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ABSTRACT
Background  Anti-programmed cell death protein 1 
(PD-1) antibodies are now routinely administered for 
metastatic melanoma and for increasing numbers of 
other cancers, but still only a fraction of patients respond. 
Better understanding of the modes of action and predictive 
biomarkers for clinical outcome is urgently required. 
Cancer rejection is mostly T cell-mediated. We previously 
showed that the presence of NY-ESO-1-reactive and/
or Melan-A-reactive T cells in the blood correlated with 
prolonged overall survival (OS) of patients with melanoma 
with a heterogeneous treatment background. Here, we 
investigated whether such reactive T cells can also be 
informative for clinical outcomes in metastatic melanoma 
under PD-1 immune-checkpoint blockade (ICB).
Methods  Peripheral blood T cell stimulation by NY-ESO-1 
and Melan-A overlapping peptide libraries was assessed 
before and during ICB in two independent cohorts of a 
total of 111 patients with stage IV melanoma. In certain 
cases, tumor-infiltrating lymphocytes could also be 
assessed for such responses. These were characterized 
using intracellular cytokine staining for interferon gamma 
(IFN-γ), tumor negrosis factor (TNF) and CD107a. Digital 
pathology analysis was performed to quantify NY-ESO-1 
and Melan-A expression by tumors. Endpoints were OS 
and progression-free survival (PFS).
Results  The initial presence in the circulation of NY-
ESO-1- or Melan-A-reactive T cells which became no 
longer detectable during ICB correlated with validated, 
prolonged PFS (HR:0.1; p>0.0001) and OS (HR:0.2; 
p=0.021). An evaluation of melanoma tissue from 
selected cases suggested a correlation between tumor-
resident NY-ESO-1- and Melan-A-reactive T cells and 
disease control, supporting the notion of a therapy-
associated sequestration of cells from the periphery to the 
tumor predominantly in those patients benefitting from 
ICB.
Conclusions  Our findings suggest a PD-1 blockade-
dependent infiltration of melanoma-reactive T cells from 

the periphery into the tumor and imply that this seminally 
contributes to effective treatment.

INTRODUCTION
After the unprecedented early success of 
immune-checkpoint blockade (ICB) in late-
stage melanoma,1 2 antibody-based mono-
therapies, particularly those targeting the 
programmed cell death protein 1 (PD-1) 
pathway, are showing promising results even 
in the adjuvant setting3 and were approved for 
many additional cancers.4 Despite remarkable 
clinical benefits experienced by some patients, 
this is unfortunately not the case for all.5 Thus, 
for improved treatment allocation, biomarkers 
predicting clinical benefits as well as defined 
modes of actions of anti-PD-1 ICB are being 
urgently sought.6 Serum LDH so far remains 
the only validated biomarker in late-stage mela-
noma7 8 but PD-L1 expression on tumor cells, 
high tumor mutational burden or MHC class II 
expression on melanoma cells were suggested 
as promising candidates.9–11 Unfortunately, 
PD-L1 expression is an insufficient selection 
criterion for treatment allocation to anti-PD-1 
ICB because some patients with low/negative 
PD-L1–expressing tumors can also benefit.12 
Additional validated non-invasive biomarkers 
informative for disease prognosis or patient 
overall survival (OS) remain elusive. However, 
possible candidates are frequencies of myeloid-
derived suppressor cells or specific T cell subsets, 
which are associated with clinical outcomes 
after ICB.13–18 Reinvigorating the exhausted 
circulating T cell pool through PD-1 blockade, 
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with respective cell numbers corresponding to pretreatment 
tumor burden, was suggested as a potential on-treatment 
biomarker for therapy response.19

Although relevant T cell epitopes from somatic mutations 
(neoepitopes) are often unique for each patient, shared 
tumor-associated antigens (TAAs) such as NY-ESO-1 or 
Melan-A remain important target candidates. In the past, 
these were identified by ourselves and others as relevant 
targets for T cells that were associated with anti-melanoma 
functionality and improved clinical outcome of patients 
treated with multiple modalities.20–27 The aim of the present 
study was to investigate whether the presence of peripheral 
NY-ESO-1- and Melan-A-reactive T cells may be informative 
for clinical outcome in patients with metastatic melanoma 
undergoing anti-PD-1 treatment prior to the emergence of 
evidence of clinical benefit.

METHODS
Patients
This study was conducted in two phases in two distinct 
cohorts. Cohort A (n=72) served as the discovery cohort, 
while cohort B (n=39) was used for validation. Patients with 
stage IV melanoma with unresectable distant metastases at 
the time of blood sampling were included. Venous blood 
samples from patients undergoing PD-1 ICB were obtained 
from the participating centers in Tübingen, Dresden and 
Lübeck before (baseline=BL) and during (follow-up=FU) 
therapy. Peripheral blood mononuclear cells (PBMCs) were 
isolated by Ficoll-Hypaque density gradient centrifugation, 
cryopreserved and stored until use. Available formalin-
fixed paraffin-embedded (FFPE) tumor tissue samples were 
selected for immunohistochemistry (IHC) analyses from 
patients of both cohorts that underwent surgery (median of 
36 days before the start of ICB). Fresh tumor samples were 
collected from selected patients with metastatic melanoma 
from a third cohort in Tübingen. Best overall responses 
were assessed based on written radiological reports but did 
not follow RECIST criteria. All patients gave their written 
informed consent for biobanking and use of biomaterials 
as well as clinical data for scientific evaluation. The Ethics 
Committee of Tübingen University Hospital approved the 
study (792/2016BO2 and 616/2018BO2).

Detection of TAA-reactive T cells
T cells recognizing epitopes derived from NY-ESO-1 and 
Melan-A after in-vitro expansion were assayed. Cells were 
obtained either from cryopreserved PBMC aliquots or were 
isolated from surgically resected metastases. The latter were 
dissected into small pieces to induce T cell migration into the 
culture medium with 1000 U/mL IL-2 (Proleukin; Novartis). 
PBMCs and tumor cultures were stimulated with protein-
spanning overlapping peptides of NY-ESO-1 and Melan-A 
(1 µg/mL; PepMix; JPT Peptide Technologies, Berlin). As 
comparison, PBMCs were stimulated with peptides of the 
Influenza A-derived Matrix protein 1 (Influenza). At day 4 of 
culture, IL-2 (40 U/mL) was added and at day 12, cells were 
restimulated by adding the appropriate peptides (5 µg/mL) 

for 12 hours in the presence of Golgi-Plug (1:1000; BD), 
Golgi-STOP (1:1500; BD), and CD107a-Pacific Blue antibody 
(H4A3; BioLegend). Next, cell surface Fc-receptors were 
blocked with Gamunex (GRIFOLS), and dead cells were 
labeled (EMA; Biotinum). Cells were stained for surface 
molecules using antibodies against CD3-BV510 (UCHT1; 
BioLegend), CD4-Alexa 647 (RPA-T4, BioLegend) and CD8-
APC-H7 (SK1, BD). Afterwards, samples were treated with a 
fixation/permeabilization solution (BD), followed by intra-
cellular staining using IFN-γ-PE-Cy7 (B27; BD) and TNF-
Alexa 700 (Mab11; BioLegend). Samples were immediately 
analyzed on an LSR II cytometer (BD).

Flow cytometry data analysis
Flow cytometry data were analyzed using FlowJo (v10.4.2 and 
v10.7; BD). Samples were serially gated following established 
gating strategies (online supplemental figure 1).24 After 
duplicate exclusion, CD4+ and CD8+ T cells within viable 
CD3+ lymphocytes were selected and analyzed separately for 
CD107a, IFN-γ and TNF expression. Gates were set according 
to non-restimulated controls. The percentage of responding 
T cells in the restimulated versus the control sample was 
assessed for each of the functional markers. Antigen-reactive 
T cells were defined as being present when the percentage 
of any functional marker in either CD4+ or CD8+ T cells 
within the restimulated sample was ≥2 fold higher than the 
percentage of the corresponding population in the control 
sample (online supplemental figure 2). Only patients with 
either NY-ESO-1-, Melan-A-, or Flu-reactive T cells were 
included in the study.

Immunohistochemistry
For IHC analyses, available BL tissue samples were cut in 
four-micron thick serial sections using a rotary microtome 
(HM355S, Thermo Scientific). Single epitope enzymatic 
IHC on FFPE tissue was performed on serial sections to 
assess Melan-A, NY-ESO-1, and CD3 expression within the 
tumors. Morphometric analysis was carried out on whole 
slide scans acquired with a Pannoramic 250 Flash III digital 
slide scanner (3D Histech). Quantitative morphometry was 
performed using the QuPath software (v0.2.3) for whole 
slide image analysis.28 Melan-A and NY-ESO-1 expression 
was assessed as the percentage of positive tumor cells within 
the tumor. CD3+ tumor-infiltrating lymphocytes (TILs) were 
grouped in TILs in the tumor cell compartment (iTILs), and 
TILs in the stromal compartment (sTILs). iTILs were semi-
quantitatively scored as absent, non-brisk or brisk (online 
supplemental figure 3).

Statistics
Presence of antigen-reactive T cells was analyzed separately 
for NY-ESO-1, Melan-A and Influenza. Additional prog-
nostic factors considered were age (dichotomized after the 
median), sex, American Joint Committee on Cancer (AJCC) 
staging system M category29 (M1a or M1b vs M1c), and LDH 
(upper (ULN) vs lower limit of normal (LLN)).

Follow-up time was defined as the period between start of 
anti-PD-1 treatment to last follow-up or death. Disease-specific 
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OS probabilities were calculated, and only deaths resulting 
from melanoma were considered, whereas deaths resulting 
from other causes were censored. Progression free survival 
(PFS) was defined as the period from start of PD-1 ICB 
until the date of progression or death. Cumulative survival 
probabilities were estimated according to the Kaplan-Meier 
method and compared using log-rank testing. p<0.05 was 
considered statistically significant. All statistical analyses were 
performed using Prism (v7.0e; GraphPad Software) or SPSS 
(v24; IBM). For creation of graphics additionally biorender 
software was employed (https://biorender.com/).

RESULTS
Patients
Peripheral blood samples from 72 patients with stage IV 
melanoma receiving pembrolizumab (n=35) or nivolumab 
plus ipilimumab (n=37) were collected at the participating 
clinical sites (cohort A). Samples were obtained before 

(BL) and a median of 42 days (interquartile-range (IQR) 
42–59.9 days) after starting ICB (FU) (n=50). Median 
patient age was 68 years (IQR 56.8–76 years) and 61% were 
men. Median overall survival time (MST) was not reached. 
One and two-year OS was 68.3% and 54.6%, respectively. 
The median PFS was 5 months. Cohort B comprised PBMC 
samples of 39 patients with stage IV melanoma that received 
either pembrolizumab/nivolumab (n=11) or nivolumab 
plus ipilimumab (n=28). Samples were obtained at BL and 
at a median of 48 days (IQR 42–60.7 days) after starting ICB 
(FU) (n=32). Median age of patients in cohort B was 64 years 
(IQR 51–73 years), 66.7% were men and MST was also not 
reached. One and two-year OS was 87% and 60%, respec-
tively. Median PFS was 5.5 months. Patients’ demographic 
data are given in table 1. Prior and subsequent treatments 
are summarized in online supplemental tables 1 and 2, 
respectively.

Table 1  Patient and treatment characteristics

Factor Category
Cohort A (n=72)
n (%)

Cohort B (n=39)
n (%)

Combined 
cohorts 
(n=111)
n (%)

Clinical site Tübingen 53 (73.6) 34 (87.2) 87 (78.4)

Lübeck 4 (5.6) 4 (3.6)

Dresden 15 (20.8) 5 (12.8) 20 (18.0)

Treatment Pembrolizumab or nivolumab 35 (48.6) 11 (28.2) 46 (41.4)

2 mg/kg Q3W pembrolizumab 31 3 34

3 mg/kg Q3W pembrolizumab 4 4

3 mg/kg Q2W nivolumab 1 1

480 mg Q4W nivolumab 7 7

Nivolumab and ipilimumab 37 (51.4) 28 (71.8) 65 (58.6)

1 mg/kg IPI +3 mg/kg Nivo Q3W 1 4 5

3 mg/kg IPI +1 mg/kg Nivo Q3W 36 24 60

Age (years) ≤50 10 (13.9) 8 (20.5) 18 (16.2)

51–60 16 (22.2) 10 (25.6) 26 (23.4)

61–70 10 (13.9) 8 (20.5) 18 (16.2)

71–80 29 (40.3) 9 (23.1) 38 (34.2)

>80 7 (9.7) 4 (10.3) 11 (9.9)

Median age 68 64 67

Sex Female 28 (38.9) 13 (33.3) 41 (36.9)

Male 44 (61.1) 26 (66.7) 70 (63.1)

M category (AJCC) M1a 13 (18.1) 1 (2.6) 14 (12.6)

M1b 19 (26.4) 4 (10.3) 23 (20.7)

M1c 40 (55.6) 34 (87.2) 74 (66.7)

LDH Elevated 32 (44.4) 15 (38.5) 47 (42.3)

Normal 40 (55.6) 23 (59.0) 63 (56.8)

n.d. 1 (2.6) 1 (0.9)

LDH, lactate dehydrogenase; n.d., no data.
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Determination of functional TAA-reactive T cell profiles
NY-ESO-1- and Melan-A-reactive T cell clones present in 
the available PBMC samples were expanded using peptide 
libraries of the respective proteins and their functionality 
was assessed by flow cytometry (figure  1A). Fifty-seven 
percent of all patients in cohort A possessed NY-ESO-1- 
and Melan-A-reactive T cells in the blood (77% in cohort 
B), whereas 30% possessed only NY-ESO-1-reactive T 
cells (18% in cohort B), but only 3% had solely Melan-A-
reactive T cells (2% in cohort B). Ten percent of patients 
possessed neither T cell population at BL (3% in cohort 
B) (figure  1B). The individual dynamics of these TAA-
reactive T cell populations under PD-1 ICB are depicted 
in figure 1C. In 15 patients of cohort A (6 of cohort B) 
we observed a disappearance of either NY-ESO-1- or 
Melan-A-reactive T cells from the blood. In contrast, the 
de novo appearance of TAA-reactive T cell populations 
(either NY-ESO-1- or Melan-A-reactive T cells or both) 
were found in 13 patients of cohort A (2 of cohort B) and 
stable populations (ie, present at baseline and follow-up) 

were identified in 22 patients of cohort A (24 in cohort 
B).

Functional profiles of T cells responding to TAAs correlate 
with OS and PFS
We determined the presence of NY-ESO-1- or Melan-A-
reactive T cells at BL and tested for associations with OS 
and PFS under PD-1 ICB in univariate analyses of cohort 
A (n=72). However, neither the presence of NY-ESO-1-
reactive (p=0.702), nor Melan-A-reactive T cells (p=0.708) 
at BL was associated with prolonged OS or PFS (online 
supplemental table 3).

In patients with an available follow-up sample (n=50), 
we determined whether early alterations of the observed 
tumor-reactive T cell profiles under ICB (at a median of 
42 days after starting therapy) were associated with OS or 
PFS. We found that early disappearance of TAA-reactive T 
cells from the circulation (whether CD4+ or CD8+ T cells, 
and either Melan-A- or NY-ESO-1-reactive) was signifi-
cantly associated with prolonged OS (HR 0.25; 95% CI 

Figure 1  Determination of functional TAA-reactive T cell profiles in the peripheral blood of patients with stage IV melanoma 
under PD-1 blockade. (A) Study design and experimental workflow. (B) Distribution of NY-ESO-1-reactive and Melan-A-
reactive (dark blue), NY-ESO-1-reactive (blue) or Melan-A-reactive (light blue) T cell populations or the absence (purple) of 
both populations before the start of PD-1 blockade in both cohorts. (C) Proportions of circulating NY-ESO-1-reactive/Melan-A-
reactive T cell populations under PD-1 blockade in either cohort. Green highlight indicates patients with a loss of at least one 
TAA-reactive T cell population under therapy. BL, baseline; FU, follow-up; IFN-γ, interferon gamma; PD-1, programmed cell 
death protein 1; TAA, tumor-associated antigen.
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0.09 to 0.67; p=0.045; figure  2A) and longer PFS (HR 
0.13; 95% CI 0.06 to 0.27; p<0.001; figure 2B and online 
supplemental table 4). Median PFS was not reached for 
patients exhibiting a disappearance of peripheral blood 
TAA-reactive T cells but was only 3 months for patients in 
the reciprocal group. One-year OS was 93.3% for patients 
with disappearing TAA-reactive T cells, but only 66.5% for 
patients retaining or newly-acquiring such TAA-reactive T 
cells in the blood (two-year survival: 77.8% vs 50.6%).

The association of early disappearing NY-ESO-1-/Melan-
A-reactive T cells under ICB with prolonged OS and PFS 
was investigated in the second, independent cohort B to 
validate or reject findings of cohort A. Again, we observed 
prolonged OS (HR 0.03; 95% CI 0.00 to 63.69; p=0.160) 
and PFS (HR 0.14; 95% CI 0.05 to 0.37; p=0.020) of 
patients with early disappearing NY-ESO-1- or Melan-A-
reactive T cells under PD-1 ICB (figure 2C,D, and online 
supplemental table 4). Similar to cohort A, one-year OS 
was 100% for patients with disappearing TAA-reactive 
T cells, but reduced to 88.1% for patients in the recip-
rocal group (two-year survival: 100% vs 64.1%) (online 
supplemental table 4). Median PFS was also not reached 
for patients with the favorable phenomenon of disap-
pearing TAA-reactive T cells while it was only 5 months 

for patients in the reciprocal group (online supplemental 
table 4). Further analysis of patients’ demographic data 
(table 1) revealed no significant correlations with OS or 
PFS (online supplemental table 5).

Combined analyses of cohort A and B also confirmed 
prolonged PFS (HR 0.13; 95%; CI 0.05 to 0.36; p<0.001) 
and OS (HR 0.21; 95% CI 0.05 to 0.91; p=0.021) in 
patients with early disappearances of NY-ESO-1- or Melan-
A-reactive T cells (figure 3A,B, respectively). Median PFS 
was not reached for patients with a disappearance of TAA-
reactive T cells but was only 4 months for the other patients 
where this was not observed. One-year OS was 95.2% for 
patients with disappearing TAA-reactive T cells, but only 
75.9% for patients with stable or newly-appearing TAA-
reactive T cells (2 year survival: 83.3% vs 56.5%) (online 
supplemental table 6). Similar results were obtained in 
a comparative analysis of the dynamics of TAA-reactive 
T cells in patients that received either antagonistic PD-1 
antibodies alone or in combination with CTLA-4 anti-
bodies (online supplemental figure 4).

A subgroup analysis stratifying the combined cohorts 
according to the disappearance of both, or only one of the 
two TAA-reactive T cell populations versus patients where 
this was not the case, underscored the strong correlations 

Figure 2  Dynamics of TAA-reactive T cells under anti-PD-1 therapy correlate with clinical outcome in two independent 
cohorts. Disappearance of NY-ESO-1-reactive/Melan-A-reactive T cells from the circulation correlates with superior clinical 
outcome in two independent cohorts. Probability of overall survival (right panel) and progression-free survival (left panel) among 
patients with disappearing (black arm) or stable/appearing (red arm) TAA-specific T cells. Progression-free survival could not be 
evaluated for two patients with stable/appearing TAA-reactive T cells in cohort A and for two in cohort B. PD-1, programmed 
cell death protein 1; TAA, tumor-associated antigen.
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with clinical outcome. Thus, the subgroup of patients with 
a disappearance of both NY-ESO-1- and Melan-A-reactive T 
cells tended to have superior clinical outcomes compared 
with those with the disappearance of only one or neither 
of the relevant TAA-reactive T cell subsets (one-year-PFS: 
100%, 87.5%, 27.9%; one-year survival: 100%, 93.7%, 75.9%, 
respectively) (figure 3C,D and online supplemental table 7).

TAA expression and T cell infiltrate in metastatic tissue
T cell infiltration, as well as expression of NY-ESO-1 and 
Melan-A by tumor cells, was analyzed by IHC in seven patients 
(H1-H7) of cohort A from whom a total of 11 pre-ICB FFPE 
tumor tissue samples were available (patients H1-H5: 1 block 
per patient; patient H6: 2 tumor blocks; patient H7: 4 tumor 
blocks) (figure 4A–C). Overall, the proportion of NY-ESO-
1-expressing tumor cells ranged between 23.3% and 83.4% 
(median 48%), while Melan-A-positive cells ranged between 
0% and 98.8% (median 31.4%) (figure  4C). The intratu-
moral lymphocytic infiltrate was semi-quantitatively assessed 
as brisk, non-brisk, or absent on CD3-stained sections from 
the same tumors (figure 4C). Two of the patients from the 
group with stable/appearing TAA-reactive T cells in the 
peripheral blood under ICB showed a non-brisk tumor T 
cell infiltrate and in one patient we found no TILs. One 
patient from the group with disappearing TAA-reactive T 

cells showed a brisk T cell infiltrate in the tumor while two 
others showed a non-brisk infiltrate, and one no TILs at all. 
Both TAA expression and the CD3 infiltrate varied widely 
between the patients at BL, irrespective of the TAA-reactive 
T cell dynamics in the peripheral blood under ICB.

This prompted us to further investigate TILs by addressing 
their specificity and functionality. The presence of NY-ESO-1- 
and Melan-A-reactive T cells in visceral melanoma metas-
tases was assessed in five patients undergoing PD-1 ICB 
(P1-P5). The majority of tumor-infiltrating TAA-reactive T 
cells were CD8+, but also CD4+ T cell responses were iden-
tified. Of note, tumor infiltration by both NY-ESO-1- and 
Melan-A-reactive T cells was confirmed in three patients (P1-
P3) showing disease control under ICB following surgery. 
In contrast, neither NY-ESO-1- nor Melan-A-reactive T cells 
could be isolated from resected tumors in two patients (P4 
and P5) that suffered rapidly progressive disease in spite of 
ICB and surgical interventions (figure 4D). In this case series, 
contrary to the histological assessment, although admittedly 
anecdotal due to the low patient numbers, the presence of 
TAA-reactive T cells in these tumors did correlate with the 
clinical course and responses to ICB in metastatic mela-
noma, supporting the hypothesis that early translocation of 
NY-ESO-1-/Melan-A-reactive T cells from the periphery into 

Figure 3  Combined analysis of both cohorts. The disappearance of NY-ESO-1-reactive/Melan-A-reactive T cells correlates 
with prolonged PFS (A) and OS (B). PFS (C) and OS (D) in patients in whom both melanoma-reactive T cell populations were 
no longer present in the blood (black arm), or in whom just one population disappeared (orange arm), or in whom neither 
disappeared (red arm). OS, overall survival; PFS, progression-free survival.
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the tumor correlated with therapy response and improved 
clinical outcomes under ICB.

DISCUSSION
ICB has revolutionized medical oncology, starting with 
the treatment of advanced melanoma.2 However, many 
patients still lack treatment-related clinical responses.30 
At the time of writing, there are more than 4400 clin-
ical trials underway targeting the effects of modulating 
the PD-1/PD-L1 pathway,31 and much effort is being 
expended in investigating potential modes of action 
explaining clinical responses to anti-PD-1 therapy and 
to identify robust clinically-relevant biomarkers as 

correlates and predictors of response. Here we deter-
mined functional NY-ESO-1- and Melan-A-reactive T cell 
profiles in peripheral blood of metastatic melanoma 
patients receiving PD-1 ICB for non-invasive monitoring 
of ICB-induced effects on presumably melanoma-
rejecting T cell subsets. In two independent cohorts, 
we observed that the early disappearance of these T 
cells from the peripheral blood during therapy was 
almost exclusively seen in patients that had a substan-
tial benefit from PD-1 ICB. Thus, our study suggests 
a scenario where a superior benefit from this therapy 
is witnessed in a defined subset of patients in whom a 
therapy-induced early migration (>median of 50 days 

Figure 4  TAA expression and infiltration of TAA-reactive T cells in metastatic tissue. Representative micrographs of cells 
stained for CD3, Melan-A, and NY-ESO-1 by IHC (upper row: whole tumor scans; lower row: ×200 magnification) in a patient 
with either stable/appearing (S/A) tumor-reactive T cells in peripheral blood (A). Representative micrographs for the same three 
markers (upper row: whole tumor scans; lower row: 200×magnification) in a patient with disappearing (D) tumor-reactive T cells 
from peripheral blood (B). Heat map depicting the percentages of Melan-A- and NY-ESO-1-positive tumor cells, as well as 
semiquantitative assessment of intratumoral TILs per tissue block (C, left panel) and per patient (C, right panel) in seven patients 
from whom histological samples were available (H1–H7) (asterisk indicates a patient for whom micrographs (A,B) are shown). 
Functional analyses of tumor-invasive T cell populations in five selected cases (P1–P5) (D). The presence/absence of NY-ESO-1-
reactive or Melan-A-reactive CD4+ and CD8+ T cells is displayed in the heat map. Signals below the threshold are shown in red, 
and the fold changes above the background signal of functionally active T cells, expressing CD107a, IFN-γ or TNF, are shown 
in black/gray. Best overall response was assessed by imaging after surgery, usually 12 weeks later. All patients were suffering 
visceral metastatic disease at the time of surgery. Only in patient 5 metastases were assessed as completely resectable and 
surgery was performed with curative intent. Sex and disease control under ICB are depicted by the respective colors as given 
in the figure. S/A, stable or appearing; D, disappearing; IFN-γ, interferon gamma; iTIL, TIL in the tumor cell compartment; TAA, 
tumor-associated antigen.
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after starting therapy) of tumor-reactive T cells from the 
periphery into the tumor takes place.32 In this specific 
case, a preexisting functional NY-ESO-1-/Melan-A-
reactive T cell pool in the periphery is essential (but not 
sufficient to predict outcome). Such an accumulation 
in the periphery might occur due to/as a consequence 
of immune cell-intrinsic and tumor microenvironment-
dependent limitations33–35 and was not sufficient to 
discriminate patients with superior OS or PFS under 
ICB. These results deviate from our earlier findings in 
patients with heterogeneous treatment backgrounds 
(mostly different earlier chemotherapies), where the 
presence of TAA-specific T cells in the periphery did 
correlate with relatively prolonged OS.24 This discrep-
ancy is likely to be caused by the impact of ICB. The 
MST in our previously studied cohort was 9.7 months, 
while MST was not reached in any of the two observed 
cohorts in this study, reflecting the efficacy of anti-PD-1 
ICB. The presence of various other tumor-reactive T 
cell subsets (not monitored here), might also have been 
boosted by ICB and contributed to ICB-induced mela-
noma immunosurveillance. Several studies associate the 
latter with a significant increase of tumor-infiltrating T 
cells that is mainly observed in patients who respond to 
anti-PD-1 therapy.36–39 Along these lines, TILs, Melan-A 
and NY-ESO-1 expression patterns were determined in 
metastatic tissue samples taken before the start of ICB. 
The expression of these TAAs on tumor cells is thought 
to also contribute substantially to an accumulation of 
the respective TAA-reactive T cell subset in the periph-
eral blood. However, neither the presence of NY-ESO-1- 
and/or Melan-A-reactive T cells in peripheral blood 
before the start of ICB, nor their dynamics under ICB, 
correlated with the respective TAA expression or total 
T cell infiltration pattern in the available metastatic 
melanoma tissue samples. We assume that intra-tumor- 
and/or inter-metastatic heterogeneity,40 41 as well as 
the low number of available tissue samples, might have 
accounted for an incomplete picture of the tumor(s) 
and their microenvironment(s) determined by the 
histopathological assessment. We therefore studied the 
functional activity of NY-ESO-1- and Melan-A-reactive 
T cells from fresh tumor samples from patients under 
PD-1 ICB. Tumor infiltrating NY-ESO-1- and/or Melan-
A-reactive T cells were found in all patients exhibiting 
disease control, while these cells were absent in those 
patients progressing under ICB. Thus, these results, 
although anecdotal due to low patient numbers, illus-
trate some potential advantages of functional T cell 
studies over purely descriptive histopathological anal-
yses of tumor tissue slides and – even more important – 
already demonstrate that the monitoring of functional 
T cells subsets targeting certain TAAs by means of liquid 
biopsies allows an early identification of subgroups of 
patients with high chances of deriving clinical benefit 
from PD-1±CTLA-4 ICB.

Additionally, these data confirm the importance of 
NY-ESO-1 and Melan-A as target antigens of choice for 

immunotherapeutic approaches in melanoma. The 
finding that NY-ESO-1/Melan-A-reactive T cells must 
be detectable in the blood before therapy emphasizes 
the utility of these shared TAAs in future vaccination 
or adoptive T cell transfer trials prior to checkpoint 
blockade. Currently, there are several ongoing trials 
targeting NY-ESO-1 (NCT01967823, NCT03029273 
etc.). The application of NY-ESO-1 TCR-engineered T 
cells has already been shown to be safe, feasible and 
effective in multiple myeloma patients.42 An ongoing 
trial administering NY-ESO-1 TCR-transduced PBMCs 
together with NY-ESO-1(157-165) peptide-pulsed dendritic 
cells and nivolumab, might help to answer this ques-
tion (NCT02775292). Furthermore, immunization of 
advanced melanoma patients with an RNA vaccine, 
including NY-ESO-1, also revealed durable objective 
responses alone or in combination with PD-1 ICB in an 
exploratory analysis (NCT02410733).43

Clearly, a larger set of corresponding peripheral blood 
and tumor tissue samples from metastatic melanoma 
patients would be required to further study migration 
patterns of putative melanoma-rejecting T cells between 
the two compartments. In particular, samples of ICB 
responders would be most informative, but prospective 
study designs might be ethically problematic. Nonethe-
less, our model could be extended to other cancer enti-
ties and additional TAAs. The determination of such 
TAA-reactive peripheral T cell kinetics under therapy 
might help to improve ICB and increase clinical 
response rates by distinguishing between responders 
and non-responders early on during treatment.
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