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Anaplastic large cell lymphoma (ALCL) is a para-
digm for the process used to define new disease
entities, and provides a model that is applicable to
all areas of pathology. ALCL was first recognized
based on characteristic histologic features (sinusoi-
dal invasion) and a distinctive immunophenotype
(CD301). However, neither sinusoidal invasion nor
CD30-positivity proved to be entirely specific. Sub-
sequently, a characteristic cytogenetic abnormality
was identified, the t(2;5), that led to identification of
the genes involved in the translocation (NPM/ALK)
and insights into the pathogenesis. Generation of
monoclonal antibodies to the aberrantly expressed
anaplastic large cell lymphoma kinase (ALK) such as
ALK-1 can be used diagnostically, and have led to
improved definition of the diagnostic entity with
important clinical and prognostic implications.
These studies also have clarified the relationship of
ALCL to Hodgkin’s disease, another lymphoid ma-
lignancy associated with CD30 expression. We have
learned that the ultimate histologic spectrum of
ALCL is both narrower and broader than originally
believed. The small cell and lymphohistiocytic vari-
ants of ALCL are ALK-positive, and are an accepted
part of the disease entity, although the neoplastic
cells may appear neither large nor anaplastic. Con-
versely, most cases of Hodgkin’s-like ALCL have
proved to be more closely related to true Hodgkin’s
disease, and are unrelated to ALCL.
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Anaplastic large cell lymphoma (ALCL) is a para-
digm for the process used to define new disease
entities, and provides a model that is applicable to
all areas of pathology. ALCL was first recognized
based on characteristic histologic features (sinusoi-
dal invasion) and a distinctive immunophenotype
(CD301) (Fig. 1) (1). However, neither sinusoidal
invasion nor CD30-positivity proved to be entirely
specific. Subsequently, a characteristic cytogenetic
abnormality was identified, the t(2;5), that led to
identification of the genes involved in the most
common translocation of ALCL (NPM/ALK) and in-
sights into the pathogenesis (2– 4). Generation of
monoclonal antibodies to the aberrantly expressed
ALCL tyrosine kinase or ALK (ALK-1, ALKc) can be
used diagnostically, and have led to improved def-
inition of the diagnostic entity with important clin-
ical and prognostic implications (5). Utilizing these
biologic tools, the ultimate histologic spectrum of
ALCL is both broader and narrower than originally
believed. It is likely that our ultimate definition of
this disease will be restricted to “T-cell” lymphomas
with aberrant expression of ALK.

HISTORICAL BACKGROUND

The historical background of ALCL begins in 1982
when the monoclonal antibody Ki-1 was raised
against a Hodgkin’s disease (HD) cell line (Table 1)
(6). Ki-1 was subsequently shown to stain the ma-
lignant cells of HD in tissue sections, as well as a
smaller lymphoid cell found in the parafollicular
regions of normal lymph nodes (7). It was postu-
lated that this CD301 cell might represent a pre-
cursor lymphoid cell for the malignant cells of HD.
The Ki-1 antigen, subsequently assigned to the
CD30 cluster, was identified as an activation anti-
gen, which could be expressed on T-cells, B-cells,
and even activated histiocytes (8 –10). It is part of
the nerve growth factor/tumor necrosis factor su-
perfamily, and the gene encoding CD30 is found on
chromosome 1p36 (11). The CD30 antigen is found
in elevated levels in the serum of patients with HD
and other CD30-expressing malignancies (12, 13).
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In 1985, Stein et al. found that the Ki-1 (CD30)
antigen was highly expressed by a group of 45 large
cell lymphomas that shared a number of histologic
characteristics (1). These tumors exhibited a mor-
phology suggestive of “malignant histiocytes,” ex-
hibiting prominent sinusoidal invasion. Ki-1 also
stained cases of lymphomatoid papulosis, 28% of
peripheral T-cell lymphomas, and a small percent-
age of large B-cell lymphomas. It was proposed that
the anaplastic CD30-positive tumors represented a
distinct clinicopathologic entity, subsequently in-
cluded in the revised Kiel classification in 1988 as
“large cell anaplastic lymphoma” (14, 15). In 1986,
Kadin et al. described a similar lesion involving the
lymph nodes and skin in six pediatric patients un-
der the designation “childhood Ki-1 lymphoma”
(16). Ultimately, the term “anaplastic large cell lym-
phoma” has become the preferred designation (17).

There has been some confusion regarding the
significance of the designation “anaplastic” for this
neoplasm. The term “anaplastic” referred to the
fact that the neoplastic cells grew in a manner un-
like normal T or B-lymphocytes, and did not resem-
ble any normal lymphoid cell (1). The cytology
ranged from an immunoblastic appearance, to one
characterized by more bizarre cells with abundant
basophilic cytoplasm. Although Stein et al. and oth-
ers initially postulated that the neoplastic cells
might be related to Reed-Sternberg cells (18), a
biologic relationship to HD eventually was dis-
proved (19 –21). Moreover, multinucleated cells re-
sembling Reed-Sternberg cells are uncommon in
ALCL.

Although the original series of Stein et al. in-
cluded tumors expressing either T-cell or B-cell as-
sociated antigens, the final definition of ALCL as
proposed by the International Lymphoma Study

Group in the Revised European-American Lym-
phoma classification was restricted to lymphomas
with a T-cell or null cell phenotype (17). Based on
extensive biologic and clinical studies, B-cell lym-
phomas expressing the CD30 antigen were felt to be
unrelated. As noted above, the CD30 antigen is an
activation antigen, which can be expressed on ei-
ther T-cells or B-cells. B-cell derived lymphoid ma-
lignancies frequently expressing CD30 include HD,
Epstein-Barr virus (EBV) positive lymphomas, pri-
mary effusion lymphomas, and B-cell tumors with
plasmacytoid differentiation (22). In addition, there
are some large B-cell lymphomas with “anaplastic
cytology” and CD30 expression that are considered
a morphologic variant of large B-cell lymphoma
(17, 23, 24).

The pathogenesis of ALCL began to be unraveled
when in 1989 the t(2;5)(p23q35) formerly associated
with cases of “malignant histiocytosis” was found in
ALCL (2, 3). Morris and colleagues cloned the genes
involved in the translocation in 1994, identifying
the gene on chromosome 2 as a newly described
tyrosine kinase, named the anaplastic large cell
lymphoma kinase (ALK) (4). The partner in this
translocation was the nucleophosmin (NPM) gene,
although subsequently it was shown that ALK could
have other translocation partners. To aid in the
diagnosis of ALCL, polyclonal and monoclonal an-
tibodies to the ALK kinase were raised (5, 25). In
particular the ALK-1 monoclonal antibody raised
against a formalin resistant epitope of ALK has
proven extremely useful for clinical studies and
routine diagnosis (26, 27).

HISTOLOGIC FEATURES

In the common type of ALCL, the neoplastic cells
generally have abundant basophilic cytoplasm that
appears gray-blue in hematoxylin and eosin stained
sections (Fig. 2). Usually a prominent Golgi zone is
evident, staining as a clear or more eosinophilic
zone in tissue sections. The nucleus often is lobu-
lated (horseshoe or kidney shaped), with the nu-
clear lobes surrounding the Golgi region. Delsol has
referred to cells with these cytologic features as
“hallmark” cells, because they constitute a hallmark
of ALCL (26). Although they are typically large cells,
smaller cells with similar cytologic features also
may be seen (28). With practice, recognition of
these “hallmark” cells can greatly aid in accurate
diagnosis. Depending on the plane of section, some
cells may appear to contain cytoplasmic inclusions,
but these are not true inclusions but invaginations
of the nuclear membrane. These cells have been
referred to as “doughnut” cells (29). Although the
horseshoe shaped cell is the hallmark cell, the nu-
clear shape can vary. In many cases the nuclei are

FIGURE 1. This schematic diagram tracks the evolution of ALCL to
our current understanding. The initial descriptions of ALCL were based
on the expression of the Ki-1 antigen and sinusoidal infiltration by
tumor cells. ALCL was postulated to be related to HD, PTCL, and MH.
Further immunophenotypic studies identified ALCL as a unique type of
T-cell lymphoma. Investigation of the molecular pathogenesis of ALCL
led to the development of new diagnostic tools. These diagnostic tools
have helped to resolve the borderlands of the entity, and led to
improved morphologic criteria for diagnosis, with the recognition of
hallmark cells. HD, Hodgkin’s disease; PTCL, peripheral T-cell
lymphoma; MH, malignant histiocytosis.
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round to oval in shape, and relatively monomor-
phic (19, 27, 30). The nuclear chromatin is finely
clumped, dispersed in a clear parachromatin. The
cells usually contain multiple small basophilic nu-
cleoli. Prominent inclusion-like nucleoli are rela-
tively uncommon, aiding in the differential diagno-
sis with HD (31).

A notable diagnostic feature is the propensity of
ALCL cells to invade lymphoid sinuses, although in
many cases complete architectural effacement can
be seen (30). Another helpful architectural feature is
the tendency of malignant cells to form rosettes
around blood vessels (26, 28). In the small cell and
lymphohistiocytic variants of ALCL, the larger cells
usually will be concentrated around blood cells, a
distribution highlighted by staining for CD30 or
ALK. The tumor cells generally are cohesive. Vari-
able architectural features include nodal and cap-
sular fibrosis. However, well-formed fibrous bands
are generally absent, in contrast to HD.

An inflammatory background is variable, and is
usually more evident in histologic variants contain-
ing smaller lymphoid cells. Histiocytes with round
nuclei and abundant eosinophilic cytoplasm may
be abundant and may mask the neoplastic cells (32,
33). The histiocytes are uniform in appearance;
multinucleated giant cells or epithelioid histiocytes
forming granulomas are absent. Plasma cells may
be numerous, but eosinophils are infrequent. In
most cases polymorphonuclear leukocytes are ab-
sent, although rare cases containing abundant neu-
trophils or eosinophils have been described (34,
35).

The common type of ALCL is not surprisingly the
most common, constituting 75% or more of the
cases (26). However, other histologic variants may
be seen, either alone or in sequence with the com-
mon type of ALCL. The small cell and lymphohis-
tiocytic variants are the most common, and are
particularly important because they may be misdi-
agnosed as either atypical inflammatory lesions or
malignant lymphomas of other types (28, 32). The
small cell and lymphohistiocytic variants are closely
related, and cases containing a mixture of these two
patterns can be seen. These are the only variants

specified in the World Health Organization classifi-
cation of hematopoietic and lymphoid neoplasms
(36).

In the small cell variant, the predominant neo-
plastic cell is small with clear cytoplasm (28). The
nucleus has clumped chromatin, and frequent nu-
clear irregularities, resembling the horseshoe
shaped nuclei of classical hallmark cells. The cells
have distinct cytoplasmic membranes. Although in
routine tissue sections these cells may be mistaken
for histiocytes, they will be negative for CD68 and
lysozyme by immunohistochemical studies. A diag-
nosis of peripheral T-cell lymphoma, unspecified
may be suspected. However, the neoplastic cells are
usually negative for CD3 and often negative for
CD45RO; staining for CD30 or ALK will aid in accu-
rate diagnosis.

The lymphohistiocytic variant contains similar
small cells admixed with abundant pale histiocytes
(32). The histiocytes may be so abundant as to mask
a small population of tumor cells in the back-
ground. Plasma cells are often present; however,
neutrophils and eosinophils are sparse to absent. In
the lymphohistiocytic variant, the neoplastic cells
include hallmark cells, as well as small neoplastic
cells, resembling those of the small cell variant.
Therefore, the small cell and lymphohistiocytic
variants appear closely related. In both variants,
some classical hallmark cells are invariably found,
often forming perivascular rosettes around blood
vessels.

The sarcomatoid variant is relatively rare, and
may simulate a soft tissue sarcoma (37). Plump and
proliferating fibroblasts are numerous. The stroma
is usually edematous, and may contain admixed
inflammatory cells. Neoplastic cells are distributed
in this background, again sometimes forming
perivascular rosettes. This variant must be distin-
guished from inflammatory myofibroblastic tumors
in children, which recently have been reported to
express ALK as a consequence of translocations
involving the tropomyosin gene and the ALK ty-
rosine kinase (38, 39). Immunohistochemical stud-
ies are critical in this differential diagnosis. The
neoplastic cells in ALCL express both CD30 and

TABLE 1. Historical Landmarks of Anaplastic Large Cell Lymphoma (ALCL)

1982 Ki-1 antibody raised against a HD-derived cell line. Reacts with Reed-Stemberg-cells
1985 Ki-1 stains 45 large lymphomas with ‘malignant histiocytic‘ morphology and frequent sinusoidal

growth. Ki-1 also stained Lyp, 28% of PTCL, and small % of large B-cell lymphomas.
1986 Ki-1 assigned to CD30 cluster. Identified on activated T and B lymphocytes, and EBV-infected B-cells.
1988 ALCL included in updated Kiel classification.
1989 t(2;5), formerly associated with ‘malignant histiocytosis,‘ found in cases of ALCL.
1994 t(2;5) cloned, NPM/ALK genes identified; clinical studies using RT-PCR begun.
1995 Polyclonal antibodies &
1997 Monoclonal antibodies raised against ALK tyrosine kinase, permitting accurate diagnosis in paraffin

sections.

Lyp, lymphomatoid papulosis; PTCL, peripheral T-cell lymphomas, EBV, Epstein Barr virus; NPM, nucleophosmin; ALK, anaplastic large cell
lymphoma kinase; RT-PCR, reverse transcriptase polymerase chain reaction.
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FIGURE 2. Histologic spectrum of ALCL. A, Cells are large with abundant amphophilic cytoplasm and distinct cytoplasmic borders. A cohesive
growth pattern is present. The cells are relatively monomorphic, although some indented cells resembling hallmark cells are seen. B, Hallmark cells
have lobulated nuclei with prominent Golgi zones. C, In the lymphohistiocytic variant the neoplastic cells are overshadowed by histiocytes with
eosinophilic cytoplasm. D, A hallmark cell is seen in a background of histiocytes, same case as Figure C. E, In the small cells variant neoplastic cells
have small irregular nuclei and pale cytoplasm. Neoplastic cells may be contrasted with normal lymphocytes in reactive paracortex at lower left. F,
Perivascular rosetting by tumor cells is a common feature. G, Some cases of ALCL may have a sarcomatoid appearance with edematous stroma. H,
At higher power neoplastic cells are associated with fibroblasts containing plump nuclei.
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ALK. In inflammatory myofibroblastic tumors car-
rying the ALK translocation, the spindle cells will be
ALK-positive but CD30-negative.

So-called “Hodgkin’s-like ALCL” is a variant that
also has undergone reassessment. Although origi-
nally proposed as a variant of ALCL resembling HD
(40, 41), it is now felt that these cases can be re-
solved as either Hodgkin’s lymphoma or ALCL with
the use of a battery of immunohistochemical and, if
needed, molecular techniques. Most cases to which
this term was previously applied are felt to be ex-
amples of histologically aggressive Hodgkin’s lym-
phoma, either nodular sclerosis type II, or lympho-
cytic depletion. These cases contain sheets of
Hodgkin’s cells and lacunar cells palisaded around
areas of necrosis. The neoplastic cells, as expected,
are CD30 positive, but CD15 expression is more
variable. For these reasons, the Hodgkin’s-like vari-
ant has not been retained in the World Health Or-
ganization classification of lymphoid neoplasms
(42). However, rare cases of ALCL may contain oc-
casional cells resembling Reed-Sternberg cells.

The use of immunohistochemistry for CD30 and
ALK has both broadened and narrowed our defini-
tion of ALCL. It has proved that the common, small
cell and lymphohistiocytic variants are part of a
single clinicopathologic entity (26, 31, 33). These
histologic patterns may be seen in the same patient
at different points in time. The different histologic
variants do not appear to have distinct prognostic
significance, and thus should not be considered
“histologic grades” or “prognostic variants.” Less
common histologic patterns of ALCL including
those containing giant cells, a sarcomatoid growth
pattern, or Hodgkin’s-like cells are less frequently
ALK-positive, and thus many of these cases are
probably not bona fide examples of ALCL.

CLINICAL FEATURES

ALCL is most common in the pediatric, adoles-
cent, and young adult age groups (26, 43– 45). In
some series a bi-modal age distribution is seen (19,
30, 46). However, cases of ALCL in the elderly usu-
ally are t(2;5) or ALK negative, and probably con-
stitute an unrelated clinicopathologic entity. There
is a marked male predominance, up to 6:1 in some
series (43). ALCL usually presents with lymph node
enlargement. Frequent extranodal sites of disease
include skin, bone, and soft tissue (47). Soft tissue
masses may sometimes be mistaken for soft tissue
sarcomas. Involvement of other extranodal sites is
less commonly seen. ALCL has an aggressive natu-
ral history, but an excellent response to combina-
tion chemotherapy containing doxorubicin. It is
one of the most curable of the aggressive non-
Hodgkin’s lymphomas (48). Notably, it has a much

better prognosis than any other type of T-cell
lymphoma.

Although skin involvement may be seen at diag-
nosis or relapse in classical systemic ALCL, primary
cutaneous ALCL is an unrelated disease entity with
a different pathogenesis and different clinical be-
havior (42, 49 –54). Primary cutaneous ALCL is part
of the spectrum of CD301 T-cell lymproliferative
disease of the skin, including both lymphomatoid
papulosis and borderline lesions (55). A detailed
discussion of primary cutaneous ALCL is beyond
the scope of this review. However, it should be
noted that primary cutaneous ALCL is ALK-
negative, and often negative for epithelial mem-
brane antigen (EMA) as well.

Systemic symptoms are common in ALCL. The
international prognostic index appears to be of
some value in predicting outcome, although less so
than in other variants of lymphoma (43, 44, 48). The
most important prognostic indicator is ALK positiv-
ity, which has been associated with a favorable
prognosis in series from the United States, Europe,
and Japan (44, 56, 57). Therefore, ALK staining is an
important tool, both for accurate diagnosis and as a
guide to prognosis.

Bone marrow involvement is relatively common
in ALCL, but may be easily missed in routine tre-
phine sections or aspirate smears (58). The neo-
plastic cells usually infiltrate as single cells, and are
most readily identified with stains for CD30, EMA,
or ALK. As the smaller tumor cells may be CD30-
negative, staining for ALK with either ALK-1 or
ALKc is preferable. In rare cases peripheral blood
involvement may also be seen. Because bone mar-
row involvement has been an adverse risk factor,
immunohistochemical stains of staging bone mar-
row biopsies should be performed.

IMMUNOPHENOTYPE

Immunophenotypic studies are extremely useful
in the accurate diagnosis of ALCL, and one could
argue that the diagnosis should not be made with-
out immunophenotypic support (Table 2) (48). The
hallmark of ALCL is expression of CD30, but of
course CD30 expression is not specific for ALCL and
can be seen in activated lymphoid cells, other T and
B cell lymphomas, HD, and even germ cell neo-
plasms (Fig. 3) (1, 8, 10, 59, 60). For these reasons,
the term Ki-1 lymphoma is not favored, as the use
of this term implies specificity of the CD30 antigen
for this entity (61). EMA positivity is seen in the
majority of cases, and correlates roughly with the
expression of ALK (62). Because of the prominent
sinusoidal localization, keratin stains rather than
EMA should be used if the differential diagnosis
includes metastatic carcinoma. Staining for the ALK
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kinase is one of the most specific diagnostic tools,
and is positive in more than 80% of cases diagnosed
as ALCL by other stringent criteria (19, 26).

By molecular analysis ALCL can usually be shown
to be of T-cell origin (63–65). However, the cells ex-
hibit an aberrant phenotype with loss of many of the
T-cell associated antigens (19). Both CD3 and
CD45RO, the most widely used pan T-cell markers are
negative in greater than 50% of cases (62). CD5 and
CD7 are often negative as well. CD43 is positive in a
higher proportion, but this antigen lacks lineage spec-
ificity. CD2 and CD4 are positive in the majority of
cases, and antibodies to both of these antigens are
now available and reliable. CD8 is usually negative,
but rare CD8-positive cases exist. ALCL cells, despite
the usual CD41/CD82phenotype, exhibit positivity

for the cytotoxic associated antigens TIA-1, granzyme
B, and perforin (65, 66). The presence of cytotoxic
antigen expression is helpful in the differential diag-
nosis with HD. In contrast to HD, the cells also are
usually positive for leukocyte common antigen. The
tumor cells are positive for the interleukin 2 receptor
as identified by staining for CD25. Due to loss of many
pan T-cell antigens, many cases of ALCL have an
apparent “null cell phenotype.” However, no other
distinctions can be found in cases with either a T or
null cell phenotype. For these reasons, in the Revised
European-American Lymphoma and World Health
Organization classifications, T/null ALCL is consid-
ered a single entity (17, 42).

Early reports of tumors with the features of ALCL
found evidence of lysosomal enzyme activity by

TABLE 2. Use of Immunophenotypic Studies in the Differential Diagnosis of ALCL

Disease ALK CD30 EMA CD15 CD3 LCA TIA-1 Clusterin

ALCL 1 1 1 2 6 1 1 1
PC-ALCL 2 1 2 2 6 1 6 2
Hodgkin’s 2 1 2 1 2 2 2 2
PTCL 2 6 2 2 1 1 6 2
DLBCL 2 6 6 2 2 1 2 2

ALCL, anaplastic large cell lymphoma; LCA, leukocyte common antigen (CD45); TIA-1, T-cell intracellular antigen; Hodgkin’s, Hodgkin’s lymphoma;
PC-ALCL, primary cutaneous ALCL; PTCL, peripheral T-cell lymphoma, unspecified; DLBCL, diffuse large B-cell lymphoma.

FIGURE 3. Immunohistochemical findings in ALCL. A, CD30 highlights tumor cells surrounding blood vessel (same case as shown in Figure 1, G
and H). B, EMA stains tumor cells located in sinusoidal space. C, In this case with a classic t(2;5) ALK stains both cytoplasm and nuclei. Nucleoli are
stained as well. D, ALCL cells usually manifest a cytotoxic phenotype, demonstrated here with stain for TIA-1.
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enzyme histochemistry. The cells were positive for
acid phosphatase and nonspecific esterase (67, 68).
However, in contrast to the diffuse cytoplasmic re-
activity typical of histiocytes, strong perinuclear re-
activity was seen (69). This pattern of staining is
characteristic of activated lymphoid cells. Granular
staining for some antibodies reactive with CD68,
such as KP-1, may be seen, but other antibodies,
such as PGM1 are negative (70). Antibodies to blood
group related antigens (BNH.9) that are negative in
HD are generally positive in ALCL (71).

A recent study employing array technology to
identify new genes expressed in ALCL identified
clusterin as being aberrantly expressed in all cases
of systemic ALCL, but not in primary cutaneous
ALCL (72). Antibodies to clusterin stained ALCL and
follicular dendritic cells, but not other normal T or
B lymphocytes. Staining was similarly negative in
nearly all non-Hodgkin’s lymphomas and HD. One
case of T-cell rich large B-cell lymphoma was pos-
itive. Clusterin expression might contribute to the
propensity of the cells to invade lymphatic sinuses.

The existence of a B-cell form of ALCL has been
controversial. Many high grade B-cell lymphomas,
especially those associated with EBV, can express
CD30 (22, 24, 73). These do not meet strict criteria
for a diagnosis of ALCL. There are rare reports of
ALCL cases of B-cell origin positive for the t(2;5) by
cytogenetics or RT-PCR, or by staining for ALK (44,
74). These have been reported largely from one
center, and have not been seen in other series.
Further studies may determine whether a B-cell
form of ALCL truly exists. Notably, the t(2;5) has
been reported by RT-PCR in rare normal peripheral
blood specimens. In addition, a rare form of CD30-
negative large B-cell lymphoma that is positive for
the full length ALK kinase has been described by
Delsol et al. (75) This B-cell lymphoma is usually
associated with expression of IgA, and is seen in
elderly male patients. It has an aggressive clinical
course. Because the cells are CD30-negative, con-
fusion with classical ALCL is not a problem. Inter-
estingly, these tumors are usually negative for
CD20, the most commonly employed B-cell marker.

GENETIC FEATURES

Immunophenotypic studies may be inconclusive
in proving a T-cell origin, but most cases of ALCL

show clonal T-cell gene rearrangement at the mo-
lecular level (64, 65). Polymerase chain reaction
(PCR) techniques for clonal rearrangement of the
T-cell receptor gamma and beta chains are usually
positive. EBV sequences are absent, although EBV-
expressing B-cell lymphomas do express high levels
of CD30 and have been misinterpreted as “anaplas-
tic large cell lymphomas” in some older series (76).

The molecular pathogenesis of ALCL has been
elucidated in recent years. Since the cloning of the
t(2;5)(p23;q32) breakpoint, other variant transloca-
tions have been detected (Table 3). They all involve
ALK, the ALCL kinase gene on chromosome 2, and
other partner genes on chromosomes 1, 2, 3, and 22
(47, 77– 81). Additional partner genes are likely to be
identified in the future. All result in upregulation of
ALK, but the distribution of the staining varies de-
pending on the translocation. NPM is involved in
shuttling of ribosomal proteins into the nucleus
(82). The normal function of NPM in the classic
t(2;5) leads to positive staining for ALK in both the
cytoplasm and nucleus. In the variant transloca-
tions, often only cytoplasmic staining will be
observed.

Importantly, cases with variant translocations
will be negative by RT-PCR, because the RT-PCR
technique employs primers that are specific for the
ALK and NPM genes (27, 47). However, cases with
variant translocations are positive for ALK by im-
munohistochemistry. Therefore, immunohisto-
chemistry has supplanted molecular tests for the
diagnosis of ALCL, based on its sensitivity and spec-
ificity. Normal lymphoid cells do not express ALK
(5).

Insights into the molecular pathogenesis of ALCL
have been important in clarifying the definition of
ALCL, and its relationship to other lymphomas in-
cluding HD. Initially, Stein et al. postulated on the
basis of the CD30 expression that ALCL was related
to HD (1). In addition, there were morphologic and
immunophenotypic overlaps between ALCL and
HD that furthered this supposition (41). Although
one study found evidence of the NPM/ALK in HD
by RT-PCR (18), other reports failed to confirm this
observation (19 –21, 83). Similarly, because the
morphologic spectrum of ALCL is broad, some
studies concluded that the t(2;5) NPM/ALK might
not be specific for ALCL (74, 84). Positive results by
RT-PCR have been reported in peripheral T-cell

TABLE 3. Recurring Cytogenetic Changes in Anaplastic Large Cell Lymphoma

Cytogenetics Partner Gene Frequency ALK Staining Pattern

t (2;5) Nucleophosmin 75% Cytoplasmic/ nuclear
t (1;2) Tropomyosin 3 10–20% Cytoplasmic
t (2;3) TRK fused gene (TRG) 2–5% Cytoplasmic
Inv 2 ATIC (pur H gene) 2–5% Cytoplasmic

t (2;22) Clathrin heavy chain 2–5% Cytoplasmic/granular
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lymphomas and “T-immunoblastic lymphomas.” It
is likely that these “false-positive” cases were mor-
phologic variants of ALCL, e.g., monomorphic (19),
small cell, or lymphohistiocytic variants (33).

CONCLUSION

ALCL has been defined as a distinct clinicopath-
ologic entity based on its histologic, clinical, immu-
nophenotypic, and molecular features. Molecular
analysis has been an important tool in clarifying the
borderlands of this and other entities, as most dis-
eases have a distinct molecular fingerprint that re-
lates to the underlying pathogenesis. Moreover, in
this paradigm molecular studies may be used to
refine the ultimate morphologic definition, leading
to improved diagnostic criteria. The accurate diag-
nosis of ALCL has important clinical implications
because it is a highly treatable form of lymphoma
and has a much better prognosis than other types
of T-cell lymphoma. Our current definition of ALCL
is both narrower and broader than originally envi-
sioned. A relationship to HD and high grade CD301
large B-cell lymphomas has been largely disproved.
However, ALCL variants such as the small cell vari-
ant and the lymphohistiocytic variant have been
shown to be part of the same disease entity.

A remaining question for the future is the reso-
lution of the 15 to 20% of cases currently diagnosed
as T/null ALCL that are ALK-negative. Based on
their clinical and epidemiologic features, it is likely
that these ALK-negative cases constitute one or
more different entities distinct from ALK-positive
ALCL. I propose that such cases would be more
appropriately diagnosed as an “anaplastic variant”
of peripheral T-cell lymphoma, unspecified. Even if
one elects to consider them within the broad defi-
nition of ALCL, it is important to designate them as
ALK1 or ALK2, because of the significant clinical
distinctions. An analogy is the molecular genetic
subclassification of acute myeloid leukemia, in
which distinctive genetic variants are considered
subentities with clinical and prognostic implica-
tions (36).
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