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ABSTRACT

Anaplastic lymphoma kinase-positive anaplastic large T-cell [ymphoma is characterized by morphological variabil-
ity. Morphological variants (non-common subtype) are associated with a poor outcome. They display abundant
reactive bystander cells admixed with the lymphoma cells. So far, the difficulty in distinguishing lymphoma cells
from bystander cells by visual inspection has prevented detailed and reliable immunophenotypic analysis using
conventional immunohistochemistry. To overcome these limitations, we analyzed 124 cases of pediatric anaplas-
tic lymphoma kinase-positive anaplastic large cell [ymphoma treated within clinical trials using immunofluores-
cence multi-staining and digital image analysis combining antibodies against anaplastic lymphoma kinase to
specifically identify lymphoma cells with antibodies against CD30, CD3, CD5, CD8, Ki67 and phosphorylated
STATS. Non-common type anaplastic lymphoma kinase-positive anaplastic large cell lymphomas express CD8
more frequently than common type anaplastic lymphoma kinase-positive anaplastic large cell lymphomas (35.4%
and 5.6%, respectively; P=0.0002). CD8 expression was associated with a poorer outcome. Importantly, in a mul-
tivariate analysis including clinical risk factors, histological subtype and CD8 expression, CD8-positivity proved

to be an independent prognostic predictor of worse outcome (hazard ratio for survival 3.38, P=0.042).

Introduction

Anaplastic lymphoma kinase (ALK)-positive anaplastic large
cell lymphoma (ALCL) is a CD30-positive T-cell lymphoma
predominantly diagnosed in children and young adults.! The
genetic hallmark of ALK-positive ALCL is chromosomal
translocations involving the anaplastic lymphoma kinase gene
(ALK) at chromosome 2p23. These translocations lead to aber-
rant expression of fusion proteins between ALK and its translo-
cation partners in lymphoma cells, which can be detected by
immunohistochemistry using anti-ALK antibodies.”” Post-par-
tum, ALK is expressed only in scattered neurons of the central
nervous system. Immunohistochemical detection of ALK
expression in lymphatic cells, therefore, serves as a specific
tumor cell marker.* In addition to ALK, the lymphoma cells dis-
play strong expression of CD30 and down-regulation of pan-
T-cell markers such as CD3 and CD5 along with the presence
of cytotoxic proteins, such as granzyme B, perforin and TIA, in
the cytoplasm.'

The relapse rate of ALCL in children and adolescents is
25% to 35% following a first-line treatment strategy based
on short-pulse chemotherapy over a period of 3 to 6
months.*® According to retrospective analyses, patients with

ALCL relapse have a 30% to 60% chance of reaching a sec-
ond continuous remission with relapse therapies as variable
as maintenance treatment with vinblastine, autologous or
allogeneic hematopoietic stem cell transplantation.®’

Clinical risk factors have been defined and used for therapy
stratification.”” Minimal disseminated disease, as detected by
polymerase chain reaction analysis for NPM-ALK in blood or
bone marrow, serum antibody titers against ALK and the
morphological subtype are strong predictors of clinical out-
come.""* The main morphological subtypes are: (i) the com-
mon type, which is composed of large tumor cells with pleo-
morphic nuclei; (ii) the small cell variant with ALK protein-
expressing tumor cells that do not differ in size from reactive
T-cells; (iii) the lymphohistiocytic variant with abundant his-
tiocytes admixed with the lymphoma cells which are as small
as in the small cell variant; and (iv) other rare subtypes.
Especially in the non-common type of ALCL (small cell and
lymphobhistiocytic variant) the tumor cells are admixed with
a large number of reactive, non-neoplastic bystander cells,
predominantly T cells, which can account for more than 90%
of the neoplastic infiltrate. This histological feature compli-
cates the assessment of the immunophenotype of the lym-
phoma cells almost prohibiting a detailed determination of
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the immunophenotype of non-common type ALCL by
conventional immunohistochemistry. The difficulties in
assessing the immunophenotype might be one important
reason why immunophenotypic markers predicting the
outcome of ALCL could not be detected in large series."*>
** Flow-cytometric immunophenotyping has only been
performed on a very limited number of samples not taking
the morphological subtype into account.”” To overcome
these limitations we performed immunofluorescence
multi-staining combining antibodies for ALK to specifical-
ly identify lymphoma cells with antibodies directed
against CD30, CD3, CD5, CD8, Ki67, CD56 and phos-
phorylated STATS (pSTAT3). Using digital image analysis
we were able to determine the exact lymphoma pheno-
type of a large number of pediatric ALK-positive ALCL
cases treated in consecutive prospective trials and to cor-
relate our findings with the morphological subtype and
patients’ outcome.

Methods

A detailed description of the methods is given in the Online
Supplementary Material.

Patients’ specimens

Formalin-fixed, paraffin-embedded specimens from 128
patients younger than 18 years of age were analyzed. The cases
were selected from the archives of the Department of Pathology,
Hematopathology Section and Lymph Node Registry, University
of Kiel. The final cohort was composed of 119 patients, all treated
in the successive NHL-BEM 90, NHL-BFM V95, NHL-BEM 95 and
ALCL99 trials. These trials had a comparable BFM-type
chemotherapeutic backbone. Data from a subset of cases (n=36)
were included in a previous publication.”” The cohort was com-
posed of 85 (71%) males and 34 (29%) females. All clinical data of
the cohort are shown in Table 1. ALK-antibody titer and minimal
disseminated disease were measured as described previously.""*

Histology and tissue microarrays

The tissue microarray was constructed using two cores, 1 mm
in diameter, from each case containing tumor-rich areas, which
were selected using light microscopy on whole hematoxylin and
eosin-stained slides. One-hundred three cases (87%) showed
nuclear and cytoplasmic ALK staining suggestive of an underlying
NPM-ALK fusion and 16 cases (13%) showed staining restricted to
the cytoplasm.® The histological subtype was assessed according
to previous publications including the guidelines of the World
Health Organization (WHO) classification and the European
Pathology Panel for Pediatric Lymphomas." We distinguished the
pure common type of ALCL (n=64, 54%) from all other non-com-
mon morphological variants: lymphohistiocytic, small cell vari-
ants, and mixed variants (n=55, 46%).

Informed consent was obtained in all cases from the patients
and/or parents at registration in the respective study of BEM study
group. In addition the study was conducted in concordance with
the recommendations of the local ethics committee.

Fluorescence double staining
and immunohistochemistry

Tumor cells were detected using an ALK1 mouse monoclonal
antibody (Dako, 1:10 dilution) or ALK/p80 rabbit monoclonal anti-
body (Epitomics, 1:50 dilution). To determine the tumor cell
immunophenotype, the ALK1 stains were combined with a sec-
ond marker using the following antibodies: CD30 mouse mono-

clonal antibody (self-produced clone BerH2,1:5 dilution), CD3
mouse monoclonal antibody (1:100 dilution), CD5 mouse mono-
clonal antibody (1:25, Novocastra, Newcastle, United Kingdom),
CD8 rabbit monoclonal antibody (1:25, NeoMarkers, Freemont,
CA, USA), anti-pSTAT3 rabbit mAb (1:25, Epitomics, 1:100,
Burlingame, CA, USA) and Ki67 mouse monoclonal antibody
(self-produced clone Ki-S5 22). CD56 was stained with a mouse
monoclonal antibody (1:20 dilution, Novocastra, Newecastle,
United Kingdom) using an automated staining system (Bond,
Leica, Germany).

Digital image analysis of tumor cell immunophenotypes

Individual photographs from a representative area were
obtained for ALK to identify tumor cells, DAPI to identify cell
nuclei and the second immuno-marker, respectively (see above).
The photographs were subsequently transformed into black and
white images and further analyzed with TissueQuest 2.2 software
(TissueGnostics, Vienna, Austria). The conventional staining for
CD56 was scored as positive and negative by one observer (DA)
using a light microscope.

Table 1. Association of histological subtype (common versus not common) with
patients’ characteristics, clinical risk factors and biological risk factors of ALK-
positive ALCL.

All patients Histological subtype
common non-common
All patients 119 64 55
Skin
No 97 (81.5%) 56 (87.5%) 41 (74.5%) P=0.9691
Yes 22 (18.5%) 8 (12.5%) 14 (25.5%)
Mediastinum
No 73 (61.3%) 44 (68.8%) 29 (52.7%) P=0.9033
Yes 46 (38.7%) 20 (31.3%) 26 (47.3%)
Visceral organs*
No 68 (57.1%) 40 (62.5%) 28 (50.9%) P=0.26509
Yes 51 (43.9%) 24 (37.5%) 27 (49.1%)
Clinical risk group*
High risk 61 (51.3%) 26 (40.6%) 35 (63.6%) P=0.01671
Central nervous system
No 114 (95.8%) 59 (92.2%) 0 (0%) P=1.000
Yes 1 (0.8%) 1 (1.6%) 0 (0%)
na. 4 (3.4%) 4 (6.3%) 0 (0%)
Bone marrow
Negative 107 (89.9%) 59 (92.2%) 48 (87.3%) P=0.54318
Positive 12 (10.1%) 5 (7.8%) 7 (12.7%)
Stage**
n.a. 1 (0.8%) 1 (1.6%) 0 (0%) P=0.28423
| 9 (7.6%) 7(10.9%) 2 (3.6%)
I 23 (19.3%) 14 (21.9%) 9 (16.4%)
11 75 (63.0%) 38 (59.4%) 37 (67.3%)
I\% 11 (9.2%) 4 (6.3%) 7 (12.7%)
MDD (n=48)
Negative 22 (18.5%) 16 (25%) 6 (10.9%) P=0.01082
Positive 26 (21.8%) 9 (14.1%) 17 (30.9%)
na. 71 (59.7%) 39 (60.9%) 32 (58.2%)
ALK-antibody titer
<750 6 (5.0%) 1 (1.6%) 5 (9.1%) P=0.03522
2250-20250 13 (10.9%) 7(10.9%) 6 (10.9%)
=607550 14 (11.8%) 11 (17.2%) 3 (5.5%)
na. 86 (72.3%) 45 (70.3%) 41 (74.5%)

MDD: minimal disseminated disease in blood or bone marrow, n.a., not available; *Clinical risk
group: high risk (involvement of skin, mediastinum, lung, liver, spleen), **St. Jude's staging system.
P-values were calculated according to Fisher's exact test.



Results

Correlation of the histological subtype with clinical
and biological characteristics

All clinical data regarding the patients with common
and non-common type ALCL are summarized in Table 1.
Patients with common type ALCL less frequently
belonged to the clinical high-risk group than did patients
with non-common type ALCL (26/64 and 35/55, respec-
tively; P=0.01671). Furthermore, cases of common type
ALCL less frequently presented with minimal disseminat-
ed disease (9/25 and 17/28, respectively; P=0.01082) and
showed higher anti-ALK antibody titers than did non-
common type ALCL (P=0.03522, Table 1). The non-com-
mon type morphology was associated with poorer event-
free and overall survival, confirming our previous
results'*” (Online Supplementary Figure S1).

Immunophenotype of common and non-common
type anaplastic large cell lymphomas

Using multiple immunofluorescence stains and digital
image analysis we determined the exact immunopheno-
type of ALCL, without bias from the reactive bystander
cells, by assessing the phenotype quantitatively only in
ALK-positive lymphoma cells. Figure 1 shows a represen-
tative example of double staining of ALK and CDS8.

Marker expression of common and non-common type
ALCL was compared using the percentage of positive cells
as a continuous parameter (Figure 2). Common type ALCL
more frequently displayed >80% CD30 positive tumor
cells, and expression of CD5 compared to the non-com-
mon type (P=0.0104, P=0.0003, respectively; Figure 2)
whereas common type ALCL cells were less frequently
CD8 positive (P=0.0019; Figure 2). There were no statisti-
cally significant differences between common and non-

common type ALCL with regards to CD56 expression (4
of 63 positive in common type and 4 of 51 positive lym-
phomas in non-common type ALCL; Online Supplementary
Table S1) and CD3 expression (P=0.2240; Figure 2). As
shown in Figure 2, the proliferation rate, as assessed by
the percentage of Ki67-positive cells, was higher in com-
mon type ALCL (P=0.0005). Expression of pSTAT3 was
not statistically different between common and non-com-

mon type ALCL (P=0.7303; Figure 2).

Correlation of immunophenotypic features
with outcome

To analyze whether immunophenotypic features of the
lymphoma cells correlate with event-free survival and
overall survival, independently of histological subtype,
lymphoma cell expression of CD30, CD3, CD5, CD8 and
CD56 were correlated with clinical outcome in univariate
analyses. All cases with any level of expression were
counted as positive and compared to those without
expression (Online Supplementary Table S1). CD56 expres-
sion was observed only rarely in ALCL (altogether 8 of 114
cases, /%) and was associated with a poorer event-free
survival but not overall survival (P=0.03 and P=0.56,
respectively; data not shown). No significant correlation
between expression of CD30, CD3 or CD5 with event-
free survival or overall survival was detected (data not
shown). Analyzing Ki67 and pSTATS expression, divided
into quartiles, we did not observe statistically significant
associations with event-free survival (data not shown).
However, expression of CD8 was significantly associated
with lower event-free and overall survival rates (CD8-neg-
ative versus CD8-positive: 5-year event-free survival 68 +
5% versus 25 + 10%; P<0.001, 5-year overall survival 84%,
SE 4% versus 55%, SE 11%; P=0.003; Figure 3). Patients
with lymphomas expressing CD8 were more frequently
part of the clinical high-risk group than were patients with

Figure 1. Representative
examples of a (A) CD8-
negative and a (B) CD8-
positive ALCL. Green =
CD8, red = ALK. Original
maghnification x400.
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CD8-negative lymphomas (18/20 and 36/82, respectively;
P<0.001). The percentage of CD8-positive lymphoma cells
varied between 2% and 86% (median of all CD8-positive
lymphomas 21%; Figure 2). CD8-positive ALCL differed
from CD8-negative ALCL by showing less CD30 expres-
sion (>80% CD30-positive lymphoma cells in 9/19 and
63/77 cases, respectively; P=0.007) and more CD3-positiv-
ity (7/17 and 7/71, respectively; P=0.004). No statistically
significant differences between CD8-positive and CD8-
positive ALCL were detected for expression of CDSJ,
CD56, pSTATS and Ki67 (data not shown). The cytotoxic
proteins perforin and granzyme B were expressed in 17/17
and 13/14 of CD8-positive lymphomas, respectively. All

morphological and immunophenotypic details of the
CD8-positive lymphomas in this cohort are shown in
Ounline Supplementary Table S3.

Using a cut-off of 10% positivity for CD8 indicates that
high expression of CD8 was associated with a poor out-
come (Online Supplementary Figure S2). Similar data were
obtained for a cut-off of 15% (data not shown). Excluding
the CD8-positive cases from the analysis, the morpholog-
ical subtype retained its prognostic significance for event-
free survival but not for overall survival (Ownline
Supplementary Figure S3).

A Cox regression analysis of all prognostic histological
factors (any CD8 expression versus no expression, com-
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mon versus non-common histological subtype) and clinical
risk group revealed that clinical risk group and CD8
expression were independent risk factors for event-free
survival (hazard ratio 2.61, 3.31 and 2.39, respectively;
Table 2). For overall survival only CD8 expression proved
to be an independent risk factor (Table 2).

Discussion

Several histological features hamper the assessment of
the immunophenotype of ALCL by conventional
immunohistochemistry: (i) the disease frequently pres-
ents as a paucicellular lymphoma with abundant reactive
non-malignant bystander cells; (ii) the lymphoma cells in
the non-common type ALCL do not differ in size from the
bystander cells; (iii) the reactive bystander cells are pre-
dominantly T cells and thus share immunophenotypic fea-
tures with the lymphoma cells; and (iv) the lymphoma
cells in ALCL express low levels of surface T-cell markers
such as CD3.*” All these features prevent a reliable
assessment of the immunophenotype by conventional
immunohistochemistry and ‘eyeballing’. Since ALCL pre-
dominantly presents as a tumor, flow cytometry can only
rarely be used for immunophenotyping. Given these diffi-
culties, it is not surprising that immunohistochemical
markers that were established as prognostic in one
cohort" were not reproducible in other cohorts.” In our
study we used multiple fluorescence staining and digital
image analysis to obtain a quantitative immunophenotype
of the lymphoma cells. This technique obviously allows
assignment of the expression of a T-cell marker to the
tumor cell population more precisely than does conven-
tional staining, especially in non-common type ALCL, in
which the tumor cells do not differ in size from reactive
bystander cells. Comparing the data in our study with
those from the few published studies using flow cytome-
try, we detected expression of CD3 less frequently and
CD?5 expression more frequently"” (Online Supplementary
Table S2). However, these studies did not correlate the
findings with morphological subtype. A recently pub-
lished large study that used conventional immunohisto-
chemistry found that more cases expressed CD3 although,
as in our study, this marker tended to be more often in
non-common type ALCL" (Online Supplementary Table S2).
The levels of expression of CD8 and CD5 is our study
were in the ranges of those reported for both markers ana-
lyzed by conventional immunohistochemistry (Online
Supplementary Table S2). However, the possibility of quan-
tifying expression more exactly in non-common type
ALCL by using fluorescence multi-staining might explain
the differences regarding the prognostic impact between
our study and a previously published study."

We analyzed a large and clinically very homogeneous
group of cases of ALCL, focusing on ALK-positive lym-
phomas in children treated in prospective trials, allowing a
very reliable clinical correlation. Using the technique of
fluorescence multi-staining we identified CD8 expression
as a powerful prognostic bio-marker in ALCL, being asso-
ciated with a poorer outcome independently of clinical
risk factors. According to our data a cut-off of 10% posi-
tive cells might be able to delineate a poor prognostic
group. In addition to clinical factors and morphology, min-
imal disseminated disease with involvement of blood and
bone marrow and the antibody response against ALK

Expression of CD8 in non-common type ALCL

Table 2. Multivariate Cox analysis of prognostic histological features
and clinical risk groups.

Event-free Hazard Lower Upper P
survival ratio limit limit
CD8 3.31 143 7.65 0.0005
subtype 0.45 0.19 1.03 0.058
risk group 2.62 113 6.04 0.024
Lower Upper
limit limit
CD8 3.38 1.05 14.21 0.042
subtype 0.80 0.21 2.99 0.736
risk group 4.32 0.91 20.55 0.066

P value according to ¥’ test.

have been shown to be associated with survival in pedi-
atric ALCL."" Unfortunately, there were too few cases in
our cohort with available data on minimal disseminated
disease and anti-ALK titer for correlation with the
immunophenotypic data.

CD8 expression was a stronger predictor of outcome
than histological subtype. Our study was based on fluo-
rescence double staining and was designed for optimal use
of our digital image analysis software. We did not com-
pare this method to alternative methods, such as conven-
tional double staining which might be easier to perform in
a diagnostic setting. It will be a challenge to introduce
these techniques into routine diagnosis. Nevertheless,
independently of their potential diagnostic use, our find-
ings provide important insights into ALCL biology.
Previous studies have shown that ALK activates STAT3, a
process that can subsequently alter the immunopheno-
type of the lymphoma cells.” Gene expression studies
have demonstrated that the majority of genes regulated by
ALK in ALCL are dependent on STAT3.”* Thus phospho-
rylated STAT3, analyzed in our cohort, might be a good
biomarker for ALK activity within tumor cells.
Interestingly, we did not detect a difference in pSTAT3
expression between lymphomas with cytoplasmic or
nuclear and cytoplasmic ALK expression (data not shown),
although it has recently been suggested that nuclear ALK
is inactive.” Future analysis will need to correlate addition-
al markers for ALK activity within lymphoma cells in vivo
using the methodology described here. ALCL is a T-cell
lymphoma that shows little or no expression of the T-cell
receptor and its associated molecules, such as CD3.%%
Although the expression of membranous T-cell markers in
ALCL is low or undetectable, expression of CD3, CD5 and
CDS8 was detectable in a subset of ALCL.

Interestingly, CD8, which as a single marker was strong-
ly associated with poor outcome, is more frequently
expressed in non-common type ALCL, linking the mor-
phology and the immunophenotype of this apparently
more aggressive subgroup of ALCL. Given the fact that
the majority of ALCL have been reported to express
CD4,"* one might speculate that the CD8-positive sub-
group of ALCL does not only differ in clinical course and
morphology but also in its cell of origin or at least T-cell
lineage differentiation from common type ALCL.
Interestingly, the morphology, when reported, of the few
published cases of CD8-positive ALK-positive ALCL
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seems to be predominantly of the non-common type.”* In
the current study, we did not assess CD4 expression
because it is unlikely to delineate a poor prognostic group
due to its widespread expression. Furthermore, assessment
of CD4 expression is difficult by immunohistochemistry
on tumor cells because many macrophages are also posi-
tive. In our experience, the distinction of CD4 on
macrophages and lymphoma cells is difficult even using
image analysis. To the best of our knowledge, expression
of both CD8 and CD4 in the same ALCL does not occur
and has never been reported in the literature. However,
this issue might be addressed in future studies using full
slides and high-resolution techniques such as confocal
microscopy. Although gene expression has revealed several
genes differentially expressed between common and non-
common type ALCL, indications of a different lineage dif-
ferentiation have not been reported.” Given the low level
of expression and the abundance of reactive bystander cells
in the tumor, fluorescence multi-staining might be a much
more promising approach than gene expression analysis to
define expression in non-common type ALCL.

The composition of reactive bystander cells differs
between non-common and common types of ALCL; for
example, the lymphohistiocytic variant of ALCL shows
abundant histiocytes admixed with the lymphoma cells.”
Furthermore, an antibody response against the ALK pro-
tein can be detected in ALCL patients and predicts clinical
outcome.” Both observations suggest that the interaction

Reference

between the lymphoma and immune system plays a piv-
otal role in control of the lymphoma and clinical outcome
after chemotherapy. CD8 on T lymphocytes binds with
major histocompatibility complex molecules and mediates
efficient cell-cell interactions within the immune system.
The function of CD8 has been linked to the activity and
binding of the T-cell receptor.” It is worth noting that the
group of CD8-positive ALCL was significantly more fre-
quently positive for CD3, which is a part of the T-cell
receptor complex, although the T-cell receptor has been
shown to be absent in the majority of ALCL.”*
Characterizing the function of CD8 on ALCL cells might
provide valuable insights into the interaction between the
lymphoma and the immune system as a prerequisite to
developing new therapeutic strategies for the CD8-posi-
tive subsets of ALCL.
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