
Anaplastic large cell lymphoma (ALCL) was first
described in 19851 as a neoplastic proliferation
of lymphoid cells that are anaplastic in appear-

ance (Figure 1A), have a propensity to grow cohesively,
invade lymph node sinuses (Figure 1B) and consistently
express the CD30 molecule.2 Major breakthroughs came
with the discovery that some ALCL tumors carried the
t(2;5) translocation which caused fusion of the nucle-
ophosmin gene (NPM1) with a previously unrecognized
gene, named anaplastic lymphoma kinase (ALK).3 Since
then, a large bulk of information has accumulated on the
role of ALK in the molecular pathogenesis of ALCL4.

Notable progress was also made in characterizing
ALCL with the generation of specific monoclonal anti-
bodies that permitted immunohistochemical detection
of ALK chimeric proteins directly on fixed paraffin-
embedded biopsy samples.5,6 These reagents aided in
clarifying controversies over the wide morphological
spectrum of ALCL and in better defining the borders
between ALCL and other lymphoma subtypes, such as
Hodgkin’s lymphoma and peripheral T-cell lymphoma
(PTCL). 

ALCL was first included as an entity in the Revised
European and American Lymphoma (REAL) classifica-
tion7 in 1994, and, subsequently, in the World Health
Organization (WHO) classification of lymphoid neo-
plasms in 2001. The new edition of the WHO classifica-

tion (2008) recognizes, within the spectrum of mature T-
cell neoplasms, two types of systemic ALCL according
to ALK protein expression in tumor samples:8 (i) a dis-
tinct entity, named ALK+ ALCL, which is characterized
by ALK gene rearrangements and ALK protein expres-
sion; and (ii) a provisional entity, the so-called ALK–

ALCL, which cannot be distinguished morphologically
from ALK+ ALCL but differs from this entity because of
the lack of ALK protein. 

Diagnosis of anaplastic large cell lymphoma
ALK-positive anaplastic large cell lymphoma

ALK+ ALCL, thought to derive from an activated
mature cytotoxic T cell, is genetically the only well-
characterized entity in the spectrum of mature T-cell
neoplasms.8 Neoplastic transformation is due to consti-
tutive expression and activation of oncogenic ALK
fusion proteins deriving from ALK gene rearrange-
ments.4 ALK fuses with the nucleophosmin (NPM) gene
in about 85% of case of ALCL and with a partner other
than NPM in the other cases9 (Figure 2). ALCL cases
expressing NPM-ALK or an ALK-variant fusion protein
are distinguished by subcellular distribution of ALK
protein. In fact, when an NPM-ALK protein is present,
lymphoma cells show positivity for ALK in the cyto-
plasm and nucleus (Figure 1C) while, in the presence of
an ALK variant fusion protein, expression of ALK is
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Figure 1. (A) Morphological
appearance of ALK+ anaplastic
large cell lymphoma (ALCL) of
common type (hematoxylin-eosin;
x 800). The arrow indicates a typ-
ical hallmark tumor cell. Cases
with the same morphological fea-
tures but lacking the ALK protein
are classified as ALK-negative
ALCL. (B) Minimal lymph node
involvement with an intrasinu-
soidal pattern in ALK+ ALCL. The
arrows points to an ALK+ lym-
phoma cell within the subcapsu-
lar sinus (x 200). (C) In ALCL car-
rying the NPM-ALK fusion protein,
positivity for ALK (in red) is found
both in the cytoplasm and nucle-
us of neoplastic cells (x 800,
arrow). (D) In ALCL carrying a ALK
variant fusion protein, positivity
for ALK (in red) is restricted to the
cytoplasm of neoplastic cells (x
800, arrow). B-D: immunostaining
of lymph node paraffin sections
with anti-ALK monoclonal anti-
body (clone ALKc); APAAP tech-
nique and hematoxylin counter-
staining.
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restricted to tumor cell cytoplasm10,11 (Figure 1D).
Interestingly, some fusion proteins show unique ALK
subcellular expression patterns.11 In particular, ALK pos-
itivity in ALCL carrying clathrin-ALK and moesin/ALK
is granular cytoplasmic and surface membrane, respec-
tively.

Overlapping clinico-pathological features10 and gene
expression profile12 justify inclusion of ALCL expressing
NPM-ALK or ALK variant fusion proteins under the sin-
gle term of ALK+ ALCL. This disease entity is character-
ized by a broad morphological spectrum, including com-
mon type, lympho-histiocytic, small-cell and Hodgkin-
like variants.8 Recognizing these morphological patterns
is crucial as they can mimic both inflammatory process-
es and malignant tumors other than ALCL. For example,
in the lympho-histiocytic variant, abundant histiocytes
frequently mask the tumor cell population and may lead
to an incorrect diagnosis of atypical inflammatory
lesions or hemophagocytic syndrome.8 On the other
hand, the small-cell variant, due to the predominance of
the small cell component, may be misdiagnosed as
PTCL not otherwise specified (PTCL-NOS)8. Under all
these circumstances, determining ALK protein expres-
sion establishes the correct diagnosis. 

ALK-negative anaplastic large cell lymphoma 
In the 2008 WHO classification, ALK-ALCL is recog-

nized as a new provisional entity within the spectrum of
mature T-cell neoplasms.8 ALK-ALCL, the genetic under-
lying lesion(s) of which remains unknown, is defined as
a CD30+ T-cell lymphoma that, despite being morpho-

logically indistinguishable from ALK+ ALCL, lacks the
ALK protein.8

Thus, major criteria for diagnosing ALK– ALCL are
morphological features and strong CD30 expression by
all neoplastic cells. ALK– ALCL differs from PTCL-NOS8

because of: (i) absence of small-to-medium sized neo-
plastic lymphocytes (frequently found in PTCL-NOS);
(ii) strong, homogeneous CD30 expression (variably
expressed in PTCL-NOS); and (iii) lack of T-cell receptor
proteins (usually retained in PTCL-NOS). However, the
distinction is not always straightforward and even
expert hemopathologists may disagree on this topic.8

Immunophenotypic and genetic studies allow a dis-
tinction of ALK– ALCL from tumor cell-rich classic
Hodgkin’s lymphoma to be made in virtually all dubious
cases. According to the 2008 WHO classification,8 the
most important diagnostic criteria favoring a diagnosis
of ALK– ALCL are: (i) nuclear negativity for the PAX5
transcription factor (usually expressed in classic
Hodgkin’s lymphoma); (ii) negativity for the EBV mark-
ers EBER and LMP1 (which may be expressed in classic
Hodgkin’s lymphoma); and (iii) presence of clonal T-cell
receptor rearrangements (usually absent in classic
Hodgkin’s lymphoma). 

Clinical features, therapy and prognosis of anaplastic
large cell lymphoma 

Separation of systemic ALCL into two entities (ALK+

and ALK–)8 is clinically and prognostically relevant. ALK+

ALCL mostly occurs in the first three decades of life
while patients with ALK– ALCL are older.13, 14 Both forms

Figure 2. Alterations of
the ALK gene (transloca-
tions or mutations) are
found in a large variety of
human neoplasms
including hematopoietic
tumors such as ALK+

ALCL and ALK+ diffuse
large B-cell lymphoma
(both included as distinct
entities in the 2008 WHO
classification), a small
subset of non-small cell
lung cancer carrying the
EML4-ALK rearrange-
ment and neuroblas-
toma, which may harbor
ALK gene mutations. IMT
indicates inflammatory
myofibroblastic tumor.
ALK expression in IMT
usually occurs in young
patients. * Three cases
of ALK+ histiocytosis have
been reported. This enti-
ty occurs in early infancy
and is characterized by a
good outcome (Chan JK,
Blood, 112:2965, 2008). 



frequently present with B symptoms and stage IV dis-
ease, extranodal involvement being mainly observed in
skin, bone, and soft tissues. Bone-marrow involvement
is best identified by immunostaining for ALK protein.8

Prominent leukemic involvement in ALK+ ALCL is usu-
ally associated with the small cell morphological variant
and carries a poor prognosis. The central nervous sys-
tem is rarely affected in patients with ALK+ ALCL. 

Patients with ALCL generally receive the same treat-
ment (CHOP-based regimens) as prescribed for diffuse
large B-cell lymphoma. About 80% of children and
about 60% of adults with ALK+ ALCL are cured by
chemotherapy, while patients with ALK– ALCL appear
to have a poorer outcome.13,14 According to a recent
study,15 age could be a prominent factor driving the dif-
ference in outcome, since no difference emerged in sur-
vival of ALK+ and ALK– ALCL patients under 40 years of
age. The International Prognostic Index (IPI) continues
to maintain its prognostic value even in the good prog-
nostic category of ALK+ ALCL13. ALK– ALCL seems to
have a better clinical outcome than PTCL-NOS15, but
further studies are required to confirm these findings. 

Since ALK+ ALCL is characterized by a good response
rate and survival, consolidation with high dose therapy
followed by autologous stem cell (ASCT) support is not
recommended if patients achieve complete remission.
This treatment option should probably be offered to
ALK– ALCL patients with at least two IPI adverse prog-
nostic factors, because of their poorer prognosis. At
relapse, ASCT should be proposed to patients who are
chemosensitive to salvage chemotherapy. However,
this procedure is probably less efficient in ALK– ALCL
than in ALK+ ALCL.16 Allogeneic transplantation was
reported to be an effective procedure for relapsed or
refractory ALK+ ALCL17 but its value in the treatment of
ALK– ALCL remains to be defined.

Future perspectives
In the near future, it will be essential to look at the

efficacy of innovative forms of therapy for high IPI or
relapsed ALK+ ALCL and for ALK– ALCL. Anti-CD30
monoclonal antibodies, whether native or conjugated to
toxins or radioisotopes, may provide a new basis for the
treament of ALCL,2,18 especially the ALK-negative
forms. Small molecules which are able to inhibit ALK
kinase activity19,20 are likely to play an important role in
future therapy of ALK+ ALCL. These compounds can
inhibit ALK activity through two different mechanisms:
(i) by competing with ATP for binding to the ALK
kinase domain;21 and (ii) by increasing the proteasome-
mediated degradation of the oncogenic ALK fusion pro-
tein; examples of small molecules exhibiting this activi-
ty include geldanamycin, 17-allylamino-17-demethoxy-
geldanamycin22 and herbimycin A.23 ALK inhibitors
have shown strong activity against ALK+ ALCL cells in
vitro and in xenotransplanted ALK+ ALCL tumors.21

Another possible approach is to interfere with the ALK
downstream signaling pathways.24 The study by
Bonvini et al.25 published in this issue of the journal,
moves in this direction as it demonstrates, for the first
time, that targeting cyclin-dependant kinases (cdk) with
flavopiridol is active against ALCL cells. Interestingly,

response to flavopiridol increased when this drug was
combined with ALK inihibitors which interrupted
NPM-ALK signaling. Proteome identification of novel
binding partners of the NPM-ALK fusion protein, using
mass spectrometry, is expected to further expand our
knowledge of altered signaling pathways in ALCL and
provide new research directions for the development of
targeted therapies.26,27 At present, there are no small-
molecule inhibitors of ALK approved for clinical use.
However, since the ALK inhibitors investigated so far
have shown considerable anti-tumor activity with min-
imal toxicity, it is expected that these compounds may
enter clinical use in the next few years. The hope for the
future is that the incorporation of ALK inhibitors in
treatment schedules for ALK+ ALCL may result in even
better clinical outcomes with fewer toxic effects. 

ALK+ neoplasms other than ALCL could also benefit
from novel therapies. One potential candidate is the rare
form of diffuse large B-cell lymphoma expressing the
ALK protein28 (Figure 2), which the WHO classification
has now recognized as a new entity. This tumor is char-
acterized by immunoblastic/plasmoblastic (rather than
anaplastic) morphology, cytoplasmic expression of IgA,
negativity or weak positivity for CD30, and, usually, a
poor outcome. Although EML4-ALK rearrangements
were detected in non-small cell lung cancer29 (Figure 2),
their biological and clinical significance remains to be
better defined.30,31 Clinical trials testing the efficacy of
ALK inhibitors against this subset of lung tumors are
ongoing and should soon provide answers. Assessment
of the activity of ALK inhibitors against neuroblastomas
harboring ALK gene mutations is also warranted. 

The authors’ research work described here was supported by
the Associazione Italiana Ricerca Cancro (AIRC) and
Fondazione Cassa di Risparmio di Perugia.

No potential conflict of interest relevant to this perspective
article was reported.

Dr. Falini is a Professor of Hematology, and Dr. Martelli is
a researcher at the Institute of Hematology, University of
Perugia, Perugia, Italy.

References

1. Stein H, Mason DY, Gerdes J, O'Connor N, Wainscoat J,
Pallesen G, et al. The expression of the Hodgkin's disease
associated antigen Ki-1 in reactive and neoplastic lymphoid
tissue: evidence that Reed-Sternberg cells and histiocytic
malignancies are derived from activated lymphoid cells.
Blood 1985;66:848-58.

2. Falini B, Pileri S, Pizzolo G, Durkop H, Flenghi L, Stirpe F, et
al. CD30 (Ki-1) molecule: a new cytokine receptor of the
tumor necrosis factor receptor superfamily as a tool for
diagnosis and immunotherapy. Blood 1995;85:1-14.

3. Morris SW, Kirstein MN, Valentine MB, Dittmer KG,
Shapiro DN, Saltman DL, et al. Fusion of a kinase gene,
ALK, to a nucleolar protein gene, NPM, in non-Hodgkin’s
lymphoma. Science 1994;263:1281-4.

4. Chiarle R, Voena C, Ambrogio C, Piva R, Inghirami G. The
anaplastic lymphoma kinase in the pathogenesis of cancer.
Nat Rev Cancer 2008;8:11-23.

5. Pulford K, Lamant L, Morris SW, Butler LH, Wood KM,
Stroud D, et al. Detection of anaplastic lymphoma kinase
(ALK) and nucleolar protein nucleophosmin (NPM)-ALK
proteins in normal and neoplastic cells with the monoclon-
al antibody ALK1. Blood 1997;89:1394-404.

6. Falini B, Bigerna B, Fizzotti M, Pulford K, Pileri SA, Delsol

Editorials and Perspectives

haematologica | 2009; 94(7) | 899 |



Editorials and Perspectives

| 900 | haematologica | 2009; 94(7)

G, et al. ALK expression defines a distinct group of T/null
lymphomas ("ALK lymphomas") with a wide morphologi-
cal spectrum. Am J Pathol 1998;153:875-86.

7. Harris NL, Jaffe ES, Stein H, Banks PM, Chan JK, Cleary ML,
et al. A revised European-American classification of lym-
phoid neoplasms: a proposal from the International
Lymphoma Study Group. Blood 1994;84:1361-92.

8. Swerdlow SH, Campo E, Harris NL, Jaffe ES, Pileri S, Stein
H et al. Eds. WHO Classification of Tumours of
Haematopoietic and Lymphoid Tissues. Lyon: IARC;
2008:312-6.

9. Stein H, Foss HD, Durkop H, Marafioti T, Delsol G, Pulford
K, et al. CD30(+) anaplastic large cell lymphoma: a review
of its histopathologic, genetic, and clinical features. Blood
2000;96:3681-95.

10. Falini B, Pulford K, Pucciarini A, Carbone A, De Wolf-
Peeters C, Cordell J, et al. Lymphomas expressing ALK
fusion protein(s) other than NPM-ALK. Blood 1999;94:
3509-15.

11. Falini B, Mason DY. Proteins encoded by genes involved in
chromosomal alterations in lymphoma and leukemia: clini-
cal value of their detection by immunocytochemistry. Blood
2002;99:409-26.

12. Bohling SD, Jenson SD, Crockett DK, Schumacher JA,
Elenitoba-Johnson KS, Lim MS. Analysis of gene expression
profile of TPM3-ALK positive anaplastic large cell lym-
phoma reveals overlapping and unique patterns with that of
NPM-ALK positive anaplastic large cell lymphoma. Leuk
Res 2008;32:383-93.

13. Falini B, Pileri S, Zinzani PL, Carbone A, Zagonel V, Wolf-
Peeters C, et al. ALK+ lymphoma: clinico-pathological find-
ings and outcome. Blood 1999;93:2697-706.

14. Gascoyne RD, Aoun P, Wu D, Chhanabhai M, Skinnider BF,
Greiner TC, et al. Prognostic significance of anaplastic lym-
phoma kinase (ALK) protein expression in adults with
anaplastic large cell lymphoma. Blood 1999;93:3913-21.

15. Savage KJ, Harris NL, Vose JM, Ullrich F, Jaffe ES, Connors
JM, et al. ALK- anaplastic large-cell lymphoma is clinically
and immunophenotypically different from both ALK+
ALCL and peripheral T-cell lymphoma, not otherwise spec-
ified: report from the International Peripheral T-Cell
Lymphoma Project. Blood 2008;111:5496-504.

16. Zamkoff KW, Matulis MD, Mehta AC, Beaty MW,
Hutchison RE, Gentile TC. High-dose therapy and autolo-
gous stem cell transplant does not result in long-term dis-
ease-free survival in patients with recurrent chemotherapy-
sensitive ALK-negative anaplastic large-cell lymphoma.
Bone Marrow Transplant 2004;33:635-8.

17. Liso A, Tiacci E, Binazzi R, Pulford K, Benedetti R, Carotti
A, et al. Haploidentical peripheral-blood stem-cell trans-
plantation for ALK-positive anaplastic large-cell lymphoma.
Lancet Oncol 2004;5:127-8.

18. Bartlett NL, Younes A, Carabasi MH, Forero A, Rosenblatt
JD, Leonard JP, et al. A phase 1 multidose study of SGN-30
immunotherapy in patients with refractory or recurrent
CD30+ hematologic malignancies. Blood 2008;111:1848-54.

19. McDermott U, Iafrate AJ, Gray NS, Shioda T, Classon M,

Maheswaran S, et al. Genomic alterations of anaplastic lym-
phoma kinase may sensitize tumors to anaplastic lym-
phoma kinase inhibitors. Cancer Res 2008;68:3389-95.

20. Li R, Morris SW. Development of anaplastic lymphoma
kinase (ALK) small-molecule inhibitors for cancer therapy.
Med Res Rev 2008;28:372-412.

21. Galkin AV, Melnick JS, Kim S, Hood TL, Li N, Li L, et al.
Identification of NVP-TAE684, a potent, selective, and effi-
cacious inhibitor of NPM-ALK. Proc Natl Acad Sci USA
2007;104:270-5.

22. Bonvini P, Dalla Rosa H, Vignes N, Rosolen A. Ubiquiti-
nation and proteasomal degradation of nucleophosmin-
anaplastic lymphoma kinase induced by 17-allylamino-
demethoxygeldanamycin: role of the co-chaperone car-
boxyl heat shock protein 70-interacting protein. Cancer Res
2004;64:3256-64.

23. Turturro F, Arnold MD, Frist AY, Pulford K. Model of inhibi-
tion of the NPM-ALK kinase activity by herbimycin A. Clin
Cancer Res 2002;8:240-5.

24. Gu L, Gao J, Li Q, Zhu YP, Jia CS, Fu RY, et al. Rapamycin
reverses NPM-ALK-induced glucocorticoid resistance in
lymphoid tumor cells by inhibiting mTOR signaling path-
way, enhancing G1 cell cycle arrest and apoptosis.
Leukemia 2008;22:2091-6.

25. Bonvini P, Zorzi E, Mussolin L, Monaco G, Pigazzi M,
Basso G, Rosolen A. The effect of the cyclin-dependent
kinase inhibitor flavopiridol on anaplastic large cell lym-
phoma cells and relationship with NPM-ALK kinase
expression and activity. Haematologica 2009;94:944-955.

26. Wu F, Wang P, Young LC, Lai R, Li L. Proteome-wide iden-
tification of novel binding partners to the oncogenic fusion
gene protein, NPM-ALK, using tandem affinity purification
and mass spectrometry. Am J Pathol 2009;174:361-70.

27. Boccalatte FE, Voena C, Riganti C, Bosia A, D'Amico L,
Riera L, et al. The enzymatic activity of 5-aminoimidazole-
4-carboxamide ribonucleotide formyltransferase/IMP cyclo-
hydrolase is enhanced by NPM-ALK: new insights in ALK-
mediated pathogenesis and the treatment of ALCL. Blood
2009;113:2776-90.

28. Delsol G, Campo E, Gascoyne R. ALK-positive large B-cell
lymphoma. In: Swerdlow SH et al. Eds, WHO Classification
of Tumours Haematopoietic and Lymphoid Tissues. Fourth
ed. Lyon: IARC; 2008:254-5.

29. Soda M, Choi YL, Enomoto M, Takada S, Yamashita Y,
Ishikawa S, et al. Identification of the transforming EML4-
ALK fusion gene in non-small-cell lung cancer. Nature
2007;448:561-6.

30. Martelli MP, Sozzi G, Hernandez L, Pettirossi V, Navarro A,
Conte D, et al. EML4-ALK rearrangement in non-small cell
lung cancer and non-tumor lung tissues. Am J Pathol 2009;
174:661-70.

31. Boland JM, Erdogan S, Vasmatzis G, Yang P, Tillmans LS,
Johnson MR, et al. Anaplastic lymphoma kinase immunore-
activity correlates with ALK gene rearrangement and tran-
scriptional up-regulation in non-small cell lung carcinomas.
Hum Pathol 2009 Apr 20. [Epub ahead of print].


