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Primary cutaneous lymphomas (PCLs) are a heterogeneous group of extranodal non-Hodgkin
lymphomas (NHLs) that are present only in the skin at the time of diagnosis, without evidence of
extracutaneous disease. Among extranodal NHLs, the skin is the second most frequently involved
site (30%) after the gastrointestinal system. The incidence rate is estimated at 1 per 100,000 people
a year, being primary cutaneous B-cell lymphomas (PCBCLs) only about 25-30% of all PCLs (1).

Biological and clinical features of PCBCLs differ from their nodal counterparts and they are
grouped according to their predicted clinical behavior. The indolent forms comprise primary
cutaneous marginal zone lymphoma (PCMZL) and primary cutaneous follicle center lymphoma
(PCFCL), which usually have an excellent prognosis, despite the high rate of cutaneous recurrences.
The aggressive subtypes essentially include primary cutaneous diffuse large B-cell lymphoma leg
type (PCDLBCL-LT) and intravascular large B-cell lymphoma (IVLBCL), both characterized by
a poor outcome (2). PCLBCL-LT preferentially involves the lower limb with rapidly growing
tumors in elderly subjects, whereas IVLBCL is usually widely disseminated in extracutaneous
sites at diagnosis, and the clinical appearance of cutaneous lesions may simulate inflammatory
skin conditions (3). Consequently IVLBCL is a systemic lymphoma and should not be classified
among CBCLs which by definition have no evidence of extracutaneous involvement at the time of
diagnosis. The tumoral microenviroment of PCLBCL-LT is characterized by immunosuppressive
CD163(+) M2 macrophages and CD33"/PD-L1" myeloid-derived suppressor cells (MDSCs)
which represent a population of immature myeloid cells with immunosuppressive activity. The
presence of these two populations of cells with immunosuppressive properties could be responsible
for the poor prognosis of PCDLBCL-LT patients (4).

Selecting the optimal management of PCBCLs is difficult, as they are rare entities and no
specific treatment consensus has been stated. Decisions on therapy depend on symptoms, type
and stage of the disease and number of lesions. In case of indolent forms, local therapies, such as
surgery, radiotherapy or intralesional steroids are appropriate options and overtreatment should
be avoided. In subtypes with poor prognosis and in case of dissemination recommended treatment
relies on CHOP-like regimens associated with rituximab and local radiotherapy (3). In particular,
PCDLBCL-LT still has a high mortality rate, and additional targeted therapies are needed for
patients with aggressive cutaneous lymphoma. Gene expression profiling of PCLBCL-LT reveals
that this lymphoma subtype is closely related to the activated B-cell-like (ABC) molecular subtype
(5). In particular, PCLBCL-LT tends to show frequent recurrence of mutations in genes regulating
the nuclear factor kappa B and B-cell signal transduction pathway (6, 7). Furthermore, like
primary central nervous system lymphomas/primary testicular lymphomas, a substantial number
of PCLBCL-LT harbored translocations involving PD-L1/PD-L2 leading to the upregulation of
PD-L1 or PD-L2 within the lymphoma microenviroment (8).
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MONOCLONAL ANTIBODIES IN
PCDLBCL-LT

Rituximab has been the first target therapy used in common
clinical practice in B cell lymphomas. It is a chimeric anti
CD20 monoclonal antibody, binding both normal and malignant
B cells expressing this receptor on the surface (9). Rituximab
monotherapy was proven effective in primary cutaneous
low-grade B cell lymphomas, whereas the ESMO clinical
practice guidelines indicate immunochemotherapy with R-
CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine,
prednisone) as first-line treatment for PCDLBCL-LT (10). On
the other hand patients with PCDLBCL-LT are typically elderly,
with multiple comorbidities and impaired organ function, which
limits therapeutic options in relapsing/refractory cases. The
association of rituximab with pegylated liposomal doxorubicin
may be an alternative and safer approach and there are
preliminary data indicating that this approach is effective and
well-tolerated in more aggressive cases with contraindications to
CHOP-like regimens (11).

Rituximab monotherapy is generally not adequate and more
active and selective anti-CD20 Mabs could be utilized. To
this regard currently two categories of anti-CD20 mAbs are
undergoing preclinical and clinical evaluation: MAbs with a
higher affinity than rituximab with FcyRIIla, and MAbs with
lower immunogenicity. Among these, ofatumumab (anti-CD20)
is the human Mab most studied for the treatment of primary
cutaneous B-cell lymphomas (9, 12). Moreover, the development
of MADbs conjugated with radioisotopes (radioimmunotherapy)
represents a very active field of research to improve the efficacy of
MAD therapy; two anti-CD20 IgG-radioconjugates, Y-ibritumab,
and I-tositumomab, have been approved by the FDA for the
treatment of B-cell NHL and could be used in the future for
PCDLBCL-LT (13, 14). Associations with other MAbs targeting
surface molecules different from CD20 in PCBCL have also
shown promising results. To this regard a recent investigation has
demonstrated the efficacy of a triple combination of rituximab,
lenalidomide and the anti-PD1 inhibitor pembrolizumab in an
elderly patient with refractory PCDLBCL-LT (15). Therefore
inhibitors of the PD1/PDL1 pathway may represent a potential
therapy for PCDLBCL-LT as it appears that unlike PCMZL
and PCFCL, PCDLBCL-LT cells express the PDL1 ligand on
their surface. The interaction between PD1 and PDLI decreases
T cells proliferation and cytokines production and lead to
apoptosis. PDL1-positive tumor cells can bind PD1 expressed
on the surface of the tumor infiltrating lymphocytes (TILs)
leading them to apoptosis. The presence of PDLI positive tumor
cells in PCDLBCL-LT could explain both the poor prognosis of
this tumor and the efficacy of anti PD1/PDLI1 therapy in this
lymphoproliferative disorder (16, 17).

Two recent developed monoclonal antibodies, lumiliximab
and dacetuzumab, are in clinical trials and may have future
applications in PCDLBCL-LT. Lumiliximab is a Mab able to bind
CD23, a low-affinity IgE receptor found to be higly expressed on
chronic lymphocytic leukemia (CLL) cells, whereas dacetuzumab
(also known as SNG-40) targets CD40, a molecule expressed on
several types of B cells neoplasms (18, 19).

Another promising therapeutic option could be the inhibition
of CD33, which is a transmembrane receptor expressed on
myeloid cell lines. In the tumor microenvironment this protein
can be found in most of the MDSCs and a recent study,
demonstrated the presence of these cells in PCDLBCL-LT (4).
Humanized antibodies against CD33 have already been used for
acute myeloid leukemia and could be used also for PCDLBCL-
LT (20).

A highly attractive approach is the application of the bi-
specific T-cell engaging (BiTE) antibody (blinatumomab), which
targets both CD19 and CD3 antigens. Although the development
of this BiTE antibody is currently focused on B-precursor
acute lymphoblastic leukemia, promising, early results were also
obtained in B-cell lymphomas, as a bridge to allogenic stem cell
transplantation in patients with relapsed/refractory DLBCL (21).

CHIMERIC ANTIGEN RECEPTOR (CAR)
T-CELL THERAPY

CAR-T cells, which are genetically engineered to express a
specific CAR, can recognize tumor-specific antigens and kill
target tumor cells. The CD19 protein is specifically expressed on
the surface of B-lymphocytes at various stages of development,
and more than 95% of B-cell lymphomas express the CD19
antigen. The infusion of CD19-specific CAR-T cells can be
efficacious in B-lymphoproliferative disorders (22). However,
unlike the encouraging results in B-cell lymphocytic leukemia,
the efficacy of anti-CD19 CAR-T cell in the treatment of
lymphoma is limited and this may partly be determined by
immunosuppressive circuits in tumor microenvironment (23). In
order to improve increase CAR-T cell potency, the combination
with immune checkpoint inhibitors could be a potential
therapeutic strategy. To this regard, a recent investigation has
evaluated safety and efficacy of CDI19-directed CAR T-cell
therapy in combination with the PD-1 inhibitor nivolumab in
patients with relapsed/refractory B-NHL (24). This therapeutic
strategy might also be a rational and worthwhile approach to
treat PCDLBCL-LT.

SMALL MOLECULE INHIBITORS

An increasingly interesting target in B-cell malignancies is the
Bruton Tyrosine Kinase (BTK) pathway; ibrutinib is the first-in-
class among specific BTK-inhibitors. In a case report ibrutinib
was administrated to a patient affected with PCDLBCL-LT, after
several therapeutic options, with complete remission (25).

Another drug that has shown results in the treatment of
PCDLBCL is lenalidomide, an oral immunomodulating agent
with several antineoplastic activities, normally used in the
treatment of multiple myeloma. In a study of 26 PCDLBCL
patients a 20% response rate was observed (26).

Furthermore, development of a great number of new agents
to treat NHLs is creating the opportunity to study their efficacy
and safety in patients with PCBCL, in particularly in PCDLBCL-
LT. To this regard, temsirolimus and everolimus have both
demonstrated overall response rates of 30% and a median
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duration of response of 5.7 months for relapsed systemic DLBCL
(27). Moreover, recent studies suggest a potentially promising
role of histone deacetilases inhibitors in cases of rapamycin
resistance. These studies demostrate that HDAC inhibitors, such
as LBH589, may interfere with the mTOR pathway, both at
the mTORC1 and mTORC2 level, overcoming mTOR inhibitor
resistance in DLBCL (28). Finally patients with DLBCL with
overexpression of the BCL2 protein have shown improved
response rates combining the BCL2 inhibitor venetoclax with
standard chemotherapy (29). The data of the above studies may
become useful to tailor therapies for PCDLBCL-LT.

CONCLUSIONS

Several new targeted approaches have been developed in the last
years for the therapy of cutaneous lymphomas, with promising
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results. In particular, for aggressive CBCL management there is
still no complete consensus, since until now none of these new
drugs has showed complete efficacy and safety. Moreover, despite
a safer toxicity profile than standard chemotherapy, these agents
continue to present important and still incompletely known
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