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Small cell/lymphohistiocytic morphology is associated with
peripheral blood involvement, CD8 positivity and retained
T-cell antigens, but not outcome in adults with ALK+ anaplastic
large cell lymphoma
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Several morphologic variants of ALK+ anaplastic large cell lymphoma (ALCL) are recognized. The small cell (SC) and
lymphohistiocytic (LH) variants are reported to be associated with poorer outcome in children with ALK+ ALCL. In this study of 102
adults with ALK+ ALCL, there were 18 (18%) cases of SC and/or LH variants. Patients with SC/LH ALK+ ALCL more often had
peripheral blood involvement than patients with non-SC/LH neoplasms (60% vs 0%, p= 0.02). There were no other significant
differences in clinical features between patients with SC/LH versus non-SC/LH ALK+ ALCL. Compared with non-SC/LH cases
of ALK+ ALCL, neoplasms with SC/LH features were more often positive for CD2 (92% vs. 36%, p= 0.0007), CD3 (81% vs. 15%,
p= 0.0001), CD7 (80% vs. 37%, p= 0.03), and CD8 (54% vs. 7%, p= 0.0006). There were no other significant differences in the
immunophenotype between SC/LH and non-SC/LH ALK+ ALCL cases. The initial chemotherapy regimens and the response rates
were similar between patients with ALK+ ALCL with SC/LH patterns versus those with non-SC/LH patterns. After a median follow-
up of 30.8 months (range, 0.3–208 months), patients with high (>3) International Prognostic Index (IPI) scores had significantly
shorter overall survival than patients with low (<3) IPI scores (p= 0.003). However, there was no significant difference in overall or
progression-free survival between patients with SC/LH versus non-SC/LH ALK+ ALCL (p= 0.99 and p= 0.94, respectively). We
conclude that, in adults with ALK+ ALCL, SC and LH variants are associated with peripheral blood involvement and a CD8+
immunophenotype with retention of T-cell markers (CD2, CD3, and CD7). However, in contrast with children with ALK+ ALCL,
SC and LH variants appear to have no impact on prognosis in adults with ALK+ ALCL.
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INTRODUCTION
Anaplastic large cell lymphoma (ALCL) is a mature T-cell neoplasm
characterized by uniform and strong expression of CD30. Based on
anaplastic lymphoma kinase (ALK) expression, ALCL can be further
classified into ALK+ and ALK-negative types. ALK positivity results
from chromosome translocations or rarely inversions involving
ALK at chromosome 2p23 with a variety of partners, most
commonly NPM1 at chromosome 5q351. ALK+ ALCL typically
occurs in children and young adults with a male predominance,
accounting for 10–15% of pediatric/adolescent and ~3% of adult
non-Hodgkin lymphomas2. Patients with ALK+ ALCL have 5-year
survival rates of 70–90%, substantially better than patients with
ALK-negative ALCL3–8.
ALK+ ALCLs are morphologically heterogeneous with five

morphologic variants being recognized in the current World
Health Organization (WHO) classification: common, small cell (SC),
lymphohistiocytic (LH), Hodgkin-like, and composite patterns.

Approximately 60–70% of ALK+ ALCL cases show a common
pattern characterized by: (1) cohesive growth pattern commonly
involving lymph node sinuses; and (2) large and pleomorphic
lymphoma cells with horseshoe-shaped nuclei, dispersed chro-
matin, single or multiple prominent nucleoli, and abundant
cytoplasm (so-called “hallmark” cells). The SC and LH variants
represent 15–20% of ALK+ ALCL cases and these variants share
some morphologic features: smaller lymphoma cells, fewer
“hallmark” cells, more variable CD30 expression, and perivascular
accumulation of neoplastic cells9–14. In addition, the neoplastic
cells in the LH variant often resemble those in the SC variant, and
there is overlap between these two variants13. Furthermore, the SC
and LH patterns can be intermixed within the same neoplasm or
occur in different biopsy specimens of the same patient11,
suggesting that these two patterns are closely related. In several
studies of childhood ALK+ ALCL, the SC and/or LH variants have
been associated with a poorer clinical outcome12,15–18. However,
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the prognostic significance of the SC and LH variants in adults
with ALK+ ALCL has not been reported in the literature.
In the present study, we examined 102 adults with ALK+ ALCL

and compared the clinicopathologic features and outcome of
patients with the SC and/or LH variants versus other variants.

MATERIALS AND METHODS
Case selection
We searched the database of the Department of Hematopathology at The
University of Texas MD Anderson Cancer Center from January 1, 2007,
through December 31, 2018 and identified 102 adult (>18 years old)
patients who were diagnosed with ALK+ ALCL. The diagnosis and
subclassification of ALCL were based on criteria specified in the 2016
WHO classification. The diagnosis of ALK+ ALCL was confirmed by ALK
expression by immunohistochemistry, t(2;5)(p23;q35) by conventional
cytogenetics or ALK rearrangement by fluorescence in situ hybridization
analysis. Clinical data were obtained by review of medical records. This
study was approved by the institutional review board.

Immunophenotypic analysis
Immunohistochemical studies were performed using formalin-fixed,
paraffin-embedded tissue sections, either at the time of diagnosis or
retrospectively, as described previously19. Immunohistochemical analysis
was performed using an automated immunostainer (Leica Bond-Max IHC
Stainer, Leica Biosystems Inc, Buffalo Grove, IL, USA). Tissue sections, 4-µm
thick, were deparaffinized and underwent heat-induced antigen retrieval
using the Bond Max Epitope Retrieval 1 solution (Leica Biosystems Inc) for
15min. The antibodies used were specific for CD2, CD7, EMA (Leica
Biosystems Inc); CD3, CD20, CD43, CD45 (Dako, Carpinteria, CA, USA); CD4
(Cell Marque, Rocklin, CA, USA); CD5 (SP4; LabVision/NeoMarkers, Fremont,
CA, USA); CD8, granzyme B (Thermo Fisher, Waltham, MA, USA); ALK (Cell
Signaling, Danvers, MA, USA); PAX5 (Transduction Laboratories, San Diego,
CA, USA). The Bond Refine Polymer detection system (Leica Biosystems Inc)
was used for visualization.
Flow cytometry immunophenotypic analysis was performed on cell

suspensions of tissue biopsy specimens or bone marrow aspirates using
either a FACScanto II or FACSCalibur cytometer (Becton Dickinson
Biosciences, San Jose, CA, USA), as has been described previously20.
Lymphocytes were gated for analysis using side scatter versus forward
scatter and CD45 expression versus side scatter. The panel of monoclonal
antibodies included reagents specific for CD2, CD3, CD4, CD5, CD7, CD8,
CD10, CD25, CD30, CD45, CD56, T-cell receptor (TCR) alpha/beta, and TCR
gamma/delta (Becton Dickinson Biosciences).

Statistical analysis
Statistical analyses were performed using the GraphPad Prism 8. Fisher’s
exact test was used to compare the clinicopathologic features between
patients with ALK+ ALCL with SC and LH patterns versus other patterns.
Overall survival (OS) was calculated from the date of initial diagnosis to the
date of death or last follow-up. Progression-free survival (PFS) was
calculated from the date of diagnosis to the date of progression/relapse
or, if no progression/relapse, the date of death or last follow-up. Survival
was analyzed using the Kaplan–Meier method and was compared using
the log-rank test. A P value of less than 0.05 was considered statistically
significant.

RESULTS
Clinical findings
Among 102 adult patients with ALK+ ALCL, 18 (18%) cases had
features of SC and/or LH variants and 84 cases (82%) had non-SC/
LH patterns. The clinical features of these patients are summarized
in Table 1. The SC/LH group included 8 men and 10 women with a
median age of 35 years (range, 18–62 years) at time of diagnosis.
Eleven of 16 (69%) patients had B-type symptoms. Lymphadeno-
pathy was identified in 16 of 18 (89%) patients, and 9 of 17 (53%)
had extra-nodal involvement. Bone marrow was involved in 4 of
16 (25%) patients and peripheral blood was involved in 3 of 5
(60%) patients examined (2 patients with SC variant, 1 patient with
SC/LH pattern). Ten of 15 (67%) fully staged patients had stage III

or IV disease. Three of 10 (30%) patients had leukocytosis (white
blood cell count >11.0 × 109/L), and 1 of 9 (11%) patients had
absolute lymphocytosis (lymphocyte count >4.8 × 109/L). Four of
10 (40%) patients tested showed an elevated serum lactate
dehydrogenase level. Two of 13 patients (15%) had an Interna-
tional Prognostic Index (IPI) score of ≥3. The non-SC/LH group
included 50 men and 34 women, with a median age of 33 years
(range, 19–76 years).
Compared to patients with ALK+ ALCL with non-SC/LH

patterns, patients with SC/LH variants had more frequent
peripheral blood involvement (60% vs. 0%, p= 0.02). There were
no significant differences in other clinical features between
patients with SC/LH versus non-SC/LH ALK+ ALCL (all p > 0.05;
Table 1).

Pathologic findings
In SC variant, the neoplasm showed predominantly small to
medium-size neoplastic cells with minimal cytoplasm, but some
hallmark cells were usually present (Fig. 1). The neoplastic cells
showed irregular or indented nuclei and often involved peripheral
blood (Fig. 2). Bone marrow involvement was often subtle, with
scattered and/or small clusters of small tumor cells observed (Fig. 2).
The LH variant was characterized by: (1) abundant histiocytes in the
background which can mask the neoplastic cells; and (2) neoplastic
cells that are usually smaller than those in the common pattern,
resembling the neoplastic cells in SC variant (Fig. 3).
The immunophenotypic features of these cases are summarized

in Table 2. All tested cases of ALK+ ALCL with features of SC/LH
variants were positive for CD43 (n= 6) and 10 of 11 (91%) were
positive for CD45. Most SC/LH neoplasms were positive for T-cell
markers: CD2 (11/12; 92%), CD3 (13/16; 81%), CD4 (8/13; 62%),
CD7 (8/10; 80%), CD8 (7/13; 54%), and CD25 (4/7; 57%). Four of 13

Table 1. Clinical features of patients with SC/LH versus non-SC/LH
ALK+ anaplastic large cell lymphoma.

Clinical features SC/LH
(n= 18)

non-SC/LH
(n= 84)

P value

Male:female 0.8:1 (8/10) 1.5:1 (50/34) 0.3

Median age (range), years 35 (18–62) 33 (19–76) 0.75

B symptoms 69% (11/16) 64% (35/55) 0.77

Nodal presentation 89% (16/18) 83% (63/76) 0.73

Extra-nodal involvement 53% (9/17) 59% (41/69) 0.78

Bone marrow 25% (4/16) 13% (8/61) 0.23

Peripheral blood 60% (3/5) 0% (0/10) 0.02

Stage III or IV 67% (10/15) 68% (43/63) 1

Elevated WBC 30% (3/10) 46% (17/37) 0.48

Absolute
lymphocytosis

11% (1/9) 6% (2/33) 0.52

Elevated serum LDH 40% (4/10) 48% (15/31) 0.73

IPI > 3 15% (2/13) 20% (9/46) 1

Initial treatment

CHOP or
modified CHOP

81% (13/16) 78% (50/64) 1

Initial CR 73% (11/15) 81% (50/62) 0.5

Relapse 56% (9/16) 48% (29/61) 0.58

With SCT 47% (7/15) 35% (20/57) 0.55

SC/LH small cell/lymphohistiocytic, WBC white blood cells, LDH lactate
dehydrogenase, IPI International Prognostic Index, CHOP cyclophospha-
mide, doxorubicin hydrochloride (hydroxydaunorubicin), vincristine sulfate
(oncovin), and prednisone, CR complete response, SCT stem cell transplant.
Bold, p < 0.05.
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Fig. 2 A small cell ALK+ ALCL case involving bone marrow and peripheral blood. A At low magnification (×40), the bone marrow biopsy
does not show obvious lymphoma. B At high magnification (×400), small lymphoma cells are present (red arrows) that have round to irregular
nuclei, open chromatin, and small distinct nucleoli. C The lymphoma cells are positive for ALK (nuclear and cytoplasmic, ×400). D Peripheral
blood smears show small to medium-sized lymphoma cells with irregular or indented nuclei and scant cytoplasm (×1000). A, B Hematoxylin-
eosin stain. C Immunohistochemistry. D Wright–Giemsa stain.

Fig. 1 An ALK+ ALCL case with small cell pattern partially involving lymph node. A At low magnification (×40), the architecture is relatively
preserved, but sinusoids are expanded by a lymphoid infiltrate. B At high magnification (×400), the infiltrate is composed of small to medium-
size lymphoma cells with irregular nuclei and scant cytoplasm (red arrows). A “hallmark” cell with a kidney-shaped nucleus is present
(red arrowhead). The lymphoma cells are positive for CD30 (C; ×200), ALK (D, nuclear and cytoplasmic; ×200), CD3 (E; ×400), and granzyme B
(F; ×200). Some lymphoma cells line up along blood vessels (C–F, red arrows). A–B Hematoxylin-eosin stain. C–F Immunohistochemistry.
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(31%) SC/LH cases were CD4/CD8 double positive (Table 2; Fig. 4).
A small subset of SC/LH cases was positive for CD5 (5/14; 36%) and
TCR alpha/beta (2/5; 40%). No cases (n= 5) were positive for TCR
gamma/delta. Three of 6 (50%) ALK+ ALCL cases with features of
SC/LH variants were positive CD56. Figures 4 and 5 showed flow
cytometric immunophenotyping plots of two cases. All tested SC/
LH cases were positive for granzyme B (n= 8) and 5 of 6 (83%)
cases were positive for EMA.
Compared with ALK+ ALCL cases with non-SC/LH patterns,

cases of SC/LH variants were more often positive for CD2 (92% vs.

36%, p= 0.0007), CD3 (81% vs. 15%, p= 0.0001), CD7 (80% vs.
37%, p= 0.03), CD8 (54% vs. 7%, p= 0.0006). SC/LH cases also
showed higher frequency of CD4/CD8 double positivity than non-
SC/LH cases (31% vs. 3%, p= 0.0009). There were no significant
differences in the expression of CD4, CD5, CD25, CD43, CD45,
CD56, TCR alpha/beta, TCR gamma/delta, granzyme B, or EMA (all
p > 0.05; Table 2).

Treatment and response
All patients were treated with various chemotherapy regimens
over the time interval of this study, with or without stem cell
transplant (SCT). In patients with SC/LH ALK+ ALCL, 13 of 16
(81%) were treated with cyclophosphamide, doxorubicin, vincris-
tine, and prednisone (CHOP) or modified CHOP (Table 1). After
initial induction chemotherapy, 11 of 15 (73%) patients achieved
complete remission. Seven of 15 (47%) patients received stem cell
transplant (SCT): 4 autologous and 3 allogeneic. In patients with
non-SC/LH ALK+ ALCL, 50 of 64 (78%) were treated with CHOP or
a modified CHOP regimen and 50 of 62 (81%) achieved complete
remission. Twenty of 57 (35%) were treated with SCT: 17
autologous, 2 allogeneic, and 1 autologous followed by
allogeneic. There were no differences in initial treatment or
complete remission rate between patients with ALK+ ALCL with
features of SC/LH variants versus non-SC/LH variants (all p > 0.05;
Table 1).

Outcome
After a median follow-up of 30.8 months (range,
0.3–208 months), 19 of 87 (22%) patients died. Death occurred
in 5 of 17 (29%) patients with ALK+ ALCL with SC/LH patterns
and in 17 of 72 (24%) patients ALK+ ALCL with non-SC/LH
patterns. High (>3) IPI scores were associated with shorter OS in
adults with ALK+ ALCL (p= 0.003; Fig. 6A), although there was
no significant difference in PFS between patients with high
versus low IPI scores (p= 0.88; Fig. 6B). No significant differences
were observed in overall or PFS between patients with ALK+
ALCL with SC/LH patterns versus non-SC/LH patterns (p= 0.99
and 0.94, respectively; Fig. 6C, D).

Fig. 3 An ALK+ ALCL case with a lymphohistiocytic pattern. A At low magnification (×40), the nodal architecture is mostly effaced by a
diffuse lymphohistiocytic infiltrate. B At high magnification (×400), the infiltrate is composed of scattered small to medium-size lymphoma
cells (red arrows) in a background of abundant histiocytes. C CD68 highlights numerous histiocytes (×40). The lymphoma cells are positive for
CD30 (D; ×40), ALK (E, ×40; insert, ×400, nuclear and cytoplasmic staining) and CD3 (F, weak, red arrows; ×400). The reactive T cells show
strong CD3 positivity (F, black arrows). A, B Hematoxylin-eosin stain. C–F Immunohistochemistry.

Table 2. Immunophenotypic features of SC/LH versus non-SC/H ALK+
anaplastic large cell lymphoma.

Immunophenotype SC/LH
(n= 18)

non-SC/LH
(n= 84)

P value

CD2+ 92% (11/12) 36% (15/42) 0.0007

CD3+ 81% (13/16) 15% (11/73) 0.0001

CD4+ 62% (8/13) 69% (36/52) 0.74

CD5+ 36% (5/14) 45% (26/58) 0.38

CD7+ 80% (8/10) 37% (11/30) 0.03

CD8+ 54% (7/13) 7% (3/43) 0.0006

CD4+CD8+ 31% (4/13) 3% (1/40) 0.0009

CD25+ 57% (4/7) 90% (9/10) 0.25

CD43+ 100% (6/6) 76% (29/38) 0.32

CD45+ 91% (10/11) 73% (38/52) 0.27

CD56+ 50% (3/6) 23% (3/13) 0.32

TCR A/B 40% (2/5) 71% (5/7) 0.56

TCR G/D 0% (0/5) 0% (0/5) 1

Granzyme B+ 100% (8/8) 91% (10/11) 1

EMA+ 83% (5/6) 89% (31/35) 0.57

SC/LH, small cell/lymphohistiocytic.
Bold, p < 0.05.
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DISCUSSION
ALK+ ALCL is most common in children and young adults and
about one-third of all cases reported in children have a SC or LH
pattern. One study of 13 ALCL patients (7 adults and 6 children)
with LH variant reported that these neoplasms occurred in young
patients with a mean age of 14.8 years9. In two cohorts of
pediatric patients with ALK+ ALCL, the SC and LH variants were
present in 29% (24/82) and 35% (26/75) of ALK+ ALCL cases,

respectively21,22. A large study of 361 pediatric ALK+ ALCL
patients showed that 32% of cases had a component of SC or
LH variant15. There are very limited studies of adults with ALK+
ALCL with a SC and/or LH variant in the literature. In one study, 8
of 43 (19%) cases of ALK+ ALCL in adults had SC/LH patterns11. In
the present study, SC and/or LH variants were present in 18% of
adult ALK+ ALCL cases, suggesting a lower frequency of SC/LH
morphology in adults than in children with ALK+ ALCL.

Fig. 5 Flow cytometric immunophenotypic analysis of the case described in Fig. 2. The lymphoma cells (pink dots) show increased side
scatter (SSC) (A) and are positive for CD45 (A), CD3 (B, partial), CD7 (B), CD8 (C), and CD2 (D, increased). The lymphoma cells are negative for
CD4 (C), CD5 (D), TCR alpha/beta (E), TCR gamma/delta (E), and CD56 (F). The blue dots represent background reactive T cells.

Fig. 4 Flow cytometric immunophenotypic analysis of the case shown in Fig. 1. The lymphoma cells (pink dots) show increased side scatter
(SSC) (A), and are positive for CD45 (A), CD4 (B, decreased), CD8 (B), CD3 (C, small subset), CD7 (C), CD2 (D, increased), and CD56 (F, partial),
and are negative for CD5 (D), TCR alpha beta (E), and TCR gamma delta (E). The blue dots represent background reactive T cells.
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The SC and LH variants of ALK+ ALCL can pose a challenge for
establishing the correct diagnosis. The small neoplastic cells in the
SC variant usually show CD30 expression by only a subset of cells,
often less than 5–10%, which can result in an incorrect diagnosis
of reactive/inflammatory process (when normal architecture is
relatively preserved) or peripheral T-cell lymphoma, NOS (when
normal architecture is effaced). The large number of histiocytes
present in the LH pattern may mask the neoplastic cells which are
often only a minor component of the infiltrate, also leading to
misdiagnosis of reactive process9,10,14,23. Immunohistochemical
studies for CD30 and ALK are essential for establishing the correct
diagnosis. Although the CD30+ tumor cells in ALK+ ALCL with
SC/LH patterns are small, mimicking CD30+ immunoblasts seen in
reactive lymph nodes, the location of CD30+ cells can be useful
for distinguishing between reactive processes and ALK+ ALCL. In
benign lymph nodes, CD30+ immunoblasts are usually located
within or near the edge of the B cell follicles. In contrast, CD30+
tumor cells in ALK+ ALCL with SC/LH patterns often cluster
around blood vessels or within sinuses.
Most ALK+ ALCL cases lack one or more T-cell antigens; in

particular, CD3 and CD5 are often negative5,6,24. Although loss of
T-cell markers is common in ALCL in general, an early study of 123
ALK+ ALCL cases (including children and adults) reported that a
T-cell immunophenotype (based on CD3, CD43, CD45RO, and
CBF78) was more often seen in cases with a SC, LH, or mixed SC/
LH pattern than in cases with a common pattern11. In that study,
the SC population was found to show stronger expression of T-cell
markers as compared with the larger anaplastic cells. A “null”
immunophenotype is rarely identified in ALK+ ALCL with SC/LH
patterns11. Similarly, a study of 361 childhood ALK+ ALCL cases
reported an association between higher CD3 positivity and a
component of SC/LH variants15. In contrast, in a study of 128
pediatric patients with ALK+ ALCL by Abramov et al., there was
no significant difference in CD3, but cases with a non-common
type pattern more frequently expressed CD8 and less often
expressed CD5 than cases with a common pattern18. In the cohort
of adults with ALK+ ALCL that we report here, cases of SC/LH
variants were associated with a higher frequency of being positive
for CD2, CD3, CD7, and CD8, but not CD5.

Although B- and T- cell lymphomas can present with or evolve
into a leukemic phase of disease, <5% of patients with ALK+ ALCL
have a leukemic phase25. Most cases of ALK+ ALCL in leukemic
phase reported have been SC variant, and most patients were
younger than 30 years of age25–30. In this study cohort, adults with
ALK+ ALCL with SC/LH patterns (all having a SC component)
more often had peripheral blood involvement than patients with
non-SC/LH patterns, confirming the reported association between
SC morphology and leukemic phase.
Patients with ALK+ ALCL usually have a good prognosis with

5-year survival rates of 70–90%3–6,8. Most studies in the literature
have shown an association between SC/LH variants and poorer
clinical outcomes in pediatric ALK+ ALCL patients, although one
early study of 82 children with ALK+ ALCL reported that
histologic variant was not a prognostic factor21. In a study of 9
patients (children and adults) with the SC variant of ALCL, the
2-year disease-free survival was 14% and the OS was 51%12.
Similarly, a study of 17 patients with LH variant ALCL reported that
the survival probability after 40 months was only 47%16. In a study
of 80 children with ALK+ ALCL, non-common patterns were a
poor prognostic factor in multivariate analysis17. A more recent
study of 361 childhood ALK+ ALCL cases by Lamant et al.
reported that the presence of a component of SC/LH variants was
associated with treatment failure, indicating that SC/LH pattern is
an adverse prognostic factor15. Their findings were confirmed by a
subsequent study in which a non-common pattern was associated
with poorer event-free and OS in pediatric patients with ALK+
ALCL18. The mechanisms underlying the poorer prognosis of the
SC/LH variants in children with ALK+ ALCL are unknown. High
anti-ALK antibody titers were detected more often in ALK+ ALCL
patients with a common pattern, as opposed to patients with non-
common histologic patterns; increasing antibody titers were also
associated with a decreased risk of relapse31. Therefore, it has
been speculated that there may be host immune deficiency
against the neoplastic cells in patients with SC/LH ALK+ ALCL. In
addition, SC/LH variants in children have been associated with a
positive NPM-ALK result detected by reverse transcription (RT)-PCR
and real-time quantitative (RQ)-PCR in bone marrow at diagnosis
and increased frequency of treatment failure15,17. In contrast, the

Fig. 6 Assessment of prognostic significance of the International Prognostic Index (IPI) and small cell/lymphohistiocytic (SC/LH) pattern
in adults with ALK+ ALCL. High IPI score (>3) is associated with shorter overall survival (OS; A), but not progression-free survival (PFS; B). SC/
LH pattern has no prognostic impact on OS (C) or PFS (D). IPI International prognostic Index, SC small cell, LH lymphohistiocytic.
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results of the present study in adults with ALK+ ALCL show no
association between the SC/LH variants and survival.
In conclusion, we assessed morphologic variants (SC/LH versus

non-SC/LH) in 102 adults with ALK+ ALCL and compared the
clinicopathologic features and outcome between these two
groups. We found that the presence of a SC and/or LH pattern
is associated with peripheral blood involvement, CD8+ positivity
and retention of expression of the T markers CD2, CD3, and CD7.
In addition, in contrast with children with ALK+ ALCL, in this
study of adults with ALK+ ALCL, the presence of SC and/or LH
variants has no impact on prognosis.

DATA AVAILABILITY
All data has been presented in the manuscript, Tables and Figures.
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