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Tumor infiltrating lymphocytes in lymph node metastases of stage
III melanoma correspond to response and survival in nine
patients treated with ipilimumab at the time of stage IV disease
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Abstract Prognosis of metastatic melanoma improved
with the development of checkpoint inhibitors. The role
of tumor infiltrating lymphocytes (TILs) in lymph node
metastases of stage III melanoma remains unclear. We ret-
rospectively characterized TILs in primary melanomas and
matched lymph node metastases (stage III melanoma) of
patients treated with the checkpoint inhibitor ipilimumab.
Tumor infiltrating lymphocytes were characterized for CD3,
CD4, and CD8 expressions by immunohistochemistry. 4/9
patients (44%) responded to treatment with ipilimumab (1
complete and 2 partial remissions, 1 stable disease). All
responders exhibited CD4 and CD8 T-cell infiltration in their
lymph node metastases, whereas all non-responders did not
show an infiltration of the lymph node metastasis with TILs.
The correlation between the presence and absence of TILs
in responders vs. non-responders was statistically significant
(p = 0.008). Median distant metastases free survival, i.e.,
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progression from stage III to stage IV melanoma, was simi-
lar in responders and non-responders (22.1 vs. 19.3 months;
p = 0.462). Median progression free and overall survival
show a trend in favor of the patients having TIL rich lymph
node metastases (6.8 vs. 3.3 months, p = 0.09; and all alive
at last follow-up vs. 8.2 months, respectively, p = 0.08). Our
data suggest a correlation between the T-cell infiltration of
the lymph node metastases in stage III melanoma and the
response to ipilimumab once these patients progress to stage
IV disease.
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Introduction

Since the introduction of immunotherapy with checkpoint
inhibitors (anti-CTLA4 and anti-PD-1/anti-PD-L1 mono-
clonal antibodies), the survival of patients suffering from
stage IV melanoma has improved dramatically. However,
reliable predictive markers for response and outcome are
still sparse [1-6]. Both inhibitions of the CTLA-4 and
the PD-1/PD-L1 axis lead to activation of T cells against
tumor cells [1, 2]. Tumeh et al. showed that the detec-
tion of pre-existing CD8 T cells at the tumor margin of
melanoma metastases has predictive value for treatment
responses [7].

Several publications have emphasized the importance
of immune cells and patterns of inflammation within pri-
mary melanomas for long-term survival of patients with
metastatic disease. Overall, the discovery of the prognos-
tic values of tumor infiltrating lymphocytes (TILs) has
been a key event for the subsequent progress in tumor
immunology and immunotherapy of solid cancers [8—12].

However, only little is known about the significance
of tumor infiltrating immune cells in lymph node metas-
tases. While the lymph node is often the first location of
metastases in melanoma patients, it is also likely the first
strong contact site of cancer cells and/or tumor antigens
with the adaptive immune system. In the lymph node,
specialized antigen presenting cells, including dendritic
cells, presents antigens in the context of MHC classes I
and I to CD8 and CD4 T cells, respectively. The immu-
nological microenvironment in a (sentinel) node may,
therefore, influence the risk for tumor spread and may
help to sustain the melanoma. Several markers in lymph
nodes (i.e., decreased CD8+ and increased CD30+) are
associated with tumor growth, supporting the theory that
a dysfunctional immunological microenvironment in
lymph nodes may play a key role as a predictor of poor
clinical outcome [13-18]. None of these factors has previ-
ously been analyzed in the context of checkpoint inhibitor
treatment.

Recently, a phase III study compared ipilimumab with
placebo in the adjuvant setting in stage III melanoma.
Ipilimumab resulted in a higher rate for overall survival
(OS), recurrence free survival, and distant metastases free
survival (DMFS). The role of the immunological micro-
environment of the metastatic lymph node at diagnosis
was not considered [19].

The aim of this pilot study was: (1) to assess the pri-
mary tumor and matched lymph node metastases for
TILs and (2) to correlate these results with response and
survival to immunotherapy with the CTLA-4 antibody
ipilimumab.
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Materials and methods

We retrospectively collected data of patients who were ini-
tially diagnosed with lymph node positive melanoma (stage
III) and later developed stage IV disease requiring systemic
treatment with ipilimumab. We chose ipilimumab for two
reasons: Ipilimumab was the first checkpoint inhibitor avail-
able in Switzerland, and more importantly, adjuvant data
for stage III melanoma and ipilimumab had been published,
while no adjuvant data for anti-PD-1 were available at the
time of the analysis [19].

We identified and included a total of nine patients with
tissue available from the primary tumor, the matched lymph
node metastases, and complete data from the clinical follow-
up during treatment with ipilimumab.

Response to treatment was assessed according to RECIST
1.1. Disease control was defined as stable disease, partial
remission, or complete remission [20].

Immunohistochemistry of formalin-fixed paraffin-embed-
ded full tissues sections (4 pm) was performed as previ-
ously described [21]. Briefly, sections were pre-incubated
on the BondMax system (Leica, Mannheim, Germany) in
Bond Epitope Retrieval Solution 2 for 30 min at 95 °C and
then stained for CD3, CD4, CDS8, and Melan-A. The Bond
Polymer Refine Red Detection kit (DS9390, Leica) was used
for these biomarkers.

Immunohistochemical staining was carried out on the
VENTANA BenchMark ULTRA automated staining plat-
form using the OptiView detection kit (VMSI, Catalog No.
760-700).

Stained samples were scored on a three-point scale based
on the percentages of infiltrating TILs in the tumor: none:
no infiltration; poor: 1-30% infiltration; and rich: 31-100%
infiltration.

All histopathological slides of each case were inde-
pendently reviewed by two board-certified pathologists in
a blinded fashion with respect to the samples and clinical
data (Viktor H. Koelzer and Kirsten D. Mertz). The list of
antibodies used for the analysis can be found in the Sup-
plementary Table 1.

Kaplan—Meier curves and the Gehan—Breslow test were
used to assess different time-to-event outcomes in patient
subgroups [DMFS, progression free survival (PFS), OS].

Results

The median age of the patients was 63 years. Five patients
were diagnosed with a nodular subtype melanoma (55%) and
BRAF was mutated in three patients (33%). Detailed patient
characteristics including sites of metastases and tumor
burden with the number of involved organs are shown in
Table 1. Four out of nine (44%) patients showed a response
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to treatment with ipilimumab, including one complete remis-
sion, two partial responses, and one stable disease.

Our analysis of lymphocyte infiltration (CD3, CD4, and
CD8 positive T cells) in primary melanoma showed rich
TILs in two responders compared to poor TILs in non-
responders (Fig. 1a). However, this was not statistically
significant with a p value of 0.167 (Fisher’s exact test). The
localization of the metastasis within the lymph node did not
correlate with survival.

In contrast to the primary tumors, the investigated lymph
nodes showed a difference in tumor infiltrating T cells
between responders and non-responders. All responders
showed infiltration by CD3, CD4, and CD8 T cells within
the lymph node metastases (Fig. 1b, c¢). Furthermore, the
correlation between the presence and the absence of TILs
in responders vs. non-responders was statistically significant
using Fisher’s exact test (p = 0.008).

Detailed characteristics of primary tumors and lymph
nodes metastases are presented in Tables 2 and 3.

The median PFS, i.e., time from start ipilimumab to pro-
gression, was 6.8 months in responders and 3.3 months in
non-responders. All four responders were alive at the time
of our analysis (median follow-up of 41.8 months), while the
median survival in non-responders was 8.2 months (p = 0.08
after right censoring). In the group of non-responders,
three out of five patients had already passed away due to
disease progression. DMFS was not significantly differ-
ent in responders vs. non-responders (22.1 months vs.
19.3 months). Results are shown in Table 1. p values were
0.462 for DMFS, 0.086 for PFS and 0.081 for OS (calculated
using the Gehan—Breslow test). While these clinical read-
outs show a trend, they are not significant.

Discussion

Although prognosis of metastatic melanoma has significantly
improved in the era of checkpoint inhibitor therapy, there
are still no reliable and validated predictive and prognostic
biomarkers for response and survival. The role of PD-L1
expression on tumor cells as predictive factor for response
to the two PD-1 inhibitors nivolumab and pembrolizumab
or the combination of ipilimumab and nivolumab is being
established but still require further refinements. Different
cutoffs and methods for analysis are used [2, 3, 5, 6]. LDH
seems to be a good clinical marker correlating with response
and outcome in patients treated with ipilimumab and PD-1
inhibitors, even though responses can also be seen in LDH-
high patients [6, 22-25]. Tumeh and colleagues suggested
a correlation between pre-existing CD8 T-cell infiltrates in
tumor metastases before anti-PD-1 treatment and objective
clinical response [7]. No such data with CTLA-4 antibodies
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are available. Sentinel lymph node biopsy is used in many
countries for refined staging, but removing the sentinel
lymph node itself does not improve survival, as has been
shown in a large phase III trial [26].

To date, no study has investigated the predictive value
on therapy response of the immunological environment of
metastatic lymph nodes in stage III melanoma and subse-
quent treatment with checkpoint inhibitors when the patients
develop metastatic stage IV disease. Previous work from
the chemotherapy era suggests that there is an association
between outcome and the immunological environment in
lymph node metastases [13—17]. Kakavan et al. analyzed
lymph node metastases for CD3, CD4, CDS, PD-1, and
PD-L1. They found a statistically significant association
between recurrence free survival and OS and the number of
intratumoral CD3+ TILs [17]. Nevertheless, these findings
were reported in the era before checkpoint inhibitors.

Our data suggest that TILs in the lymph node may be a
positive predictive factor for response to ipilimumab with
improvement of DMFS, PFS an OS. TILs in the primary
tumor did not predict the response to immunotherapy. Our
findings indicate that the immunologic environment in the
lymph node may be more relevant than previously assumed
in the context of the new treatment options with checkpoint
inhibitors. Possibly, T-cell infiltration in tumor metastases
in the lymph node may correlate with clinical outcome as
opposed to T-cell infiltration in primary tumors or metasta-
ses at other locations.

Our data may also be meaningful for the adjuvant set-
ting. Eggermont et al. recently showed that adjuvant treat-
ment of high-risk stage III melanoma patients with ipili-
mumab results in prolonged survival. A subgroup analysis
demonstrated a clear benefit in patients with >four positive
lymph nodes (stage I1IC). However, the survival benefit of
this expensive treatment option has to be put in the context
of potentially severe autoimmune-related side effects [19].
To our knowledge, currently, no predictive or prognostic
markers are available to predict those effects. The fact that
survival benefit increases with the number of lymph node
metastases may underline the importance of their immuno-
logical microenvironment. Our finding that TILs in tumor
positive lymph nodes may correlate with response and out-
come after developing stage I'V disease may thus be helpful
to select patients who may potentially benefit from adjuvant
treatment in stage III melanoma using ipilimumab.

We are aware that the small case number of nine patients
is a major limiting factor. We would like to point out that
this is a hypothesis generating pilot study. Our data sug-
gest studying TILs in lymph nodes in larger patient cohorts,
preferably in a prospective setting with patients treated with
CTLA-4 and PD-1/PD-L1 specific antibodies.
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Table 2 Histological characteristics of primary tumors

Patient Characteristics (m/f; Responders vs. non- TILs quantity TILs localization CD4 CD8 PD-L1 tumor PD-L1
age (years)) responders in tumor cells immune

cells

1 m; 76 Responders Poor Margin None Poor Poor Poor

2 m; 76 Poor Margin Poor Poor Poor Poor

3 f; 38 Rich Center Rich Rich Poor Poor

4 m; 70 Rich Center Rich Rich Poor Poor

5 f; 72 Non-responders Poor Margin Poor Poor n/a n/a

6 m; 62 Poor Margin Poor Poor None Poor

7 m; 58 Poor Margin Poor Poor Poor Poor

8 m; 62 Poor Margin Poor Poor Poor None

9 f; 53 Poor Margin Poor Poor Poor None

Definition of cell quantity: none = 0%, poor = 1-30%, rich >30%

TILs tumor infiltrating lymphocytes, n/a not assessable due to heavy pigmentation

Table 3 Histological characteristics of lymph node metastases

Patient Characteristics (m/f; Responders vs. Size of metasta- TILs CD3 CD4 CDS8 PD-L1 tumor PD-LI

age (years)) non-responders sis (mm) cells immune

cells

1 m; 76 Responders 13 Yes Poor Poor Poor Poor Poor

2 m; 76 0.3 Yes n/a n/a n/a n/a n/a

3 f; 38 13 Yes Rich Poor Rich Poor Poor

4 m; 70 13 Yes Rich Rich Rich Poor Poor

5 f; 72 Non-responders 27 No - - - - -

6 m; 62 29 No - - - - -

7 m; 58 1 No - - - - -

8 m; 62 10 No - - - - -

9 f; 53 2.5 No - - - - -

Definition of cell quantity: none = 0%, poor = 1-30%, rich >30%

n/a not assessable due to small tumor size, — not applicable as no leukocyte infiltration present, 7/Ls tumor infiltrating lymphocytes
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