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Chapter 1

CUTANEOUS LYMPHOMAS

Primary cutaneous lymphomas are a heterogeneous group of non‑Hodgkin 
lymphomas that present in the skin without evidence of extracutaneous disease 
at the time of diagnosis.1 The majority, with 75% to 80%, constitutes of cutaneous 
T‑cell lymphomas (CTCLs), while cutaneous B‑cell lymphomas (CBCLs) only comprise 
20% to 25% of all cutaneous lymphomas.1 The different types of CTCLs and CBCLs 
have distinct clinical and histological characteristics. In addition, the clinical 
behavior and prognosis is often completely different from the morphologically 
similar systemic lymphomas that may involve the skin secondarily. Therefore, 
cutaneous lymphomas require different treatment regimens and are included as 
distinct entities in the current lymphoma classifications.2,3

In the 2018 update of the World Health Organization and European Organization 
for Research and Treatment of Cancer (WHO‑EORTC) classification, 4 main groups 
of primary cutaneous lymphomas are distinguished: 1) classic types of CTCL, which 
include mycosis fungoides (MF), MF variants, and Sézary syndrome (SS); 2) primary 
cutaneous CD30+ lymphoproliferative disorders (CD30+ LPDs), which include primary 
cutaneous anaplastic large‑cell lymphoma (C‑ALCL) and lymphomatoid papulosis 
(LyP); 3) a heterogeneous group of CTCL other than MF, SS, and CD30+ LPDs; and 
4) the group of CBCL, which include primary cutaneous follicle center lymphoma 
(PCFCL), primary cutaneous diffuse large B‑cell lymphoma, leg type (PCDLBCL‑LT), 
primary cutaneous marginal zone lymphoma (PCMZL), intravascular large B‑cell 
lymphoma (IVLBCL), and EBV‑positive mucocutaneous ulcer. The relative frequency 
and prognosis of the different types of CTCL and CBCL are presented in Table 1.

This thesis includes several immunophenotypic and molecular studies in different 
types of cutaneous lymphomas aiming to identify markers that may aid in diagnosis 
‑classification‑ and prognosis ‑risk stratification‑ of patients with cutaneous 
lymphomas. In this introductory chapter, the main characteristics of these types 
of cutaneous lymphomas are described. The rare subtypes are listed in Table 2, but 
these will not be further discussed. In the final chapter of this thesis, the results 
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of these studies are summarized and reviewed with regard to clinical implications 
and future perspectives.

Table 1. WHO‑EORTC classification 2018 of primary cutaneous lymphomas1

Frequency (%) 5‑year DSS (%)

Cutaneous T‑cell lymphomas
Mycosis fungoides 39 88
Variants of mycosis fungoides

Folliculotropic mycosis fungoides 5 75
Pagetoid reticulosis <1 100
Granulomatous slack skin <1 100

Sézary syndrome 2 36
Adult T‑cell leukemia/lymphoma <1 unknown
Primary cutaneous CD30+ lymphoproliferative disorders

Cutaneous anaplastic large‑cell lymphoma 8 95
Lymphomatoid papulosis 12 99

Subcutaneous panniculitis‑like T‑cell lymphoma 1 87
Extranodal NK/T‑cell lymphoma, nasal type <1 16
Chronic active EBV infection <1 unknown
Primary cutaneous γ/δ T‑cell lymphoma <1 11
CD8+ aggressive epidermotropic cutaneous T‑cell lymphoma* <1 31
Primary cutaneous CD4+ small/medium T‑cell 
lymphoproliferative disorder*

6 100

Primary cutaneous acral CD8+ T‑cell lymphoma* <1 100
Primary cutaneous peripheral T‑cell lymphoma, not 
otherwise specified

2 15

Cutaneous B‑cell lymphomas
Primary cutaneous follicle center lymphoma 12 95
Primary cutaneous diffuse large B‑cell lymphoma, leg type 4 56
Primary cutaneous marginal zone lymphoma 9 99
Intravascular large B‑cell lymphoma <1 72
EBV‑positive mucocutaneous ulcer* <1 100

Abbreviations: WHO, World Health Organization; EORTC, European Organization for Research 
and Treatment of Cancer; DSS, disease‑specific survival; EBV, Epstein‑Barr virus.
* Provisional entity

1
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Table 2. Clinical, histopathological, and immunophenotypic characteristics of rare types of 
cutaneous T‑cell lymphomas

Clinical features Histopathology Immunophenotype

SPTCL subcutaneous nodules subcutis infiltrates with rimming 
around the adipocytes

CD4‑CD8+/ αβ‑TCR

PCGD‑TCL ulcerating plaques and 
tumors

variable infiltration of epidermis, 
dermis, and/or subcutis

CD4‑CD8+/‑/ γδ‑TCR

CD8+ AETCL ulcerating plaques, 
nodules, and tumors

varying from marked pagetoid 
epidermotropism to deep 
dermal infiltrates

CD4‑CD8+/ αβ‑TCR

PCSM‑LPD solitary nodule or 
tumor on the face of 
upper trunk

diffuse or nodular infiltrates of 
scattered pleiomorphic cells in a 
mixed background

CD4+CD8‑/ αβ‑TCR

PTCL‑NOS cases that do not fit into any of the other, well‑defined types of CTCL

Abbreviations: SPTCL, subcutaneous panniculitis‑like T‑cell lymphoma; PCGD‑TCL, primary 
cutaneous γ/δ T‑cell lymphoma; CD8+ AETCL, CD8+ aggressive epidermotropic cutaneous T‑cell 
lymphoma; PCSM‑LPD, primary cutaneous CD4+ small/medium T‑cell lymphoproliferative disorder; 
PTCL‑NOS, primary cutaneous peripheral T‑cell lymphoma, not otherwise specified.

Cutaneous T‑cell lymphomas
Mycosis fungoides
MF is the most common type of CTCL, comprising almost 40% of all cutaneous 
lymphomas and nearly 50% if also the variants of MF are taken into account.1 
Patients with classical MF present with erythematous, scaly patches and plaques, 
and may develop tumors in more advanced disease stages (Figure 1A). Skin lesions 
can arise in all body sites, but are preferentially located at non‑sun‑exposed areas 
such as the gluteal region. The skin lesions are asymptomatic and slowly progress 
over years or decades.2 Skin biopsies characteristically show epidermotropic 
infiltration by medium‑sized, atypical lymphocytes with a cleaved “cerebriform” 
morphology, often aligning along the basement membrane (Figure 2A). The 
neoplastic lymphocytes may show an aberrant T‑cell immunophenotype with 
variable loss of the pan‑T‑cell markers CD2, CD3, CD5, and CD7. Usually, the 
neoplastic lymphocytes have a CD4+CD8‑ phenotype, but also CD4‑CD8+ or even 
‘double positive’ and ‘double negative’ phenotypes exist.4 In early‑stage disease, 
the superficial dermis shows a sparse, band‑like infiltrate with a low number 
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of neoplastic cells and a variable amount of admixed inflammatory cells. In 
advanced‑stage disease, the dermal infiltration of tumor cells becomes more dense 
and may extend into the deep dermis or subcutaneous tissue. Epidermotropism 
may no longer be present. The tumor cells may progress into cells with a blastic 
morphology with a larger size and a prominent nucleolus. This process is also 
referred to as “large‑cell transformation”.5 Treatment of MF mainly consists of 
skin‑directed therapies, such as topical corticosteroids and photo(chemo)therapy. 
In case of tumor‑stage disease, local radiotherapy can be given, and in case of 
widespread disease and/or extracutaneous disease, polychemotherapy, whether 
or not followed by allogeneic stem cell transplantation, is indicated.6 Prognosis of 
patients with MF depends on the disease stage, with an excellent 5‑year survival of 
95% in early disease, but a poor 5‑year survival of 52% in patients with advanced, 
tumor‑stage disease.7,8 In addition, large‑cell transformation is associated with an 
inferior survival.8

Sézary syndrome
SS is a rare subtype of CTCL that is defined by the triad of pruritic erythroderma 
(redness of ≥75% of the skin; Figure 1B), generalized lymphadenopathy, and the 
presence of clonally‑related neoplastic T cells with cerebriform nuclei (Sézary 
cells) in the skin, lymph nodes, and peripheral blood.1 As both the clinical and 
histopathological presentation may be non‑specific, demonstration of peripheral 
blood involvement is essential for diagnosis of SS. The criteria for blood involvement 
include identification of the same clone in the skin and the peripheral blood in 
combination with either an absolute Sézary cell‑count of >1000/µL, or an expanded 
CD4+ T‑cell population resulting in a CD4:CD8 ratio of ≥ 10, CD4+/CD7‑ cells in ≥ 40%, 
or CD4+/CD26‑ cells in ≥ 30%.2,3 Histologically, SS is highly similar to MF. Features that 
favor SS over MF are sparser superficial infiltrates, minimal presence or absence 
of epidermotropism, and, if present, clustering of the epidermotropic cells into so 
called Pautrier’s micoabcesses (Figure 2B), instead of showing alignment along the 
basement membrane, as is more characteristic for MF.1 Treatment of SS consists of 
systemic therapies, such as low‑dose methotrexate, interferon‑α, extracorporeal 
photophoresis, and, more recently, targeted molecular therapies.6 Patients with 
SS have a poor prognosis with a 5‑year disease‑specific survival (DSS) of only 36%.1

1
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In early stages, the clinical presentation as well as the histologic features of MF and 
SS can be very subtle. Therefore, it is not uncommon that cases are misdiagnosed 
as atopic dermatitis or other benign inflammatory dermatoses (BIDs). Misdiagnosis 
often results in a diagnostic delay. To improve differentiation between MF/SS and 
BIDs, more specific and sensitive markers in daily clinical practice are needed. 
Previously, Zhang et al.9 performed gene‑expression profiling and compared 
the expression profiles of early‑stage MF with healthy skin and BIDs. One of the 
differentially expressed proteins was thymocyte‑selection high mobility group box 
(TOX), which showed a high potential as discriminative marker for early‑stage MF 
compared with BIDs. TOX is normally upregulated during specific phases of the 
development of T cells in the thymus, but is not expressed in mature T cells that 
circulate though the body. Several later studies confirmed the findings by Zhang 
et al. and demonstrated aberrant expression of TOX by the CD4+CD8‑ neoplastic 
cells of MF and SS.10‑16 However, little is known about expression of TOX in MF with 
other than the CD4+CD8‑ phenotype and in other subtypes of CTCL. Therefore, in 
chapter 2 of this thesis, the clinical utility of TOX protein expression is studied in a 
large group of patients with several subtypes of CTCL with different phenotypes and 
compared with the expression of TOX in BIDs.

In this study, we unexpectedly noticed expression of TOX in follicular areas of 
reactive lymph nodes and tonsils that were used as external controls. This prompted 
us to further study TOX expression in various types of CBCL. The results of this study 
are presented in chapter 3.

Primary cutaneous CD30+ lymphoproliferative disorders
Primary cutaneous CD30+ LPDs account for 20% of all primary cutaneous 
lymphomas.1 CD30+ LPDs are a disease spectrum with C‑ALCL on one side and 
LyP on the other side (Table 3). Clinically, C‑ALCL presents as solitary, grouped or, 
uncommonly, multifocal nodules and tumors (Figure 1C).1 LyP, on the other hand, 
is characterized by “waxing and waning” of multiple, self‑healing, erythematous 
papules that can manifest all over the body (Figure 1D). Characteristically, these 
papules are present in different phases of development, ranging from very 
early ‘fresh’ lesions to fully regressed lesions that only leave post‑inflammatory 
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hyperpigmentation or hypopigmentation. The common histopathologic feature is 
dermal infiltration of large, anaplastic T cells with strong expression of the marker 
CD30 (Figure 2C‑D). In addition, the tumor cells show variable to extensive marker 
loss, often only retaining the cytotoxic markers TIA1 and/or Granzyme B. Distinction 
between C‑ALCL and LyP is based on the clinical presentation and clinical course, 
and cannot be done on histopathology alone. As LyP has a very characteristic 
clinical presentation and excellent prognosis, treatment is usually not required. In 
case of cosmetically‑disturbing lesions, such as scarring or presence of numerous 
papulonodules, low‑dose oral methotrexate may reduce the number of skin 
lesions.17 In C‑ALCL, staging at time of diagnosis is required to exclude secondary 
skin involvement of systemic ALCL. The preferred treatment of C‑ALCL is low‑dose 
radiotherapy.18 Survival of patients with primary cutaneous CD30+ LPDs is usually 
excellent, with a 5‑year DSS of 95% for patients with C‑ALCL and 99% for patients 
with LyP.19,20 However, rare cases develop progressive disease with extracutaneous 
dissemination and may even die from their lymphoma.20 Currently, it is not possible 
to identify these patients at an early disease stage.

Table 3. Differential features of cutaneous anaplastic large‑cell lymphoma and lymphomatoid 
papulosis

C‑ALCL LyP

Skin lesions (solitary) tumors (multiple) papules
Spontaneous remission 40% 100%
Staging yes no
Treatment RT (excision) expectative (MTX/RT)
Extracutaneous dissemination 12% 3%
Disease‑specific survival at 5 years 95% 99%

Abbreviations: C‐ALCL, cutaneous anaplastic large‐cell lymphoma; LyP, lymphomatoid papulosis; 
RT, radiotherapy; MTX, methotrexate.

1
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Figure 1. Representative clinical presentation of (A) early‑stage mycosis fungoides with 
erythematous, scaly patches on the trunk, (B) Sézary syndrome with erythroderma, (C) 
lymphomatoid papulosis with erythematous papules on the upper arm, and (D) primary 
cutaneous anaplastic large‑cell lymphoma with a solitary, ulcerating tumor on the back.

Figure 2. Representative histopathology of (A) early‑stage mycosis fungoides with 
epidermotropism of atypical lymphocytes that align along the basement membrane, (B) Sézary 
syndrome with Pautriers microabcesses, and (C) primary cutaneous anaplastic large‑cell lymphoma 
with diffuse dermal infiltration of large, anaplastic cells that (D) show strong expression of CD30.
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In systemic ALCL, several recurrent chromosomal rearrangements have been 
described that are associated with the disease course of the patients. Approximately 
half of the patients harbor ALK rearrangements and these patients have a superior 
5‑year overall survival (80%) compared with patients without an ALK rearrangement 
(50%).21 Within the group of ALK‑ ALCL patients, mutually exclusive rearrangements 
in DUSP22 and TP63 were detected in 30% and 8% of the patients, respectively.21,22 
Patients with DUSP22 rearrangements demonstrate a similar survival as ALK+ 
patients, while patients harboring TP63 rearrangements have the worst prognosis 
with a 5‑year overall survival of only 17%.21‑23 In primary cutaneous CD30+ LPDs, 
ALK rearrangements are usually absent.24 DUSP22 rearrangements are detected 
in 30% of the C‑ALCL patients and rarely in LyP patients, but are without clinical 
significance.24‑26 So far, TP63 rearrangements have only been detected in 5% of the 
C‑ALCL patients and not in LyP patients.23,27 Despite the overall excellent prognoses 
of primary cutaneous CD30+ LPDs, a small subset of patients with C‑ALCL and LyP 
shows disease progression. Therefore, we wondered whether these patients 
might also harbor TP63 rearrangements. In chapter 4, the presence of TP63 
rearrangements was investigated in patients with C‑ALCL and LyP that were selected 
for an aggressive disease course.

Cutaneous B‑cell lymphomas
In contrast to the more frequent CTCL, only 4 subtypes and 1 provisional entity of 
CBCLs are recognized by the WHO‑EORTC classification for cutaneous lymphomas.1 
The 3 subtypes with a large cell morphology will be discussed of which PCFCL and 
PCDLBCL‑LT may share common features and can be difficult to distinguish (Table 4).

Primary cutaneous follicle center lymphoma
PCFCL is the most common type of CBCL and represents 12% of all cutaneous 
lymphomas.1 Clinically, patients with PCFCL present with localized skin lesions on 
the head and/or trunk (Figure 3A). These lesions are histologically composed of 
small to large, cleaved cells (named centrocytes) with a variable amount of admixed 
centroblasts (Figure 4A).28,29 In some instances, the tumor cells are spindle‑shaped.30 
PCFCL may present with either a follicular, a follicular and diffuse, or a diffuse 
growth pattern.2 The immunophenotype of PCFCL is that of a germinal center B‑cell, 

1
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with expression of BCL6 and sometimes CD10, while BCL2 and MUM1 are mostly 
negative.31 The preferred treatment of PCFCL is local radiotherapy. Response to 
initial treatment is excellent, with a complete remission rate of 99%.31 Despite this 
high rate of complete remission, patients commonly develop cutaneous relapses 
(30%). Extracutaneous dissemination, on the other hand, is rare and occurs in <10% 
of the patients with PCFCL and survival is excellent with a 5‑year DSS of 95%.31,32

Table 4. Differential features of primary cutaneous diffuse large B‑cell lymphoma, leg type and 
primary cutaneous follicle center lymphoma

PCDLBCL‑LT PCFCL

Skin lesions tumor(s) on the legs;
other sites uncommon

localized lesions on
the head and trunk;
other sites uncommon

Morphology of tumor cells immunoblasts and/or 
centroblasts

centrocytes; variable amount 
of centroblasts

Growth pattern diffuse follicular; follicular and diffuse; 
diffuse

Admixed T cells sparse abundant
(Remnants of) FDC networks no yes
Immunophenotype BCL2+/ MUM1+/ IgM+ BCL6+ / BCL2‑ / MUM1‑ / IgM‑

Molecular profile NF‑κB‑activating mutations No NF‑κB‑activating mutations
Treatment R‑CHOP RT
Extracutaneous dissemination 50% 10%
Disease‑specific survival at 5 
years

56% 95%

Abbreviations: PCDLBCL‑LT, primary cutaneous diffuse large B‑cell lymphoma, leg type; PCFCL, 
primary cutaneous follicle center lymphoma; FDC, follicular dendritic cell; ABC, activated B‑cell; 
GCB, germinal center B‑cell; R‑CHOP, rituximab plus cyclophosphamide, doxorubicin, vincristine, 
and prednisone; RT, radiotherapy.

Primary cutaneous diffuse large B‑cell lymphoma, leg type
PCDLBCL‑LT is the most aggressive CBCL and comprises 4% of all cutaneous 
lymphomas.1 The disease usually affects older, female patients with a median age 
of disease onset of ~70 years. Patients present with purple to bluish tumors on 
the legs, as the name implies, although also other sites of the skin can be affected 
(Figure 3B).2 To exclude secondary cutaneous involvement of systemic diffuse 
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large B‑cell lymphoma (DLBCL), staging procedures should be performed, at least 
consisting of a PET‑CT scan or a CT‑scan in combination with a bone marrow biopsy. 
Skin biopsies of PCDLBCL‑LT show a diffuse infiltration of the dermis by blastic B cells 
with a predominance of large, non‑cleaved cells (centroblasts and/or immunoblasts) 
(Figure 4B). Admixture of small, reactive T cells is often sparse.31 The tumor cells 
have a B‑cell phenotype, positive for CD20, CD79A, and PAX5, and almost always 
concurrently express the activated B‑cell markers BCL2, MUM1, and IgM.31 Standard 
treatment of PCDLBCL‑LT consists of immuno‑polychemotherapy (a combination 
of rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone; 
R‑CHOP) or, in case of a solitary lesion and poor clinical condition of the patient, of 
radiotherapy.1 As in PCFCL, response to initial treatment is usually excellent with 
a complete remission rate of 85% for PCDLBCL‑LT.31 However, cutaneous relapses 
and extracutaneous dissemination occur frequently, with percentages of up to 70% 
and 50%, respectively.31 The 5‑year DSS of patients with PCDLBCL‑LT is only 56%.1 
Currently, no routine classifiers are available to predict which patients will have a 
more aggressive disease course with relapsed/refractory disease.

In systemic DLBCL, cases with concurrent rearrangements of the MYC and BCL2  
and/or BCL6 genes are separately classified as “high‑grade B‑cell lymphomas” 
because of their aggressive behavior.33 In addition, double protein expression of 
MYC and BCL2 was shown to negatively influence prognosis of systemic DLBCL 
patients, although not as severely as the cases with double (or triple) rearrangement 
status.34‑36 In the cutaneous large B‑cell lymphomas, the presence of these 
chromosomal rearrangements and protein expression has only been studied in 
few cases and the prognostic significance is unknown. Therefore, in chapter 5, the 
frequency and prognostic significance of MYC rearrangements, with or without a 
double hit in BCL2 and/or BCL6, and double protein expression of MYC and BCL2 
was evaluated in patients with PCDLBCL‑LT and PCFCL.

Besides chromosomal rearrangements in MYC, BCL2, and/or BCL6, several highly 
frequent mutations may occur in PCDLBCL‑LT, such as in MYD88 and CD79B.37‑40 
These mutations are supposed drivers of the disease; however, little is known about 
the molecular profile during disease evolution and about molecular alterations 

1
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that may affect the prognosis of the patients. For this reason, in chapter 6, the 
mutational profile of a relatively large cohort of patients with PCDLBCL‑LT was 
studied at diagnosis and at relapse and correlated with survival outcome of the 
patients.

Intravascular large B‑cell lymphoma
One of the rarest subtypes of CBCL is the intravascular large B‑cell lymphoma 
(IVLBCL). IVLBCL usually presents as systemic disease with involvement of multiple 
organs, but can also present in the skin as the only site of involvement at time of 
diagnosis (the “cutaneous variant”).41 Skin lesions commonly consist of purple to 
bluish plaques or diffuse telangiectasias (Figure 3C‑D). Other commonly affected 
organs are the central nervous system and the lungs. The cutaneous variant is 
present in ~25% of the, mostly female, patients.41 As the name implies, this type of 
lymphoma is characterized by exclusive or predominant growth of neoplastic B cells 
in the lumen of blood vessels and capillaries (Figure 4C).3 The exact mechanism of 
the tumor cells to remain restricted to the blood vessels is unknown, but a defect 
in the homing receptors, such as integrin β1 and ICAM1 adhesion molecules, was 
proposed.42 The tumor cells of IVLBCL are B cells that commonly express BCL2 and 
MUM1, similar to the immunophenotype of PCDLBCL‑LT.31,43 In addition, a subset 
of cases aberrantly co‑expresses the T‑cell marker CD5.43 Standard treatment of 
patients with an IVLBCL is with R‑CHOP.44 Overall survival of patients with the 
cutaneous variant is 72% at 3 years, and these patients were shown to have a 
superior survival compared with patients with the systemic variant of IVLBCL.41 
Therefore, it is important to identify the presence or absence of systemic lesions 
at time of diagnosis. As IVLBCL is a rare disease, so far, little is known about the 
molecular alterations that drive lymphomagenesis. Therefore, we were prompted to 
investigate the genetic alterations in patients with cutaneous and systemic variants 
of an IVLBCL. The results of these studies are presented in chapter 7.
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Figure 3. Representative clinical presentation of (A) primary cutaneous follicle center lymphoma 
with localized, erythematous tumors and plaques on the trunk, (B) primary cutaneous diffuse 
large B‑cell lymphoma, leg type with tumors on the knee, and intravascular large B‑cell lymphoma 
with (C) bluish, indurated plaques and (D) generalized telangiectasias.

Figure 4. Representative histopathology of (A) primary cutaneous follicle center lymphoma with a 
follicular growth pattern, composed of medium to large, cleaved cells, (B) primary cutaneous diffuse 
large B‑cell lymphoma, leg type with diffuse dermal infiltration of large, non‑cleaved cells, and 
(C) intravascular large B‑cell lymphoma with intravascular localization of large, non‑cleaved cells.

1
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