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ABSTRACT
Different mechanisms lead to immune checkpoint inhibitor (ICI) resistance. Identifying clinically useful 
biomarkers might improve drug selection and patients’ therapy. We analyzed the soluble immune 
checkpoints sPD1, sPDL1, sLAG3, and sTIM3 using ELISA and their expression on circulating T cells 
using FACS in pre- and on-treatment blood samples of ICI treated melanoma patients. In addition, pre- 
treatment melanoma metastases were stained for TIM3 and LAG3 expression by IHC. Results were 
correlated with treatment response and progression-free survival (PFS). Resistance to anti-PD1 treatment 
(n = 48) was associated with high pre-treatment serum levels of sLAG3 (DCR: p = .009; PFS: p = .018; ROC 
cutoff >148 pg/ml) but not sPD1, sPDL1 or sTIM3. In contrast, resistance to ipilimumab plus nivolumab 
(n = 42) was associated with high levels of sPD1 (DCR: p = .019, PFS: p = .046; ROC cutoff >167 pg/ml) but 
not sPDL1, sLAG3 or sTIM3. Both treatment regimens shared a profound increase of sPD1 serum levels 
with treatment (p < .0001). FACS analysis revealed reduced frequencies of CD3+ CD8+ PD1 + T cells 
(p = .028) in anti-PD1-resistant patients, whereas increased frequencies of CD3+ CD4+ LAG3 + T cells 
characterized patients resistant to ipilimumab plus nivolumab (p = .033). Unlike anti-PD1 monotherapy, 
combination blockade significantly increased proliferating T cells (CD3+ CD8+ Ki67 + T cells; p < .0001) 
and eosinophils (p = .001). In melanoma metastases, an increased infiltration with TIM3+ or LAG3 + T cells 
in the tumor microenvironment correlated with a shorter PFS under anti-PD1 treatment (TIM3: p = .019, 
LAG3: p = .07). Different soluble immune checkpoints characterized checkpoint inhibitor-resistant mela
noma. Measuring these serum markers may have the potential to be used in clinical routine.
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Introduction

Immunotherapy with immune checkpoint inhibitors (ICIs), 
such as anti-programmed cell death 1 (anti-PD1) antibodies 
pembrolizumab or nivolumab alone or in combination with 
anti-cytotoxic T-lymphocyte-associated antigen-4 (anti- 
CTLA4) antibody ipilimumab plus nivolumab, has the poten
tial to induce durable responses and increased overall survival 
in several tumor entities but especially advanced melanoma.1–5 

T cells are the main effector cells of ICI treatment as they 
express the immune checkpoints CTLA4 and PD1 upon acti
vation which lead to T-cell exhaustion and energy. Blockage of 
these immune checkpoints thereby restores T-cell activation. 
However, only about one-third of advanced melanoma 
patients benefit long term from ICI treatment, most patients 
eventually progress. Identifying biomarkers to indicate ICI 
treatment resistance in advance would help to select patients 
and guide treatment decisions and save patients valuable time 
for alternative therapies. Moreover, the distinct mechanism of 
action of anti-CTLA4 and anti-PD1 treatment6 demands treat
ment-specific biomarkers.

Multiple mechanisms of ICI resistance are postulated and 
explored, including the expression of alternative immune check
points, such as T cell immunoglobulin and mucin domain- 
containing molecule-3 (TIM3) and lymphocyte-activation gene 
3 (LAG3).7–9 In melanoma metastases, transcriptome analysis 
revealed an increase in LAG3 expression 2–4 weeks after initia
tion of PD1 monotherapy (SITC, 2017).10 Johnson et al. have 
shown that tumors acquire immunosuppressive signals through 
alternative checkpoints that antagonize MHC-II expression, 
such as LAG3.9 Together, these data suggest the role of TIM3 
and LAG3 expression in resistance to ICI treatment and thus 
analyzing their expression in melanoma patient samples may 
help to predict treatment outcome. In the peripheral blood, 
PD1 + T cells are among the tumor-related T-cell clones11,12 

and the majority of melanoma patients exhibit an increase in 
circulating Ki67+ PD1+ CD8 + T cells under anti-PD1 
treatment.13 Here, a high fold change adjusted for baseline 
tumor burden correlated with longer progression-free survival 
(PFS). However, in another investigation, the average frequency 
of PD1+ CD4+ and TIM3+ CD8+ circulating T cells monitored 
over the period of anti-PD1 treatment was significantly higher in 
nonresponders compared to responders.14 In a mouse model, 
upon CTLA-4 treatment a suppressive ICOS+LAG3 
+ CD4 + T-cell subset was reduced with a concomitant rise in 
IL-2-producing T effector cells.15 However, significant findings 
were only detected under treatment, limiting their usefulness as 
a predictive biomarker for the clinical routine testing.

Interestingly, immune checkpoint proteins, known to be 
released by immune or cancer cells can be found in the blood 
as soluble forms.16–20 Besides the well-studied membrane- 
bound immune checkpoints, the role of soluble immune 
checkpoints is actively being explored. Elevated serum concen
trations of soluble programmed death-ligand-1 (sPDL1) and 
soluble PD1 (sPD1) at baseline are linked to an increased risk 
of disease progression upon treatment with immune check
point inhibitors in patients with melanoma.17,21 In 
a cooperative work, an increase in soluble interleukin-2 and 

soluble LAG3 (sLAG3) after only one cycle of ipilimumab was 
detected.15

In this study, we aimed to investigate the soluble immune 
checkpoints sPD1, sPDL1, sLAG3, and sTIM3 as potential 
biomarkers for immunotherapy resistance and determine 
their kinetics in the blood of melanoma patients under ICI 
treatment with either PD1 monotherapy or ipilimumab plus 
nivolumab combination therapy. In addition, the expression of 
these immune checkpoints on circulating T-cell subsets and 
the infiltration of LAG3+ and TIM3 + T cells in melanoma 
metastases was studied.

Materials and methods

Patient selection

Patients with advanced melanoma who received treatment 
with anti-PD1 and/or anti-CTLA4 therapy between 2011 
and 2018 were identified from routine patient documentation 
of the Section of Dermatooncology, Department of 
Dermatology and NCT Heidelberg. Patients who agreed to 
biobanking of samples were identified. Cohort I consists of 
patients with serum samples before and about 6 weeks in 
median (range 3–16 weeks) on ICI treatment for the analysis 
of soluble immune checkpoints. If available, PBMCs were 
used for FACS analyses of the T cell subsets. Cohort II con
sists of patients with archived formalin-fixed tissue samples 
from melanoma metastases before ICI treatment start. Patient 
characteristics and the analytical information of routine clin
ical blood parameters were extracted from the medical 
records retrospectively. Five patients with overall survival 
less than 3 months after ICI treatment initiation were 
excluded. Biobanking of patient material and the retrospec
tive analysis of patient data were approved by the Ethical 
Committee of the Medical Faculty of Heidelberg (S-207/ 
2005, S-091/2011, S-454/2015).

Definition of response and survival

We used the following treatment response categories defined by 
the response evaluation criteria in solid tumors (RECIST v1.1) 
criteria: complete response (CR), partial response (PR), stable 
disease (SD), and progressive disease (PD). Patients with PD 
were classified as nonresponders and patients with CR, PR, or 
SD as patients with the disease control (DCR) as best response. 
Progression-free survival (PFS) was measured from the start of 
treatment to documented evidence of PD or death; patients 
without an event were censored at the last contact date.

Collection of serum and peripheral blood mononuclear 
cells

Pre- and on-treatment peripheral blood samples were collected 
and processed according to the standard NCT biobank proto
cols. The blood samples were centrifuged at 2,500 × g for 
10 min for serum separation, divided into 200–300 uL aliquots, 
and stored at –80°C. For PBMC isolation, peripheral blood 
samples were collected in EDTA-coated tubes and carefully 
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layered on top of a Ficoll-Hypaque density gradient solution 
(Biocoll, Biochrom). After centrifugation, the ring of PBMCs 
was collected, washed twice, resuspended in PBS, counted, 
resuspended in freezing medium (70% FCS, 20% X–vivo20, 
10% DMSO), and frozen at −80°C before subsequent storage in 
liquid nitrogen until analysis.

Immunophenotyping via flow cytometry

Cells washed in PBS with 2% FCS (FACS buffer) were incu
bated with a human Fc receptor blocking reagent (KIOVIG, 
100 mg/ml infusion solution, normal human immunoglobulin, 
Baxter). Live/Dead cell viability dye (Thermo Fisher Scientific) 
was used to be able to distinguish live and dead cells. Cells were 
then stained with the following extracellular fluorescent- 
labeled antibodies (BD Biosciences) according to a T cell 
panel (staining CD3, CD4, CD8, Ki67, LAG3, PD1, TIM3) or 
a Treg panel (staining CD3, CD4, CD25, CD127, PD1, FoxP3, 
Ki67): anti-CD3-FITC (UCHT1), anti-CD4-APC-H7 (RPA- 
T4), anti-CD8-PerCP-Cy™5.5 (RPA-T8), anti-LAG3-BV421 
(T47-530), anti-PD1-PE (T cell panel)/-PE-Cy™7 (Treg panel) 
(EH12.1), anti-TIM3-Alexa Fluor® 647 (7D3), anti-CD25-APC 
(M-A251), anti-CD127-PerCP-Cy™5.5 (HIL-7 R-M-21). After 
staining for cell surface markers, cells were washed twice with 
FACS buffer and incubated with fixation/permeabilization buf
fer (Invitrogen) at 4°C for 45 min. After two washes with 
permeabilization wash buffer, cells were intracellularly stained 
for FoxP3 (anti-FoxP3-PE (236A/E7), BD Biosciences) and/or 
Ki67 (anti-Ki67-PE-Cy ™7 (T cell panel)/-BV421 (Treg panel) 
(B56), BD Biosciences) for 30 min at 4°C. After washing, the 
cells were analyzed on a BD FACS Canto II (BD Biosciences) 
with single-stained antibody-capturing beads used for com
pensation (CompBeads, BD Biosciences). Data were analyzed 
using FlowJo software version 10 (Tree Star, Ashland, OR, 
USA). T cells (live, single cells, lymphocytes, CD3+ cells) 
were divided into CD4+ or CD8+ populations and further 
gated according to the expression of Ki67, PD1, LAG3, TIM3 
for the T cell panel, and CD4+ CD25+ CD127- cells were 
further divided according to the expression of PD1, FoxP3 or 
Ki67 for the Treg panel.

ELISA

Serum concentrations of soluble immune checkpoint proteins 
were measured using commercially available ELISA kits 
according to the manufacturer’s instructions (PD1 kit (#LS- 
F470-1, LS Bio), PDL1 kit (#ab214565, Abcam), TIM3 kit 
(#ab231932, Abcam), LAG3 kit (#ab193707, Abcam). The 
intra- and inter-assay coefficient of variation was within 8% 
and 18%.

Immunohistochemistry

Archived FFPE tissue sections were cut (2–3 μm thick), and 
immunohistochemistry (IHC) was performed using an auto
mated stainer (Leica BOND-MAXTM, Leica Microsystems). 
The antigens were retrieved by heating the samples for 20 min 
at 100°C in citrate buffer (pH 6.0). Sections were incubated 
with rabbit polyclonal anti-TIM3 antibody (1: 500; #ab185703, 

Abcam) or rabbit monoclonal anti-LAG3 antibody (1:500; 
#ab180187, Abcam) at 37°C for 30 min. The IHC reaction 
was detected using a Polymer Refine detection kit (#DS9800, 
Leica Biosystems) and diaminobenzidine was used as 
a chromogen. Sections were faintly counterstained with hema
toxylin. Stained whole slide tissue sections were digitized into 
high-resolution images using a scanner. The digital images 
were then marked and the IHC staining of TIM3 and LAG3 
in the TME was evaluated as the density of cells, defined as the 
number of positive cells/mm2 in the tumor region using 
Visiomorph automated programming tool. The average score 
of all the areas within the tumor region for each marker was 
assessed, and the final scores were later categorized based on 
the median into high or low for statistical analysis.

Statistical analysis

Differences between the different variables in the groups and 
ICI treatment response were assessed by Mann–Whitney 
U (MWU) or chi-square test. Differences between pre- and on- 
treatment samples were analyzed using the Wilcoxon-rank test 
(WCR). Cutoff values for all significant biomarker variables 
were determined by ROC curve analysis using response as an 
event. Kaplan–Meier Analysis and the Log-rank test were used 
for survival analysis and the hazard ratio (HR) was determined 
through a Cox proportional hazard regression model. 
Multivariable regressions were performed to adjust for poten
tial confounders based on univariable regression analysis. Only 
baseline variables that achieved a significance level of p < .05 
were included in the multivariable model. The correlations 
between continuous variables were determined by Pearson’s 
coefficient. All statistical analyses were performed using SPSS 
version 24 (IBM), and the graphs for data presentation was 
created using GraphPad Prism version 8 (GraphPad Software, 
Inc., La Jolla, CA, USA). The bars and lines in the column 
graphs represent median values and 95% CI. All reported 
p-values are two-sided, and p < .05 was considered to indicate 
a statistically significant difference.

Results

sLAG3 and sPD1 indicate resistance to anti-PD1 and 
combined anti-CTLA4 plus anti-PD1 treatment, 
respectively

Using ELISA, we measured the soluble immune checkpoints 
sPD1, sPDL1, sLAG3, and sTIM3 in serum samples before and 
about 6 weeks after the initiation of ICI therapy. Paired serum 
samples were available from 113 patients with metastasized 
stage IV melanoma (cohort 1) who were treated with a PD1 
antibody and/or ipilimumab at the Section for 
Dermatooncology, Department of Dermatology and National 
Center for Tumor Diseases, University Hospital Heidelberg. 
Patient characteristics are summarized in Table 1. Of 113 
patients, 48 (43%) patients received anti-PD1 monotherapy 
(47 pembrolizumab, 1 nivolumab), 42 (37%) ipilimumab plus 
nivolumab, and 23 (20%) ipilimumab monotherapy. The med
ian follow-up of patients was 14 months.
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In patients treated with PD1 monotherapy increased con
centrations of sLAG3 in pre-treatment samples were observed 
in patients resistant to the treatment (PD vs DCR, p = .032) 
with a median value of 186 pg/ml in nonresponding patients 
and 85 pg/ml in patients with at least stable disease (DCR, 
Figure 1a). Univariate Cox regression and Kaplan–Meier ana
lysis revealed that patients with sLAG3 concentrations above 
148 pg/ml (ROC cutoff: Figure 1b) experienced significantly 
shorter progression-free survival (p = .018; HR: 0.40; 95%CI: 
0.19–0.85; log-rank test: p = 0,007) (Table 2; Figure 1c) under 
anti-PD1 therapy. Apart from sLAG3, serum lactate dehydro
genase (LDH) levels and absolute monocytes in pre-treatment 
samples of the peripheral blood were found to be significantly 
associated with the clinical outcome of anti-PD1 treatment 
(Table 2; Supplemental text; Supplemental Figure S1). 
However, sLAG3 remains a significant predictive factor for 
the response (p = .014) and PFS (0.016) when adjusted to 
LDH and absolute monocyte count (Table 2).

However, no such association between sLAG3 and response 
to combination treatment with ipilimumab and nivolumab 
(p = .499) or ipilimumab monotherapy (p = .277) 
(Supplemental Figure S2) was observed. The sLAG3 concen
trations increased in patient serum samples upon all the three 
immune checkpoint regimens within approximately 6 weeks 
(Figure 1d). In a similar fashion to the pre-treatment concen
trations of sLAG3, a trend of increased sLAG3 under PD1 
treatment was observed in nonresponders (p = .135; 
Supplemental Figure S2). In addition, the concentration of 
sLAG3 positively correlated with the frequencies of CD3 
+ CD4+ CD25+ CD127- regulatory T cells (p = .001; r = 0.6) 
in the peripheral blood (Figure 1e).

A significant difference in the pre-treatment concentration 
of sPD1 with response was observed in patients treated with 
ipilimumab plus nivolumab combination treatment (p = .012) 
in which the patients who were at least stable under treatment 
(DCR) had a median sPD1 concentration of 149 pg/ml com
pared to a median concentration of 459 pg/ml in patients who 
were primarily resistant (PD, Figure 2a). Univariate Cox 
regression and Kaplan–Meier analysis revealed that patients 
with a concentration of sPD1 above 167 pg/ml in pre- 
treatment samples (ROC cutoff: Figure 2b) experienced signif
icantly shorter PFS (p = .046; HR: 0.44; 95%CI: 0.20–0.98; log- 
rank test: p = .029) (Table 3; Figure 2c). Apart from sPD1, LDH 
and hemoglobin levels in pre-treatment blood samples were 
found to be significantly associated with response to ipilimu
mab plus nivolumab combination treatment (Table 3; 
Supplemental text; Supplemental Figure S1). Again, when 
adjusted to baseline LDH and hemoglobin concentration in 
the blood, sPD1 remained a significant predictor of response 
(p = .036) and PFS (p = .038) for the combination treatment 
(Table 3).

However, following the treatment with anti-PD1 or combi
nation treatment, a dramatic increase of sPD1 concentrations 
in the blood was observed (p < .0001), compared to patients 
treated with anti-CTLA4 alone (p = .001) (Figure 2d). 
Correlation with circulating immune cells and T cell subsets 
revealed that pre-treatment concentrations of sPD1 negatively 
correlated with the absolute lymphocyte count (p = .017; 
r = −0.2; Figure 2e) and the PD1 expression on CD4+ and 

CD8 + T cells (Supplemental Figure S3), and positively corre
lated with the expression of the alternative immune check
points LAG3 and TIM3 on CD4+ and CD8 + T cells and 
proliferating Tregs (p < .05; Supplemental Figure S3).

In this study, we did not find any strong associations 
between sPDL1 and sTIM3 concentrations and the clinical 
outcome of ICI treated patients. However, there were signifi
cant treatment-specific dynamics of these markers and correla
tions with other variables in the peripheral blood such as 
a significant increase in sPDL1 upon combination treatment 
and a positive correlation between sPDL1 and sTIM3 (supple
mental text)

Peripheral T cell subsets indicate response and display 
differential dynamics upon anti-PD1 and anti-CTLA4 plus 
anti-PD1 combination treatment

Circulating T cells are targets for ICIs. Therefore, we moni
tored in a subset of patients from cohort 1 with available 
samples, the T cell phenotypes in patient blood samples and 

Table 1. Patient characteristics by treatment group (Cohort 1).

ICI Treatment Group

Characteristics

Anti- 
CTLA4 

(n = 23)
Anti-PD1 
(n = 48)

Anti-CTLA4 plus Anti- 
PD1 

(n = 42)

Age [years]
Median (range) 59 (30–86) 70 

(37–90)
56 (22–77)

n (%) n (%) n (%)
Sex
Male 16 (70) 31 (65) 21 (50)
Female 7 (30) 17 (35) 21 (50)
Braf Status
Mutation 11 (48) 16 (33) 18 (43)
Wild Type 11 (48) 30 (63) 19 (45)
Missing 1 (4) 2 (4) 5 (12)
Serum LDH
Elevated 11 (48) 13 (27) 18 (43)
Normal 10 (43) 35 (73) 24 (57)
Missing 2 (9)
Prior Systemic 

Treatment
No 12 (52) 21 (44) 23 (55)
Yes* 11 (48) 27 (56) 19 (45)
Tumor Stage
M0, M1a, M1b 9 (39) 15 (31) 13 (31)
M1c, M1d 14 (61) 33 (69) 29 (69)
Liver Metastases
Yes 4 (17) 8 (17) 17 (40)
No 19 (83) 40 (83) 25 (60)
Brain Metastases
Yes 8 (35) 21 (44) 14 (33)
No 15 (65) 27 (56) 28 (67)
Response
CR 0 (0) 2 (4) 3 (7)
PR 5 (22) 12 (25) 13 (31)
SD 5 (22) 14 (29) 10 (24)
PD 13 (56) 20 (42) 16 (38)
RR (PR+CR) 5 (22) 14 (29) 16 (38)
DCR (SD+PR+CR) 10 (44) 28 (58) 26 (62)
PFS [months]
Median (range) 3 (0–37) 7 (1–56) 6 (1–35)
Follow up [months]
Median (range) 15 (4–90) 15 (3–56) 13,5 (3–37)

*Prior Systemic therapy was mainly chemotherapy for the anti-CTLA4 group, anti- 
CTLA4 for the anti-PD1 group, and anti-PD1 for the anti-CTLA4 plus anti-PD1 
group.
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correlated them with the response to anti-PD1 (pembrolizu
mab (n = 23) and anti-CTLA4 plus anti-PD1 combination 
treatment (ipilimumab plus nivolumab (n = 25). The frequen
cies of CD3 + T lymphocytes from flow cytometry analysis 
positively correlated with the absolute lymphocyte count ana
lyzed in the clinical routine blood film (p = .001; r = 0.5) 
(Supplemental Figure S4). A trend of a higher frequency of 
CD3+ CD4 + T cells was observed in responders to anti-PD1 
(p = .053) and combination therapy (p = .183) pre-treatment 
compared to nonresponders (Supplemental Figure S5). 
Interestingly, this was not true for CD8 + T cells where non
responders had intendancy more peripheral CD8+ circulating 
T cells than responders before treatment (anti-PD1: p = .138; 
anti-CTLA4+ anti-PD1: p = .13) (Supplemental Figure S6). 
However, PD1 expression on CD3+ CD8 + T cells (p = .028) 
or proliferating CD3+ CD8+ Ki67 + T cells (p = .033) pre- 
treatment was significantly and positively associated with 
response to anti-PD1 monotherapy (Figure 3a, b). Patients 
with greater than 9% frequency (ROC cutoff; Supplemental 
Figure S7A) of CD3+ CD8+ PD1 + T cells or CD3+ CD8 
+ Ki67+ PD1 + T cells in the blood were more likely to 
experience longer PFS (p = .001 or p = .005; Figure 3c). 
Similarly, even though no statistical significance was found, 
the same trend could be seen in patients responding to the 
combination treatment (p = .250 or p = .169; Supplemental 
Figure S6). Furthermore, upon both anti-PD1 mono and com
bination therapy, we found a significant decrease in PD1 
expression on all T cell compartments (Supplemental Figure 
S8,9). However, these data have to be interpreted with care as 
the therapeutic anti-PD1 administration may hamper the 
detection of PD1 expression by the EH12.1 commercial anti
body used in our study. Compared to PD1 (median: 9%), the 
expression of TIM3 (median: 1.8%) and LAG3 (median 0.18%) 

on circulating CD3 + T cells is limited to very few cell popula
tions. Nevertheless, with such low frequencies, we found sig
nificantly increased numbers of CD3+ CD4+ LAG3 + T cells 
(p = .027) in nonresponding patients treated with combination 
treatment (Figure 3d) but not in patients treated with anti-PD1 
monotherapy (supplemental Figure S5). Moreover, the num
bers of CD3+ CD4+ TIM3 + T cells (p = .097) and CD3+ CD8 
+ TIM3 + T cells (p = .010) increased in patients’ blood upon 
combination treatment, but the same was not found in patients 
treated with anti-PD1 monotherapy (Supplemental 
Figure S8,9).

Furthermore, we observed a significant increase in Ki67 
expression on CD3+ CD8 + T cells (p < .0001) upon anti- 
CTLA4 plus anti-PD1 combination treatment but not on anti- 
PD1 treatment alone (p = .170). Of note, apart from one 
patient, the Ki67 marker was increased on CD3+ CD8 + T 
cells of all the patients who received combination treatment 
(Figure 4a, b). The same was observed in CD3+ CD4 + T cells 
upon combination treatment (p = .019) but not upon anti-PD1 
treatment (p = .616). Similarly, we found an increase in the 
absolute eosinophils in blood upon combination treatment 
(p = .001) but not upon anti-PD1 treatment (p = .559) 
(Figure 4c). Notably, we did not find any increase in absolute 
lymphocytes from the clinical blood variables upon combina
tion treatment (Figure 4d).

Tumor infiltration of TIM3+ and LAG3 + T cells correlated 
with a shorter PFS but did not Indicate response to ICI 
treatment

To determine if the presence of alternative immune check
points, i.e.that is, TIM3 and LAG3 in the tumor microenviron
ment indicates resistance to ICI treatment, we then quantified 

Figure 1. sLAG3 indicates resistance to anti-PD1 treatment. Serum concentrations of sLAG3 are associated with clinical response to anti-PD1 therapy in melanoma 
patients. (A). The graph indicates pre-treatment concentrations of the soluble immune checkpoint proteins according to the response to anti-PD1 treatment. The purple 
bars indicate patients with disease progression (PD) and the orange bars indicate the disease control (DCR). Statistical differences between the two groups were 
calculated using the MWU Test and the p-values are presented above the bars. (B) Receiver operative curve (ROC) of sLAG3 concentrations for differentiating PD and 
DCR groups. Based on the area under the ROC curve (AUC) that had high sensitivity and low specificity the cutoff values were determined for sLAG3. (C) Kaplan–Meier 
curves for PFS considering sLAG3 concentrations below and above the cutoff (</≥148 pg/ml). p-values refer to the log-rank test. (D) A grouped plot indicating median 
sLAG3 concentrations at pre-treatment (blue) and approximately 6 weeks upon the respective ICI treatment (red) in melanoma patients (95% confidence intervals (95% 
CI)). (E) Correlation between sLAG3 concentrations and the frequencies of Treg cells (CD3+ CD4+ CD25+ CD127-) analyzed at the same time points in pre-treatment 
blood samples. Pearson correlation test was used and a p-value <0.05 was considered statistically significant.
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the immunohistochemical expression of TIM3 and LAG3 on 
T Lymphocytes in pre-treatment tumor sections using 
a predefined algorithm in a partially overlapping cohort. The 
patient characteristics of this cohort are given in Supplemental 
Table 1. We found that neither TIM3 nor LAG3 expression in 
the TME was associated with clinical response to any ICI 
treatment in the study. However, patients with increased infil
tration of TIM3 + T cells (median >152 cells/mm2) and 
LAG3 + T cells (median >624 cells/mm2) in the TME experi
enced shorter PFS upon anti-PD1 therapy (p = .019 and 
p = .070) suggesting that their increased infiltration might 
contribute to treatment resistance (Figure 5a, b). In contrast, 
patients with increased TIM3 + T cell infiltration in the TME 
(median >62 cells/mm2) experienced longer PFS under 
Ipilimumab (p = .035; Figure 5b) and a similar trend was 

observed in terms of response to combination treatment 
(p = .149; Figure 5b).

Discussion

We evaluated the association between soluble immune check
points and peripheral T cell subsets with the response to anti- 
PD1 or anti-CTLA4 plus anti-PD1 ICI treatments in patients 
with metastasized melanoma. We show that different biomar
kers are associated with the response to the different ICI treat
ments. Increased serum concentrations of sLAG3, reduced 
absolute monocytes, and low frequencies of PD1 expressing 
CD8 + T cell subsets pre-treatment identify nonresponders to 
anti-PD1 treatment, whereas increased serum concentrations 
of sPD1, low hemoglobin levels, and high frequencies of LAG3 
expressing CD4 + T cells pre-treatment identify nonresponders 
to anti-CTLA4 plus anti-PD1 combination treatment. 
Furthermore, the on-treatment analysis of blood samples 
revealed a common increase of serum soluble immune check
points but different T cell activation dynamics upon treatment 
with anti-PD1 or anti-CTLA4 plus anti-PD1 treatment, e.g.for 
example, ipilimumab plus nivolumab treatment induced sig
nificant proliferation of effector T cells (CD3+ CD8+ Ki67+).

The role of soluble immune checkpoints is an active area of 
research. The major sources of sLAG3 in the blood are den
dritic cells and B cells.22 In vitro, sLAG3 enhances the expan
sion of melanoma-specific CD8 + T lymphocytes23 and, in 
contrast, is known to impair monocyte differentiation resulting 
in reduced immunostimulatory capacities.24 In MHC II 
expressing melanoma cells, the addition of sLAG3 protects 
tumor cells from FAS mediated and drug-induced 
apoptosis.25 In line with this observation, we found increased 
sLAG3 concentrations in nonresponding patients to anti-PD1 
therapy. However, we observed a positive association of sLAG3 
with the number of regulatory T cells (CD3+ CD4+ CD25 
+ CD127-) in the peripheral blood. The mechanism through 
which sLAG3 is involved in resistance to anti-PD1 therapy 
particularly remains unclear. It might influence the interaction 
between MHC class II expressing dendritic cells and T cell 
activation.

Unlike sLAG3, the increased presence of sPD1 in the blood 
may directly limit the efficacy of the therapeutic anti-PD1 
antibody by competing with its binding to membrane-bound 
PD1 on immune cells. However, in our study, increased sPD1 
concentrations in melanoma patients indicated resistance to 
ipilimumab plus nivolumab combination treatment but not 
anti-PD1 monotherapy. The structural difference between the 
two anti-PD1 therapeutic antibodies, Pembrolizumab and 
Nivolumab was previously studied and, the two antibodies 
may have different binding capacities for circulating sPD126 

which might contribute to the resistance for combination 
treatment with ipilimumab plus nivolumab but not for anti- 
PD1 therapy as apart from one patient all patients received 
pembrolizumab in our study. In a recent report elevated sPD1 
and sPDL1 were found to be associated with a poor clinical 
outcome in patients treated with anti-PD1 ± anti-CTLA4 
therapy.21 In this study, it is not clear if this result might be 
mainly influenced by the combination treatment and even 
though more patients received anti-PD1 monotherapy 

Table 2. Univariable and multivariable regression analysis of response and PFS to 
anti-PD1 treatment.

Best Response (DCR)
Parameters Univariable Logistic 

Regression
Multivariable Logistic 

Regression
HR (95% CI) p HR (95% CI) p

Age* 
(<69.5 Vs > 69.5 Years)

2.87 
(0.87–9.44)

0.083

Gender 
(Male Vs Female)

1.03 
(0.31–3.42)

0.959

Braf 
(Braf wt Vs Braf mt)

1.27 
(0.36–4.41)

0.702

Prior Systemic Therapy (No Vs 
Yes)

0.53 
(0.16–1.75)

0.304

Tumor Stage 
(M0, M1a, M1b Vs M1c, 
M1d)

0.60 
(0.16–2.14)

0.432

Liver Metastases 
(No Vs Yes)

1.23 
(0.25–5.87)

0.794

Brain Metastses 
(No Vs Yes)

1.3 (0.40–4.15) 0.658

LDH 
(Normal Vs Elevated)

0.20 
(0.05–0.80)

0.024 0.17 
(0.03–0.89)

0.036

Monocytes* 
(<0.4 Vs > 0.4/nl)

3.66 
(1.07–12.51)

0.038 5.18 
(1.14–23.44)

0.033

sLAG3* 
(<148 Vs >148 pg/ml)

0.18 
(0.05–0.66)

0.009 0.15 
(0.03–0.68)

0.014

Progression-Free Survival (PFS)
Parameters Univariable Cox 

Regression
Multivariable Cox 

Regression
HR (95% CI) p HR (95% CI) p

Age* 
(<69.5 Vs > 69.5 Years)

1.67 
(0.79–3.51)

0.176

Gender 
(Male Vs Female)

0.85 
(0.40–1.82)

0.691

Braf 
(Braf wt Vs Braf mt)

1.34 
(0.58–3.07)

0.483

Prior Systemic Therapy (No Vs 
Yes)

0.65 
(0.29–1.41)

0.275

Tumor Stage 
(M0, M1a, M1b Vs M1c, 
M1d)

0.95 
(0.43–2.10)

0.902

Liver Metastases 
(No Vs Yes)

0.97 
(0.37–2.57)

0.962

Brain Metastses 
(No Vs Yes)

1.31 
(0.62–2.76)

0.474

LDH 
(Normal Vs Elevated)

0.41 
(0.19–0.90)

0.026 0.41 
(0.18–0.91)

0.030

Monocytes* 
(<0.4 Vs > 0.4/nl)

1.72 
(0.82–3.59)

0.148

sLAG3* 
(<148 Vs >148 pg/ml)

0.40 
(0.19–0.85)

0.018 0.39 
(0.18–0.84)

0.016

*Age, monocytes, and sLAG3 were dichotomized for regression analysis based on 
ROC cutoff values with the response as an event
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majority of them received nivolumab. In another recent study, 
no predictive value of sPD1 serum concentrations for the 
response to the PD1 monotherapy with pembrolizumab was 
detected27 – matching our results here. Furthermore, on- 
treatment samples revealed that the sPD1 concentrations dras
tically increase upon anti-PD1 and combination therapy com
pared to anti-CTLA4 monotherapy. A similar finding of 
increased sPD1 concentrations upon anti-PD1 treatment was 
reported recently while profiling plasma proteomics in cuta
neous melanoma patients.28 Although the sources of sPD1 in 
the blood are still unknown, we found a significant negative 
correlation between the serum concentrations of sPD1 and 
PD1 expression on T cell subsets. Interestingly, we also noticed 
a positive correlation between sPD1 and the frequencies of 
LAG3 and TIM3 positive T cells analyzed at the same time 
points. In vitro, the coculturing of dendritic cells with T cells 
and sPD1 resulted in inhibition of T cell proliferation.29 

Increased sPD1 levels in plasma are associated with poor 
immune infiltration in the TME in Braf wild-type melanoma 
patients treated with anti-PD1 therapy.30 Together, these 
reports suggest that sPD1 might have a direct role in hamper
ing anti-tumor immunity. Further studies need to explore the 
therapeutic resistance mechanisms of sPD1.

Previously, sPDL1 was shown to be associated with response 
to ipilimumab in melanoma patients, and in 35 patients who 
received anti-PD1 treatment, two out of four patients with high 
sPDL1 at pre-treatment had experienced progressive disease.17 

However, in our study, we did not observe any significant 
association between pre-treatment concentrations sPDL1 and 
response to anti-PD1 or combination treatment. Meanwhile, 

the limited sample size of the ipilimumab cohort in our study 
and the variation in sPDL1 concentration cutoffs may result in 
such differences and make it hard to conclude.

Anti-PD1 therapy directly targets PD1 expressing T cells. 
Increased frequencies of CD8+ PD1hi CTLA4hi infiltrating 
T cells in the tumor microenvironment of melanoma patients 
are linked to better response to anti-PD1 treatment.31 CD8 
+ PD1 + T cells are known to be tumor-related T cell clones 
and found in the peripheral blood of melanoma patients.11–13 

Accordingly, melanoma patients with low frequencies of CD8 
+ PD1+ Ki67 + T cells indicate poor survival, and the clinical 
outcome of anti-PD1 treatment in melanoma patients was 
shown to be dependent on the ratio of the fold change of 
CD8+ PD1+ Ki67 + T cells to tumor burden.13 Recently, it 
was shown that melanoma patients who were responding to 
anti-PD1 treatment revealed a significant reduction of PD1 
+ Tregs after one cycle of treatment.32 In contrast, in a recent 
study, mass spectrometry phenotyping of PD1 expression on 
T cells analyzed at different time points under therapy showed 
no difference with the response to anti-PD1 treatment in 
melanoma patients.33 Our flow cytometric results demonstrate 
that the low frequencies of PD1 expressing CD8 + T cell subsets 
in the pre-treatment blood samples may be useful to identify 
patients resistant to anti-PD1 treatment. Although the same 
trend for PD1 expressing CD8 + T cells was observed in 
nonresponding patients to combination treatment, the differ
ence was not as prominent as in the anti-PD1 cohort, which 
might be partly due to the dual action of anti-CTLA4 along 
with anti-PD1. Moreover, unlike previous report, we did not 
observe a relation between on-treatment frequencies of PD1 

Figure 2. sPD1 indicates resistance to anti-CTLA4 plus anti-PD1 combination treatment. Increased concentrations of sPD1 in serum samples are associated with 
resistance to anti-CTLA4 plus anti-PD1 combination treatment in melanoma patients. (A) The graph indicates the pre-treatment concentrations of the soluble immune 
checkpoint proteins according to the response to anti-CTLA4 plus anti-PD1 combination treatment. The purple bars represent patients with progressive disease (PD) and 
the orange bars represent the disease control (DCR). Statistical differences between the two groups were calculated using the MWU test and the p-valuesare indicated 
above the respective group. (B) Receiver operative curve (ROC) of sPD1 concentrations for differentiating PD and DCR groups. Based on the area under the ROC curve 
(AUC) that had high sensitivity and low specificity the cutoff values were determined for sPD1. (C) Kaplan–Meier curves for PFS considering sPD1 concentrations below 
and above the cutoff (</≥167 pg/ml). p-values refer to the log-rank test. (D) A grouped plot indicating median sPD1 concentrations at pre-treatment (blue) and 
approximately 6 weeks upon the respective ICI treatment (red) in melanoma patients (95% confidence intervals (95%CI)). (E) A significant negative correlation between 
sPD1 concentrations and absolute lymphocytes/nl analyzed at the same time points in pre-treatment blood samples. Pearson correlation test was used and a p-value 
<0.05 was considered statistically significant.
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+ Tregs and ICI response. However, our on-treatment samples 
analyzed were collected upon 6 weeks on ICI treatment instead 
of after the first cycle of treatment like in the previous report.32 

The different technological methods, time points and patient 
cohorts in these studies may account for such differences. 
However, further studies with larger patient numbers are 
warranted.

The expression of alternative immune checkpoints such as 
LAG3 and TIM3 is limited to a small T cell population in the 
peripheral blood. In our study, we observed that patients resis
tant to the combination treatment had increased frequencies of 
CD3+ CD4+ LAG3 + T cells in the peripheral blood. However, 
the low frequencies of LAG3 + T cells in blood might be 
challenging to use peripheral LAG3 + T cells as a biomarker 
in the clinical setting. Moreover, the increased infiltration of 
LAG3+ and TIM3 + T cells in the TME indicated a shorter PFS 
upon anti-PD1 treatment in our study. In contrast, in a recent 
publication, increased LAG3 mRNA expression in melanoma 
was associated with better overall survival and progression-free 
survival under ICI treatment.34 However, in the latter study, 
the LAG3 mRNA might originate from tumor cells. Under 

PD1 treatment an increase in LAG3 mRNA level was detected. 
However, it is not known yet if that is a general phenomenon 
under therapy or correlated with response or resistance.10

Targeting next generation immune checkpoints such as 
LAG3 has demonstrated the ability to enhance the efficacy of 
PD-1 blockade in many models, including a phase 1/2 clinical 
trial in solid tumors (ESMO 2017).35 Our study results suggest 
that high circulating sLAG3 in patients might impair effective
ness to anti-PD1 Abs, theoretically these patients might there
fore benefit from the combination with a LAG3 inhibitor. 
Accordingly, nonresponding patients to ipilimumab plus nivo
lumab combination treatment also had a detectable amount of 
LAG3 on circulating T cells, which further supports the use of 
combinational treatment with LAG3 inhibitors for maximum 
clinical benefit in these patients. However, the impact of neu
tralizing sLAG3 with LAG3 inhibitors should be further inves
tigated to understand the functional role of sLAG3 in anti-PD1 
resistant patients.

Treatment with anti-CTLA4 was previously shown to 
expand Ki67+ CD4+ and CD8 + T cells in the peripheral 
blood after 3–6 months of treatment in melanoma 

Table 3. Univariable and multivariable regression analysis of response and PFS to Anti-CTLA4 plus anti-PD1 combination treatment.

Best Response (DCR)
Parameters Univariable Logistic Regression Multivariable Logistic Regression

HR (95% CI) p HR (95% CI) p
Age* 

(<55 Vs > 55 Years)
0.28 (0.07–1.12) 0.073

Gender 
(Male Vs Female)

0.44 (0.12–1.57) 0.208

Braf 
(Braf wt Vs Braf mt)

1.45 (0.38–5.54) 0.583

Prior Systemic Therapy (No Vs Yes) 0.48 (0.13–1.72) 0.264
Tumor Stage 

(M0, M1a, M1b Vs M1c, M1d)
0.63 (0.15–2.52) 0.514

Liver Metastases 
(No Vs Yes)

0.80 (0.22–2.84) 0.735

Brain Metastses 
(No Vs Yes)

1.87 (0.47–7.45) 0.372

LDH 
(Normal Vs Elevated)

0.26 (0.07–0.98) 0.048 0.28 (0.05–1.43) 0.126

Hemoglobin* 
(<12.6 Vs > 12.6 g/dl)

8.14 (1.95–33.86) 0.004 5.50 (1.14–26.45) 0.033

sPD1* 
(<167 Vs >167 pg/ml)

0.18 (0.04–0.75) 0.019 0.17 (0.03–0.88) 0.036

Progression-Free Survival (PFS)
Parameters Univariable Cox Regression Multivariable Cox Regression

HR (95% CI) p HR (95% CI) p
Age 

(<55 Vs > 55 Years)
0.78 (0.36–1.70) 0.541

Gender 
(Male Vs Female)

0.53 (0.24–1.16) 0.114

Braf 
(Braf wt Vs Braf mt)

0.77 (0.35–1.71) 0.530

Prior Systemic Therapy (No Vs Yes) 0.63 (0.29–1.34) 0.231
Tumor Stage 

(M0, M1a, M1b Vs M1c, M1d)
1.04 (0.46–2.33) 0.915

Liver Metastases 
(No Vs Yes)

0.76 (0.35–1.64) 0.497

Brain Metastses 
(No Vs Yes)

1.55 (0.65–3.68) 0.315

LDH 
(Normal Vs Elevated)

0.84 (0.39–1.83) 0.675

Hemoglobin 
(<12.6 Vs > 12.6 g/dl)

2.27 (1.05–4.90) 0.036 2.24 (1.02–4.89) 0.043

sPD1 
(<167 Vs >167 pg/ml)

0.44 (0.20–0.98) 0.046 0.43 (0.19–0.95) 0.038

*Age, hemoglobin, and sLAG3 were dichotomized for regression analysis based on ROC cutoff values with the response as an event
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patients.36,37 In a recent study, increased proliferation of 
CD8 + T cells upon anti-PD1 treatment was limited to PD1 
expressing T cells, whereas anti-CTLA4 plus anti-PD1 combi
nation treatment induced proliferation of CD8 + T cells irre
spective of PD1 expression.6 In line with these reports, our 

analysis demonstrates that anti-CTLA4 plus anti-PD1 combi
nation treatment results in increased frequencies of proliferat
ing CD4+ Ki67+ and CD8+ Ki67 + T cells, unlike anti-PD1 
monotherapy. A similar phenomenon was observed with abso
lute eosinophils in the blood as we found an increased number 

Figure 3. Different T cell subsets in the blood associated with anti-PD1 and anti-CTLA4 plus anti-PD1 combination treatment response. PD1 and LAG3 expressions on 
circulating T cell subsets indicate clinical outcomes in ICI treated melanoma patients. (A) Comparison of the median frequencies of CD3+ CD8+ PD1 + T cells (left) and 
CD3+ CD8+ Ki67+ PD1 + T cells (right) in melanoma patients with progressive disease (PD, purple bars) and disease control (DCR, orange bars) under anti-PD1 
treatment (95% confidence intervals (95%CI)). Statistical differences between the two groups were calculated using the MWU Test and the p-values are mentioned 
above the respective group. (B) Representative flow cytometric plots to show the differential expression of PD1: %CD3+ CD8+ PD1 + T cells (left) and %CD3+ CD8+ Ki67 
+ PD1 + T cells (right) from a nonresponding (PD) and a responding patient (PR). (C) Kaplan–Meier curves for PFS considering the frequencies of CD3+ CD8+ PD1 + T 
cells (left) and CD3+ CD8+ Ki67+ PD1 + T cells (right) below and above the ROC cutoff of 9% (</≥9%). p-values refer to the log-rank test. (D) (Left) Comparison of the 
median frequencies of CD3+ CD4+ LAG3 + T cells pre- and on-treatment in primarily resistant (PD, purple bars) and responding melanoma patients (DCR, orange bars) 
under anti-CTLA4 plus anti-PD1 treatment (95% confidence intervals (95%CI)). Statistical differences between the two groups were calculated using the MWU Test and 
the p-values are mentioned above the respective group. (Right) Representative flow cytometric plots to show the differential expression of LAG3 on %CD3+ CD4 + T 
cells in a resistant (PD) and a stable disease patient (SD).

Figure 4. Systemic immune activation upon combination treatment unlike anti-PD1 treatment. Anti-CTLA4 plus anti-PD1 combination treatment expands proliferating 
T cells and eosinophils, unlike anti-PD1 treatment. (A) The graphs show the pre- to on-treatment change in the frequencies of CD3+ CD4+ Ki67+ and CD3+ CD8 
+ Ki67 + T cells upon anti-PD1 treatment and anti-CTLA4 plus anti-PD1 combination treatment. Statistical differences between the two groups were calculated using 
Wilcoxon test and the p-values are mentioned above the respective group. (B) Representative flow cytometric plots of two individual patients to show the differential 
change in the expression of Ki67 on CD3+ CD8 + T cells upon anti-PD1 treatment (Left) and anti-CTLA4 plus anti-PD1 combination treatment (Right). (C) Grouped plot 
indicating absolute eosinophils/nl at pre-treatment (blue) and approx-6 weeks upon the respective ICI treatment (red) in melanoma patients. The symbols show the 
median values and lines show the 95% confidence intervals (95%CI). (D) Grouped plot indicating absolute lymphocytes/nl at pre-treatment (blue) and approx-6 weeks 
upon the respective ICI treatment (red) in melanoma patients. The symbols show the median values and lines show the 95% confidence intervals (95%CI).
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of eosinophils upon treatment with combination treatment 
and upon anti-CTLA4 treatment but not anti-PD1 monother
apy. Together, these data demonstrate that combination treat
ment results in a profound T cell proliferation compared to 
monotherapy with anti-PD1.

Limitations

Although the data provide a unique insight into peripheral 
blood biomarkers and their differential dynamics associated 
with different ICI treatment regimens, there are several poten
tial limitations associated with this study. First, the retrospec
tive design of the study and the heterogeneity of patients poses 
a challenge that can only be partially compensated by multi
variate analyses including prognostic factors such as LDH as 
a known marker for tumor load. Second, there was a lack of 
a sufficient sample size to be able to split the cohorts into 
discovery and validation cohorts. Hence, these findings need 
to be verified in a preferably treatment-naive patient cohort to 
confirm the predictive nature of these markers with ICI treat
ment outcomes. And finally, further analyses are needed to 
explore the functional connections between soluble immune 
checkpoints and the expression of them on T cells, other 
immune cells, and even tumor cells.

Conclusion

Monitoring soluble immune checkpoints and T cell subsets in 
melanoma patients’ blood before the treatment might be useful 
to predict response to anti-PD1 or anti-CTLA4 plus anti-PD1 

combination treatment in advance. Hence, further studies 
including a large number of patients are warranted to validate 
these biomarkers for clinical use. Besides, anti-CTLA4 plus 
anti-PD1 treatment display partially different dynamics of 
serum and immune cell markers in blood compared to anti- 
PD1 treatment alone.
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