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Simple Summary: T-cell lymphomas are hematologic cancers that are difficult to manage due to their
aggressive nature and poor response to traditional chemotherapies. Response rates are unpredictable
even in the era of novel therapeutics, and there has yet to be a clinically validated cellular marker
associated with response rates or treatment outcomes. CD5 is a cellular marker that has been
associated with poor outcomes in other cancers but has not been well established in T-cell lymphoma.
This study confirmed that CD5 has a high prevalence in T-cell lymphomas and is associated with
poor prognostic markers such as advanced age, bone marrow involvement, and poor functional
status. Additionally, CD5 was associated with inferior survival in T-follicular cell lymphoma and
adult T-cell lymphoma. These results suggest that CD5 is associated with worse prognosis in T-cell
lymphomas and may be a potential therapeutic target in future studies.

Abstract: Background: T-cell lymphomas (TCLs) are a group of heterogenous cancers with poor rates
and duration of response. There remains a great challenge in risk stratification of these cancers. Cluster
of differentiation (CD) 5 has shown prognostic implication in many subtypes of B-cell lymphoma;
however, its role in TCLs is not known. Methods: We performed a single-institution retrospective
analysis of newly diagnosed patients with TCL. CD5 positivity was determined based on positive
results via immunohistochemistry and/or flow cytometry. We used univariate and multivariable
analysis of biological factors to assess their association with survival outcomes. Results: A total of
194 patients with TCL spanning 14 subtypes were identified. CD5 positivity was noted in 63% of
patients, with the highest proportion of CD5 expression in TFH TCL (93.9%), PTCL-NOS (82.9%),
and ATLL (77.8%) (p = 0.00004). Older age at diagnosis (p = 0.001), stage III or IV disease (p = 0.05),
and bone marrow involvement (p = 0.003) were also associated with CD5 expression. Complete
response rates were numerically lower in patients with CD5+ TCL across all subtypes. OS/PFS was
not statistically associated with CD5 status in the overall cohort; however there was significantly
decreased OS in CD5+ TFH TCL (p = 0.04) and CD5+ ATLL (p = 0.04) patients. Conclusions: This
study represents the first to examine CD5 expression as a prognostic biomarker for outcomes in TCL.
The frequent expression of CD5 in the most common nodal TCL in the Western world underpins
its potential as an attractive target for cellular therapies. Confirmation of these findings in a larger
cohort and investigation of potential pathophysiological mechanisms explaining our observations
are planned.

Cancers 2024, 16, 3430. https://doi.org/10.3390/cancers16193430 https://www.mdpi.com/journal/cancers

https://doi.org/10.3390/cancers16193430
https://doi.org/10.3390/cancers16193430
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/cancers
https://www.mdpi.com
https://orcid.org/0000-0002-0786-8035
https://doi.org/10.3390/cancers16193430
https://www.mdpi.com/journal/cancers
https://www.mdpi.com/article/10.3390/cancers16193430?type=check_update&version=3


Cancers 2024, 16, 3430 2 of 14

Keywords: T-cell lymphoma; prognostication; outcomes; CD5; cellular markers; flow cytometry;
ATLL; PTCL

1. Introduction

Mature T-cell lymphomas (TCLs) are a group of rare, aggressive, and heterogenous
non-Hodgkin lymphomas (NHLs) which comprise only 6–10% of NHLs in the United
States [1]. The median time from initial diagnosis to disease relapse or progression after
initial treatment for TCL is 6.7 months, with secondary median overall survival (OS) and
median progression-free survival (PFS) of 5.5. and 3.1 months, respectively [2]. The 5th
edition of the World Health Organization (WHO) classification of hematolymphoid tumors
defines 30 distinct subtypes of TCL [3]. The subtypes of TCL are classified based on
cell of origin, clinic presentation, cytomorphology, and molecular genetics with various
clinical outcomes [4]. The rare and heterogeneous nature of TCL as a disease group poses a
challenge in risk stratification, and thus, reliable prognostic markers are desired to guide
patient care.

Cluster of differentiation (CD) 5 is a transmembrane glycoprotein expressed on the
surface of thymocytes, T lymphocytes, and a small subset of B- lymphocytes [5] and has
canonically been used as a T-cell marker in clinical practice. CD5 is composed of three Scav-
enger Receptor Cysteine-Rich (SRCR) domains and has been a well-described regulator of
T-cell proliferation [6] (Figure 1). CD5 functions by activating at least three well-described
biological pathways that are crucial for cell survival, metabolism, and immune function.
Firstly, CD5 augments the MAPK (Ras/Erk) pathway, which is crucial in the amplifica-
tion and integration of cellular signals to induce physiologic responses including cellular
differentiation, proliferation and regulation of apoptosis [7]. Secondly, CD5 amplifies the
Ca2+–calmodulin–calcineurin–NFAT pathway via TRPC1, which regulates the activity of
transcription factors of activated T-cells and plays a crucial role in adaptive immunity [8].
Lastly, CD5 activation has been shown to modulate the PI3-K/Akt/mTOR pathway via
the p85 unit of PI3-K, which has been a well-described mediator of growth, proliferation,
survival, and metabolism [9]. Derangements of any of these pathways have been well
described in the pathogenesis of various cancers and have been molecular targets for po-
tential therapies for decades but have proven difficult to safely inhibit [10]. Interestingly,
preclinical studies of intracellular pathways prompted by CD5 were shown to be similar to
those of anergic B cells and B-CLL cells [11].
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Figure 1. Intracellular impact of activation and inhibition of CD5 within T-lymphocytes. Figure
created using BioRender.com.

CD5 has also been shown to be implicated in other biological pathways involved
in T-cell proliferation and regulation; however, the exact mechanisms are less clear. For
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instance, CD5 has been shown to serve as a co-stimulatory receptor for T-cell receptor
(TCR) activation by providing necessary secondary stimulatory signals and promoting
interleukin-2 production [12,13]. Other studies, however, have also revealed CD5 as a
negative mediator for TCR signal transduction through several mediators, including SHP1,
CBL, and CBL-B to tune down TCR activation, and translocation into the TCR immuno-
logical synapse upon phosphorylation [14,15]. It appears that the impact of CD5 on TCR
signal transduction appears to be context-dependent based on cellular location (thymus
vs. periphery) and based on the strength of TCR stimulation; however, the nuances of this
phenomenon are an active area of scientific research [16]. Given that CD5 is expressed on all
T-cell subtypes, CD-5 is also inherently involved in modulation of the immune environment
and relative ratios between Treg/effector cells [17]. The in vivo administration of CD5
antibodies has been shown to enhance the generation of induced Treg (iTreg) cells [18].
It is therefore speculated that the inhibition of CD5 would simultaneously reduce iTreg
cell number and activate effector functions on conventional T-cells, thereby increasing
T-cell reactivity against self and potentiating auto-immune disorders. CD5 has also been
shown to upregulate Th17-cell differentiation via the modulation of cellular Interferon-γ
response and retinoic acid receptor-related orphan receptor-γt localization, although the
exact mechanism by which this occurs is unknown [19].

Studies of CD5 in some subsets of B-cell lymphomas, such as follicular lymphoma,
diffuse large B-cell lymphoma, and mantle cell lymphoma, have demonstrated that the
expression of CD5 is associated with a worse clinical outcome [20–22], whereas loss of
CD5 expression is associated with better survival [23]. CD5 in TCL, however, has not been
extensively studied despite its crucial role in T-cell proliferation and regulation. This study
aims to characterize the expression patterns of CD5 in different subsets of TCL and evaluate
whether CD5 expression has a prognostic role in these cancers.

2. Materials and Methods

A single-institution retrospective analysis of patients treated for a histologic diag-
nosis of T-cell lymphoma from 1 January 2017 to 1 January 2023 at the University of
Pennsylvania was performed. Patients were identified through a query of the University
of Pennsylvania/Abramson Cancer Center database. Baseline demographics, disease char-
acteristics, treatment history, toxicities, and clinical outcomes were abstracted from the
electronic medical record in accordance with the University of Pennsylvania Institutional
Review Board and the Declaration of Helsinki. We defined CD5 positivity (≥1%) based on
positive results via immunohistochemistry or flow cytometry in available tumor tissue. A
flow cytometry gating strategy was utilized where cells were gated based on their forward
scatter and side scatter. Duplicate and dead cells were excluded, and CD3+ cell were gated
followed by CD4- and CD8- cell gating. CD5 on each CD4+/CD8+ T-cells was gated 30%
from the right as high expression (bright) and 30% from the left as low expression (dim).
Disease response was determined based on the documented clinician assessment in the
electronic medical record.

All statistical tests were conducted using R v4.3.2. Baseline characteristics were as-
sessed via independent t-test, Fisher’s exact test, and 2-sided Pearson chi-square analysis,
as appropriate. A survival analysis was conducted using the Kaplan Meier methodology
with log rank testing and Cox proportional hazard models. Overall survival (OS) and pro-
gression free survival (PFS) were co-primary end points, measured from time of treatment
to death (OS) and/or progression (PFS), respectively, and censored at date of last follow-up.
A univariate analysis of the patient and disease-specific characteristics, including functional
status, age, stage, TCL type and extranodal/bone marrow involvement was performed, and
their association with CD5 expression was assessed, as well as their association with respect
to survival. Next, we performed a multivariable analysis of biological factors associated
with survival outcomes on a univariate analysis according to PFS and/or OS. A p-value of
<0.05 was considered significant.
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In order to contextualize our single-center data, we obtained T-ALL Cellular Indexing
of Transcriptomes and Epitopes by sequencing (CITE-seq) data from T-cell developmental
reference from Tan et al. [24]. CITE-seq data were normalized using CLR normalization
across cells (margin = 2). Original cell annotations and dimensional reductions were
retained. The surface and RNA expression for CD2 and other T-cell markers were plotted in
n = 16,199 healthy thymocytes using the VlnPlot function in Seurat v5. All code generated
for processing of the CITE-seq are available at https://github.com/tanlabcode/SC_TALL
(accessed on 3 March 2024).

3. Results
3.1. Patient and Tumor Characteristics

We identified 194 patients with newly diagnosed T-cell lymphoma spanning 14 sub-
types. The patient information is reported in Table 1. The median age at diagnosis was
61 years (range: 19–85), and 55% of patients were male. Most patients identified as
White (70.1%), followed by African American (19.7%). At presentation, 54% harbored B-
symptoms and 23% of patients had ECOG status ≥2. The most common TCL subtypes were
T-follicular helper (TFH) TCL (25%), followed by peripheral T-cell lymphoma not otherwise
specified (PTCL-NOS) (21%) and anaplastic lymphoma kinase (ALK) negative anaplastic
large cell lymphoma (ALCL) (14%). Sixty-three percent of patients had extranodal sites
involved at presentation (including stage IE and non-nodal TCL subtypes), and 47% had
stage IV disease (Table 2). A total of 23% of patients had bone marrow involvement, and
18% had bulky disease (tumors > 7.5cm) at diagnosis (Table 2).

Table 1. Patient demographics/disease subtypes of the study cohort.

Characteristic Value (%) CD5+ CD5−

n = 194 n = 122 n = 72

Sex

Male 107 (55.2%) 59 48

Female 87 (44.8%) 63 24

Race

Caucasian 136 (70.1%) 83 53

African American 37 (19.1%) 25 12

Asian 7 (3.6%) 4 3

Hispanic/Latino 6 (3.1%) 5 1

Other 1 (0.5%) 1 0

Unknown 7 (3.6%) 4 3

ECOG

<2 143 (73.7%) 88 55

≥2 44 (22.7%) 31 13

Unknown 7 (3.6%) 3 4

Stage

I 26 (13.4%) 9 17

II 32 (16.4%) 19 13

III 33 (17%) 24 9

IV 92 (47%) 65 27

Unknown 11 (5.6%) 5 6

B-Symptoms at presentation

Yes 105 (54.1%) 70 35

No 82 (42.3%) 46 36

Unknown 7 (3.6%) 6 1

https://github.com/tanlabcode/SC_TALL
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Table 1. Cont.

Characteristic Value (%) CD5+ CD5−

Subtype

T-follicular-helper (TFH) TCL (including
angioimmunoblastic T-cell
lymphoma [AITL])

49 (25.3%) 46 3

Peripheral T-cell lymphoma not
otherwise specified (PTCL-NOS) 41 (21.1%) 34 7

Anaplastic lymphoma kinase negative
anaplastic large cell
lymphoma (ALK- ALCL)

28 (14.4%) 13 15

Extranodal NK/T-cell lymphoma
(ENK TCL) 22 (11.3%) 5 17

Anaplastic lymphoma kinase positive
anaplastic large cell lymphoma
(ALK+ ALCL)

16 (8.2%) 8 8

Adult T-cell
leukemia/lymphoma (ATLL) 9 (4.6%) 7 2

Hepatosplenic T-cell
lymphoma (HSTCL) 9 (4.6%) 0 9

Breast implant-associated
lymphoma (BIA-ALCL) 5 (2.6%) 1 4

Subcutaneous panniculitis-like T-cell
lymphoma (SPTCL) 4 (2.1%) 2 2

Primary cutaneous gamma-delta T-cell
lymphoma (PCGD-TCL) 3 (1.5%) 2 1

Enteropathy-associated T-cell
lymphoma
disease (EATL)

3 (1.5%) 2 2

Monomorphic epitheliotropic intestinal
T-cell lymphoma (MEITL) 2 (1%) 0 2

Primary cutaneous CD30-positive
T-cell lymphoproliferative disorder
(CD30+ CTCL/LPD)

1 (0.5%) 1 0

T-cell prolymphocytic
leukemia (T-PLL) 1 (0.5%) 1 0

Table 2. Disease characteristics of the study cohort.

Characteristic Value (%) CD5+ CD5−

Bulky disease

Yes 34 (17.5%) 24 10

No 151 (77.8%) 89 62

Unknown 9 (4.6%) 9 0

LDH

≥ULN 106 (54.6%) 74 32

<ULN 60 (30.9%) 34 26

Unknown 28 (12.9%) 14 14

CD5 status

Positive * 122 (62.9%)

CD5 > Dim 103 (53.1%)

Negative 72 (37.1%)
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Table 2. Cont.

Characteristic Value (%) CD5+ CD5−

B-symptoms at presentation

Yes 105 (54.1%) 70 35

No 82 (42.3%) 46 36

Unknown 7 (3.6%) 6 1

Extra-nodal disease

Yes 123 (63.4%) 74 49

>2 sites 51 (26.3%) 36 15

No 66 (34%) 44 22

Unknown 5 (2.5%) 4 1

Bone marrow disease

Yes 45 (23.2%) 37 8

No 133 (68.6%) 75 58

Unknown 16 (8.2%) 10 6
* Defined as any malignant CD5+ cells on flow or CD5-dim IHC.

CD5 positivity was noted in 63% of patients. Eighty-seven percent of CD5+ patients
(106) had positive CD5 on IHC. Most patients (104, 85%) with CD5 positivity had CD5+ flow
cytometry. Of this subset, 81 (78%) had bright CD5, while the remainder had dim CD5 (22%).
The proportion of CD5+-expressing tumors was significantly different across different sub-
types of TCL, with T-follicular helper TCL (TFH TCL, 93.9%), peripheral T-cell lymphoma
not otherwise specified (PTCL-NOS, 82.9%), and adult T-cell leukemia/lymphoma (ATLL,
77.8%) having the highest proportion of CD5+ patients (Figure 2A, p = 0.00004). In contrast,
extranodal NK TCL (ENK TCL, 22.7%), breast implant-associated ALCL (BIA ALCL, 20%),
and hepatosplenic TCL (HSTCL, 0%) had the lowest CD5 expression.
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Figure 2. CD5 positivity in n = 194 patients of T-cell lymphoma. The proportion of CD5+ is shown
(A) in 8 subtypes with n > 5 patients, (B) vs. age at diagnosis, (C) by initial disease stage, (D,E) by
marrow and extra-nodal involvement, (F) by initial tumor size, and (G) by ECOG status. In panels
(A,C–G), the p-values are shown above the chi-square test statistic. In panel (B), the p-value from the
2-sided Wilcoxon test is shown.
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3.2. CD5 Expression and Patient/Disease Characteristics

On the univariate analysis, we found that older age at diagnosis was associated with
CD5 expression, with the median age of CD5+ patients being 64 (range: 19–85) compared to
55 (range: 22–84) for CD5- patients (p = 0.001, Figure 2B). CD5 expression was more common
in advanced stage disease (stage III/IV: 71.2%) compared to stage I/II disease (48.2%,
p = 0.0045, Figure 2C) and in patients with bone marrow involvement (82.2% vs. 56.4%,
p = 0.003, Figure 2D). We did not detect statistically significant associations between CD5
positivity and extranodal disease (p = 0.09), tumor size (p = 0.29), or ECOG status (p = 0.37)
at presentation (Figure 2E–G).

We then performed a multivariable analysis using logistic regression models where
CD5 positivity was used as a binary responding variable and modeled against sex, subtype,
stage at diagnosis, race, ECOG status, B-symptoms, and extranodal disease. This analysis
also revealed statistically significant association of CD5 positivity with the PTCL-NOS
and TFH TCL subtypes (p = 0.014, p = 0.02, Supplementary Table S1). In addition, several
variables associated with poor prognosis were noted to have robust associations at the edge
of statistical significance, including the ATLL and ALK+ ALCL subtypes (p = 0.1, p = 0.15),
ECOG performance status >2 (p = 0.055), and presence of B-symptoms (p = 0.13). We did
not observe statistically significant associations between CD5 positivity and sex, stage at
diagnosis, extranodal disease, or age at diagnosis (Supplementary Table S1).

3.3. CD5 Status and Outcomes

The outcomes for the entire patient cohort are shown in Table 3. Patients who
had complete responses to initial therapy had the lowest proportion of CD5+ patients
(57.1%; n = 60/105), while those with partial responses (67.6%; n = 25/37), stable disease
(77/8%; n= 21/27), and progressive disease (75%; n = 9/12) had a higher proportion of
CD5+ patients; this trend was however not statistically significant (p = 0.16, Figure 3A).
There was a positive trend towards improved outcome in CD5- patients; the 5-year
survival for CD5- patients (n = 72) was 58.2% (95 CI: 46.7–72.6%) compared to 49.9%
(95 CI: 39.8–62.5%) in CD5 patients (Figure 3B). The median OS (73 months vs. 54 months)
and PFS (45.7 months vs. 41.1 months) were both longer in CD5- patients (p = 0.69 and
p = 0.47, respectively, Figure 3B,C); however, this also did not reach the predefined statisti-
cal significance (Figure 3B,C).

Table 3. Response to treatment in the patient cohort.

Characteristic Value (%) CD5+ CD5−
Initial Response

CR 105 (54.1%) 60 45

PR 27 (13.9%) 21 6

SD 12 (6.2%) 9 3

PD 37 (19.1%) 25 12

Unknown 13 (0.7%) 4 3

Time of Progression

None 65 (33.5%) 35 30

Refractory * 73 (37.6%) 58 20

Relapse/Progression 42 (21.6%) 21 16

Unknown 5 (2.6%) 3 2

Alive at Last Follow-Up

Alive 111 (57.2%) 71 40

Deceased 83 (42.8%) 51 32
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Table 3. Cont.

Characteristic Value (%) CD5+ CD5−
Survival Outcomes

1-year OS 154 (76.3%) 96 58

2-year OS 137 (66.4%) 87 50

Cause of death

Lymphoma 49 (25.3%) 33 16

Treatment related 17 (8.8%) 5 7

Within 30 days 12 (6.2%) 1 6

>30 days 5 (2.6%) 4 1

Other 4 (2.1%) 3 1

Unknown 118 (60.8%) 73 45
* Defined as partial response or stable disease that did not fully respond to therapy but did not exhibit progression
of disease.
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Kaplan Meier curves by CD5 expression status. Log likelihood p-value from Cox proportional hazard
test is shown in the bottom left. Key survival summary statistics (5-Yr OS, median OS/PFS) are
labeled within each graph. (n.s: non significant).

We next performed a subtype-specific survival analysis. Of our 194 patients, 6 subtypes
had >5 patients and could be stratified into CD5+ and CD5- arms for survival analyses. We
found CD5 status to be associated with overall (Figure 4A) and progression free survival
(Figure 4B) in TFH TCL (n = 49, p =0.04) and ATLL (n = 9, p = 0.04), where the CD5-positivity
was associated with worse prognosis. In TFH TCL, the median OS in CD5+ patients were
39.6 months (95% CI: 27.5 months—NR) and was not reached in CD5- patients. In ATLL,
the median OS for CD5+ patients was 9.7 months (95% CI: 0.93 months—15.2 months)
vs. 82.7 months (56.7 months-103.3 months) in the CD5- arm. CD5 status in other subtypes,
including PTCL-NOS (n = 41), ALK-mutated/wt ALCL (ALK-mut: n = 16, WT: n = 28),
and ENKTCL (n = 22) did not reach statistical significance (Figure 4A,B).

Finally, to contextualize the findings from our single-center experience and to inves-
tigate the feasibility of CD5 as a potential therapeutic target in TCL, we explored CD5
expression across T-cell development using previously published T-cell developmental
references profiled using Cellular Indexing of Transcriptomes and Epitopes by sequenc-
ing (CITE-Seq, 10 × 3′ scRNA-seq + antibody-derived tags). This analysis revealed low
but detectable surface CD5 at the Pro-T (CD34+ CD1A-) stage, rising expression in the
Pre-T (CD34+ CD1A+) and double positive cell states (CD4/8+), and peak expression in
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functional alpha-beta T-cells (CD4/8 single-positive, PTCRA-, TRAV/D/J+, Figure 5a,b).
Notably, across all stages of T-cell development, we detected the expression of surface CD5
despite low or minimal RNA expression, in line with the higher sensitivity of surface-level
staining compared to 3′ mRNA capture and the persistence of stable surface proteins
compared to mRNA (Figure 5a). These findings were in line with the differences in CD5
positivity across TCL subtypes based on their putative cell of origin.
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Figure 5. Surface and mRNA expression of selected surface antigens in developing thymocytes.
(a) Antibody-derived-tag (ADT) surface expression and mRNA expression for CD2, CD3, CD5, CD7,
and CD4/8 from n = 16,119 thymocytes profiled by CITE-seq are plotted. Cell types are organized
in order of T-cell development; thymic B-cells are shown as a control. Cycling DP are represented
by “DP(s)”, and mature α/β (CCR7+, CCR9-) are indicated by “α/β(m)”. (b) RNA gene expression
supporting cell annotations. Markers are grouped by lineage and cell cycle.
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4. Discussion

To our knowledge, this study represents the first to examine CD5 expression as a
prognostic biomarker in TCL. In our cohort, CD5 expression was common across most
TCL types, with CD5 positivity highest in the two most common nodal TCL subtypes
TFH/AITL and PTCL-NOS. CD5 was more frequently observed in patients with poor
prognostic markers, such as advanced age, higher stage, and bone marrow involvement.
Complete response rates were numerically lower in the CD5+ cohort; however, this was
not statistically significant. While progression and overall survival were not statistically
associated with CD5 status in the overall cohort, they were significantly inferior in TFH
TCL and ATLL in patients expressing CD5. Using CITE-sequencing, we detected robust
expression of surface CD5 on immature and mature T-cell subsets. Notably, surface CD5
expression was robust even in T-cells with low or minimal CD5 mRNA expression.

Similar to the results of this study, the impact of CD5 positivity in B-cell NHL is
largely dependent on the subtype of lymphoma. In contrast to TCLs, the expression of CD5
in B-cell neoplasms is far less common and classically indicative of chronic lymphocytic
leukemia (CLL) or mantle cell lymphoma (MCL) [25]. CLL, a usually indolent disease, is
unique in that CD5 positivity has been shown to be associated with superior outcomes to
CD5- cases with a longer time to treatment (TTT) of 13.0 years in the CD5+ group compared
to 5.8 years in the CD5- group and lower rates of lymphadenopathy (31.5% vs. 51.4%) and
splenomegaly (16.1% vs. 42.1%) [26]. Conversely, CD5- MCL patients have been shown
to have a more favorable prognosis than CD5+ MCL patients with a significantly longer
progression-free survival (PFS) and a tendency for longer overall survival independently
of other favorable prognostic markers such as IGHV hypermutation, absence of SOX11
expression, low Ki-67, and κ light chain restriction [27].

The rate of incidence of CD5 positivity is drastically decreased across the other
subtypes of B-cell NHLs; however, the role of CD5 as a prognostic marker in these
cancers has been extensively explored. Similarly to MCL, CD5+ follicular lymphoma
(FL) and CD5+ marginal zone lymphoma (MZL) have also been shown to be associated
with worse outcomes compared to their CD5- counterparts. In retrospective studies,
CD5+ FL exhibited significantly shorter mPFS (44 months vs. 89 months) and mOS
(154 months vs. 222 months) [28]. CD5+FL has also been associated with the expression of
CD25 and MUM1, a leukemic phase, a lesser frequency of t (14;18) (q32; q21), a higher IPI,
and a higher rate of transformation into DLBCL [29–31]. Likewise, CD5+ MZL has been
shown to have higher rates of transformation to diffuse large B-cell lymphoma and have
lower response rates (30% vs. 77%), PFS (25% vs. 45% at 3 years), and OS (44% vs. 77%) to
rituximab compared to their CD5- counterparts [32]. A recent retrospective study has also
demonstrated that while CD5 expression was not associated with survival outcomes, CD5+
MZL patients were found to have a higher incidence of bone marrow involvement, similar
to our findings [33].

Despite its low frequency in all variants of diffuse large B-cell lymphoma (DLBCL),
CD5(+) DLBCL is the most well-studied CD5+ B-cell neoplasm with poorer outcomes
compared to CD5- DLBCL [34]. CD5+ DLBCL is characterized by drastically worse PFS/OS
and a high frequency of central nervous system relapse after standard immunochemother-
apy [35]. A recent study investigated whether more intense therapies may improve out-
comes in CD5+ DLBCL. The PEARL5 (a Phase II trial of DA-EPOCH and Rituximab with
high dose-MTX therapy for newly diagnosed DLBCL with CD5 expression) study demon-
strated the efficacy of the DA-EPOCH-R with a high-dose methotrexate regimen for CD5+
DLBCL and for the first time demonstrated improved ORR between CD5+ and CD5- DL-
BCL (80.0% vs. 63.8% respectively) although further studies are identifying additional
regiments to treat these cancers [36].

Over the past decade, our understanding of TCL pathobiology has grown significantly
and while no universally accepted gold standard exists for the treatment of patients with
newly diagnosed or relapsed TCLs, the treatment paradigms for these cancers has drasti-
cally evolved in recent years. Therapies for TCL based on cytotoxic chemotherapy remain
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suboptimal, with 34% of patients experiencing primary refractory disease and the majority
of patients relapsing within three years of treatment [26,27]. Therefore, there has been a
push to develop novel therapies with several new treatments including immunotherapy.
Targets with clinically useful agents in TCL include CD52, CCR4, and CD25 [37–41]. En-
hancing our understanding of surface marker expression and their role in the pathobiology
therefore are essential.

The next frontier in immunotherapies in TCL is cellular therapy, specifically chimeric
antigen receptor T-cell (CART) therapy, which utilizes engineered T-cells to eliminate ma-
lignancies. The use of FDA-approved CD19-directed CART therapies has greatly improved
the survival and outcomes of advanced stage B cell malignancies. CD5 has been explored as
a CART therapy target for TCL in preclinical and clinical settings [42]. Therefore, this study
is highly relevant in establishing the frequency and role of CD5 in TCL [43]. Targeting
CD5 via CART is promising, as seen in the MAGENTA study and recent Phase I studies
of donor-derived CD5 CAR T-cells in patients with relapsed or refractory T-cell acute
lymphoblastic leukemia [44,45].

We were able to demonstrate that CD5 expression is dynamic during T-cell develop-
ment and expression-frequency-dependent on the putative cell of origin of the respective
T-cell malignancy. Given its high expression in TCLs, CD5 holds significant potential as a
therapeutic target, particularly in nodal mature T-cell lymphomas. CD5 has been shown to
be integral to the native antitumor response as a negative regulator of human dendritic
cells and tumor infiltrating lymphocytes [46]. A great deal of work has also gone into
the utilization of the anti-tumor effect of CD5-targeting fully human heavy-chain variable
(FHVH) domains, which bind directly to different epitopes of the CD5 antigen [47].

Additionally, several preclinical studies have shown that the genetic deletion of CD5
in CAR and TCR T-cells enhances expansion, persistence, and cytotoxicity in both solid
tumor and hematological malignancy models [48,49]. These results suggest that CD5 may
be a critical negative regulator of CAR T-cells that can be therapeutically targeted. In vivo,
deleting CD5 has led to increased expansion, persistence, and activity of CAR T-cells or NK
CAR cells [50]. Furthermore, the deletion of CD5 in this setting allows for a reduction in
fratricide in CART-cell manufacture, thereby making it an enticing treatment option for the
use of CD5+ TCLs.

5. Conclusions

In our study, over 75% of patients with TFH-TCL, PTCL-NOS, and ATLL were CD5+ at
the initial presentation, justifying that these CD5-directed adoptive cell therapies have the
potential to significantly improve the outcomes of TCL patients. This study also suggests
that CD5 may be a possible prognostic indicator for TCLs, which is relevant as to date,
few definitive biological biomarkers that reliably predict treatment outcome have been
identified in TCL.

Despite this, our study has several limitations. Firstly, the inherent nature of the rarity
and heterogeneity of TCL restricted our cohort size, posing challenges to studying its
prognostic and predictive potential for disease outcomes. Due to our small sample size,
we were unable to meaningfully stratify patients by potential co-founding factors such
as initial treatment, response to initial treatment, and cytogenetic and mutational status.
Moreover, as a retrospective study, no standardized follow-ups nor scanning frequency
was established, which may lead to inconsistency in data collection. We were also unable to
assess the strength of expression of CD5 and its implications on outcome, although CD5 is
usually strongly and uniformly expressed on malignant T-cells. Therefore, exploring its role
in a larger multi-institution dataset is being planned. Ultimately, a better understanding of
the biological roles of CD5 in various lineages of normal T-cells and subtypes of malignant
T-cells will also help to elucidate the clinical significance of CD5 expression and is highly
relevant, with CD5 as an attractive target for cellular therapies in TCL.
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