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A distinct pathologic entity (ALKt lymphoma) that is charac-
terized by expression of the anaplastic lymphoma kinase
(ALK) protein has recently emerged within the heteroge-
neous group of CD30* anaplastic large-cell lymphomas.
Information on clinical findings and treatment outcome of
ALK* lymphoma is still limited, and no data are available
concerning the value of the International Prognostic Index
when applied to this homogeneous disease entity. To clarify
these issues, a recently developed monoclonal antibody
ALKc (directed against the cytoplasmic portion of ALK) was
used to detect expression of the ALK protein in paraffin-
embedded biopsies from 96 primary, systemic T/null anaplas-
tic large-cell lymphomas, and the ALK staining pattern was
correlated with morphological features, clinical findings, risk
factors (as defined by the International Prognostic Index),
and outcome in 78 patients (53 ALK* and 25 ALK™). Strong
cytoplasmic and/or nuclear ALK positivity was detected in
58 of 96 ALCL cases (60.4%), and it was associated with a
morphological spectrum (common type, 82.7%; giant cell,
3.5%; lymphohistiocytic, 8.6%; and small cell, 5.2%) that
reflected the ratio of large anaplastic elements (usually
showing cytoplasmic and nuclear ALK positivity) to small
neoplastic cells (usually characterized by nucleus-restricted
ALK expression). Clinically, ALK* lymphoma mostly occurred
in children and young adults (mean age, 22.01 + 10.87 years)

D30" ANAPLASTIC large-cell lymphoma is a widely

with a male predominance (male/female [M/F] ratio, 3.0)
that was particularly striking in the second-third decades of
life (M/F ratio, 6.5) and usually presented as an aggressive,
stage lll-IV disease, frequently associated with systemic
symptoms (75%) and extranodal involvement (60%), espe-
cially skin (21%), bone (17%), and soft tissues (17%). As
compared with ALK* lymphoma, ALK~ cases occurred in
older individuals (mean age, 43.33 = 16.15 years) and showed
a lower M/F ratio (0.9) as well as lower incidence of stage
IlI-IV disease and extranodal involvement at presentation.
Overall survival of ALK+ lymphoma was far better than that
of ALK~ anaplastic large-cell lymphoma (71% =+ 6% v 15% =+
11%, respectively). However, within the good prognostic
category of ALK* lymphoma, survival was 94% = 5% for the
low/low intermediate risk group (age-adjusted International
Prognostic Index, 0 to 1) and 41% = 12% for the high/high
intermediate risk group (age-adjusted International Prognos-
tic Index, =2). Multivariate analysis identified ALK expres-
sion and the International Prognostic Index as independent
variables that were able to predict survival among T/null
primary, systemic anaplastic large-cell ymphoma. Thus, we
suggest that such parameters should be taken into consider-
ation for the design of future clinical trials.
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rected against the cytoplasmic portion of the ALK protein have

recognized clinico-pathological entity that is character- been recently used to detect in tumor biopsies the NPM-ALK
ized by frequent occurrence in childrern40% of all large-cell ~ fusion protein [generated by the t(2;5) translocai®?f or
lymphomas);2 preferential paracortical and intrasinusoidal full-length ALK.20 In two large studie$?:3! expression of the
lymph node involvement by large anaplastic tumor cellsALK protein was demonstrated in approximately 60% of
expressing the CD30 molecule (previously named Ki<1and
highly aggressive clinical course usually associated with sys-
temic symptoms and extranodal involvement, especially skin From the Institute of Hematology, University of Perugia, Perugia,
and boné:2413 Anaplastic large-cell lymphomas of B- and Italy; the Institutes of Pathology and Hematology, University of
T-cell type were initially recognized in the updated Kiel Bologna, Bologna, Italy; the Institutes of Pathology and Clinical
Classificationt* The recently proposed Revised European-Oncology, Centro di Riferimento Oncologico, Istituto Nazionale Tu-
American Lymphoma (REAL) classificatiéh included the mori, Aviano, lItaly; the Institutes of Pathology and Hematology,
B-cell type anaplastic large-cell lymphoma among the morpho_University of Leuyen, _Leuven, Belgium; the Institutes of Path_ology and
logical variants of diffuse large B-cell lymphoma, limiting the Hematology, University of Verona, Verona, ltaly; the Institutes of

¢ f lastic | I h vt ith T (fathology and Hematology, University of Pavia, Pavia, ltaly; the
erlrln (P)] anf:p astic large-cell lymphoma only to cases wi anGnstitute of Pathology, Istituto Nazionale Tumori of Milan, Milan, Italy;
null phenotype.

) . . ) the Institutes of Pathology and Hematology, Benjamin Franklin Univer-
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anaplastic large-cell lymphomas. These cases occurred mostmunoperoxidase or immuno-alkaline phosphatase (APAAR}h-
frequently in the first three decades of life and consistentlyniques for the following antigens: CD45, CD45R0O, CD20/L26, CD79a,
showed a T/null phenotype associated with a morphologica?‘”d CD3 (purchased from Dako, Glostrup, Denmark); CD8 (a gift from
spectrum, ranging from the common type to the lymphohistio-Prof David Mason, Oxford, UK); CD30/Ber-H2 (kindly provided by
cytic or small-cell varian®®3t For these tumors, we and others F7of Harald Stein, Berlin, Germany); and CDE@dditional phenotyp-
have recently proposed the term of AtKymphoma®3t and ing could be obtained on frozen sections in 25 cases.

Nak a d th f ori | ical lasti Only cases with unequivocal diagnosis of CD3@naplastic large-
akamura et &r proposed that of primary classical anaplastic cell lymphoma were included in the study. Diagnostic immuno-

large-cell lymphoma. This lymphoma is more likely to repre- yorphological criteria were those defined in the REAL classificaifion,
sent a single homogeneous disease (based on the presence of f3ethe presence of large anaplastic tumor cells with horseshoe-shaped
genetic abnormality) than are neoplasms selected on the basis ef multiple nuclei containing multiple or single prominent nucleoli and
morphologic and phenotypic features, eg, CD30 expression. abundant, frequently vacuolated cytoplasm that tended to grow in a

In recent years there has been growing interest to identifycohesive pattern and preferentially involved the lymph node sinuses. By
specific molecular features that, in addition to histologic typedefinition, all large tumor cells showed dot-like positivity in the Golgi
and clinical status, may help to define prognosis in patients withfrea and/or surface expression of the CD30 molettiinese criteria,
aggressive lymphomas. One example includes the rearrangég”eSponding to the common or classic form of anaplastic large-cell
ment of the BCL-6 gene that has been associated with mphoma, were integrated to include other mo.rpho!ogical variants of
favorable outcome in diffuse large B-cell lymphoniaddore ahaplastlscs_lirge—cell Iymphoma,_ €9, lymphohistiocytic, Sma"'c.e!" and

. 35 ted for the first time that CD30 giant cell3®41Based on these criteria, the 'ca'ses gould 'be subdivided as

recently,.Shlota et repor i follows: common type (n= 79), lymphohistiocytic variant (= 5),
anaplastic large-cell lymphoma expressing the p80 (NPM'small—cell variant (= 3), giant-cell rich (n= 8), and signet-ring (& 1).
ALK) protein (as defined by an anti-p80 polyclonal antibody)

The following cases were excluded from the study: (1) primary
has a better prognosis than p8@naplastic large-cell lym-  cutaneous T/null anaplastic large-cell lymphoma; (2) anaplastic large-
phoma. cell lymphoma with Hodgkin's like appearari€g(2) anaplastic large-

The role of the International Prognostic Ind&X’for predict-  cell lymphoma with B-cell phenotype; and (4) anaplastic large-cell
ing outcome of CD30 anaplastic large-cell lymphoma is lymphoma occurring in patients with previous diagnosis of lymphoma
matter of debaté?13 Reasons for these conflicting results may ©F documentation of human immunqdeficiency virus (HIV) infection_.
lie in the lack of reliable morphologic and immunophenotypic At the end, the‘analy5|s was restricted Fo T/null primary, systemic
criteria for defining anaplastic large-cell ymphoma, as reflecte D30” anaplastic large-cell lymphoma with morphology other than

by the d it in literat foat t eight tati odgkin’s like that occurred in the immunocompetent host.
y the description In literature of at east eight putative Immunohistological detection of the ALK proteinExpression of the

s.ubtype§.3"41Thls points to the importance of aSSessINg prognos-, k protein was detected with the MoAb ALKE that recognizes a

tic factors in the context of a more homogeneous disease entityiyative-resistant epitope on the cytoplasmic portion of the ALK protein

eg, ALK* lymphoma. and is appliable to routinely processed, paraffin-embedded samples. All
In this study, routinely processed biopsies from 96 cases otases were also stained in parallel with the ALK1 MoAb (kindly

primary, systemic CD30anaplastic large-cell ymphomas with provided by Prof David Y. Mason, Oxford, UK) raised against a

proven T/null phenotype were investigated for expression of théragment (AA 419-520) of the cytoplasmic portion of ALR.

ALK protein using a highly specific MoAb ALKc that we Both the antibodies were applied for 30 minutes to dewaxed paraffin

recently generated against a fixative-resistant epitope on thgections (3- to 5-um thick) after microwave antigen retrieval (3 times
cytoplasmic portion of ALKZ® The ALK immunostaining forsmmutes at 7.00 W)in 1 mmol/L EDTA b_uffer, .pH 8.0,as pre\."OUSIy

. . . described* Sections were then washed with Tris-buffered saline, pH
pattern was then correlated with the histological features of them’ and immunostained by the immuno-alkaline phosphatase (APAAP)
tumor as well as with the clinical flndlngs_, risk factors, and technique’? The endogenous alkaline phosphatase was blocked by
outcome to assess whether ALK expression and the Internayqging levamisole to the substrate solution at the final concentration of
tional Prognostic Index may identify different prognostic groups 1 mmol/L#5 Slides were then counterstained for 5 minutes in Gill's
among CD30 anaplastic large-cell ymphomas. hematoxylin and mounted in Kaiser’s gelatin.

Clinical data. Detailed information on the clinical characteristics,

treatment, and outcome was available in 78 of 96 cases (53"Adrid
25 ALK™). The clinical features evaluated for potential prognostic
Selection of cases.Pathological samples from 96 patients with importance were sex, age, Ann Arbor tumor stage, B symptoms,

MATERIALS AND METHODS

CD30" anaplastic large-cell ymphoma were retrieved from the files of performance status, type and number of extranodal sites (as assessed by

the Hemopathology Section, Institute of Hematology, University of physical examination, computed tomography (CT) scan, and bone
Perugia (Perugia, Italy); the Hemopathology Section, Institute ofmarrow biopsy), maximum diameter of the largest tumor mass (bulky

Hematology “Lorenzo & Ariosto Seragnoli”, University of Bologna
(Bologna, ltaly); and the Institutes of Pathology at the following
Institutions: Centro di Riferimento Oncologico (Aviano, Italy), Univer-
sity of Pavia (Pavia, Italy), University of Verona (Verona, lItaly), the
Istituto Nazionale Tumori (Milan, ltaly), the University of Leuven
(Leuven, Belgium), and the Free University of Berlin (Berlin, Ger-

>10 cm), and serum level of lactate dehydrogenase (LDH) level. B
symptoms were defined as recurrent fever (temperat@&3°C), night

sweats, or the loss of greater than 10% of body weight within 6 months.
The performance status was defined according to the World Health
Organization (WHO). The serum LDH level was expressed as the ratio
of the measured value to the upper limit of the normal range reported in

many). The material included 60 cases of T/null anaplastic large-celthe laboratory of each participating institution.

lymphoma that had been reported in a previous stfidyost tissue

The initial therapy and therapeutic response, details of remission,

samples were fixed in 10% buffered formalin, while a percentage ofprogression or relapse, and subsequent therapies and follow-up were
them were fixed in B5 or Bouin. Slides from routinely paraffin- recorded in each patient. The patients received different types of
embedded tissues were stained with hematoxylin-eosin, Giemsa, artherapy, depending on the Institution. Two cases in stage |IA were treated
Gordon-Sweet. Paraffin sections from all cases had been stained byith radiotherapy only. Sixty-eight patients received various combina-
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tion-chemotherapy regimens containing doxorubicin. Eight pediatricNPM-ALK chimeric produc®®2® The remaining 19% ALK

ALK ™ lymphomas were treated with different intensive chemotherapylymphomas displayed a cytoplasm-restricted expression of the
regimens used for acute lymphoblastic leukemia. Complete responsg| k protein, suggesting that in these cases the ALK gene may
(CR) was defined as the total disappearance of signs and symptoms d e ve fused with a genes(s) other than NPNE4Expression of

to the disease as well as the normalization of all previous abnorma . .
findings. Partial response (PR) was defined as the reduction of at leas D30 closely paralleled that of AI."K in the large _anaplastlc
50% of known disease with disappearance of the systemic manifestage”%_ Whereas small tumor cells with nucleus-restricted ALK-
tions. No response (NR) was anything less than a PR. positivity were usually CD30.

Patients were stratified according to the International Prognostic 1he 58 ALK* lymphomas showed a morphological spectrum
Index36:37 Because all patients were less than 60 years of age, dhat included variants of common type (82.7%), giant cell
simplified age-adjusted International Prognostic Index was applied tha{3.5%), lymphohistiocytic (8.6%), and small cell (5.2%) (Fig
only considered three risk factors: tumor stage (\-llI-1V), perfor- 1A through D). In 5 of 58 ALK cases, more than one
mance status (0-¢ >1), and LDH level (lowv high). Based on these pjstological pattern was found within a single biopsy at the time
criteria, patients were subdivided in two risk groups: (1) low/low- of initial diagnosis (3 with common plus small cell, 1 with

intermediate (simplified International Prognostic Index, 0 to 1), as ommon plus lvmphohistiocvtic. and 1 with lvmphohistiocytic
defined by the absence of risk factors or the presence of one of them; P ymp yuc, ymp y

and (2) high/high-intermediate (simplified International Prognostic PIUS Small cell). One ALK case showed a common type
Index,=2), as defined by the presence of two or more risk factors. ~ Morphology at diagnosis but was lymphohistiocytic at relapse.
Overall survival was measured from diagnosis to death from any NO expression of the ALK protein was detected in 38 of 96
cause, with surviving patient follow-up censored at the last contact dateanaplastic large-cell lymphomas. Most of these cases showed
Disease-free survival was defined as the time from therapy to the firsthe histological features of common type, but there was some
occurrence of relapse. Follow-up of patients not experiencing one otendency of ALK anaplastic large-cell lymphomas to be more
these events was censored at their date of last contact. Estimates Bfeomorphic than ALK cases, sometimes with giant cell
overall and disease-free survival distribution was calculated using theappearance. No lymphohistiocytic and small cell variants were

method of Kaplan7and Me'é.ﬁ'surv'val. curves were compared using observed in the series of ALKanaplastic large-cell lympho-
the log-rank test’ Multivariate survival analysis was performed

applying the Cox regression modél. maS_. L .
Diagnostic impact. Five of 58 ALK* lymphomas were
RESULTS initially misdiagnosed as metastatic carcinoma=(12, due to

anaplasia and cohesive pattern of growth of tumor cells),
of ALK immunostaining in 96 anaplastic large-cell lymphomas [)nallgnant ?'SQ'OCWOZ'S andhreactlvle '_ympfhade”,"pa;'ﬁ‘f(ﬂl

with T/null phenotype are summarized in Table 1. Strong ecausg of the exuberant hyperplasia of reactive . istiocytes),
expression of the ALK protein was observed in 58 of 96 (Soand peripheral T-cell ymphoma other than anaplastic large-cell

with T and 28 with null) cases (60.4%). The ALKc and ALK1 lymphoma (= 1, due t? mixed proliferation of small and Iarg_e
MoAbs gave identical results, but ALKc tended to react more!UMor cells). Immunohistochemistry for CD30 and ALK anti-
strongly than ALK1 with the nuclei of tumor cells, especially 9€ns helped to reach a correct diagnosis in these cases.
those of small size. In approximately 81% of Atkases the Immunohlstologlcal Iabellng for the ALK protein was also
subcellular distribution pattern of the ALK protein (nucleus and Particularly valuable for detecting a low number of tumor cells,
cytoplasm of large anaplastic elements and nucleus of smaffSPecially those of small size (usually CD30in the paracor-

atypical cells) strongly suggested that tumor cells contained th&X ©f lymph nodes (Fig 1E), bone marrow (Fig 1F), spinal fluid
and skin (not shown). In 1 patient with the lymphohistiocytic

variant of ALK lymphoma, the administration of nonsteroid

Pathological and immunohistological findingsThe results

Table 1. Morphological and Immunohistological Features of 96 anti-inflammatory drugs (to control high fever) caused a marked
T/null CD30* Anaplastic Large-Cell Lymphoma regression of the lymphadenopathy at the time the lymph node
Pattern of ALK Positivity biopsy was scheduled. Because of the small amount of tissue
Type No.  Morphological Variants in Tumor Cells available, the diagnosis was only possible with the use of the
ALK+ 58 Common type (48/58)  29/58all (c + n)* anti-ALK antibody that showed the presence of rare ALK
10/58 many (c + n)t, few (n)t tumor elements in the context of an inflammatory background
9/58 all (c)* of neuthrophils, macrophages, and plasma cells.
Lymphohistiocytic (5/58) 5/5 few (¢ + n)t, many (n)t Clinical findings. Clinical and laboratory findings were
Small cell (3/58) 3/3 few (c + n)t, many (n)¥ available in 78 of 96 cases (53 Al'Kand 25 ALK") and are
Giant cell (2/58) 2/2 all (c)*

summarized in Table 2. ALK lymphoma frequently occurred
Giant cell (6/39) . in the first three decades of life (Fig 2; mean age, 2_20_110.87
Signet ring (1/38) N years; age range, 3 to 52 years). The present series included 12
Total 96 pediatric patients and 41 adult patientsl@ years of age). The
male/female (M/F) ratio was 3.0, with male predominance
being particularly striking in the second to third decades of life
these cases). (M/F ratio, 6.5; Fig 2). According to the Ann Arbor staging
tMostly large anaplastic cells. system, 28% of patients had stage I-1l and 72% had stage IlI-IV
£Mostly small cells. disease. Most cases (75%) presented with systemic symptoms
§Tumor cells were frequently more pleomorphic than in common (high fever and/or weight loss in the absence of pruritus).
type ALK* lymphoma. Lymphadenopathy was present in 92% of patients; 40% had

ALK~ 38 Common type (31/38)8 —

Abbreviations: c, cytoplasmic; n, nuclear.
*Only large anaplastic cells (no small tumor cells were observed in
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Table 2. Clinical Findings of T/null Primary, Systemic ALK+ and ALK~ N°® B wALE (40)
Anaplastic Large-Cell Lymphoma | [T FEMALE (13)
Characteristic ALK* (N = 53) ALK~ (N = 25) P 16}
a
M 40 12 016 ib
F 13 13 p
Age (yr) "
=35 47 10 .001
>35 6 15 4
Performance status 2
0-1 25 16 NS 0! — 0 =
>1 21 7 AGE 0-10 11-20 21-30 31-40 4150 >50
B symptoms
No 13 10 NS Fig 2. Distribution by age and sex of 53 ALK* lymphomas.
Yes 40 15
Bulky disease
No 40 15 NS 17%), followed by bone marrow (11%), lung (11%), and liver
Yes 13 10 (8%). Tumor cells infiltrating the marrow ranged in size from
Extranodal sites small atypical cells to large anaplastic elements, and in one case
No 21 1 019 involvement was only evident by ALK immmunostaining of the
Exrfjnodal sites 32 8 bone marrow biopsy (Fig 1F). Thr.ee ofthe 6 patien.ts With bope
Skin 1 1 marrow involvement had concomitant tumor cells circulating in
Bone 9 1 the peripheral blood. None of the 6 cases with affected bone
Bone marrow 6 0 marrow showed concomitant skin lesions. The following extra-
PB 3 0 nodal sites were rarely involved: pleura£n3), central nervous
Lung 6 0 system (CNS; n= 2), gut (n= 1), testis (n= 1), and parotid
Liver 4 1 (n=1).
Pleura 3 0 As compared with ALK lymphoma, ALK cases in this
Soft tissues 9 0 series were characterized by occurrence at older age (mean age,
Muscle 3 0 43.33 = 16.15 years), lower M/F ratio (0.9), and lower
CNS 2 0 incidence of stage IlI-1V disease and extranodal involvement at
Gut 1 1 .
Testicle 1 0 presentation (Table 2).

Parotid 1 o Response to treatment and survivaDverall, 77.3% of
Ann Arbor stage ALK * lymphoma obtained a CR and 15.0% a PR, with a major
1l 15 14 018 response (CR- PR) rate of 92.3%. Four patients (7.7%) were

H-1v 38 11 resistant to chemotherapy. Of 25 AtKanaplastic large-cell
LDH level lymphomas, 56% obtained a CR and 28% a PR, with a major
<1x normal 27 13 NS response (CR+ PR) rate of 84%. Four patients (16%) were
>1x normal 20 10 resistant to therapy. No patient died of therapy-related effects.
International Prognostic Index The median follow-up for all patients was 2.10 years (range,

0-1 (low/low intermediate) 25 S NS 0.07 to 13.17 years). Overall survival of AlKymphoma was
=2 (high/high intermediate) 25 7

Abbreviation: NS, not significant.

significantly better than that of ALKlymphoma (71%*+ 6%V
15% = 11%, respectivelyP < .0007; Fig 4). Disease-free
survival of ALK* lymphoma was significantly better than that

exclusively nodal disease. Extranodal involvement was fre-of ALK ~ lymphoma, being at 10 years of follow-up 82%66%
quent (60%), with 41% of patients showing two or more and 28%:=* 14%, respectivelyR < .0001; not shown).

extranodal sites. Skin (usually nodules or ulcerated lesions; Fig The age-adjusted International Prognostic Index predicted

3A), bone (Fig 3B), and soft tissues (Fig 3C) were the mostsurvival within the good prognosis group of Alymphomas
frequently involved sites (skin, 21%; bone, 17%; soft tissues,(Table 3). Overall 5-year survival was 94% 5% for the

Figl. ALK*lymphoma, common type (lymph node, paraffin section). (A) Scattered ALK+ anaplastic tumor cells (labeled in red) are present in
the paracortical area. Residual lymphoid tissue is ALK~. GC indicates a germinal center (x150). (Inset) Higher magnification (x800) of the same
case showing cytoplasmic and nucleolar positivity of tumor cells for the ALK protein (arrowhead). (B) ALK+ lymphoma, common type (lymph
node, paraffin section). Large anaplastic tumor cells show cytoplasm-restricted positivity for the ALK protein (arrow; x800). (C) ALK* lymphoma,
common type (lymph node, paraffin section). Tumor cells consists of a mixture of large anaplastic elements expressing the ALK protein both in
the nucleus and cytoplasm (arrow) and small tumor cells showing nucleus-restricted ALK positivity (arrowhead; x800). (D) ALK+ lymphoma,
small cell variant (lymph node, paraffin section). The tumor cell population mostly consists of small neoplastic elements showing
nucleus-restricted ALK-positivity. A small percentage of large neoplastic cells that express the ALK protein both in the nucleus and cytoplasm
(arrowheads) is present around blood vessels (*; x500). (E and F) ALK* lymphomas (paraffin sections). Rare small-size tumor cells showing
nuclear-restricted ALK-positivity are detectable in the cortical area of the lymph node (E, arrow) and in the bone marrow (F, arrow). The
arrowhead in (F) indicates an ALK~ megakaryocyte (both x800). (A through F) Immunostaining with the ALKc MoAb; APAAP technique.
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n=53
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s 050
e p<0.0007
[-%
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ALK-
n=25
0 T T T T T T T T T T T 1

T
o 1 2 3 4 5 6 7 8 9 10 11 12 13
years

Fig4. Overall survival of ALK+ versus ALK~ lymphoma.

low/low intermediate risk group versus 41% 12% for the
high/high intermediate grouf?(< .0001; Fig 5).

Thirteen of 53 ALK" lymphomas died of disease (Table 3).
All 13 patients were initially treated with aggressive polychemo-
therapy (N= 6, 2° generation regimens; N 6, 3° generation
regimens; N= 1, regimen for acute lymphoblastic leukemia).

Table 3. Clinical Findings and Outcome of ALK+ Lymphoma

ALK*
Characteristic Alive (N = 40) Died (N = 13) P
Sex
M 30 10 NS
F 10 3
Age (yr)
=35 36 11 NS
>35 4 2
Performance status
0-1 22 3 .008
>1 11 10
B symptoms
No 11 2 NS
Yes 29 11
Bulky disease
No 30 10 NS
Yes 10 3
Extranodal sites
No 21 0 .001
Yes 19 13
Extranodal sites
Skin 6 5
Bone 6 3
Bone marrow 3 3
Lung 3 3
Ann Arbor stage
111 14 1 NS
n-1v 26 12
LDH level
<1X normal 21 6 NS
Fig 3. Extranodal involvement in ALK* lymphoma. (A) Umbeli- >1X normal 15 5
cated skin lesion in a 38-year-old women. (B) Large ostelytic lesions of International Prognostic Index
the skull (arrows) in a 14-year-old boy. (C) Involvement of the right 0-1 (low/low intermediate) 24 1 .001
psoas muscle (asterix) in a 25-year-old man. =2 (high/high intermediate) 13 12

Abbreviation: NS, not significant.
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OVERALL SURVIVAL OF ALK+ LYMPHOMAS ALK * lymphomas, as defined by a highly specific MoAb
. IPYO1) (ALKc) that is appliable to routine biopsies. The availability of
] s MoAbs (ALK1 and ALKcY®82%directed against the cytoplasmic

T portion of the ALK protein represents an obvious advantage

o754 - over the anti-p80 (NPM/ALK) polyclonal antibodi@s* that

! p<0.0001 are prone to problems of nonspecific reactivity and variations

L_ between different samples and are available only in limited

IPI2) amounts. Our results clearly show that analysis of ALK

- expression by immunohistochemistry has important diagnostic
and prognostic implications, and it should be extensively
applied to the study of CD30anaplastic large-cell lymphoma.

This study confirms previous observations from our gféup
0 - and other grougs that ALK* lymphoma is a single disease
0 1 2 3 4 5 6 7 8 9 10 1 12 13 with a morphological spectrum, with the different variants

probability
e
4
|

0.25

years being defined by the ratio of small to large anaplastic tumor
cells and the presence of accompanying inflammatory cells (eg,
Fig 5. Overall survival of ALK* lymphoma according to age- histiocytes in the lymphohistiocytic variar® Some problem

adjusted International Prognostic Index (0 to 1, low/low intermediate

risk group: =2, high/high intermediate risk group). cases were encountered in this study and solved by immunocy-

tochemical detection of the ALK protein. In particular, anti-
ALK antibodies helped to recognize anaplastic large-cell lym-
homa of the lymphobhistiocytic type (frequently misdiagnosed
s reactive condition or malignant histiocytosis), to distinguish
e%gtween the small cell variant of anaplastic large-cell lym-

Four of the 13 patients achieved a CR after combination therap
but relapsed immediately after (median time to relapse,

months). Relapse sites included sites of previous disease in
cases and new sites in 2 cases. Three of these cases w . -
promptly treated with high-dose therapy followed by peripheralphoma and peripheral T-cell lymphoma of small size, and to

stem cell support that only resulted in a transient responsfgef_Ine cutaneous infiltrates of uncertain natu_re_. Moreover,
(median survival time from relapse to death, 3 months). Five oftak'ng advantage of the fa_ct that the_ ALK protein S normally
the 13 patients responded partially to combination chemother™°t e>_(pressed n g‘;‘g”?a“ tlssues_(wnh the ex_ceptlon of a few
apy. Two of them received only supportive therapy and died Ofcells in the ,CNS?" it was possible to identify rare ALK
progressive disease. The remaining patients were treated witWmor C?"S |n.needle aspwatgs of Iymph ”OF"ES (allowing early
radiotherapy only, additional chemotherapy, and high-dosed'a_‘gnos'sf of dlseas_e relapge_ in 1 patlent)' or in bone marrow and
chemotherapy followed by peripheral stem cell rescue, respec'§p|_nal fluid at the t!me of |n|_t|al dlagn95|s._ These resqlts_also
tively. All of them showed transient response and died ofPCINt t0 the potential of anti-ALK antibodies for monitoring
disease. Four of the 13 patients were resistant to chemotheragjinimal residual disease post-therapy.

and died of rapidly progressive disease without receiving any Clinically, ALK* lymphoma occurred in the first three
further treatment. decades (in keeping with previous dat&}-3234and frequently

Cox multivariate analysis related to all patients indicatedPresented with stage lll-IV disease, usually associated with

ALK expression and the International Prognostic Index as thd€ver that possibly reflects the release of cytokines by tumor

only two independent factors able to predict survival (Table 4)_cells. Administration of steroids _to decrease fever (one of the
most troublesome symptoms in these patients) should be

DISCUSSION avoided until a pathological diagnosis is established, because
ALK * lymphoma is usually highly responsive to these agents.

A distinct pathologic entity (ALK lymphoma) that is . . . .
characterized by expression of the anaplastic lymphoma kinas.-nje-hIS policy should probgbly apply alsq to nonste_ro@ an_tl-
inflammatory drus that, in 1 patient with lymphohistiocytic

ALK) protein has recently emerged within the heterogeneous . .
g(group)) %f anaplastic Iarge)(cell Iy%nphom’éém The clir?ical variant of ALK™ lymphoma, caused a marked regression of the

significance of ALK protein expression among anaplasticlym?hadempathy’ probably acting on the inflammatory compo-
large-cell lymphomas is still limiteg?3* and no data are egh' higher f f ext dal invol i
available concerning the value of the International PrognosticALK f;ﬁ;ﬁi ZLIIg I;%;ﬁgl:a?c'lyhz rrel)(;sr?(r:]gm?nclnr:l\ll; i\rlflr:ﬁg dm
Indexé-3"when applied to the homogeneous category of ALK """ . S
Iymphom\r;v i 9 ! gory sites in ALK* lymphoma were skin (21%), bone (17%), and
. . 0 . . . i
In this retrospective study, we report on clinical findings, risk soft fissues (17%). High frequency of skin and bone involve

factors, and treatment outcome of a large series (53 cases) g?ent was originally recognized as a ghar_acte_rlstlc of systemic
anaplastic large-cell lymphoma occurring in childhéaahd the

presence of cutaneous lesions has been associated with an
increased risk of treatment failure at this d§&kin involve-
ment was not found to be a risk factor in our series of ALK

Table 4. Cox Multivariate Analysis of Overall Survival in CD30+
Anaplastic Large-Cell Lymphoma

Fact Relative Risk P . .

actor cavers lymphomas, but this issue needs to be further addressed in
ALK expression (ALK* v ALK") 29 001 future prospective studies. The psoas muscle was a frequent site
International Prognostic Index (=2 v0-1)* 3.50 001 of involvement among soft tissues, and this was often respon-

*Age-adjusted. sible for the clinical picture at presentation (eg, low back pain),
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sometimes misinterpreted as osteo-articular disease. We olzonventional polychemotherapy versus high-dose chemother-
served bone marrow involvement by conventional histology inapy followed by stem cell suppctt:320ther potentially interest-
11% of ALK* lymphomas. This figure is higher than that ing and innovative therapeutic strategies in this category of
reported in two previous large series of anaplastic large-celpatients include (1) anti-CD30 immunotox8*% (2) anti-
lymphomas in childhood (no cases with marrow infiltratién) CD30—targeted tyrosine kinase inhibitors (to block anaplastic
and in adults (1/31 with involved marrow)In at least one lymphoma kinasé¥55 (3) induction of T-cell immune response
study?® immunostaining for CD30 was found to be more against the tumor-specific ALK protein; and (4) use of cis-
sensitive than conventional morphology for detecting marrowretinoic acid®’
infiltration by a low percentage of anaplastic ymphoma cells. In  Based on the above-noted findings, we suggest that, within
this respect, immunostaining for the ALK protein could result the category of CD30anaplastic large-cell ymphoma (T/null),
even more informative, because small tumor cells are usualyALK * lymphoma should be separated from the AlLKases,
CD30. because they represent a distinct disease entity with favorable
Anaplastic large-cell lymphoma often has an aggressiveoutcome. However, even for ALK lymphoma, prognostic
clinical course for which combination therapy is warranted. An factors, as defined by the age-adjusted International Prognostic
excellent outcome has been reported for anaplastic large-celndex, must be taken into consideration for predicting patient
lymphoma occurring in pediatric and adult patients treated withsurvival.
polychemotherap¥1°1213Data on ALK expression were not
available in those studies. More recently, Shiota ¥traported ACKNOWLEDGMENT
on the prognostic importance to distinguish between anaplastic The authors thank Claudia Tibidéor the excellent secretarial
large-cell lymphomas expressing and not expressing the p8Qssistance.
(NPM-ALK) protein, with p80" cases usually showing a better
survival. The results presented in this report further confirm and
extend these observations on a larger series of patients. More- o
over, we provide evidence that the age-adjusted International 1+ MurPhy SB: Pediatric lymphomas. Recent advances and commen-
tary on Ki-1 positive anaplastic large cell ymphomas of childhood. Ann

Prognostic Index is able to predict outcome within the homoge-Oncol 5:31. 1994

neous, prognostically favorable, group of ALKymphomas. 2. Sandlund JT, Pui CP, Santana VM, Mahmoud H, Roberts M,
This is in contrast with a recent report by the non-Hodgkin's \orris s, Raimondi S, Ribeiro R, Crist WM, Lin JS, Mao L, Berard
Lymphoma Classification Projéétin which the International ~ cw, Hutchison RE: Clinical features and treatment outcome for
Prognostic Index was regarded as not important for predictinghildren with CD36+ large cell non-Hodgkin’s lymphoma. J Clin
survival of patients with T/null anaplastic large-cell lymphoma Oncol 12:895, 1994

that‘ even with a h|gh prognostic index7 showed a Surprising|y 3. Stein H, Mason DY, Gerdes J, O'Connor N, Wainscoat J, Pallesen
good outcome. Lack of strict criteria (eg, ALK immunostaining) S Gatter K, Falini B, Delsol G, Lemke H, Schwarting R, Lennert K:

for defining anaplastic large-cell lymphoma may have beenThe expression of Hodgkin's disease associated Ki-1 in reactive and

responsible for these differences. neoplastic lymphoid tissues: Evidence that Sternberg-Reed cells and

. R . o . histiocytic malignancies are derived from activated lymphoid cells.
Because of its similarities with Burkitt's lymphoma in terms Blood 66:848, 1985

of clinical aggressiveness and comparable high growth frac- 4 ryjini B, Pileri S, Pizzolo G, Durkop H, Flenghi L, Stirpe F,
tion,’% there has been the tendency to treat anaplastic large-cefhartelli MF, Stein H: CD30 (Ki-1) molecule: A new cytokine receptor
lymphoma occurring in childhood with the highly aggressive of the tumor necrosis factor receptor superfamily as a tool for diagnosis
polychemotherapy regimens used for lymphoblastic leukemiaand immunotherapy. Blood 85:1, 1995
lymphoma that also involve prophylaxis for CNS involve- 5. Kadin ME, Sako D, Berliner N, Franklin W, Woda B, Borowitz M,
ment?-1%|n contrast, less intensive regimens have been usuallyreland K, Schweid A, Herzog P, Lange B, Dorfman R: Chilhood Ki-1
employed for the treatment of anaplastic large-cell |ymph0malymphoma presenting with skin lesions and peripheral lymphadenopa-
occurring in young adult® 2 Clearly, the optimal strategy for - Blood 68:1042,1986 _

. . 6. Greer JP, Kinney MC, Collins RD, Salhany KE, Wolff SN,
the treatment of anaplastic large-cell lymphoma is yet to be

blished. Th ibili ize b vsis of ALK Hainsworth JD, Flexner JM, Stein RS: Clinical features of 31 patients
established. The possibility to recognize by analysis o with Ki-1 anaplastic large cell lymphoma. J Clin Oncol 9:539, 1991

expression anaplastic large-cell lymphoma with good-prognosis 7 vecchi v, Burnelli R, Pileri S, Rosito P, Sabattini E, Civino A,

(ALK lymphoma) and to further dissect this homogeneouspericoli R, Paolucci G: Anaplastic large cell ymphoma (Ki-1/CB30
disease into low and high risk cases according to the Internain childhood. Med Pediatr Oncol 21:402, 1993

tional Prognostic Index might be of great relevance for the 8. Kadin ME: Primary Ki-1 positive anaplastic large cell lymphoma:
design of future prospective clinical trials. The excellent Adistinct clinicopathologic entity. Ann Oncol 5:25, 1994

outcome of low-risk ALK" lymphoma (age-adjusted Interna- 9. Pileri S, Bocchia M, Baroni CD, Martelli M, Falini B, Sabattini E,

tional Prognostic Index, 0 to 1) warrants randomized compari-Gherlinzoni F, Amadori S, Poggi S, Mazza P, Burgio V, Zinzani PL,
son of less versus more intensive conventional chemotherapge""' G, Benni M, Saragoni L, Martelli MF, Stein H, Mandelli F, Tura

and certainly does not support the use of high-dose therapy. ~\"2piastic large cell lymphoma (CD3@Ki-1+): results of a

. grospective clinico-pathological study of 69 cases. Br J Haematol
followed by autologous bone marrow transplantation as 336:513 1994

front-line treatment? In contrast, patients with high-risk ALK 10. Reiter A, Schrappe M, Tiemann M, Parwaresch R, Zimmermann
lymphoma (age'a(_jjUStEd International Prognostic IndeX)  w, Yakisan E, Dopfer R, Bucsky P, Mann G, Gadner H, Riehm H:

or ALK~ anaplastic large-cell lymphoma should be probably Successful treatment strategy for Ki-1 anaplastic large cell lymphoma
enrolled in clinical studies aimed to compare the efficacy ofof childhood. A prospective analysis of 62 patients enrolled in three
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