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Abstract: Unlike systemic anaplastic large cell lymphoma, the
vast majority of primary cutaneous anaplastic large cell lym-
phomas (C-ALCL) do not carry translocations involving the
ALK gene and do not express ALK. Expression of ALK protein
therefore strongly suggests secondary cutaneous involvement of a
systemic anaplastic large cell lymphoma. Recent studies de-
scribed a small subgroup of ALK-positive C-ALCL, but in-
formation on frequency, prognosis, and translocation partners is
virtually lacking. A total of 6/309 (2%) C-ALCL patients in-
cluded in the Dutch registry for cutaneous lymphomas between
1993 and 2019 showed immunohistochemical ALK expression.
Clinical and histopathologic characteristics, immunophenotype
and disease course were evaluated. Underlying ALK trans-
locations were analyzed with anchored multiplex polymerase
chain reaction-based targeted next-generation sequencing. Me-
dian age at diagnosis was 39 years (range: 16 to 53 y). All pa-
tients presented with a solitary lesion. Treatment with
radiotherapy (n= 5) or anthracycline-based chemotherapy (n= 1)
resulted in complete responses in all 6 patients. Three patients
developed a relapse, of whom 2 extracutaneous. After a median
follow-up of 41 months, 5 patients were alive without disease and
1 patient died of lymphoma. Immunohistochemically, 3 cases
(50%) showed combined nuclear and cytoplasmic ALK ex-
pression with underlying NPM1-ALK fusions, while 3 cases
(50%) showed solely cytoplasmic ALK expression with variant
ALK fusion partners (TRAF1, ATIC, TPM3). ALK-positive
C-ALCL is extremely uncommon, has a comparable favorable
prognosis to ALK-negative C-ALCL, and should be treated in
the same way with radiotherapy as first-line treatment.

Key Words: ALK-positive cutaneous anaplastic large cell lym-
phoma, anaplastic lymphoma kinase, C-ALCL, prognosis,
fusion partner, translocation

(Am J Surg Pathol 2020;44:776–781)

Primary cutaneous anaplastic large cell lymphoma
(C-ALCL) forms a spectrum of CD30-positive lym-

phoproliferative diseases, together with lymphomatoid
papulosis.1,2 C-ALCL patients mainly present with soli-
tary or few clustered, often ulcerating tumors.1–3 It is
histologically characterized by cohesive fields of
CD30-positive anaplastic cells, with a T-cell or null-cell
phenotype.1 First-line treatment consists of radiotherapy
(RT) or excision.4 Approximately 10% of the patients
develop the extracutaneous disease during follow-up,
mainly limited to regional draining lymph nodes.1,3,5

Prognosis is excellent with a 10-year disease-specific sur-
vival of ∼90%.1,5

In contrast, systemic anaplastic large cell lymphoma
(sALCL) is a more aggressive lymphoma that requires
treatment with chemotherapeutic agents.1,6 sALCL is div-
ided into 2 subgroups depending on the expression of the
Anaplastic Lymphoma Kinase protein (ALK) due to an
underlying translocation in the ALK gene.6 ALK-positive
sALCL has a much better prognosis than ALK-negative
sALCL.6 ALK is a tyrosine kinase that is normally ex-
pressed in neural cells and is involved in brain
development.7 In certain cancers, the ALK gene is trans-
located to different fusion partners and thereby consec-
utively expressed.8 In sALCL, the nucleophosmin 1
(NPM1) gene accounts for the most frequent fusion partner
(85%), leading to an t(2;5)(p23;q35), followed by the tro-
pomyosin 3 (TPM3) gene in ∼10% of the cases.6,8–10 Re-
maining rare fusion partners are tropomyosin 4 (TPM4),
TRK-fused gene (TFG), 5′aminoimidazole-4-carboxamide
ribonucleotide formyltransferase/IMP cyclohydrolase
(ATIC), TNF Receptor Associated Factor 1 (TRAF1), and
even more are reported.11,12

Immunohistochemically, a NPM1-ALK translocation
shows both nuclear and cytoplasmic ALK expression in
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sALCL, while variant translocations only show cytoplas-
mic ALK expression.13,14

Unlike sALCL, the vast majority of C-ALCL do not
carry translocations involving the ALK gene and do not
express ALK. Expression of ALK protein therefore
strongly suggest secondary cutaneous involvement of a
systemic ALK-positive ALCL.15–17 However, unusual
cases of ALK-positive C-ALCL have been reported, in-
cluding both cases showing strong nuclear and cytoplasmic
ALK staining characteristics of the t(2;5) chromosomal
translocation and cases expressing cytoplasmic ALK pro-
tein, indicative of a variant translocation.15,16,18 Many of
these cases had an excellent prognosis. However, rapid
progression to systemic ALCL has been reported as
well.19,20 It is at present impossible to predict whether such
ALK-positive cases presenting with only skin lesions will
run an indolent or aggressive clinical course. Moreover, the
frequency of these ALK-positive C-ALCL is unknown and
ALK fusion partners in C-ALCL have not been described.
To obtain more insights in ALK-positive C-ALCL, we
evaluated clinical characteristics, immunohistochemistry
and ALK fusion partners of ALK-positive C-ALCL pa-
tients included in the Dutch registry for cutaneous lym-
phomas.

MATERIALS AND METHODS

Patients
Since 1993, ALK1 immunohistochemical staining

was routinely performed in patients with C-ALCL. Be-
tween January 1993 and July 2019, 309 patients with
C-ALCL were included in the Dutch registry for cutaneous
lymphomas. This group included 6 patients with an ALK-
positive C-ALCL with only skin lesions at presentation. All
patients had been diagnosed by an expert panel of the
Dutch Cutaneous Lymphoma Group. In all 6 patients
staging procedures including blood examination, computed
tomography scan and in most patients bone marrow biopsy
had excluded extracutaneous disease at the time of diag-
nosis. Follow-up data were collected from medical records
and referring clinicians in case of missing information.

Routinely stained hematoxylin and eosin sections and
immunostains with antibodies against CD2, CD3, CD5,
CD7, CD4, CD8, CD30, cytotoxic proteins (Granzyme B,
TIA-1), ALK1, CD68, CD79a, CD20, and Ki-67 were re-
trieved from the archives of the participating departments of
pathology and subsequently reviewed. This study was
evaluated by the Ethics Committee of the Leiden University
Medical Center and provided with a waiver of consent.

Molecular Characterization by ArcherDX Panel
Targeted RNA sequencing assay technique (Fusion-

Plex; ArcherDX, Boulder, CO) that simultaneously detects
and identifies fusions of ALK translocations by anchored
multiplex polymerase chain reaction-based enrichment was
performed. Total nucleic acid was isolated from 5 ×10 μm
formalin-fixed paraffin-embedded slides using the tissue
preparation system (Siemens). After measurement of RNA
quantity for formalin-fixed paraffin-embedded material with

Qubit fluorometric quantification system (Life Tech-
nologies), the target-enriched cDNA library was prepared
with the Archer FusionPlex Comprehensive Thyroid and
Lung kit as per manufacturer’s description.21 Reverse
transcription of RNA was followed by end-repair, ad-
enylation and universal half-functional adapter ligation of
double-stranded cDNA fragments. This was followed by 2
rounds of a polymerase chain reaction with universal pri-
mers and gene-specific primers, covering 36 target genes that
rendered the library fully functional for clonal amplification
and sequencing using the S5 system. With the Archer
analysis software (version 5.1) the produced libraries were
analyzed for the presence of relevant fusions. Sequence
quality was assessed by the following criteria: QC score of
<30, a minimal total read number of 1.5 million with > 40%
RNA reads.

Statistical Analysis
The Kaplan-Meier method was used to estimate

(5-year) progression-free survival (PFS/PFS5; event
defined as development of extracutaneous disease or death
by any cause) and overall survival (OS/OS5). Outcomes
were compared between groups using the log-rank test.
A P-value of <0.05 was considered significant. All sta-
tistical analyses were performed using SPSS version 23
(IBM Corp.).

RESULTS

Clinical Characteristics
Our study group included 2 males and 4 females and

the median age at presentation was 39 years (range: 16 to
53 y) (Table 1). Five cases presented with a solitary
(ulcerating) tumor on the arm (n= 3), or trunk (n= 2), and
1 patient with localized lesions on the right lower leg.
Lesions ranged in size from 3.0 to 7.0 cm in diameter. One
patient (case 4) reported a 1-year history of multiple
spontaneously regressing nodules on her leg before
persistent tumors developed.

Histologic and Immunohistochemical
Examination

The patients showed comparable histologic features
and were immunohistochemically characterized by diffuse
cohesive fields of CD30-positive anaplastic cells (Table 2).
The neoplastic cells showed variable expression of T-cell
markers CD2, CD3, CD7, CD4, and CD8 with frequent
loss of CD3, CD5 and CD7, and expression of cytotoxic
proteins in 5 of 6 cases. The proliferation index (Ki-67)
was > 50% in most cases. Three patients (cases 1 to 3)
showed the typical combined nuclear and cytoplasmic
ALK staining pattern, while the other 3 cases only had a
cytoplasmic staining pattern (Figs. 1, 2, respectively).

Molecular Findings
All 3 patients with a combined nuclear and cytoplasmic

ALK1 staining pattern showed an underlying NPM1-
ALK translocation (NPM1: NM_002520.6:exon:4; ALK:
NM_004304.4:exon:20) (Table 2). The other 3 patients (cases 4
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to 6) with a solely cytoplasmic ALK1 staining pattern
contained variant ALK fusion partners. Case 4 harbored a
TRAF1-ALK fusion transcript (TRAF1: NM_005658.4:
exon:6; ALK: NM_004304.4:exon:20). Case 5 harbored an
ATIC-ALK fusion transcript (ATIC: NM_004044.6:exon:7;
ALK: NM_004304.4:exon:20). Finally, case 6 contained a
TPM3-ALK translocation (TPM3: NM_152263:exon:8; ALK:
NM_004304.4:exon:20). Remarkably, all 6 patients shared
exactly the same breakpoint site of the ALK gene on exon 20.

Treatment and Follow-up Data
Five patients were initially treated with local RT and

1 patient (case 4) with anthracycline-based chemotherapy.
All patients achieved a complete response. Three patients
developed relapses, 1 limited to the skin (case 1) and 2

patients (case 4, 5) developed nodal and visceral ex-
tracutaneous localizations (case 4: lymph nodes, pleural
fluid, and bone marrow, and case 5: lymph nodes and
pulmonary involvement). All 3 patients with relapses were
treated with anthracycline-based chemotherapy, 2 of
whom (case 1, 5) responded with complete remission,
while 1 showed disease progression (case 4). After a me-
dian follow-up duration of 41 months (range: 19 to 101
mo), 5 patients were alive without disease and 1 patient
(case 4) died due to extensive extracutaneous disease
19 months after diagnosis (Table 1).

DISCUSSION
The aim of the present study was to collect in-

formation on the frequency, translocation partners and

TABLE 1. Clinical Characteristics of 6 ALK-positive C-ALCL Patients
Case No.

1 2 3 4 5 6

Age at onset (y) 34 44 16 50 53 30
Sex Female Female Male Female Female Male
Clinical presentation Solitary tumor

abdomen
Solitary
tumor left
breast

Solitary tumor
left arm

Clustered lesions
right lower leg

Solitary tumor
right elbow

Solitary
tumor
left arm

Initial treatment RT RT Anthracycline-based
chemotherapy

RT RT RT

Response CR CR CR CR CR CR
Relapses (time to relapse)
Only skin + (4 mo) — — — — —
Extracutaneous — — — + (11mo) + (4 mo) —

Treatment after relapse Anthracycline based
chemotherapy

— — Anthracycline based
chemotherapy

Anthracycline based
chemotherapy

—

Response CR PD CR
Follow-up
Status last follow-up AWD AWD AWD DOD AWD AWD
Duration (mo) 101 65 36 19 46 23

AWD indicates alive without disease; CR, complete remission of 100% disappearance of lesions; DOD, death due to disease; PD, progressive disease.

TABLE 2. Immunophenotypic and Genetic Features of 6 ALK-positive C-ALCL Patients
Case No.

1 2 3 4 5 6

Immunophenotype
CD30 + + + + + +
CD2 − − − + + +
CD3 − + − − − −
CD5 − − − − − −
CD7 ND − ND − − +
CD4 + − + + + −
CD8 − + − − − −

Granzyme B
TIA-1 + + ND + + +
Ki-67 + + ND − − +
ALK1 ND > 80% ND 50% > 60% > 75%
Nuclear + + + − − −
Cytoplasmic + + + + + +

Genetics
Translocation NPM1-ALK NPM1-ALK NPM1-ALK TRAF1-ALK ATIC-ALK TPM3-ALK
Exon 4:20 4:20 4:20 6:20 7:20 7:20

ND indicates not done; +, positive staining in at least 30% of the cells; −, negative staining or positive in < 30%.
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clinical behavior and prognosis of patients with an ALK-
positive C-ALCL. ALK-positive C-ALCL is indeed rare
and thus far only 21 cases have been reported (see a review
of Geller et al15). In the present study, ALK expression
was found in 6 of 309 (2%) C-ALCL patients included in
the Dutch registry of cutaneous lymphomas between
January 1993 and July 2019.

Clinically, most patients were of relatively young age
(below< 50 y) and presented with a solitary tumor, which
went into complete remission following RT in 5 cases, and

anthracycline-based chemotherapy in 1 patient. A cuta-
neous relapse was observed in 1 patient, progression to
systemic disease in 2 patients, while 1 patient died of
lymphoma (Table 1). When our 6 cases and the 21 cases
reviewed by Geller et al15 are combined, a skin relapse is
observed in 7 of 27 patients (26%), development of
extracutaneous disease in 6 of 27 patients (22%), and
death of lymphoma in 3 of 27 patients (11%) (Table 3).
These results are very similar to those reported in ALK-
negative C-ALCL. In a previous study of our group on

FIGURE 1. Clinical and histologic features of ALK-positive C-ALCL with a combined nuclear and cytoplasmic staining pattern. Case
1: single ulcerated tumor of 5×4 cm on the abdomen (A) with histologically a hematoxylin and eosin staining with a typical diffuse
nonepidermotropic infiltrate (B) consisting of cohesive fields of large CD30+ cells with anaplastic morphology (C) and both nuclear
and cytoplasmic ALK-expression (D).

FIGURE 2. Clinical and histologic features of ALK-positive C-ALCL with a solely cytoplasmic staining pattern. Case 4: Single nodule
on the lower right leg (A) with histologically a hematoxylin and eosin staining with a typical diffuse nonepidermotropic infiltrate (B)
consisting of cohesive fields of large CD30+ cells with anaplastic morphology (C) and solely cytoplasmic ALK-expression (D).
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135 ALK-negative C-ALCL, 53 of 135 patients (39%) had
a relapse limited to the skin, 20 of 135 patients (15%)
developed the extracutaneous disease, while 12 of 135
patients (9%) died of lymphoma.22 Statistical analysis did
not show significant differences between the 27 ALK-
positive and 135 ALK-negative C-ALCL patients in PFS5
(75% vs. 75%, respectively; P= 0.96) and OS5 (90% vs.
82%, respectively; P= 0.79).

Factors associated with disease progression in this
rare group of patients are unknown. We wondered whether
there could be a relationship between the type of trans-
location and clinical behavior. Using the Archer DX panel,
it was found that 3 cases with both nuclear and cytoplasmic
ALK staining had the corresponding NPM-ALK trans-
location, while the other 3 cases with a solely cytoplasmic
ALK staining pattern harbored variant translocations
(TRAF1-ALK, ATIC-ALK, and TPM3-ALK). This is the
first time these variants are described in C-ALCL patients
but are already known in the systemic variant in low
frequencies.19,23–30 However, due to the few events, lack of
information on the ALK staining pattern and type of
translocation in most previous studies, conclusions on a
potential relationship between the type of translocation and
clinical behavior or prognosis cannot be drawn. Also, in
sALCL, no differences in prognosis were found between
tumors with the classic NPM1-ALK translocation and tu-
mors with variant translocations.25,31–34

In conclusion, current evidence suggests that ALK-
positive ALCL presenting with only skin lesions in most
cases have an excellent prognosis and should be treated in

the same way as ALK-negative C-ALCL with RT as first-
line treatment.4,35
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