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Abstract
Systemic immunotherapy with PD-1 inhibitors is established in the treatment of metastatic melanoma. However, up to 60% 
of patients do not show long-term benefit from a PD-1 inhibitor monotherapy. Intralesional treatments with immunomodula-
tory agents such as the oncolytic herpes virus Talimogene Laherparepvec and interleukin-2 (IL-2) have been successfully 
used in patients with injectable metastases. Combination therapy of systemic and local immunotherapies is a promising 
treatment option in melanoma patients. We describe a case series of nine patients with metastatic melanoma and injectable 
lesions who developed progressive disease under a PD-1 inhibitor monotherapy. At the time of progressive disease, patients 
received intratumoral IL-2 treatment in addition to PD-1 inhibitor therapy. Three patients showed complete, three patients 
partial response and three patients progressive disease upon this combination therapy. IHC stainings were performed from 
metastases available at baseline (start of PD-1 inhibitor) and under combination therapy with IL-2. IHC results revealed 
a significant increase of CD4+ and CD8+ T cells and a higher PD-1 expression in the inflammatory infiltrate of the tumor 
microenvironment in metastases from patients with subsequent treatment response. All responding patients further showed 
a profound increase of the absolute eosinophil count (AEC) in the blood. Our case series supports the concept that patients 
with initial resistance to PD-1 inhibitor therapy and injectable lesions can profit from an additional intralesional IL-2 therapy 
which was well tolerated. Response to this therapy is accompanied by increase in AEC and a strong T cell-based inflam-
matory infiltrate.
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Introduction

In the treatment of advanced metastatic melanoma sys-
temic immunotherapies like PD-1 inhibitors are widely 
distributed and established [2]. These drugs show impres-
sive response rates and long-term benefit for up to 40% 
of patients [2]. However, a larger proportion of patients 
(accounting for up to 60%) show a primary insufficient 
response or primary therapeutic resistance to systemic 
PD-1 inhibitors [3]. Within this group of non-responders, 
a subset presents with locoregionary or distant cutane-
ous and subcutaneous metastases and is therefore eligi-
ble for additional intralesional treatment options. These 
include, among others, intratumoral application of an onc-
olytic herpes simplex virus [Talimogene Laherparepvec 
(TVEC)] as well as Interleukin-2 (IL-2) [4, 5]. The combi-
nation therapy of systemic and local immuno-oncological 
agents has shown heterogeneous response rates. While the 
combination of intralesional TVEC and a systemic PD-1 
inhibitor lead to a high overall response rate of 62% in 
a phase Ib clinical trial [6], a recently published phase 
II study using combined treatment with ipilimumab and 
intratumoral IL-2 in pretreated patients showed no sig-
nificantly higher response rate compared to ipilimumab 
treatment alone [7]. In this case series we describe clinical 
response rates to an additional intratumoral IL-2 treatment 
in patients with primary therapeutic resistance to systemic 
monotherapy with PD-1 inhibitors.

Materials and methods

Patients

All patients had histologically confirmed stage IV or unre-
sectable stage III melanoma. The selection of patients was 
based on progressive disease (PD) under PD-1 inhibitor 
monotherapy and the existence of at least one injectable 
metastasis. Tumor assessments were done clinically and 
using ultrasound at every patients’ visit and radiologically 
every 3 months as per institute‘s standards according to 
RECIST version 1.1 [8]. iRECIST (immune Response 
Evaluation Criteria in Solid Tumors) evaluation was not 
applicable since imaging intervals according to local 
standard of care differed from intervals required for iRE-
CIST [9].

Routine laboratory examinations were performed at the 
start of PD-1 inhibitor and combination therapy and sub-
sequently at every patients’ visit.

Interleukin‑2 treatment

At the day of intralesional treatment IL-2 (PROLEUKIN® 
S, Novartis Pharma, Basel, Switzerland) was freshly pre-
pared at the central hospital pharmacy of the Medical 
Center, University of Freiburg. In brief, IL-2 was diluted 
in 5% glucose solution to a final concentration of 3 MIU 
IL-2 per ml under sterile conditions. Depending on the 
size and number of metastases, a maximum of 9 MIU 
(3 ml) per patient was applied in one treatment session.

Histology and immunohistochemistry

Serial sections were prepared from formalin-fixed, par-
affin-embedded skin biopsies. Standard hematoxylin and 
eosin staining was performed for diagnostic purposes. For 
IHC staining sections were deparaffinized and subjected to 
heat-induced antigen retrieval using EDTA pH9 or citrate 
pH6 retrieval buffer, respectively (Agilent, Santa Clara, 
CA 95051, USA). For PD-L1, staining sections were incu-
bated with a rabbit monoclonal antibody (Cell Signaling 
Technology, Danvers, MA 01923, USA; clone: E1L3N; 
dilution of 1:100) and for PD-1 staining with a polyclonal 
goat antibody (R&D Systems, Minneapolis, MN 55413, 
USA; dilution 1:100). Incubation was performed at 4 °C 
overnight, respectively. Additional Ab for IHC included: 
anti-S100 Ab (Agilent; dilution 1:1000), anti-CD68 Ab 
(Agilent; clone: PGM1, dilution 1:50), anti-CD4 Ab 
(Zytomed, 14163 Berlin, Germany; clone: SP35, undi-
luted), anti-HMB45 (Agilent; clone: HMB-45, dilution 
1:10) and anti-CD8 Ab (Agilent; clone: C8/144B, dilu-
tion 1:50). Sections incubated with secondary antibody 
only served as staining controls. Visualization was per-
formed using the Dako REAL detection system, Alkaline 
Phosphatase/RED, Rabbit/Mouse (Agilent). Photographs 
of stainings were taken using a Zeiss microscope (Axi-
oscope) and were visualized with the program AxioVision 
(Zeiss, 07745 Jena, Germany; SE64 release 4.9).

Histology score (H-Score) was calculated for IHC mark-
ers PD-1 and PD-L1 as a semiquantitative approach using 
the following formula: H-Score = [1 × (% cells 1 +) + 2 × (% 
cells 2 +) + 3 × (% cells 3 +)]. Membrane staining inten-
sity was defined as 0 = no staining, 1 + = weak staining, 
2 + = moderate staining, or 3 + = strong staining [10]. Abso-
lute cell numbers per mm2 of CD4+, CD8+ and CD68+ cells 
were measured using the imaging software QuPath [11]. 
Average cell numbers of at least three different tumor sites 
(magnification 10 ×) were calculated using the positive cell 
detection and counting tool.

Vector graphics and statistical analysis were gener-
ated using GraphPad Prism version 5.03 for Windows 
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(Graphpad Software Inc, San Diego, CA 92108, USA; 
http://www.graph​pad.com). The two-tailed, non-para-
metric Mann–Whitney test was used to compare groups. 
Statistical significance was noted as p < 0.05.

Results

We report results form a cohort of nine patients with 
unresectable metastatic melanoma who displayed at least 
one injectable cutaneous or subcutaneous metastasis and 
received first-line systemic therapy with a PD-1 inhibitor. 
All patients have shown PD under PD-1 inhibitor treatment 
alone and subsequently underwent an additional intral-
esional IL-2 treatment of injectable (sub-)cutaneous metas-
tases as an individual treatment decision. Biopsies (n = 22) 
of skin metastases from all nine patients were available from 
baseline, i.e., before start of systemic immunotherapy with 
PD-1 inhibitors and during combination therapy with IL-2 
(Supplementary Fig. 1).

Patients (median age 66 years, range 52–85; female:male 
4:5) showed advanced tumor disease [7 patients stage IV, 2 
patients unresectable stage III (according to the American 
Joint Committee on Cancer (AJCC) staging system 2017, 
[12])]. For detailed patients’ characteristics see Table 1. Best 
response to PD-1 inhibitor treatment alone was PD in all 
patients except for Patient 4 who temporally showed a sta-
ble disease (SD). Patient 2 had a prior radiotherapy of skin 
metastases on the chest wall which showed no response. 
Patient 5 had symptomatic disease due to multiple brain 
metastases that were treated twice with stereotactic radi-
otherapy. Skin metastases were located on the trunk, the 
upper and lower extremities and one patient displayed 
metastasis on the scalp. The median number of skin metas-
tases per patient prior to start of IL-2 therapy was 8 (range 
2–100) and maximum diameters per metastasis ranged from 
4 to 320 mm. Patients received 3–9 MIU IL-2 per treat-
ment depending on size and number of injected lesions. The 
median cumulative dose administered was 42 MIU IL-2 and 
the median number of intralesional IL-2 applications was 
7 (range 3–21). Combination therapy was generally well 
tolerated. Most frequent side effects were low grade and 
transient (chills, aching limbs and fever) (Table 1) and were 
well controlled with non-steroidal anti-inflammatory drugs 
(NSAIDs). One patient suffered from peripheral polyneu-
ropathy (PNP) with dysesthesia [Common Terminology Cri-
teria for Adverse Events (CTCAE) Version 4.0 [13] grade 3] 
as well as a reversible neutropenia (CTCAE grade 2) which 
lead to a temporary discontinuation of IL-2 treatment.

All patients showing ongoing cutaneous and/or vis-
ceral tumor reduction [complete response (CR) and partial 
response (PR)] under combination therapy were considered 
as responders. Non-responders were defined as having SD or 

PD. All responders displayed a marked increase in absolute 
eosinophil count (AEC) in the blood during combination 
therapy whereas in non-responding patients no eosinophilia 
or even a reduction of the AEC was evident (Figs. 1, 2c, 3c, 
4c and Supplementary Fig. 2c). Serological markers LDH 
and S100-protein (S100) could not differentiate between 
responders and non-responders except for one patient 
(Patient 7) whose clinical response was accompanied by a 
decrease in LDH and S100 levels after initiation of combina-
tion therapy (Fig. 2c).

All patients initially showed at least a PR of injected 
lesions (Table 1). In five patients a CR of cutaneous metas-
tases including non-injected lesions was achieved (Table 1). 
Patients 6 and 7 are still under combination therapy with an 
ongoing PR of cutaneous metastases. Patient 7 had a marked 
response of his cutaneous metastases as shown by reduction 
in size and hypoechogenic areas, documented by ultrasound 
(Fig. 2a). Patient 5, although developing a CR of his cuta-
neous lesions developed new intestinal metastases during 
the course of treatment. Patients 3 and 8 have progressed 
under therapy and were subjected to different therapy regi-
mens (Table 1). In particular, Patient 8 developed multiple 
new and growing skin and lymph node metastases (Fig. 4a, 
b). Interestingly, besides local tumor control of cutaneous 
lesions four patients displayed a CR (2/4) or PR (2/4) of dis-
tant metastases as exemplified for Patients 2 and 9 (Fig. 3b, 
Supplementary Fig. 2a).

Figure 5a shows representative IHC images of metasta-
ses from three patients with different clinical response pat-
terns (CR, PR and PD) to combination therapy. Patients 7 
(PR) and 2 (CR) showed a marked increase of CD8+ tumor-
infiltrating T cells whereas Patient 8 (PD) showed only a 
moderate CD8+ infiltrate at baseline and under combina-
tion therapy (Fig. 5a). In addition, one metastasis avail-
able from Patient 7 under combination therapy revealed a 
dramatic increase in PD-L1 expression of tumor cells and 
PD-1-positive tumor-infiltrating cells (Fig. 5a). As examined 
by IHC staining of IL-2 injected metastases, for the entire 
cohort 86% (6/7) and 71% (5/7) of biopsies from respond-
ing patients revealed a significant increase of total tumor-
infiltrating CD4+ and CD8+ T cell numbers, respectively. 
In contrast, the majority of metastases from non-responding 
patients [75% (3/4)] displayed a reduction or no significant 
change of total CD4+ and CD8+ T cell numbers (Fig. 5b, 
Supplementary Fig. 3a). Interestingly, higher baseline num-
bers for CD4+ or CD8+ T cells were associated with a worse 
treatment response (Fig. 5b and Supplementary Fig. 3b). 
PD-1 expression by cells of the inflammatory infiltrate sig-
nificantly increased under therapy in the responding group, 
whereas biopsies from non-responders showed an inverse 
pattern [86% (6/7) vs. 0% (0/3)] (Fig. 5b, Supplementary 
Fig. 3a). In addition, PD-L1 expression by tumor cells was 
generally low and changes in PD-L1 expression did not 

http://www.graphpad.com
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show a clear trend between responders and non-responders. 
However, two biopsies from responding patients showed a 
dramatic increase of PD-L1 expression on melanoma cells 
under combination therapy (Fig. 5b). Finally, changes in the 
infiltration of CD68+ antigen presenting cells (APCs) like 
tissue macrophages showed no clear tendency favoring one 
of the two groups (Fig. 5b, Supplementary Fig. 3a, b). Of 
note, in both tumor sections from the responder group that 
showed no increase of total CD8+ and CD68+ cell numbers, 
a complete pathological response was evident (i.e., vital 
tumor tissue was absent).

In summary, within our cohort treatment response was 
accompanied by an increase in AEC in the blood and ele-
vated total numbers of tumor-infiltrating T cells expressing 
PD-1.

Discussion

Applying local or intralesional immunological agents to 
accessible metastases in melanoma patients in combination 
with a systemic backbone immunotherapy is an emerging 
field of basic and clinical research and shows promising 
results [6, 14]. This is further emphasized by an ongoing 
phase Ib trial investigating the effect of the intralesional toll-
like receptor 9 agonist CMP-001 in combination with pem-
brolizumab in patients refractory to PD-1 inhibition alone 
[14]. In this latter study, the objective response rate across 
all dose cohorts was 23% and regression of non-injected 
tumors was observed in cutaneous, nodal, hepatic, and 
splenic metastases [14].

Higher response rates of therapeutic systemic and intral-
esional combination strategies are usually not accompanied 

by elevated adverse event rates as shown for the combina-
tion of TVEC or CMP-001 with a PD-1 inhibitor [6, 14]. 
Accordingly, in our treatment approach, the combination 
therapy of PD-1 inhibitor and intralesional IL-2 was gener-
ally well tolerated and in only one patient, therapy had to be 
temporarily discontinued due to severe adverse events. This 
makes these treatment options highly attractive for patients 
and physicians.

Treatment of melanoma patients with IL-2 has been 
long established and was the first effective immuno-
therapy in cancer [15–19]. However, high dose systemic 
IL-2 treatment alone achieved only a moderate overall 
response rate of 16–18% in metastatic melanoma [15, 20] 
and side effects are common, may be severe and can be 
life threatening [15, 18, 20]. Intralesional IL-2 therapy 
has been proven to be an effective therapy with complete 
local response rates of 60–70% and low rate of side effects 
[5, 19]. In patients with locoregional metastases alone 
or without visceral metastases response rates were even 
higher [5]. However, patients with greater size of espe-
cially subcutaneous lesions seem to show lower response 
rates to intratumoral IL-2 treatment [5, 21]. Meanwhile, 
a new therapeutic generation using an IL-2 backbone 
has been developed [22]. These products are recombi-
nant antibody-cytokine fusion proteins consisting of the 
cytokines IL-2 and/or TNF fused to the monoclonal anti-
body L19, which is specific to the alternatively spliced 
extra-domain B of fibronectin, a marker of tumor angio-
genesis [23]. These immunocytokines (‘armed antibod-
ies’) deliver the immunomodulatory payload to the site of 
disease and have been thoroughly investigated in vitro and 
in vivo and in different forms of application (systemic vs. 
local/intralesional) [23–28]. Results of a phase II trial with 

Fig. 1   Blood biomarkers of treated patients. Biomarkers were taken 
during combination therapy with PD-1 inhibitor and IL-2. Time 
point 0 marks the start of combination therapy. Patients responding 
to combination therapy are displayed in blue, non-responding patients 

are shown in red. AEC absolute eosinophil count, LDH lactate dehy-
drogenase, MIU million international units. Dashed line marks upper 
limit normal (ULN)
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Fig. 2   Clinical course of Patient 7. a Representative ultrasound 
images of a cutaneous metastasis of the left upper leg at three dif-
ferent time points, i.e., start of PD-1i, start of IL-2 treatment and 
after eight injections of IL-2. b PET–CT scans of the according time 
points showing locoregionary metastases of the left upper leg and 
groin. Red rectangle marks cutaneous metastasis that was monitored 

by ultrasound in a. c Individual monitoring of blood biomarkers 
AEC, LDH and S100 before (− 12), at the start (0) and during com-
bination therapy. *, start of PD-1i monotherapy; +, start of additional 
IL-2 treatment. PD-1i PD-1 inhibitor, AEC absolute eosinophil count, 
LDH lactate dehydrogenase. Dashed line in c marks upper limit nor-
mal (ULN), PR partial response
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Fig. 3   Clinical course of Patient 2. a Representative clinical pictures 
of cutaneous metastases of the left chest wall at three different time 
points, i.e., start of PD-1i, start of IL-2 treatment and after six injec-
tions of IL-2. b PET–CT scans of the according time points showing 
locoregionary metastases of the left chest wall (red rectangle) and a 
single liver metastasis (red circle). c Individual monitoring of blood 

biomarkers AEC, LDH and S100 before (− 28), at the start (0) and 
during combination therapy with IL-2. *, start PD-1i monotherapy; 
+, start additional IL-2 treatment. PD-1i PD-1 inhibitor, AEC abso-
lute eosinophil count, LDH lactate dehydrogenase. Dashed line in c 
marks upper limit normal (ULN). CR complete response
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intralesional treatment of L19-IL2/L19-TNF in patients 
with unresectable stage IIIc/IVM1a melanoma are avail-
able showing an objective response rate of 55% of treated 

lesions and the disease control rate of treated lesions was 
80% [29].

In our study all patients (9/9) initially showed at least a 
PR of the IL-2 injected lesions. 56% (5/9) of patients even 

Fig. 4   Clinical course of Patient 8. a Representative clinical pictures 
of cutaneous metastases of the head and right chest wall at two differ-
ent time points, i.e., start of PD-1i and after three injections of IL-2. 
b Chest CT scans (transverse section) of the according time points 
showing a lymph node metastasis of the right axilla (red rectangle). 
c Individual monitoring of blood biomarkers AEC, LDH and S100 

before (− 2), at the start (0) and during combination therapy with 
IL-2. *, start PD-1i monotherapy; +, start additional IL-2 treatment. 
PD-1i PD-1 inhibitor, AEC absolute eosinophil count, LDH lactate 
dehydrogenase. Dashed line in c marks upper limit normal (ULN). 
PD progressive disease
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developed a CR of injected and non-injected cutaneous 
lesions in the course of combination therapy. However, one 
of these patients (Patient 5) developed new distant metas-
tases during the follow-up and was subjected to a differ-
ent systemic therapy regime. Two patients (22%) are still 
under combination therapy and have displayed a PR of all 
their cutaneous metastases so far. In our study, four out of 
nine patients (44%) with distant metastases showed a partial 
(2/4) or complete (2/4) response of their distant non-injected 
visceral metastases which highlights a beneficial systemic 
effect by combining local and systemic immunotherapies in 
this group of patients. This abscopal effect of IL-2 on non-
injected and visceral metastases has already been reported 

for intralesional IL-2 treatment alone [5]. However, in the 
study of Weide et al. the presence of visceral metastases 
that could not be injected was also associated with a low 
local response rate of the injected metastases (CR: 16.7% 
of metastases; PR: 1.2% of metastases) [5]. Interestingly, 
the systemic (abscopal) anticancer activity on non-injected 
cutaneous and visceral lesions of intralesional L19-IL2/L19-
TNF treatment [29] exceeded the reported abscopal effect of 
conventional intralesional IL-2 therapy [5, 21]. On the basis 
of this observation these L19-IL-2-based intralesional treat-
ment approaches are probably more promising combination 
partners for systemic PD-1 therapy than conventional IL-2 
preparations.

Fig. 5   Immunohistochemistry stainings of melanoma metastases. a 
Representative stainings of melanoma metastases of three patients 
with different clinical response patterns to combination therapy. 
Biopsies were taken before start of PD-1 inhibitor (baseline) and 
under combination therapy with IL-2 (under IL-2). Scale bar indi-
cates 100  µm distance. CR complete response, PR partial response, 
PD progressive disease. b Graphical summary displaying the char-

acterization of the inflammatory tumor infiltrate showing absolute 
numbers per mm2 of CD4-, CD8- and CD68-positive cells in all 
excised biopsies (n = 22 taken biopsies). Staining intensities of PD-1 
and PD-L1 were quantified using the H-Score. Patients responding to 
combination therapy are displayed in blue, non-responding patients 
are shown in red. H-Score histology score (for detailed calculation 
see “Materials and methods” section)
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We found that response to combination therapy was 
accompanied by increased AEC in the blood, increase of 
total CD4+ and CD8+ T cell numbers in the tumor infiltrate 
and elevated PD-1 expression of infiltrating inflammatory 
cells. Comparable immunological effects of IL-2-injected 
melanoma metastases have been reported by Radny et al. 
for conventional IL-2 treatment [19] and by Danielli et al. 
for the immunocytokine treatment with L19-IL2/L19-IFN 
[29]. Increase of CD8+ T cells and PD-1 expression in the 
tumor microenvironment was also a hallmark of treatment 
response in studies combining intralesional TVEC or CMP-
001 with a PD-1 inhibitor backbone therapy [6, 14] or under 
sequential CTLA-4 and PD-1 blockade [30]. Higher baseline 
numbers of CD4+ and CD8+ T cells were associated with a 
poorer treatment response in our cohort. This is in contrast 
to previous findings that either showed response to systemic 
and intralesional combination therapy appeared independ-
ent of baseline CD8+ infiltration [6], or, higher CD8+ T 
cell numbers in tumor biopsies predicted better response to 
PD-1 inhibitor monotherapy [31]. Nonetheless, proliferation 
of intratumoral CD8+ T cells correlated with reduction in 
tumor size [31] which is in line with our findings.

On this basis, and as shown recently by others [32, 33], 
it seems that dynamic changes in number and composition 
of infiltrating T-cell clusters better predict response to treat-
ment rather than baseline numbers of infiltrating T cells. 
Certain exhausted CD8+ T cells expressing the immuno-
suppressive Adenosine triphosphate ecto-nucleotidase CD39 
have been shown to exhibit impaired production of IL-2, 
interferon-γ, Tumor necrosis factor and high expression of 
co-inhibitory receptors, which is associated with an unfa-
vorable treatment response to immunotherapy of melanoma 
[32, 33]. Thus, it is tempting to speculate that intralesional 
IL-2 treatment of melanoma metastases might change the 
effector T-cell states within the tumor microenvironment 
from exhausted into tumor killing, therefore leading to bet-
ter treatment response.

All responding patients in our cohort showed a marked 
increase of the AEC shortly after the initiation of IL-2 
therapy whereas non-responding patients lacked this effect. 
Association of increased AEC and treatment response to 
immunotherapies like Ipilimumab have been shown in the 
past [34]. Thus, the link between response and peripheral 
eosinophilia underscores the systemic and valuable effect 
of adding local IL-2 to a systemic PD-1 antibody backbone.

Ribas et al. reported elevated PD-L1 protein expression 
on melanoma cells under combination therapy with TVEC 
and PD-1 inhibitor [6]. PD-L1 expression was generally 
weak in our cohort and did not show a clear tendency con-
cerning treatment response. This could be due to the low 
number of patients and the fact that, in general, up to 25% of 
patients present with PD-L1 negative tumors [35].

It is still a matter of debate how IL-2 exactly influences 
the tumor microenvironment mechanistically. In a mouse 
tumor model with spontaneously arising insulinomas auto-
crine IL-2 in the tumor environment has been shown to 
promote the expansion of high-affinity CD8+ T cells with 
increased tumor eradication ability which was further pro-
moted by the presence of CD4+ T cells [36]. However, sys-
temic IL-2 has been shown to promote the expansion of 
regulatory T cells which may aggravate immunosuppression 
and lead to limited clinical efficacy [37, 38].

Due to the small number of patients there are limita-
tions of this retrospective, uncontrolled case series. Most of 
the patients presented with a low ECOG status, rather low 
tumor burden and only one patient with brain metastasis 
was included which may influence the good outcome of the 
majority of patients. There was no control group of patients 
who did not receive additional local IL-2 treatment and 
continued PD-1 inhibitor alone, or, who had their systemic 
therapy changed. Since there were no intermediate biop-
sies available under PD-1 inhibitor therapy alone, potential 
impact of PD-1 inhibitor treatment on the influx of T cells 
into the tumor sites could not be evaluated in this study. 
However, since most of the patients showed a significant 
benefit from an additional local IL-2 treatment after failure 
of systemic immunotherapy alone, we consider that this case 
series supports the concept of combination immunotherapy 
for this particular group of patients.

Conclusions

In conclusion our case series supports the concept that 
patients showing primary resistance to and progressive dis-
ease under PD-1 inhibitor monotherapy can benefit from 
an additional intralesional IL-2 therapy. Recently, the suc-
cessful combination of systemic immune checkpoint inhi-
bition and intralesional IL-2 has been demonstrated in two 
melanoma patients underlining the potential benefit of this 
combination treatment [39]. To note, these patients received 
a PD-1 inhibitor and intralesional IL-2 as a first-line regimen 
making it difficult to discriminate the therapeutic effect of 
either component [39]. In contrast to upfront combination 
strategies, our concept of initiating additional intralesional 
therapy only in cases with therapeutic resistance might pre-
vent patients from over-treatment and potential additional 
side effects.

Our observation also fits with the concept of ‘cold 
tumors’ with limited or absent immune cell infiltration 
not responding to checkpoint inhibitors that can be trans-
formed into ‘hot tumors’, e.g., by intratumoral injection of 
immunomodulatory drugs like IL-2 leading to an influx of 
tumor-killing T cells and finally treatment response [40, 
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41]. Further large-scale prospective and controlled trials are 
needed to address this issue more precisely.
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