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Although co-inhibitory immune checkpoint proteins are primarily involved in promoting cell-cell interactions
that suppress adaptive immunity, especially tumor immunity, the soluble cell-free variants of these molecules are
also detectable in the circulation of cancer patients where they retain immunosuppressive activity. Nevertheless,
little is known about the systemic levels of these soluble co-inhibitory immune checkpoints in patients with
various subtypes of basal cell carcinoma (BCC), which is the most invasive and treatment-resistant type of this
most commonly-occurring malignancy. In the current study, we have measured the systemic concentrations of
five prominent co-inhibitory immune checkpoints, namely CTLA-4, LAG-3, PD-1/PD-L1 and TIM-3, as well as
those of C-reactive protein (CRP) and vitamin D (VD), in a cohort of patients (n = 40) with BCC, relative to those
of a group of control participants, using the combination of multiplex bead array, laser nephelometry and ELISA
technologies, respectively. The median systemic concentrations of CRP and VD were comparable between the
two groups; however, those of all five immune checkpoints were significantly elevated (P = 0.0184 - P = <
0.00001), with those of CTLA-4 and PD-1 being highly correlated (r = 0.87; P < 0.00001). This seemingly novel
finding not only identifies the existence of significant systemic immunosuppression in BCC, but also underscores
the therapeutic promise of immune checkpoint targeted therapy, as well as the potential of these proteins to serve
as prognostic/predictive biomarkers in BCC.
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Immunosuppression

Vitamin D

Introduction

Basal cell carcinoma (BCC) is the most common malignancy,
comprising about 75% of all cases of skin cancer, and the incidence is
rising [1,2]. The main risk factors include ultraviolet (UV) radiation
exposure, male sex, light skin type, advanced age, an individual or
family history of BCC, and long-term immunosuppression [2]. BCC
rarely metastasizes and the mortality rate is low; however, the disease is
associated with substantial morbidity. The majority of BCC patients can
be successfully treated with standard surgery or, in selected cases, with

topical treatment [3]. Locally advanced and metastasized BCCs are rare
and can be treated with radiation or systemic therapy. The hedgehog
intracellular signaling pathway regulates cell growth, and aberrant
activation of this pathway leads to BCC development [3]. The hedgehog
inhibitors vismodegib and sonidegib are currently approved for systemic
therapy of BCC in Europe [3-5]. Hedgehog-dependent tumors are
characterized by a highly immunosuppressive microenvironment asso-
ciated with increased infiltration of various types of suppressive immune
cells, such as M2-like tumor-associated macrophages (M2-TAMs),
myeloid-derived suppressor cells (MDSCs) and regulatory T (Treg) cells,

Abbreviations: BCC, Basal cell carcinoma; CRP, C-reactive protein; VD, Vitamin D.
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as well as the presence of cancer-associated fibroblasts (CAF) [6-14].

Checkpoint proteins are critical for maintaining self-tolerance and
modulating the immune responses of effector cells in normal tissues to
minimize tissue damage. These proteins also modulate the immune in-
filtrates in the tumor microenvironment (TME). Cancer cells exploit the
up-regulation or down-regulation of these proteins to evade the anti-
tumor immune response [15,16]. In this context, soluble forms of im-
mune checkpoint molecules (ICMs) have recently been identified and
can be measured in human plasma; however, their biological and clin-
ical significance remains essentially unknown [17,18]. In the case of
soluble co-inhibitory ICMs, however, it does appear that these proteins
not only retain their immunosuppressive activities, but may also counter
the therapeutic activity of monoclonal antibodies (mAbs) that target
negative  checkpoints, underscoring their unfavorable pre-
dictive/prognostic potential in certain types of cancer [17-21]. Never-
theless, other than the existence of several case reports focused on the
therapeutic activity of mAbs that target programmed cell death protein
1 (PD-1) and its ligand (PD-L1) in advanced and metastatic BCC
[22-24], relatively little is known about the presence and types of sys-
temic, soluble ICMs in this malignancy. Accordingly, the present study
aimed to measure the pre-treatment plasma levels of the prominent
soluble ICMs, PD-1, PDL-1, cytotoxic T-lymphocyte-associated protein
(CTLA-4), lymphocyte activation gene 3 (LAG-3) and T cell and
mucin-domain containing 3 (TIM-3) in newly diagnosed BCC patients
relative to those of healthy controls. Importantly, these biomarkers were
selected because they are five of the most prominent co-inhibitory im-
mune checkpoints that have been researched in the field of cancer
immunotherapy. These malignancies include non-small cell lung cancer,
melanoma, triple-negative breast cancer, hepatocellular carcinoma and
others [16,25]. In addition, measurement of plasma concentrations of
vitamin D (VD) and C-reactive protein (CRP) was also undertaken as a
strategy to detect possible immunosuppression resulting from depletion
of VD and systemic inflammation, respectively [26,27].

Patients

Ethics approval was granted by the Research Ethics Committee of the
Faculty of Health Sciences, University of Pretoria (Ethics Committee
Approval Number: 356/2020). Advance written informed consent was
obtained from all patients and control participants. The study popula-
tion consisted of a total of 40 South African patients (12F:28M; mean age
+ SD: 69.13 + 11.20 years) with BCC attending the Dermatology
Screening Clinic at Steve Biko Academic Hospital, Pretoria, South Af-
rica. Patients aged 18 years and older, with a histologically confirmed
diagnosis of BCC of varying subtypes were included. Those with known
active acute or chronic infections were excluded. Patients with a diag-
nosis of other malignant tumors, which could potentially elevate the
plasma levels of soluble ICMs, were also excluded. Patients were almost
exclusively of Caucasian ethnicity (n = 38; 11F:27M), as well as one
female and one male of African and Asian ethnicity, respectively. The
various histological diagnoses [28] and anatomical sites of the

Table 1
Numbers of patients with distinct clinical types of basal cell carcinoma (BCC).

Clinical subtype of BCC

Adenoid (n = 1)*

Basosquamous (n = 3)

Infiltrating (n = 22)

Infiltrating with squamous differentiation (n = 4)
Keratotic (n = 1)

Micronodular (n = 2)

Nodular (n = 5)

Pigmented (n = 1)

Superficial (n = 1)

" Numbers of patients are shown in parenthesis.
* African patient.
° Asian patient.
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malignancy are shown in Tables 1 and 2, respectively. The control group
consisted of 20 participants (5F:15M; mean age + SD: 49.95 + 14.59
years). The age difference between the patients and control participants
was significantly different (P = 0.00001), underscoring the difficulty in
recruiting healthy, older age-matched control subjects.

Methods

Venous blood was collected in ethylenediaminetetracetic acid
(EDTA) vacutainers and processed within 30 min to separate the plasma
component by centrifugation, which was then aliquoted and stored at
-70 °C. Plasma was used as the matrix for analysis of the co-inhibitory
immune checkpoint proteins, vitamin D (VD) and C-reactive protein
(CRP) as described below.

Measurement of the soluble co-inhibitory immune checkpoint proteins

A Human Immuno-Oncology Checkpoint Protein Panel [Milliplex®
MAP Kit (HCKP1-11 K), Merck, KGaA, Darmstadt, Germany] was used
to simultaneously determine the plasma concentrations of five soluble
co-inhibitory immune checkpoint proteins, CTLA-4, PD-1, PD-L1, LAG-3
and TIM-3 with lower detection limits of 12.2, 24.4, 4.88, 122 and 4.88
picograms per milliliter (pg/mL), respectively. The methodology was
followed as per the manufacturer’s instructions. Briefly, samples were
thawed at room temperature and mixed gently. Diluted plasma samples
(1:2) were added to the appropriately designated wells. The conjugated
beads [25 microliters (uL)] were added and the plate was sealed and
incubated, protected from light, for two hours at 22 °C with gentle
agitation on an orbital plate shaker (Stuart Scientific Orbital Shaker
S03, Wilford, Nottingham, UK).

Following the incubation period, the 96-well plate was washed three
times with 200 pL wash buffer using a Bio-Plex Pro Wash Station Mag-
netic Plate Washer (Bio-Rad Laboratories Inc., Hercules, CA, USA).
Thereafter, 25 pL of detection antibodies were added to each well. The
plate was then sealed and incubated with gentle agitation on a plate
shaker for 1 h at 22 °C. This was followed by the addition of 25 pL
streptavidin-phycoerythrin to each well. The plate was sealed and
incubated for a final period of 30 min as described above. The plate was
then washed a further three times with 200 pL wash buffer using a Bio-
Plex Pro Wash Station Magnetic Plate Washer. Sheath fluid (150 pL) was
added to all wells and the beads were resuspended on a plate shaker
(Thomas Scientific, Swedesboro, NJ, USA) for 2 min prior to being
assayed on a Bio-Plex Suspension Array platform (Bio-Rad Laboratories
Inc., Hercules, CA, USA). The Bio-Plex Manager software 6.0 was used
for bead acquisition and analysis of median fluorescence intensity. The
results are reported as pg/mL plasma.

Table 2
Numbers of patients with basal cell carcinomas at distinct anatomical sites.

Anatomical site

Cheek (n = 3)*
Chest (n = 2)
Ear(n=4)

Forearm (n = 4)

Forehead (n = 2)

Lower limb (n = 5)

Neck (n = 2)

Nose (n = 13)°

Shoulder (n = 1)

Temple (n = 2)

Upper anterior chest (n = 2)

" Numbers of patients are shown in parenthesis.
* African patient.
° Asian patient.
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Measurement of plasma vitamin D (VD)

A 25-0OH Vitamin D enzyme-linked immunosorbent assay (ELISA) kit
[EUROIMMUN Medizinische Labordiagnostika AG, Liibeck, Germany;
(EQ6411-9601)] was used to measure the plasma vitamin D levels for
both the participants and control samples. The lower detection limit of
the assay was 1.6 nanograms (ng)/mL. The methodology was followed
as outlined by the manufacturer. Briefly, samples were thawed at room
temperature (22 °C) and mixed gently prior to use (Genie 2 vortex,
Scientific Industries, New York, USA). The samples were diluted 26-fold,
and added to the appropriately designated wells of a 96-well microplate.
The plate was sealed and incubated on a plate shaker (Stuart Scientific
Orbital Shaker SO3) for 2 h at 22 °C. Following the incubation period,
the plate was washed three times with 200 mL wash buffer using an
automated plate washer (BioTek Instruments, Inc., Winooski, VT, USA).
Enzyme conjugate [100 (uL)] was then added to each well followed by
an additional incubation for 30 min at room temperature. The plate was
then washed a further three times, as described above, followed by the
addition of 100 pL of chromagen/substrate. The plate was sealed and
incubated for 15 min at room temperature protected from light. The
reaction was stopped by the addition of 100 uL stop solution and the
optical density determined immediately using a PowerWaveX plate
spectrophotometer (BioTek Instruments, Inc., Winooski. VT, USA) set at
a wavelength of 450 nanometers (nm) with the reference wavelength set
at 620 nm. The results are reported as ng/mL plasma.

Measurement of C-reactive protein (CRP)

Plasma concentrations of CRP were measured using high-sensitivity
laser nephelometry [Siemens Healthcare Diagnostics (10,446,091),
Atellica NEPH 630 Nephelometer, Newark, NJ, USA] according to the
manufacturer’s specifications. Briefly, plasma samples were diluted 1:20
and 150 pL aliquoted into the appropriate tubes and placed into the
instrument where they were mixed with polystyrene particles coated
with monoclonal antibodies reactive with human CRP. In the presence
of CRP, the particles aggregate and scatter a beam of light the magnitude
of which is directly proportional to the concentration of CRP in the
sample. Reference curves were generated by a multi-point calibration;
serial dilutions of N Rheumatology Standard SL were automatically
prepared by the nephelometer, using N diluent. The results are
expressed as micrograms (pug)/mL plasma with values of > 2.5 ug/mL
considered to be elevated.

Expression and statistical analysis of results

The primary hypothesis was that there was a significant difference in
the plasma levels of the soluble co-inhibitory immune checkpoints be-
tween BCC patients and healthy controls. Descriptive statistics were
used to tabulate patient characteristics. The Mann Whitney U-test was
used to compare levels of the various test biomarkers between BCC
patients and healthy controls. The area under the ROC curve (AUC) was
used as a measure of discriminatory ability of the biomarkers. The
Youden index, a summary measure of the ROC curve, was used as an
agnostic method for choosing an optimal cut-off value on the biomarker
value to illustrate potential clinical usefulness. A correlation matrix
report was used to identify correlations between variables (or subsets of
variables) within the subset, using Spearman P-values to define signifi-
cance. A P value of < 0.05 was considered statistically significant. NCSS
2021 software for Windows (USA) was used for statistical analyses.

Results
Soluble immune checkpoints

These results are shown in Table 3. The plasma concentrations of all
five soluble co-inhibitory checkpoint molecules were significantly
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Table 3
Comparison of the systemic concentrations of soluble CTLA-4, LAG-3, PD-1, PD-
L1 and TIM-3 in patients with basal cell carcinoma and control participants.

Soluble immune Patients with basal cell Control participants P<
checkpoints (pg/ carcinoma (n = 40) (n=20)
mL)
CTLA-4 749 (326-1924)* 148 (50.75-444) 0.0022
LAG-3 401,252 11,115 0.0184
(4467-843,050) (635.77-528,229)
PD-1 11,303 (3946-31,514) 2575 (500-9955) 0.0002
PD-L1 1422 (185-7243) 230 (21-1099) 0.00433
TIM-3 7978 (4956-10,105) 1129 (21-4842) 0.00001

" Results are expressed as the median values with 25%—75% interquartile
ranges in parenthesis.

elevated in the cohort of BCC patients relative to those of the group of
control participants (P < 0.0184 -P < 0.00001). The fold increases in the
median values were 5.67, 36.1, 4.38, 6.2 and 7.1 for CTLA-4, LAG-3, PD-
1, PD-L1 and TIM-3, respectively. The corresponding mean fold in-
creases for these five co-inhibitory ICMs were 3.26, 2.09, 3.34, 3.15 and
3.36. Most notable were the differences in the median plasma levels of
TIM-3 in BCC patients (7978 pg/mL) compared to healthy controls 1129
pg/mL; P < 0.00001) and those of PD-1 (11,303 pg/mL compared to
2575 pg/mL; P < 0.0002).

ROCs/heat maps/correlations

The ROC curve for TIM-3 is shown in Fig. 1, while the ROC-derived
data for all five soluble ICMs is summarized in Table 4, which shows that
all five biomarkers have predictive ability to discriminate BCC patients
from healthy controls. The cut-off point for TIM-3 was calculated at
6377 pg/mL (sensitivity 70%, specificity 90%) and the area under the
curve at 85% (95% CI 72-92; P < 0.00001), suggesting that TIM-3 is an
effective measure of prediction. Additionally, the results for LAG-3 (AUC
-72%, P < 0.0004), PD-1 (AUC - 75%, P < 0.0001), CTLA-4 (AUC - 76%,
P < 0.0001) and PD-L1 (AUC - 68%, P < 0.0052) indicated that these
molecules can be considered for meaningful clinical interpretation
regarding prognostic/predictive biomarkers and possible use for tar-
geted therapy. The heat map shown in Fig. 2 reveals strong positive
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Fig. 1. ROC curve of TIM-3.
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Table 4
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ROC curve cut-off values (using Youden Index) and AUC (95% CI) for immune checkpoint molecules.

Soluble immune checkpoints (pg/mL) AUC (CI 95%)

CTLA-4 0.757 (0.597-0.859) 324
LAG-3 0.724 (0.565-0.831) 345,396
PD-1 0.753 (0.594-0.855) 4915
PD-L1 0.681 (0.517-0.797) 498
TIM-3 0.848 (0.721-0.919) 6377

Cut-off point (pg/mL)

Sensitivity (TPR)
75%
70%
73%
73%
70%

Specificity (TNR) P<
70% 0.0001
70% 0.0004
65% 0.0001
65% 0.0052
90% 0.00001

Heat Map of the Spearman Correlation Matrix
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Fig. 2. Heatmap of the Spearman correlation matrix.

particularly CTLA-4 with PD-1, CTLA-4 with LAG-3 and PD-1 with LAG-
3. These associations are summarized in Table 5.

A heatmap of the plasma levels of the soluble co-inhibitory ICMs of
the BCC patients is shown in Fig. 2 and a summary of the correlation
coefficients in Table 5. These revealed a high correlation of CTLA-4 with
PD-1 (P < 0.00001), as well as CTLA-4 with LAG-3 (P < 0.00001).
Correlations between PD-L1 with LAG-3 (P < 0.003) and PD-1 with LAG-

Table 5
Matrix correlations of soluble co-inhibitory immune checkpoints.
CTLA-  LAG-3 PD-1 PD-L1 TIM-3
4
CTLA- - 0.73 "% 0.85* 0.27 (0.12) 0.13
4 (0.00001) (0.00001) (0.47)
LAG-3 - 0.60* 0.50* 0.22
(0.0003) (0.003) (0.22)
PD-1 - 0.47* 0.13
(0.006) (0.47)
PD-L1 - 0.17
(0.36)
TIM-3 -

* The paired values represent the correlation coefficients uppermost with the
corresponding P value in parenthesis.
" Denotes statistical significance.

3 (P < 0.003) were also significant.

Vitamin D (VD)

The median concentrations (with interquartile ranges) of plasma VD
for the cohort of patients with BCC and the group of control participants
were 28.02 (23.29-29.47) ng/mL and 26.0 (21.72-30.51) ng/mlL,
respectively (not significantly different).

C-reactive protein (CRP)

The median concentrations of plasma CRP, although higher in the
group of patients with BCC, were also not significantly different from
those of the control participants, the values being 2.47 (1.26-5.90) pg/
mL and 1.45 (0.41-3.29) pg/mL, respectively.

Discussion

The present study has shown a statistically significant increase in the
concentrations of soluble CTLA-4, PD-1, PD-L1, TIM-3 and LAG-3 in the
plasma of patients with BCC compared to healthy controls. Additionally,
positive correlations were detected between the various soluble co-
inhibitory immune checkpoints in the group of BCC patients. The col-
lective increase in the systemic levels of the five prominent co-inhibitory
soluble ICMs in patients with BCC described in the current study is
seemingly indicative of the existence of extensive immunosuppression
[17] that is likely to contribute to tumor persistence and invasion, as
well as increasing the risk of development of other cancers [29]. Other
potentially pro-tumorigenic, immunosuppressive mechanisms such as
decreased plasma levels of VD or chronic or sub-clinical inflammation
do not appear to be of major pathogenetic significance in the setting of
advanced BCC, but, in the case of the latter, may be eclipsed by the
predominant, cumulative impact of the co-inhibitory soluble ICMs.

Although the anatomical and cellular origins of the various co-
inhibitory checkpoints may be diverse, diffusion from the TME ap-
pears to represent the most plausible cause [17,18,21]. In this setting,
co-inhibitory soluble ICMs are derived from tumor cells per se, as well as
from various types of immune suppressor cells. In this context, the five
co-inhibitory ICMs investigated in the current study primarily target the
anti-tumor activity of cytotoxic tumor-infiltrating lymphocytes (TILs),
both directly and indirectly. In the case of CTLA-4, this ICM, which is
constitutively expressed by Tregs, attenuates the activation of
antigen-presenting dendritic cells (DCs) and macrophages via interac-
tion with the co-stimulatory molecules CD80 and CD86, as well as by
several other mechanisms that are dependent on the Treg subtype [30,
31]. These include induction of suppressive M2-like TAMs and MDSCs
[30,31]. In contrast to CTLA-4, PD-1 has a broader cellular distribution
and is expressed not only by activated T cells, but also by B cells and cells
of the myeloid lineage [32]. Interaction of PD-1 expressed by activated
anti-tumor CD4"and CD8'TILs with PD-L1 expressed by tumor cells,
antigen-presenting cells and structural cells such as cancer-associated
fibroblasts in the TME, attenuates the effector phase of T cell activa-
tion, resulting in failure of cellular proliferation, impaired production of
immunostimulatory cytokines and induction of apoptosis [32].

With respect to LAG-3 and TIM-3, the former is expressed by T cells,
including Tregs, as well as by B cells, natural killer (NK) cells and
plasmacytoid DCs [33]. LAG-3 interacts with several types of ligand,
including MHC class II and galectin-3. Via their interactions with MHC II
expressed by T cells, tumor-infiltrating, LAG-3-expressing, tolerogenic
plasmacytoid DCs not only inhibit T cell proliferation, but also promote
differentiation of these cells towards a Treg phenotype;
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LAG-3-expressing Tregs, in turn, interact with non-tolerogenic MHC
II*DCs, suppressing their maturation and immunostimulatory activities
[33]. Like LAG-3, TIM-3 is expressed by activated CD4 and CD8™T cells
and also interacts with several different ligands including galectin —9,
which is expressed on tumor cells and Tregs [34,35]. Engagement of
TIM-3 expressed on activated T cells results primarily in attenuation of
production of interferon-y, a key anti-tumor cytokine [34,35].

With respect to management of BCC, current treatments include
surgery, local treatment with topical creams, radiation therapy, and
targeted therapies with hedgehog inhibitors [36]. Although most cases
of BCC can be effectively managed with standard surgery, topical
treatment of selected patients with imiquimod and fluorouracil creams
has been approved by the US Food and Drug Administration (FDA) to
treat superficial BCCs [2,37]. However, locally advanced and metasta-
sized BCC must be treated with radiation or systemic therapy. Radiation
is also an option for older patients in whom surgery is contraindicated,
while the hedgehog inhibitors, vismodegib and sonidegib, are currently
approved for systemic treatment of BCC in Europe [37].

In the case of immunotherapy, Lipson et al. have shown that most
patients with BCC have a high level of expression of PD-L1 in either
tumor cells or the TME [22]. Their study, which involved analysis of 40
BCC biopsy specimens, demonstrated that PD-L1 was expressed on
tumor cells in 9/40 (22%) specimens, while expression of this check-
point was detected on TILs and associated macrophages in 33/40 (82%)
of specimens [22]. This study provided a rationale for testing cemipli-
mab, a PD-1 inhibitor, in patients with advanced, refractory BCC. In a
phase 2 study, this immunotherapeutic agent demonstrated favorable
activity in patients with metastatic BCC, as well as in those with locally
advanced BCC who had progressed on, or who were intolerant to, pre-
vious hedgehog inhibitor therapy as second-line therapy. Objective re-
sponses were observed in 26 (31%; 95% CI 21-42) of 84 patients.
However, no biomarker analysis for the prediction of response to
cemiplimab was included in the study [38]. In February 2021, based on
the results of this phase 2 study, the US Food and Drug Administration
granted regular approval to cemiplimab-rwlc for the treatment of pa-
tients with locally advanced BCC previously treated with a hedgehog
pathway inhibitor, or for whom treatment with hedgehog inhibitors is
not appropriate [39]. This treatment was also approved in Europe in
June 2021 [40].

Future studies should assess the role of anti-PD-1-targeted mAbs in
combination with hedgehog inhibitors, or in combination with mAbs
that target other co-inhibitory ICMs such as CTLA-4 or LAG-3 or TIM-3
that may enable effective co-blockade. In this context, and as alluded to
in the current study, co-targeting of PD-1 and TIM-3 appears to be a
particularly promising strategy. This contention is based on the
following: (i) the presence of both PD-1 and TIM-3 on dysfunctional anti-
tumor CD4™" and CD8™ T cells; (ii) the efficacy of dual PD-1/TIM-3-
targeted immunotherapy relative to that of PD-1 alone in preclinical
models of experimental tumorigenesis; (iii) ongoing clinical trials,
which are focused on both safety and efficacy of PD-1/TIM-3 co-
blockade in various types of malignancy including, but not limited to,
hepatocellular carcinoma, non-small lung cancer, melanoma and squa-
mous cell carcinoma; and iv) the development of adaptive resistance to
PD-1-targeted anti-cancer immunotherapy due to upregulated expres-
sion of TIM-3 [35,41-44].

In the context of LAG-3, a recent study in patients with metastatic
malignant melanoma, which was focused on dual monoclonal antibody-
mediated immunotherapy targeting PD-1 and LAG-3 with nivolumab
and relatlimab, respectively, is noteworthy [45]. Patients recruited to
this trial, known as the Phase II/IIl RELATIVITY-047 trial, were ran-
domized to a fixed dose combination of nivolumab and relatlimab at 160
and 480 mg (mg), respectively, or nivolumab alone every four weeks.
Treatment was administered until disease progression or development of
unacceptable toxicity. Median progression-free survival (PFS) was 10.1
months [95% confidence interval (CI) = 6.4-15.7 months] in the nivo-
lumab/relatlimab group compared with 4.6 months (95% CI, 3.4-5.6
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months) in the nivolumab only group [hazard ratio (HR) for progression
to death = 0.75, 95% CI = 0.62-0.92, P = 0.006]. The respective PFS
rates at 12 months were 47.7% (95% CI = 41.8%—53.2%) vs 36.0%
(95% CI = 30.5—41.6%). No new safety signals were detected using the
combination of nivolumab and relatlimab. The RELATIVITY-047 TRIAL
supports the rationale of dual blockade of the PD-1 LAG-3 pathways that
contribute to T cell exhaustion in cancer [45]. Given the finding of high
levels of soluble PD-1/PD-L1 and LAG-3 detected in BCC patients in the
current study, a similar rationale for the dual targeting PD-1 and LAG-3
may be of therapeutic benefit in this condition.

Conclusions

High concentrations of co-inhibitory ICMs were detected in patients
with BCC, seemingly indicative of significant pro-tumorigenic immu-
nosuppression. The role of soluble negative immune checkpoint mole-
cules should therefore be investigated as possible predictors of response
to treatment and as prognostic biomarkers in patients with BCC. The
therapeutic potential of dual targeting of PD-1 and TIM-3 or LAG-3 in
this condition, as well as treatment with checkpoint inhibitors early in
the course of disease, is warranted.
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