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Abstract: The interaction of programmed death-1 (PD-1) on T lymphocytes with its ligands Pro-
grammed Death Ligand 1 (PD-L1) and Programmed Death Ligand 2 (PD-L2) on tumor cells and/or
tumor-associated macrophages results in inhibitory signals to the T-cell receptor pathway, con-
sequently causing tumor immune escape. PD-L1/PD-L2 are currently used as predictive tissue
biomarkers in clinical practice. Virtually PD-L1 levels expressed by tumor cells are associated with
a good response to immune checkpoint blockade therapies targeting the PD-1/PD-L1 axis. These
therapies restore T-cell antitumor immune response by releasing T-lymphocytes from the inhibitory
effects of tumor cells. Immune checkpoint therapies have completely changed the management of
patients with solid cancers. This therapeutic strategy is less used in hematological malignancies,
although good results have been achieved in some settings, such as refractory/relapsed classic
Hodgkin lymphoma and primary mediastinal large B-cell lymphoma. Variable results have been
obtained in diffuse large B-cell lymphoma and T-cell lymphomas. Immunohistochemistry represents
the main technique for assessing PD-L1 expression on tumor cells. This review aims to describe
the current knowledge of PD-L1 expression in various types of lymphomas, focusing on the princi-
pal mechanisms underlying PD-L1 overexpression, its prognostic significance and practical issues
concerning the evaluation of PD-L1 immunohistochemical results in lymphomas.
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1. Introduction

The programmed death 1 (PD1)/PD ligand (PD-L) pathway represents a relevant
checkpoint regulating T-cell-mediated immune responses. It consists of the transmembrane
protein PD-1/CD279 and the two ligands PD-L1, also called CD274 or B7-H, and PD-
L2, also called CD273 or B7-DC [1]. PD-1 is expressed on the surface of activated T-
lymphocytes. The interaction between PD-1 on T-cells and the two ligands results in a
reversible inhibition of T-cell immune activity [2]. The balance of the immune system is
based on the coordination between stimulatory and inhibitory signals. In healthy people,
PD-1 and its ligands are crucial for preserving self-tolerance and avoiding autoimmunity.
Antigen-presenting cells such as macrophages and dendritic cells normally express PD-L1.

To develop within an immunocompetent host, the neoplasms need to employ several
mechanisms to escape the immune system defenses. One of the most frequent strategies
involves the PD-1/PD-L1/PD-L2 axis.

Several malignant neoplasms, including solid and hematopoietic tumors, can express
PD-L1 on the cell surface [3]. PD-L1 expressed on neoplastic cells as well as on adjacent
macrophages of microenvironment interacts with PD-1 on the T-cell surface. This interac-
tion results in inhibition of T-cell-mediated immune response (so-called T-cell functional
exhaustion) and leads tumor cells to escape from antitumor immune surveillance [4–11].
The current immunotherapy is based on the use of antibodies blocking the PD-1/PD-L1
pathway, so-called anti-PD-1/PD-L1 immune checkpoint inhibitors (ICIs). The blockade
of the PD-1/PD-L1 axis by ICIs releases T-cells from the inhibitory effect of tumor cells,
restoring the T-cell antitumor function and resulting in tumor cell elimination [8]. Over
the years, ICIs have revolutionized the treatment of cancers, changing the management
of several neoplasms and achieving optimal and durable responses, in particular in solid
tumors, including for instance lung cancer, breast cancer, and melanoma [12].

In hematological neoplasms, this therapeutic strategy is less used, although promising
results have been obtained in some categories of lymphomas.

Many of the studies on PD-L1 expression in lymphomas have been performed on
classic Hodgkin lymphoma (cHL) and B-cell lymphomas [13]. PD-L1 expression has been
detected, for instance, in neoplastic cells of cHL, primary mediastinal large B-cell lymphoma
(PMLBL) and EBV-positive diffuse large B-cell lymphoma (DLBCL) [13].

The PD-1/PD-L1 pathway has been less evaluated in lymphomas of T-cell origin, with
a limited number of studies in particular on PD-L1 expression in anaplastic large-cell
lymphoma (ALCL), including cell lines and patient tissue specimens [14–20].

Different mechanisms form the basis of PD-L1 expression in lymphomas (Figure 1).
The aim of our paper is to summarize the current knowledge of PD-L1 expression in

lymphomas, particularly focusing on cHL, DLBCL and ALCL and the potential benefit of
ICI therapy in this series of malignancies.
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Figure 1. The PD-1/PD-L1 axis and interactions among tumor cells, tumor-associated macrophages
and T-lymphocytes. In lymphomas, different mechanisms lead to PD-L1 overexpression in tumor
cells (chromosome locus 9p24.1 alterations; activation of the JAK/STAT pathway; EBV infection
and the MEK/ERK pathway). The interaction of PD-L1 on both tumor cells and tumor-associated
macrophages with PD-1 on T-lymphocytes causes inhibition of T-cell-mediated immune response
favoring tumor escape from the antitumor immune system. Treatment with immune checkpoint
inhibitors releases T-lymphocytes, restoring the T-cell antitumor function.

2. Principal Issues in Assessing PD-L1 Immunohistochemical Expression
in Lymphomas

The expression of PD-L1 can be measured by immunohistochemistry (IHC) stain-
ing of formalin-fixed paraffin-embedded (FFPE) tissue sections. PD-L1 expression can
be found on neoplastic cells as well as on peritumoral immune cells (ICs) in different
neoplasms, including lymphomas [13]. The level of PD-L1 expression can be used as a
potential predictor of the therapeutic efficacy of anti PD-1/PD-L1 agents [21]. There are
currently more commercially available diagnostic kits for targeting PD-L1, and the different
antibodies used may influence the results. The most representative antibody clones are
clone 22C3 (Dako, Agilent Technologies), clone SP263 (Ventana) and clone SP142 (Ventana
Roche) [22–24]. Clone 22C3 is a sensitive antibody, probably the most widely used cur-
rently [23,25], whereas SP142 is the first clinically validated antibody [22,24]. These Abs,
commonly applied on carcinomas, have been approved by the United States Food and
Drug Administration (FDA) for determining the probability of benefit from anti-PD-L1
drugs [22–25].

In carcinomas, PD-L1 expression is associated with a poor outcome because of PD-L1’s
suppressor role in tumor immunity, regardless of the cut-off values and of the type of Abs
used for immunohistochemistry [26,27].

In lymphomas, some issues in evaluating PD-L1 expression should be considered.
First, no diagnostic test has been systematically assessed and no standard scoring system
for interpreting PD-L1 expression is available in lymphomas. The cut-off values of PD-L1
expression vary among different studies [13,14].

Secondly, the interpretation of PD-L1 expression may be particularly difficult in lym-
phomas because many peritumoral ICs may express PD-L1.

PD-L1-positive ICs may be so close to tumor cells that it may be difficult to de-
fine whether neoplastic cells are PD-L1 positive or not. The use of double staining in
IHC may aid in defining the percentage of PD-L1-positive elements, either tumor cells
or non-tumor cells.

The prognostic significance of PD-L1 expression in lymphoma is variable according
to the different types of lymphomas, and, for evaluating the prognostic significance of
PD-1/PD-L1 expression, consistency in the therapeutic strategies of the patients included
in the studies is crucial [28–30].
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Although PD-L1 IHC is traditionally used for predicting the clinical response to ICI
therapy, other methods for PD-L1 measurement in FFPE tumors such as next-generation
sequencing (NGS) and polymerase chain reaction (PCR) should be mentioned. To the best
of our knowledge, there is a paucity of information on assays other than IHC measuring
PD-L1 levels on tissues. It is worth noting the study by Conroy et al., in which the authors
tested next-generation RNA sequencing (RNA-seq) to determine PD-L1 mRNA expression
levels in a large series of cancer patients [31]. Conroy et al. concluded that measurement of
PD-L1 mRNA expression by RNA-seq is a robust method, comparable to routinely used
ICH both analytically and clinically in predicting response to ICI therapy. However, PD-L1
measured by RNA-seq should be further evaluated in studies including different types of
tumors [31].

3. cHL and PD1/PD-L1 Axis

cHL is a lymphoma of B-cell origin, usually characterized by a minority of tumor
cells, both mononuclear Hodgkin cells and bi- or multinucleated Reed–Sternberg cells
(HRS), dispersed within an overwhelming inflammatory microenvironment of small-sized
lymphocytes, often of T-cell origin, plasma cells, histiocytes and eosinophils.

PD-1 is expressed in tumor-infiltrating lymphocytes (TILs) rather than in HRS cells,
and PD-1 expression on TILs of cHL is higher than on lymphocytes from healthy people [17,32].
Increased PD-1-positive TILs are associated with poor prognosis in cHL [32,33].

Menter et al. evaluated the diagnostic and prognostic role of PD-L1 expression in a
large cohort of both cHL and B-cell lymphomas [13].

PD-L1 has been found to be expressed in 70–87% of cHL on both HRS and peritumoral
ICs, in particular tumor-associated macrophages (TAMs) [13,17,34,35]. PD-L1 staining is
considered positive when a clear membranous staining with occasional dots is observed
in at least 5% of tumor cells [13]. In the study by Menter et al., PD-L1 was found to
be expressed on more than 5% of tumor cells in approximately 70% cHL, 54% nodular
lymphocyte-predominant Hodgkin lymphoma (NLPHL), 34% PMLBL and 31% diffuse
large B-cell lymphoma (DLBCL) [13].

Difficulties in the evaluation of PD-L1 staining may be caused by the fact that both
HRS cells and reactive ICs can express PD-L1 generally in a membranous pattern in cHL.

Although cHL neoplastic cells are easily differentiated from ICs on the basis of size and
unequivocal morphology, PD-L1-positive ICs may be so closely packed around neoplastic
cells that it may be rather complicated to define whether HRS cells express PD-L1 [36].

PD-L1 expression on HRS cells and TAMs is associated with poor outcome in cHL
patients [34–36].

In cHL, genetic alterations (polysomy, copy gain, amplification) on chromosome 9p24.1,
where PD-L1, PD-L2 and JAK2 are located, are the principal mechanism upregulating PD-L1
and PD-L2 expression [32,33]. Alterations of 9p24.1 also upregulate JAK2 expression with
the activation of the JAK/STAT signaling pathway leading to a further increase in PD-L1
expression [34,35].

However, in cHL, other mechanisms may activate the PD1-PD-L1 pathway. Epstein–
Barr virus (EBV), positive in a subset of cHL, is another mechanism of PD-L1 upregu-
lation [37–39]. EBV-encoded latent membrane protein (LMP)-1 promotes the activator
protein-1 (AP-1) and JAK/STAT signaling pathway to activate the enhancer and promoter el-
ements of PD-L1, respectively [38]. Besides EBV activation, JAK2-related PD-L1 activation is
also obtained through other alterations at genetic level and microRNA interferences [13,40].

As already mentioned, in cHL, PD-L1/L2 is expressed by both tumor cells and TAMs,
in particular by TAMs located near HRS cells. PD-L1-positive TAMs interact with PD-
1-positive T lymphocytes, causing T-cell inhibition and therefore favoring the escape of
neoplastic cells from antitumor immune surveillance [17,41]. An elevated number of TAMs
in cHL is associated with inferior overall survival (OS) [14].

PD-L1 expression provided a rationale for ICI therapy in cHL. In their outstanding
study, Ansell et al., demonstrated that anti-PD-1 antibodies such as pembrolizumab and
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nivolumab are effective in relapsed/refractory (R/R) cHL with high response rates [42].
These results led to FDA approval of nivolumab and pembrolizumab in the setting of
R/R cHL [43,44]. Additionally, anti-PD-1 therapies represent a promising strategy as
consolidation treatment after autologous stem cell transplantation (A-SCT) [45]; anti-PD-1
antibodies combined with other therapies such as anti-CD30 brentuximab vedotin have
been reported to have a synergic effect [46].

4. DLBCL, NOS, Other Aggressive Peripheral B-Cell Lymphomas and PD-1/PD-L1 Axis

DLBCL is the most common non-Hodgkin lymphoma (NHL) subtype worldwide,
accounting for 30–40% of NHL cases [47,48].

DLBCL, named large B-cell lymphoma (LBCL) in the recent WHO classification, is
a broad and very heterogeneous category, including entities with distinct clinicopatho-
logical and biological characteristics. It may involve lymph nodes as well as extra-nodal
sites [47–49]. The definition of diffuse large B-cell lymphoma not otherwise specified (DL-
BCL, NOS) is used for cases not belonging to any specific variant of DLBCL. Histologically,
DLBCL, NOS is characterized by a diffuse proliferation of large cells (centroblasts or im-
munoblasts) partially or completely effacing the architecture of the involved tissue. Based
on cell-of-origin (COO) classification, DLBCL is classified into these distinct prognostic sub-
groups: germinal center B-cell (GCB)-like subtype, activated B-cell (ABC)-like subtype and
unclassified subtype [47,48]. GCB-DLBCL shows the gene signature of normal germinal
center B cells, whereas ABC-DLBCL has the gene signature of post-germinal center B cells.
The ABC subtype is an aggressive disease with a worse prognosis compared to the GCB
subtype [47,48].

Whereas PD-L1 expression is low or absent in most indolent peripheral B-cell lym-
phomas, approximately one-third of DLBCL expresses PD-L1 [13,50–52].

PD-L1 is expressed by both lymphoma cells and macrophages in DLBCL [52]. The
frequency of PD-L1 expression in DLBCL is variable depending on the different cut-off
values applied (ranging from 5% to 30%), the type of anti-PD-L1 monoclonal Abs and the
compartment analyzed (tumor cells or microenvironment cells) [50–52].

To precisely define the percentage of PD-L1-positive elements in either tumor cells or
non-tumor cells, a study by Kiyasu et al. used PD-L1/PAX5 double staining in DLBCL and
found 10.5% of lymphoma cells expressing PD-L1, using a cut-off value of 30% and 15.3%
of adjacent TAMs expressing PD-L1, using a cut-off value of 20% [52].

Compared to cHL, the rate of PD-L1 expression in DLBCL is globally lower (31% in
DLBCL versus 70% in cHL) and this feature may be related to the infrequent alterations of
chromosome 9p24.1 in DLBCL [50]. The presence of cytogenetic alterations of 9p24.1, such
as gains or amplifications, is more common in the ABC subtype in which, consequently,
PD-L1 expression is higher than in GCB-DLBCL [17,52–54]. Approximately 30% of ABC-
DLBCLs carry MYD88 mutations, resulting in the activation of the JAK/STAT pathway and
PD-L1 expression [50]. Immunomodulatory treatment could represent a good option in
ABC-DLBCL, which is an aggressive entity, often resistant to conventional therapy [13]. In
general, monotherapy with PD-1/PD-L1 inhibitors in R/R DLBCL is rather discouraging
compared to R/R cHL, whereas a better strategy in R/R DLBCL could be the combination
of ICIs with other therapies [14].

PD-L1 expression is much more common in EBV-positive DLBCL compared to the EBV-
negative counterpart, being observed in approximately two-thirds of cases [30,38,46,48].
EBV-positive DLBCL, NOS was named EBV-positive DLBCL in the elderly in the 2008 WHO
classification, being initially described in individuals older than 50 years [55–57]. It was
subsequently renamed, being identified in younger individuals and even children [58,59].
Both nodal and extra-nodal sites may be involved. In younger patients, the disease more
often affects nodal sites and has a better outcome than in older patients [58,59]. In elderly
individuals, the disease is predominantly extra-nodal and patients often have a poor
prognosis [55,56,60].
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Genetic alterations of chromosome locus 9p24-1 and activation of the JAK/STAT path-
way result in the higher level of PD-L1 expression in EBV-positive DLBCL (77%) compared
to the EBV-negative form [37,58].

The prognostic significance of PD-L1 expression in DLBCL is rather controversial. In a
large series of 1200 DLBCL cases, Kiyasu et al. found that PD-L1-positive patients had an
inferior overall survival than PD-L1-negative ones [52].

Additionally, DLBCLs with PD-L1-positive tumor cells and a low number of PD-1+
TILs had poorer outcomes than DLBCLs with PD-L1-negative tumor cells and a high
number of PD-1+ TILs [52].

The expression of PD-L1 on tumor cells and microenvironment ICs seems to have
a divergent impact on prognosis. EBV-negative DLBCL with PD-L1 expression on the
microenvironment cells exhibit better behavior compared to PD-L1-negative cases [52]. EBV-
positive DLBCL with PD-L1 expression on tumor cells follows an aggressive course [61].

PD-L1 expression has been found to be a common feature of EBV-associated lympho-
proliferative diseases, which may therefore benefit from ICI treatment [62].

Genetic alterations of chromosome 9p24.1 and upregulated expression of PD-L1 have
been found in specific subtypes of DLBCL including PMBCL, primary diffuse large B-cell
lymphoma of the central nervous system (PCNSL) and primary testicular large B-cell
lymphoma (PTL) [50,63,64].

PMBCL is a separate entity in both WHO and ICC classifications, accounting for
2–4% of all NHLs [47,48]. It has distinct clinicopathological features when it occurs in
young adults, predominantly females presenting with compressing symptoms caused by
an anterior mediastinal mass; in particular, the predominant site of PMBCL must be the
anterior mediastinum [47,48].

The disease has a distinct molecular signature overlapping with cHL. Similarly to cHL,
in PMBCL, genetic alterations in 9p24.1 and 2p16.1 leading to the JAK-STAT and NF-kB
pathways are recognized as disease hallmarks [63,65]. Immune evasion is characteristically
achieved through different genetic mechanisms involving chromosome 9p24.1 leading to
PD-L1 overexpression. PD-L1 is expressed in 36–100% of PMBCLs [13,17]. Copy number
gains and amplifications of chromosome 9p24.1 are not the unique mechanisms causing
PD-L1 overexpression, as, unlike in DLBCL and cHL, the 9p24.1/PD-L1 locus is rearranged
in 20% of PMBCLs [17,66]. PD-L2 expression, uncommon in DLBCL, is a distinguishing
feature of PMBCL, related to PDCD1LG2 copy gain [67].

PCNSL and PTL are distinct subtypes of DLBCL involving immune-privileged extra-
nodal sites. These diseases share common genetic signatures and are usually resistant
to conventional therapies [64]. Copy number gains at chromosome 9p24.1 are found in
approximately half of these neoplasms with consequent PD-L1 expression [64].

In conclusion, since the frequency of alterations of chromosome 9p24.1 and expression
of PD-L1 in DLBCL is low, it is not currently recommended to treat unselected DLBCL with
ICIs. Selective subtypes of DLBCL, such as PMBCL, PCNSL and PTL, which show frequent
alterations at chromosome 9p24.1 and PD-L1 and/or PD-L2 expression, may benefit from
PD-1 inhibitors. In particular, pembrolizumab has been approved by the FDA for patients
with R/R PMBCL with excellent results [68].

5. Peripheral T-Cell Lymphomas (PTCLs) and PD-1/PD-L1 Axis

PTCLs comprise a very heterogeneous group of neoplasms originating from mature
T/NK cells, accounting for about 10% of NHLs in western countries and being far more
frequent in Asia (25% of NHLs) [41,42]. Of PTCLs, extra-nodal NK/T-cell lymphoma
(ENKTL), closely linked to EBV, is the most frequent in East Asia [47,48], whereas other
more frequent subtypes are peripheral T-cell lymphoma not otherwise specified (PTCL,
NOS), angioimmunoblastic T-cell lymphoma (AITL) and ALCL, either ALK-positive or
ALK-negative [47,53]. Excluding ALK-positive ALCL and early-stage ENKTL, PTCLs are
aggressive and often incurable diseases, resistant to conventional chemotherapy; therefore,
there is an urgent need of new effective therapies.
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PD-1 is recognized as a diagnostically valid marker in AITL and in PTCL with a T-cell
follicular helper (TFH) phenotype according to the current WHO and ICC classifications [47,48].
PD-1 expression has been found to be higher in AITL (61.6%) than PTCL, NOS (39.3%) and
ALK-negative ALCL (13.3%), whereas PD-1 positivity is almost absent in ALK-positive
ALCL [69].

It is quite clear that the expression of PD-L1 is very heterogenous among different
subtypes of peripheral T-cell lymphomas [70–76].

Panjwani et al. assessed PD-L1 expression in 702 lymphoma cases and found PD-
L1-positive neoplastic cells in 80% of ALK-positive and ALK-negative ALCLs without
making a distinction between the two groups, 80% of AITLs, 39% of ENKTLs and 26% of
PTCL, NOS cases [72]. In 2021, Shi et al. evaluated which types of PTCLs showed a PD-L1
rate =/> 50%, and by subtype, a PD-L1 rate =/> 50% was identified in 78.9% of ENKTLs,
71.4% of ALK+ ALCLs, 38.5% of ALK-negative ALCLs and 35.7% of PTCL, NOS cases [73].
Patients with PD-L1 expression =/> 50% found more benefit from anti-PD-1 therapy [73].
In PTCLs, data on the prognostic role of PD-L1 expression are inconsistent with contrasting
results [74–76].

Studies on ENKTL have reported a variable expression of PD-L1 in both tumor cells
and TAMs, possibly related to EBV infection, which is strictly associated with ENKTL [70,71].
Some studies demonstrated that ICIs (for instance, pembrolizumab and nivolumab) are
effective in ENKTL patients with advanced disease [70,71].

However, in ENKTL, the association between PD-L1 expression and the effectiveness
of PD-1/PD-L1 inhibitors remains discrepant, and there are ENKTL cases with high PD-
L1 expression showing disease progression despite ICI treatment, indicating that other
immune checkpoint pathways hamper antitumor immunity. Recently, He et al. found that,
beyond PD-L1, another immune checkpoint of the B7 family, V-domain immunoglobulin
suppressor of T-cell activation (VISTA) is aberrantly expressed in ENKTL [76]. In the study
by He et al., VISTA expression was more prevalent than PD-L1 in ENKTL. High PD-L1
expression was associated with poor prognosis and cases with high expression of both
PD-L1 and VISTA had the worst outcome. VISTA expression is likely responsible for the
resistance to PD-1/PD-L1 therapy in some ENKTL cases and could represent a potential
target for treatment either alone or in combination with PD-L1 immunotherapy [76].

Tumor-infiltrating ICs are components of the tumor microenvironment, and of these
cells, the best characterized are TILs and TAMs. Many studies have demonstrated a high
number of PD1+ TILs in lymphomas, as previously mentioned in cHL and DLBCL [33,37].
In PTCLs (either PTCL, NOS or AITL), Kim et al. found PD-1 expression in both tumor
cells and ICs in 63.2% of cases [77], and several studies showed high PD-1 expression in
tumor-infiltrating ICs in ENKTL; however, no significant correlation was found between
PD1+ TILs and prognosis [75]. The clinical significance of PD-L1+ ICs in the lymphoma
microenvironment has been less studied. In 2020, Kim et al. found that 76.3% of PTCL had
a double positivity for both PD-1 and PD-L1 in neoplastic cells and ICs and that PD-L1
expression was associated with poor prognosis in AITL [77].

6. ALCL and PD-1/PD-L1 Axis

ALCL includes a group of CD30-positive NHLs of T/null phenotype sharing some
morphological features, in particular the “hallmark cells” with classical horseshoe-shaped
nuclei diffusely and strongly expressing CD30 [47,48]. The upcoming fifth edition of
the WHO’s classification and the ICC recognize the following entities: systemic ALCL
further sub-divided into ALK-positive ALCL and ALK-negative ALCL; primary cutaneous
ALCL (PC-ALCL); and breast-implant-associated ALCL (BI-ALCL) [47,48]. Although these
entities share some common morphological characteristics, the clinical manifestations and
behavior are different [47,48,78–81].

Many different therapies are used to treat ALCL patients including anti-CD30 Bren-
tuximab vedotin and ALK inhibitors [82]. Although ALK+ ALCL has a better outcome
than ALK-negative ALCL, even ALK+ ALCL, more often arising in children and young
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adults, shows a high rate of relapse (25–35% of cases) with several recurrences during
the disease course [18,83,84]. ALK-negative ALCL follows a more aggressive course with
less than 50% patients alive after 5 years [83,84]. New therapeutic strategies are therefore
needed to improve the outcome of ALCL. Recently, our group explored the role of HELLS,
a multifunctional chromatin remodeling protein affecting genomic instability, in ALCL,
providing a potential rationale for treatment design [85,86].

In ALCL, the expression of PD-L1 is variable, ranging from 50% to 80%, with a higher
positivity rate in ALK+ ALCL [16,87,88].

In 2017, Atsaves et al. demonstrated the expression of PD-L1 in 50% of ALK+ ALCLs
and in 67% of ALK-negative ALCLs [20], whereas, more recently, a large study by Shen
et al. detected PD-L1 expression more often in ALK+ ALCL (76%) than in ALK-negative
ALCL (42%), using a 5% cut-off value for PD-L1 IHC positivity [16].

The mechanisms responsible for PD-L1 expression in ALCL are different from those
observed in cHL and DLBCL because genetic alterations of the chromosome 9p24.1/PD-
L1/PD-L1 loci are not commonly detected in ALCL [20]. The presence or not of PD-L1
amplification in ALCL was initially a matter of debate; however, recently, PD-L1 expression
in ALCL is considered unrelated to PD-L1 amplification or rearrangement [20,69].

Two signaling pathways are involved in controlling PD-L1 expression in ALCL.
The central pathogenetic event of both ALK-positive and ALK-negative ALCL is

represented by the constitutive activation of the JAK/STAT pathway [16,89,90]. In the study
by Khoury et al., nuclear pSTAT3 expression was observed in 50% of ALK-negative ALCLs
and 85% of ALK-positive ALCLs [89]. PD-L1 expression is likely regulated by STAT3 as
PD-L1 expression correlates with STAT3 expression in tumor cells [16,90].

Among ALK-negative ALCL cases, DUSP-22 rearranged ALK-negative ALCL cases
are frequently lacking pSTAT3 and PD-L1 expression [91].

Another signaling pathway regulating PD-L1 expression in ALK+ ALCL is the MEK/ERK
signaling pathway [92]. In ALK-positive ALCL, the fusion gene NPM:ALK leads to PD-L1
expression through activation of both STAT3 and the signalosome containing GRB2/SOS1
which activates the MEK-ERK pathway [16,19,88,92].

Interestingly, Iwafuchi et al., by using PD-L1/ALK immunofluorescence double stain-
ing, evaluated PD-L1 expression on tumor cells and peritumoral ICs in children with
ALK-positive ALCL [18]. The progression-free survival (PFS) did not differ between cases
with high or low PD-L1 expression on tumor cells and on peritumoral ICs. The study by
Iwafuchi et al. demonstrated that pediatric ALK-positive ALCLs with high PD-L1 expres-
sion on tumor cells combined with the presence of many peritumoral ICs were associated
with a poor outcome [18]. Therefore, in ALK-positive ALCL, the tumor microenvironment
is likely to be important in the outcome of the disease.

Recently, clinical trials evaluated the antitumoral efficacy of Pembrolizumab combined
with other therapies in R/R T-cell lymphomas including ALCL, AITL and PTCL with a TFH
phenotype and demonstrated an overall response rate (ORR) of 50% [93]. In these trials,
cases with higher PD-L1 expression achieved complete remission [93]. Meanwhile, there is
concern that PD-1 pathway blockade might accelerate the growth of T-cell lymphomas in
rare cases [92]. An increase in T-cell lymphoma frequency (0.02%) secondary to ICIs used
in the treatment of solid neoplasms has been reported [94].

BI-ALCL is a rare form of ALCL arising in the capsule of patients with textured-surface
breast implants [47,48]. Rearrangements of ALK, DUSP22 and TP63 classically found in
systemic ALCL are absent in BI-ALCL. Similarly to systemic ALCL, the JAK/STAT pathway
is relevant in the development of BI-ALCL and the activation of this pathway causes pSTAT3
and PD-L1 expression in this rare variant of ALCL [95–98]. A recent report identified PD-L1
copy number alterations in 33% of BI-ALCL [99]. The disease is potentially targetable by
ICIs, due to the high PD-L1 expression (approximately 56% of cases) of BI-ALCL.

A very limited number of reports have addressed the issue of PD-L1 expression on
primary cutaneous T-cell lymphoma (CTCL), in particular on PC-ALCL and mycosis fun-
goides (MF) [100,101]. Kentekure et al. reported increased PD-L1 expression in tumor cells



Int. J. Mol. Sci. 2024, 25, 6447 9 of 14

in MF showing disease progression and large cell transformation [100]. Recently Takahashi
et al., identified four cases of PC-ALCL that developed secondary nodal involvement and
interestingly found that PD-L1 expression in neoplastic cells greatly increased with tumor
progression to nodal involvement [101,102]. PD-L1 expression was =/>50% of lymphoma
cells in nodal disease, whereas it was rarely detectable or very low (=/<1%) when the
disease was limited to the skin [101,102]. These findings support the concept that neoplastic
PD-L1 expression in CTCL increases with lymphoma progression. In addition, Takahashi
et al. noted that the nodal lesions of PC-ALCL had a tumor microenvironment rich in
PD-L1-positive TAMs with scarce PD-1 expression on T-cells very similar to that observed
in cHL [102]. Although further studies are required to understand the mechanisms underly-
ing PD-L1 expression in PC-ALCL and other CTCLs, the findings of high PD-L1 expression
in tumor cells and TAMs of PC-ALCL with nodal involvement may have therapeutic
implications for the use of ICIs in this setting of patients.

7. Conclusions

Over the past few years, ICIs have become one of the most attractive areas in oncology
and have completely changed the management of cancer patients. ICIs have been approved
for the treatment of different solid tumors. In hematological tumors, ICIs are less used,
although these agents have become a standard treatment in some subgroups of lymphomas
such as R/R cHL and R/R PMBL, and promising results have been obtained in R/R
EBV-positive DLBCL and R/R ALCL.

Author Contributions: Conceptualization, M.Z. (Magda Zanelli) and V.F.; methodology, M.Z. (Magda
Zanelli), V.F. and P.P.; formal analysis, A.B., A.C., A.P., F.S., G.B., R.C. and S.R.; data curation, A.M.,
M.Z. (Maurizio Zizzo), F.G., M.F. (Massimiliano Fabozzi), M.F. (Moira Foroni), N.K., P.G. and L.C.;
writing—original draft preparation, M.Z. (Magda Zanelli) and V.F.; writing—review and editing, M.Z.
(Magda Zanelli); supervision, A.N., V.F. and S.A. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by Bando per la Valorizzazione della Ricerca Istituzionale
2021-fondi 5 per Mille 2020 (to V.F. and M.Z. (Magda Zanelli)).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Individual patient data from the original studies included in the present
review are not available and data sharing at this level is not applicable for a review.

Acknowledgments: This study was partially supported by the Italian Ministry of Health—Ricerca
Corrente Annual Program 2025. Fondazione AIRC per la Ricerca sul Cancro (AIRC) (MFAG 2023 ID
28974 project—P.I. Fragliasso Valentina); the Authors wish also to thank Sabrina Francesca Vinci and
Giovanni Mattia from Struttura Semplice Grant Office and Research Administration S.C. Infrastruttura
Ricerca-Statistica, Direzione Scientifica Azienda USL-IRCCS Reggio Emilia; M. Zanelli is grateful to
her husband for the technical support.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Keir, M.E.; Butte, M.J.; Freeman, G.J.; Sharpe, A.H. Pd-1 and its ligands in tolerance and immunity. Annu. Rev. Immunol. 2008, 26,

677–704. [CrossRef] [PubMed]
2. Jin, H.; Ahmed, R.; Okazaki, T. Role of PD-1 in regulating T-cell immunity. Curr. Top. Microbiol. Immunol. 2011, 350, 17–37.

[PubMed]
3. Weber, J. Immune checkpoint proteins: A new therapeutic paradigm for cancer-preclinical background: CTLA-4 and PD-1

blockade. Semin. Oncol. 2010, 37, 430–439. [CrossRef] [PubMed]
4. Chen, S.; Crabill, G.A.; Pritchard, T.S.; McMiller, T.L.; Wei, P.; Pardoll, D.M.; Pan, F.; Topalian, S.L. Mechanisms regulating PD-L1

expression on tumor and immune cells. J. Immunother. Cancer 2019, 7, 305. [CrossRef] [PubMed]
5. Pardoll, D.M. The blockade of immune checkpoints in cancer immunotherapy. Nat. Rev. Cancer 2012, 12, 252–264. [CrossRef]

[PubMed]

https://doi.org/10.1146/annurev.immunol.26.021607.090331
https://www.ncbi.nlm.nih.gov/pubmed/18173375
https://www.ncbi.nlm.nih.gov/pubmed/21061197
https://doi.org/10.1053/j.seminoncol.2010.09.005
https://www.ncbi.nlm.nih.gov/pubmed/21074057
https://doi.org/10.1186/s40425-019-0770-2
https://www.ncbi.nlm.nih.gov/pubmed/31730010
https://doi.org/10.1038/nrc3239
https://www.ncbi.nlm.nih.gov/pubmed/22437870


Int. J. Mol. Sci. 2024, 25, 6447 10 of 14

6. Topalian, S.L.; Drake, C.G.; Pardoll, D.M. Immune checkpoint blockade: A common denominator approach to cancer therapy.
Cancer Cell 2015, 27, 450–461. [CrossRef] [PubMed]

7. Palicelli, A.; Bonacini, M.; Croci, S.; Magi-Galluzzi, C.; Cañete-Portillo, S.; Chaux, A.; Bisagni, A.; Zanetti, E.; De Biase, D.;
Melli, B.; et al. What do we have to know about PD-L1 expression in prostate cancer? A systematic literature review. Part 1: Focus
on immunohistochemical results with discussion of pre-analytical and interpretation variables. Cells 2021, 10, 3166. [CrossRef]
[PubMed]

8. Palicelli, A.; Croci, S.; Bisagni, A.; Zanetti, E.; De Biase, D.; Melli, B.; Sanguedolce, F.; Ragazzi, M.; Zanelli, M.; Chaux, A.; et al.
What do we have to know about PD-L1 expression in prostate cancer? A systematic literature review. Part 3: PD-L1, intracellular
signaling pathways and tumor microenvironment. Int. J. Mol. Sci. 2021, 22, 12330. [CrossRef] [PubMed]

9. Blank, C.; Gajewski, T.F.; Mackensen, A. Interaction of PD-L1 on tumor cells with PD.1 on tumor-specific T cells as a mechanism
of immune evasion: Implications for tumor immunotherapy. Cancer Immunol. Immunother. 2005, 54, 307–314. [CrossRef]

10. Broggi, G.; Angelico, G.; Farina, J.; Tinnirello, G.; Barresi, V.; Zanelli, M.; Palicelli, A.; Certo, F.; Barbagallo, G.; Magro, G.; et al.
Tumor-associated microenvironment, PD-L1 expression and their relationship with immunotherapy in glioblastoma, IDH-wild
type: A comprehensive review with emphasis on the implications for neuropathologists. Pathol. Res. Pract. 2024, 254, 155144.
[CrossRef]

11. Palicelli, A.; Croci, S.; Bisagni, A.; Zanetti, E.; De Biase, D.; Melli, B.; Sanguedolce, F.; Ragazzi, M.; Zanelli, M.; Chaux, A.; et al.
What do we have to know about PD-L1 expression in prostate cancer? A systematic literature review—Part 5: Epigenetic
regulation of PD-L1. Int. J. Mol. Sci. 2021, 22, 12314. [CrossRef]

12. Gong, J.; Chehrazi-Raffle, A.; Reddi, S.; Salgia, R. Development of PD-1 and PD-L1 inhibitors as a form of cancer immunotherapy:
A comprehensive review of registration trials and future considerations. J. Immunother. Cancer 2018, 6, 8. [CrossRef] [PubMed]

13. Menter, T.; Bodmer-Haecki, A.; Dirnhofer, S.; Tzankov, A. Evaluation of the diagnostic and prognostic value of PD-L1 expression
in Hodgkin and B-cell lymphomas. Hum. Pathol. 2016, 54, 17–24. [CrossRef]

14. Xie, W.; Medeiros, L.J.; Li, S.; Tang, G.; Fan, G.; Xu, J. PD-1/PD-L1 pathway: A therapeutic target in CD30+ large cell lymphomas.
Biomedicines 2022, 10, 1587. [CrossRef]

15. Kong, J.; Dasari, S.; Feldman, A.L. PD-L1 expression in anaplastic large cell lymphoma. Mod. Pathol. 2020, 33, 1232–1233.
[CrossRef]

16. Shen, J.; Li, S.; Medeiros, L.J.; Lin, P.; Wang, S.A.; Tang, G.; Yin, C.C.; You, M.J.; Khoury, J.D.; Iyer, S.P.; et al. PD-L1 expression is
associated with ALK positivity and STAT3 activation, but not outcome in patients with systemic anaplastic large-cell lymphoma.
Mod. Pathol. 2019, 33, 324–333. [CrossRef]

17. Xie, W.; Medeiros, L.J.; Li, S.; Yin, C.C.; Khoury, J.D.; Xu, J. PD-1/PD-L1 pathway and its blockade in patients with classic Hodgkin
lymphoma and non-Hodgkin large-cell lymphoma. Curr. Hematol. Malig. Rep. 2020, 15, 372–381. [CrossRef]

18. Iwafuchi, H.; Nakazawa, A.; Sekimizu, M.; Mori, T.; Osumi, T.; Iijima-Yamashita, Y.; Ohki, K.; Kiyokawa, N.; Fukano, R.;
Saito, A.M.; et al. Clinicopathological features and prognostic significance of programmed death ligand 1 in pediatric ALK-
positive anaplastic large cell lymphoma: Results of the ALCL99 treatment in Japan. Hum. Pathol. 2021, 116, 112–121. [CrossRef]

19. Zhang, J.-P.; Song, Z.; Wang, H.-B.; Lang, L.; Yang, Y.-Z.; Xiao, W.; Webster, D.E.; Wei, W.; Barta, S.K.; Kadin, M.E.; et al. A novel
model of controlling PD-L1 expression in ALK+ anaplastic large cell lymphoma revealed by CRISPR screening. Blood 2019, 134,
171–185. [CrossRef]

20. Atsaves, V.; Tsesmetzis, N.; Chioureas, D.; Kis, L.; Leventaki, V.; Drakos, E.; Panaretakis, T.; Grander, D.; Medeiros, L.J.;
Young, K.H.; et al. PD-L1 is commonly expressed and transcriptionally regulated by STAT3 and MYC in ALK-negative anaplastic
large-cell lymphoma. Leukemia 2017, 31, 1633–1637. [CrossRef]

21. Festino, L.; Botti, G.; Lorigan, P.; Masucci, G.V.; Hipp, J.D.; Horak, C.E.; Melero, I.; Ascierto, P.A. Cancer treatment with
anti-PD-1/PD-L1 agents: Is PD-L1 expression a biomarker for patient selection? Drugs 2016, 76, 925–945. [CrossRef]

22. Vennapusa, B.; Baker, B.M.; Kowanetz, M.; Boone, J.B.; Menzl, I.; Bruey, J.-M.; Fine, G.; Mariathasan, S.; McCaffery, I.;
Mocci, S.; et al. Development of a PD-L1 complementary diagnostic immunohistochemistry assay (SP142) for atezolizumab. Appl.
Immunohistochem. Mol. Morphol. 2019, 27, 92–100. [CrossRef]

23. Tsao, M.S.; Kerr, K.M.; Kockx, M.; Beasley, M.-B.; Borczuk, A.C.; Botling, J.; Bubendorf, L.; Chirieac, L.; Chen, G.; Chou, T.-Y.; et al.
PD-L1 immunohistochemistry comparability study in real-life clinical samples: Results of blueprint phase 2 project. J. Thorac.
Oncol. 2018, 13, 1302–1311. [CrossRef]

24. Li, Y.; Vennapusa, B.; Chang, C.-W.; Tran, D.B.; Nakamura, R.B.; Sumiyoshi, T.; Hegde, P.; Molinero, L. Prevalence study of PD-L1
SP142 assay in metastatic triple-negative breast cancer. Appl. Immunohistochem. Mol. Morphol. 2021, 29, 258–264. [CrossRef]

25. Sankar, K.; Ye, J.C.; Li, Z.; Zheng, L.; Song, W.; Hu-Lieskovan, S. The role of biomarkers in personalized immunotherapy. Biomark.
Res. 2022, 10, 32. [CrossRef]

26. Ghebeh, H.; Mohammed, S.; Al-Omair, A.; Qattant, A.; Lehe, C.; Al-Qudaihi, G.; Elkum, N.; Alshabanah, M.; Bin Amer, S.;
Tulbah, A.; et al. The B7-H1 (PD-L1) T-lymphocyte-inhibitory molecule is expressed in breast cancer patients with infiltrating
ductal carcinoma: Correlation with important high-risk prognostic factors. Neoplasia 2006, 8, 190–198. [CrossRef]

27. Thompson, R.H.; Dong, H.; Kwon, E.D. Implications of B7-H1 expression in clear cell carcinoma of the kidney for prognostication
and therapy. Clin. Cancer Res. 2007, 13, 709s–715s. [CrossRef]

28. Chen, X.; Wu, W.; Wei, W.; Zou, L. Immune checkpoint inhibitors in peripheral T-cell lymphoma. Front. Pharmacol. 2022,
13, 869488. [CrossRef]

https://doi.org/10.1016/j.ccell.2015.03.001
https://www.ncbi.nlm.nih.gov/pubmed/25858804
https://doi.org/10.3390/cells10113166
https://www.ncbi.nlm.nih.gov/pubmed/34831389
https://doi.org/10.3390/ijms222212330
https://www.ncbi.nlm.nih.gov/pubmed/34830209
https://doi.org/10.1007/s00262-004-0593-x
https://doi.org/10.1016/j.prp.2024.155144
https://doi.org/10.3390/ijms222212314
https://doi.org/10.1186/s40425-018-0316-z
https://www.ncbi.nlm.nih.gov/pubmed/29357948
https://doi.org/10.1016/j.humpath.2016.03.005
https://doi.org/10.3390/biomedicines10071587
https://doi.org/10.1038/s41379-019-0448-9
https://doi.org/10.1038/s41379-019-0336-3
https://doi.org/10.1007/s11899-020-00589-y
https://doi.org/10.1016/j.humpath.2021.07.011
https://doi.org/10.1182/blood.2019001043
https://doi.org/10.1038/leu.2017.103
https://doi.org/10.1007/s40265-016-0588-x
https://doi.org/10.1097/PAI.0000000000000594
https://doi.org/10.1016/j.jtho.2018.05.013
https://doi.org/10.1097/PAI.0000000000000857
https://doi.org/10.1186/s40364-022-00378-0
https://doi.org/10.1593/neo.05733
https://doi.org/10.1158/1078-0432.CCR-06-1868
https://doi.org/10.3389/fphar.2022.869488


Int. J. Mol. Sci. 2024, 25, 6447 11 of 14

29. Scheerens, H.; Malong, A.; Bassett, K.; Boyd, Z.; Gupta, V.; Harris, J.; Mesick, C.; Simnett, S.; Stevens, H.; Gilbert, H.; et al. Current
status of companion and complementary diagnostics: Strategic considerations for development and launch. Clin. Transl. Sci.
2017, 10, 84–92. [CrossRef]

30. Liu, D.; Wang, S.; Bindeman, W. Clinical applications of PD-L1 bioassays for cancer immunotherapy. J. Hematol. Oncol. 2017,
10, 110. [CrossRef]

31. Conroy, J.M.; Pabla, S.; Nesline, M.K.; Glenn, S.T.; Papanicolau-Sengos, A.; Burgher, B.; Andreas, J.; Giamo, V.; Wang, Y.;
Lenzo, F.L.; et al. Next generation sequencing of PD-L1 for predicting response to immune checkpoint inhibitors. J. Immunother.
Cancer 2019, 7, 18. [CrossRef]

32. Yamamoto, R.; Nishikori, M.; Kitawaki, T.; Sakai, T.; Hishizawa, M.; Tashima, M.; Kondo, T.; Ohmori, K.; Kurata, M.;
Hayashi, T.; et al. PD-1-PD-L1 ligand interaction contributes to immunosuppressive microenvironment of Hodgkin lymphoma.
Blood 2008, 111, 3220–3224. [CrossRef]

33. Muenst, S.; Hoeller, S.; Dirnhofer, S.; Tzankov, A. Increased programmed death-1 + tumor-infiltrating lymphocytes in classical
Hodgkin lymphoma substantiate reduced overall survival. Hum. Pathol. 2009, 40, 1715–1722. [CrossRef]

34. Jelinek, T.; Mihalyova, J.; Kascak, M.; Duras, J.; Hajek, R. PD-1/PD-L1 inhibitors in haematological neoplasms: Update 2017.
Immunology 2017, 152, 357–371. [CrossRef]

35. Roemer, M.G.M.; Advani, R.H.; Ligon, A.H.; Natkunam, Y.; Redd, R.A.; Homer, H.; Connelly, C.F.; Sun, H.H.; Daadi, S.E.;
Freeman, G.J.; et al. PD-L1 and PD-L2 genetic alterations define classical Hodgkin lymphoma and predict outcome. J. Clin. Oncol.
2016, 34, 2690–2697. [CrossRef]

36. Shi, Y.; Mi, L.; Lai, Y.; Zhao, M.; Jia, L.; Du, T.; Song, Y.; Li, X. PD-L1 immunohistochemistry assay optimization to provide more
comprehensive pathological information in classic Hodgkin lymphoma. J. Hematop. 2023, 16, 7–16. [CrossRef]

37. Chen, B.J.; Chapuy, B.; Ouyang, J.; Sun, H.H.; Roemer, M.G.; Xu, M.L.; Yu, H.; Fletcher, C.D.; Freeman, G.J.; Shipp, M.A.; et al.
PD-L1 expression is characteristic of a subset of aggressive B-cell lymphomas and virus-associated malignancies. Clin. Cancer Res.
2013, 19, 3462–3473. [CrossRef]

38. Green, M.R.; Rodig, S.; Juszczynski, P.; Ouyang, J.; Sinha, P.; O’Donnell, E.; Neuberg, D.; Shipp, M.A. Constitutive AP-1 activity
and EBV infection induce PDL1 in Hodgkin lymphomas and posttransplant lymphoproliferative disorders: Implications for
targeted therapy. Clin. Cancer Res. 2012, 18, 1611–1618. [CrossRef]

39. Zanelli, M.; Sanguedolce, F.; Palicelli, A.; Zizzo, M.; Martino, G.; Caprera, C.; Fragliasso, V.; Soriano, A.; Valle, L.; Ricci, S.; et al.
EBV-driven lymphoproliferative disorders and lymphomas of the gastrointestinal tract: A spectrum of entities with a common
denominator (Part 1). Cancers 2021, 13, 4578. [CrossRef]

40. Navarro, A.; Diaz, T.; Martinez, A.; Gaya, A.; Pons, A.; Gel, B.; Codony, C.; Ferrer, G.; Martinez, C.; Montserrat, E.; et al. Regulation
of JAK2 by miR-135a: Prognostic impact in classic Hodgkin lymphoma. Blood 2009, 114, 2945–2951. [CrossRef]

41. Carey, C.D.; Gusenleitner, D.; Lipschitz, M.; Roemer, M.G.M.; Stack, E.C.; Gjini, E.; Hu, X.; Redd, R.; Freeman, G.J.;
Neuberg, D.; et al. Topological analysis reveals a PD-L1-associated microenvironmental niche for Reed-Sternberg cells in
Hodgkin lymphoma. Blood 2017, 130, 2420–2430. [CrossRef] [PubMed]

42. Ansell, S.M.; Lesokhin, A.M.; Borrello, I.; Halwani, A.; Scott, E.C.; Gutierrez, M.; Schuster, S.J.; Millenson, M.M.; Cattry, D.;
Freeman, G.J.; et al. PD-1 blockade with nivolumab in relapsed or refractory Hodgkin’s lymphoma. N. Engl. J. Med. 2015, 372,
311–319. [CrossRef] [PubMed]

43. Moy, R.H.; Younes, A. Immune checkpoint inhibition in Hodgkin lymphoma. Hemasphere 2018, 2, e20. [CrossRef] [PubMed]
44. Younes, A.; Ansell, S.; Fowler, N.; Wilson, W.; de Vos, S.; Seymour, J.; Advani, R.; Forero, A.; Morschhauser, F.; Kersten, M.J.; et al.

The landscape of new drugs in lymphoma. Nat. Rev. Clin. Oncol. 2017, 14, 335–346. [CrossRef] [PubMed]
45. Armand, P.; Chen, Y.-B.; Redd, R.A.; Joyce, R.M.; Bsat, J.; Jeter, E.; Merryman, R.W.; Coleman, K.C.; Dahi, P.B.; Nieto, Y.; et al. PD-1

blockade with pembrolizumab for classical Hodgkin lymphoma after autologous stem cell transplantation. Blood 2019, 134, 22–29.
[CrossRef] [PubMed]

46. Herrera, A.F.; Moskowitz, A.J.; Bartlett, N.L.; Vose, J.M.; Ramchandren, R.; Feldman, T.A.; LaCasce, A.S.; Ansell, S.M.;
Moskowitz, C.H.; Fenton, K.; et al. Interim results of brentuximab vedotin in combination with nivolumab in patients with
relapsed or refractory Hodgkin lymphoma. Blood 2018, 131, 1183–1194. [CrossRef] [PubMed]

47. Alaggio, R.; Amador, C.; Anagnostopoulos, I.; Attygalle, A.D.; Araujo, I.B.d.O.; Berti, E.; Bhagat, G.; Borges, A.M.; Boyer, D.;
Calaminici, M.; et al. The 5th edition of the World Health Organization Classification of Haematolymphoid Tumours: Lymphoid
Neoplasms. Leukemia 2022, 36, 1720–1748. [CrossRef] [PubMed]

48. Campo, E.; Jaffe, E.S.; Cook, J.R.; Quintanilla-Martinez, L.; Swerdlow, S.H.; Anderson, K.C.; Brousset, P.; Cerroni, L.; de Leval, L.;
Dirnhofer, S.; et al. The International Consensus Classification of mature lymphoid neoplasms: A report from the Clinical
Advisory Committee. Blood 2022, 140, 1229–1253. [CrossRef]

49. Zanelli, M.; Sanguedolce, F.; Zizzo, M.; Palicelli, A.; Pellegrini, D.; Farinacci, S.; Soriano, A.; Froio, E.; Cormio, L.; Carrieri, G.; et al.
Primary diffuse large B-cell lymphoma of the urinary bladder: Update on a rare disease and potential diagnostics pitfall. Curr.
Oncol. 2022, 29, 956–968. [CrossRef]

50. Georgiou, K.; Chen, L.; Berglund, M.; Ren, W.; de Miranda, N.F.C.C.; Lisboa, S.; Fangazio, M.; Zhu, S.; Hou, Y.; Wu, K.; et al.
Genetic basis of PD-L1 overexpression in diffuse large B-cell lymphomas. Blood 2016, 127, 3026–3034. [CrossRef]

https://doi.org/10.1111/cts.12455
https://doi.org/10.1186/s13045-017-0479-y
https://doi.org/10.1186/s40425-018-0489-5
https://doi.org/10.1182/blood-2007-05-085159
https://doi.org/10.1016/j.humpath.2009.03.025
https://doi.org/10.1111/imm.12788
https://doi.org/10.1200/JCO.2016.66.4482
https://doi.org/10.1007/s12308-023-00530-1
https://doi.org/10.1158/1078-0432.CCR-13-0855
https://doi.org/10.1158/1078-0432.CCR-11-1942
https://doi.org/10.3390/cancers13184578
https://doi.org/10.1182/blood-2009-02-204842
https://doi.org/10.1182/blood-2017-03-770719
https://www.ncbi.nlm.nih.gov/pubmed/28893733
https://doi.org/10.1056/NEJMoa1411087
https://www.ncbi.nlm.nih.gov/pubmed/25482239
https://doi.org/10.1097/HS9.0000000000000020
https://www.ncbi.nlm.nih.gov/pubmed/31723749
https://doi.org/10.1038/nrclinonc.2016.205
https://www.ncbi.nlm.nih.gov/pubmed/28031560
https://doi.org/10.1182/blood.2019000215
https://www.ncbi.nlm.nih.gov/pubmed/30952672
https://doi.org/10.1182/blood-2017-10-811224
https://www.ncbi.nlm.nih.gov/pubmed/29229594
https://doi.org/10.1038/s41375-022-01620-2
https://www.ncbi.nlm.nih.gov/pubmed/35732829
https://doi.org/10.1182/blood.2022015851
https://doi.org/10.3390/curroncol29020081
https://doi.org/10.1182/blood-2015-12-686550


Int. J. Mol. Sci. 2024, 25, 6447 12 of 14

51. Hu, L.-Y.; Xu, X.-L.; Rao, H.-L.; Chen, J.; Lai, R.-C.; Huang, H.-Q.; Jiang, W.-Q.; Lin, T.-Y.; Xia, Z.-J.; Cai, Q.-Q. Expression and
clinical value of programmed cell death-ligand 1 (PD-L1) in diffuse large B-cell lymphoma: A retrospective study. Clin. J. Cancer
2017, 36, s40880. [CrossRef]

52. Kiyasu, J.; Miyoshi, H.; Hirata, A.; Arakawa, F.; Ichikawa, A.; Niino, D.; Sugita, Y.; Yufu, Y.; Choi, I.; Abe, Y.; et al. Expression of
programmed cell death ligand 1 is associated with poor overall survival in patients with diffuse large B-cell lymphoma. Blood
2015, 126, 2193–2201. [CrossRef]

53. Kwiecinska, A.; Tsesmetzis, N.; Ghaderi, M.; Kis, L.; Saft, L.; Rassidakis, G.Z. CD274 (PD-L1)/PDCD1 (PD-1) expression in de
novo and transformed diffuse large B-cell lymphoma. Br. J. Haematol. 2018, 180, 744–748. [CrossRef]

54. McCord, R.; Bolen, C.R.; Koeppen, H.; Kadel, E.E.; Oestergaard, M.Z.; Nielsen, T.; Sehn, L.H.; Venstrom, J.M. PD-L1 and
tumor-associated macrophages in de novo DLBCL. Blood Adv. 2019, 3, 531–540. [CrossRef]

55. Oyama, T.; Yamamoto, K.; Asano, N.; Oshiro, A.; Suzuki, R.; Kagami, Y.; Morishima, Y.; Takeuchi, K.; Izumo, T.; Mori, S.; et al.
Age-related EBV-associated B-cell lymphoproliferative disorders constitute a distinct clinicopathologic group: A study of 96
patients. Clin. Cancer Res. 2007, 13, 5124–5132. [CrossRef]

56. Dojcinov, S.D.; Venkataraman, G.; Pittaluga, S.; Wlodarska, I.; Schrager, J.A.; Raffeld, M.; Hills, R.K.; Jaffe, E.S. Age-related
EBV associated lymphoproliferative disorders in the western population: A spectrum of reactive lymphoid hyperplasia and
lymphoma. Blood 2011, 117, 4726–4735. [CrossRef] [PubMed]

57. Swerdlow, S.H.; Campo, E.; Harris, N.L.; Jaffe, E.S.; Pileri, S.A.; Stein, H.; Thiele, J.; Vardiman, J.W. WHO Classification of Tumours
of Haematopoietic and Lymphoid Tissue; IARC: Lyon, France, 2008.

58. Nicolae, A.; Pittaluga, S.; Abdullah, S.; Steinberg, S.M.; Pham, T.A.; Davies-Hill, T.; Xi, L.; Raffeld, M.; Jaffe, E.S. EBV-positive
large B-cell lymphomas in young patients: A nodal lymphoma with evidence for a tolerogenic immune environment. Blood 2015,
126, 863–872. [CrossRef]

59. Uccini, S.; Al-Jadiry, M.F.; Scarpino, S.; Ferraro, D.; Alsaadawi, A.R.; Al-Darraji, A.F.; Moleti, M.L.; Testi, A.M.; Al-Hadad, S.A.;
Ruco, L. Epstein-Barr virus-positive diffuse large B-cell lymphoma in children: A disease reminiscent of Epstein Barr virus-positive
diffuse large B-cell lymphoma of the elderly. Hum. Pathol. 2015, 46, 716–724. [CrossRef]

60. Miyagi, S.; Ishikawa, E.; Nakamura, M.; Shimada, K.; Yamamura, T.; Furukawa, K.; Tanaka, T.; Mabuchi, S.; Tsuyuki, Y.;
Kohno, K.; et al. Reappraisal of primary Epstein-Barr virus (EBV)-positive diffuse large B-cell lymphoma of the gastrointestinal
tract. Am. J. Surg. Pathol. 2020, 44, 1173–1183. [CrossRef]

61. Ishikawa, E.; Nakamura, M.; Shimada, K.; Tanaka, T.; Satou, A.; Kohno, K.; Sakakibara, A.; Furukawa, K.; Yamamura, T.;
Miyahara, R.; et al. Prognostic impact of PD-L1 expression in primary gastric and intestinal diffuse large B-cell lymphoma.
J. Gastroenterol. 2020, 55, 39–50. [CrossRef]

62. Kim, S.J.; Hyeon, J.; Cho, I.; Ko, Y.H.; Kim, W.S. Comparison of efficacy of Pembrolizumab between Epstein-Barr virus-positive
and -negative relapsed or refractory non-Hodgkin lymphomas. Cancer Res. Treat. 2019, 51, 611–622. [CrossRef]

63. Green, M.R.; Monti, S.; Rodig, S.J.; Juszczynski, P.; Currie, T.; O’Donnell, E.; Chapuy, B.; Takeyama, K.; Neuberg, D.;
Golub, T.R.; et al. Integrative analysis reveals selective 9p24.1 amplification, increased PD-1 ligand expression, and further
induction via JAK2 in nodular sclerosing Hodgkin lymphoma and primary mediastinal large B-cell lymphoma. Blood 2010, 116,
3268–3277. [CrossRef]

64. Chapuy, B.; Roemer, M.G.M.; Stewart, C.; Tan, Y.; Abo, R.P.; Zhang, L.; Dunford, A.J.; Meredith, D.M.; Thorner, A.R.;
Jordanova, E.S.; et al. Targetable genetic features of primary testicular and primary central nervous system lymphomas. Blood
2016, 127, 869–881. [CrossRef]

65. Savage, K.J. Primary mediastinal large B-cell lymphoma. Blood 2022, 140, 955–970. [CrossRef]
66. Twa, D.D.W.; Chan, F.C.; Ben-Neriah, S.; Woolcock, B.W.; Mottok, A.; Tan, K.L.; Slack, G.W.; Gunawardana, J.; Lim, R.S.;

McPherson, A.W.; et al. Genomic rearrangements involving programmed death ligands are recurrent in primary mediastinal
large B-cell lymphoma. Blood 2014, 123, 2062–2065. [CrossRef]

67. Shi, M.; Roemer, M.G.; Chapuy, B.; Liao, X.; Sun, H.B.; Pinkus, G.S.; Shipp, M.A.; Freeman, G.J.; Rodig, S.J. Expression of
programmed cell death 1 ligand 2 (PD-L2) is a distinguishing feature of primary mediastinal (thymic) large B-cell lymphoma and
associated with PDCD1LG2 copy gain. Am. J. Surg. Pathol. 2014, 38, 1715–1723. [CrossRef]

68. Zinzani, P.L.; Ribrag, V.; Moskowitz, C.H.; Michot, J.-M.; Kuruvilla, J.; Balakumaran, A.; Zhang, Y.; Chlosta, S.; Shipp, M.A.;
Armand, P. Safety and tolerability of pembrolizumab in patients with relapsed/refractory primary mediastinal large B-cell
lymphoma. Blood 2017, 130, 267–270. [CrossRef]

69. Manso, R.; Rodríguez-Perales, S.; Torres-Ruiz, R.; Santonja, C.; Rodríguez-Pinilla, S.-M. PD-L1 expression in peripheral T-cell
lymphomas is not related to either PD-L1 gene amplification or rearrangements. Leuk. Lymphoma 2021, 62, 1648–1656. [CrossRef]

70. Hue, S.S.-S.; Oon, M.L.; Wang, S.; Tan, S.Y.; Ng, S.B. Epstein-Barr virus associated T-and NK-cell lymphoproliferative diseases: An
update and diagnostic approach. Pathology 2020, 52, 111–127. [CrossRef] [PubMed]

71. Kwong, Y.-L.; Chan, T.S.Y.; Tan, D.; Kim, S.J.; Poon, L.-M.; Mow, B.; Khong, P.-L.; Loong, F.; Au-Yeung, R.; Iqbal, J.; et al. PD1
blockade with pembrolizumab is highly effective in relapsed or refractory NK/T-cell lymphoma failing l-asparaginase. Blood
2017, 129, 2437–2442. [CrossRef] [PubMed]

72. Panjwani, P.K.; Charu, V.; DeLisser, M.; Molina-Kirsch, H.; Natkunam, Y.; Zhao, S. Programmed death1 ligands PD-L1 and PD-L
2 show distinctive and restricted patterns of expression in lymphoma subtypes. Hum. Pathol. 2018, 71, 91–99. [CrossRef]

https://doi.org/10.1186/s40880-017-0262-z
https://doi.org/10.1182/blood-2015-02-629600
https://doi.org/10.1111/bjh.14432
https://doi.org/10.1182/bloodadvances.2018020602
https://doi.org/10.1158/1078-0432.CCR-06-2823
https://doi.org/10.1182/blood-2010-12-323238
https://www.ncbi.nlm.nih.gov/pubmed/21385849
https://doi.org/10.1182/blood-2015-02-630632
https://doi.org/10.1016/j.humpath.2015.01.011
https://doi.org/10.1097/PAS.0000000000001499
https://doi.org/10.1007/s00535-019-01616-3
https://doi.org/10.4143/crt.2018.191
https://doi.org/10.1182/blood-2010-05-282780
https://doi.org/10.1182/blood-2015-10-673236
https://doi.org/10.1182/blood.2020008376
https://doi.org/10.1182/blood-2013-10-535443
https://doi.org/10.1097/PAS.0000000000000297
https://doi.org/10.1182/blood-2016-12-758383
https://doi.org/10.1080/10428194.2021.1881511
https://doi.org/10.1016/j.pathol.2019.09.011
https://www.ncbi.nlm.nih.gov/pubmed/31767131
https://doi.org/10.1182/blood-2016-12-756841
https://www.ncbi.nlm.nih.gov/pubmed/28188133
https://doi.org/10.1016/j.humpath.2017.10.029


Int. J. Mol. Sci. 2024, 25, 6447 13 of 14

73. Shi, Y.; Wu, J.; Wang, Z.; Zhang, L.; Wang, Z.; Zhang, M.; Cen, H.; Peng, Z.; Li, Y.; Fan, L.; et al. Efficay and safety of Geptanolimab
(GB226) for relapsed or refractory peripheral T-cell lymphoma: An open-label phase 2 study (Gxplore-002). J. Hematol. Oncol.
2021, 14, 12. [CrossRef]

74. Jo, J.-C.; Kim, M.; Choi, Y.; Kim, H.-J.; Kim, J.E.; Chae, S.W.; Kim, H.; Cha, H.J. Expression of Programmed cell death 1 and
Programmed cell death ligand 1 in extranodal NK/T-cell lymphoma, nasal type. Ann. Hematol. 2017, 96, 25–31. [CrossRef]

75. Muhamad, H.; Suksawai, N.; Assanasen, T.; Polprasert, C.; Bunworasate, U.; Wudhikarn, K. Programmed cell death 1 and
Programmed cell death ligands in extranodal natural killer/T cell lymphoma: Expression pattern and prognostic relevance. Acta
Hematol. 2020, 143, 78–88. [CrossRef]

76. He, H.X.; Gao, Y.; Fu, J.C.; Zhou, Q.H.; Wang, X.X.; Bai, B.; Li, P.F.; Huang, C.; Rong, Q.X.; Ping, L.Q.; et al. VISTA and
PD-L1 synergically predict poor prognosis in patients with extranodal natural killer/T-cell lymphoma. Oncoimmunology 2021,
10, e1907059. [CrossRef]

77. Kim, S.; Kwon, D.; Koh, J.; Nam, S.J.; Kim, Y.A.; Kim, T.M.; Kim, C.W.; Jeon, Y.K. Clinicopathological features of Programmed cell
death 1 and Programmed cell death ligand 1 expression in the tumor cells and tumor microenvironment of angioimmunoblastic
T cell lymphoma and peripheral T cell lymphoma not otherwise specified. Virchows Arch. 2020, 477, 131–142. [CrossRef]

78. Morris, S.W.; Kirstein, M.N.; Valentine, M.B.; Dittmer, K.G.; Shapiro, D.N.; Saltman, D.L.; Look, A.T. Fusion of a kinase gene,
ALK, to a nucleolar protein gene, NPM, in non-Hodgkin’s lymphoma. Science 1994, 263, 1281–1284. [CrossRef]

79. Crescenzo, R.; Abate, F.; Lasorsa, E.; Tabbo’, F.; Gaudiano, M.; Chiesa, N.; Di Giacomo, F.; Spaccarotella, E.; Barbarossa, L.;
Ercole, E.; et al. Convergent mutations and kinase fusions lead to oncogenic STAT3 activation in anaplastic large cell lymphoma.
Cancer Cell 2015, 27, 516–532. [CrossRef]

80. Castellar, E.R.P.; Jaffe, E.S.; Said, J.W.; Swerdlow, S.H.; Ketterling, R.P.; Knudson, R.A.; Sidhu, J.S.; Hsi, E.D.; Karikehalli, S.;
Jiang, L.; et al. ALK-negative anaplastic large cell lymphoma is a genetically heterogeneous disease with widely disparate clinical
outcomes. Blood 2014, 124, 1473–1480. [CrossRef]

81. Vasmatzis, G.; Johnson, S.H.; Knudson, R.A.; Ketterling, R.P.; Braggio, E.; Fonseca, R.; Viswanatha, D.S.; Law, M.E.; Kip, N.S.;
Özsan, N.; et al. Genome-wide analysis reveals recurrent structural abnormalities of TP63 and other p53-related genes in
peripheral T-cell lymphomas. Blood 2012, 120, 2280–2289. [CrossRef]

82. Prokoph, N.; Larose, H.; Lim, M.S.; Burke, G.A.A.; Turner, S.D. Treatment options for paediatric anaplastic large cell lymphoma
(ALCL): Current standard and beyond. Cancers 2018, 10, 99. [CrossRef] [PubMed]

83. Fukano, R.; Mori, T.; Kobayashi, R.; Mitsui, T.; Fujita, N.; Iwasaki, F.; Suzumiya, J.; Chin, M.; Goto, H.; Takahashi, Y.; et al.
Haematopoietic stem cell transplantation for relapsed or refractory anaplastic large cell lymphoma: A study of children and
adolescents in Japan. Br. J. Haematol. 2015, 168, 557–563. [CrossRef] [PubMed]

84. Morel, A.; Brière, J.; Lamant, L.; Loschi, M.; Haioun, C.; Delarue, R.; Tournilhac, O.; Bachy, E.; Sonet, A.; Amorim, S.; et al.
Long-term outcomes of adults with first-relapsed/refractory systemic anaplastic large-cell lymphoma in the pre-brentuximab
vedotin era: A LYSA/SFGM-TC study. Eur. J. Cancer 2017, 83, 146–153. [CrossRef] [PubMed]

85. Mularoni, V.; Donati, B.; Tameni, A.; Manicardi, V.; Reggiani, F.; Sauta, E.; Zanelli, M.; Tigano, M.; Vitale, E.; Torricelli, F.; et al.
Long non-coding RNA mitophagy and ALK-negative anaplastic lymphoma-associated transcript: A novel regular of mitophagy
in T-cell lymphoma. Haematologica 2023, 108, 3333–3346. [CrossRef] [PubMed]

86. Tameni, A.; Mallia, S.; Manicardi, V.; Donati, B.; Torricelli, F.; Vitale, E.; Salviato, E.; Gambarelli, G.; Muccioli, S.; Zanelli, M.; et al.
HELLS regulates transcription in T-cell Lymphomas by reducing unscheduled R-loops and by facilitating RNAPII progression.
Nucleic Acids Res. 2024, 239, gkae239. [CrossRef] [PubMed]

87. Andorsky, D.J.; Yamada, R.E.; Said, J.; Pinkus, G.S.; Betting, D.J.; Timmerman, J.M. Programmed death ligand 1 is expressed in
non-Hodgkin lymphomas and inhibits the activity of tumor-associated T cells. Clin. Cancer Res. 2011, 17, 4232–4244. [CrossRef]
[PubMed]

88. Marzec, M.; Zhang, Q.; Goradia, A.; Raghunath, P.N.; Liu, X.; Paessler, M.; Wang, H.Y.; Wysocka, M.; Cheng, M.;
Ruggeri, B.A.; et al. Oncogenic kinase NPM/ALK induces through STAT3 expression of immunosuppressive protein CD274
(PD-L1, B7-H1). Proc. Natl. Acad. Sci. USA 2008, 105, 20852–20857. [CrossRef] [PubMed]

89. Khoury, J.D.; Medeiros, L.J.; Rassidakis, G.Z.; Yared, M.A.; Tsioli, P.; Leventaki, V.; Schmitt-Graeff, A.; Herling, M.; Amin, H.M.;
Lai, R. Differential expression and clinical significance of tyrosine-phosphorylated STAT3 in ALK+ and ALK− anaplastic large
cell lymphoma. Clin. Cancer Res. 2003, 9, 3692–3699. [PubMed]

90. Gerbe, A.; Alame, M.; Dereure, O.; Gonzalez, S.; Durand, L.; Tempier, A.; De Oliveira, L.; Tourneret, A.; Costes-Martineau, V.;
Cacheux, V.; et al. Systemic, primary cutaneous and breast-implant-associated ALK-negative anaplastic large-cell lymphomas
present similar biologic features despite distinct clinical behavior. Virchows Archiv. 2019, 475, 163–174. [CrossRef]

91. Onaindia, A.; de Villambrosía, S.G.; Prieto-Torres, L.; Rodríguez-Pinilla, S.M.; Montes-Moreno, S.; González-Vela, C.; Piris, M.A.
DUSP-22 rearranged anaplastic lymphomas are characterized by specific morphological features and a lack of cytotoxic and
JAK/STAT surrogate markers. Haematologica 2019, 104, 1158.e162. [CrossRef]

92. Yamamoto, R.; Nishikori, M.; Tashima, M.; Sakai, T.; Ichinohe, T.; Takaori-Kondo, A.; Ohmori, K.; Uchiyama, T. B7-H1 expression
is regulated by MEK/ERK signaling pathway in anaplastic large cell lymphoma and Hodgkin lymphoma. Cancer Sci. 2009, 100,
2093–2100. [CrossRef] [PubMed]

https://doi.org/10.1186/s13045-021-01033-1
https://doi.org/10.1007/s00277-016-2818-4
https://doi.org/10.1159/000500974
https://doi.org/10.1080/2162402X.2021.1907059
https://doi.org/10.1007/s00428-020-02790-z
https://doi.org/10.1126/science.8122112
https://doi.org/10.1016/j.ccell.2015.03.006
https://doi.org/10.1182/blood-2014-04-571091
https://doi.org/10.1182/blood-2012-03-419937
https://doi.org/10.3390/cancers10040099
https://www.ncbi.nlm.nih.gov/pubmed/29601554
https://doi.org/10.1111/bjh.13167
https://www.ncbi.nlm.nih.gov/pubmed/25312752
https://doi.org/10.1016/j.ejca.2017.06.026
https://www.ncbi.nlm.nih.gov/pubmed/28735072
https://doi.org/10.3324/haematol.2022.282552
https://www.ncbi.nlm.nih.gov/pubmed/37381763
https://doi.org/10.1093/nar/gkae239
https://www.ncbi.nlm.nih.gov/pubmed/38597676
https://doi.org/10.1158/1078-0432.CCR-10-2660
https://www.ncbi.nlm.nih.gov/pubmed/21540239
https://doi.org/10.1073/pnas.0810958105
https://www.ncbi.nlm.nih.gov/pubmed/19088198
https://www.ncbi.nlm.nih.gov/pubmed/14506160
https://doi.org/10.1007/s00428-019-02570-4
https://doi.org/10.3324/haematol.2018.205880
https://doi.org/10.1111/j.1349-7006.2009.01302.x
https://www.ncbi.nlm.nih.gov/pubmed/19703193


Int. J. Mol. Sci. 2024, 25, 6447 14 of 14

93. Iyer, S.P.; Xu, J.; Becnel, M.R.; Nair, R.; Steiner, R.; Feng, L.; Lee, H.J.; Strati, P.; Ahmed, S.; Parmar, S.; et al. A phase II study of
Pembrolizumab in combination with Romidepsin demonstrates durable response in relapsed or refractory T-cell Lymphoma
(TCL). Blood 2020, 136, 40–41. [CrossRef]

94. Anand, K.; Ensor, J.; Pingali, S.R.; Hwu, P.; Duvic, M.; Chiang, S.; Miranda, R.; Zu, Y.; Iyer, S. T-cell lymphoma secondary to
checkpoint inhibitor therapy. J. Immunother. Cancer 2020, 8, e000104. [CrossRef] [PubMed]

95. Oishi, N.; Brody, G.S.; Ketterling, R.P.; Viswanatha, D.S.; He, R.; Dasari, S.; Mai, M.; Benson, H.K.; Sattler, C.A.;
Boddicker, R.L.; et al. Genetic subtyping of breast implant-associated anaplastic large cell lymphoma. Blood 2018, 132,
544–547. [CrossRef] [PubMed]

96. Laurent, C.; Nicolae, A.; Laurent, C.; Le Bras, F.; Haioun, C.; Fataccioli, V.; Amara, N.; Adélaïde, J.; Guille, A.; Schiano, J.M.; et al.
Gene alterations in epigenetic modifiers and the JAK-STAT signaling are frequent in breast implant-associated ALCL. Blood 2020,
135, 360–370. [CrossRef] [PubMed]

97. Evans, M.G.; Medeiros, L.J.; Marques-Piubelli, M.L.; Wang, H.-Y.; Ortiz-Hidalgo, C.; Pina-Oviedo, S.; Morine, A.; Clemens, M.W.;
Hunt, K.K.; Iyer, S.; et al. Breast implant-associated anaplastic large cell lymphoma: Clinical follow-up and analysis of sequential
pathologic specimens of untreated patients shows persistent or progressive disease. Mod. Pathol. 2021, 34, 2148–2153. [CrossRef]
[PubMed]

98. Quesada, A.E.; Zhang, Y.; Ptashkin, R.; Ho, C.; Horwitz, S.; Benayed, R.; Dogan, A.; Arcila, M.E. Next generation sequencing of
breast implant-associated anaplastic large cell lymphomas reveals a novel STAT3-JAK2 fusion among other activating genetic
alterations within the JAK-STAT pathway. Breast J. 2021, 27, 314–321. [CrossRef] [PubMed]

99. Tabanelli, V.; Corsini, C.; Fiori, S.; Agostinelli, C.; Calleri, A.; Orecchioni, S.; Melle, F.; Motta, G.; Rotili, A.; Di Napoli, A.; et al.
Recurrent PDL1 expression and PDL1 (CD274) copy number alterations in breast implant-associated anaplastic large cell
lymphomas. Hum. Pathol. 2019, 90, 60–69. [CrossRef] [PubMed]

100. Kantekure, K.; Yang, Y.; Raghunath, P.; Schaffer, A.; Woetmann, A.; Zhang, Q.; Odum, N.; Wasik, M. Expression pattern of
the immunosuppressive proteins PD-1/CD279 and PD-L1/CD274 at different stages of cutaneous T-cell lymphoma/mycosis
fungoides. Am. J. Dermatopathol. 2012, 34, 126–128. [CrossRef]

101. Takahashi, E.; Tsuchida, T.; Baba, S.; Tsuzuki, T.; Shimauchi, T.; Tokura, Y.; Tamada, Y.; Nakamura, S. Enhanced PD-L1 expression
on tumor cells in primary cutaneous large T-cell lymphoma with CD30 expression as classic Hodgkin lymphoma mimics: A
report of lymph node lesions of two cases. Pathol. Int. 2020, 70, 804–811. [CrossRef]

102. Takahashi, E.; Imai, H.; Tsuyuki, Y.; Taniguchi, N.; Kogure, Y.; Kataoka, K.; Tsuchida, T.; Baba, S.; Tsuzuki, T.; Shimauchi, T.; et al.
Enhanced PD-L1 expression on tumor cells in primary CD30-positive cutaneous large T-cell lymphoma: A report of lymph node
lesions of four cases. J. Clin. Exp. Hematop. 2023, 63, 49–57. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1182/blood-2020-143252
https://doi.org/10.1136/jitc-2019-000104
https://www.ncbi.nlm.nih.gov/pubmed/32114498
https://doi.org/10.1182/blood-2017-12-821868
https://www.ncbi.nlm.nih.gov/pubmed/29921615
https://doi.org/10.1182/blood.2019001904
https://www.ncbi.nlm.nih.gov/pubmed/31774495
https://doi.org/10.1038/s41379-021-00842-6
https://www.ncbi.nlm.nih.gov/pubmed/34155351
https://doi.org/10.1111/tbj.14205
https://www.ncbi.nlm.nih.gov/pubmed/33660353
https://doi.org/10.1016/j.humpath.2019.05.007
https://www.ncbi.nlm.nih.gov/pubmed/31125630
https://doi.org/10.1097/DAD.0b013e31821c35cb
https://doi.org/10.1111/pin.13000
https://doi.org/10.3960/jslrt.22042
https://www.ncbi.nlm.nih.gov/pubmed/36990776

	Introduction 
	Principal Issues in Assessing PD-L1 Immunohistochemical Expression in Lymphomas 
	cHL and PD1/PD-L1 Axis 
	DLBCL, NOS, Other Aggressive Peripheral B-Cell Lymphomas and PD-1/PD-L1 Axis 
	Peripheral T-Cell Lymphomas (PTCLs) and PD-1/PD-L1 Axis 
	ALCL and PD-1/PD-L1 Axis 
	Conclusions 
	References

