2;5)or variant trans-

locations have been detected in HL .

CLINICAL BEHAVIOR
 

ALCL displays a rather different course
 

depending on the expression of the ALK pro-

tein . In particular, several studies
 

have shown that about 90% of ALK ALCLs
 

achieve complete remission (CR) with
 

anthracyclin-containing regimens. Follow-up
 

studies revealed that most patients are actually
 

cured. In contrast,no more than 35% of ALK

cases obtain stable CR by the same ther-

apies , suggesting that more aggressive
 

strategies including autologous or allogenic
 

bone-marrow/stem cell transplantation should be
 

adopted. This is not the only significant clinical
 

difference between ALK-positive and negative
 

ALCLs. In fact,the former most frequently occur
 

among patients in the first or second decade of
 

life,while the latter are usually recorded among
 

people aged 50-70 . According to a recent
 

report, leukemic spread seems to represent the
 

only exception to the favorable prognosis of
 

ALK ALCL . Based on these findings, ten
 

Berge et al. have recently suggested that the
 

distinction between ALK-negative ALCL and
 

prognosis of peripheral T-cell lymphoma,unspec-

ified (PTCL/U) is of limited clinical relevance,

with only age and the International Prognostic
 

Index (IPI) being prognostically significant for
 

these tumors . As to the latter parameter,one
 

should remember that it also has a prognostic
 

impact within the ALK-positive ALCL group.In
 

fact,the 5 year-overall survival is 94% and 41%

for the cases with low/low-intermediate and
 

high/intermediate-high IPI, respectively . On
 

the occasion of the next revision of the REAL/

WHO Classification,scheduled for mid 2006,this
 

might lead to limitation of the term ALCL only to
 

ALK-positive cases,which actually represent a
 

group of homogeneous neoplasms in terms of
 

clinical behaviors,phenotype,molecular charac-

teristics,and pathogenesis.
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