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Summary

Systemic anaplastic large cell lymphomas (SALCLS) comprise a heterogeneous group of relatively
rare T-cell non-Hodgkin lymphomas characterized by CD30 expression and other unifying
pathologic features. ALK fusions are present in about 50% of cases. Pathological diagnosis can be
challenging, particularly in ALK-negative cases. Though ALK-positive and ALK-negative SALCL
are similar morphologically and immunophenotypically, they are separate entities with different
genetics, clinical behavior, and outcomes. Evidence-based data evaluating treatment regimens are
limited as randomized controlled trials are lacking and most prospective studies are too small to
draw definitive conclusions. However, recent advances in molecular biology are bringing forth
much needed knowledge in this field, and are likely to guide further targeted therapeutic
development.
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INTRODUCTION

It is estimated that in 2015 close to 72,000 new non-Hodgkin lymphoma (NHL) cases will
be diagnosed in the United States and approximately 20,000 will die from their disease [1].
About 15% of these NHLs are of mature (peripheral) T-cell origin and are known as
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peripheral T-cell lymphomas (PTCLs). PTCLs are a heterogeneous group of lymphomas
with a worse prognosis for most subtypes compared with the majority of their B-cell
counterparts. The International T-cell Lymphoma Project evaluated a cohort of over 1100
PTCLs and natural killer/T-cell lymphomas. PTCL, not otherwise specified (NOS) was the
most common subgroup (25.9%), followed by angioimmunoblastic lymphoma (18.5%) and
anaplastic large cell lymphomas (ALCLs; 13.8%) [2]. ALCLs share several pathological
features, including the presence of large pleomorphic neoplastic cells and strong expression
of CD30 [3-6]. Systemic ALCLs (SALCLs) must be distinguished from primary cutaneous
ALCLs, which tend to be localized and have a more indolent clinical course, often not
requiring systemic therapy [7]. Additional localized forms of ALCL also have emerged
recently, including seroma-associated ALCL linked to breast implants and primary mucosal
cases [8-11]. This review will focus only on SALCL.

The 2008 World Health Organization (WHO) classification divides SALCL into two distinct
entities based on ALK positivity: ALK+ ALCL, and ALK- ALCL [3,4]. ALK- ALCL was
listed as a provisional entity in the 2008 classification system and is anticipated to become a
definite entity in a pending WHO update. Although both subtypes can be indistinguishable
morphologically, the consideration of ALK+ and ALK—- ALCL as two separate entities
reflects data that ALK translocations affect the biology of the disease and that ALK+ and
ALK- cases have different clinical behavior and outcomes [12]. ALK+ ALCL carries the
best clinical outcome of all systemic PTCLs, with a 5-year overall survival (OS) rate of
about 70%, while ALK— ALCL has an intermediate prognosis and PTCL, NOS a poor
prognosis, with 5-year OS rates of about 50% and 32%, respectively [2,12].

Although sALCLs have a prognosis somewhat better than other systemic PTCLSs, their
overall rarity among NHLs, poor understanding of the ALK- subtype, and lack of
randomized controlled trials indicate an unmet need for further clarification of the biology
and management of these tumors. Recent advances in molecular biology are bringing forth
much needed knowledge in this field. This review will discuss the clinical characteristics of
SALCL, its pathobiology and diagnostic recommendations, prognosis, and best therapeutic
approaches in adults.

CLINICAL FEATURES

SALCL is primarily a nodal disease, though extranodal involvement is seen in ~20% of
cases, especially in skin, soft tissues, liver, bone, and bone marrow [13,14]. Male
predominance (60%) is seen in both ALK+ and ALK~ subtypes. Most patients are
symptomatic with advanced stage at presentation (stage I11/IV in ~ 60% of cases) and B
symptoms. Patients are younger in ALK+ ALCL (typically children and adults in their 30s)
than in ALK- ALCL (peak incidence in the late 50s) [2,12].

Patients presenting with skin lesions ought to be staged appropriately to differentiate
primary cutaneous ALCL from sALCL secondarily involving the skin, as primary cutaneous
ALCL has a more indolent course than sALCL, with a 5-year OS rate in the range of 90%,
and management needs to be tailored accordingly [7,15].
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PATHOBIOLOGY

Morphologic Features

ALK+ and ALK~ sALCL share similar morphologic features and diagnosis cannot be
established based on morphologic evaluation alone (Figs.1,2). Though features can vary
from case to case, all cases display large cells known as “hallmark” cells, which exhibit
large, Kidney- or horseshoe-shaped eccentric nuclei with perinuclear eosinophilic clearing
probably representing the Golgi zone [16]. Small, basophilic nucleoli can be seen and the
cytoplasm tends to be abundant. These cells typically form sheets of neoplastic cells effacing
the nodal architecture, mimicking at times solid tumor metastases. A sinusoidal infiltrative
pattern is commonly seen [17].

Five morphologic patterns have been described in ALK+ ALCL: a common pattern (60% of
cases; Fig. 1A), lymphohistiocytic pattern (10%; Fig. 1D), small cell pattern (5-10%; Fig.
1G), Hodgkin-like pattern (3%; Fig. 1H), and composite pattern with more than one of the
above patterns (15%) [16]. Differential diagnosis based on morphologic findings includes
classical Hodgkin lymphoma (cHL; especially in the Hodgkin-like pattern); solid
malignancy metastases; and PTCL, NOS. Of note, the small cell pattern has not been
described in the ALK~ subset of SALCL [18].

Immunophenotypic Studies

Immunohistochemistry (IHC) is essential in the diagnosis and subclassification of ALCL.
Strong CD30 antigen expression in the neoplastic cells is distinctive of ALCL, bearing in
mind that CD30 expression is not specific for ALCL (Figs. 1A; 2B, F, and J). The CD30
staining in ALCL (all subtypes) tends to be uniformly strong on the cell membrane and
perinuclear Golgi area of all neoplastic cells (though there may be variability of staining in
the small cell pattern of ALK+ ALCL). This strong and uniform staining is helpful in
distinguishing ALCL from other CD30-positive lymphomas, particularly PTCL, NOS.
Because of the morphological spectrum seen in ALCL, it is reasonable to perform CD30
immunostaining in all PTCLs, and to stain cases that are positive for CD30 for ALK. While
the presence of an ALK translocation can be confirmed by molecular studies, this is not
necessary in routine diagnostic practice. ALK immunostaining tends to be localized in both
the cytoplasm and the nucleus in cases with the most common NPMI-ALK fusion (Fig. 1C),
but varies in cases with other gene partners. Neither a positive ALK stain nor the presence of
an ALK translocation is specific for ALK+ ALCL, and other diagnoses should be
considered, including ALK+ large B-cell lymphoma, inflammatory myofibroblastic tumor,
and a variety of solid tumors including lung carcinoma [6,16,19]. It also should be noted that
rare cases of primary cutaneous ALCL can be positive for ALK [6,19,20]; thus positive
staining for ALK in a skin biopsy should not be considered sufficient for a diagnosis of
SALCL, and staging studies should be performed.

The distinction between SALCL and cHL can be challenging at times, particularly for ALK-
ALCL. Immunostaining for PAX5 (a B-cell transcription factor) can be valuable in this
setting as it is almost always positive in cHL; however, rare cases of SALCL may stain
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weakly for PAXS5, similar to cHL. PAX5-positive cases of ALCL have been shown to have
additional copies of the PAX5 gene locus by fluorescence in situ hybridization (FISH) [21].

The neoplastic cells in both ALK+ and ALK- sALCL often lack expression of one or more
pan-T-cell antigens, including CD3, CD5, CD7, and CD8. CD2 and CD4 are the T-cell
antigens most often expressed [17,22]. A “null” phenotype without T-cell antigen expression
is more commonly seen in SALCL (particularly ALK+) than in PTCL, NOS, and can be
helpful but not diagnostic in distinguishing the two [12]. T-cell receptor (TCR) gene
rearrangement studies often are positive for clonality even in these “null-cell” cases, and
may be helpful to prove the T-cell origin of the neoplastic cells.

The majority of SALCLSs stain positively for the cytotoxic markers TIAL, granzyme B, and
perforin, though these may be absent in ALK— ALCLs with DUSP22 rearrangements (see
below) [23,24]. About 80% of ALK+ ALCLSs stain positively for epithelial membrane
antigen (EMA), compared to half that in ALK- cases [12].

Molecular Genetics

The involvement of ALK'in translocations was described in SALCL two decades ago [25].
The translocation between chromosomes 2 and 5 [t(2;5)(p23;935)] leads to a chimeric
80kDa nucleophosmin- (NPM-) ALK fusion protein with subsequent constitutive activation
of the ALK kinase. Since then, ALK translocations with different gene partners leading to
other chimeric proteins were described both in lymphomas and solid malignancies [4,26—
32]. In ALK+ ALCL, the NPM-ALK fusion protein is present in 80% of the cases [33,34].

ALK is a receptor tyrosine kinase with an extracellular-binding domain, a transmembrane
domain, and an intracellular tyrosine kinase with homology to the family of insulin receptor
kinases [34]. ALK protein is absent in normal human tissues but is expressed in embryonal
neuronal tissues, and is believed to have a critical role in normal neuronal embryogenesis.
The ligand to its receptor remains unknown in mammals, though recently heparin [35] and
FAM150A and FAM150B [36] were reported as possible activating ligands for ALK kinase.

Downregulation or inhibition of ALK is associated with anti-tumor effects both in vitro and
in vivo [34]. ALK’s role in oncogenesis remains incompletely understood, partly due to the
fact that ALK translocations with different fusion partners, activating point mutations, and
amplifications influence ALK signaling in different ways. It is clear, though, that ALK acts
as an oncogenic driver in various malignancies, promoting proliferation and survival through
several pathways including RAS-MAPK, PI3K-AKT-mTOR, and JAK-STAT. It also appears
to affect the mitochondrial anti-apoptotic pathway through Bcl-2. Further understanding of
how ALK leads to lymphomagenesis is of utmost importance, as many of the above
pathways are potentially targetable.

As both the diagnosis and management of ALK— ALCL can be a challenge, recent efforts
have focused on understanding the genetics and identifying a characteristic molecular
signature.[32,37] Next generation sequencing and other techniques have identified two
recurrent rearrangements in ALK- sALCL: one involving the DUSP22/IRF4 locus on
chromosome 6p25.3 (30% of cases), and the other involving 7P63 on 328 (8%) [23,38-40].
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These rearrangements were mutually exclusive and were not found in any of the ALK+
cases. Furthermore, these translocations were of prognostic value. When present, ALK—
ALCLs with DUSP22rearrangements had OS rates similar to ALK+ ALCLs, while 7P63
rearrangements carried a worse prognosis; these findings were independent of the intensity
of treatment received [23]. While the relative rarity of 7P63 rearrangements make this group
of patients difficult to characterize definitively, DUSP22-rearranged ALCLs have consistent
morphologic and phenotypic features in addition to their favorable prognostic features,
suggesting the possibility that these cases might represent a distinct clinicopathologic entity
[23,24]. The pathogenetic role of DUSP22 rearrangements remains to be demonstrated. In
addition to elucidating their biology, understanding the molecular consequences of these
rearrangements also may lead to new clinical tests at the RNA and/or protein level to
identify this group of patients.

Recently, through the use of cancer outlier profile analysis (COPA) of gene expression
profiling (GEP) data, ERBB4 and COL29A1 were found to be exclusively co-expressed in 8
out of 24 cases of ALK— ALCL with a specific gene signature [41]. While the significance
of these findings for clinical outcomes are unclear, experimental data suggest that
pharmacologic inhibition of ERBBA4 retards cell growth and tumor progression.

Recurrent chromosomal copy number abnormalities (CNAS) have been described in both
ALK+ and ALK- ALCL, highlighting both similarities and differences between both
entities as well as differences from other PTCLs. Gains of chromosome 7 and losses of 6q,
11qg and 13q are common to both ALK+ and ALK- ALCL. Gains of 17p and losses of
chromosome 4 are recurrent in ALK+ ALCL, and only rarely seen in ALK- ALCL and
other PTCLs. Losses of 5g and 9p, seen in ~ 30% of the cases in one series, were not found
in the ALK~ cases. Recurrent CNAs in ALK- ALCL include gains of 7p, 7q, 17q, 5q, 6p,
80, 12q, and 1q, and losses of 4q, 11q, 6q, and 13q, with frequencies ranging from 15 to
35% [42]. Additional studies have examined PTCLs by GEP and identified molecular
signatures that distinguished between ALK- ALCLs and other PTCLs [43-47]. This may be
most critical for the distinction between ALK— ALCL and PTCL, NOS, since this
differential diagnosis carries prognostic implications and diagnostic criteria remain
imprecise [12]. Of note, GEP data suggest that expression of only 3 genes — TNFRSFS,
BATF, and TMOD1 - could differentiate these entities, showing promise for the
development of clinical molecular classifiers [46]. Moreover, GEP data may provide further
prognostic stratification of PTCLs [45,47]. Finally, although comprehensive profiling of
recurrent somatic mutations in ALCL requires further effort, recent data indicate recurrent
abnormalities targeting the JAK-STAT pathway, particularly point mutations of JAKZ and
STAT3but also including novel fusion genes [48-50]. These findings suggest a potential
target for novel therapeutic approaches in at least some ALCLSs.

DIAGNOSIS: PITFALLS AND CHALLENGES

The diagnosis of SALCL can be challenging. The importance of correlation of pathologic
findings with staging and other clinical data cannot be overemphasized. As discussed above,
both ALK+ and ALK- sALCL can secondarily involve the skin and primary cutaneous
ALCL can secondarily involve locoregional lymph nodes. While not comprehensively
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addressed in the current WHO classification system, ALK+ cases with localized
involvement of the skin and ALK~ cases associated with breast implants or with localized
involvement of mucosal sites should be considered [8-11,20]. The major pitfall for the
diagnosis of ALK+ ALCL is the failure to recognize morphologic variants as potential
ALCL, especially the small cell pattern and other rare variants such as cases with a
sarcomatoid appearance. Once the diagnosis is suspected, immunostaining for CD30, T-cell
antigens, and ALK, with or without additional molecular studies, generally lead to the
correct diagnosis without further difficulty. The diagnosis of ALK- ALCL can be
challenging due to similarities in morphologic findings to other entities, the variable T-cell
phenotype and aberrant expression of antigens more commonly associated with other
lineages, and the absence of a molecular marker such as ALK to aid in diagnosis. The main
differential diagnosis is with PTCL, NOS, which is a diagnosis of exclusion. In the
International PTCL working group study where over 1000 cases were reviewed, there was a
consensus agreement among hematopathologists in 97% of ALK+ ALCLs; 75% of PTCLs,
NOS; and 74% of ALK- ALCLs [2]. In a study of PTCLs led by the Nordic Lymphoma
Group, 13% of cases were reassigned a different diagnosis upon central review [51]. New
tools such as gene expression profiling have demonstrated promise for refining diagnostic
classification further, but have not yet been validated for routine clinical use [44-47].

Recommendations for Diagnosis

In the appropriate clinical setting, and when morphology is suggestive of PTCL, a tiered
approach to the use of immunohistochemical stains and genetic studies can be followed to
help with diagnosis [22]. Cases should be evaluated for T- or B-cell origin using stains for
CD3 and CD20, respectively. Additional T-lineage immunostains, including CD2, CD4,
CD5, CD7, and CD8, are useful to support T-cell lineage when CD3 is absent and to identify
aberrant antigenic loss when CD3 is expressed. When lineage is uncertain (“null-cell”
phenotype or occasionally cases that express both T- and B-cell antigens), molecular studies
to detect clonal T-cell receptor and/or immunoglobulin gene rearrangements can be
performed. Cytotoxic marker expression is a useful feature, though often negative in ALK-
cases with DUSP22 rearrangements. EMA may be helpful when positive; CD56 is expressed
infrequently is less often helpful [12,22]. Additional immunostains may be indicated in
specific clinical scenarios or when certain PTCL subtypes are suspected, including stains for
T-cell receptor-p and/or -v/8, TCL1, FOXP3 and T-follicular helper- Tgy-) associated
markers such as PD-1. /n situ hybridization (or immunostains) for Epstein-Barr virus also
should be considered. Because of the marked morphologic variation seen in ALCL, we
would advocate staining for CD30 in all PTCLs, and staining for ALK in all CD30+ cases,
even if the CD30 expression is only partial. If the differential diagnosis includes cHL, stains
for PAX5, CD15, and CD45 are recommended. If identification of 7P63rearrangements is
to be considered, immunohistochemistry for p63 can be performed at the same time as the
ALK stain. While not all p63+ PTCLs have a 7P63 rearrangement, p63
immunohistochemistry can be a useful screening test to identify positive cases for genetic
evaluation by FISH [40]. DUSP22 rearrangements can be identified by FISH in cases
meeting criteria for ALK— ALCL, in which it has been reported to have prognostic
significance [23]. However, the presence or absence of a DUSP22 rearrangement should not
be used as a diagnostic criterion for ALK- ALCL in the absence of further studies to
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validate its use for this purpose. Particularly, it should be remembered that DUSP22
rearrangements are identified at similar frequencies in systemic ALK- ALCL (30%) and
primary cutaneous ALCL (28%), and clinical staging, not genetics, is paramount in
distinguishing these entities [23,52]. FISH for ALK can be used to confirm a rearrangement
in ALK+ ALCL, but is unnecessary in the majority of cases that are ALK+ by
immunohistochemistry.

PROGNOSIS

SALCL remains a moderately aggressive lymphoma with worse outcomes than most but not
all B-cell lymphomas, and significantly better survival than other PTCLs, with outcomes in
ALK+ cases more favorable than in ALK- cases [53]. In data reported by the International
Peripheral T-Cell Lymphoma Project, ALK+ ALCL had the best prognosis of all PTCLs,
with a 5-year OS rate of 70%, while ALK— ALCL had a 5-year OS rate of 49% versus 32%
in PTCL, NOS [12].

Clinical factors impact the prognosis of ALCL, similar to other lymphomas. While the
International Prognostic Index (IPI) was developed for prognostication in B-cell lymphomas,
it holds its value in PTCLs. The more risk factors, the worse the prognosis, with a 5-year OS
rate ranging from 90% for low IPI scores to as low as 13% for the high IP1 group when 4 to
5 risk factors were present [12]. Once 3 or more risk factors were present, the prognosis
remained worse despite the presence of an ALK rearrangement, which emphasizes the value
of clinical factors. Similarly, patients with ALK- ALCL and low IPI score had almost the
same survival rate as the ALK+ group. In a study lead by the French Groupe d’Etude des
Lymphomes de I’ Adulte (GELA), age and 2 microglobulin, but not ALK rearrangement
status, significantly affected survival with an 8-year OS rate of 84% in patients younger than
40 years who had 2 microglobulin <3mg/L, compared to 22% in patients older than 40
years with 2 microglobulin =3mg/L [53].

More recently, novel rearrangements were identified that not only may help to better
characterize ALK- ALCLSs but also may have prognostic significance [39,40]. Parrilla
Castellar et al have reported that ALK-ALCLs that had DUSP22 rearrangements had a
prognosis similar to ALK+ ALCLs with a 5-year OS rate of 90%, while ALK- ALCLs with
TP63 rearrangements had a dismal prognosis (5-year OS rate of 17%) [23]. ALCLs without
rearrangement of ALK, DUSP22, or TP63 (“triple-negative” ALCLS) had an intermediate
prognosis with a 5-year OS rate of 42%.

Assessment of minimal residual disease (MRD) to predict prognosis and risk of relapse of
ALK+ ALCL has been explored in the pediatric population. Damm-Welk et al evaluated 52
patients for MRD via RT-PCR in peripheral blood and/or bone marrow early in the treatment
course (prior to the 2" course of chemotherapy) [54]. The presence of MRD predicted
higher risk of relapse, with a cumulative incidence of relapse of 81% (versus 31% in the
absence of MRD) and a significantly worse 5-year OS of 65% (versus 92% in the absence of
MRD). This concept could potentially be used in adults.
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It is important to bear in mind that the studies reporting SALCL outcomes are retrospective,
and non-randomized, with relatively small sample sizes. Also, as newer targeted therapies
are more commonly used/approved in clinical practice, outcomes are likely to improve.
Moreover, we anticipate that as more sophisticated molecular studies become standard of
care as part of the evaluation of more challenging cases, therapy will be increasingly tailored
to each individual case, potentially leading to better outcomes. However, this is yet to be
proven.

MANAGEMENT

SALCL is clearly not one disease entity, and the “one size fit all” strategy is not ideal,
especially in the era of individualized medicine. Currently, due to the lack of phase 111
randomized clinical trials, it is not clear what is the best treatment strategy for this disease,
especially for the ALK- ALCL subset. Whenever possible, patients ought to be enrolled in
clinical trials (Tables 1,2). SALCL is sensitive to cytotoxic chemotherapy both in the 15t line
and relapsed settings; however, duration of response tends to be short-lived, particularly for
ALK- ALCL with 5-year failure-free survival of only 36% [2].

First-Line Therapy

Localized Disease—Data are scarce in this setting. Most recommendations are based on
the experience and data from diffuse large B-cell lymphoma. A retrospective study at MD
Anderson Cancer Center reviewed data between 1985 and 1998 in 39 patients with early
stage PTCLs treated with doxorubicin-based chemotherapy with and without radiation [55].
Twenty patients had ALCL, including 5 with primary cutaneous ALCL. The 5-year PFS and
OS were 74 and 79%, respectively. No difference in outcomes (5-year local control, PFS, or
0OS) was observed based on ALK status or with the addition of involved field radiation after
chemotherapy. However, due to the retrospective nature of this study and the small sample
size, these results ought to be interpreted with caution. Also, primary cutaneous ALCL cases
were included in this analysis, which can affect outcomes favorably as they have a very good
prognosis with a survival at 5-years exceeding 90% [15]. A more recent retrospective study
showed similar outcomes in limited stage PTCLSs, i.e. that addition of radiotherapy did not
improve outcomes in patients who had chemosensitive PTCLs [56]; however, outcomes in
the SALCL cohort (n=35 with 40% ALK+) were not studied separately. The number of
chemotherapy cycles is also open for debate and remains an area in need of further
investigation.

Advanced Disease—Anthracycline-based chemotherapy remains the standard of care for
advanced SALCL though not based on randomized data. In a retrospective analysis by MD
Anderson Cancer Center of 135 untreated cases with T-cell lymphomas (all histologies
except for mycosis fungoides), 40 patients had ALCL, 60% of which received CHOP
(Cyclophosphamide, Adriamycin, Vincristine, Prednisone) chemotherapy [57]. ALK status
was known for 31 cases; 61% had ALK—- ALCL. The estimated 3-year OS was 66% and
100% for ALK— ALCL (excluding primary cutaneous ALCL) and ALK+ ALCL,
respectively, compared to 43% for other T-cell lymphomas. Outcomes of patients treated
with more intensive regimens (i.e. HyperCHOP, HyperCVAD, or early stem cell
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transplantation) were not superior to those obtained with CHOP therapy; however, the
retrospective nature of the study and the small sample size preclude definite conclusions.

The GELA group performed a subset analysis from three prospective trials of aggressive
lymphomas [53]. Out of 138 patients with ALCL, 54% were ALK—- ALCL. Anthracycline-
based combination chemotherapy was used in all but 1 patient. Intensive chemotherapy
combinations (doxorubicin, cyclophosphamide, vindesine, bleomycin, and prednisone) were
not associated with improved outcomes as compared to the CHOP regimen. Estimated 8-
year PFS for ALK+ and ALK~ subsets were 72% and 39%, respectively; OS rates were 82%
and 49%, respectively. Younger patients (<40 years) had better outcomes independent of
ALK status.

In an analysis of T-cell lymphoma outcomes in trials led by the German High-Grade NHL
Study Group (DSHNHL) evaluated 78 and 113 patients with ALK+ and ALK—- ALCL,
respectively [58]. CHOP or CHOEP (with addition of etoposide on a 2 to 3 week basis) were
used. Three-year event-free survival (EFS) and OS were estimated at 75.8% and 89.8%,
respectively, for ALK+ tumors, and 45.7% and 62.1%, respectively for ALK— ALCL.
Interestingly, in patients 60 years or older with any T-cell histology, no benefit was seen in
EFS or OS with shorter treatment intervals (14 versus 21 day cycles), more cycles (6 versus
8 cycles), or addition of etoposide to the treatment regimen (CHOP vs CHOEP). In patients
younger than 60 years and low tumor burden as evidenced by low lactate dehydrogenase
levels with any T-cell histology, a statistically significant benefit was seen in 3-year EFS (but
not OS) when etoposide was added to CHOP (75.4 vs 51.0%; p=0.03). This benefit in 3-year
EFS was even more pronounced in the ALK+ ALCL cohort (91.2% vs. 57.1%, P=0.012),
though again there was no benefit in OS. When the ALK+ ALCL subset was excluded, the
3-year EFS was improved with the addition of etoposide, but lost its statistical significance
(60.7% vs. 48.3%, P= 0.057). These results may still be clinically relevant, as addition of
etoposide was associated with an increase in overall response rate (ORR) in all subgroups,
which may allow eligible patients (histologies other than ALK+ ALCL) a chance to receive
stem cell transplant.

A small prospective study led by the National Cancer Institute exploring the efficacy of 6
cycles of dose-adjusted EPOCH included 22 patients with SALCL (15 ALK+, 7 ALK-)
[59]. Neither 5-year PFS (80% vs 71%, p=0.82) nor 5-year OS (86% for both) was
significantly different between ALK+ and ALK~ subsets, with outcomes seen in the ALK-
group higher than anticipated from other studies. Though this study was prospective, the
sample size was relatively small and selection biases could have played a role; specifically,
the ALK— ALCL group had lower risk IPI scores (43% with IPI =2 compared to 60% in the
ALK+ subset).

More recently, and based on success in the relapsed setting, the focus has shifted towards
introduction of targeted therapies earlier in the therapeutic course in combination with
cytotoxic chemotherapy. Brentuximab vedotin, a CD30 antibody-drug conjugate, was
recently studied in the 15 line setting in a multicenter phase 1 trial given sequentially with
CHOP or concomitantly with vincristine omission [60]. Nineteen patients with SALCL
(16/19 ALK-) were included. An objective response was seen in all patients with CR in
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88% and a reasonable safety profile. This study led to the ECHELON-2 trial, an ongoing
phase 3 randomized international study conducted in mature T-cell lymphomas
(NCT01777152); 75% of the patients in this study will have a diagnosis of SALCL (Table 2).

Autologous Stem Cell Transplant at 15t Complete Remission for SALCL: What
is the Evidence?—A non-randomized prospective multi-institutional study led by the
Nordic Lymphoma Group (NLG-T-01) in treatment naive PTCLSs evaluated the value of
consolidative high dose chemotherapy (HDC) followed by stem cell rescue [51]. In this
study, patients received a dose dense induction regimen with biweekly CHOEP-14 for 6
cycles. Patients with complete response (CR) or partial response (PR) then received HDC
and autologous stem cell (ASCT) rescue. 31 patients (19%) had ALK—- ALCL. ALK+
ALCL patients were excluded. The 5-year OS and PFS were 70% and 61%, respectively, for
ALK- ALCL, which was significantly superior to all other subtypes when grouped together.
Though non-randomized, this is the largest study done in the upfront transplant setting in
PTCLs (n=160). These findings suggest a potential benefit for HDC and ASCT in ALK-
ALCL. Other smaller non-randomized studies suggest similar outcomes [61,62].

It is important to note that ALK+ ALCL cases have been excluded from all transplant trials.
As discussed before, patients with high-risk IPI ALK+ ALCL have a worse prognosis, and
could benefit from approaches other than the standard CHOP chemotherapy. Will these
patients benefit from HDC and ASCT? Furthermore, it is clear that ALK- ALCL isa
heterogeneous group with a subset having a similar prognosis as ALK+ ALCL (i.e the
tumors with DUSP22 rearrangements). Is this group of patients better off with CHOP
chemotherapy, and can they be spared the unnecessary toxicity of HDC? These questions
remain unanswered and would require further study.

Treatment Recommendations in the 15! Line Setting—Since the evidence is limited
in this disease, enrollment in clinical trials when available is the best option for patients. In
limited stage disease, 4 to 6 cycles of CHOP-like chemotherapy is recommended. For bulky
disease, addition of involved field radiotherapy is recommended. Clinical factors and IPI
score should be taken into account and more aggressive treatment should be considered
accordingly. For advanced stage ALK+ ALCL, we recommend 6 cycles of CHOP. Etoposide
could be added to CHOP in younger patients with higher IPI scores. For advanced stage
ALK- ALCL, we recommend 6 cycles of CHOEP, followed by HDC and ASCT in
responding transplant eligible patients. Chemotherapy dose intensification during induction
is not recommended, as it is associated with higher toxicity and no improvement in
outcomes [53,57]. These recommendations may change in the future based on the ability to
stratify this subgroup of patients further with molecular studies and introduction of targeted
therapies [37].

Relapsed/Refractory Disease

Patients with SALCL who progress or relapse after initial chemotherapy have a dismal
prognosis. An analysis of the Lymphoid Cancer database by The British Columbia Cancer
Agency identified 191 relapsed/refractory PTCLs between 1976 and 2010 [63]. Only 38
patients received transplant, while 153 were deemed unfit for transplant. The study included
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36 SALCLs (11 ALK+ and 25 ALK-). Interestingly, outcomes of SALCL did not differ from
other PTCLs; median OS and PFS for all PTCLs were only 5.5 months and 3.1 months,
respectively. Patients who received chemotherapy did not have improved survival with
median OS and PFS of only 6.5 and 3.7 months, respectively. Given the retrospective nature
of this study, selection bias may have played a role. Most patients were not deemed
transplant candidates, which could have been related to chemotherapy resistance or clinical
factors such as lower performance status (PS). Median OS and PFS in patients who received
chemotherapy with PS of 0 to 1 (13.7 and 5.0 months, respectively) were significantly
higher than when PS was 2 or more. Patients who did not achieve CR had worse outcomes.
Median OS and 3-year OS rates were 18 months and 35%, respectively, for those with CR
versus 9.6 months and 17%, respectively, for patients with PR only. Of note, novel therapies
such as brentuximab vedotin (BV) were not part of the treatment armamentarium.

Brentuximab Vedotin—BYV is a CD30 antibody-drug conjugate incorporating
monomethyl auristatin E, a potent anti-microtubule agent, that was FDA approved in 2011
for the treatment of SALCL in the relapsed setting after failure of at least one line of multi-
agent chemotherapy. The approval was based on a single-arm multicenter clinical trial in 58
patients (42 ALK-) that showed unprecedented activity in this disease with an ORR of 86%
[64]. CR was achieved in 57% with a median duration of response of 12.6 months. This is
particularly impressive given that 62% of these patients were deemed refractory to 15t line
chemotherapy, and 26% were post-ASCT. Since its approval, BV has become standard of
care in relapsed patients and often is used as a bridge to stem transplant. It also has been
studied in the frontline setting in combination with cytotoxic multi-agent chemotherapy. A
systematic review conducted after approval of BV in patients with relapsed/refractory HL
and ALCL to assess real-practice experience included 28 ALCLs [65]. The ORR and CR
rates were 75 and 74% respectively. Grade 3/4 toxicity incidence was 6% for peripheral
neuropathy and 12% for hematologic toxicity (thrombocytopenia). Only 5% of patients
discontinued therapy because of toxicity. A small phase 2 trial has evaluated the efficacy and
safety of retreatment with BV in patients with relapsed/refractory HL and ALCL, including
8 patients with SALCL (3 ALK+, 5 ALK-) [66]. ORR and CR rates were 88% and 63%,
respectively. Median PFS was 12.9 months (median OS not reached). Peripheral motor
neuropathy was the most significant grade 3 side effect, observed in 48% of patients, which
was somewhat expected as it is a cumulative toxicity. Though the sample size was small, this
was a proof of concept that re-treatment with BV is relatively safe and active.

Is There a Role for Allogeneic Stem Cell Transplant (AlloSCT) in sSALCL?—The
Center for International Blood and Marrow Transplant Research (CIBMTR) recently
analyzed from the registry hematopoietic stem cell transplant data in T-cell lymphomas [67].
A total of 112 cases of SALCL were found; unfortunately, the ALK status was not reported.
Fifty-one patients received AlloSCT. Outcomes were better after ASCT than after AlloSCT,
including both PFS (55% vs 35%) and OS (68% vs 41%). Worse outcomes were observed in
heavily pretreated patients. AlloSCT did not overcome chemotherapy refractory disease, and
was associated with higher non-relapse mortality. A retrospective study led by La Societé
Francaise de Greffe de Moélle et de Therapie Cellulaire included 77 patients with aggressive
T-cell lymphomas, including 27 sALCLs (8 ALK+, 6 ALK-, 13 unknown ALK status) [68].
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Five-year OS and EFS for all patients were 57% and 53%, respectively. Five-year OS for
SALCL patients only was estimated at 55%, with 19 patients achieving a CR after transplant.
Similar to the CIBMTR study, chemoresistant disease prior to transplant predicted worse
prognosis. The 5-year OS in patients with CR or PR at time of transplant was 69%,
compared to a dismal 29% in patients with stable, progressive, or refractory disease. Also,
grade 3—4 acute graft-versus host disease was associated with worse outcomes. Taken
together, these data suggest that AlloSCT may be beneficial in patients with chemosensitive
disease and that some patients may be cured. However, the benefits of AlloSCT may be
greater in the early course of therapy while the disease is still chemosensitive. Novel targeted
therapies could be used as a bridge to increase response and achieve a deeper response prior
to proceeding to AlloSCT. Prospective clinical trials in this area are highly needed.

Novel Therapies—Due to the lack of therapeutic options in the relapsed setting and poor
outcomes in chemorefractory disease, there has been an emphasis on investigation of novel
therapies for ALCL. As biological and molecular knowledge advances, drugs targeting
specific molecular aberrations are sought with hopes of increasing efficacy and limiting
toxicity.

Crizotinib is the first ALK inhibitor approved as a single agent for the treatment of
metastatic ALK+ non-small cell lung carcinoma in the first line setting, and has been
associated with an impressive increase in response rate and PFS compared to standard
combination chemotherapy in this disease [69]. Clinical trials of ALK inhibitors in SALCL
are ongoing (Table 1). An open-label phase-1 dose escalation study in the pediatric
population was reported recently where crizotinib was used in different relapsed pediatric
tumors with ALK alterations, including 9 SALCLs [70]. There was an 88% ORR (8/9) with
7 CRs, 1 PR, and 1 patient with stable disease (SD). Interestingly, the patient with SD
remained on protocol for more than 30 cycles. Crizotinib was relatively well tolerated with
mostly grade 1-2 toxicities. Clinical trials are underway in adults (Table 1).

In the last few years, three new therapies have been approved for relapsed PTCLs after
failure of frontline therapy. Pralatrexate, an anti-folate agent, was approved in 2009,
followed by two histone deacetylase inhibitors: romidepsin, approved in 2011, and
belinostat, approved in 2014. All appear to have similar efficacy with an ORR in the 25—
30% range, but different toxicities. Immunotherapeutic approaches with anti-PD1 and anti-
PDL1 inhibitors alone or in combinations with CTLAA4 inhibitors are exciting new
approaches to therapy of lymphoma, and currently are under study (Table 1).

Treatment Recommendations in the Relapsed Setting—Outcome after relapse of
ALCL is poor, but a subset of patients can be salvaged and achieve potential cure. The goal
of treatment should be CR or PR and consolidation with either HDC/ASCT or AlloSCT in
transplant eligible patients. BV could be used in this setting as ORR and CRs are quite high.
In transplant ineligible or chemotherapy refractory patients, the sequence of therapies
depends on clinical characteristics and potential side effects.
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Expert Commentary

SALCL is a heterogeneous group of T-cell non-Hodgkin lymphomas with aggressive
behavior. Progress in improving outcomes has been slow due to the rarity of the disease and
lack of randomized clinical trials. However, due to significant advances in molecular
technologies and development of newer targeted therapies, we are at the dawn of witnessing
significant changes in the management of this disease. Inclusion in clinical trials has never
been more important.

Five-Year View

We anticipate that in the next five years, management of SALCL in the 1% line setting will
likely include combinations of cytotoxic chemotherapy and targeted therapy such as
brentuximab vedotin. Consolidation with high dose chemotherapy and stem cell rescue in
patients with high risk ALK— ALCL will still be standard of care. The new focus of
management will be to better stratify patients with both ALK+ and ALK—- ALCL into high
and low risks groups using new molecular techniques, including next generation sequencing,
and to tailor therapy accordingly. As the evolving genetic heterogeneity of ALK— ALCL is
clarified further, we anticipate both incorporation of new molecular findings into the
diagnosis and subclassification of ALCL as well as biologic studies that identify candidate
therapeutic targets for new genetic subtypes. For ALK+ ALCLs, ALK inhibitors will be
added to the armamentarium first in the relapsed setting then potentially as 15t line agents.
Evaluation of MRD could also guide therapy, as some patients may benefit from
consolidation/maintenance strategies and others may not; determining MRD status may help
limit not only toxicity, but also cost to both the patient and society. Immune checkpoint
inhibitors are under study and are likely to be introduced in the relapsed and/or
consolidation/maintenance settings.
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Key Issues

SALCL represents a rare and heterogeneous group of T-cell non-Hodgkin
lymphomas with generally aggressive clinical behavior and poor outcomes in
some patients.

ALK fusion proteins resulting from translocations of the ALK gene are present
in close to half of the cases.

The diagnosis of ALK-negative ALCL can be challenging and expert pathology
review may be required.

New genetic subgroups of ALK-negative ALCL have prognostic significance
and can be identified using clinically available FISH assays.

The lack of randomized controlled trials has hindered development of improved
treatment strategies for ALCL, and entry of patients on clinical trials should be
encouraged.

ALCL is a chemosensitive disease, but responses can be short lived — especially
for ALK- disease — and relapses are common.

Newer targeted therapies like brentuximab vedotin are likely to change the
outcomes of ALCL patients and the way we approach this disease.
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Figure 1. Pathological features of ALK-positive ALCL
(A) Photomicrograph of typical ALK-positive ALCL, common pattern, showing sheets of

large atypical lymphocytes (“hallmark” cells). (B) Immunohistochemical staining for CD30
in the same case shows the tumor cells to be positive, with a membranous and Golgi pattern
of staining. (C) The tumor cells are positive for ALK. The presence of both nuclear and
cytoplasmic staining indicates the ALK fusion partner is likely to be NPM. (D)
Lymphohistiocytic pattern, showing tumor cells interspersed in a background of small
lymphocytes and histiocytes. (E) This example shows a predominance of very large,
markedly pleomorphic cells. (F) Case with so-called “sarcomatoid” features, showing
marked spindling of the tumor cells. (G) Small cell variant, showing mostly small tumor
cells with abundant pale cytoplasm. (H) Low-power image of case with “Hodgkin-like”
features, including tumor nodules separated by bands of sclerosis. (1) Despite the Hodgkin-
like appearance at low power, a higher power image shows sheets of hallmark cells typical
of ALCL.
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Figure 2. Pathological features of ALK-negative ALCL
(A) Photomicrograph of ALK-negative ALCL with DUSP22 rearrangement (see text),

showing sheets of tumor cells. (B) Tumor cells from the same case are positive for CD30 by
immunohistochemistry. (C) Tumor cells are negative for ALK. (D) Fluorescence in situ
hybridization (FISH) using a breakapart probe to the DUSP22-1RF4 locus on 6p25.3 shows
a tumor cell nucleus (blue counterstain) with a single normal fusion signal (#) on one allele
and abnormal separation () of the red and green portions of the probe on the other allele,
indicating the presence of a rearrangement. (E) ALK-negative ALCL with 7P63
rearrangement (see text). (F) Tumor cells are positive for CD30. (G) Tumor cells are
negative for ALK. (H) FISH using a dual-fusion probe to the 7BL1XR1and 7P63loci on 3q
show normal separation () of the two loci on one allele, and 7BL1XRI1-TP63fusion (/) on
the other allele. (1) Primary cutaneous ALCL, showing histological features similar to those
of both ALK-positive and ALK-negative systemic ALCL. (J) Tumor cells also show a
similar pattern of staining for CD30. (K) Tumor cells are negative for ALK. (L) A low-
power image shows the relationship of the tumor cell infiltrate to the overlying epidermis.
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