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Abstract

Objectives: Lymphocyte-activation gene 3 (LAG-3) represents a potential immune checkpoint target for cancer
treatment. We investigated LAG-3 expression and its prognostic value in patients with surgically treated clear cell renal cell
carcinoma (RCC) and correlated LAG-3 expression with programmed cell death ligand |(PD-LI).

Methods: We evaluated LAG-3 and PD-LI expression using immunohistochemistry on tissue microarrays incorporating
134 primary excision specimens of clear cell RCC (ccRCC). The patients were analyzed as two groups: the whole cohort
and those with metastatic RCC (mRCC). The cancer genome atlas (TCGA) data analysis of LAG-3 was done through
UALCAN web servers.

Results: Using the UALCAN cancer transcriptional data analysis, we found that LAG-3 was overexpressed in ccRCC.
LAG-3 expression was significantly correlated with PD-L| expression in the whole cohort and in the mRCC group (all, p <
0.05). Both LAG-3* RCC and PD-L|* RCC presented with a higher TNM stage and higher Fuhrman nuclear grade (all, p <
0.05). PD-L1*/LAG-3* RCC and PD-L|/LAG-3* RCC showed poorer cancer-specific survival (CSS) than PD-LI7/LAG-3~
RCC (all, p = 0.01). Similarly, PD-L1*/LAG-3* mRCC and PD-L|"/LAG-3* mRCC showed poorer CSS than PD-L17/LAG-3~
mRCC (all, p < 0.05). Multivariate analysis showed that PD-L1*/LAG-3* mRCC (hazard ratio: 3.19; 95% CI: 0.77-13.67; p =
0.033) was a predictor of poor CSS.

Conclusion: Both LAG-3* and PD-LI* RCC have adverse pathological features, and their coexpression predicts worse
clinical outcomes. Our findings suggest LAG-3 blockade in combination with programmed cell death 1/PD-L| blockade as a
potential therapeutic approach for RCC.

Keywords
lymphocyte-activation gene 3, renal cell carcinoma, immunotherapy, immune checkpoints, tumor microenvironment

Date received: 6 April 2022; accepted: 24 August 2022

'Department of Urology, Busan Paik Hospital, Inje University College of Medicine, Busan, Republic of Korea

2Department of Pathology, Busan Paik Hospital, Inje University College of Medicine, Busan, Republic of Korea

3Department of Obstetrics and Gynecology, Busan Paik Hospital, Inje University College of Medicine, Busan, Republic of Korea
*Department of Microbiology and Immunology, Innovative Therapeutics Research Institute, Inje University College of Medicine, Busan, Korea

Corresponding author:
Soo Jin Jung, Department of Pathology, Busan Paik Hospital, Inje University College of Medicine, 75Bokji-ro, Busanjin-gu, Busan 47392, Republic of Korea.
Email: soojinmd@hanmail.net

® @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
BY NC
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the
SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).



https://uk.sagepub.com/en-gb/journals-permissions
https://doi.org/10.1177/03946320221125588
https://journals.sagepub.com/home/iji
https://orcid.org/0000-0002-7750-6806
mailto:soojinmd@hanmail.net
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage

International Journal of Immunopathology and Pharmacology

Introduction

Renal cell carcinoma (RCC) comprises approximately
90% of kidney cancer cases, of which 70% are clear cell
RCC (ccRCC)." Although the surgical resection of early-
stage RCC has a good prognosis, the 5-year survival
rates for relapsed or metastatic RCC (mRCC) have
traditionally been quite low (0%-20%).>* In systemic
treatment for mRCC, systemic cytokine therapy, fol-
lowed by targeted therapies, including tyrosine kinase
inhibitors (TKIs) and inhibitors of mammalian target of
rapamycin (mTOR), have been reported to prolong
survival. However, approximately 20%—25% of patients
derive no benefit from first-line targeted therapy or
become treatment-resistant.*> Fortunately, the intro-
duction of immune checkpoint inhibitors (ICIs) has
revolutionized the treatment paradigm for mRCC. Im-
mune checkpoint inhibitors targeting cytotoxic T-lym-
phocyte-associated protein 4, programmed cell death 1
(PD-1) receptor, or PD-1 ligand (PD-L1) have shown
clinical efficacy in mRCC treatment.®” Despite im-
proved survival and treatment efficacy using ICIs, the
treatment efficacy of the checkpoint blockade in mRCC
remains limited to a specific subpopulation of patients.®
Thus, efforts are being made to find alternative pathways
and auxiliary targets to overcome the limited efficacy of
ICI treatment and treatment resistance.
Lymphocyte-activation gene 3 (LAG-3), also known as
CD233, is an example of a new immune checkpoint target.
This inhibitory receptor is mainly found on activated
immune cells (ICs) and is involved in negative regulatory
effects on T-cells and their biological functions related to
immune and inflammatory responses.’'’ Based on the
coexpression of LAG-3 with other inhibitory receptors,
recent preclinical and clinical evidence has revealed PD-1
pathway blockade in combination with LAG-3 inhibition
as a potentially effective immunotherapy strategy.'’
However, the expression of LAG-3 and its coexpression
with PD-L1 in primary RCC tissue has not been fully
investigated. Additionally, the prognostic role of LAG-3
expression in RCC and the synergistic effect on prognosis
upon coexpression with PD-L1 remains unclear. Therefore,
we investigated the clinicopathological and prognostic
significance of the coexpression of LAG-3 and PD-L1 in
primary ccRCC tumors. In addition, the association of
LAG-3 mRNA expression with immune cells was analyzed
using The Cancer Genome Atlas (TCGA) ccRCC database.

Methods

Patients

This study was retrospective in nature. The inclusion
criteria for patient enrollment are as follows: We

obtained samples from 134 patients diagnosed with
ccRCC by clinical, radiological, and histopathological
assessment. All patients underwent radical or partial
nephrectomy at Inje University Busan Paik Hospital,
South Korea, between January 2011 and January 2019.
They had no other history of other malignancies and did
not undergo radiotherapy or chemotherapy before sur-
gical treatment. The exclusion criteria were (1) subjects
with rheumatic immune disease, (2) other types of tu-
mors, and (3) incomplete information. All pathological
tissue specimens were provided by Inje Biobank. The
study protocol conformed to the ethical guidelines of the
1975 Declaration of Helsinki, as reflected in a prior
approval by the Institutional Review Board of Inje
University Pusan Paik Hospital (approval no. 20-0121).
Data on the histopathological features, such as histological
subtype, tumor size, lymphovascular invasion, sarcomatoid
features, Fuhrman nuclear grade, and distant metastases at
surgery, were collected. The pathological stage was deter-
mined according to the 2010 version of the American Joint
Committee on Cancer TNM staging system and the Hei-
delberg classification of renal tumors. The follow-up du-
ration was calculated from the date of surgery to the date of
the last follow-up or death. The study patients were analyzed
as two groups, namely, the whole cohort and those with
mRCC (determined according to the metastatic disease and
systemic treatment status during follow-up). Clinical infor-
mation regarding demographic characteristics, International
Metastatic Renal Cell Carcinoma Database Consortium
(IMDC) risk classification, and follow-up data were
extracted from the patients’ electronic medical records.

Confirmation of LAG-3 expression and association
with immune cells in clear cell RCC

UALCAN (http://ualcan.path.uab.edu/), an interactive
website for analyzing cancer transcriptome data (TCGA -
KIRC), was used to determine the effects of PD-L1 and
LAG-3 in ccRCC patients.'? We used cancer transcriptome
data to evaluate stage-dependent changes in expression and
survival of both genes in ccRCC patients and data from the
Clinical Proteomic Tumor Analysis Consortium (CPTAC)
to assess the effect on PD-L1 expression in protein ex-
pression analysis. Timer analysis was used to investigate
the correlation between infiltration of various immune cells
and prognosis of the ccRCC patients according to the status
of expression of LAG-3 within the tumor."?

Tissue microarrays (TMAs)
and immunohistochemistry

Six TMA blocks comprising a total of 402 cores with 2-mm
diameter were constructed using custom-made precision
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Figure |. Expression of LAG-3 and PD-LI in ccRCC patients using UALCAN. mRNA levels of LAG-3, (a) and PD-LI, (d) in ccRCC
tissues and adjacent normal renal tissues. LAG-3 (b) and PD-LI, (€) mRNA expression in normal tissues and ccRCC tissues according
to tumor stage. Kaplan-Meier survival curves of patients with ccRCC according to LAG-3, (c) or PD-LI, (f) mMRNA expression. PD-LI
protein expression in ccRCC tissues and normal renal tissues (g), and PD-L| protein expression in normal tissues and ccRCC tissues
differing in tumor stage, (h) Data are mean + SE **p < 0.001, **p < 0.01, *p < 0.05 from respective expression of normal tissue. TPM:

Transcript per million.

instrument (Beecher Instruments, Silver Spring, MD).
Triplicate from 3 different regions including invasive
margin and tumor center containing viable and represen-
tative tumor cells (TCs) and stroma with tumor-infiltrating
ICs after review of whole tissue section slide in each
formalin-fixed paraffin-embedded (FFPE) primary RCC
tissue blocks of 134 patients was made. LAG-3 and PD-L1
expression were analyzed in 4-um-thickness serial sections
from each TMA block by immunohistochemistry (IHC).
Normal human FFPE tonsil sections treated with and
without these primary antibodies were used as positive and
negative controls, respectively. Antigen retrieval was
performed at 120°C for 10 min in citrate buffer, pH 6.0,
using a pressure cooker. IHC staining was performed on a
BenchMark ULTRA automated platform (Ventana), ac-
cording to the manufacturer’s protocol. The following
primary antibodies were used and incubated for 2 h at room
temperature: anti-LAG-3 mAb (1:200; clone D2G40, Cell
Signaling Technology, MA, USA), PD-L1 (1:100; clone
SP263, Ventana Medical Systems, Inc., AZ, USA). After
conjugation with an antibody-bound enzyme, the detection
was carried out using a Dako REAL EnVision Detection
System (LAG3, K5007; Agilent Technologies, CA, USA)
and OptiView DAB THC Detection Kit (PDL1, Ventana
Medical Systems, Tucson, AZ).

LAG-3 and PD-L| scoring

Tissue microarrays and individual slides were visually
scored by an experienced pathologist blinded to clinical
information. LAG-3 and PD-L1 scoring of ICs is a
controversial matter in the current literature; in our study,
we used the method of Burugu et al. and Motzer et al.'*!?
LAG-3 scores were reported as absolute counts, and any
positive expression on ICs (>1 IC per TMA core) was
used for dichotomization into positive and negative cases.
IC expression of PD-L1 was assessed as the percentage of
ICs with membranous or cytoplasmic expression; any
cores with >1% of PD-L1" ICs were considered positive.
All IC types, including macrophages and lymphocytes,
were counted together to calculate the LAG-3 and PD-L1
scores. PD-L1 expression in TCs was assessed as the
percentage of carcinoma cells with membranous ex-
pression at any intensity. Any expression of >1% in a
TMA core that included at least 100 evaluable TCs was
considered positive.” For the final statistical analysis, PD-
L1" cells were defined as any positive PD-L1 staining on
ICs or TCs. The three tumor TMA cores for each case
were independently scored, and if any of the three cores
were positive, that case was considered positive in the
statistical analysis.
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Figure 1. Continued.

Statistical analysis

Continuous variables were presented as means (standard
deviation) or medians (interquartile ranges, IQRs). Cate-
gorical variables were presented as frequencies with per-
centages. Differences in the distribution of variables among
groups were evaluated using the chi-square test, Fisher
exact test, and linear-by-linear association for categorical
variables. The Student t-test was used for continuous
variables. Cancer specific survival according to the ex-
pression status of immune markers was estimated using the
Kaplan—Meier method and compared using the log-rank
test. Univariate and multivariate Cox proportional-hazard
models adjusted by LAG-3 and PD-L1 expression status
were utilized to identify any clinicopathological factors that
might have affected CSS. The risk was expressed as the
hazard ratio (HR), and the 95% confidence interval (CI)
was determined using the reference groups. Statistical
analysis was performed with SPSS v25.0 (IBM Corp.,
Armonk, NY, USA) and MedCalc v20.0 (MedCalc Soft-
ware, Ostend, Belgium). In all tests, a two-sided p-value <
0.05 was considered statistically significant.

Results
LAG-3 and PD-LI expression in TCGA data

The cancer genome atlas data were analyzed using
UALCAN to predict the effect of the mRNA expression of
LAG-3 and PD-L1 on the cancer progression of ccRCC
patients. The mRNA expression of LAG-3 was signifi-
cantly increased in cancer tissues of ccRCC compared to
normal tissues (Figure 1(a)), and the expression was in-
creased according to the stage of cancer patients
(Figure 1(b)). The survival rate of high LAG-3 mRNA
expression group was lower than that of the medium/low
LAG-3 mRNA expression group (p = 0.049). This indi-
cates that higher degree of the expression of LAG-3 in
ccRCC patients could potentially cause poorer prognosis

(Figure 1(c)). The mRNA expression of PD-L1 was also
increased in cancer tissues of ccRCC compared to normal
tissues (Figure 1(d)). The patients with high PD-L1 mRNA
expression showed better survival rate than patients with
medium and low PD-L1 mRNA expression (Figure 1(f)).
However, unlike the analysis using PD-L1 mRNA ex-
pression, the protein expression of PD-L1 in ccRCC was
increased in the tissues of cancer by stage compared to
normal tissues (Figure 1(e) and (h)).

Patient characteristics

The study cohort comprised 134 patients who underwent
surgical resection of primary ccRCC. The patients’
demographic data and clinicopathological features are
summarized in Table 1. The median age of the whole
cohort at the time of surgery was 61 years (IQR, 34-82),
and the 134 patients included 94 men (70.1%). Among
the 134 cases, 25 (18.7%) presented with synchronous
metastasis, and 26 (19.4%) experienced disease recur-
rence during the follow-up period. Of the 51 patients
with metastatic disease, 45 were treated with targeted
therapy, including TKIs and mTOR inhibitors. Six pa-
tients were excluded as they refused systemic treatments.
According to the IMDC risk classification, 20 (44.4%) of
these patients were classed as favorable risk, 10 (22.2%)
as intermediate risk, and 15 (33.3%) as poor risk. During
a mean follow-up period of 89.6 months (95% CI: 80.0—
99.3 months; median survival, not reached), 32 of the
134 (23.9%) patients died after surgery for ccRCC. In the
case of mRCC, 28 patients (62.2%) died after diagnosis
of metastatic disease, with a median follow-up of
18.0 months (95% CI: 11.0-43.0).

LAG-3 and PD-L| expression

Immunohistochemistry detected the expression of LAG-3
protein in the nucleus and cytoplasm of ICs, but LAG-3
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Table I. Clinicopathologic characteristics for renal cell carcinoma patients.

Whole cohort

Metastatic RCC

Characteristic N =134 N =45
Age at surgery, years (median, IQR) 61 (34-82) 63 (40-81)
Gender, n (%)

Male 94 (70.1) 32 (71.1)

Female 40 (29.9) 13 (28.9)
Tumor size, cm (median, IQR) 55 (1.2-13) 6.5 (1.2-9.2)
T stage, n (%)

pTI 78 (58.2) 12 (26.7)

pT2 19 (14.2) 9 (20.0)

pT3 33 (24.6) 21 (46.7)

pT4 4 (3.0 3 (6.7)
N stage, n (%)

cNO 122 (91.0) 35 (77.8)

cNI 12 (9.0) 10 (22.2)
M stage, n (%)

cMo 109 (81.3) 22 (48.9)

cMl 25 (18.7) 23 (51.2)
Stage, n (%)

Stage | 72 (53.7) 6 (13.3)

Stage |l 15 (11.2) 5(11.1)

Stage IlI 22 (16.4) Il (24.4)

Stage IV 25 (18.7) 23 (51.1)
Fuhrman nuclear grade, n (%)

GI-G2 65 (48.5) 10 (22.2)

G3 51 (38.1) 20 (44.4)

G4 18 (13.4) 15 (33.3)
Lymphovascular invasion, n (%)

No 118 (88.1) 34 (75.6)

Yes 16 (11.9) Il (24.4)
Sarcomatoid features, n (%)

No 126 (94.0) 39 (86.7)

Yes 8 (6.0) 6 (13.3)
Tumor necrosis, n (%)

No 103 (76.9) 24 (53.3)

Yes 31 (23.1) 2| (46.7)
IMDC risk classification

Favorable - 20 (44.4)

Intermediate - 10 (22.2)

Poor - 15 (33.3)

protein was not detected on TCs. In the whole cohort of 134
ccRCC patients, LAG-3 was positive in 68 (50.7%) cases.
The expression of PD-L1 on ICs was positive in 45 (33.6%)
cases, whereas 34 (25.4%) expressed PD-L1 on TCs. Taken
together, PD-L1* RCC was observed in 59 (44.0%) ccRCC
patients. LAG-3 was positive in 31 (68.9%) mRCC patients.
PD-L1 * ICs and TCs were observed in 20 (44.4%) and 17
(37.8%) mRCC patients, of which 25 (55.6%) were PD-L1*

mRCC. LAG-3 expression was significantly correlated with
PD-L1 expression in the whole cohort and with mRCC. In
summary, in the whole cohort, 64.7% of the cases with
LAG-3* RCC were PD-L1*, whereas 77.3% of the cases
with LAG-3~ RCC were PD-L1~ (p < 0.001). Similarly, in
mRCC, 67.7% of the cases with LAG-3* mRCC were PD-
L1*, whereas 71.4% of the cases with LAG-3" mRCC were
PD-L1" (p = 0.016) (Table 2) (Figure 2).
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Table 2. Expression of LAG-3 and PD-LI in clear cell renal cell carcinoma.

LAG-3 in whole cohort

LAG-3 in metastatic RCC

Characteristics Total Positive Negative p value Total Positive Negative p value
PD-LI in ICs, n (%)
Positive 45 (33.6) 34 (50.0) I (16.7) <0.001 20 (44.4) 16 (51.6) 4 (28.6) 0.154
Negative 89 (66.4) 34 (50.0) 55 (83.3) 25 (55.6) 15 (48.4) 10 (71.4)
PD-LI in TCs, n (%)
Positive 34 (25.4) 25 (36.8) 9 (13.6) 0.002 17 (37.8) 15 (48.4) 2 (14.3) 0.030
Negative 100 (74.6) 43 (63.2) 57 (86.4) 28 (62.2) 16 (51.6) 12 (85.7)
PD-LI in overall, n (%)
Positive 59 (44.0) 44 (64.7) 15 (22.7) <0.001 25 (55.6) 21 (67.7) 4 (28.6) 0.016
Negative 75 (56.0) 24 (35.3) 51 (77.3) 20 (44.4) 10 (32.3) 10 (71.4)

Clinicopathological significance of LAG-3 and
PD-LI expression

Both LAG-3* RCC and PD-L1* RCC presented with higher
TNM stage and higher Fuhrman nuclear grade (all, p <
0.05) (Figure 3). PD-L1* RCC presented with more tumor
necrosis (p = 0.028) (Table 3). Both LAG-3* mRCC and
PD-L1* mRCC presented with more IMDC intermediate
and poor risk patients than LAG-3- mRCC and PD-L1-
mRCC (all, p < 0.05). Only PD-L1* mRCC showed higher
TNM stage, higher Fuhrman nuclear grade, more sarco-
matoid features, and more tumor necrosis (all, p < 0.05).

Relationship of cancer specific survival with LAG-3
and PD-L| expressions

Patients with LAG-3* RCC had significantly poorer CSS
than patients with LAG-3- RCC. The mean CSS was
60.4 months (95% CI: 50.9-69.9) in LAG-3* RCC and
101.4 months (95% CI: 89.1-113.6) in LAG-3" RCC (HR:
3.11; 95% CI: 1.53-6.30; p = 0.0016) (Figure 4(a)).
Similarly, patients with PD-L1* RCC showed significantly
poorer CSS than patients with PD-L1- RCC (mean,
63.7 months [95% CI: 53.6-73.7] vs. mean, 96.3 months
[95% CI: 84.8-107.8]; HR: 2.31; 95% CI: 1.11-4.77; p =
0.0236) (Figure 4(b)). The differences between the four
subgroups classified according to LAG-3 and PD-L1 ex-
pression were not statistically significant, but PD-L1*/
LAG-3* RCC showed poorer CSS than PD-L17/LAG-3-
RCC (mean, 62.7 months [95% CI: 50.9-74.5] vs. mean,
105.4 months [95% CI: 92.5-118.4]; HR: 4.62; 95% CI:
1.80-11.87; p = 0.0014). Additionally, PD-L1/LAG-3*
RCC showed poorer CSS than PD-L17/LAG-3- RCC
(mean, 60.5 months [95% CI: 46.7-74.3] vs. mean,
105.4 months [95% CI: 92.5-118.4]; HR: 6.26; 95% CI:
1.93-20.26; p = 0.0022) (Figure 4(c)).

Similar results were also observed in mRCC. The
median CSS was 13.0 months (95% CI: 6.0-36.0) in LAG-

3* mRCC and 43.0 months (95% CI: 9.0-43.0) in LAG-3-
mRCC (HR: 2.30; 95% CI: 1.05-5.06; p = 0.0369)
(Figure 4(d)). The median CSS was 22.5 months (95% CI:
13.0-31.9) in PD-L1* mRCC and 11.0 months (95% CI:
5.0-45.0) in PD-L1- mRCC (HR: 2.09; 95% CI: 0.95-4.59;
p =0.0639) (Figure 4(e)). PD-L1*/LAG-3* mRCC showed
poorer CSS than PD-L17/LAG-3- mRCC (median,
11.0 months [95% CI: 5.00—45.0] vs. not reached; HR:
2.91; 95% CI: 1.05-8.04; p = 0.0389). PD-L1/LAG-3"*
mRCC also showed poorer CSS than PD-L17/LAG-3-
mRCC (median, 30.0 months [95% CI: 4.00—37.0] vs. not
reached; HR: 4.74; 95% CI: 1.35-16.61; p = 0.0149)
(Figure 4(f)).

In the univariate analysis, LAG-3*, PD-L1*, and PD-
L1*/LAG-3* (all, p < 0.05) were significant unfavorable
prognostic factors in the whole cohort and in the mRCC
group (Table 4 and Supplemental Table 1). Multivariate
analysis revealed only PD-L1*/LAG-3* mRCC (HR: 3.19;
95% CI: 0.77-13.67; p = 0.033) as a predictor of poor CSS
(Table 4).

Discussion

Recently, several immune checkpoints on tumor-
infiltrating ICs, which are key regulators of the immune
escape of cancer cells, were studied and clinically applied
to the treatment of various solid tumors. In primary ccRCC,
PD-1, or PD-L1 inhibitors, which are hallmark immuno-
logical treatments, have offered a survival benefit in this
decade.'® However, even after such immunotherapy, a
significant number of patients still show refractory disease
or acquire resistance.® Therefore, demands for new ther-
apeutic targets have emerged, of which is LAG-3 is at-
tracting attention.

LAG-3 is mainly expressed in activated in activated
CD4* and CD8* T cells, TCR-Natural Killer T Cells (NKT),
and Regulatory Tcells (Treg).'” Furthermore, coexpression
of LAG-3 and PD-1 has been reported under pathological
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Figure 2. Expression of LAG-3 and PD-L| by immunohistochemistry on serial section of same tissue. (a) LAG-3 and PD-L1| in immune
cells (ICs), (b) LAG-3 in ICs and PD-LI in tumor cells (TCs). Original magnification, %x200.

HE

LAG-3

Figure 3. Expression of LAG-3 by immunohistochemistry according to Fuhrman nuclear grade of clear cell renal cell carcinoma.
Fuhrman grade 2 (a), grade 3 (b), grade 4 (c), sarcomatous differentiation (d). Original magnification, %x200.

conditions in inflammatory or tumor microenvironment.’
Based on these studies, we performed TCGA data analysis
and tissue staining to determine whether the expression of
LAG-3 and PD-L1, the counter partner of PD-1, indicates a
poorer prognosis in ccRCC.

Our study clearly showed that the expression of LAG-3
in ccRCC was restricted to immune cells. Similarly, Panda
et al.'® have reported that expression of the cytotoxic T-cell
marker CD8A is strongly correlated with LAG-3

expression in various cancers, including RCC. However, it
is necessary to confirm the correlation with other cells and
analyze the reason for the decrease in the survival rate
despite the correlation with CD8. Therefore, we analyzed
the expression of LAG-3 and its effect on immune cells
through TCGA data analysis using Timer analysis to
evaluate the intracellular expression of LAG-3 and its effect
on the cancer microenvironment (Supplemental Figure 1).
As a result, it was confirmed that as the cancer cells’ purity
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Table 3. Relationship of LAG-3 expression and clinicopathologic features in clear cell renal cell carcinoma.

Whole cohort

Metastatic RCC

LAG-3 LAG-3 »p PD-LI PD-LI LAG-3 LAG-3 »p PD-LI PD-LI
Characteristic negative positive value negative positive p value negative positive value negative positive p value
Pathologic T stage,
n (%)
pTI 47 (71.2) 31 (45.6) 0.006 50 (66.7) 28(47.5) 0.008 5(35.7) 7 (226) 0.210 9 (45.0) 3(12.0) 0.002
pT2 7 (106) 12(17.6) 11 (14.7) 8 (13.6) 4 (286) 5 (le.l) 5(25.0) 4 (l16.0)
pT3 10 (15.2) 23(33.8) 13 (17.3) 20(33.9) 4 (286) 17(54.8) 6 (30.0) 15(60.0)
pT4 230 229 1(1.3) 35 I (7.1) 2(65) 0.0 3(l20)
Clinical N stage,
n (%)
cNO 62 (93.9) 60(882) 0.249 72 (96.0) 50(84.7) 0.024 12 (85.7) 23(742) 0.394 19 (95.0) 16(640) 0.014
cNI 46.1) 8(l1.8) 3400 9(153) 2(143) 8(258) 1 500 9360
Clinical M stage,
n (%)
cMO 59 (89.4) 50(73.5) 0.018 68 (90.7) 41 (69.5) 0.002 9 (64.3) 13(41.9) 0.169 15 (75.0) 7 (28.0) 0.002
cMl 7 (10.6) 18(26.5) 7 (9.3) 18 (30.5) 5(35.7) 18(58.1) 5(25.0) 18(72.0)
Stage, n (%)
Stage | 45 (68.2) 27(39.7) 0.001 46 (61.3) 26(44.1) 0.002 3 (214 3(97) 0.076 5(250) 1 (40) <0.00l
Stage |l 6(9.1) 9(32 Il (147) 4 (6.8) 3(214) 2(65) 5(25.0) 0(0.0)
Stage Il 8 (12.1) 14(20.6) 11 (14.7) 11(18.6) 3(214) 8(258) 5(25.0) 6 (24.0)
Stage IV 7 (10.6) 18(26.5) 7 (9.3) 18 (30.5) 5(35.7) 18(58.1) 5(25.00 18(72.0)
Fuhrman nuclear
grade, n (%)
GI-G2 40 (60.6) 25(36.8) 0.004 46 (61.3) 19(32.2) <0.001 4 (28.6) 6 (194) 0.264 8 (40.0) 2 (8.0) <0.00l
G3 21 (31.8) 30 (44.1) 24 (32.0) 27(45.8) 7 (50.0) 13(41.9) 10 (50.0) 10 (40.0)
G4 5(7.6) 13 (19.1) 5(6.7) 13 (22.0) 3(214) 12(387) 2 (10.0) 13(52.0)
Lymphovascular
invasion,
n (%)
No 61 (924) 57(83.8) 0.125 68 (90.7) 50(84.7) 0.296 12 (85.7) 22(71.0) 0.292 17 (85.0) 17(68.0) 0.192
Yes 5(7.6) I11(16.2) 7093) 9 (153) 2 (143) 9 (29.0) 3 (1500 8(320)
Sarcomatoid
features,
n (%)
No 63 (95.5) 63(92.5) 0.495 73 (97.3) 53(89.8) 0.069 12 (85.7) 27(87.1) 0.900 20 (100) 19(76.0) 0.020
Yes 345 5(74) 2(27) 6(l02) 2(143) 4(129) 0 (0) 6 (24.0)
Tumor necrosis,
n (%)
No 55 (83.3) 48(70.6) 0.081 63 (84.0) 40(67.8) 0.028 8 (57.1) 16(51.6) 0.733 14 (70.0) 10(40.0) 0.048
Yes 11 (16.7) 20(29.4) 12 (16.0) 19(32.2) 6 (429) 15(484) 6 (30.0) 15(60.0)
IMDC risk group
Favorable - - - - - - 10 (71.4) 10(32.3) 0.045 14 (70.0) 6 (240) <0.00I
Intermediate - - - - I (7.1)  9(29.0) 4 (20.0) 6 (24.0)
Poor - - - - 3(214) 12(387) 2 (10.0) 13(52.0)

increased, the cancer cells had a negative correlation with the
expression of LAG-3. Also, along with the our IHC results,
in immune cells, except for CD4 resting memory T cells and
Myeloid derived suppressor cells (MDSCs), the expression
of LAG-3 and the degree of invasion of cancer tissues
showed a positive correlation. In addition, as a result of

analyzing the survival rate using the degree of invasion of
various immune cells and the expression of LAG-3, an
increase in the infiltration of CD4 activated memory T cells,
NKT, and MDSCs caused a decrease in the survival rate.
These results suggest that LAG-3 expressed in immune
cells may be involved in regulating the invasion or the
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Figure 4. Kaplan—Meier curves of cancer specific survival (CSS) in the whole cohort and metastatic renal cell carcinoma according to
expression of lymphocyte-activation gen 3 (LAG-3) and programmed cell death ligand-| (PD-LI). Cancer specific survival in patients
with LAG-3+ (a) and PD-L 1|+ (b) were significantly lower than with LAG-3-and PD-LI- (p =0.0016, p = 0.0236). PD-L| +/LAG-3+ group
was showed significantly lower CSS than PD-LI-/LAG-3-, PD-LI-/LAG-3+ and PD-LI+/LAG-3- groups (p = 0.0014, p = 0.0022,

p = 0.0474) (c) in whole cohort. In metastatic RCC group, LAG-3+ patients were significantly lower than LAG-3- patients (p=0.0369)
(d) and PD-L | + patients were showed lower CSS than PD-LI- (b = 0.0639) (e). PD-L1+/LAG-3+ mRCC group was showed significantly
lower CSS than PD-LI-/LAG-3-, PD-LI-/LAG-3+ and PD-LI+/LAG-3- mRCC groups (p = 0.0389, p = 0.0149, p = 0.0401) (f).

function of these three types of cells to regulate the cancer
microenvironment.

Similarly, tumor-infiltrating lymphocytes isolated from
patients with hepatocellular carcinoma,' ovarian cancer,”
breast cancer,’ and melanoma®' showed significant

upregulation of LAG-3. Additionally, these studies noted the
function of LAG-3 as an immune checkpoint molecule,
demonstrating its potential role as a target for cancer im-
munotherapy in various solid tumors. However, only a limited
number of studies examining the role of LAG-3 in kidney
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Figure 4. Continued.

cancer using tissues derived from kidney cancer patients have
been reported. Giraldo et al.>* reported the prognostic role of
PD-L2 and LAG-3 in the immunomodulation of ccRCC.
Zelba et al.> used flow cytometry analysis to reveal that PD-1
and LAG-3 were the most frequently upregulated inhibitory
receptors within RCC tumor-infiltrating lymphocytes. Most
recently, there was a report of poor survival in ccRCC with
LAG-3 expression and LAG-3 DNA methylation.**

In this tissue-based cohort study on surgically resected
ccRCC, we found that LAG-3 expression is a prognostic
indicator for poor CSS in ccRCC. Unlike previous studies
reporting a simple survival analysis according to the LAG-
3 expression status,”>** our study analyzed the predictive
and prognostic implication of LAG-3 in comparison with
various clinicopathological features associated with ag-
gressive tumor behavior, including pT stage, grade, lym-
phovascular invasion, tumor necrosis, and sarcomatoid
features, in tissue samples from patients with ccRCC. In
fact, LAG-3 immunopositivity on ICs in tumor tissues was
associated with an advanced pT stage and higher Fuhrman
nuclear grade. Systemic treatment using IClIs is the main
therapeutic approach for mRCC rather than for localized
RCC, which can be cured by surgical treatment. Thus, it is
more relevant to evaluate the prognostic value of LAG-3 in
mRCC. Accordingly, the subgroup analysis consisted of
mRCC patients who were treated with targeted therapy, and
we demonstrated poor survival in patients with ccRCC who
had LAG-3" primary tumors.

The major strength of our study was the examination
of the correlation between LAG-3 and PD-L1 expression
and the synergistic effect on ccRCC prognosis when both
immune checkpoint molecules were expressed simul-
taneously. The expression rate of PD-L1 on TCs was
similar to that of previous studies, but the expression rate
of PD-L1 on ICs was relatively lower than previous
reports.'>2° Differences in patient cohorts, the types of
antibodies used in immunohistochemistry experiments,
and the selection of cutoffs can contribute to this dis-
crepancy. The expression of PD-L1 on TCs or ICs was
positively correlated with LAG-3 expression in our
study. Our results demonstrated that PD-L1*/LAG-3*
RCC patients had a poorer CSS than PD-L17/LAG-3-
RCC patients. Furthermore, in the multivariate analysis
using a subgroup consisting of mRCC patients only,
PD-L1 and LAG-3 coexpression was found to be a
significant predictor of poor CSS. Because LAG-3 and
PD-1 synergistically regulate T-cell function to promote
tumoral immune escape,””> PD-L1*/LAG-3* RCC pa-
tients could have poorer CSS than PD-L1-, LAG-3-, or
PD-L1/LAG-3" RCC patients. A similar result was
reported in a study comparing the relationship between
LAG-3 and PD-L1 in non-small cell lung cancer.”’

Recent clinical trials have shown that high levels of
PD-L1 expression are associated with a worse prognosis,
but when treated with PD-1/PD-L1 inhibitors, patients
with higher levels of PD-L1 expression tend to respond
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Table 4. Univariate and multivariate Cox proportional analysis of pathologic parameters and LAG-3, PD-L| expressions in mRCC

patients.
Univariate Multivariate
Adjusted for LAG-3 or PD-LI Adjusted for LAG-3 and PD-LI
expression status® combination status
HR 95% CI value HR 95% ClI value HR 95% Cl value
Tumor size 1.0l 0.88-1.15 0.875 - - - -
Pathologic T stage
pTI | Reference | Reference | Reference
pT2 1.46 0.42-5.06 0.551 1.07 0.29-3.94 0914 I.I3 0.20-6.31  0.890
pT3 251 091-6.96 0077 142 046440 0.543 1.04 023471 0.959
pT4 535 1.24-23.10 0.025 3.15 0.56-17.69 0.192 232 0.23-23.53 0.476
Fuhrman’s nuclear grade
GI-G2 | Reference - - -
G3 0.28 0.09-0.90 0.033 - - - -
G4 0.99 043-227 0982 - - - - - -
Lymphovascular invasion (negative vs Positive) 3.17 1.44-699 0.004 2.84 1.14-7.08 0.025 2.64 0.80-8.72 0.111
Sarcomatoid features (negative vs Positive) 1.76 0.59-522 0311 - - - -
Tumor necrosis (negative vs Positive) 181 0.86-382 0.119 - - - - -
LAG-3 (negative vs Positive) 251 1.01-625 0.049 2.17 0.77-6.15 0.143 - -
PD-LI (negative vs Positive) 2.03 0.93-443 0.038 1.35 0.53-3.41 0528 - - -
LAG-3 and PD-LI combination (both negative vs. ~ 3.39 0.96-11.99 0.003 - - 3.19 0.77-13.67 0.033

Both positive)

*Multivariate analysis (adjusted for LAG-3 or PD-L| expression status) was performed using statistically significant variables (p<0.05) excluding LAG-3 and

PD-LI combination.

better to therapy.*® However, since a significant number of
patients do not respond to PD-1/PD-L1-targeting therapy
regardless of their PD-1/PD-L1 expression status, alter-
native pathways need to be identified to overcome re-
fractory disease or resistance to anti-PD-1/PD-L1
treatment. After blocking PD-1/PD-L1, TCs can still
counteract the activity of immune checkpoints and acti-
vate additional inhibitory pathways by expressing other
immune checkpoints and their ligand within the tumor
immune microenvironment.?® Indeed, LAG-3 cell-surface
expression was upregulated in vitro upon PD-1 blockade
using patient-derived RCC tissue.>* Fortunately, clinical
research on melanoma demonstrated that the combination
of anti-LAG-3 and anti-PD-1 treatment is effective in
tumors resistant to prior anti-PD-1/PD-L1 therapy.*’ In
addition, recently reported phase III trial demonstrated
that the combination of relatlimab, an anti-LAG-3 anti-
body, with anti-PD-1 treatment improved progression-
free survival compared to anti-PD-1 monotherapy in
patients with untreated advanced melanoma.’’ In line
with these findings, our results that PD-L17/LAG-3* or
PD-L1*/LAG-3* RCC and mRCC had significantly poorer
CSS than PD-L17/LAG-3" RCC and mRCC suggest that
anti-LAG-3 monotherapy or a combination of anti-LAG-3
and anti-PD-1/PD-L1 treatment could be beneficial for
LAG-3* RCC patients who are refractory or resistant to
anti-PD-1/PD-L1 treatment.

Besides LAG-3, T cell immunoreceptor with Ig and
ITIM domains (TIGIT) is the next wave of co-inhibitory
receptor target and is being explored in various stages of
clinical trials in advanced solid tumors. TIGIT blockade
restores antitumor immune activity by augmenting T-cell
and NK cell function, and suppressing Treg-mediated
immune suppression.®” In recent phase II clinical trial,
the combination of tiragolumab, anti-TGIT antibody, with
PD-L1 has shown promising outcomes in the first-line
setting for in advanced NSCLC.*® Similar to LAG-3,
TIGIT, and PD-1/PD-L1 blockade have additive activ-
ity. Therefore, it is expected that LAG-3 and TIGIT will
serve as co-inhibitory anti-tumor target together with anti-
PD-1/PD-L1 treatment in ongoing clinical trials regarding
advanced solid tumors including RCC.

Our study had several limitations. First, although we
identified the association of LAG-3 expression in ccRCC
with known risk factors for survival, some clinico-
pathological factors were not statistically significant
because of our study’s retrospective design and rela-
tively small number sample size. Furthermore, the cal-
culation and justification of the sample size were not
done in this study. Therefore, additional prospective
studies with a large patient cohort are necessary to
confirm our results. Second, the TMA of the primary
tumor tissue cannot completely reflect the immune
markers analyzed in the tumor microenvironment.
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Additionally, although we showed LAG-3 and PD-L1
expression on ICs, we could not evaluate the IC type-
specific expression of either checkpoint molecule. Third,
the evaluation of immunohistochemical stain was per-
formed by only one pathologist in this study. Each
microscopic scoring result was examined at least three
times to avoid intrapersonal bias. Finally, despite recent
advances in ICIs in the treatment of mRCC, our study
only includes a survival analysis of mRCC patients who
were treated with targeted therapy. However, because
previous studies show the poor prognostic role of PD-L1
expression in mRCC patients who were treated with
targeted therapy, our results of the analysis of the prognostic
role of LAG-3 in ¢ccRCC and mRCC could be clinically
relevant.***> In the near future, the results of ongoing
clinical trials using an anti-LAG-3antibody, such as relat-
limab, will be used to determine the prognostic role of LAG-
3 for various solid tumors, including RCC."!

Conclusion

We demonstrated that LAG-3 and PD-L1 expression in
ccRCC is positively correlated with adverse clinicopatho-
logical features. Additionally, the coexpression of LAG-3 and
PD-L1 predicts poor clinical outcomes in ccRCC. These
findings provide a scientific rationale for LAG-3 blockade in
combination with PD-1/PD-L1 blockade as a potential
therapeutic approach for ccRCC. Data from ongoing clinical
trials are required to validate these hypotheses.
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