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ABSTRACT

Lymphocyte-activation gene-3 (LAG-3), an immune checkpoint receptor, negatively regulates T-cell
function and facilitates immune escape of tumors. Dual inhibition of LAG-3 and programmed cell death
receptor-1 (PD-1) significantly improved progression-free survival (PFS) in metastatic melanoma patients
compared to anti-PD-1 therapy alone. Investigating the utility of LAG-3 expression as a biomarker of
response to anti-LAG-3 + anti-PD-1 immunotherapy is of great clinical relevance. This study sought to
evaluate the association between baseline LAG-3 expression and clinical outcomes following anti-LAG-3
and anti-PD-1-based immunotherapy in metastatic melanoma. LAG-3 immunohistochemistry (clone
D2G40) was performed on pre-treatment formalin-fixed, paraffin-embedded metastatic melanoma speci-
mens from 53 patients treated with combination anti-LAG-3 + anti-PD-1-based therapies. Eleven patients
had received prior anti-PD-1-based treatment. Patients were categorized as responders (complete/partial
response; n=36) or non-responders (stable/progressive disease; n=17) based on the Response
Evaluation Criteria in Solid Tumours (RECIST). Tumor-infiltrating lymphocytes (TILs) were scored on
hematoxylin and eosin-stained sections. LAG-3 expression was observed in 81% of patients, with staining
in TILs and dendritic cells. Responders displayed significantly higher proportions of LAG-3+ cells com-
pared to non-responders (P =.0210). LAG-3 expression positively correlated with TIL score (P <.01). There
were no significant differences in LAG-3 expression between different sites of metastases (P >.05).
Patients with > 1% LAG-3+ cells in their tumors had significantly longer PFS compared to patients with
< 1% LAG-3 expression (P =.0037). No significant difference was observed in overall survival between the
two groups (P =.1417). Therefore, the assessment of LAG-3 expression via IHC warrants further evaluation
to determine its role as a predictive marker of response and survival in metastatic melanoma.
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Introduction demonstrated efficacy in a Phase I/II study including patients
with metastatic melanoma who had received prior anti-PD-1/
PD-L1 immunotherapies, with an objective response rate
(ORR) of 12.0% in patients with only 1 prior line of anti-PD
-1 therapy and 9.2% in patients with > 1 line of anti - PD-(L)
1-containing regimens.” The randomized Phase II/III
RELATIVITY-047 trial evaluated combination nivolumab +
relatlimab versus nivolumab alone in previously untreated
patients with metastatic melanoma, and demonstrated an
improved PFS with the combination nivolumab + relatlimab
compared to nivolumab alone with a 1-year PFS of 47.7%
versus 36%, respectively (hazard ratio [HR] for progression or

The lymphocyte activation gene 3 (LAG-3) is an immune
checkpoint receptor expressed on activated cytotoxic and
helper T-cells, regulatory T-cells, natural killer cells, B cells
and dendritic cells. LAG-3 interacts with its ligand major
histocompatibility complex II (MHC II) on tumor cells, as
well as other emerging and less characterized ligands including
fibrinogen-like protein 1 (FGL-1), a-synuclein fibrils (a-syn),
galectin-3 (Gal-3) and lymph node sinusoidal endothelial cell
C-type lectin (LSECtin), to negatively regulate T-cell function
and the immune response.

Clinical trials testing LAG-3 inhibitors in combination

with programmed cell death 1 (PD-1) inhibitors have shown
significant improvements in progression-free survival (PFS)
compared to PD-1 inhibition alone in patients with mela-
noma. Dual blockade of the LAG-3 and PD-1 checkpoints
with the inhibitors relatlimab and nivolumab, respectively,

death, 0.75, P=.006).” The overall survival was numerically
improved with HR 0.80 (95% CI, 0.64 to 1.01;
P=.059).* These findings resulted in the Food and Drug
Administration (FDA) approval of nivolumab and relatlimab
for patients with unresectable or metastatic melanoma.”
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Several studies have investigated the potential of LAG-3
expression as a biomarker of response or resistance to the
standard-of-care anti-PD-1 therapies, including in the
RELATIVITY-047 study. Early retrospective studies have con-
flicting findings across different cancer types. High levels of pre-
treatment serum soluble LAG-3 in patients with advanced mel-
anoma, as well as LAG-3+ T-cell infiltration in their melanoma
metastases have been shown to be associated with resistance to
anti-PD-1 immunotherapy.® Furthermore, a high percentage of
peripheral LAG-3*CD8" T-cells was associated with poor
response and significantly shorter PFS and overall survival
(OS) in melanoma and urothelial cancer patients treated with
anti-PD-1 monotherapy.” In contrast, higher levels of LAG-
3-positive CD4+ and CD8+ T-cells in peripheral blood corre-
lated with longer PFS in patients with advanced gastric cancer
treated with nivolumab.® However, the association between
LAG-3 expression and response to anti-LAG-3-based immu-
notherapy remains under investigation. The RELATIVITY-047
trial showed that the median PFS estimates were longer for
patients with > 1% LAG-3 expression compared to patients
with < 1% expression for both treatment groups, indicating
that LAG-3 expression could not be used to select the patients
who would benefit from the addition of an anti-LAG-3 inhibitor
to anti-PD-1 with high sensitivity or specificity.”

In this study, we assessed the expression of LAG-3 in the
tumor microenvironment (TME) of melanoma metastases and
evaluated the association between baseline immunohistochem-
ical LAG-3 expression and clinical outcomes in patients with
metastatic melanoma treated with either dual anti-LAG-3 +
anti-PD-1 combination immunotherapy or triple anti-LAG-3
+anti-PD-1 + anti-CTLA-4 immunotherapy. Furthermore, we
investigated the association between LAG-3 expression and
clinical outcomes in a subset of patients who progressed fol-
lowing prior anti-PD-1-based therapy.

Materials and methods
Patients and specimens

This study included a cohort of 53 patients treated with combined
anti-PD-1 + anti-LAG-3 + anti-CTLA-4 immunotherapy with
available baseline formalin-fixed, paraffin-embedded (FFPE) mel-
anoma tissue (NCT03459222, NCT03470922, and NCTO1
968109). Patients were either anti-PD-1 treatment naive or had
progressive disease with PD-1 therapy. This study was approved
by the New South Wales Department of Health Human Research
Ethics Committee (Protocol no. X15-0454) and conducted in
accordance with the Declaration of Helsinki. Samples were
acquired with consent from the Melanoma Biospecimen Tissue
Bank (HREC/11/RPAH/444). Patient response was determined
using the RECIST 1.1 criteria.” Responders were categorized as
patients with a RECIST response of complete response or partial
response, while non-responders were categorized as those with
progressive disease or stable disease.

LAG-3 immunohistochemistry

Four um sections from FFPE metastatic melanoma speci-
mens were heated in an oven at 65°C for 20 minutes,

deparaffinized in xylene and rehydrated in graded ethanols.
Antigen retrieval was performed in high pH HIER buffer
(pH 9) in the Decloaking Chamber (Biocare Medical) at
110°C for 10 minutes. Staining was performed using an
Autostainer Plus (Agilent). Slides were incubated with the
primary rabbit monoclonal LAG-3 antibody (Cell
Signalling, clone D2G40) at a 1:50 dilution for 30 minutes.
The antibody was detected using the MACH 4 Universal
HRP-Polymer for 20 mins (Biocare Medical, M4U534)
before visualization using the Betazoid DAB Chromogen
kit (Biocare, BDB2004L) for 5 mins. Slides were then coun-
terstained with hematoxylin and coverslipped.

Pathological assessment and scoring

Specimens were assessed for melanoma using hematoxylin
and eosin (H&E) sections to ensure > 5% tumor content in
each sample. Samples with less than 5% tumor content were
excluded from further analysis. Tumor-infiltrating lympho-
cytes (TILs) were scored on H&E sections using a four-tier
TIL grading scheme, as previously described.'’ The presence
and distribution of melanophages were also noted. LAG-3
expression via immunohistochemistry (IHC) was assessed
by a pathologist blinded to clinical outcome (E.C.P. or N.
M.). LAG-3 was evaluated on lymphocytes expressing punc-
tate, cytoplasmic, or membranous LAG-3 (Supplementary
Figure S1), as described previously.'' Expression on dendri-
tic cells was not included in the overall evaluation of LAG-3.
LAG-3-positive immune cells were differentiated from mel-
anophages based on their small, dense, round nuclei and
minimal cytoplasmic volume. In cases that were deemed
difficult to interpret, the corresponding H&E section was
referred to and the distribution of TILs and melanophages
were compared. LAG-3 distribution varied between cases,
with some specimens displaying LAG-3 expression only in
focal ‘hotspot’ regions. Samples were classified as LAG-
3-positive if the number of LAG-3+ lymphocytes was > 1%
of all cells.

Statistical analysis

All statistical analyses were performed using GraphPad Prism
9.0. Fisher’s exact test and the Chi-square test were used to
compare clinicopathologic parameters (Table 1). Kaplan-
Meier log-rank analyses were performed to determine associa-
tions between LAG-3 expression and PFS and OS. The correla-
tion between LAG-3 expression and TILs was assessed using
Spearman’s rank correlation test. Univariable and multivari-
able logistic regression was utilized to analyze the relationship
between baseline LDH, M stage at entry, LAG-3 and TIL score
with response class. Specifically, univariable logistic regression
was employed to investigate the individual associations of each
predictor with response. Multivariable logistic regression was
then used to determine their joint effects on the response class.
Other statistical analyses involved the Mann-Whitney U test
and one-way ANOVA with Dunn’s multiple comparisons test.
A P value of less than 0.05 was considered statistically
significant.
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Table 1. Clinicopathologic characteristics of patients treated with anti-LAG-3 immunotherapy.

Responders Total
Patient Characteristics (n=37) Non-responders (n = 16) (n=53) P value
Age (median, years) 62 67 63 -
Sex, n (%)
Male 24 (65) 11 (69) 35 (66) P> .99
Female 13 (35) 5(31) 18 (34)
Elevated LDH, n (%) 8 (22) 10 (63) 18 (34) *P =.0098
BRAF V600 mutation, n (%) 12 (33) 6 (38) 18 (34) P=.76
Treatment, n (%)
Anti-PD-1 + Anti-LAG-3 28 (76) 14 (88) 42 (79) P=.47
Anti-PD-1 + Anti-CTLA-4 + Anti-LAG-3 9 (24) 2 (13) 11 (21)
Prior BRAFi, n (%) 1(3) 5(31) 6(11) *P=.0074
Prior immunotherapy, n (%) 3(8) 8 (50) 11 (21) *P=.0014
M stage (AJCC 8th edition), n (%)
Mo 6(17) 1(6) 7(13) UND
M1a 2 (6) 0 (0) 2 (4)
M1b 13 (36) 2(11) 15 (28)
M1c 14 (39) 14 (78) 28 (52)
M1d 103) 1(6) 2 (4)
Response’, n (%)
CR 6 (16) 0 (0) 6(11) UND
PR 31 (84) 0(0) 31 (58)
SD 0(0) 4 (25) 4 (8)
PD? 0 (0) 12 (75) 12 (23)

Abbreviations: Anti-PD-1 - anti-programmed cell death-1; anti-LAG-3 - anti-lymphocyte activation gene-3; anti-CTLA-4 - anti-cytotoxic
T-lymphocyte activation-4; LDH - lactate dehydrogenase; AJCC — American Joint Committee on Cancer; CR — complete response; PR — partial
response; SD - stable disease; PD — progressive disease; % - percentage; UND — undetermined due to small numbers.

Fisher's exact test P values are reported where appropriate. *P < .05.

"Patients were stratified into response groups based on RECIST 1.1 criteria. Patients with CR and PR were classified as responders, while

patients with SD and PD were classified as non-responders.

2One patient with no imaging was categorized as having progressive disease based on their time to progression (<6 months) and cause of

death (melanoma).

Results
Patient characteristics and specimens

Fifty-three patients with unresectable Stage III or Stage IV mela-
noma treated with anti-LAG-3 in combination with anti-PD-1 +
anti-CTLA-4 were included in this study. Forty-two patients
received anti-PD-1 plus anti-LAG-3 immunotherapy, and eleven
patients  received  anti-PD-1+ anti-CTLA-4 + anti-LAG-3
(Table 1). Patients were categorized as responders (1 =37), or
non-responders (n=16) based on RECIST 1.1 criteria as
described above. At baseline, the median age was 63 years (range
43-82), 66% (n = 35/53) were male, and 34% (n =18/53) had an
elevated lactate dehydrogenase (LDH). Thirty-six percent of
patients (n =18/53) had a BRAF V600 mutation, 63% of which
were BRAF V600E, and 21% (n = 11/53) had a NRAS mutation.
Twenty-one percent of patients (n=11/53) had received prior
immunotherapies including anti-PD-1/PD-L1 monotherapy or
in combination with ipilimumab. A significantly higher propor-
tion of non-responders had elevated LDH (P = .0098), prior BRAF
inhibition (P =.0074) and prior immunotherapy (P = .0014) com-
pared to responders (Table 1).

LAG-3 expression in melanoma specimens

LAG-3 staining of lymphocytes was observed in 43 baseline
tumor specimens (81%, n = 43/53) of patients treated with com-
bination anti-LAG-3 + anti-PD-1 + anti-CTLA-4 immunother-
apy. LAG-3 staining was also observed in cells with dendritic
morphology. No LAG-3 expression was seen on melanoma cells.
The median percentage of LAG-3+ cells among all LAG-3-posi-
tive specimens was 3% (ranging from 1 to 50%; Figure la).

Eighty-one percent of patients (43/53) showed < 5% LAG-3
expression. Specimens with LAG-3 staining > 1% of all cells
were considered LAG-3-positive, with 60% (n=32/53) of
patients categorized as having a LAG-3-positive immune micro-
environment (Figure 1b). In a subset of cases, high LAG-3
staining was observed only in focal ‘hotspot’ areas, with the
remainder of the tumor showing apparent exclusion of LAG-3
+ cells (Figure 1c).

Median LAG-3 expression was similar across the different
sites of metastases, including subcutaneous (median =1%),
lymph node (median=1%) and lung metastases (median =
0.5%) (Figure 2a). There were no significant differences in
LAG-3 expression between the different sites of metastases
(P =.7471) (Figure 2b).

Tumors with a TIL grade of 3 had the highest expression of
LAG-3 (median = 11.5%), followed by TIL grade 2 tumors (med-
ian=4%) and TIL grade 1 tumors (median =1%) (Figure 2c).
LAG-3 expression in tumors of TIL grades 1-3 was significantly
higher than tumors with a TIL grade of 0 (P <.01).

Association of LAG-3 expression with response and
survival

LAG-3 expression was significantly higher in responders to
anti-PD-1 + anti-LAG-3 combination immunotherapy com-
pared to non-responders (P =.0210; median = 1.0% in respon-
ders vs 0.25% in non-responders) (Figure 3a,

b). The response rate was 84% (n=27/32) in patients with
LAG-3-positive tumors compared to 48% (n=10/21) in
patients with LAG-3-negative tumors. There were no signifi-
cant differences in LAG-3 expression between responders and
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Figure 1. LAG-3 expression in pre-treatment melanoma specimens. a) Representative images demonstrating high and low LAG-3 staining in a pre-treatment metastatic
melanoma specimen. b) Bar graph illustrating the proportion of patients with LAG-3-positive tumors (LAG-3 > 1%). ¢) Representative images showing hotspot regions
with high LAG-3 staining and desert regions with no LAG-3 staining, which correlated with the amount of immune cells present. All images were taken at 40x

magpnification.

non-responders within subcutaneous specimens (P =.0853) or
within lymph node specimens (P =.0519) (Figure 3c).

To further evaluate the association between LAG-3 expres-
sion and response to anti-LAG-3 combination immunother-
apy, univariate and multivariate analyses including LAG-3
status, TILs, M stage and baseline LDH were performed. In
univariate analyses, LAG-3 positivity, normal baseline LDH
and earlier M stage disease were associated with response (P
=.0065, P=.0059 and P=.0048, respectively; Table 2).
Following multivariate analyses, LAG-3 positivity (P =.0064,

adj. OR =13.594, 95%CI = 2.083, 88.726) and M stage at entry
(P=.0137, adj. OR=.082, 95% CI=0.011, 0.599) were asso-
ciated with better response. The level of TILs present was not
associated with response in either univariate or multivariate
analyses (P =.2836 and P =.3894, respectively; Table 2).
Next, we evaluated the association between LAG-3
expression, PFS and OS. Patients with LAG-3-positive
tumors had a significantly longer PFS compared to
patients with LAG-3-negative tumors (P =.0037)
(Figure 3d). The median PFS was 3.6 months for patients
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Figure 2. Association between LAG-3 expression, sites of disease and TILs. a) Representative images (40x magnification) showing LAG-3 staining in subcutaneous, lymph
node and lung metastases. b) Bar graph revealing no significant differences in LAG-3 expression between sites of metastases. ¢) Bar graph showing significant
associations between LAG-3 expression and TIL grade. Error bars represent median +95% Cl. **P < .01, ****P < .0001, ns — non-significant, as determined by a Kruskal—

Wallis test.

with LAG-3-negative tumors, while the median for
patients with LAG-3-positive tumors was not reached.
No significant differences were observed in OS between
the two groups (P =.1417) (Figure 3e).

LAG-3 expression in PD-1 refractory patients

We next examined the expression of LAG-3 in the 11 patients
who had previously been treated with anti-PD-1-based immu-
notherapies. All specimens were taken following previous anti-
PD-1-based therapy, and prior to anti-LAG-3 immunotherapy.
Three patients (27%) responded to the combination anti-LAG
-3 + anti-PD-1 immunotherapy, and eight patients (73%) were
categorized as non-responders.

Five of 11 patients (45%) had LAG-3-positive tumors. LAG-
3 expression was significantly associated with response to anti-
PD-1 and anti-LAG-3 immunotherapy in PD-1 refractory
patients (P=.0303) (Figure 4a). Similar to the larger cohort,
anti-PD-1 refractory patients with LAG-3-positive tumors had
a significantly longer PFS compared to patients with LAG-
3-negative tumors (P =.0201) (Figure 4b). There was no sig-
nificant difference in OS between the two groups (P =.4123)
(Figure 4c).

Discussion

In this study, we investigated baseline LAG-3 expression in
metastatic melanoma specimens from patients treated with
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Figure 3. Association between LAG-3 expression and clinical outcomes. a) Representative images (40x magnification) illustrating LAG-3 expression in responders and
non-responders. b) Bar graph showing significantly higher percentage of LAG-3+ cells in responders compared to non-responders. c) Bar graph demonstrating no
significant differences in the percentage of LAG-3+ cells between responders and non-responders based on site of disease. Kaplan—-meier curves comparing
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represent median +£95% Cl. *P < .05, ns — non-significant, as determined by a Mann-Whitney U test. SQ - subcutaneous, LN - lymph node, R - responder, NR — non-

responder.

combination anti-LAG-3 + anti-PD-1 immunotherapy. Our
study revealed a significant association between LAG-3 expres-
sion and response to anti-LAG-3-based immunotherapies,
regardless of whether the anti-LAG-3 therapy was given first-
line or after progression on anti-PD-1-based therapies.
Furthermore, LAG-3 positivity strongly correlated with pro-
gression-free survival, but not overall survival. These findings
may have implications for the use of LAG-3 expression as
a potential biomarker of response to anti-LAG-3 immunother-
apy for patients with metastatic melanoma, particularly after
progression on anti-PD-1 therapy.

Given the efficacy of immunotherapies in treating differ-
ent cancers including melanoma, a critical question that

remains under investigation is whether the expression of
specific immune checkpoints is associated with response to
their blockade. CTLA-4 expression on tumor cells has been
shown to be associated with response to the anti-CTLA-4
inhibitor, ipilimumab, in melanoma.'” Several studies have
also highlighted the significant correlation between PD-L1
expression and clinical outcomes on anti-PD-1-based
immunotherapies."*™'> However, the clinical utility of PD-
L1 as a biomarker of response to anti-PD-1-based therapies
has been limited by its heterogenous expression in
melanoma,'® and the complex immunobiology underlying
response and resistance. Therefore, while these suggested
biomarkers have been shown to be associated with response,
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Table 2. Univariate and multivariate logistic regression analyses for response to combination anti-LAG-3 + anti-PD-1-based immunotherapy.

Univariate Analysis

Multivariate Analysis

OR Lower Cl Upper Cl P value Adjusted OR Lower Cl Upper Cl P value
Baseline LDH
Elevated 1 1
Normal 6.042 1.681 21.718 .0059 5.581 0.984 31.665 .0522
LAG-3 status
Negative 1 1
Positive 5.94 1.648 21.41 .0065 13.594 2.083 88.726 .0064
M stage at entry
Mo0/M1a/b 1 1
Mic/d 0.097 0.019 0.492 .0048 0.082 0.011 0.599 0137
TIL score
High 1 1
Low 0.489 0.132 1.809 .2836 2.29 0.347 15.101 3894

Abbreviations: LDH - lactate dehydrogenase; LAG-3 - lymphocyte activation gene-3; TIL — tumor-infiltrating lymphocyte; OR — odds ratio; Cl — confidence interval.

Significant P values are in bold.
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Figure 4. LAG-3 expression in anti-PD-1 refractory patients. a) Bar graph showing significantly higher percentage of LAG-3+ cells in responders compared to non-
responders. Kaplan-Meier curves comparing b) progression-free survival and c) overall survival between patients with LAG-3-positive and LAG-3-negative tumors using
the log-rank (Mantel-Cox) test. Error bars represent median +95% Cl. *P < .05, as determined by a Mann-Whitney U test.

they lack the sensitivity and specificity to be utilized to
guide treatment selection. Results from large, randomized
Phase 3 trials including patients with unresectable Stage III
or Stage IV metastatic melanoma revealed that patients
treated with anti-PD-1 + anti-CTLA-4 had better response
rates, PFS and OS, compared to those treated with ipilimu-
mab alone, regardless of PD-L1 expression, indicating that
tumor PD-L1 positivity alone was not predictive of clinical
outcomes.'”'®

There is limited existing literature elucidating the role of
novel drug target expression in clinical outcomes following

treatment with novel immunotherapy combinations. In the
randomized Phase 2 OpACIN-neo trial evaluating the efficacy
of neoadjuvant ipilimumab + nivolumab in macroscopic stage
III melanoma, high tumor mutational burden and high inter-
feron-gamma-related gene expression were associated with
pathologic response and low risk of relapse.'” However,
tumor PD-L1 expression was not associated with pathological
response to neoadjuvant immunotherapy.*

In the current study, we demonstrated a significant associa-
tion between LAG-3 expression and response to combination
anti-LAG-3 + anti-PD-1 immunotherapy. We observed LAG-3
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positivity (LAG-3 expression > 1%) in 60% of patients and
found that these patients had a significantly longer PFS com-
pared to those with LAG-3-negative tumors. This is in line with
the findings from the RELATIVITY-047 trial which demon-
strated LAG-3 positivity in 75% of patients, with longer PFS in
nivolumab + relatlimab treated patients with LAG-3 expres-
sion > 1% compared to those with < 1%.%> However, a similar
trend was also observed in patients treated with nivolumab
alone.” Furthermore, a benefit was observed following treat-
ment with nivolumab + relatlimab compared to nivolumab
alone, regardless of LAG-3 or PD-L1 status (1% or < 1%).>*
Interestingly, analysis of concurrent LAG-3 and PD-L1 expres-
sion revealed that patients with LAG-3+ PD-L1- tumors had
the greatest benefit with combination nivolumab + relatlimab
compared to nivolumab alone®. As all of the patients in our
study were treated with combination anti-PD-1 and anti-LAG
-3 therapy, we were not able to assess the impact of LAG-3
positivity on survival in patients treated with anti-PD-1 alone.
Furthermore, in contrast to our findings, LAG-3 expression
assessed via CyTOF analysis was not associated with response
to neoadjuvant nivolumab and relatlimab combination immu-
notherapy in patients with resectable melanoma.”' Therefore,
further studies are required to elucidate the predictive value of
LAG-3 alone, and together with PD-L1, in early and advanced
stage melanoma.

We also observed a significant association between LAG-3
expression and response and PFS in a subset of patients who had
previously progressed following anti-PD-1 therapy. Similarly, in
a cohort of patients with metastatic melanoma who received
combination anti-LAG-3 and anti-PD-1 therapy following pro-
gression on anti-PD-1 therapy, the ORR was 14.1% in patients
with LAG-3 expression > 1% compared to 5.4% in patients with
< 1%.> Furthermore, in patients with previously treated unre-
sectable/metastatic melanoma, two of three responders to the
combination of spartalizumab + ieramilimab (anti-LAG-3) had
LAG-3-positive tumors based on a positivity threshold of 5%
staining.”” These findings suggest that immunohistochemical
assessment of LAG-3 expression could potentially aid in the
selection of second-line treatments for patients who progress
on standard-of-care immunotherapies.

Immunohistochemistry scoring of LAG-3 at low percentage
values (<5%) is often challenging and likely to be prone to intra
and interobserver variability. In our study, 81% of patients
showed < 5% LAG3 expression, with 40% of patients classified
as negative (<1% positive staining). Interobserver variability is
also likely to be present when attempting to assess the percen-
tage of expression on immune cells only, to the exclusion of
dendritic cells, and when attempting to qualitatively analyze
the pattern of expression (e.g., membranous versus cytoplas-
mic) in such small cells. Artificial intelligence-related image
assessments may improve this subjectivity in the future.

Our study assessed the expression of LAG-3 on immune
cells in association with clinical outcomes, as per the LAG-3
scoring criteria in the RELATIVITY-047 trial''. While the
current study used a different LAG-3 clone compared to the
RELATIVITY-047 trial, both assays showed similar staining
patterns, with punctate, cytoplasmic, and membranous LAG-3
expression observed on positive immune cells. LAG-3 assess-
ment on TILs has also been commonly used to evaluate LAG-3

expression in various cancers including esophageal squamous
cell carcinoma,?® colon cancer,>* and non-small cell lung
cancer.”” Interestingly, overall LAG-3 expression correlated
strongly with the presence of TILs, in keeping with previous
findings.”® However, multivariate analyses revealed that LAG-3
expression and M stage were significantly associated with
response to combination anti-LAG-3 +anti-PD-1 immu-
notherapy, independent of TILs. In addition to its expression
on TILs, LAG-3 has also been shown to be expressed on
dendritic cells in both mice*”*® and on plasmacytoid dendritic
cells (pDCs) in humans.”” The unique characteristic and pri-
mary function of pDCs is the secretion of high levels of type 1
interferon.”® We noted the presence of LAG-3-positive cells
showing dendritic cytomorphology; however, a more precise
characterization of the cell lineage was not possible and repre-
sents a limitation of the study. LAG-3 was expressed at higher
levels on plasmacytoid dendritic cells (pDCs) compared to
effector T-cells or regulatory T-cells.?® Furthermore, the inter-
action between LAG-3 on human pDCs and MHC Class II on
melanoma cells resulted in the activation of LAG-3+ pDCs and
secretion of the cytokine IL-6, suggesting a role for LAG-3+
pDCs in driving immunosuppression in the melanoma
microenvironment.” These data highlight the need for further
research into LAG-3 expression on dendritic cells and the
potential role of this population in response or resistance to
anti-LAG-3 immunotherapies.

Conclusion

In conclusion, our study investigating LAG-3 expression in
baseline melanoma specimens reveals the strong association
between higher LAG-3 expression and response to combina-
tion anti-LAG-3 and anti-PD-1 immunotherapy. We further
demonstrate an association between LAG-3 positivity and pro-
gression-free survival. Our findings add to current ongoing
investigations to identify biomarkers of response to the
recently approved anti-LAG-3 combination immunotherapy
in metastatic melanoma.

Acknowledgments

Support from The Ainsworth Foundation, CLEARbridge Foundation,
Melanoma March, the Cameron Family, Lady Mary Fairfax Charitable
Trust, Deborah McMurtrie and John McMurtrie AM and The Ross
Trust as well as from colleagues at Royal Prince Alfred Hospital and
Melanoma Institute Australia are gratefully acknowledged.

Disclosure statement

G.V.L. is consultant advisor for Agenus, Amgen, Array Biopharma,
AstraZeneca, Boehringer Ingelheim, Bristol Myers Squibb, Evaxion,
Hexal AG (Sandoz Company), Highlight Therapeutics S.L., Innovent
Biologics USA, Merck Sharpe & Dohme, Novartis, OncoSec, PHMR Ltd,
Pierre Fabre, Provectus, Qbiotics, Regeneron. R.A.S. has received fees for
professional services from MetaOptima Technology Inc., F. Hoffmann-La
Roche Ltd, Evaxion, Provectus Biopharmaceuticals Australia, Qbiotics,
Novartis, Merck Sharp&Dohme, NeraCare, AMGEN Inc., Bristol Myers
Squibb, Myriad Genetics, and GlaxoSmithKline. A.M.M. is on the advi-
sory board of BMS, Merck (MSD), Novartis, Roche, Pierre Fabre and
Qbiotics. I.P.d.S. has received travel support from BMS and MSD, and
speaker fees from Roche, BMS, MSD and Novartis. All remaining authors



declare no conflicts of interest. The funders had no role in the design of
the study; in the collection, analyses, or interpretation of data; in the
writing of the manuscript, or in the decision to publish the results.

Funding

This work was supported by Melanoma Institute Australia, the New South
Wales Department of Health, NSW Health Pathology, National Health
and Medical Research Council of Australia (NHMRC) and Cancer
Institute NSW. This research was funded by the Cancer Council NSW
Program Grant (RG-15). T.N.G. is supported by a CINSW Early Career
Fellowship (2020/ECF1244). G.V.L. and R.A.S. are supported by NHMRC
Investigator Grants (GNT2007839 and GNT2018514). ].S.W. is supported
by an NHMRC Fellowship (APP1174325). G.V.L. is supported by the
Melanoma Foundation of the University of Sydney through the
University of Sydney Medical Foundation. A.M.M. is supported by
Nicholas and Helen Moore and Melanoma Institute Australia. E.C.P.
was supported by the BB and A Miller Foundation’s Jani Haenke
Melanoma Pathology Fellowship through Melanoma Institute Australia.
LP.d.S. is supported by a CINSW Early Career Fellowship. Project funding
was supported by the Cancer Council NSW (RG19-15), Cancer Institute
NSW (TPG2114) and Perpetual Philanthropic Services (2020HIG141).

ORCID

Georgina V. Long ([2) http://orcid.org/0000-0001-8894-3545

Data availability statement

The data that support the findings of this study are available from the
corresponding author, G.V.L., upon reasonable request.

References

1. Burnell SEA, Capitani L, MacLachlan BJ, Mason GH,
Gallimore AM, Godkin A. Seven mysteries of LAG-3: a
multi-faceted immune receptor of increasing complexity.
Immunol Adv. 2022;2(1):1tab025. doi:10.1093/immadv/Itab025.

2. Ascierto PA, Lipson EJ, Dummer R, Larkin ], Long GV,
Sanborn RE, Chiarion-Sileni V, Dréno B, Dalle S, Schadendorf D,
et al. Nivolumab and relatlimab in patients with advanced mela-
noma that had progressed on anti-programmed death-1/
Programmed death ligand 1 therapy: results from the Phase I/Ila
RELATIVITY-020 trial. J Clin Oncol. 2023;41(15):2724-2735.
JCO.22.02072. doi:10.1200/JCO.22.02072.

3. Tawbi HA, Schadendorf D, Lipson EJ, Ascierto PA, Matamala L,
Castillo Gutiérrez E, Rutkowski P, Gogas HJ, Lao CD, De
Menezes J], et al. Relatlimab and nivolumab versus nivolumab in
untreated advanced melanoma. N Engl ] Med. 2022;386(1):24-34.
doi:10.1056/NEJM0a2109970.

4. Long GV, Stephen HF, Lipson EJ, Schadendorf D, Ascierto PA,
Matamala L, Salman P, Castillo Gutiérrez E, Rutkowski P,
Gogas HJ, et al. Overall survival and response with Nivolumab
and relatlimab in advanced melanoma. NEJM Evidence. 2023;2(4):
EVID0a2200239. doi:10.1056/EVID0a2200239.

5. Winstead E. Opdualag becomes first FDA-Approved immunother-
apy to target LAG-3. National Cancer Institute at the National
Institutes of Health; 2022 [accessed Dec 12].

6. Machiraju D, Wiecken M, Lang N, Hiilsmeyer I, Roth J,
Schank TE, Eurich R, Halama N, Enk A, Hassel JC. Soluble
immune checkpoints and T-cell subsets in blood as biomarkers
for resistance to immunotherapy in melanoma patients.
Oncoimmunology. 2021;10(1):1926762. doi:10.1080/2162402x.
2021.1926762.

7. Shen R, Postow MA, Adamow M, Arora A, Hannum M, Maher C,
Wong P, Curran MA, Hollmann TJ, Jia L, et al. LAG-3 expression
on peripheral blood cells identifies patients with poorer outcomes

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

ONCOIMMUNOLOGY 9

after immune checkpoint blockade. Sci Transl Med. 2021;13(608).
doi:10.1126/scitranslmed.abf5107

Ohmura H, Yamaguchi K, Hanamura F, Ito M, Makiyama A,
Uchino K, Shimokawa H, Tamura S, Esaki T, Mitsugi K, et al.
0X40 and LAGS3 are associated with better prognosis in advanced
gastric cancer patients treated with anti-programmed death-1
antibody. Br J Cancer. 2020;122(10):1507-1517. doi:10.1038/
$41416-020-0810-1.

Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D,
Ford R, Dancey J, Arbuck S, Gwyther S, Mooney M, et al. New
response evaluation criteria in solid tumours: revised RECIST
guideline (version 1.1). Eur J Cancer. 2009;45(2):228-247. doi:10.
1016/j.¢jca.2008.10.026.

Azimi F, Scolyer RA, Rumcheva P, Moncrieff M, Murali R,
McCarthy SW, Saw RP, Thompson JF. Tumor-infiltrating lympho-
cyte grade is an Independent predictor of sentinel lymph node
status and survival in patients with cutaneous melanoma. J Clin
Oncol. 2012;30(21):2678-2683. doi:10.1200/JC0O.2011.37.8539.
Johnson L, McCune B, Locke D, Hedvat C, Wojcik JB, Schroyer C,
Yan J, Johnson K, Sanders-Cliette A, Samala S, et al. Development
of a LAG-3 immunohistochemistry assay for melanoma. J Clin
Pathol. 2022. jclinpath-2022-208254. doi:10.1136/jclinpath-2022-
208254.

Pistillo MP, Carosio R, Grillo F, Fontana V, Mastracci L,
Morabito A, Banelli B, Tanda E, Cecchi F, Dozin B, et al.
Phenotypic characterization of tumor CTLA-4 expression in mel-
anoma tissues and its possible role in clinical response to
ipilimumab. ClI Immunol. 2020;215:108428. doi:10.1016/j.clim.
2020.108428.

Daud Al, Wolchok JD, Robert C, Hwu W-J, Weber JS, Ribas A,
Hodi FS, Joshua AM, Kefford R, Hersey P, et al. Programmed
death-ligand 1 expression and response to the anti-programmed
death 1 antibody pembrolizumab in melanoma. J Clin Oncol.
2016;34(34):4102-4109. doi:10.1200/JCO.2016.67.2477.

Gide TN, Quek C, Menzies AM, Tasker AT, Shang P, Holst J,
Madore J, Lim SY, Velickovic R, Wongchenko M, et al. Distinct
immune cell populations define response to anti-PD-1 monother-
apy and anti-PD-1/Anti-CTLA-4 combined therapy. Cancer Cell.
2019;35(2):238-255.€236. d0i:10.1016/j.ccell.2019.01.003.

Placke J-M, Soun C, Bottek J, Herbst R, Terheyden P, Utikal J,
Pfohler C, Ulrich J, Kreuter A, Pfeiffer C, et al. Digital
Quantification of tumor PD-L1 predicts outcome of PD-1-Based
immune checkpoint therapy in metastatic melanoma [original
research]. Front Oncol. 2021;11:11. doi:10.3389/fonc.2021.741993.
Madore J, Vilain RE, Menzies AM, Kakavand H, Wilmott JS,
Hyman J, Yearley JH, Kefford RF, Thompson JF, Long GV, et al.
PD-L1 expression in melanoma shows marked heterogeneity
within and between patients: implications for anti-PD-1/PD-L1
clinical trials. Pigment Cell Melanoma Res. 2015;28(3):245-253.
doi:10.1111/pcmr.12340.

Carlino MS, Long GV, Schadendorf D, Robert C, Ribas A, Richtig E,
Nyakas M, Caglevic C, Tarhini A, Blank C, et al. Outcomes by line of
therapy and programmed death ligand 1 expression in patients with
advanced melanoma treated with pembrolizumab or ipilimumab in
KEYNOTE-006: a randomised clinical trial. Eur J Cancer.
2018;101:236-243. doi:10.1016/j.ejca.2018.06.034.

Larkin J, Chiarion-Sileni V, Gonzalez R, Grob J-J, Rutkowski P,
Lao CD, Cowey CL, Schadendorf D, Wagstaff ], Dummer R, et al.
Five-year survival with combined nivolumab and ipilimumab in
advanced melanoma. N Engl ] Med. 2019;381(16):1535-1546.
doi:10.1056/NEJMo0a1910836.

Rozeman EA, Hoefsmit EP, Reijers ILM, Saw RPM, Versluis JM,
Krijgsman O, Dimitriadis P, Sikorska K, van de Wiel BA,
Eriksson H, et al. Survival and biomarker analyses from the
OpACIN-neo and OpACIN neoadjuvant immunotherapy trials
in stage III melanoma. Nat Med. 2021;27(2):256-263. doi:10.
1038/541591-020-01211-7.

Rozeman EA, Menzies AM, van Akkooi ACJ, Adhikari C,
Bierman C, van de Wiel BA, Scolyer RA, Krijgsman O,
Sikorska K, Eriksson H, et al. Identification of the optimal


https://doi.org/10.1093/immadv/ltab025
https://doi.org/10.1200/JCO.22.02072
https://doi.org/10.1056/NEJMoa2109970
https://doi.org/10.1056/EVIDoa2200239
https://doi.org/10.1080/2162402x.2021.1926762
https://doi.org/10.1080/2162402x.2021.1926762
https://doi.org/10.1126/scitranslmed.abf5107
https://doi.org/10.1038/s41416-020-0810-1
https://doi.org/10.1038/s41416-020-0810-1
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1200/JCO.2011.37.8539
https://doi.org/10.1136/jclinpath-2022-208254
https://doi.org/10.1136/jclinpath-2022-208254
https://doi.org/10.1016/j.clim.2020.108428
https://doi.org/10.1016/j.clim.2020.108428
https://doi.org/10.1200/JCO.2016.67.2477
https://doi.org/10.1016/j.ccell.2019.01.003
https://doi.org/10.3389/fonc.2021.741993
https://doi.org/10.1111/pcmr.12340
https://doi.org/10.1016/j.ejca.2018.06.034
https://doi.org/10.1056/NEJMoa1910836
https://doi.org/10.1038/s41591-020-01211-7
https://doi.org/10.1038/s41591-020-01211-7

10 (&) T.N.GIDEETAL.

21.

22.

23.

24.

25.

combination dosing schedule of neoadjuvant ipilimumab plus
nivolumab in macroscopic stage III melanoma (OpACIN-neo):
a multicentre, phase 2, randomised, controlled trial. Lancet
Oncol. 2019;20(7):948-960. doi:10.1016/S1470-2045(19)30151-2.
Amaria RN, Postow M, Burton EM, Tezlaff MT, Ross MI, Torres-
Cabala C, Glitza IC, Duan F, Milton DR, Busam K, et al
Neoadjuvant relatlimab and nivolumab in resectable melanoma.
Nature. 2022;611(7934):155-160. doi:10.1038/s41586-022-05368-8.
Robert C, Schadendorf D, Long GV, Ascierto P, Intagliata S,
Meier F, van der Veldt AAM, Ribas A, Weber JS, Stenson L, et al.
1084P PLATForM: descriptive analysis from a randomised, phase
IT study of novel spartalizumab combinations in previously treated
unresectable/metastatic melanoma. Ann Oncol. 2021;32:5S898.
doi:10.1016/j.annonc.2021.08.1469.

Zhang Y, Liu YD, Luo YL, Liu BL, Huang QT, Wang F, Zhong Q.
Prognostic value of lymphocyte activation gene-3 (LAG-3) expres-
sion in esophageal squamous cell carcinoma. J Cancer. 2018;9
(22):4287-4293. doi:10.7150/jca.26949.

Rhyner Agocs G, Assarzadegan N, Kirsch R, Dawson H, Galvéan JA,
Lugli A, Zlobec I, Berger MD. LAG-3 expression predicts outcome
in stage IT colon Cancer. ] Pers Med. 2021;11(8):749. doi:10.3390/
jpm11080749.

He Y, Yu H, Rozeboom L, Rivard CJ, Ellison K, Dziadziuszko R,
Suda K, Ren S, Wu C, Hou L, et al. LAG-3 protein expression in

26.

27.

28.

29.

30.

non-small cell lung Cancer and its relationship with PD-1/PD-L1
and tumor-infiltrating lymphocytes. J Thorac Oncol. 2017;12
(5):814-823. doi:10.1016/j.jth0.2017.01.019.

Wang M, Du Q, Jin J, Wei Y, Lu Y, Li Q. LAG3 and its emerging
role in cancer immunotherapy. Clin Transl Med. 2021;11(3):e365.
doi:10.1002/ctm2.365.

Garcia Cruz D, Giri RR, Gamiotea Turro D, Balsbaugh JL,
Adler AJ, Rodriguez A. Lymphocyte activation gene-3 regulates
dendritic cell metabolic programming and T cell priming function.
J Immunol. 2021;207(9):2374-2384. doi:10.4049/jimmunol.
2001188.

Workman CJ, Wang Y, El Kasmi KC, Pardoll DM, Murray PJ,
Drake CG, Vignali DAA. LAG-3 regulates plasmacytoid dendritic
cell Homeostasisl. ] Immunol. 2009;182(4):1885-1891. doi:10.
4049/jimmunol.0800185.

Camisaschi C, De Filippo A, Beretta V, Vergani B, Villa A,
Vergani E, Santinami M, Cabras AD, Arienti F, Triebel F, et al.
Alternative activation of human plasmacytoid DCs in vitro and in
melanoma lesions: involvement of LAG-3. ] Invest Dermatol.
2014;134(7):1893-1902. doi:10.1038/jid.2014.29.

Reizis B, Bunin A, Ghosh HS, Lewis KL, Sisirak V. Plasmacytoid
dendritic cells: recent progress and open questions. Annu Rev
Immunol. 2011;29(1):163-183. doi:10.1146/annurev-immunol
-031210-101345.


https://doi.org/10.1016/S1470-2045(19)30151-2
https://doi.org/10.1038/s41586-022-05368-8
https://doi.org/10.1016/j.annonc.2021.08.1469
https://doi.org/10.7150/jca.26949
https://doi.org/10.3390/jpm11080749
https://doi.org/10.3390/jpm11080749
https://doi.org/10.1016/j.jtho.2017.01.019
https://doi.org/10.1002/ctm2.365
https://doi.org/10.4049/jimmunol.2001188
https://doi.org/10.4049/jimmunol.2001188
https://doi.org/10.4049/jimmunol.0800185
https://doi.org/10.4049/jimmunol.0800185
https://doi.org/10.1038/jid.2014.29
https://doi.org/10.1146/annurev-immunol-031210-101345
https://doi.org/10.1146/annurev-immunol-031210-101345

	Abstract
	Introduction
	Materials and methods
	Patients and specimens
	LAG-3 immunohistochemistry
	Pathological assessment and scoring
	Statistical analysis

	Results
	Patient characteristics and specimens
	LAG-3 expression in melanoma specimens
	Association of LAG-3 expression with response and survival
	LAG-3 expression in PD-1 refractory patients

	Discussion
	Conclusion
	Acknowledgments
	Disclosure statement
	Funding
	ORCID
	Data availability statement
	References

