
Vol.:(0123456789)1 3

Cancer Immunology, Immunotherapy (2020) 69:653–662 
https://doi.org/10.1007/s00262-020-02494-y

ORIGINAL ARTICLE

Response to ipilimumab therapy in metastatic melanoma patients: 
potential relevance of CTLA‑4+ tumor infiltrating lymphocytes 
and their in situ localization

Luca Mastracci1,2 · Vincenzo Fontana3 · Paola Queirolo4 · Roberta Carosio5 · Federica Grillo1,2 · Anna Morabito5 · 
Barbara Banelli5 · Enrica Tanda6 · Andrea Boutros6 · Beatrice Dozin3 · Marina Gualco7 · Sandra Salvi2 · 
Massimo Romani5 · Francesco Spagnolo6 · Alessandro Poggi8 · Maria Pia Pistillo5 

Received: 5 August 2019 / Accepted: 18 January 2020 / Published online: 5 February 2020 
© Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract
Immune checkpoint inhibitors, including ipilimumab (IPI), achieve a clinical benefit in a small proportion of melanoma 
patients highlighting the need to investigate predictive biomarkers. In this study, we characterized tumor infiltrating lym-
phocytes (TILs), focusing on the CTLA-4+ subset, and evaluated their possible predictive significance. We characterized 
TIL density, cell type, and localization in 40 melanoma lesions from 17 patients treated with IPI. Associations of TILs with 
IPI timing, tissue localization, and response to IPI were estimated using a linear mixed-effects modelling approach. We 
found that most of TIL subsets increased in situ upon IPI therapy, with particular reference to FoxP3+ cells. TILs and TIL 
subsets, such as CD3+, CD45RO+, CTLA-4+, CD4+, CD8+ T cells, CD20+ B cells, and NKp46+ NK cells, showed signifi-
cantly different spatial distributions in the tumor microenvironment being higher at the invasive margin (IM) as compared 
to the tumor center (TC) (P value < 0.001 for TIL score and P value < 0.05 for all subsets). Remarkably, high TIL score and 
density of CD3+, CD8+ T cells, and CTLA-4+ immune cells were significantly associated with a better response to IPI (P 
values = 0.002, 0.023, 0.007, and 0.001, respectively, for responders vs non-responders). In conclusion, we provide a detailed 
analysis of CTLA-4+ TIL distribution in melanoma tissues taking into account localization, relationship with CD3+/CD8+ 
TILs, and changes in response to IPI treatment. We identified that CTLA-4+ TILs may represent a marker of IPI response, 
alone or with CD3+/CD8+ subsets, although this requires confirmation in larger studies.
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EAP	� Expanded access program
GM	� Geometric mean
GMR	� Geometric mean ratio
IC	� Immune checkpoint
IHC	� Immunohistochemistry
IM	� Invasive margin
IPI	� Ipilimumab
irCR	� Immune-related complete response
irPR	� Immune-related partial response
irPD	� Immune-related progressive disease
irSD	� Immune-related stable disease
MTS	� Metastatic tumors
NR	� Non-responder patients
R	� Responder patients
TC	� Tumor center
TILs	� Tumor infiltrating lymphocytes
TILIM	� TILs at the invasive margin
TILTC	� TILs at the tumor center
TME	� Tumor microenvironment

Introduction

The human monoclonal antibody ipilimumab (IPI) is the first 
checkpoint inhibitor (CI) approved by the US FDA for the 
treatment of metastatic melanoma based on overall survival 
improvement albeit in a small fraction of patients [1, 2]. The 
rationale for IPI clinical activity is the targeting of CTLA-4 
immune checkpoint molecule on T cells (activated and regu-
latory), by blocking its inhibitory signaling upon interaction 
with B7 ligands expressed on the antigen presenting cells 
(APC). Based on this mechanism, IPI restores T-cell stimu-
latory pathways (i.e., IFN-γ, IL-2, and TNF-α) [3] leading 
to activation and expansion of tumor antigen-specific T cells 
[4, 5], particularly CD8+ CTLs [6], their intratumoral infil-
tration, and effector functions [4, 5].

Infiltration of the tumor microenvironment (TME) by 
immune cells is a feature, indicating that the host immune 
system is promoting a specific anti-tumor response to kill 
cancer cells and may represent a favorable prognostic factor 
in tumors including melanoma [7]. The immune infiltrate 
comprises different lymphoid cell populations (named tumor 
infiltrating lymphocytes; TILs) of the specific adaptive 
immunity including not only effector T cells (Teff cells), but 
also regulatory T cells (Tregs) and B cells, and of the innate 
immunity such as natural killer (NK) cells, macrophages, 
dendritic cells (DCs), myeloid-derived suppressor cells 
(MDCSs), and other immune cell types [8].

Thus, TME infiltration by TILs is likely an important fac-
tor for the anti-tumor activity of IPI [9]. Indeed, although 
IPI therapy has been associated with increased circulating 
lymphocytes as well as activated CD4+ and CD8+ T cells 

[10], TIL density and activity in the TME appear to be the 
major mechanism contributing to tumor regression.

Moreover, the localization of TILs at the tumor invasive 
margin (IM) or the tumor center (TC) may differently influ-
ence clinical response to IPI therapy as shown for the anti-
PD-1 therapy [11].

Among the TIL subsets relevant to clinical benefit from 
IPI therapy, CD3+, CD4+ and CD8+ TILs seem to play a 
significant role given their higher density detected by immu-
nohistochemistry (IHC) in metastatic lesions of responding 
patients compared to non-responding patients [7, 12]. The 
density of CTLA-4+ TIL subset in melanoma TME has not 
been characterized as well, and results are divergent and not 
exhaustive. Indeed, a significantly higher level of CTLA-4 
expression in pre-treatment tumor samples has emerged 
from transcriptome data in patients responding to IPI [13] 
but the distribution of CTLA-4+ TILs was not investigated in 
that study. In contrast, a high percentage of CTLA-4+ TILs 
detected by IHC significantly correlated with poor overall 
survival and progression-free survival [14] but correlation 
with clinical response was not reported.

We here report a descriptive and exploratory pilot study 
aimed at characterizing TILs in terms of cell density, sub-
set composition, and localization in melanoma tissues of 
patients before and after treatment with IPI. In addition, we 
attempt to correlate the distribution of each considered TIL 
subset, including the CTLA-4+ one, with patient clinical 
response to IPI therapy.

Materials and methods

Patients and tissue samples

This retrospective study included 40 tumor samples obtained 
from 17 patients with stage IV MM, enrolled from July 2010 
to November 2013 at the Department of Medical Oncology, 
IRCCS Ospedale Policlinico San Martino, Genova, Italy, 
through the Italian Expanded Access Program (EAP) [15].

Patients were treated intravenously with IPI (3 mg/kg) 
every 3 weeks for four doses as previously described [15]. 
Clinical response was assessed as the best overall response 
(BOR), and classified as immune-related complete response 
(irCR), partial response (irPR), stable disease (irSD), or 
progressive disease (irPD) according to immune-related 
Response Criteria [16]. Patients with irCR, irPR, or irSD 
lasting at least 3 months were considered as responders (R) 
and patients with irPD as non-responders (NR) to treatment 
with IPI. The observation period ended by June 30th, 2015.

The tumor tissue samples were collected from the pathol-
ogy archive of paraffin-embedded diagnostic tissues and 
were divided into two groups, according to the time of the 
first IPI cycle, which resulted in 16 pre-treatment (pre-IPI) 
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and 24 post-treatment (post-IPI) tissue samples. All tissues, 
except three cases of primary tumors in the pre-IPI group, 
were from different metastatic localizations (MTS). Some 
patients had more than one sample before and after IPI treat-
ment. Four out of the 40 samples were matched for being 
pre- and post-IPI tissues.

All tumor samples were excisional biopsies or surgical 
resection specimens.

Histological staining

Four μm-thick serial sections were freshly microtome cut 
from each paraffin block for maximum antigenicity [17]. 
One section was stained with hematoxylin/eosin to assess 
cell morphology of TILs and tumor cells; other ten sections 
were used for immunohistochemical staining. Regarding the 
infiltrate, TIL density and distribution in the entire tissue 
section were evaluated according to a score based on the 
grades used by Azimi et al. [18]: TIL grade 0 (absent), grade 
1 (mild focal/multifocal or moderate focal), grade 2 (moder-
ate multifocal or marked focal/multifocal or mild diffuse), 
and grade 3 (moderate or marked diffuse). TIL density and 
distribution were evaluated at both IM and TC localizations.

Immunohistochemistry for TIL immunological 
markers

Melanoma tissue sections were mounted on SuperFrost Plus 
slides (Thermo Scientific, Braunschweig, Germany) for IHC 
staining to evaluate, in the whole tissue section, the percent-
age of total T cells (CD3) and T-cell subsets (CD4/CD8/
CD45RO/CTLA-4/FoxP3/PD-1), B cells (CD20), NK cells 
(CD56), and an NK cell subset (NKp46). All these TIL sub-
sets were evaluated at both the IM and TC areas using the 
marker-specific antibodies described below.

Sections for IHC were dried, deparaffinized, and rehy-
drated. Endogenous peroxidase was blocked with 5% H2O2 
for 10 min. Immunoreactions were performed using the 
automated BenchMark XT immunostainer® (Ventana Medi-
cal Systems, Arizona, USA). Standard heat-based antigen 
retrieval was performed for 30 min (when needed). Antibody 
reactivity was detected with AP-conjugated secondary anti-
body and Fast Red chromogen (red staining). After immu-
nostaining, slides were counterstained with hematoxylin and 
cover slipped. Slides were evaluated independently by three 
pathologists (LM, FG, and MG) who were blinded to IPI 
data, and differences were resolved by consensus.

The following antibodies were used: anti-CD3 (SP7 
clone, Ventana, prediluted) as a pan-T-cell marker; anti-
CD4 (SP35 clone, Cell Marque, 1:10 dilution) for helper T 
cells; anti-CD8 (SP47 clone, Cell Marque, prediluted) for 
cytotoxic T cells; anti-CD45RO (UCHL1 clone, Ventana, 
prediluted) for memory T cells; anti-CTLA-4 (14D3 clone, 

eBioscience, 1:50 dilution) for CTLA-4+ immune cells; anti-
FoxP3 (236A/E7 clone, Abcam, 1:50 dilution) for Tregs; 
anti-PD-1 (NAT105 clone, Abcam, 1:50 dilution) for PD-1+ 
T cells; anti-CD20 (L26 clone, Ventana, prediluted) for B 
cells; anti-CD56 (NRQ-42 clone, Cell Marque, prediluted) 
and anti-NKp46/NCR1 (195314 clone, DBA R&D Systems, 
1:50 dilution) for evaluation of total NK cells and an NK cell 
subset, respectively.

For all immunomarkers, the whole tumor area was con-
sidered, the number of positive cells in hotspots was counted, 
and the percentage of positive cells for the single marker 
was calculated in relation to the comprehensive quantity 
of inflammatory cells. In particular, the number of immu-
nostained cells was counted in an area at high power (40× 
magnification) in hot spot areas both at the invasive margin 
and at the tumor center and divided by the total number of 
cells (stained and unstained) and expressed as a percentage.

Histology and immunohistochemistry assessments were 
performed using a Leica Laborlux D Optical microscope 
(Leica Biosystem, Wetzlar, Germany), field number 18.

Statistical analysis

Patients and disease characteristics were explored using 
descriptive statistics. Discrete variables (e.g., sex, and 
ECOG-PS) were expressed as relative frequencies (percent-
ages) and continuous variables (e.g., age, time since diagno-
sis) were summarized using median and range values.

All main relationships were evaluated using a normal 
mixed-effects regression modelling applied to log-trans-
formed TIL data. This statistical methodology is appropri-
ate to manage two important data features: first, the ran-
dom-effects regression allows to take into consideration the 
within-subject clustering (repeated measurements of cell 
characteristics on each patient) and the longitudinal struc-
ture (pre- and post-IPI assessments) of our observations; 
second, the log transformation is able to fulfill the normal-
ity assumption and, at the same time, allows to compare 
groups through geometric means (GM) using the geometric 
mean ratio (GMR) as an index of association; finally, such a 
method is able to attenuate the statistical drawbacks due to 
data missingness by borrowing information from the whole 
sample to compute the GMRs [19].

The first analytical step was to evaluate the correlation 
of the repeated measurements of TIL and TIL subpopula-
tion density with IPI treatment (post-IPI vs pre-IPI) and TIL 
localization (IM vs TC). The second step involved the analy-
sis of the longitudinal profiles of TIL data according to BOR 
(NR vs R) and location within tumor (IM vs TC).

In all regression analyses, GMRs, along with correspond-
ing 95% confidence limits (95% CL), were adjusted for age 
at first IPI cycle, sex, number of brain metastases, number of 
pre-IPI therapies, tissue localization, and time of IPI therapy.
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A two-tailed P value less than or equal to 0.05 was con-
sidered as statistically significant. All analyses were per-
formed using Stata (StataCorp. Stata Statistical Software. 
Release 13.1. College Station, TX, USA, 2013).

Results

Patient and tumor tissues characteristics

The study was conducted on 40 tumor tissues derived from 
17 melanoma patients who underwent treatment with IPI. 
The pre-IPI and post-IPI median follow-up times were 35.4 
and 14.9 months, respectively. The characteristics of mela-
noma patients analyzed are shown in Table 1.

Among the tissues analyzed, three tissues were primary 
tumors, while all the others were MTS of different localiza-
tions including 6 skin, 4 lymph nodes, 1 lung, 1 liver, and 
1 peritoneum in the pre-IPI subgroup and 20 skin, 2 lymph 
nodes, 1 bone, and 1 ileum in the post-IPI subgroup (Sup-
plementary Table 1). TILs and immunological markers were 
assessed on the tissues to define type and density of T cells, 
T-cell subsets, B cells, and NK cells.

We characterized TILs and TIL subsets according to 
the timing of IPI therapy (pre/post) and tissue localization 
(IM/TC). Results are expressed as GM values of TIL score 
and percentage of cell subset and, for comparisons between 

groups, as the ratio between the GM values (GMR) esti-
mated using a log-normal random-effects regression model-
ling technique.

Characterization of TILs and TIL subsets according 
to IPI therapy

TIL grading was defined using a T score which takes into 
account both the cell density and distribution [18] and 
varied from 0 to 3 as described in the section “Materials 
and methods”. TIL subsets were evaluated as GM percent-
ages of infiltrating cells positively stained for the specific 
immunomarker.

The majority of TILs, in both pre- and post-IPI tissues, 
were CD3+ or CD45RO+ cells followed by CD8+, CD4+, 
CTLA-4+, and CD20+ immune cells with the other subsets 
of NKp46+, FoxP3+, CD56+, and PD-1+ cells, representing 
a minority of immune cells (representative images in Fig. 1).

We did not find any consistent variation in TIL 
score between pre- and post-IPI tissues (TIL score 
GMR = 0.96, 95% CL = 0.72–1.29) (Fig.  2a and Sup-
plementary Table 2a); however, we observed some dif-
ferences, although not statistically significant, in the 
density of TIL subsets according to IPI therapy. Indeed, 
in the post-IPI tissues, we observed a mean increas-
ing tendency of about 32% for CD3+ (GMR = 1.25, 95% 
CL = 0.48–3.27), CD4+ (GMR = 1.20, 95% CL = 0.54–2.67), 
CD8+ (GMR = 1.18, 95% CL = 0.50–2.80), CD45RO+ 
(GMR = 1.29,  95% CL = 0.49–3.37),  CTLA-4+ 
(GMR = 1.22, 95% CL = 0.47–3.20), CD56+ (GMR = 1.32, 
95% CL = 0.92–1.89), and FoxP3+ (GMR = 1.77, 95% 
CL = 0.92–3.40) immune cells. In contrast, all other 
immune cells (PD-1+, CD20+ and NKp46+) showed an 
average reduction of about 23% (Fig. 2a and Supplemen-
tary Table 2a).

Characterization of TILs and TIL subsets according 
to IM and TC localization

We characterized TIL density and TIL subsets in the sepa-
rate areas of IM and TC in the TME of all melanoma tissues, 
independently from the time of IPI delivery.

TIL score was found 75% higher in IM with respect 
to TC (TIL score GMR = 1.75, 95% CL = 1.43–2.04, 
P value < 0.001) and this remarkable enhancement 
was accompanied by an increase of almost all the 
immune cell subsets in the IM area (Fig. 2b and Sup-
plementary Table  2b). An IM density of about four-
fold higher was observed for CD3+ (GMR = 4.02, 95% 
CL = 2.00–8.33, P value < 0.001), CD45RO+ T cells 
(GMR = 4.17, 95% CL = 2.04–8.31, P value < 0.001), 
as well as for CTLA4+ immune cells (GMR = 4.00, 95% 
CL = 2.04–7.69, P value < 0.001), CD4+ (GMR = 3.45, 

Table 1   Characteristics of patients analyzed

IPI ipilimumab, ECOG-PS Eastern Cooperative Oncology Group-
Performance Status, LDH, lactate dehydrogenase

Characteristics N (%)

Patients 17 (100.0)
Age (years) at first IPI cycle (median, range) 62.0 (33.0–88.2)
Sex
 Male 11 (64.7)
 Female 6 (35.3)

Primary melanoma subtype
 Cutaneous 15 (88.2)
 Mucosal 1 (5.9)
 Unknown 1 (5.9)

ECOG performance status
 0 16 (94.1)
 > 0 1 (5.9)

Serum LDH
 Normal level 9 (53.0)
 ≥ Upper limit of normal (ULN) 4 (23.5)
 Unknown 4 (23.5)

Brain metastases
 Absent 14 (82.4)
 Present 3 (17.6)
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95% CL = 1.85–6.25, P value < 0.001) and CD8+ 
(GMR = 3.23, 95% CL = 1.79–5.88, P value < 0.001) T 
cells. In IM, a lower but significant GM rise in density of 
about 90% was observed for CD20+ cells (GMR = 2.08, 
95% CL = 1.23–3.45, P value = 0.006) and NKp46+ cells 
(GMR = 1.75, 95% CL = 1.10–2.86, P value = 0.018), 
whereas a non-significant excess of about 10%, 20%, 
and 55% was found for PD-1+, CD56+ and FoxP3+ cells, 
respectively (Fig. 2b and Supplementary Table 2b).

Correlation of TILs and TIL subsets with response 
to IPI therapy

Correlations between TIL score and density of TIL sub-
sets with BOR were also assessed over the whole period 
of follow-up (i.e., from diagnosis of primary melanoma). 
For this purpose, non-responding patients (NR, i.e., irPD) 

were compared to responding patients (R, i.e., irCR/irPR or 
irSD). Of the 17 patients, 7 (41.2%) showed irPR or irCR, 3 
(17.6%) irSD, and 7 (41.2%) irPD.

Using R patients as a reference category (Table 2), NR 
patients were found to have a 57% lower TIL score than that 
computed for patients with a better prognosis (GMR = 0.43, 
95% CL = 0.25–0.74, P value = 0.002) (Table 2). The same 
was observed for CD3+ cells that showed a 74% reduced 
density (GMR = 0.26, 95% CL = 0.08–0.84, P value = 0.023) 
and for almost all TIL subsets. In particular, CD8+ and 
CTLA-4+ cells showed a reduction of 73% and 87%, respec-
tively (GMR = 0.27, 95% CL = 0.10–0.69, P value = 0.007 
and GMR = 0.13, 95% CL = 0.04–0.43, P value = 0.001).

CD4+, CD45RO+, FoxP3+, and CD20+ cells altogether 
presented on average a decrease of about 60% (Table 2). 
Also for NKp46+ cells, a 44% reduction (GMR = 0.56, 
95% CL = 0.21–1.46, P value = 0.234) was pointed out in 
NR patients with respect to R patients. Only the CD56+ 

H&E CD3 CD4 CD8

CD20 CD45RO CD56 NKp46

FoxP3 PD-1 CTLA-4

TILs
Tumor
cells

Fig. 1   Representative immunohistochemical (IHC) stainings of 
pre-IPI melanoma tissues for different TILs’ immunomarkers. IHC 
staining was performed on formalin-fixed, paraffin-embedded tissue 
sections using anti-CD3/CD4/CD8/CD20/CD45RO/CD56/NKp46/
FoxP3/PD-1/CTLA-4-specific antibodies. Antibody reactivity was 
detected with AP-conjugated secondary antibody and Fast Red chro-
mogen (red staining), as described in the section “Materials and 

methods”. Slides were counterstained with hematoxylin before micro-
scopical evaluation. Panels show the positively stained immune cell 
subsets distributed along the invasive margin (peritumoral immune 
cells) at the left of each image. For CTLA-4 staining, the positivity 
is in both the immune cells (at the left) and tumor cells (at the right 
of the image). H&E, haematoxylin and eosin. Original magnification: 
60×. Scale bar, 100 µm



658	 Cancer Immunology, Immunotherapy (2020) 69:653–662

1 3

subset showed a higher GMR for the same comparison 
(GMR = 1.64, 95% CL = 0.76–3.51, P value = 0.207) 
(Table 2).

Correlation of TILs, CD3+, CD8+, and CTLA‑4+ TIL 
subsets with response to IPI therapy according to IM 
and TC localization

We further characterized TIL grading and density of CD3+, 
CD8+, and CTLA-4+ TIL subsets, that showed significant 
correlation with BOR, in relation to their localization in IM 
and TC.

Also in this context, the results are represented as 
GMR of TIL data (Table 3). In particular, using TILs in 
TC (TILTC) as a reference category, we found that TILs in 
IM (TILIM) showed a significant increase of almost two-
fold (GMR = 1.75), fourfold (GMR = 4.02), threefold 
(GMR = 3.19), and fourfold (GMR = 3.98) for TIL score 
and percentages of CD3+, CD8+, and CTLA-4+ TILs, 

a

b

IpilimumabTIL-score

CD3

CD4

CD8

CD45RO

FoxP3

CTLA-4

PD-1

CD20

CD56

NKp46
0 1 2 3 4 5

LocalizationTIL-score

CD3

CD4

CD8

CD45RO

FoxP3

CTLA-4

PD-1

CD20

CD56

NKp46
0 1 2 3 4 5

GMR & 95% CL

GMR & 95% CL

In favor of pre-IPI In favor of post-IPI

In favor of TC In favor of IM

Fig. 2   Caterpillar plots of TIL score and TIL subset density accord-
ing to a IPI treatment (post-IPI vs pre-IPI) and b TIL localization 
(IM, invasive margin vs TC, tumor center). TIL score and TIL den-
sity were evaluated by haematoxylin/eosin and IHC, respectively. The 
value of the geometric mean ratio (GMR, represented by a dot) and 
corresponding 95% confidence limits (95% CL, represented by two 
horizontal “whiskers”) estimated using a linear mixed-effects model-
ling are reported on the abscissa. Vertical line (GMR = 1) is used as 
a reference to indicate whether the ratio is in favor of the numerator 
(GMR > 1) or in favor of the denominator (GMR < 1). When “whisk-
ers” do not cross GMR = 1, the difference in the two GM values is to 
be considered as statistically significant, namely GMR ≠ 1. All GMRs 
were adjusted for age at IPI, sex, number of brain metastases, num-
ber of pre-IPI therapies, and tissue localization for a and time of IPI 
therapy for b. a GMR shows the ratio of post-IPI GM to pre-IPI GM, 
while b GMR shows the ratio of IM GM to TC GM. TIL tumor infil-
trating lymphocytes

Table 2   Correlation of TIL score and TIL subset density with the 
best overall response (BOR) to ipilimumab therapy

TIL score was evaluated by haematoxylin and eosin staining and cell 
subset percentage by immunohistochemical staining of formalin-
fixed, paraffin-embedded tissue sections using immunomarker spe-
cific antibodies, as described in the section “Materials and methods”. 
Results were evaluated as geometric mean ratio (GMR), i.e., the ratio 
between the geometric mean (GM) of responding (R) patients and 
GM of non-responding (NR) patients, and were adjusted for age at 
IPI, sex, number of brain metastases, time of IPI therapy and number 
of pre-IPI therapies. Statistical significance: 0.05
TILs tumor infiltrating lymphocytes, 95% CL 95% confidence limits 
for GMR, Ref. reference category (i.e., GM level in R patients), P 
value probability level of significance tests

TILs BOR GMR 95% CL P value

TIL score R 1.00 (Ref.) 0.002
NR 0.43 0.25–0.74

CD3 R 1.00 (Ref.) 0.023
NR 0.26 0.08–0.84

CD4 R 1.00 (Ref.) 0.164
NR 0.47 0.16–1.36

CD8 R 1.00 (Ref.) 0.007
NR 0.27 0.10–0.69

CD45RO R 1.00 (Ref.) 0.071
NR 0.32 0.09–1.10

FoxP3 R 1.00 (Ref.) 0.102
NR 0.40 0.13–1.20

CTLA-4 R 1.00 (Ref.) 0.001
NR 0.13 0.04–0.43

PD-1 R 1.00 (Ref.) 0.628
NR 0.85 0.44–1.65

CD20 R 1.00 (Ref.) 0.187
NR 0.42 0.11–1.53

CD56 R 1.00 (Ref.) 0.207
NR 1.64 0.76–3.51

NKp46 R 1.00 (Ref.) 0.234
NR 0.56 0.21–1.46
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respectively, in R patients as compared to NR patients (P 
value < 0.001, Table 3). An identical relationship between 
the TIL variables in IM versus TC was found in NR patients 
(P value < 0.001, Table 3), but with remarkably lower values 
in respect to R patients.

Interestingly, these results highlight the novel finding of a 
possible role of the CTLA-4+ TIL subset in response to IPI 
therapy, regardless of TIL tissue localization (IM or TC). 
Images of different density of CTLA-4+ TILs in representa-
tive cases of responding and non-responding patients are 
shown (Fig. 3).

Discussion

IPI was the first human monoclonal antibody developed for 
targeting anti-tumor immune response through the blockade 
of CTLA-4 immune checkpoint (IC). Initially used as a sin-
gle agent to treat metastatic melanoma [1, 2], IPI is currently 
used mainly in combinatorial therapies (with anti-PD-1 or 
other agents) or in second-/third-line setting [20]. Despite 
its remarkable success in improving patient survival, only 
a subgroup of patients benefit from IPI therapy [21]. The 
identification of robust and valid biomarkers predictive of 
response to IPI is thus needed.

In this line, the role of TILs as predictive biomarkers has 
been less intensively studied than other peripheral mark-
ers (i.e., levels of LDH, CRP, FoxP3/Treg cells, WBC, and 
ALC, ref [22]) or intratumoral markers (i.e., mutational bur-
den and neoepitope signature, ref [23]).

In the present study, we characterized TIL score and sub-
set distribution before and after IPI therapy and in differ-
ent TME localizations (IM, invasive margin or TC, tumor 
center).

Our results did not reveal any consistent variation 
in TIL score upon IPI therapy, probably because of the 

limited number of tissues which we had at our disposal. By 
contrast, TIL score in IM was almost twofold higher than 
that in TC. Similarly, all the TIL subsets analyzed were 
found higher in IM than in TC. These findings not only are 
in agreement with the previous observations in melanoma 
and other tumors [24, 25], suggesting that the immune 
response is taking place predominantly in this area, but 
they can also predict a better response to IC blockers [26].

To deeply characterize TIL composition, we conducted 
a subset analysis by performing immunostainings for T 
cell, B cell, and NK cell phenotypic markers. In both pre- 
and post-IPI tissues, we found a prevalence of total T cells 
(CD3+) with high density of cytotoxic CD8+ and memory 
CD45RO+ T cells, findings that have been previously 
reported in a different clinical setting [5] and associated 
with a good prognosis, with particular reference to CD8+ 
T cells [27].

The density of all TIL subsets, except those expressing 
PD-1, CD20, and NKp46, had a tendency to increase upon 
IPI therapy and to maintain the same relationship in cellular 
density (i.e., order of pre- and post-IPI density: CD3 > CD
45RO > CD8 > CD4 > CTLA-4 > CD20 > NKp46 > FoxP3 
> CD56 > PD-1 expressing cells). These findings are in line 
with the increase of CD8+ T cells previously reported in 
a pilot study on tumor biopsies from patients treated with 
tremelimumab [28].

Interestingly, FoxP3+ T cells showed the highest increase 
after IPI therapy, although they remained a minority of 
immune cells. This result is in line with the finding that IPI 
can increase the density of FoxP3+ cells within melanoma 
TME [29].

Similar changes in TIL score and TIL subset distribution 
upon IPI therapy and in IM vs TC localization were also 
observed when we analyzed separately both the four patients 
with pre-/post-IPI matched tissues and those with the meta-
static tissues (Supplementary Table 3).

Table 3   Joint effect of localization and BOR on TIL score and percentage of CD3+, CD8+, and CTLA-4+ TILs

TIL score and percentages of CD3+, CD8+, and CTLA-4+ TILs were evaluated in responding (R) and non-responding (NR) patients, in relation 
to the two cellular localizations of invasive margin (IM) and tumor center (TC), by histological and immunohistochemical staining of formalin-
fixed, paraffin-embedded melanoma tissue sections, as described in the section “Materials and methods”. Results were evaluated as geometric 
mean ratio (GMR), i.e., the ratio between the geometric mean (GM) of R patients and GM of NR patients. All GMRs were adjusted for age at 
IPI, sex, number of brain metastases, time of IPI therapy, and number of pre-IPI therapies. Statistical significance: 0.05
TIL tumor infiltrating lymphocytes, TILTC TIL at the TC, TILIM TIL at the IM, 95% CL 95% confidence limits for GMR, R responding patients 
(irCR + irPR + irSD), NR non-responding patients (irPD), Ref. reference category (i.e., GM level in the R patients and TILTC localization), P 
value probability level of significance tests

Variables TIL score CD3 TIL % CD8+ TIL % CTLA4+ TIL %

BOR TIL localization GMR 95% CL P value GMR 95% CL P value GMR 95% CI P value GMR 95% CL P value

R TILTC 1.00 (Ref.) < 0.001 1.00 (Ref.) < 0.001 1.00 (Ref.) < 0.001 1.00 (Ref.) < 0.001
TILIM 1.75 1.44–2.14 4.02 2.01–8.04 3.19 1.74–5.84 3.98 2.04–7.75

NR TILTC 0.56 0.39–0.86 0.38 0.10–1.49 0.33 0.09–1.20 0.15 0.04–0.51
TILIM 1.01 0.65–1.58 1.53 0.32–7.04 1.07 0.26–4.39 0.58 0.14–2.38
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We then correlated our results on TILs with patients’ 
response to IPI. We found that NR patients showed a sig-
nificantly reduced density of TILs and a strong decrease 
in CD3+ T cells (by 74%), with particular reference to the 
cytotoxic CD8+ T cells (by 73%) and activated CTLA-4+ 
immune cells (by 87%), as compared to R patients. Also 
CD45RO+ T cells and FoxP3+ cells were quite reduced in 

NR patients. Thus, a high density of TILs and the specific 
CD3+, CD8+, and CTLA-4+ TIL subsets resulted signifi-
cantly associated with a better response to IPI treatment.

The trend towards higher levels of FoxP3+ cells that we 
observed in responding patients is consistent with the pre-
vious findings in advanced melanoma patients treated with 
IPI [30] and they may suggest that FoxP3 marker does not 

Fig. 3   Representative immuno-
histochemical (IHC) stainings 
of CTLA-4 expressing TILs 
in melanoma tissues from 
patients responding (R) and 
non-responding (NR) to IPI 
therapy. CTLA-4 IHC stain-
ing was performed, with the 
antibody 14D3, on formalin-
fixed, paraffin-embedded 
tissue sections from melanoma 
patients before (pre-IPI) and 
after (post-IPI) treatment with 
ipilimumab (IPI). Antibody 
reactivity was detected with 
AP-conjugated secondary anti-
body and Fast Red chromogen 
(red staining), as described 
in the section “Materials and 
methods”. Slides were counter-
stained with hematoxylin before 
microscopical evaluation. a and 
e Melanoma tissues from two 
R patients showing CTLA-4 
positively stained TILs (white 
arrows) distributed along the 
invasive margin at the left of the 
tumor cells. b and f Melanoma 
tissues from two NR patients 
showing CTLA-4 negative TILs 
(white arrows) distributed along 
the invasive margin at the left 
(b) and at the right (f) of the 
tumor cells. Tumor cells show a 
moderate CTLA-4 positivity (a, 
b) and a strong CTLA-4 positiv-
ity (e, f). H&E, haematoxylin 
and eosin (c, d, g, h). Original 
magnification: 60×. Scale bar, 
100 µm. TIL tumor infiltrating 
lymphocytes

TILs Tumor
cells

Responder Non-responder

a

c d

e f

g h

Pre-IPI

Post-IPI

TILs

b

TILs Tumor
cells

Tumor
cells

Tumor
cells
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necessarily identify a CD4+ Treg cell population but other 
anti-tumor Teff cells with no suppressive function [31].

It is worth noting that CTLA-4+ immune cells were 
found highly reduced in NR patients as compared to R 
patients. The tissue localization of CTLA-4+ TILs did not 
appear to influence the response to IPI as they showed an 
increased density in IM vs TC in both R and NR patients 
although with lower values in the latter group.

Thus, an increased density of CTLA-4+ cells in 
responding patients might indicate a higher density of acti-
vated immune cells in respect to non-responding patients. 
This can be due to the functional role of CTLA-4 that, 
besides being an inhibitory IC, can be regarded as an acti-
vation marker which appears at the primary phase of CD4+ 
and CD8+ T-cell activation and can be expressed also by 
activated B cells and other immune cells.

Our findings are consistent with previous observations 
regarding the correlation between high CTLA-4 mRNA 
content and favorable outcome of melanoma patients [13], 
although those studies, performed only at transcriptional 
level, included also the CTLA-4 transcript most likely 
derived from the tumor cells that can express CTLA-4 at 
variable levels as we previously reported [32].

Indeed, we found that CTLA-4 was also expressed, at 
different levels, on the tumor cells of our tissue samples 
(Figs. 1, 3), but its possible relevance in IPI-treated mela-
noma patients remains to be defined.

In conclusion, our results show a positive correlation 
between high TIL density and distribution of CD3+, CD8+ 
and CTLA-4+ TIL subsets with the response to IPI in MM 
patients, independently from their tissue localization.

Moreover, to date, there are no studies on the relation-
ship between the density of CTLA-4+ infiltrating immune 
cells, evaluated by IHC, and response to IPI therapy in 
melanoma patients, also in relation to their tissue locali-
zation. The results of our pilot study may suggest that the 
density of CTLA-4+ TILs, alone or in combination with 
CD8+ and/or CD3+ TILs, may be a useful indicator of a 
possible response to IPI therapy in melanoma patients. 
Interestingly, the higher density of CTLA-4+ TILs that we 
observed in R patients with respect to NR patients may be 
similar to the one demonstrated, within the tumor infiltrat-
ing CD8+ T-cell subset, in melanoma patients responding 
to anti-PD-1 treatment [11].

Although this study has several limitations, among 
which the small sample size, the lack of matched pre-/
post-IPI tissue cases, the inclusion of primary tumors 
(n = 3) among the metastatic lesions analyzed (n = 37), and 
the IHC single-stainings for immune markers, we infer 
from our findings that CTLA-4+ TILs might be indica-
tive of a better outcome in IPI-treated melanoma patients. 
Certainly, further experimental evidence obtained in larger 

and prospective cohorts of melanoma patients is required 
to corroborate this hypothesis.
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