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Abstract 

Complete surgical excision at an early stage remains the only cura�Ÿve treatment for cutaneous 
melanoma with few available adjuvant therapy op�Ÿons. Nevertheless, melanoma is a rela�Ÿvely
immunogenic tumor type and par�Ÿcularly amenable to immunotherapeu�Ÿc approaches. A dense
network of cutaneous Dendri�Ÿc Cells (DC) may account for the reported e�8cacy of vaccina�Ÿon 
through the skin and provide an a�©rac�Ÿve target for the immunotherapy of melanoma. Several 
phenotypically dis�Ÿnct DC subsets are discernable in the skin: a.o. epidermal Langerhans Cells (LC) 
and dermal DC (dDC). Upon appropriate ac�Ÿva�Ÿon both subsets can e�8ciently migrate to melano-
ma-draining lymph nodes (LN) to prime T cell mediated responses. Unfortunately, from an early
stage, melanoma development is characterized by strong immune suppression, facilita�Ÿng unchec-
ked tumor growth and spread. Par�Ÿcularly the primary tumor site and the Þrst-line tumor-draining
LN, the so-called Sen�Ÿnel LN (SLN), bear the brunt of this melanoma-induced immune suppression
-and these are exactly the sites where an�Ÿ-melanoma e�+ector T cell responses should be primed by
DC in order to prevent early metastasis. Through local immunopoten�Ÿa�Ÿon or through DC-targeted 
vaccina�Ÿon, the dermis may be u�Ÿlized as a portal to ac�Ÿvate DC and kick-start or boost e�+ec�Ÿve T
cell-mediated an�Ÿ-melanoma immunity, even in the face of this immune suppression.
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1 Melanoma: the need for adjuvant immunotherapy op�Ÿons 
Malignant and invasive growth of melanocytes which are located in the basal layer of the epi-
dermis, is termed melanoma cu�Ÿs or cutaneous melanoma. Although it represents only 4% of all 
diagnosed cases of skin cancer, melanoma of the skin is one of the most aggressive types of cancer
with a high invasive and metastasizing poten�Ÿal. As yet, the only cura�Ÿve treatment op�Ÿon remains
excision of the primary tumor at an early stage of the disease, before it penetrates into the dermis
where it can access lympha�Ÿc and blood vessels for metasta�Ÿc spread (for AJCC Staging overview, 
see Box 1). (1-4) Once metastases are present, therapeu�Ÿc op�Ÿons are limited and most pa�Ÿents
do not survive for more than 6 months a�Ler being diagnosed with advanced disease. Although 
cutaneous melanoma is not sensi�Ÿve to tradi�Ÿonal chemo- and radiotherapy, it is highly immu-
nogenic. Case reports of spontaneous regressions have been documented and are sugges�Ÿve of 
immune-mediated tumor rejec�Ÿon. In addi�Ÿon, melanoma-speciÞc T cells can be found early on
in the blood and Tumor-Draining Lymph Nodes (TDLN) of most pa�Ÿents. (5-7) This knowledge has 
led to extensive research of immunotherapeu�Ÿc approaches aimed at controlling local melanoma
growth and elimina�Ÿng distant metastasis. The immunomodulatory drugs IL-2 and IFN�r have both
been FDA approved for the treatment of melanoma pa�Ÿents. However, treatment will only follow
a�Ler diagnosis of local or distant metastases, even though stage II melanoma (see Box 1) is already 
considered to be of intermediate risk for local recurrence or distant metastasis. Adjuvant therapy 
could be of value to these pa�Ÿents since 5 year survival rates for stage IIA-IIC range from 53 to 80%.
(2,8) The same applies to pa�Ÿents with stage III melanoma: these tumors have spread toregional
Lymph Nodes (LN) without evidence of distantmetastasis (Box 1). Even with treatment, stage III
disease is considered to be of intermediate to high risk for local recurrence or distant metastasis
and 5-year survival rates for stage IIIC can drop as low as 27%. (1) Clearly, pa�Ÿents in early stages 
of melanoma might beneÞt from adjuvant immunotherapy, aiming to control tumor growth and 
spread at the primary tumor site and the TDLN. Possible treatment approaches for these pa�Ÿents
are local immunomodula�Ÿon or vaccina�Ÿon. Local management of the disease has the advantage 
that it is less likely to cause severe systemic side e�+ects. Moreover, there is evidence that local im-
mune ac�Ÿva�Ÿon may lead to systemic immune protec�Ÿon. (9,10) The dermis provides an ideal por-
tal for the delivery of immunopoten�Ÿa�Ÿng agents or vaccines. It contains a variety of di�+erent im-
mune e�+ector cell popula�Ÿons and provides ready access to skin-draining LN through a network of 
a�+erent lympha�Ÿc vessels. By boos�Ÿng local innate and adap�Ÿve immune responses in the dermis, 
the growth and local spread of melanoma may be contained in early stages of its development.
Dendri�Ÿc Cells (DC) are the central ini�Ÿators and orchestrators of the immune response with a 
unique ability to prime and skew T cell responses. (11) During their ac�Ÿva�Ÿon (i.e. end-stage matu-
ra�Ÿon) they receive environmental input that determines their cytokine release pa�©erns which in
turn direct the type of T cell responses that are elicited. (12) They are prime candidates to target
using local immunomodula�Ÿon. Here, we will discuss how developing melanomas inßuence their
microenvironment to e�+ec�Ÿvely suppress the local immune system and we will propose ways in
which DC or T cells in the dermis and draining LN may be targeted and modulated to overcome this 
immune suppression in aid of melanoma immunotherapy.

2 The challenges of genera�Ÿng an�Ÿ-melanoma immunity
In cutaneous melanoma, skin-resident DC take up and transport Melanoma-Associated An�Ÿgens 
(MAA) to TDLN. (11,13) The rela�Ÿvely large number of iden�ŸÞed MAA a�©ests to the immunogeni-
city of this tumor. Di�+erent types of MAA are discerned, a.o. cancer/tes�Ÿs an�Ÿgens (e.g. MAGE, NY-
ESO, and PRAME) and melanocyte di�+eren�Ÿa�Ÿon an�Ÿgens (e.g. tyrosinase, Tyrosinase Related Pro-
teins-1 and -2 [TRP-1/-2], MART-1/Melan-A, and gp100). (14) In order to ac�Ÿvate T cells speciÞcally 
recognizing these MAA, the skin-emigrated DC need to become ac�Ÿvated, i.e. express high levels
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of co-s�Ÿmulatory molecules as well as appropriate chemokine receptors to migrate to the paracor-
�Ÿcal T cell areas of the TDLN. (12) In the T cells areas of the TDLN the MAA-presen�Ÿng DC bind and 
speciÞcally ac�Ÿvate recircula�Ÿng naïve and memory T-helper (Th) cells and cytotoxic T lymphocytes
(CTL). (15) Ac�Ÿvated e�+ector CTL leave the LN via e�+erent vessels and home to tumor sites in order 
to eradicate melanoma cells. Although Tumor-InÞltra�Ÿng Lymphocytes (TIL) recognizing MAA can 
be readily found in primary tumors, TDLN and metastases, they obviously cannot prevent ul�Ÿmate
melanoma growth and spread. (7) Nevertheless, important clinical studies performed by Rosen-
berg et al., in which autologous TIL were adop�Ÿvely transferred to advanced melanoma pa�Ÿents,
have clearly demonstrated the powerful intrinsic ability of these TIL to eliminate bulky melanoma
metastases (reviewed by Rosenberg & Dudley (16)). In order for this approach to be e�+ec�Ÿve, the 
TIL need to be extricated from the immunosuppressive tumor environment and expanded in vitro.
Moreover, pa�Ÿents receive lymphodeple�Ÿng chemotherapy to eliminate suppressor cells and other 
e�+ector cells that may compete for growth factors with the adop�Ÿvely transferred TIL, prior to in-
fusion of billions of expanded TIL. By elimina�Ÿng the suppressive microenvironment of the tumor
and systemically “rese�«ng” the immune system of the pa�Ÿent through lymphodeple�Ÿng chemo-
therapy, adop�Ÿve T cell transfer has proven e�+ec�Ÿve, achieving objec�Ÿve regression of melanoma
metastases in up to 70% of treated pa�Ÿents. (16) These studies serve as an impressive demon-
stra�Ÿon of the immune system’s capacity to eradicate melanoma tumors. One of the challenges in 
the adjuvant se�«ng, where distant metastases have not yet developed, is to curb the melanoma’s 
immunosuppressive traits and kick-start a protec�Ÿve an�Ÿ-tumor immune response in order to pre-
vent metasta�Ÿc spread. Central to the premiss of local immunopoten�Ÿa�Ÿon in melanoma is the 
enhancement or restora�Ÿon of an�Ÿ-tumor DC and T cell func�Ÿons in the tumor and its draining LN, 
even in the face of immunosuppressive condi�Ÿons imposed by the tumor. (17-19) The elimina�Ÿon
of these suppressive condi�Ÿons is also a prerequisite for any MAA-based vaccine to be e�+ec�Ÿve.

Box 1: Staging of Melanoma Cu�Ÿs according to the American Joint Commi�©ee on Cancer (AJCC)*
and eligibility for immunopoten�Ÿa�Ÿon in the adjuvant se�«ng

Stage 0 melanoma:g  When the epidermis, but not the underlying dermis, is involved, this is called Stage 0 
melanoma or melanoma in situ. There is no invasion of surrounding �Ÿssues, lymph nodes, or distant sites. 
A�Ler radical excision Stage 0 is considered very low risk for disease recurrence, for tumor spread to lymph 
nodes or distant sites. 5 year survival is >97%.

Stage I melanomag : Stage I melanomas are tumors with a Breslow thickness of �G 2.0 mm without ulcera�Ÿon 
or �G1.0 mm with ulcera�Ÿon, that have not spread to nearby lymph nodes or distant sites. Timely resec�Ÿon 
of these lesions results in low risk for recurrence and metastasis. Ten year survival rates for Stage IA-IB range 
from 85 to 99%.

Stage II melanomag : Stage II melanomas are tumors with a Breslow thickness of  �H 2.0 mm without ulcera�Ÿon 
or �H 1.0 mm with ulcera�Ÿon that have not spread to nearby lymph nodes or distant sites. Even with treat-
ment, Stage II disease is considered to be intermediate-risk for local recurrence or distant metastasis: 16%
develop a recurrence, which is associated with a signiÞcant decrease in survival. Five year survival rates for
Stage IIA-IIC are 53-80%.

Stage III melanomag : Stage III melanomas are tumors that have spread toregional lymph nodes without 
evidence of distant metastasis. With treatment, Stage III disease is considered to be intermediate to high-
risk for local recurrence or distant metastasis. The 5-year survival rates for Stage IIIA-IIIC range from 40% to
78%.

Stage IV melanoma:g Stage IV melanomas are associated with metastasis to distant sites in the body. Five 
year survival rates range from 10-28% depending on the anatomical loca�Ÿon of the metastases; median 
survival a�Ler the onset of distant metastases is usually only 6-9 months.

NB: Pa�Ÿents with Stage I-III melanoma might beneÞt from adjuvant local immunopoten�Ÿa�Ÿong g j p
* from Balch et al. (1,2)
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3 The immune microenvironment and DC subsets of the skin 
As the Þrst and main physical barrier between the body and the outside world, the skin can be
regarded as the largest immune organ of the body. It consists of a large number of epidermis- and
dermis-resident immune e�+ector cells that under steady state condi�Ÿons maintain homeostasis 
and tolerance, but in case of infec�Ÿon or inßamma�Ÿon can prime speciÞc immune responses. (20) 
Beside DC, skin-resident leukocytes include macrophages, T cells, NKT cells, mast cells, and granu-
locytes (for an in-depth review, see Nestle et al. 21). Moreover, non-immune cells in the epider-
mis and dermis, such as kera�Ÿnocytes and Þbroblasts, should not be regarded as immunologically 
inac�Ÿve. Indeed, kera�Ÿnocytes express a wide range of Toll-like Receptors (TLR) and can “sense”
microbial infec�Ÿon through binding of TLR-Ligands (TLR-L). (22) Upon their TLR-mediated ac�Ÿva�Ÿon 
kera�Ÿnocytes release protec�Ÿve an�Ÿmicrobial pep�Ÿdes, but also a variety of cytokines (a.o. IL-1, -6, 
-10, -18, and TNF) that in turn can ac�Ÿvate DC and condi�Ÿon dermal Þbroblasts to secrete chemoki-
nes that a�©ract DC and further recruit immune e�+ector cells. (23,24) Beside microbial recogni�Ÿon,
kera�Ÿnocytes are also endowed with the ability to sense �Ÿssue damage and stress (e.g. induced 
by toxins, irritants, UV light or tumor growth) through so-called Nucleo�Ÿde-binding domain, Leu-
cin-rich Repeat (NLR) containing proteins, linking to the inßammasome complex and inducing the
cleavage of IL-1�t and/or IL-18 from their pro-cytokines. This will start a cascade of events, resul�Ÿng
in immune ac�Ÿva�Ÿon. (21) 
Beside this cross-talk between immune and non-immune cells in support of immune surveillance, 
the dermis also contains a dense network of blood and lymph vessels, facilita�Ÿng both the rapid 
recruitment of immune e�+ector cells from blood and ready access to skin-draining LN, where adap-
�Ÿve B and T cell responses can be primed or boosted. (25) These features have made the skin a fa-
vored site for delivery of vaccines and immunomodulatory agents. (26,27) Vaccina�Ÿon through the
skin has been shown to result in e�+ec�Ÿve an�Ÿ-tumor immunity. (27-29) In par�Ÿcular for melanoma,
being a skin-derived tumor, skin-based immuniza�Ÿon approaches may be very e�+ec�Ÿve. (30) This 
is in part a�©ributable to the fact that e�+ector-memory T cells primed in skin-draining LN e�8ciently 
and preferen�Ÿally home to the skin through the expression of skin-homing molecules such as Cu-
taneous Lymphocyte-associated An�Ÿgen (CLA). This is a process referred to as “imprin�Ÿng” and
involves skin-derived DC. (31,32)
A dense network of readily accessible and di�+eren�Ÿally specialized DC subsets lines the skin and
upon any sign of danger can rapidly ini�Ÿate immune ac�Ÿva�Ÿon. LC are the DC of the epidermis and
were the Þrst DC to be described. In the steady state LC are derived from precursor cells residing in 
the skin, whereas under inßammatory condi�Ÿons they can also develop from monocytes recruited
from the blood. (33,34) They express high levels of CD1a and Langerin at their cell surface, as well 
as the epithelial adhesion molecule EpCAM. There is evidence to suggest that upon their ac�Ÿva�Ÿon
and migra�Ÿon to LN, LC preferen�Ÿally bind and ac�Ÿvate T cells. (35) In contrast to LC, CD1a+ dDC do
not express Langerin and only intermediate to low levels of CD1a. Instead, DDC can express an al-
terna�Ÿve set of Lec�Ÿns, including the Mannose Receptor (MR) and DC-SIGN, as well as Factor XIIIa.
(25) The T cell skewing abili�Ÿes of inters�Ÿ�Ÿal DC/dDC are not Þxed, but rather dictated by a balance 
of factors in the microenvironment, e.g. their number, and ac�Ÿva�Ÿon state, resul�Ÿng in di�+eren�Ÿal 
Th1, Th2, or Th17 proÞles. (25,36,37) The ability to modulate this balance may be of crucial impor-
tance for successful immunotherapy of cancer. Recently, Langerin+ and CD103+ DDC were iden�ŸÞed
in murine studies as a major migratory DC subset from skin with the ability to cross-present pro-
teins from the skin environment. (38-40) It has been suggested that CD1a+ dDC may be the human 
equivalent of this subset (35), but evidence to back up this claim is lacking. Our own compara�Ÿve
ex vivo study of the ability of LC and CD1a+ dDC to prime CD8+ e�+ector T cells against a MART-1 
epitope, point to a puta�Ÿvely superior T cell s�Ÿmulatory ability of dDC over LC. (41) 
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In contrast to the above described conven�Ÿonal DC (cDC) subsets, immature plasmacytoid DC
(pDC) with a plasma cell-like appearance and a more lymphoid phenotype, preferen�Ÿally seed LN 
straight from the blood through L-Selec�Ÿn-mediated homing. (42) In the steady state they reside in
LN rather than in skin, constantly screening the surroundings for signs of infec�Ÿon. However, under 
pathological or inßammatory condi�Ÿons (e.g. psoriasis) pDC may also be recruited from the blood
to the re�Ÿcular dermis, likely in a CXCR3-mediated fashion. (43,44) Di�+eren�Ÿal TLR expression (45) 
or speciÞc expression of C-type lec�Ÿns (e.g. BDCA2 or DCIR (46-49)) may allow for the speciÞc tar-
ge�Ÿng of pDC for immunotherapy.

3.1 DC subsets in skin-draining LN
As dermally delivered substances will also rapidly di�+use to skin-draining LN, DC subsets residing in
these LN may be directly modulated and/or targeted. In contrast to the mouse, very li�©le is known
about cDC subsets present in human LN that drain the skin. From our own previous melanoma SLN
studies we can discern at least two di�+erent cDC popula�Ÿons, beside a pDC popula�Ÿon. (50,51) 
1) CD1a+ DC; these DC express high levels of co-s�Ÿmulatory molecules, CD83 and CCR7. Intrader-
mal administra�Ÿon of GM-CSF leads to further upregula�Ÿon of their co-s�Ÿmulatory machinery and
CD83 and to increased numbers of these DC in the paracor�Ÿcal LN areas. (51) A high and signiÞcant 
correla�Ÿon was found between densi�Ÿes of CD1a+ DC in the papillary dermis and matching SLN, 
strongly sugges�Ÿng the CD1a+ DC subset in the SLN to derive from dermis-emigra�Ÿng CD1a+ LC and/
or dDC. (50,52) Frequencies of these mature CD1a+ DC in the SLN also correlated signiÞcantly with
melanoma-speciÞc CD8+ e�+ector T cells, indica�Ÿve of the validity of this DC subset for tumor vac-
cine targe�Ÿng. (53)
2) CD11chiCD14- DC; these DC do not express CD1a, but do express CD83 and co-s�Ÿmulatory mole-
cules on their surface, albeit at lower levels than the CD1a+ DC. (50) We found the frequencies of 
this DC subset to be upregulated in melanoma SLN upon CpG administra�Ÿon. (50) The most likely
explana�Ÿon for this is the recruitment and/or di�+eren�Ÿa�Ÿon of LN-resident or blood-derived mo-
nocytes or other DC precursors under the inßuence of pDC-derived IFN�r. The func�Ÿonal abili�Ÿes of 
this novel subset remain to be established, although expression of TRAIL on their surface suggests 
a direct cytoly�Ÿc ability. Expression of the C-type Lec�Ÿn BDCA3/CD141 on at least part of these DC
(Sluijter et al., submi�©ed) suggests that the BDCA3+ cDC subset in peripheral blood may be their 
direct precursor, but this remains to be established. Interes�Ÿngly, a recent genome-wide transcrip-
�Ÿonal proÞling study suggested BDCA3+ DC to be the human equivalent of the CD8�r+ DC subset in 
murine spleen, which is known to be the subset with cross-priming and powerful CTL priming abili-
�Ÿes. (54) Indeed, recent in vitro studies provided evidence for the cross-priming abili�Ÿes of human 
BDCA3+ DC and thus conÞrmed this hypothesis. (55-58)
Both DC-SIGN and Langerin expression is apparent by immunohistochemistry on DC-like cells in the 
LN paracortex. (59,60) However, neither DC-SIGN nor Langerin surface expression is discernable by
ßowcytometry on any of the above listed cDC subsets, leaving their rela�Ÿon to skin subsets obscure
for the moment. Of note, strongest expression of DC-SIGN is found in marginal zone and sinus ma-
crophages (Granelli-Piperno et al. (61) and our own unpublished observa�Ÿon), leaving its relevance 
for selec�Ÿve DC targe�Ÿng in doubt.
4) BDCA2/CD303+CD123+ pDC; in the steady state pDC reside in LN in low numbers, which in fact go
up in melanoma-draining LN, and bind microbial products through speciÞc receptors such as TLR9. 
(62,63) TLR9 binds unmethylated CpG oligodinucleo�Ÿde-containing mo�Ÿfs, derived from bacterial
DNA, and ac�Ÿvates pDC, which then release IFN�r . IFN�r can in turn boost CTL and NK cell respon-
ses (64,65) as well as promote the di�+eren�Ÿa�Ÿon and matura�Ÿon of bystander cDC and their pre-
cursors. (50,66) In addi�Ÿon, pDC can also directly (cross-)present MAA-derived epitopes and thus 
prime melanoma-speciÞc CTL. (64,67,68)
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4 Subver�Ÿng the immune response: melanoma-induced DC suppression
The very reason that melanoma is such an a�©rac�Ÿve target for immunotherapy, i.e. its intrinsically 
high immunogenicity, is most likely also why it is a powerful immunosuppressive tumor type and
refractory to conven�Ÿonal tumor vaccina�Ÿon approaches: in order to survive the host immune
response and enable tumor outgrowth and spread, it has had to develop ingenious ways through
which to subvert and escape the an�Ÿ-tumor immune response. (69) The main challenge for tumor 
immunotherapists is to iden�Ÿfy these suppressive mechanisms and devise novel strategies to over-
come them. 
An obvious target of this tumor-induced immunosuppression is the central immune orchestrator,
the DC. Hampered DC di�+eren�Ÿa�Ÿon and ac�Ÿva�Ÿon has been reported in many tumors and de-
creased tumor inÞltra�Ÿon by mature DC is generally recognized as a poor prognos�Ÿc factor. (70-72)
Immature DC with ready access to MAA derived from primary or metasta�Ÿc tumor sites can induce 
speciÞc tolerance through inappropriate or abor�Ÿve T cell ac�Ÿva�Ÿon. (73,74) Indeed, immature cDC 
isolated from melanoma metastases were reported to induce T cell tolerance (75,76), while cDC in
TDLN were similarly reported to display immature characteris�Ÿcs. (18,77,78) cDC development and
ac�Ÿva�Ÿon can both be frustrated by inhibitory factors commonly associated with melanoma, such
as VEGF, TGF�t, IL-10 or gangliosides. (18,75,76,79) Over the past years it has become clear that 
many of these tumor-derived suppressive factors exert their suppressive e�+ects on cDC through
ac�Ÿva�Ÿon (i.e. phosphoryla�Ÿon) of Signal Transducer and Ac�Ÿvator of Transcrip�Ÿon-3 (STAT3). (80) 
STAT3 ac�Ÿva�Ÿon during later stages of DC development may block DC di�+eren�Ÿa�Ÿon and instead 
favour the development of macrophages and immature Myeloid-Derived Suppressor Cells (MDSC).
Rather than by mature DC, tumors will be inÞltrated by alterna�Ÿvely ac�Ÿvated (M2), Tumor-Asso-
ciated Macrophages (TAM) and MDSC, that release immunosuppressive Arginase, inducible Nitric-
Oxide Synthase (iNOS), Reac�Ÿve Oxygen Species (ROS), and TGF�t. (80,81)
pDC also inÞltrate melanomas and their draining LN (62,63,82) and are recruited by stromal cell-de-
rived factor-1 (SDF-1/CXCL12) and CCL20, both of which are expressed by melanomas. (65,83,84) 
Tumor-associated pDC have been shown to induce immunosuppressive IL-10-producing T cells (83),
to express low levels of TLR9 and to harbour a diminished capacity for IFN�r produc�Ÿon. (85) More-
over, although virtually absent from normal LN, indoleamine 2,3-dioxygenase (IDO)-expressing pDC 
were found in abundant numbers in melanoma TDLN. (62,82,86) IDO is a tryptophan-catabolizing 
enzyme, which can induce tryptophan deple�Ÿon from the tumor-condi�Ÿoned micro-environment
which in turn hampers T cell prolifera�Ÿon and reduces speciÞc T cell responses in vivo. (87) A high 
content of IDO+ pDC in TDLN from pa�Ÿents with early stage melanoma (without detectable metas-
tases) correlated signiÞcantly with reduced overall survival. (87,88) Suppressive CD4+CD25hiFoxP3+

regulatory T cells (Tregs) are found at increased frequencies in the blood, tumors and TDLN of 
melanoma pa�Ÿents (89,90) and have been reported to enhance IDO expression by DC through a
CTLA4-dependent mechanism. (91) Excessive IDO expression in turn leads to abor�Ÿve e�+ector T
cell ac�Ÿva�Ÿon and facilitates the further recruitment and ac�Ÿva�Ÿon of Tregs (92-94), which in mela-
noma LN metastases was shown to be associated with decreased survival. (94) These ac�Ÿvated
Tregs express high levels of CTLA4 and may thus perpetuate this vicious cycle by in turn enhancing
IDO expression by DC. (95)

The degree of immunosuppression in TDLN was found to be directly related to their distance from
the primary tumor (18), indica�Ÿng the causa�Ÿve agents to be tumor-derived. The Þrst LN to directly 
drain the primary tumor, the Sen�Ÿnel LN (SLN), is a preferen�Ÿal site of early lymph-borne metas-
tasis (96-98) and shows the most pronounced immunosuppression, even at the earliest stages of 
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melanoma development. (18,78) The density of ac�Ÿvated cDC in the paracor�Ÿcal T cell areas of 
SLN is o�Len reduced and most cDC present in melanoma SLN lack dendri�Ÿc morphology and dis-
play lower expression levels of cos�Ÿmulatory molecules as compared to cDC in more down-stream
draining LN. (78,99) These profoundly suppressive condi�Ÿons imposed by tumors have led Munn 
and Mellor to describe the TDLN as an immune-privileged site. (95) Local immunomodula�Ÿon
aimed at poten�Ÿa�Ÿng DC and T cell func�Ÿons at the site of the primary melanoma and its draining 
LN (and the SLN in par�Ÿcular), may therefore o�+er a valuable therapy op�Ÿon in the adjuvant se�«ng
to prevent both local and systemic metastasis. 

5 DC suppression in the skin: lessons from human skin explant studies
As primary melanomas grow and invade the dermis, immunosuppressive factors will condi�Ÿon the 
dermis to become permissive for tumor growth. To study the e�+ects of tumor-induced suppres-
sion we have conducted studies in which we injected various melanoma-associated suppressive
cytokines into the dermis of healthy human skin and studied their e�+ects on skin-emigra�Ÿng DC. 
To this end 6 mm diameter explants were taken from the i.d. injec�Ÿon spots and cultured for two
days while ßoa�Ÿng in medium with the epidermal side up. Emigra�Ÿng DC were collected over the 
next two days and immediately analyzed or cultured for an addi�Ÿonal Þve days in the explant-con-
di�Ÿoned medium. Of all tested suppressive factors, we only observed suppressive e�+ects for IL-10
upon its i.d. delivery. (100) Dermal condi�Ÿoning by IL-10 resulted in a shi�L from mature CD83+CD1a+

cDC to immature CD83-CD14+ DC with more macrophage-like quali�Ÿes. Upon an addi�Ÿonal 5-day
culture period, virtually all CD1a+ DC converted to CD14+ cells, passing through a CD1a+CD14+ stage.
Interes�Ÿngly, CD1a+CD14- and CD1a+CD14+ DC as well as CD1a-CD14+ cells are all commonly found 
in the a�+erent lymph from normal human skin. (101) The observed post-migra�Ÿonal phenotypic
switch also occurred in medium-injected control explants, but was accelerated and reinforced by 
IL-10. (100) Importantly, it was preventable by co-injec�Ÿon of the DC-ac�Ÿva�Ÿng cytokines GM-CSF 
and/or IL-4. Experiments with separated epidermal and dermal sheets showed these events to
occur both in LC and dDC, but for full conversion to a CD14+ macrophage-like state to occur, the 
dermis microenvironment was required. Our own recent observa�Ÿons suggest a role for dermal 
Þbroblasts in this process (Ouwehand et al., submi�©ed). As outlined in Figure 1 (see color Þgure 
1.1 in back of thesis), IL-10 condi�Ÿoned DC took on a macrophage-like granular appearance, while 
GM-CSF/IL-4 condi�Ÿoned DC maintained their dendri�Ÿc morphology. While control and IL-10 mod-
ulated DC gradually lost expression of the LC and dDC markers CD83, CD1a, Langerin and DC-SIGN, 
GM-CSF/IL-4-condi�Ÿoned DC maintained their expression (shown for DC-SIGN in Figure 1). Instead,
IL-10-condi�Ÿoned skin-emigrated DC displayed upregulated expression of the macrophage mark-
ers CD14 and CD68, down-regulated expression of matura�Ÿon and co-s�Ÿmulatory markers, lacked
expression of the LN-homing receptor CCR7, were unable to prime allogeneic T cells, and secreted 
higher levels of IL-10. (100) IL-10 is secreted in the epidermis by melanocytes and possibly kera�Ÿno-
cytes in response to environmental stress (102-105) and in the dermis by ac�Ÿvated macrophages.
(106,107) The CD1a-to-CD14 switch, observed upon migra�Ÿon of LC and dDC in the absence of 
strong matura�Ÿon-inducing signals, could thus be a mechanism to maintain tolerance in the face of 
�Ÿssue damage and avoid the induc�Ÿon of collateral autoimmunity.
In conclusion, the post-migra�Ÿonal CD1a-to-CD14 conversion of dermis-emigra�Ÿng DC may serve 
to maintain immunological ignorance under steady state condi�Ÿons, but reinforced by melanoma-
secreted IL-10, it will interfere with the genera�Ÿon of e�+ec�Ÿve an�Ÿ-tumor immunity. Indeed, high
IL-10 levels in melanoma metastases have been linked to a disturbed DC phenotype with high levels 
of CD14. (75) Immunopoten�Ÿa�Ÿon of the melanoma-inÞltrated dermis might result in normalized 
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DC ac�Ÿva�Ÿon and so support the induc�Ÿon of protec�Ÿve immunity (Figure 1). To overcome melano-
ma-induced immunosuppression and (re-)ac�Ÿvate e�+ec�Ÿve an�Ÿ-melanoma T cell immunity, local 
immunopoten�Ÿa�Ÿon of DC and T cell func�Ÿons can be applied, targe�Ÿng the microenvironment of 
the dermis and its draining LN.

6 Local immunopoten�Ÿa�Ÿon of the primary melanoma site and the SLN
By dermal delivery of immunos�Ÿmulatory agents, both the primary melanoma site and TDLN may
be condi�Ÿoned to permit re-ac�Ÿva�Ÿon of primed melanoma-speciÞc CD8+ T cells. A staggering 20
billion T cells are es�Ÿmated to be present in normal, healthy skin. (21) Many of these are e�+ector-
memory T cells that can persist locally for years and provide rapid protec�Ÿon upon rechallenge with 
their speciÞcally recognized an�Ÿgen. (108) Thus, previously primed tumor-speciÞc e�+ector T cells 
at the primary melanoma site and in the draining LN may be re-ac�Ÿvated by immune modula�Ÿon
–even without further an�Ÿgenic exposure. We have indeed found evidence for this in SLN upon i.d.
administra�Ÿon of GM-CSF or CpG. (9,53) Such local immune modula�Ÿon strategies may a�+ord local
as well as systemic T cell-mediated control of metasta�Ÿc outgrowth and prove of considerable val-
ue as adjuvant therapy. Lympha�Ÿc mapping and selec�Ÿve SLN excision is a minimally invasive pro-
cedure, which allows for the iden�ŸÞca�Ÿon of pa�Ÿents at risk of LN metastasis who should undergo
a full therapeu�Ÿc LN dissec�Ÿon. The SLN procedure in melanoma has proven a useful prognos�Ÿc
tool for the assessment of melanoma relapse and mortality risk. (109) In addi�Ÿon, the rou�Ÿne SLN
procedure as carried out in early stage melanoma pa�Ÿents provides an ideal pla�žorm to test op-
�Ÿons for local pre-opera�Ÿve strengthening of SLN immune e�+ector func�Ÿons, i.e. through dermally 
applied immunos�Ÿmulatory compounds around the primary tumor excision site. 
Growing knowledge of the intricacies of DC matura�Ÿon, migra�Ÿon and T cell ac�Ÿva�Ÿon, as well as 
of immune escape mechanisms employed by tumors, has led to the iden�ŸÞca�Ÿon of a substan-
�Ÿal number of druggable targets to inßuence these processes in favour of genera�Ÿng an�Ÿ-tumor 
immunity. Recently, at the behest of the Na�Ÿonal Cancer Ins�Ÿtute, a panel of experts composed 
a ranked list of immune response modiÞers that should be made available for expedited clinical
development. (110) These include: 1) DC ac�Ÿvators and growth factors, 2) vaccine adjuvants, 3) T 
cell s�Ÿmulators and growth factors, 4) immune checkpoint inhibitors and 5) neutralizing agents for
suppressive cells, cytokines and enzymes. There is a consensus that only combina�Ÿons of agents 
from all these di�+erent classes of modiÞers will ul�Ÿmately yield op�Ÿmal an�Ÿ-tumor e�8cacy. Below,
examples of these immune modulatory therapeu�Ÿc agents are discussed that show promise for
local immunopoten�Ÿa�Ÿon and that have either already entered or are about to enter the clinical
tes�Ÿng phase.

6.1 DC-s�Ÿmulatory cytokines
Cytokines are secreted proteins or glycoproteins that act in a paracrine or autocrine manner to
induce ac�Ÿva�Ÿon, prolifera�Ÿon, di�+eren�Ÿa�Ÿon or chemotaxis of cells. Some cytokines, like TNF�r or 
-�t, can induce cytotoxicity. Cytokines regulate many processes in our body, varying from organo-
genesis, wound healing or haematopoiesis. In cancer research they are either studied for their di-
rect an�Ÿ-tumor e�+ects or for their ability to elicit or enhance an immune response and poten�Ÿally 
direct it against tumors. Cytokines can signal through a variety of pathways, which usually involve
cytokine receptor-associated Janus Kinases (JAK) and subsequent phosphoryla�Ÿon of Signal Trans-
ducers and Ac�Ÿvators of Transcrip�Ÿon (STAT,see Figure 2). Cytokines employed in (experimental) 
melanoma therapies target either APC, most notably DC (GM-CSF and IFN�r), or e�+ector T cells or
NK cells (IL-2 and IFN�r), in an a�©empt to harness an�Ÿ-tumor immune responses that are o�Len
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primed but rendered ine�+ec�Ÿve through tumor-induced immune suppression. Below a brief over-
view is given of clinical experience with the administra�Ÿon of the DC-modulatory cytokines GM-CSF
and IFN�r and how they may be applied locally in aid of an�Ÿ-tumor immunity.

Figure 2 Signaling pathways connec�Ÿng to cytokine and TLR receptors and down-stream cellular
events. 

Granulocyte-macrophage colony-s�Ÿmula�Ÿng factor (GM-CSF)
Granulocyte-Macrophage Colony-S�Ÿmula�Ÿng Factor (GM-CSF) is a 23-kDa haemopoe�Ÿc glycopro-
tein that s�Ÿmulates prolifera�Ÿon and di�+eren�Ÿa�Ÿon of progenitor cells of myeloid lineages, amongst 
others neutrophilic and eosinophilic granulocytes and monocytes. Addi�Ÿonally, GM-CSF was seen 
to have immunological e�+ects on macrophages, Þbroblasts, and DC. It was found to promote the 
prolifera�Ÿon, survival, matura�Ÿon and migra�Ÿon of DC and its precursors, to induce their cytokine 
produc�Ÿon, to upregulate MHC class II and co-s�Ÿmulatory molecules, all of which are vital to the
induc�Ÿon of a T cell response. As a result, GM-CSF has become a prime candidate for use in im-
munotherapeu�Ÿc strategies. (111) Vectors carrying the GM-CSF gene have been used to transduce 
tumor cells and DC for adop�Ÿve transfer, but have also been directly injected in vivo. (112) All these 
approaches resulted in e�+ec�Ÿve T cell-mediated an�Ÿ-tumor immunity in murine models. (112-114) 
In clinical studies with melanoma pa�Ÿents, evidence has been found for enhanced an�Ÿ-tumor T cell
responses and increased autoimmunity in the form of vi�Ÿligo upon systemic administra�Ÿon of GM-
CSF, but clinical responses have usually been modest with some reports of stabilized disease. 
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Local administra�Ÿon of low-dose GM-CSF may prove e�+ec�Ÿve without unwanted side e�+ects. In-
deed, local release of GM-CSF has been reported to result in enhanced recruitment of ac�Ÿvated
DC to draining LN in a murine model (114) and GM-CSF has been used as an adjuvant in tumor 
vaccina�Ÿon protocols. (115) These features make GM-CSF a good candidate to test its local im-
munomodulatory e�+ects on melanoma in a clinical se�«ng. In a Þrst pilot study, (16) melanoma
pa�Ÿents with advanced disease received intralesional GM-CSF followed by subcutaneous IL-2 in-
jec�Ÿons. (10) Par�Ÿal responses (n=2), minimal responses (n=2) and stable disease (n=9) were ob-
served. Interes�Ÿngly, responses were also observed in non-treated lesions, indica�Ÿve of the en-
hancement of systemic immunity through the local intratumoral applica�Ÿon of GM-CSF followed 
by systemic IL-2 administra�Ÿon. A likely explana�Ÿon for this may be the induc�Ÿon or re-ac�Ÿva�Ÿon 
of melanoma-speciÞc T cells through the ac�Ÿva�Ÿon of DC at the tumor site or in the tumor-draining
LN. Indeed, this was also observed in in a small single-blinded phase II study, carried out by us,
in which 12 stage I melanoma pa�Ÿents were included to receive four daily i.d. injec�Ÿons of GM-
CSF (at 3 �…g/kg) or saline around the primary tumor excision site. (51,53) On the day of the last 
GM-CSF administra�Ÿon, the pa�Ÿents underwent an SLN procedure. We have developed a method 
whereby the SLN can be sampled for live immune e�+ector cells without interference in subsequent 
diagnos�Ÿc procedures. (116) We employed this technique to monitor the phenotype of DC in the
SLN through ßowcytometry and to assess the frequency and func�Ÿonality of CD8+ T cells respond-
ing to speciÞc melanoma-derived pep�Ÿdes in an IFN�v Elispot assay. The GM-CSF-receiving pa�Ÿents
showed a signiÞcant increase in the number and matura�Ÿon state of CD1a+ cDC, which was associ-
ated with a more robust melanoma-speciÞc CD8+ T cell response in the SLN, as compared to saline
injected pa�Ÿents. Of note, melanoma-speciÞc T cell rates correlated directly to mature CD83+CD1a+

DC frequencies in the SLN, conÞrming the importance of properly ac�Ÿvated DC in the induc�Ÿon 
of an an�Ÿ-melanoma immune response. These data are in keeping with Þndings by Lee et al. who 
showed that peritumoral administra�Ÿon of GM-CSF resulted in a type-1 cytokine proÞle consistent 
with enhanced cell-mediated immunity. (117)

Interferon-�r (IFN�r)
IFN�r has an�Ÿ-angiogenic, cytotoxic and cytosta�Ÿc e�+ects on tumors and also s�Ÿmulates T and NK
cells. Systemic administra�Ÿon of IFN�r has been extensively evaluated in (adjuvant) therapy trials 
with melanoma pa�Ÿents. (118,119) Meta-analyses of randomized trials on the adjuvant treatment
with IFN�r in stage II and III melanoma pa�Ÿents showed increased recurrence-free, but not overall
survival for IFN�r treatment. (119) Current and planned trials with IFN�r are now aimed at iden�ŸÞca-
�Ÿon of subgroups of stage II/III melanoma pa�Ÿents that will beneÞt most from treatment. 
Emerging evidence on the immunological e�+ects of IFN�r argues in favour of exploring its use as 
a local immunomodula�Ÿon. (120) Gogas et al. described an associa�Ÿon between improved recur-
rence-free and overall survival and serological and clinical autoimmune parameters in melanoma
pa�Ÿents receiving high-dose IFN�r. (121) This is reminiscent of observa�Ÿons for other immunomod-
ulators, e.g. an�Ÿ-CTLA4, where such autoimmune events correlate with an�Ÿ-tumor responses. This
observa�Ÿon remains to be conÞrmed by other studies (122), but raises the possibility that IFN�r
exerts its an�Ÿ-tumor e�+ects, at least in part, through immunopoten�Ÿa�Ÿon. Wang et al. observed 
decreased ac�Ÿva�Ÿon (i.e. phosphoryla�Ÿon) of the signalling protein STAT3 in SLN upon administra-
�Ÿon of high-dose IFN�r to stage IIIB melanoma pa�Ÿents. Decreased levels of phosphorylated STAT3
(pSTAT3) and increases in pSTAT1/pSTAT3 ra�Ÿos following high-dose IFN�r treatment suggest its ef-
Þcacy in suppressing melanoma-induced immune suppression (123), in which STAT3 ac�Ÿva�Ÿon has 
been iden�ŸÞed as a key regulator. (80) In addi�Ÿon, IFN�r-exposed monocytes quickly di�+eren�Ÿate
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into mature CD83+CD14+ APC with the ability to boost memory T cells (124); this characteris�Ÿc may 
contribute to an an�Ÿ-melanoma response through re-ac�Ÿva�Ÿon of in vivo primed an�Ÿ-tumor CTL.
Combined, these Þndings indicate that local condi�Ÿoning of melanoma tumors and their draining 
LN by IFN�r may well contribute to reversal of immunosuppression and thus to immune poten�Ÿa-
�Ÿon of the an�Ÿ-tumor immune response: an avenue well worth exploring. 

6.2 TLR Ligands
The TLR family is a group of pathogen recogni�Ÿon receptors that detect pathogen-associated mole-
cules. TLR expressed on DC or assessory cells cons�Ÿtute a�©rac�Ÿve targets for immunopoten�Ÿa�Ÿon.
Eleven TLR have so far been iden�ŸÞed each with their own class of pathogen-expressed molecules 
that they are able to detect: e.g. TLR1,-2, and -4 bind bacterial glycoproteins and endotoxins, while 
TLR3, -7,-8, and -9 bind viral or bacterial RNA or DNA. (125) Most TLR are present on the cell sur-
face. However, TLR7 through -9 are located in the endosomal compartment and TLR3 is an intra-
cellular receptor, although its exact loca�Ÿon has not yet been determined. With the excep�Ÿon of 
TLR3, all TLR elicit a response via MyD88 signalling, eventually leading to nuclear transloca�Ÿon of 
NF-�ƒB and transcrip�Ÿonal ac�Ÿva�Ÿon of a plethora of pro-inßammatory mediators (Figure 2). (125) 
TLR3 and TLR4 also couple to TRIF, leading a.o. to IRF3-mediated upregula�Ÿon of IFN�t expression
and co-s�Ÿmulatory molecules (see Figure 2). Ample evidence from an ever growing number of 
mouse studies shows that TLR-L are instrumental in inducing pro-inßammatory cytokine release
from APC in support of long-term e�+ector T cell mediated immunity. (125) This characteris�Ÿc has 
also sparked interest for their implementa�Ÿon in an�Ÿ-tumor immunotherapies, alone or in combi-
na�Ÿon with vaccines or other immune modulators. Below a brief outline is given of experience with
clinically explored op�Ÿons in the local treatment of melanoma. 

Imiquimod and Resiquimod
TLR7 and -8 agonists (i.e. ssRNA analogues) have shown powerful an�Ÿ-tumor e�+ects in preclinical
studies, mainly through induc�Ÿon of the release of type-1 skewing immune mediators, but also 
through the induc�Ÿon of DC with direct an�Ÿ-tumor ac�Ÿvity. (126)
Imiquimod (formulated as Aldara cream for topical applica�Ÿon) is a synthe�Ÿc agonist for TLR7/8.
It has been FDA approved for treatment of Basal Cell Carcinoma (BCC), ac�Ÿnic keratosis and HPV-
induced warts. TLR7 is present on cDC, pDC and B cells. (127,128) When TLR7 is ac�Ÿvated (e.g. by
Imiquimod) it ini�Ÿates an immune response that leads to the release of high amounts of IFN�r but
also of TNF�r and IL-1, -6, -8 and -12. (127,129) These cytokines in turn ac�Ÿvate cDC, monocytes and
macrophages, NK, Th1 cells and CTL. (127,130) This ac�Ÿva�Ÿon of a type-1 cell-mediated immunity
is consistent with the an�Ÿ-viral proper�Ÿes of Imiquimod and also suggests an�Ÿ-tumor e�8cacy. 
Two groups reported 100% clearance of stage 0 (i.e. epidermal) melanoma lesions with Imiquimod. 
(131-133) Biopsies before, during, and a�Ler treatment revealed an increase in Th cells and Gran-
zyme-B posi�Ÿve CTL in the a�+ected area during treatment. (131) Two other papers also described
the use of Imiquimod for the treatment of (sub)cutaneous metastases of melanoma with promis-
ing results (134,135), i.e. histopathologically conÞrmed reduc�Ÿons of in-transit metastases a�Ler
Imiquimod applica�Ÿon only and a restored Th1/Th2 balance upon addi�Ÿonal intralesional interleu-
kin-2 injec�Ÿons. (136) Overall, a clinical response rate of 50.5% was seen, with 91% of the complete
regressions appearing in the pa�Ÿents with cutaneous lesions. Of note, pre-condi�Ÿoning of cutane-
ous vaccina�Ÿon sites with Imiquimod was well tolerated and resulted in the e�8cient induc�Ÿon of 
both humoral and cell-mediated immune responses against an NY-ESO-based vaccine in stage II/III 
melanoma pa�Ÿents. (137) These results clearly warrant the further development of Imiquimod as
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local immunomodulator and adjuvant cons�Ÿtuent of cutaneously applied melanoma vaccines.
R848 (or Resiquimod), a TLR7/8 agonist, topically applied in combina�Ÿon with subcutaneous ad-
ministra�Ÿon of ovalbumin, was reported to generate robust an�Ÿgen-speciÞc CTL with an�Ÿ-mela-
noma ac�Ÿvity. (138) Interes�Ÿngly, R848 also induced TRAIL-mediated tumor-cytoly�Ÿc ac�Ÿvity of 
pDC. (139) An i.d. delivered gp100/MAGE-A3 melanoma vaccine with or without an R848-based
adjuvant is about to enter clinical tes�Ÿng and should provide further insight into the clinical e�8cacy
of R848. (140) 

CpG OligoDeoxyNucleo�Ÿdes (CpG ODN)
Adjuvants based on bacterial unmethylated CpG dinucleo�Ÿde sequences have strong immunogenic
proper�Ÿes. (141) All classes of CpG ODN bind to TLR9 (141,142) leading to DC and B cell ac�Ÿva�Ÿon
and matura�Ÿon and subsequent Th1-skewing of cytokine produc�Ÿon (IL-12, IFN-�r) resul�Ÿng in both 
an�Ÿgen-speciÞc memory and naïve CD8+ T cell induc�Ÿon. (143-145) Interes�Ÿngly, CpG-mediated 
TLR9 ac�Ÿva�Ÿon was shown to be a�©enuated by STAT3 ac�Ÿva�Ÿon, leading to immune suppression. 
(146) This was prevented by conjuga�Ÿng CpG ODN to STAT3 siRNA prior to delivery. (147) These 
Þndings argue in favor of combining CpG ODN with newly developed small-molecule JAK2/STAT3 
inhibitors. (148)
PF-3512676, formerly known as CpG 7909, is a B-type CpG oligodeoxynucleo�Ÿde (ODN) that has
been tested extensively in humans. It has a strong e�+ect on the ac�Ÿva�Ÿon of B cells but a modest 
e�+ect on IFN�r produc�Ÿon by pDC, in contrast to A- and C-class ODN which strongly induce IFN�r 
secre�Ÿon. (142) In a phase II study conducted by us, 23 stage I/II melanoma pa�Ÿents received one 
i.d. injec�Ÿon of either 8 mg PF-3512676 or saline. Pa�Ÿents receiving PF-3512676 showed a clear
enhancement of both pDC and CD1a+ cDC matura�Ÿon and ac�Ÿva�Ÿon in the SLN by ßowcytometric
analyses. (50) Also, a signiÞcant decrease in Treg frequencies and signiÞcantly higher CD8+ T cell 
response rates to MAA-derived epitopes in blood and the SLN were detected. (9) Moreover, a sig-
niÞcant and direct correla�Ÿon was found between pDC ac�Ÿva�Ÿon in the SLN (by CD86 and CD40 
expression levels) and the aggregate increase in frequencies of MAA pep�Ÿde-reac�Ÿve CD8+ T cells 
in post-treatment peripheral blood. This indicates a direct role for the locally CpG-modulated pDC 
in the SLN in the genera�Ÿon of the observed systemic an�Ÿ-melanoma CD8+ T cell response. In
the same trial we observed inÞltrates of ac�Ÿvated cDC and pDC as well as of T cells in the dermis
upon i.d. injec�Ÿon of CpG (van den Hout et al., manuscript in prepara�Ÿon). This was also recently
reported for combined GM-CSF and CpG administra�Ÿon (149) and hints at a possible u�Ÿlity of local
CpG ODN administra�Ÿon to recruit lymphocy�Ÿc e�+ector inÞltrates, e.g. to tumor sites. In keeping 
with this no�Ÿon, in another phase I trial the e�+ects were studied of intralesional treatment with PF-
3512676 in 5 pa�Ÿents with BCC and 5 pa�Ÿents with (sub)cutaneous melanoma metastases. (150) 
Pa�Ÿents received doses of up to 10 mg intralesional CpG every 14 days. Two complete regressions
were observed (in 1 BCC and 1 melanoma pa�Ÿent) and 4 par�Ÿal regressions in BCC pa�Ÿents. Mod-
erate to abundant cellular inÞltrates of lymphocytes were found post-treatment in most biopsies.
Systemic and prolonged administra�Ÿon of PF-3512676 has been studied in combina�Ÿon with 
chemotherapy in large randomized phase III trials in pa�Ÿents with non-small cell lung cancer. A few
years back these trials were prematurely terminated due to disappoin�Ÿng clinical results in interim 
analyses. (151) At the �Ÿme this presented a major setback in the development of CpG ODN as
an�Ÿ-cancer therapeu�Ÿcs. However, it also served to re-evaluate the most viable opportuni�Ÿes for
clinical applica�Ÿon of CpG ODN, e.g. as locally applied immune modulators, possibly combined with 
other TLR-L and/or viral or tumor vaccines. (143) Indeed,  the above described small-scale clinical 
studies in melanoma pa�Ÿents demonstrate that local CpG-mediated ac�Ÿva�Ÿon of the immune sys-
tem can lead to a systemically detectable an�Ÿ-tumor response with the possibility of recogni�Ÿon 
and elimina�Ÿon of metasta�Ÿc tumor cells by circula�Ÿng T cells.
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6.3 Combining Cytokines and TLR-L for melanoma immunotherapy
Promising results have been obtained using (combina�Ÿons of) the cytokines and TLR-L discussed in
the paragraphs above; e.g. CpG combined with GM-CSF proved to enhance vaccine-induced tumor 
rejec�Ÿon, as compared to GM-CSF alone. (152) However, combined use of GM-CSF and CpG as ad-
juvant, added to an hTERT-based melanoma vaccine, yielded disappoin�Ÿng results in terms of an�Ÿ-
tumor immune induc�Ÿon. (149) Although at Þrst glance cytokine-receptors and TLR seem to signal
through separate pathways (see Figure 2), recent studies have uncovered cross-talk between these 
pathways that can result in interference with the intended immune ac�Ÿva�Ÿon. SpeciÞcally, TLR
ac�Ÿva�Ÿon can lead to the upregula�Ÿon of proteins belonging to the Suppressor Of Cytokine Signal-
ling (SOCS) family. (153,154) These SOCS proteins inhibit ac�Ÿva�Ÿon of STAT signal transducers and
thus interfere with cytokine signalling. Indeed, TLR signalling was shown to interfere with GM-CSF 
responsiveness through SOCS-1 induc�Ÿon. (154) In conclusion, cau�Ÿon is warranted in combining
TLR-L and pro-inßammatory cytokines, since they may not always yield the expected addi�Ÿve or 
synergis�Ÿc s�Ÿmulatory e�+ects on cell-mediated immune responses. It is nevertheless worthwhile 
to carefully explore promising combina�Ÿons for their puta�Ÿve therapeu�Ÿc e�8cacy. Importantly, 
such immunomodulatory strategies may not only provide protec�Ÿon against local tumor spread:
the ac�Ÿvated e�+ector T cells can also recirculate and home to distant metasta�Ÿc sites. On a Þnal
note, it now seems of the utmost importance to clinically establish the most op�Ÿmal combina�Ÿons
of immunotherapeu�Ÿc agents. Rather than tes�Ÿng clinical e�8cacy of monotherapies in large-scale
phase III trials, it might be more prudent to Þrst study combina�Ÿon therapies in mul�Ÿple small-
scale and carefully designed phase II trials with biological read-outs. This would allow for the more 
ra�Ÿonal design of mul�Ÿ-targeted therapies with a be�©er chance of a�©aining improved clinical ef-
Þcacy in randomized phase III trials.

7 Outline of this thesis

Clinical observa�Ÿons in melanoma pa�Ÿents
Across the world the life �Ÿme risk of developing a malignant melanoma of the skin has been rising
exponen�Ÿally since the beginning of the 20th century, par�Ÿcularly in Caucasian popula�Ÿons. With
adjuvant therapies s�Ÿll under inves�Ÿga�Ÿon, early detec�Ÿon is the only way to improve melanoma
pa�Ÿent survival. The inßuence of incisional biopsies on melanoma pa�Ÿent survival has been dis-
cussed for many years. It is important for all physicians to feel conÞdent about removing a pig-
mented skin lesion suspect for melanoma. Chapter 2 inves�Ÿgates both the inßuence of diagnos�Ÿc
biopsy type and the presence of residual tumor cells in the re-excision specimen on disease free 
and overall survival. The aim of Chapter 3 was to evaluate the clinical outcome of stage I/II mela-
noma pa�Ÿents who underwent selec�Ÿve SLN dissec�Ÿon a�Ler a follow-up of at least 120 months.
We analyzed the inßuence of several pa�Ÿent and tumor characteris�Ÿcs, e.g. Breslow thickness, SLN
status, ulcera�Ÿon, lympha�Ÿc invasion, addi�Ÿonal posi�Ÿve lymph nodes and SLN tumor burden, on 
melanoma pa�Ÿent survival.

Immunohistochemistry of primary tumors and SLN from stage I/ II melanoma pa�Ÿents
A large number of studies have shown that the cellular immune response plays an important role in
the control of melanoma growth and spread. Proper ac�Ÿva�Ÿon of a CD8+ T-cell mediated immune
response requires an�Ÿgen to be presented in the context of MHC-I. Loss of MHC-I expression has 
been shown to be involved in immune escape and tumour progression and has been associated
with poor clinical outcome. In addi�Ÿon, target cell killing by CTL requires the help of CD4+ Th cells.
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CD4+ Th cells require presenta�Ÿon of an�Ÿgens in the context of MHC-II an�Ÿgens by professional 
APC. In Chapter 4 we inves�Ÿgate if the presence of Tumor InÞltra�Ÿng Lymphocytes (TIL) in diag-
nos�Ÿc primary melanoma biopsies is related to pa�Ÿent outcome in clinically stage II melanoma pa-
�Ÿents. Moreover, we inves�Ÿgated whether the presence of TIL correlated with expression of MHC-I
and MHC-II on tumor cells and/or tumor inÞltra�Ÿng APC.
Target cell killing by CTL is nega�Ÿvely regulated by suppressive Tregs. These suppressive T-lympho-
cytes express the FoxP3 transcrip�Ÿon factor. InChapter 5we inves�Ÿgated the presence of ac�Ÿvated 
Granzyme B posi�Ÿve (GrB+) TIL, the presence of suppressive (FoxP3+) TIL and MHC-I expression on
tumor cells in paired primary tumors and SLN from 20 pa�Ÿents with an SLN metastasis and 20 pa-
�Ÿents with a nega�Ÿve SLN.

Priming of the SLN of melanoma pa�Ÿents with GM-CSF and/or PF-3512676 CpG-B
Previously, we inves�Ÿgated the e�+ects of local i.d. administra�Ÿon of GM-CSF and PF-3512676 CpG-
B on DC and T cell ac�Ÿva�Ÿon in the SLN of stage I-III melanoma pa�Ÿents. We found that intradermal
administra�Ÿon of GM-CSF increased the number and ac�Ÿva�Ÿon state of cDC in the paracor�Ÿcal T
cell areas of the SLN. These increased numbers of SLN-cDC in turn correlated to the frequency of 
MAA-speciÞc CTL in the SLN. These studies also showed that local administra�Ÿon of PF-3512676
resulted in increased pDC and cDC ac�Ÿva�Ÿon status, the induc�Ÿon of a novel TRAIL+ cDC subset, a
pro-inßammatory type-1 T cell cytokine proÞle and reduced Treg frequencies. Encouraged by these
Þndings Chapter 6 inves�Ÿgates whether these PF-3512676-induced immunos�Ÿmulatory e�+ects on 
both DC and T cell subsets in the SLN translate into higher melanoma-speciÞc CD8+  e�+ector T cell
frequencies in both the SLN and peripheral blood of melanoma pa�Ÿents.
The results of these previous trials led us to inves�Ÿgate the immunopoten�Ÿa�Ÿng e�+ects of com-
bined local administra�Ÿon of both immunos�Ÿmulants. In Chapter 7 we study the e�+ects of the
intradermal administra�Ÿon of the combina�Ÿon of GM-CSF and CpG/PF-3512676 on cDC and pDC in
the SLN and blood of stage I-III melanoma pa�Ÿents.
A requisite for the ra�Ÿonal development of cancer vaccines and immunotherapies is the moni-
toring of cellular immune responses. Despite the recent advances in developing these methods, 
accurate monitoring of vaccine- and/or tumor-speciÞc T cell responses remains di�8cult, due to
low frequencies of tumor-speciÞc T cells and limited availability of small tumor or SLN samples, 
necessita�Ÿng expansion of the T cell popula�Ÿon. Several protocols are available for T cell expan-
sion, not necessarily interchangeable when it comes to percentages of memory-e�+ector T cells
harvested. InChapter 8, plate-bound an�Ÿ-CD3/CD28 an�Ÿbodies, an�Ÿ-CD3/CD28-coated beads and
cell-based ar�ŸÞcial APC (aAPC) T cell expansion methods were evaluated side-by-side for expansion 
of T cells from small SLN scrape samples. Expanded T cells were analyzed for preferen�Ÿal expansion
of memory-e�+ector T cells and subsequent recogni�Ÿon of and responsiveness to common recall
an�Ÿgen- or MAA-derived epitopes.

In Chapter 9a summary of this thesis is given and the implica�Ÿons of the Þndings presented are 
discussed. Finally, direc�Ÿons for future research are sketched.
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Abstract 

Background: In fair-skinned Caucasian popula�Ÿons both the incidence and mortality rates of cuta-
neous melanoma have been increasing over the past decades. With adjuvant therapies s�Ÿll being 
under inves�Ÿga�Ÿon, early detec�Ÿon is the only way to improve melanoma pa�Ÿent survival. The
inßuence of incisional biopsies on melanoma pa�Ÿent survival has been discussed for many years.
This study inves�Ÿgates both the inßuence of diagnos�Ÿc biopsy type and the presence of residual
tumor cells in the re-excision specimen on disease free and overall survival.

Methods: A�Ler (par�Ÿal) removal of a pigmented skin lesion 471 pa�Ÿents were diagnosed with
stage I/II melanoma and underwent re-excision and a sen�Ÿnel node biopsy. All pa�Ÿents were fol-
lowed prospec�Ÿvely with a mean follow up of more than 5 years. Pa�Ÿents were divided according 
to their diagnos�Ÿc biopsy type (wide excision biopsy, narrow excision biopsy, excision biopsy with 
posi�Ÿve margins and incisional biopsy) and the presence of residual tumor cells in their re-excision
specimen. Survival analysis was done using Cox’s propor�Ÿonal hazard model adjusted for eight im-
portant confounders of melanoma pa�Ÿent survival.

Results: The diagnos�Ÿc biopsy was wide in 279 pa�Ÿents, narrow in 109 pa�Ÿents, 52 pa�Ÿents under-
went an excision biopsy with posi�Ÿve margins and 31 pa�Ÿents an incisional biopsy. In 41 pa�Ÿents 
residual tumor cells were present in the re-excision specimen. Both the diagnos�Ÿc biopsy type and
the presence of tumor cells in the re-excision specimen did not inßuence disease free and overall 
survival of melanoma pa�Ÿents. 

Conclusions: Non-radical diagnos�Ÿc biopsies do not nega�Ÿvely inßuence melanoma pa�Ÿent survival.
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Introduc�Ÿon

In fair-skinned Caucasian popula�Ÿons cutaneous melanoma is an important growing public health
problem, causing a heavy burden on healthcare services. Both its incidence and mortality rates
have been increasing in Europe over the past decades. (1) The absolute total number of new cases
of melanoma in the Netherlands is expected to be more than 4800 in 2015, compared with around 
2400 in 2000. (2) The Netherlands, as many other countries, has a two-�Ÿered medical care system
in which pa�Ÿents need to seek a medical opinion ini�Ÿally from a general prac�Ÿ�Ÿoner (GP) before 
referral, if necessary, to a specialist.
The mean number needed to treat (NNT), deÞned as the mean number of pigmented lesions nee-
ded to be excised to iden�Ÿfy one melanoma, among 468 GPs in Perth, Australia, was 29 and ranged 
from 83 in the youngest pa�Ÿents (�G19 years) to 11 in the oldest pa�Ÿents (�H70 years). (3) Assuming 
that for each new case of melanoma another 20–50 pa�Ÿents with pigmented skin lesions will visit
the GP, the demand for detec�Ÿon will increase quite markedly. With adjuvant therapies s�Ÿll being
under inves�Ÿga�Ÿon, early detec�Ÿon is the only way to improve melanoma pa�Ÿent survival. (4) Dutch 
guidelines recommend pigmented skin lesions suspect for melanoma to be removed through a 
diagnos�Ÿc excision biopsy with a minimal lateral clearance of 2 mm. (5) This recommenda�Ÿon is
in line with the advice of the Na�Ÿonal Ins�Ÿtutes of Health (NIH) to remove any suspicious lesion 
through excisional biopsy with a narrow margin of normal-appearing skin. (6) The inßuence of an 
incisional biopsy on melanoma pa�Ÿent survival has been discussed for many years and di�+erent 
inves�Ÿgators have found contradic�Ÿng results. (7-15) Two recent publica�Ÿons concluding incisional
biopsies not to interfere with melanoma pa�Ÿent survival were not able to end this discussion since
pa�Ÿent groups were not fully comparable (16) or follow up (FU) was short. (17) 

Pa�Ÿents and Methods

Pa�Ÿents
Between August 1993 and September 2004, 551 pa�Ÿents were diagnosed with clinical stage I/II 
cutaneous melanoma according to criteria of the American Joint Commi�©ee on Cancer (AJCC) and 
underwent re-excision of the primary melanoma site and a SN biopsy. If pa�Ÿents were referred to
us from another ins�Ÿtu�Ÿon the pathologic characteris�Ÿcs of the primary melanoma were reviewed 
in our hospital before the SN procedure. All pa�Ÿents were treated according to the same protocol; 
re-excision margins were 1 cm for melanomas with a Breslow thickness of �G 2 mm and 2 cm for
melanomas with a Breslow thickness of >2 mm. To iden�Ÿfy and retrieve the SN, the triple technique 
was used as described previously. (18-20) In short, the day before surgery pa�Ÿents underwent a
dynamic and sta�Ÿc lymphoscin�Ÿgraphy to determine the lympha�Ÿc drainage pa�©ern. Just prior to
surgery, Patent Blue V (Laboratoire Guerbet, Aulnay-sous-Bois, France) was injected intradermally
next to the ini�Ÿal site of the melanoma. During surgery, guided by a hand held gamma probe and 
the blue staining of the draining �Ÿssues, the SN was removed. 
To inves�Ÿgate the inßuence on survival, pa�Ÿents were divided both according to their diagnos�Ÿc
biopsy type; wide excisional biopsy (lateral clearance �H 2 mm), narrow excisional biopsy (lateral
clearance < 2 mm), excisional biopsy with posi�Ÿve margins and incisional biopsy (includes punch
biopsies) and the presence of residual tumor cells in their re-excision specimen.
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Sta�Ÿs�Ÿcal analysis
Data were processed with the Sta�Ÿs�Ÿcal Package for the Social Sciences so�Lware for Windows 
2000 (SPSS 11.5, Chicago, IL). Cox’s propor�Ÿonal hazard model was used for survival analysis.
P values <0.05 were considered signiÞcant.

Results

Pa�Ÿent popula�Ÿon 
Between August 1993 and September 2004, 551 pa�Ÿents were diagnosed with clinical stage I/ II
cutaneous melanoma, 257 male (46.6%) and 294 female (53.4%) with a mean age of 49.9 years
(Table 1). Most primary melanomas were located on the trunk (43.7%) or on the lower extremi�Ÿes
(36.7%). Breslow thickness was categorized into four groups (�G 1.00 mm; 1.01–2.00 mm; 2.01–4.00 
mm; >4.01 mm), but due to spontaneous regression of the primary lesion remained unknown in 38
pa�Ÿents. The majority of pa�Ÿents had a superÞcial spreading melanoma (65.0%) or a nodular me-
lanoma (26.7%). In 46 pa�Ÿents the type of melanoma was di�+erent or remained unknown (8.3%).
Ulcera�Ÿon, deÞned as the absence of intact epidermis overlying the major por�Ÿon of primary me-
lanoma, was diagnosed in 80 pa�Ÿents (14.5%), unknown in 1 pa�Ÿent (0.2%) and absent in 470 pa-
�Ÿents (85.3%). Lympha�Ÿc invasion was present in 25 pa�Ÿents (4.5%), absent in 521 pa�Ÿents (94.6%)
and remained unknown in 5 pa�Ÿents (0.9%). The SN was nega�Ÿve in 446 pa�Ÿents (80.9%) and
posi�Ÿve in 94 pa�Ÿents (17.1%). In 11 pa�Ÿents the SN was not removed and the SN status remained
unknown (2.0%). In total, there were 101 missing variables in 80 pa�Ÿents; all were excluded from 
the study.

SN Iden�ŸÞca�Ÿon     
In 11 of the 551 pa�Ÿents the SN status remained unknown (2.0%), in 5 of these pa�Ÿents the SN 
was located in the deep lobe of the paro�Ÿd gland and in one pa�Ÿent the SN was located high in
the le�L axilla, in all cases the decision was made not to remove the SN to avoid poten�Ÿal morbidity 
associated with the interven�Ÿon. The SN was not iden�ŸÞed in 3 cases due to non-visualiza�Ÿon by 
preopera�Ÿve lymphoscin�Ÿgraphy. In one pa�Ÿent the SN was located in the right axilla and could
not be removed because the pa�Ÿent was su�+ering from frozen shoulder syndrome, the physical 
condi�Ÿon of another pa�Ÿent did not allow further treatment. Therefore, the success rate of SN
iden�ŸÞca�Ÿon was 98% (540 of 551 pa�Ÿents). Two of the pa�Ÿents with the SN located in the deep
lobe of the paro�Ÿd gland experienced metastasis of the paro�Ÿd gland, one pa�Ÿent is s�Ÿll alive with 
disease and one pa�Ÿent is dead of disease. The pa�Ÿent whose physical condi�Ÿon did not allow
further treatment, passed away soon a�Ler re-excision of the primary melanoma site, from massive 
hematogenic and lymphogenic metastasis. The 8 remaining pa�Ÿents have shown no evidence of 
disease. 

Diagnos�Ÿc biopsy type and survival
The inßuence of diagnos�Ÿc biopsy type on DFS and OS was tested in 471 pa�Ÿents with a mean FU 
of more than 5 years; 279 pa�Ÿents (59.3%) underwent a wide excision biopsy, 109 pa�Ÿents (23.1%)
a narrow excision biopsy, 52 pa�Ÿents (11.0%) an excision biopsy with posi�Ÿve margins and 31 pa-
�Ÿents (6.6%) an incision biopsy (Table 2A).
In 91/471 pa�Ÿents (19.3%) the SN was posi�Ÿve, 58/279 pa�Ÿents (20.8%) a�Ler a wide excision bi-
opsy, 14/109 pa�Ÿents (12.8%) a�Ler a narrow excision biopsy, 15/52 pa�Ÿents (28.8%) a�Ler an ex-
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cision biopsy with posi�Ÿve margins and 4/31 pa�Ÿents (12.9%) a�Ler an incisional biopsy. In 79/471
pa�Ÿents (16.8%) a recurrence was found during FU, 45/279 pa�Ÿents (16.1%) a�Ler a wide excision 
biopsy (21 locoregional skin, 8 SN basin and 16 systemic), 17/109 pa�Ÿents (15.5%) a�Ler a narrow 
excision biopsy (7 locoregional skin, 2 SN basin and 8 systemic), 10/52 pa�Ÿents (19.2%) a�Ler an 
excision biopsy with posi�Ÿve margins (5 locoregional skin, 2 SN basin and 3 systemic) and 7/31 pa-
�Ÿents (22.6%) a�Ler an incision biopsy (5 locoregional skin, and 2 systemic). But confounding factors 
were not equally distributed between the diagnos�Ÿc biopsy groups. Therefore, survival analysis
was done using Cox’s propor�Ÿonal hazard model adjusted for; gender, age, site of primary mela-
noma, Breslow thickness, type of melanoma, ulcera�Ÿon, lympha�Ÿc invasion and sen�Ÿnel node (SN)
status.

Table 1. Pa�Ÿent characteris�Ÿcs 

Characteris�Ÿcs Pa�Ÿents (n = 551)

Follow up (years)
Mean (SD) 5.1 (2.8)

Gender
Male 257 (46.6%)
Female 294 (53.4%)

Age (years)
Mean (SD) 49.9 (15.3)

Site of primary melanoma
Lower extremity 202 (36.7%)
Upper extremity 63 (11.4%)
Head/Neck 45 (8.2%)
Trunk 241 (43.7%)

Breslow thickness (mm)
0 < x �G1 153 (27.8%)
1 < x �G2 207 (37.6%)
2 < x �G4 114 (20.7%)
> 4 39 (7.1%)
Unknown (regression) 38 (6.9%)

Type of melanoma
SuperÞcial spreading 358 (65.0%)
Nodular 147 (26.7%)
Other/Unknown 46 (8.3%)

Ulcera�Ÿon
No 470 (85.3%)
Yes 80 (14.5%)
Unknown 1 (0.2%)

Lympha�Ÿc invasion
No 521 (94.6%)
Yes 25 (4.5%)
Unknown 5 (0.9%)

Sen�Ÿnel node status
Nega�Ÿve 446 (80.9%)
Posi�Ÿve 94 (17.1%)
Unknown 11 (2.0%)
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Table2.Pa�Ÿent distribu�Ÿon according to (A) diagnos�Ÿc biopsy type and (B) the presence of residual
tumor cells in the re-excision specimen 

A Pa�Ÿents (n = 471) Follow up (years; mean± SD)

Diagnos�Ÿc biopsy type

Wide excision biopsy ( �H2 mm) 279 (59.3%) 5.0 ± 3.0

Narrow excision biopsy (0<x<2 mm) 109 (23.1%) 6.0 ± 2.7

Excision biopsy with posi�Ÿve margins 52 (11.0%) 5.8 ± 2.9

Incision biopsy 31 (6.6%) 5.4 ± 2.4

B Pa�Ÿents (n = 441) Follow up (years; mean± SD)

Re excision specimen

 No residual tumor cells 400 (90.7%) 5.1 ± 2.9

Residual tumor cells 41 (9.3%) 5.8 ± 2.6

In univariate analysis; gender, age, Breslow thickness, type of melanoma, ulcera�Ÿon, lympha�Ÿc
invasion and SN status were all signiÞcantly related to both DFS and OS (Table 3). Site of primary
melanoma on the head/neck was in univariate analysis only signiÞcantly related to DFS (Table 3). 
Diagnos�Ÿc biopsy type did not have a signiÞcant rela�Ÿon with either DFS or OS (Table 3). 
Even though, diagnos�Ÿc biopsy type did not have a signiÞcant rela�Ÿon with either DFS or OS in uni-
variate Cox regression analysis it was also tested in mul�Ÿvariate Cox regression analysis together
with all signiÞcant variables from univariate analysis, to inves�Ÿgate its inßuence on DFS and OS 
a�Ler correc�Ÿon for the confounding factors. In mul�Ÿvariate analysis, the only signiÞcant and inde-
pendent predictors of both DFS and OS were; age, Breslow thickness, lympha�Ÿc invasion and SN
status (Table 3). Site of primary melanoma on the lower extremi�Ÿes or head/neck and ulcera�Ÿon 
were in mul�Ÿvariate analysis only signiÞcant and independent predictors of DFS (Table 3). Also in
mul�Ÿvariate analysis, diagnos�Ÿc biopsy type did not have a signiÞcant rela�Ÿon with either DFS or 
OS (Fig. 1A, B). 
The same analysis was done a�Ler combining the groups; the wide excision biopsy group was joined
with the narrow excision biopsy group and compared to the excision biopsy group with posi�Ÿve
margins joined with the incision biopsy group. S�Ÿll, diagnos�Ÿc biopsy type did not have a signiÞcant
inßuence on either DFS or OS (data not shown).
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Table 3. Univariate and mul�Ÿvariate Cox regression analysis of disease-free survival and overall 
survival according to diagnos�Ÿc biopsy type 

Disease Free Survival Overall Survival

Univariate Mul�Ÿvariate Univariate Mul�Ÿvariate

Tested variables P HR 95% CI P P HR 95% CI P 

Diagnos�Ÿc
biopsy type

Wide excision 
biopsy 0.691 1.00 – 0.204 0.500 1.00 – 0.765

Narrow excision
biopsy 0.360 0.71 0.39–1.28 0.255 0.315 0.74 0.37–1.51 0.411

Excision biopsy 
with posi�Ÿve
margins

0.870 0.59 0.29–1.18 0.132 0.748 0.75 0.34–1.65 0.476

Incision biopsy 0.581 0.47 0.19–1.16 0.101 0.387 0.74 0.29–1.89 0.530

Gender 0.018 1.15 0.70–1.89 0.573 0.004 1.44 0.81–2.57 0.215

Age (years) 0.004 1.02 1.00–1.04 0.018 0.002 1.03 1.01–1.05 0.007

Site of primary 
melanoma

Lower extremity 0.091 1.00 – 0.023 0.153

  Upper extremity 0.825 0.91 0.41–2.01 0.809 0.071

Head/Neck 0.014 3.40 1.45–7.97 0.005 0.095

Trunk 0.731 0.93 0.54–1.61 0.790 0.063

Breslow thickness 
(mm)

0 < x �G1 <0.001 1.00 – <0.001 <0.001 1.00 – 0.001

1 < x �G2 0.003 13.19 1.77–98.41 0.012 0.016 8.15 1.07–62.19 0.043

 2 < x �G4 <0.001 34.11 4.50–258.60 0.001 <0.001 21.43 2.79–164.84 0.003

> 4 <0.001 15.73 1.86–132.81 0.011 <0.001 11.85 1.35–103.70 0.025

Type of melanoma <0.001 1.58 0.95–2.62 0.078 <0.001 1.57 0.88–2.79 0.128

Ulcera�Ÿon <0.001 1.83 1.09–3.07 0.023 <0.001 1.64 0.89–3.04 0.116

Lympha�Ÿc invasion <0.001 3.98 2.05–7.72 <0.001 <0.001 2.19 1.07–4.48 0.032

 Sen�Ÿnel node status <0.001 3.87 2.23–6.70 <0.001 <0.001 3.19 1.75–5.81 <0.001
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Figure 1: A Disease free survival rates andB overall survival rates according to the ini�Ÿal biopsy type. 

Residual tumor cells in the re-excision specimen and survival
441 out of 471 pa�Ÿents (93.6%) underwent re-excision of the primary melanoma site and in 30
pa�Ÿents (6.4%) the diagnos�Ÿc biopsy was found to be su�8cient. In 41/441 pa�Ÿents (9.3%) residual
tumor cells were found in the re-excision specimen (Table 2B). All 41 pa�Ÿents with residual tumor 
cells in the re-excision specimen underwent either an excision biopsy with posi�Ÿve margins or an
incision biopsy. In none of the pa�Ÿents with a wide or narrow excision biopsy residual tumor cells
were found.
In univariate analysis; gender, age, Breslow thickness, type of melanoma, ulcera�Ÿon, lympha�Ÿc
invasion and SN status were all signiÞcantly related to both DFS and OS (Table 4). Site of primary 
melanoma on the lower extremity or head/neck was in univariate analysis signiÞcantly related to
DFS and site of primary melanoma on the head/neck or trunk was signiÞcantly related to OS (Table
4). Residual tumor cells in the re-excision specimen did not have a signiÞcant rela�Ÿon with either 
DFS or OS (Table 4).
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Even though residual tumor cells in the re-excision specimen did not have a signiÞcant rela�Ÿon with 
either DFS or OS in univariate Cox regression analysis it was also tested in mul�Ÿvariate Cox regres-
sion analysis together with all signiÞcant variables from univariate analysis, to inves�Ÿgate its inßu-
ence on DFS and OS a�Ler correc�Ÿon for the confounding factors. In mul�Ÿvariate analysis, the only
signiÞcant and independent predictors of both DFS and OS were; age, site of primary melanoma on 
the head/neck, Breslow thickness, lympha�Ÿc invasion and SN status (Table 4). Also in mul�Ÿvariate 
analysis, residual tumor cells in the re-excision specimen did not have a signiÞcant rela�Ÿon with
either DFS or OS (Fig. 2A, B).

Table 4. Univariate and mul�Ÿvariate Cox regression analysis of disease-free survival and overall survival
according to the presence of residual tumor cells in the re-excision specimen 

Disease Free Survival Overall Survival

Univariate Mul�Ÿvariate Univariate Mul�Ÿvariate

Tested variables P HR 95% CI P P HR 95% CI P

Residual
tumor cells 0.094 0.79 0.38–1.64 0.532 0.230 0.83 0.36–1.92 0.668

Gender 0.025 1.14 0.68–1.92 0.611 0.009 1.22 0.65–2.28 0.531

Age (years) 0.007 1.02 1.00–1.04 0.038 0.007 1.02 1.00–1.04 0.040

Site of primary 
melanoma

Lower
extremity 0.032 1.00 – 0.033 0.105 1.00 – 0.123

Upper 
extremity 0.830 0.95 0.41–2.20 0.910 0.069 2.21 0.85–5.71 0.102

Head/Neck 0.004 3.22 1.35–7.66 0.008 0.040 3.22 1.03–10.09 0.045

Trunk 0.647 0.96 0.54–1.74 0.903 0.049 2.02 0.98–4.20 0.059

Breslow thickness
(mm)

0 < x �G1 <0.001 1.00 – <0.001 <0.001 1.00 – 0.004

1 < x �G2 0.005 12.82 1.71–96.07 0.013 0.020 7.99 1.04–61.49 0.046

2 < x �G4 <0.001 30.16 3.97–229.22 0.001 <0.001 20.13 2.59–156.25 0.004

> 4 <0.001 15.91 1.86–136.25 0.012 <0.001 11.84 1.32–106.54 0.028

Type of 
melanoma <0.001 1.61 0.95–2.73 0.076 <0.001 1.63 0.87–3.04 0.128

Ulcera�Ÿon <0.001 1.55 0.90–2.67 0.119 <0.001 1.61 0.85–3.05 0.141

Lympha�Ÿc
invasion <0.001 4.16 2.13–8.14 <0.001 <0.001 2.24 1.04–4.80 0.038

Sen�Ÿnel
node status <0.001 3.30 1.87–5.83 <0.001 <0.001 3.05 1.56–5.96 0.001
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Figure 2: ADisease free survival rates andA Boverall survival rates according to the presence of residual 
tumor cells in the re-excision specimen

Consistent confounders of melanoma pa�Ÿent survival
Age, Breslow thickness, lympha�Ÿc invasion and SN status were the most consistent, independent
and signiÞcant confounders of melanoma pa�Ÿent DFS and OS (Table 3, 4). Site of the primary me-
lanoma was not always an independent and signiÞcant confounder of melanoma pa�Ÿent survival, 
but loca�Ÿon on the head/neck region consistently carried the highest hazard ra�Ÿo (HR) (Table 3, 4).
Surprisingly, ulcera�Ÿon was not an independent and signiÞcant confounder of OS (Table 3, 4).  

Discussion

Numerous inves�Ÿgators have studied the inßuence of incisional biopsy on melanoma pa�Ÿent sur-
vival and found contradic�Ÿng results. Fitzpatrick et al. found a Þve-year OS rate of 30% in the in-
cisional biopsy group as compared to 48% in the excisional biopsy group but the di�+erent biopsy
groups were not matched for important prognos�Ÿc factors. (8) Epstein et al. found a more favora-
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ble ten-year OS in the biopsy group (65%) as compared to the primary wide excision group (56%)
but biopsy was loosely deÞned as less than op�Ÿmal or complete surgical excision. (9) Ironside et al.
found a Þve-year OS rate of 66% in the excision- and 43% in the incision biopsy group but failed to
describe the distribu�Ÿon of prognos�Ÿc factors between both groups. (10) Rampen et al. also found 
a worse prognosis for pa�Ÿents a�Ler an incision biopsy (14 pa�Ÿents) but the study was small and
retrospec�Ÿve. (11) Gri�8ths et al. found no di�+erence in survival but 7/19 incisional biopsy pa�Ÿents 
were excluded because of missing histopathological data. (12) Survival rates were not signiÞcantly
di�+erent between the incision- and excision biopsy groups of Lederman et al., but pa�Ÿent groups
were matched for Breslow thickness only. (13) Lees et al. also indicated no signiÞcant adverse e�+ect 
of incisional biopsy in 96 pa�Ÿents, but 40% of the histopathological data was not assessable. (14)
Aus�Ÿn et al. did Þnd a signiÞcantly reduced survival in the incisional biopsy group, but pa�Ÿents in the 
incisional biopsy group were also signiÞcantly older. (15) The two most recent publica�Ÿons found
no nega�Ÿve inßuence of incisional biopsies on melanoma pa�Ÿent survival but in Bong et al. pa�Ÿents
groups were not fully matched and in Mar�Ÿn et al. median FU was only 28 months. (16;17)
This study not only inves�Ÿgated the inßuence of diagnos�Ÿc biopsy type but also the presence of 
residual tumor cells in the re-excision specimen on melanoma pa�Ÿent survival in pa�Ÿent groups
adjusted for 8 important confounders of survival with a mean FU of more than 5 years. Excision bi-
opsies with posi�Ÿve margins and incisional biopsies were found not to inßuence melanoma pa�Ÿent
survival. Interes�Ÿngly, DFS and OS even seemed slightly be�©er in the non-radical biopsy groups (Fig. 
1A, B). In line with this, pa�Ÿents with residual tumor cells in their re-excision specimen also had 
a slightly be�©er survival as compared to pa�Ÿents without residual tumor cells in their re-excision
specimen (Fig. 2A, B). Melanoma is the most immunogenic tumor iden�ŸÞed to date; melanoma
speciÞc T cells are detectable both in the blood and in tumor draining lymph nodes from mela-
noma pa�Ÿents and their frequency can be increased by speciÞc vaccina�Ÿon. (21-23) This intrinsic
immunogenicity makes melanoma lesions par�Ÿcularly amenable to therapeu�Ÿc approaches aimed
at strengthening tumor immune surveillance. Did residual tumor cells combined with biopsy indu-
ced wound healing trigger the melanoma pa�Ÿent’s immune system? In non-melanoma skin cancer 
(NMSC) biopsy induced tumor regression has previously been described. Swe�©er et al. reported 
that 24% of NMSCs transsected on the ini�Ÿal biopsy showed no residual tumor in the excision spe-
cimens and suggested biopsy induced wound healing to play an important role. (24)
Even though non-radical diagnos�Ÿc biopsies and residual tumor cells in the re-excision specimen 
do not have a nega�Ÿve inßuence on melanoma pa�Ÿent survival, the rou�Ÿne use of incision biopsies 
is not recommended. Incisional biopsies o�Len consist only of a small percentage of the surface 
area of the pigmented skin lesion making it di�8cult to sample a representa�Ÿve area within the tu-
mor. Somach et al. found that 40% of the histopathological features were more pronounced in the 
re-excision specimen as compared to the incision biopsy and in 20% areas of invasive melanoma 
not detected in the incisional biopsy were observed in the re-excision specimen. (25) Further more 
when melanoma is diagnosed, a�©emp�Ÿng to evaluate the depth of invasion in an incisional biopsy 
is treacherous and may lead to over- or underes�Ÿma�Ÿon of the invasion. (26;27) Of course these 
problems are less prominent in excision biopsies with posi�Ÿve margins, here the majority of the 
lesion has been removed and only the outer borders are compromised, making a sampling error
highly unlikely.
In conclusion; age, Breslow thickness, lympha�Ÿc invasion and SN status were the most consistent,
independent and signiÞcant confounders of melanoma pa�Ÿent DFS and OS. The site of primary 
melanoma and ulcera�Ÿon were also important confounders of survival. Both the diagnos�Ÿc biopsy 
type and the presence of residual tumor cells in the re-excision specimen did not have a nega�Ÿve 
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inßuence on melanoma pa�Ÿent DFS and OS. With melanoma incidence rates rising (1) and early
detec�Ÿon of melanoma s�Ÿll being the only way to improve melanoma pa�Ÿent survival, (4) it is
important for all physicians to feel conÞdent about removing a pigmented skin lesion suspect for
melanoma. Incisional biopsies are not recommended but there is no cause for concern when an
excision biopsy turns out to have posi�Ÿve margins. 
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Abstract 

Purpose:The aim of this prospec�Ÿve study was to evaluate the clinical outcome of stage I/II me-
lanoma pa�Ÿents who underwent selec�Ÿve SLN dissec�Ÿon a�Ler a follow-up of at least 120 months. 
We analyzed several covariates of long-term pa�Ÿent survival including the inßuence of the number
of addi�Ÿonal posi�Ÿve lymph nodes at complete lymph node dissec�Ÿon (CLND) and the sen�Ÿnel 
lymph node tumor burden on melanoma pa�Ÿent survival.

Pa�Ÿents and Methods: Two hundred twenty-four clinically stage I/ II cutaneous malignant mela-
noma pa�Ÿents were eligible for 10 year survival analyses. Forty-three pa�Ÿents were SLN posi�Ÿve 
and informa�Ÿon concerning the size of the LN metastasis was available for all pa�Ÿents. Disease free
and overall survival analyses were performed using the Kaplan-Meier approach. Cox’s propor�Ÿonal 
hazards regression model was used to analyze DFS and OS associated covariates.

Results: The overall and disease free survival rates con�Ÿnue to decrease a�Ler 5 years. This was
most marked for pa�Ÿents with addi�Ÿonal posi�Ÿve lymph nodes at CLND, and pa�Ÿents with a SLN
tumor load of >1.0 mm2.

Conclusions: We recommend that SLN procedures be performed for melanomas of �H0.9 mm Bre-
slow and that all pa�Ÿents with a tumor of less than 1 mm Breslow should not need to be included in
follow-up, regardless of their SLN status. The Þrst 5 years remain the most cri�Ÿcal period for follow-
up especially for pa�Ÿents with a posi�Ÿve SLN, ulcera�Ÿon, lympha�Ÿc invasion and certainly pa�Ÿents 
with posi�Ÿve ALN at CLND. Nonetheless, we feel that high risk pa�Ÿents should receive special at-
ten�Ÿon and careful monitoring for at least a decade. 
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Introduc�Ÿon

The number of melanoma cases worldwide has been rising exponen�Ÿally since the beginning of the 
20th century, par�Ÿcularly in Caucasian popula�Ÿons. The annual increase in incidence rate has been
in the order of 3-7% per year for this group. The es�Ÿmates suggested a doubling of melanoma inci-
dence every 10-20 years. (1) Even though melanoma is the ninth most common cancer in the USA,
it ranks second among solid tumors in terms of years of produc�Ÿve life lost. (2) Due to increased 
awareness in the general popula�Ÿon and subsequent early detec�Ÿon survival has improved. Never-
theless, melanoma related mortality rates con�Ÿnue to rise in line with increasing incidence. Radi-
cal resec�Ÿon as a cura�Ÿve therapy is only possible for early stage melanomas. Staging melanoma
pa�Ÿents correctly is necessary to iden�Ÿfy those pa�Ÿents eligible for cura�Ÿve resec�Ÿon, complete
lymph node dissec�Ÿon (CLND), adjuvant therapy or clinical trials. The sen�Ÿnel lymph node (SLN) 
status together with Breslow thickness and tumor characteris�Ÿcs, i.e. ulcera�Ÿon and lympha�Ÿc in-
vasion, are important predictors of melanoma pa�Ÿent survival. (3-5) Moreover, the sen�Ÿnel lymph 
node procedure (SNP) spares melanoma pa�Ÿents with a nega�Ÿve SLN, i.e. approximately 80% of 
all pa�Ÿents, a CLND and the associated morbidity. However, several studies have shown that in 
77-80% of the pa�Ÿents undergoing CLND, the tumor has not yet spread to lymph nodes beyond 
the SLN. (6;7) Nevertheless these pa�Ÿents are subjected to a CLND and thus the risk of developing
paresthesis, wound infec�Ÿon, seroma or lymphedema. 
In this ar�Ÿcle we analyzed the inßuence of Breslow thickness, ulcera�Ÿon, lympha�Ÿc invasion, and
SLN status on the 10 year survival of melanoma pa�Ÿents. Addi�Ÿonally, we evaluated the inßuence
of the number of addi�Ÿonal posi�Ÿve lymph nodes at CLND and the SLN tumor burden on mela-
noma pa�Ÿent survival. 

Pa�Ÿents and methods

Pa�Ÿents
Between August 1993 and August 2007 730 primary melanoma pa�Ÿents were treated at the VU 
University Medical Center. Two hundred thirty-six pa�Ÿents were eligible for 10-year follow-up (FU) 
analyses. However, 12 pa�Ÿents were lost to FU; 1 pa�Ÿent due to travel abroad and 11 pa�Ÿents due
to reloca�Ÿon, leaving 224 pa�Ÿents for 10 year survival analyses. All pa�Ÿents were clinically stage I
or II as deÞned by the American Joint Commi�©ee on Cancer and received a SNP; nearly all pa�Ÿents
also received an addi�Ÿonal re-excision of the primary excision scar. If the pa�Ÿent was referred to us
from another ins�Ÿtute the primary tumor was re-examined by the pathology department of our in-
s�Ÿtute prior to the SNP. To iden�Ÿfy and retrieve the SLN, the triple technique was used as described
previously. (8) In short, a dynamic and sta�Ÿc lymphoscin�Ÿgraphy was made the day before surgery. 
Prior to the opera�Ÿon, an intradermal injec�Ÿon with Patent Blue V (Laboratoire Guerbet, Aulnay-
sous-Bois, France) was given adjacent the excision scar of the primary melanoma. Guided by the 
scin�Ÿgraphy, the blue staining and a hand held gamma probe during surgery the SLN was iden�ŸÞed. 
If a lymph node was posi�Ÿve, i.e. tumor cells were present in the SLN, the pa�Ÿent received addi�Ÿo-
nal CLND. From the dissected draining lymph node basin, all lymph nodes were recovered.
To acquire informa�Ÿon concerning the size of the lymph node (LN) metastasis the SLN of the all 43
posi�Ÿve pa�Ÿents were analyzed using an interac�Ÿve video morphometry system (Q-prodit®, Leica, 
Cambridge, UK). Pa�Ÿents were divided into 3 groups based on tumor load <0.1mm2, 0.1-1.0 mm2

and >1.0 mm2. 
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All pa�Ÿents were seen at our outpa�Ÿent department every 3 months the Þrst 2 years a�Ler the SNP, 
the next 3 years pa�Ÿents were seen every 6 months. A�Ler that pa�Ÿents were seen once a year up 
to a follow-up of at least 120 months.

Pathological examina�Ÿon
A�Ler the SLN procedure, harvested sen�Ÿnel lymph nodes were Þxed in neutral bu�+ered formal-
dehyde, lamellated according to size, and completely embedded in para�8n. Sen�Ÿnel lymph nodes 
smaller than 0.5 cm were processed and para�8n embedded intact. Those between 0.5 and 1.0 cm
were halved, and sen�Ÿnel lymph nodes larger than 1.0 cm were lamellated into pieces of approxi-
mately 0.5 cm in size. One ini�Ÿal 4 �Rm thick haematoxylin and eosin-stained sec�Ÿon was made per
block. When nega�Ÿve, 4 addi�Ÿonal step ribbons were cut at 250 �Rm intervals of which one sec�Ÿon 
was stained with haematoxylin and eosin and two were used for S100 and HMB45 immunohisto-
chemistry. (10) When an addi�Ÿonal regional lymphadenectomy was performed the lymph nodes
were analyzed using a similar technique. The lymph nodes were lamellated and embedded as des-
cribed above. From each block, one sec�Ÿon was cut and stained with haematoxylin and eosin. 
To determine the sen�Ÿnel lymph node metasta�Ÿc area an interac�Ÿve video morphometry system
(Q-prodit®, Leica, Cambridge, UK) was used. In every sen�Ÿnel lymph node found to contain meta-
sta�Ÿc tumor cells, the conÞgura�Ÿon of the metasta�Ÿc cells, the number of foci and their distribu-
�Ÿon within the lymph node were examined. The sen�Ÿnel lymph node sec�Ÿon containing the largest 
visible amount of metasta�Ÿc tumor cells was selected. The surface areas of the individual tumor 
deposits in this single sec�Ÿon were measured and the sen�Ÿnel lymph node metasta�Ÿc area was 
calculated by summing up these areas. In case of two posi�Ÿve sen�Ÿnel lymph nodes the one with
the largest tumor load was used. The sen�Ÿnel lymph node metasta�Ÿc areas were measured by two 
independent observers, of which one observer measured the areas twice with an interval of ap-
proximately 8 weeks. 

Sta�Ÿs�Ÿcal analysis
Disease free (DFS) and overall survival (OS) analyses were performed using the Kaplan-Meier ap-
proach, with sta�Ÿs�Ÿcal signiÞcance calculated using the log-rank test or the one way Annova test 
if more than two groups were involved. Univariate and mul�Ÿvariate Cox’s propor�Ÿonal hazards
regression analyses were used to associate covariates to DFS and OS. P values of <0.05 were consi-
dered signiÞcant. For all sta�Ÿs�Ÿcal analyses ‘Sta�Ÿs�Ÿcal Package for the Social Sciences so�Lware’ for
Windows was used (SPSS, Chicago, IL).

Results

Pa�Ÿent popula�Ÿon
All 224 pa�Ÿents eligible for 10 year survival analysis received a SNP in our ins�Ÿtute. Nineteen pa-
�Ÿents did not receive their re-excision at the VU University Medical Centre due to a su�8cient pri-
mary excision or a re-excision elsewhere. Four pa�Ÿents received an amputa�Ÿon instead of a re-
excision procedure, 3 pa�Ÿents underwent an amputa�Ÿon of (a part of) a toe and 1 pa�Ÿent received
an amputa�Ÿon of a part of a foot. The Breslow thickness of 1 pa�Ÿent (0.4%) remained unclear even 
a�Ler extensive pathological examina�Ÿon due to a rare melanoma type. In total 4 pa�Ÿents (2%) had
atypical melanomas, 17% had ulcera�Ÿon and 8% had lympha�Ÿc invasion of the primary melanoma. 
The mean Breslow thickness was 1.87±1.55 mm. The median FU dura�Ÿon was 132 months (see 
Table 1 for pa�Ÿent characteris�Ÿcs).
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Table 1: Pa�Ÿent Characteris�Ÿcs

Total group
(224) % SLN +

(43) %

Sex:       

Male 98 44 19 44

Female 126 56 24 56

Age 1st present (yrs): mean 48 45

Primary site:

Arms 25 11 7 16

Head 18 8 0 0

Legs 88 39 19 44

Trunk 93 42 17 40

Breslow (mm): mean 1.87
(± 1.55)

3.20
(±  2.20)

Type:

Ssm 150 67 21 49

Nod 64 29 21 49

Lmm       3 1 0 0

Alm 3 1 0 0

Atypical 4 2 1 2

Ulcera�Ÿon:                            Y 39 17 14 33

 N 185 83 29 67

Lympha�Ÿc inv:                      Y 18 8 9 21

 N 206 92 34 79

SLN status:

Posi�Ÿve 43 19.2 43 100

Nega�Ÿve 180 80.4 - -

Unknown 1 0.4 - -

CLND status:

Posi�Ÿve 11 4.9 11 26

Nega�Ÿve 212 94.7 31 72

Unknown 1 0.4 1 2

Recurrence (yrs): mean                   2.57 2.25

No. of LN basins mapped:           

0 1 0.4

1 187 83.5

2 35 15.7

3 1 0.4

SLN + = Sen�Ÿnel lymph node posi�Ÿve
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SLN iden�ŸÞca�Ÿon and status
Two hundred sixty-one lymph node basins were iden�ŸÞed in 224 pa�Ÿents. In 187 out of 224 pa-
�Ÿents 1 lymph node basin was iden�ŸÞed (83.5%), 2 lymph node basins were iden�ŸÞed in 35 pa-
�Ÿents (15.7%) and in 1 pa�Ÿent 3 lymph node basins were iden�ŸÞed (0.4%). In 1 pa�Ÿent (0.4%) the
SLN was not removed. During surgery the SLN was located high in the le�L axilla and it was decided
to leave the LN in place not to cause extensive damage. The pa�Ÿent was seen regularly at our out-
pa�Ÿent clinic and to date (follow-up 128 months) this pa�Ÿent with a Breslow thickness of 1.28 mm
is without evidence of disease. The success rate of the SNP was therefore 99.6% (223/224). Forty-
three pa�Ÿents (19%) were SLN posi�Ÿve a�Ler pathological analysis. However, 6 pa�Ÿents developed 
a recurrence in the SLN basin that was previously examined and cleared, indica�Ÿng a false-nega�Ÿve 
rate of 6 out of 49 pa�Ÿents (12%) and a failure-rate of 6 out of 224 (3%).

SLN posi�Ÿve pa�Ÿents
Of the 43 SLN posi�Ÿve pa�Ÿents, 15 (35%) had a tumor load smaller than 0.1 mm2, 15 (35%) between 
0.1 - 1.0 mm2 and 13 (30%) greater than 1.0 mm2.
Forty-two pa�Ÿents with a posi�Ÿve SLN underwent a CLND, 11 (26%) had 1 or more posi�Ÿve addi�Ÿ-
onal lymph nodes (ALN) at pathological examina�Ÿon; 7 had 1 posi�Ÿve ALN, 3 had 2 ALN and 1 had
3 ALN. In 1 case (2%) no CLND was performed a�Ler careful considera�Ÿon, instead this pa�Ÿent was
seen regularly at our outpa�Ÿent clinic. This pa�Ÿent is currently alive without any signs of disease
recurrence a�Ler a follow up of 127 months. Of the 11 ALND posi�Ÿve pa�Ÿents, 1 (9%) had a tumor 
load smaller than 0.1 mm2, 15 (27%) between 0.1 - 1.0 mm2 and 7 (64%) greater than 1.0 mm2. 

Recurrence
Within 10 years a�Ler surgery 58 pa�Ÿents (26%) developed a recurrence (see Table 2). Eighty-six
percent of these recurrences were detected within the Þrst 5 years a�Ler diagnosis, the remaining 
14% occurred a�Ler more than 5 years of FU. Median �Ÿme un�Ÿl recurrence was 23 months. Sixty-
two percent (24/39) of pa�Ÿents with ulcera�Ÿon of the primary melanoma and 89% (16/18) of pa-
�Ÿents with lympha�Ÿc invasion developed a recurrence. Ninety-two percent of the pa�Ÿents with 
ulcera�Ÿon had a recurrence within 5 years. Median �Ÿme to recurrence was 10 months. Ninety-four
percent of the pa�Ÿents with lympha�Ÿc invasion had a recurrence within 5 years. Median �Ÿme to 
recurrence was 13 months.
In the SLN nega�Ÿve group 17% (30/180) developed a recurrence. Eighty percent of these recur-
rences were detected within the Þrst 5 years a�Ler diagnosis, the remaining 20% occurred a�Ler 60 
months of FU. Median �Ÿme to recurrence for the SLN nega�Ÿve group was 32 months.
Of the 43 pa�Ÿents with a posi�Ÿve SLN 28 pa�Ÿents (65%) developed a recurrence. Ninety-three per-
cent of the recurrences were detected within the Þrst 5 years a�Ler diagnosis, the remaining 7% oc-
curred a�Ler 60 months FU. Median �Ÿme un�Ÿl recurrence was 21 months. Of note, 93% of pa�Ÿents
with a posi�Ÿve SLN with ulcera�Ÿon of the primary melanoma and 100% of pa�Ÿents with lympha�Ÿc
invasion and a posi�Ÿve SLN developed a recurrence.
Forty percent (6/15) of pa�Ÿents with a tumor load <0.1 mm2 developed a recurrence. Eighty-three 
percent of these recurrences were detected within the Þrst 5 years a�Ler diagnosis, the remaining 
17% occurred a�Ler 60 months FU. Median �Ÿme to recurrence was 23 months. Seventy-three per-
cent of pa�Ÿents with a tumor load 0.1-1.0 mm2 developed a recurrence. All of these recurrences 
were detected within the Þrst 5 years a�Ler diagnosis. Median �Ÿme to recurrence was 21 months.
Eighty-Þve percent of pa�Ÿents with a tumor load >1.0 mm2 developed a recurrence. Ninety-one 
percent of these recurrences were detected within the Þrst 5 years a�Ler diagnosis. Median �Ÿme to 
recurrence was 12 months. 
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Table 2:Recurrences

Total recurrences
(%)

Locoregional skin
(%)

Systemic           
(%)

Total group (224) 26 54 36

SLN nega�Ÿve (180) 17 47 33

Ulcera�Ÿon (39) 62

Lympha�Ÿc invasion (18) 89

SLN posi�Ÿve (43) 65 61 39

SLN posi�Ÿve and ulcera�Ÿon (14) 93

SLN posi�Ÿve and lympha�Ÿc invasion (9) 100

SLN Tumor Burden

< 0.1 mm2 (15) 40

0.1-1.0 mm2 (15) 73

> 1.0 mm2 (13) 85

SLN: sen�Ÿnel lymph node

DFS and OS
The 10-year overall survival (OS) and disease free (DFS) rates for the whole group are 79% and 74% 
respec�Ÿvely. In this �Ÿme 46 pa�Ÿents (21%) died of melanoma related causes of whom 24 (56%, 
24/43) had a posi�Ÿve and 22 (12%, 22/180) had a nega�Ÿve SLN. The 10-year OS rate for SLN nega-
�Ÿve pa�Ÿents was 88% compared to 43% for the SLN posi�Ÿve pa�Ÿents (p<0.0001) (see graph 1), DFS 
rates were 83% and 34% respec�Ÿvely (p<0.0001) (graph not shown). Overall survival for pa�Ÿents 
with ulcera�Ÿon of the primary melanoma was 46% and pa�Ÿents with lympha�Ÿc invasion had an
even worse OS rate of 39% (graph not shown). 
When categorizing all 224 pa�Ÿents according to the Breslow thickness (0-1.00 mm, 1.01-2.00 mm,
2.01-4.00 mm and greater than 4.00 mm) the OS rates were 100%, 86%, 48%, 39% respec�Ÿvely 
and DFS rates were 100%, 78%, 41% and 39% respec�Ÿvely (graph not shown). When combining 
SLN status and Breslow thickness we found that all pa�Ÿents with a Breslow thickness of �G1.00 mm
were alive a�Ler 10-year follow-up regardless of SLN status (see graph 2). Pa�Ÿents with a melanoma 
of 1.01 to 2.00 mm and a nega�Ÿve SLN had a 10 year OS of 88% compared to 71% for pa�Ÿents in 
the same Breslow category with a posi�Ÿve SLN (p=0.104) (see graph 3). For the Breslow category
2.01-4.00 mm OS rates for SLN nega�Ÿve pa�Ÿents was 62% compared to 22% for the SLN posi�Ÿve
group (p=0.003)(see graph 4). This trend was also seen in the Breslow category > 4.0 mm with OS 
of 75% and 22% respec�Ÿvely, for SLN nega�Ÿve and posi�Ÿve pa�Ÿents in this group. However, due to
the small number of pa�Ÿents in this category this di�+erence did not reach sta�Ÿs�Ÿcal signiÞcance
(p=0.098) (see graph 5).
Overall 10 year survival rates for pa�Ÿents with a SLN tumor load <0.1 mm2 were 72% (graph not 
shown), DFS was 59%. This is not signiÞcantly be�©er than pa�Ÿents with a tumor load 0.1-1.0 mm2

(OS 39%, DFS 27%, p=0.122 and 0.269 respec�Ÿvely). However, it is signiÞcantly be�©er than pa�Ÿents
with a tumor load >1.0 mm2 (OS 15%, DFS 15%, p=0.005 and 0.040 respec�Ÿvely). The OS and DFS 

10-year Follow-up Results



59

rates did not di�+er signiÞcantly between pa�Ÿents with a tumor load 0.1-1.0 mm2 and pa�Ÿents with
a tumor load >1.0 mm2 (p=0.334 and 0.569 respec�Ÿvely).
Pa�Ÿents with tumor cells in the SLN but no posi�Ÿve nodes at CLND had a 10-year overall survival
rate of 53% which dropped drama�Ÿcally to 9% for pa�Ÿents with one or more posi�Ÿve lymph node
besides the SLN (p<0.0001) (see graph 6). The DFS rate for pa�Ÿents with a posi�Ÿve SLN and no po-
si�Ÿve nodes at CLND was 41% compared to 9% for pa�Ÿents with one or more posi�Ÿve lymph nodes
at CLND (p=0.001) (graph not shown). 
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Univariate and Mul�Ÿvariate Regression Analysis 
We performed univariate and mul�Ÿvariate Cox regression analyses to determine the inßuence of 
several prognos�Ÿc factors on DFS and OS. A�Ler univariate analysis, Breslow thickness, SLN status,
ulcera�Ÿon, lympha�Ÿc invasion and addi�Ÿonal posi�Ÿve lymph nodes were signiÞcantly related to 
DFS and OS. These were taken along in the mul�Ÿvariate analyses where Breslow thickness, SLN 
status and the presence of addi�Ÿonal posi�Ÿve lymph nodes were independently and signiÞcantly
related to OS. SLN status was the strongest factor followed by Breslow thickness and ALN. Addi�Ÿ-
onal posi�Ÿve lymph nodes, lympha�Ÿc invasion, ulcera�Ÿon and SLN status showed an independent
and signiÞcant correla�Ÿon with DFS, Breslow thickness was not signiÞcantly related to DFS in this
analysis (see Table 3). 
We also performed univariate and mul�Ÿvariate Cox regression analyses on the group of 43 SLN 
posi�Ÿve pa�Ÿents. In univariate analyses Breslow thickness, tumor load, presence of addi�Ÿonal posi-
�Ÿve lymph nodes and ulcera�Ÿon were signiÞcantly associated with OS, while ulcera�Ÿon, lympha�Ÿc 
invasion and the presence of addi�Ÿonal posi�Ÿve lymph nodes were signiÞcantly associated with 
DFS. Upon mul�Ÿvariate analysis Breslow thickness and the presence of addi�Ÿonal posi�Ÿve lymph
nodes were signiÞcantly related to OS, while lympha�Ÿc invasion, ulcera�Ÿon and the presence of 
addi�Ÿonal posi�Ÿve lymph nodes were all signiÞcantly associated with DFS (see Table 4).

Table 3: Mul�Ÿvariate Cox’s regression analysis: Total popula�Ÿon

(n=224) DFS OS

Prognos�Ÿc factor HR SE P value HR SE P value

Breslow thickness 1.109 0.070 0.141 1.188 0.078 0.028

SLN status 0.147 0.445 0.000 0.139 0.489 0.000

Lympha�Ÿc invasion 0.407 0.339 0.000 0.553 0.393 0.161

Ulcera�Ÿon 0.139 0.335 0.008 0.558 0.416 0.110

ALN status 0.371 0.426 0.020 0.381 0.464 0.038

Table 4: Mul�Ÿvariate Cox’s regression analysis: SLN + popula�Ÿon

(n=43) DFS OS

Prognos�Ÿc factor HR SE P value HR SE P value

Breslow thickness - - - 1.229 0.102 0.043

ALN status 0.338 0.427 0.011 0.238 0.469 0.002

Tumor load - - - 1.021 0.052 0.684

Ulcera�Ÿon 0.417 0.416 0.035 1.083 0.589 0.892

Lympha�Ÿc invasion 0.231 0.462 0.002 - - -
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Discussion

The SNP has been the standard of care for melanoma pa�Ÿents stage I/II at the Amsterdam VU Uni-
versity Medical Center since 1993. Previous ar�Ÿcles showed that this technique is safe and reliable 
with rela�Ÿvely li�©le associated morbidity. (6;11) A�Ler 10 year follow-up the false-nega�Ÿve rate of 
12% and a failure-rate of 3% are slightly higher than at 5 year analysis (9% and 2% respec�Ÿvely) but 
s�Ÿll within the limits of rates men�Ÿoned in other ar�Ÿcles. (12-16) Moreover, with a SLN-retrieval
percentage of 99.6% it is clear that this technique has been successfully implemented at our ins�Ÿ-
tute.
Tradi�Ÿonally, Þve year survival analysis is reported and most recurrences and cancer related fata-
li�Ÿes do occur in the Þrst Þve years. This is, however, not the whole picture. We therefore set out 
to assess how melanoma pa�Ÿents do in the second Þve years a�Ler diagnosis. Our secondary goal
was to see whether some pa�Ÿents had a higher risk of recurrence and associated morbidity in that
period that warranted closer observa�Ÿon.
As expected, the majority of the recurrences (86%) in the whole group occurred within the Þrst 5
years a�Ler diagnosis. Fourteen percent occurred a�Ler 5 years, including one recurrence in a previ-
ously cleared LN basin. A�Ler 10 years 26% of our pa�Ÿents had a recurrence. This recurrence rates
is slightly higher than those men�Ÿoned in the literature, that range from 18.5% to 20.7% (17;18). 
However, these ar�Ÿcles all describe 5 year FU and, as men�Ÿoned, the number of recurrences incre-
ases in the second 5 year FU period. It is not this overall number, though, that is of interest but the 
di�+erences between the various subgroups of melanoma pa�Ÿents.
Of the SLN nega�Ÿve pa�Ÿents 14% develop a recurrence a�Ler 5 years and 17% a�Ler 10 years. In con-
trast, 55% of the SLN posi�Ÿve pa�Ÿents developed a recurrence during the Þrst 5 years accumula�Ÿng
to 65% a�Ler 10 years. Sixty-one percent of pa�Ÿents with ulcera�Ÿon of the primary melanoma and 
89% of pa�Ÿents with lympha�Ÿc invasion developed a recurrence. Another interes�Ÿng observa�Ÿon 
is that most recurrences in pa�Ÿents with a posi�Ÿve SLN, ulcera�Ÿon or lymph invasion occurred 
in the Þrst 5 years of FU (93%, 92% and 94% respec�Ÿvely compared to 80% for the SLN nega�Ÿve 
pa�Ÿents). In line with the increase of recurrence, the survival rates of these pa�Ÿents con�Ÿnue to 
decrease a�Ler 5 years. These data show that pa�Ÿents with posi�Ÿve SLN, ulcera�Ÿon and/or lymph 
node invasion tend to metastasize more frequently and more rapidly than pa�Ÿents without these
characteris�Ÿcs. This e�+ect of metastasis in the SLN (18-20) is well known, as is that of ulcera�Ÿon 
(5;21) and lympha�Ÿc invasion (22). It is likely that these factors are indica�Ÿve of a more aggressive
tumor type.
That SLN status alone is not enough to predict melanoma pa�Ÿent survival is demonstrated by the 
fact that not the en�Ÿre posi�Ÿve SLN group had an adverse prognosis. All pa�Ÿents with a Breslow 
thickness of <1 mm were alive a�Ler 10 years, independent of their SLN status. There were three 
pa�Ÿents with a Breslow thickness<1 mm who had a posi�Ÿve SLN. All three had a Breslow thickness
between 0.95 and 0.99 mm and no signs of ulcera�Ÿon or lympha�Ÿc invasion. One of these pa�Ÿents 
even had an addi�Ÿonal posi�Ÿve lymph node at CLND. However, all pa�Ÿents are alive without any
evidence of disease a�Ler a FU of more than ten years. It has been suggested that the SNP is capable
of elimina�Ÿng the risk of recurrence in pa�Ÿents with thin melanomas (20;23;24). It is not unthinka-
ble that thin melanomas have a less aggressive nature making it possible for the immune system to 
eradicate any tumor cells that might have metastasized beyond the lymph nodes. 
Generally the combina�Ÿon of a thick primary melanoma and a posi�Ÿve SLN is an indica�Ÿon of ad-
verse clinical outcome as can be seen in graphs 2-5 where we sort pa�Ÿents according their Breslow
thickness and the presence or absence of tumor cells in the SLN. In all, the OS drops from 100% for 
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pa�Ÿents with a Breslow thickness of <1 mm and a posi�Ÿve SLN to 22% for pa�Ÿents with a Breslow 
thickness of > 4 mm and a posi�Ÿve SLN. The impact of SLN tumor burden on melanoma pa�Ÿent
survival has been described by a number of ar�Ÿcles. (25-27) Overall 10 year survival rates in this 
study for pa�Ÿents with a SLN tumor load <0.1 mm2 were 72%, 39% for pa�Ÿents with a tumor load 
0.1-1.0 mm2 and 15% for pa�Ÿents with a tumor load >1.0 mm2. A�Ler 10 years of FU the OS of pa-
�Ÿents with micrometastasis, ie. tumor load <0.1 mm2, is not as good as for pa�Ÿents with a nega�Ÿve
SLN (i.e. 80%) as suggested by one ar�Ÿcle. It is, however, far be�©er than that of pa�Ÿents with a
higher SLN tumor load. This suggests there might be a �Ÿpping point for melanoma metastasis. It
seems that micrometastasis up to a certain surface area can be contained by an�Ÿ-tumor ac�Ÿvity
of the pa�Ÿent’s immune system. If there is tumor escape the cancer will be able to grow out and 
metastasis beyond the SLN. 
The subgroup of cutaneous melanoma pa�Ÿents with by far the worst OS rate are those with ALN at 
CLND. Their OS rate of 9% is far below the 54% of that of SLN posi�Ÿve pa�Ÿents without addi�Ÿonal
posi�Ÿve nodes at CLND. Although the e�+ect of addi�Ÿonal posi�Ÿve lymph nodes at CLND on mela-
noma pa�Ÿent survival has been documented before (16;20), no one has published 10 year survival
rates. 
If, as the es�Ÿmates suggested, the incidence of melanoma will double every 10-20 years this will
mean a tremendous burden on health care systems worldwide. Owing to heightened awareness in
the popula�Ÿon more people will present with thinner lesions. We therefore recommend that SLN
procedures be performed for melanomas of �H0.9 mm Breslow and that all pa�Ÿents with a tumor of 
less than 1 mm Breslow should not need to be included in follow-up, regardless of their SLN status. 
The Þrst 5 years remain the most cri�Ÿcal period for follow-up especially for pa�Ÿents with a posi�Ÿve 
SLN, ulcera�Ÿon, lympha�Ÿc invasion an certainly pa�Ÿents with posi�Ÿve ALN at CLND. Nonetheless, 
we feel that high risk pa�Ÿents should receive special a�©en�Ÿon and careful monitoring for at least 
a decade. 
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Summary

In this study we inves�Ÿgated whether the presence of speciÞc popula�Ÿons of tumor inÞltra�Ÿng 
lymphocytes (TILs) in diagnos�Ÿc primary melanoma biopsies are related to outcome in clinically 
stage II melanoma pa�Ÿents. Moreover, we inves�Ÿgated whether the presence of TILs correlates 
with expression of MHC class I an�Ÿgen and MHC class II an�Ÿgen on tumor cells and/or tumor inÞl-
tra�Ÿng an�Ÿgen presen�Ÿng cells. Diagnos�Ÿc primary melanoma samples of 15 pa�Ÿents with an un-
favourable outcome were compared with 20 pa�Ÿents with favourable outcome. Pa�Ÿents were mat-
ched for age, gender and Breslow thickness. Biopsies were examined for the presence of granzyme
B+, CD8+, CD4+ and CD56+ TILs and for expression of MHC class I an�Ÿgen and MHC class II an�Ÿgen on 
tumor and/or tumor inÞltra�Ÿng cells. A favourable clinical outcome was strongly associated with
the presence of GrB+ and CD4+ TILs, with expression of MHC class I an�Ÿgen on tumor cells and with
expression of MHC class II an�Ÿgen on intratumoral an�Ÿgen presen�Ÿng cells. These data strongly 
support the no�Ÿon that in melanoma pa�Ÿents the cellular immune response is a major factor in
preven�Ÿng melanoma cell dissemina�Ÿon.
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Introduc�Ÿon

Even though melanomas account for only 4% of all skin cancers, they cause the greatest number 
of skin cancer-related deaths worldwide. Over the last few decades an increase in incidence and 
mortality has been observed in Caucasian popula�Ÿons across the world. (1;2) Clinical outcome in 
melanoma pa�Ÿents depends on several variables of which tumor thickness is an important factor 
(according to Breslow). (3) The 5 year survival rate for pa�Ÿents with a Breslow thickness <1.5 mm 
is more than 90%, whereas survival in pa�Ÿents with a Breslow thickness of >3.5 mm is only 50%. 
(4) Other important prognos�Ÿc factors are, amongst others, gender and age. (5-7) Fatal outcome in 
melanoma pa�Ÿents o�Len results from occurrence of distant metastases, which mostly coincide or
are preceded by lymph node metastases. In line with this concept, previous studies demonstrated 
that pa�Ÿents with a melanoma sen�Ÿnel lymph node (SLN) metastasis have a worse prognosis than 
pa�Ÿents without a SLN metastasis. (8;9) However, despite known prognos�Ÿc parameters, outcome
o�Len remains unpredictable and further research to iden�Ÿfy addi�Ÿonal relevant prognos�Ÿc markers 
is warranted.
It has previously been shown that melanomas can elicit an immune response (10;11) and that
melanoma cells can e�+ec�Ÿvely be eradicated in vivo by cytotoxic ac�Ÿvity of MHC class I an�Ÿgen
restricted CD8+ Granzyme B (GrB+) T cells. (12) Thus, a possible explana�Ÿon for di�+erences in clinical
outcome might be that a proper immune response, although incapable of preven�Ÿng the primary
tumor from growing, is able to prevent the occurrence of lymph node and/or distant metastases. A
large number of studies have shown that the cellular immune response plays an important role in 
the control of melanoma growth and spread. (13;14)
Proper ac�Ÿva�Ÿon of a CD8+ T cell mediated immune response requires an�Ÿgen to be presented in 
the context of the appropriate MHC class I molecules. MHC class I molecules are hetero dimers 
consis�Ÿng of a transmembrane �r-chain, encoded by 3 polymorphic loci HLA-A, -B and -C, which is
non-covalently associated with �t2-microglobulin (�t2m). When a cell loses expression of MHC class
I molecules, it can no longer be recognized by CD8+ lymphocytes but it might become suscep�Ÿble 
to natural killer (NK) cell recogni�Ÿon. (15) Loss of MHC class I an�Ÿgen expression has been shown
to be involved in immune escape and tumor progression (12;16;17) and has been associated with 
poor clinical outcome. (18;19) In addi�Ÿon, target cell killing by cytotoxic T cells (CTLs) requires the 
help of CD4+ T helper (Th) cells. (20;21) CD4+ Th cells require presenta�Ÿon of an�Ÿgens in the context
of MHC class II by professional an�Ÿgen-presen�Ÿng cells (APCs). (22;23) MHC class II molecules are
also heterodimers, but consist of 2 homologous pep�Ÿdes, an �r and �t-chain, each subunit contains
2 extracellular domains, a membrane spanning domain and a cytoplasmic tail. The HLA class II
region map into 3 subregions: DR, DQ and DP and are encoded on the HLA region of chromosome 
6. (24-25)
We have previously shown, in stage III/IV melanoma pa�Ÿents, that presence of ac�Ÿvated (GrB+) CTLs
in primary biopsy specimens is correlated with a favourable prognosis following treatment with
irradiated autologous tumor cell vaccina�Ÿon. (26) In the current study, we inves�Ÿgated if presence
of GrB+ Tumor InÞltra�Ÿng Lymphocytes (TILs) in diagnos�Ÿc primary melanoma biopsies is related
to clinical outcome in clinically stage II melanoma pa�Ÿents. Moreover, we inves�Ÿgated whether
presence of TILs correlates with expression of MHC class I and MHC class II an�Ÿgens on tumor cells
and/or tumor inÞltra�Ÿng APCs.
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Pa�Ÿents, Materials and Methods

Pa�Ÿents and clinical characteris�Ÿcs
Pa�Ÿents primarily diagnosed with stage II melanoma were treated with surgical resec�Ÿon of the pri-
mary melanoma and a sen�Ÿnel lymph node procedure (SNP) in the VU University Medical Center.
(27) Two groups of pa�Ÿents were selected on the basis of contras�Ÿng clinical outcome. Unfavoura-
ble outcome was determined by the development of metastasis over�Ÿme and favourable outcome
was determined by no sign of recurrence at �Ÿme of last follow-up. Fi�Leen pa�Ÿents with an unfa-
vourable outcome (median follow up 35 months) were compared to 20 pa�Ÿents with favourable
outcome (median follow up 46 months). Pa�Ÿents were further selected to have comparable age, 
gender distribu�Ÿon and Breslow thickness to avoid a confounding e�+ect of these known prognos�Ÿc
parameters. Para�8n embedded biopsies were kindly provided by the departments of pathology
from the following hospitals: Medical Center Alkmaar, Alkmaar, Bovenij Hospital, Amsterdam and 
VU Medical Center Amsterdam, The Netherlands.

An�Ÿbodies and Immunohistochemistry
Para�8n embedded 3 �Rm �Ÿssue sec�Ÿons of primary melanoma biopsies were treated as described
previously. (26;28) Lymphocytes were characterized for expression of CD4, CD8, CD56 and GrB 
using the following an�Ÿbodies: monoclonal an�Ÿbody (mAb) GrB7 (mouse IgG2a) speciÞc for human 
GrB (Monosan, Uden, Netherlands (29)), mAb CD4 (mouse IgG1, MEM-241, Monosan), mAb CD8
(mouse IgG1, clone 144B, Dako, Heverlee, Belgium), mAb CD56 (murine IgG2a, MEM-188, Mono-
san). Expression of MHC class I an�Ÿgen on melanoma cells was inves�Ÿgated using a polyclonal
an�Ÿbody against �t2m (rabbit Ig, Dako), the mAb HCA2 and mAb HC10 preferen�Ÿally recognizing
HLA-B/C locus products (kindly provided by Prof. Dr. J. Nee�Bes, Netherlands Cancer Ins�Ÿtute, Am-
sterdam, Netherlands (30;31)). The mAb HCA2 reacts preferen�Ÿally with HLA-A locus heavy chains.
Its reac�Ÿvity contrasts with that of HC10, a mAb with preferen�Ÿal speciÞcity for HLA-B and -C heavy 
chains. Both HCA2 and HC10 were raised against free class I heavy chains of HLA-A and -B an�Ÿgens 
respec�Ÿvely, to obtain mAbs that would s�Ÿll react with denatured class I an�Ÿgens, as they occur in 
conven�Ÿonal light microscopically analysis of formalin-Þxed, para�8n-embedded sec�Ÿons.
Expression of MHC class II an�Ÿgen was determined using a mAb recognizing HLA-DR (mouse IgG2b,
clone LN3, VUmc, Amsterdam, The Netherlands). For staining with an�Ÿbodies against GrB, MHC
class II, CD8, CD56 and HLA-B/C, an�Ÿgen retrieval was performed with 10 mM Na-citrate, pH 6 and
for staining with an�Ÿbodies against HLA-A and CD4 an�Ÿgen retrieval was performed with 10 mM
TRIS, 1 mM EDTA, pH 9. No an�Ÿgen retrieval was required for staining with an�Ÿ-�t2m an�Ÿbody. Fol-
lowing an�Ÿgen retrieval, primary an�Ÿbody was applied and visualiza�Ÿon was performed with either 
the EnvisionTM horseradish peroxidase system (DakoCytoma�Ÿon, Glostrup, Denmark) for MHC class 
I, MHC class II, CD8 and CD56, or Power Vision plusTM system (Immunologic, Duiven, The Nether-
lands) for GrB and CD4 according to manufacturer’s instruc�Ÿons.

Characteriza�Ÿon of GrB+ TILs
Double staining was performed to determine whether GrB+ TILs are ac�Ÿvated cytotoxic CD8+ TILs.
To detect double posi�Ÿve (GrB+CD8+) cells, slides were Þrst incubated with GrB7 (mouse IgG2a) 
as described above followed by a goat-an�Ÿ-mouse IgG2a-HRP (SouthernBiotech, Birmingham, AL) 
and subsequently incubated with H2O2. Subsequently, slides were incubated with either an�Ÿ-CD8
or an�Ÿ-CD4 an�Ÿbody as described in the sec�Ÿon above followed by goat-an�Ÿ-mouse IgG1-Bio�Ÿn 
(SouthernBiotech). Visualiza�Ÿon of CD4 or CD8 was performed with streptavidin-Alexxa488 (Mole-
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cular Probes, Invitrogen, Breda, The Netherlands). Images of CD8+GrB+ TILs were recorded using a
confocal laser scanning microscope a 40× oil objec�Ÿve was used. To visualize �Ÿssue compartments
as well as the di�+erence between TILs and lymphocytes surrounding the tumor, the gain and o�+set
se�«ngs of each individual channel were op�Ÿmized such that some noise is introduced to show the 
�Ÿssue compartments.

Interpreta�Ÿon of the staining
For interpreta�Ÿon of stainings with an�Ÿbodies against CD4, CD8, CD56, GrB, MHC class II (HLA-DR),
and MHC class I an�Ÿgens (HCA2, HC10 and �t2m), lymphocytes surrounding the tumor served as 
internal posi�Ÿve control for the staining. The presence of CD4+, CD8+, and GrB+ lymphocytes was
scored in 2 groups: cases with posi�Ÿve TILs (>1 per high power Þeld (HPF) and cases without TILs 
(<1 per HPF). The di�+erence between melanoma cells and lymphocytes was based on morpholo-
gical examina�Ÿon (see color Þgure 4.1 in back of thesis). Percentages of HLA-A, HLA-B/C and 2m 
expressing tumor cells were scored semi-quan�Ÿta�Ÿvely in steps of 10% from 0 to 100%. (32) APCs
present in �Ÿssue surrounding the tumor area func�Ÿoned as posi�Ÿve control for HLA-DR staining.
Expression of MHC class II an�Ÿgen was based on HLA-DR staining and tumor cells were recognized 
based on morphological examina�Ÿon (see color Þgure 4.1 in back of thesis). Expression of MHC 
class II an�Ÿgen on tumor inÞltra�Ÿng APCs was scored as described above for MHC class I.

Sta�Ÿs�Ÿcal analysis
Progression free survival (PFS) �Ÿme was determined from date of Þrst diagnosis of primary tumor
un�Ÿl date of diagnosis of disease metastasis. Overall survival (OS) �Ÿme was determined from date
of Þrst diagnosis of primary tumor un�Ÿl date of disease related death. Pa�Ÿents without a recur-
rence were censored at the last �Ÿme of follow-up. One pa�Ÿent died of a cause unrelated to the 
disease and was censored. Di�+erences between the Kaplan Meier curves were analyzed using the 
Log-rank test. Qualita�Ÿve variables were analyzed by Pearson’s �–2 test, or by Fisher exact test when 
appropriate. The Mann-Whitney U-test was used to compare group means. All p values were based 
on two-tailed sta�Ÿs�Ÿcal analysis. If p values �G0.05 they were considered signiÞcant. All analyses 
were performed using the SPSS sta�Ÿs�Ÿcal so�Lware (version 12 SPSS, Inc, Chicago, IL).

Results

Pa�Ÿent characteris�Ÿcs
Pa�Ÿents were selected based on comparable important prognos�Ÿc parameters and the 2 groups 
with di�+erent clinical outcome therefore demonstrated no signiÞcant di�+erences regarding gender, 
age, Breslow thickness and SLN status (see Table 1). Although the di�+erence was not signiÞcant, pa-
�Ÿents with an unfavourable outcome were more frequently male than female, which is consistent
with previous studies. (6) 
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Table 1. Tumour Characteris�Ÿcs in Rela�Ÿon to Clinical Outcome

        Clinical outcome

Favourable Unfavourable p-value

Median age 53 (26-75) 57 (31-84) Ns1

Median Breslow (mm) 2.5 (2.1-4.0) 2.7 (2.2-4.0) Ns1

Sen�Ÿnel lymph node Ns
Nega�Ÿve 14 8
Posi�Ÿve 6 6

Gender Ns
Male 9 11
Female 11 3

Tumour InÞltra�Ÿng Lymphocytes

CD4+ TILS 0.02
Absent 3 8
Present 17 6

CD8+ TILS ns
Absent 5 8
Present 15 6

GrB+ TILs 0.01
Absent 4 9
Present 16 5

APCs
MHC class II (nd =1) 0.04
Absent 2 6
Present 18 7

Melanoma cells
MHC class I2 (nd = 1) 0.005
Loss 5 10
Preserved 15 3

MHC class II ns
Nega�Ÿve 14 11
Posi�Ÿve 6 3

ns, not signiÞcant; nd, not determined, due to lack of available �Ÿssue, absent means that lymphocytes were only 
detected around tumour and no inÞltra�Ÿng lymphocytes detected and present means inÞltra�Ÿng lymphocytes
detected.
1 As determined by Mann-Whitney U-test.
2 Preserved expression of MHC-I (described in m&m) = >50% �t2M + >80% HLA-A/B/C.

Presence of ac�Ÿvated cytotoxic TILs and CD4+ TILs cells is associated with a favourable clinical outcome+

The 2 predeÞned groups with di�+erent clinical outcome were compared and in pa�Ÿents with favou-
rable outcome CD4+ TILs and GrB+ TILs were signiÞcantly (p=0.02 and 0.01, respec�Ÿvely) more fre-
quently detected than in pa�Ÿents with unfavourable outcome (see Table 1). Furthermore, pa�Ÿents 
with a favourable outcome tended to harbour more CD8+ TILs (see Table 1, p=0.08). Staining for 
di�+erent TIL popula�Ÿons are shown in Figure 1 (see color Þgure 4.1 in back of thesis).
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Double staining procedures (see color Þgure 4.1e in back of thesis) showed that GrB+ TILs were
also CD8+ TILs and therefore were considered to be ac�Ÿvated cytotoxic TILs (acTILs). In 2/34 cases 
GrB+ TILs but no CD8+ TILs were detected. These GrB+ cells were CD56- indica�Ÿng that these cells
were not NK cells. In none of the primary melanoma biopsies CD56+ posi�Ÿve tumor inÞltra�Ÿng NK 
cells were detected. The presence of acTILs correlated strongly with the presence of both CD4+

and CD8+ TILs. Thus, based on the analysis of TILs, 2 groups of melanomas could be iden�ŸÞed: 1 
group of melanomas showing inÞltra�Ÿon of acTILs as well as inÞltra�Ÿon of CD4+ T cells and 1 group
of melanomas without inÞltra�Ÿon of acTILs or CD4+ TILs. As expected from these results a strong
signiÞcant correla�Ÿon was observed between individual scoring results for the TIL subpopula�Ÿons
(see Table 2). 

Table 2. Presence of acTILs (GrB+) is Correlated with Presence of Several Mediators of Adap�Ÿve Im-
mune System

          Ac�Ÿvated Cytotoxic TILs

Favourable Unfavourable p-value1

Tumor InÞltra�Ÿng Lymphocytes
CD8+ TILs

Absent 11 2 <0.001
Present 2 20

CD4+ TILs
Absent 8 3 0.007
Present 5 19

APCs
MHC class II2

Absent 6 2 0.01
Present 6 20

Melanoma cells
ß2M3

<50% 9 3 0.003
>50% 4 17

HLA-A/B/C
<80% 8 5 0.02
>80% 5 17

MHC class I4

Lost 10 5 0.005
Preserved 3 15

MHC class II
Nega�Ÿve 12 14 Ns
Posi�Ÿve 1 8

 
 1 As determined by Pearson’s �–2test of Fisher exact test, when appropriate. 
  2 In one case expression could not be determined because of lack of �Ÿssue. 
  3 In two cases expression could not be determined because of lack of �Ÿssue. 
  4 Preserved expression of MHC class I (described in m&m) = >50% �t2M + >80% HLA-A/B/C.
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Subsequently, pa�Ÿents were stra�ŸÞed according to the presence or absence of the respec�Ÿve TIL 
popula�Ÿons and Kaplan-Meier curves were constructed to es�Ÿmate di�+erences in PFS and OS. The 
presence of GrB+ (see Figure 2a), CD8+ (see Figure 2b) and CD4+ (see Figure 2c) TILs was signiÞcantly 
associated with a longer PFS. The presence of GrB+ (p=0.02) TILs was signiÞcantly associated with 
a longer OS and the presence of CD8+ (p=0.09) and CD4+ (p=0.08) showed a trend toward a longer 
OS.

Figure 2: SigniÞcant correla�Ÿon between TILs and PFS. The Kaplan-Meier curves show signiÞcant
di�+erences in PFS if TILs were present or absent. Pa�Ÿents have a signiÞcantly longer PFS (months) 
if: (a) GrB+ TILs (p=0.02), and (b) CD8+ TILs (p=0.04) are present and (c) CD4+ TILs are present (p = 
0.005).

Expression of MHC class I an�Ÿgen is associated with the presence of acTILs
The mean percentage of tumor cells expressing HLA-A and HLA-B/C was determined at 80% and
the mean percentage of tumor cells expressing �t2m was 50%. On the basis of the mean percenta-
ges of expression of the 3 individual markers (see color Þgure 4.1f-4.1h in back of thesis), MHC class
I an�Ÿgen expression was considered preserved if both HLA-A and HLA-B/C expression was detected 
on at least 80% of the tumor cells and �t2m was expressed on 50% of the tumor cells. Complete
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loss of MHC class I an�Ÿgen expression on tumor cells was observed in 1 case for HLA-B/C and in 2 
cases for �t2m. All other pa�Ÿents showed expression of the 3 di�+erent markers ranging from 10%
to 100% posi�Ÿve tumor cells. A signiÞcant correla�Ÿon was found between expression levels of HLA-
A and HLA-B/C (p=0.004, Pearson’s �–2 test) and between expression of HLA-A/HLA-B/C and �t2m 
(p=0.002, Pearson’s �–2 test). More importantly, a strong correla�Ÿon was detected between expres-
sion of MHC class I an�Ÿgen on tumor cells and presence of acTILs, both for individual markers and 
for preserved (>50% �t2M + >80% HLA-A/B/C) MHC class I an�Ÿgen expression (see Table 2). When
comparing the 2 groups with di�+erent clinical outcome, it appeared that clinically favourable ca-
ses are usually characterized by preserved MHC class I an�Ÿgen expression on melanoma cells (see
Table 1). If pa�Ÿents were stra�ŸÞed according to MHC class I an�Ÿgen expression on tumor cells,
preserved MHC class I an�Ÿgen expression was indeed signiÞcantly associated with a favourable PFS 
(see Figure 3a, Log rank test; p=0.005). 

Figure 3: Preserved MHC class I an�Ÿgen expression and presence of MHC class II an�Ÿgen expres-
sing APCs is associated with longer PFS.
The �Ÿme scale is in months. Kaplan-Meier curves demonstrate that (a) Pa�Ÿents with preserved
MHC class I an�Ÿgen expression have a signiÞcant be�©er PFS (p=0.005). (b) Presence of intra tumoral
MHC class II an�Ÿgen expression on APCs is signiÞcantly correlated to longer PFS (p=0.01).

Expression of MHC class II an�Ÿgen on APCs correlates with presence of CD4+ TILs
Tumor inÞltra�Ÿng MHC class II an�Ÿgen expressing APCs were detected in 24/34 cases and their
presence correlated signiÞcantly (p=0.03) with presence of CD4+ TILs (see Table 3) and acTILs (see 
Table 2, p=0.01). Moreover, presence of inÞltra�Ÿng MHC class II an�Ÿgen expressing APCs correlated 
signiÞcantly with favourable prognosis (see Figure 3b). No expression of MHC class II an�Ÿgen was 
detected on normal melanocytes (not shown); however, in 9/35 (26%) melanomas MHC class II 
an�Ÿgen expression was detected in 10-80% of tumor cells. Expression of MHC class II an�Ÿgen on
melanoma cells correlated signiÞcantly with presence of tumor inÞltra�Ÿng CD4+ cells (p=0.03, see 
Table 3). No correla�Ÿon with PFS was observed.
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Table 3. MHC Class II Expression on Both Tumor Cell and InÞltra�Ÿng Cells is Correlated with Pres-
ence of CD4+ TILS

Absent
CD4+ TILs
Present p-value1

MHC class II expression on tumour cells

Nega�Ÿve 11 15 0.03

Posi�Ÿve 0 9

MHC class II expression on APCs

Nega�Ÿve 5 3 0.03

Posi�Ÿve 5 21
 
1 As determined by Pearson’s �–2 test of Fisher exact test, when appropriate.

Discussion

In this report we have shown that diagnos�Ÿc biopsies of clinically stage II melanoma pa�Ÿents with 
a favourable outcome are characterized by presence of ac�Ÿvated (GrB+ and CD8+) TILs and T helper
(CD4+) TILs, whereas these TILs are absent in melanoma biopsies of most pa�Ÿents with unfavou-
rable clinical outcome. Moreover, we have shown that presence of acTILs and CD4+ TILs correlates
with preserved MHC class I an�Ÿgen expression on tumor cells and with the expression of MHC class 
II an�Ÿgen on tumor inÞltra�Ÿng APCs and with MHC class II an�Ÿgen expression on tumor cells.
Our results are in accordance with previous studies demonstra�Ÿng that presence of lymphocytes 
is associated with a favourable clinical outcome in melanoma biopsies. (33-35) Furthermore, our 
data demonstrate that melanoma inÞltra�Ÿng T lymphocytes consist of CD4+, CD8+ and GrB+ T-lymp-
hocytes popula�Ÿons. In 2/34 cases GrB+ TILs but no CD8+ TILs were detected. Most likely these cells 
are ac�Ÿvated TILs which lost their detectable expression of CD8 (36) because no NK cells and no
CD4+GrB+ TILs were detected. Ac�Ÿva�Ÿon of cytotoxic T lymphocytes depends on speciÞc MHC class 
I restricted an�Ÿgen recogni�Ÿon and on the presence of co-s�Ÿmulatory expressing and cytokine pro-
ducing CD4+ T helper cells. (21;37)
We observed a strong correla�Ÿon between presence of TILs and intact MHC class I an�Ÿgen expres-
sion on melanoma cells. This associa�Ÿon, which has previously also been observed in solid tumors 
(38;39) and in lymphomas, (32;40) supports the idea that loss of MHC class I an�Ÿgen expression 
results in failure to mount a cellular, melanoma an�Ÿgen-speciÞc immune response and as such may
be a possible powerful immune escape mechanism. (18;41) Alterna�Ÿvely, interferon-�r (IFN�r) up-
regulates transcrip�Ÿon of MHC class I and II molecules (42) and therefore, the associa�Ÿon between
decreased MHC class I an�Ÿgen expression and absence of TILs may be caused by lack of TIL derived
IFN in the tumor environment. Of note, even in cases with apparent intact MHC class I an�Ÿgen ex-
pression speciÞc HLA haplotype losses may interfere with proper an�Ÿgen recogni�Ÿon, (43) because 
the used an�Ÿbodies do not allow to iden�Ÿfy these MHC class I an�Ÿgen altera�Ÿons.
Even though we did not demonstrate that the inÞltra�Ÿng TILs are speciÞcally directed against the 
melanoma cells, it can reasonably be assumed that the TILs are part of an intact an�Ÿ-tumor res-
ponse, assuming the ac�Ÿvated status (GrB+) strongly suggests that these TILs are func�Ÿonally ac�Ÿve.
This opinion is further strengthened by our previous report demonstra�Ÿng tumor an�Ÿgen-speciÞc
TILs are present in melanoma pa�Ÿents. (14) In addi�Ÿon, in the large majority of cases with acTILs
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also CD4+ TILs and MHC class II an�Ÿgen expressing APCs were present. In an earlier report, pres-
ence of CD8+ and CD4+ TILs was also closely correlated. (12) However, no correla�Ÿon was detected
between expression of MHC class II an�Ÿgen and the presence of TILs. This discrepancy with our 
results might be explained by the fact that only the presence of CD8+ TILs was inves�Ÿgated whereas
in our study GrB+ TILs were analyzed.
Thus, in pa�Ÿents with favourable outcome, all ingredients for an e�+ec�Ÿve cellular immune res-
ponse appear to be present. S�Ÿll, even though this immune response is apparently unable to ef-
fec�Ÿvely eradicate the primary tumor, because the tumor would not disappear without adequate
surgery, the presence of a cellular immune response appears to be able to prevent the occurrence
of distant metastasis. In pa�Ÿents with an unfavourable outcome with eventually the occurrence 
of metastases, these ingredients for an e�+ec�Ÿve cellular immune response were not observed, 
further sugges�Ÿng that the cellular immune response plays a func�Ÿonal role in preven�Ÿng mela-
noma dissemina�Ÿon.
Expression of MHC class II an�Ÿgen in melanoma cells was detected in 25% of cases. Although con-
troversial, most reports described that expression of MHC class II an�Ÿgen is associated with an un-
favourable outcome. (44) No such associa�Ÿon was observed in our series, but this might be caused
by the rela�Ÿvely low number of cases studied. However, its possible e�+ect appears to be limited 
when compared with the prognos�Ÿc value of ac�Ÿvated TILs.
Because pa�Ÿents were selected based on comparable established prognos�Ÿc parameters (SLN sta-
tus, Breslow thickness, gender and age), the di�+erences in clinical outcome between pa�Ÿents with
favourable and unfavourable outcome in this study are most likely to be directly related to di�+eren-
ces in the cellular immune response.
We conclude that the presence of acTILs and CD4+ TILs and puta�Ÿve intact an�Ÿgen presenta�Ÿon in 
the context of MHC class I and MHC class II an�Ÿgen presenta�Ÿon in primary melanomas predicts
a highly favourable outcome in clinically stage II melanoma pa�Ÿents. These data strongly support 
the no�Ÿon that the cellular immune response is a major factor in preven�Ÿng melanoma cell dis-
semina�Ÿon.
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Abstract

Background: Sen�Ÿnel Lymph Node (SLN) status is strongly related to clinical outcome in melanoma 
pa�Ÿents. In this study we inves�Ÿgated the possible associa�Ÿon between the presence of ac�Ÿvated 
and/or suppressive Tumour InÞltra�Ÿng Lymphocytes (TILs) and SLN status in clinically stage I/II me-
lanoma pa�Ÿents.

Methods: Diagnos�Ÿc primary melanoma samples from 20 pa�Ÿents with a sen�Ÿnel lymph node 
metastasis were compared to melanoma samples from 20 pa�Ÿents with a nega�Ÿve sen�Ÿnel lymph 
node, who were matched for gender, age and Breslow thickness. Presence of ac�Ÿvated Granzyme 
B posi�Ÿve (GrB+) TILs, presence of suppressive (FoxP3+) TILs and MHC class I an�Ÿgen expression on 
tumour cells were analysed by immunohistochemistry.

Results: FoxP3 and MHC-I expression had no direct bearing on the presence of melanoma meta-
stases in the SLN. Whereas the presence of ac�Ÿvated GrB+ TILs in the primary melanoma had no
predic�Ÿve value for SLN status either, their absence was strongly associated with the presence of 
metastasis in the SLN (P=0.001).  While both GrB+ and FoxP3+ TILs could be detected in SLN meta-
stases, a majority did not display MHC-I expression.

Conclusion: These data support a role for cytotoxic T cells in the preven�Ÿon of early metastasis of 
melanoma to the draining lymph nodes.
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Introduc�Ÿon

Fatal outcome in melanoma pa�Ÿents mostly results from occurrence of distant metastases, which 
are usually preceded by lymph node metastases. (23;29) Lymph node metastases develop in the
Þrst-line tumour-draining lymph node, the sen�Ÿnel lymph node (SLN). The prognos�Ÿc value of the
SLN status has been shown in several large studies (3) and the SLN status is used as a tool for se-
lec�Ÿng pa�Ÿents for trials on adjuvant (immune) therapy. (20) The SLN status and clinical outcome
in melanoma pa�Ÿents is known to be associated with a number of variables, including Breslow
thickness, ulcera�Ÿon, loca�Ÿon of primary tumour, lympha�Ÿc invasion, gender and age. (6;2;24;21)
It has previously been shown that melanomas can elicit an immune response (16;17) and that
tumour cells can e�+ec�Ÿvely be eradicated in vivo by cytotoxic ac�Ÿvity of MHC class I restricted
CD8+ Granzyme B+ (GrB+) T-cells. (1) Proper ac�Ÿva�Ÿon of a CD8+ T-cell mediated immune response 
requires an�Ÿgen to be presented in the context of the appropriate MHC class I molecules. When a
cell loses expression of MHC class I molecules, it can no longer be recognized by CD8+ lymphocy-
tes, but it might become suscep�Ÿble to natural killer (NK) cell recogni�Ÿon. (14) Loss of MHC class
I an�Ÿgen expression has been shown to be involved in immune escape and tumour progression 
(1;19;18) and has been associated with poor clinical outcome. (8;11) In addi�Ÿon, target cell kil-
ling by cytotoxic T-cells (CTLs) requires the help of CD4+ T-helper (Th) cells (12;4) and is nega�Ÿvely 
regulated by suppressive regulatory T-lymphocytes. These suppressive T-lymphocytes express the
FoxP3 transcrip�Ÿon factor, which we used in this study as a marker for detec�Ÿon of suppressive T-
lymphocytes. (9;30) FoxP3 is an X-chromosome-linked factor that controls development and func-
�Ÿon of regulatory T-lymphocytes (Treg). While high expression levels are indeed found in this spe-
cialized CD4+CD25+ T cell subset, FoxP3 expression may also specify immune-suppressive ac�Ÿvi�Ÿes
in ac�Ÿvated conven�Ÿonal T cells. (9;10)
In a previous study of pa�Ÿents with stage I/II melanoma we showed that the presence of ac�Ÿvated
(i.e. GrB+ and CD8+) Tumour InÞltra�Ÿng Lymphocytes (TILs) predicted favourable outcome. Presen-
ce of these TILs was signiÞcantly correlated with expression of MHC class I an�Ÿgen on tumour cells.
(26;27) These data suggest that the cellular immune response, although apparently not su�8cient 
to prevent primary tumour growth, is nevertheless able to prevent the occurrence of lymph node 
and/or distant metastases.
On the basis of these previous observa�Ÿons, we set out to determine if MHC class I status and the 
presence of GrB+ or FoxP3+ T cells in the immune inÞltrate of early-stage primary melanomas might 
be associated with the absence or presence of SLN metastases.

Materials and Methods 

Pa�Ÿent characteris�Ÿcs
Two groups of pa�Ÿents were selected from the melanoma database of the department of Surgical
Oncology at the VU University medical center based on the outcome of the SLN procedure to ob-
tain 20 cases with a posi�Ÿve SLN and 20 cases with a nega�Ÿve SLN. All pa�Ÿents were diagnosed as
stage I/ II based on the Breslow thickness, and underwent a re-excision of the primary tumour and 
SLN procedure between October 1994 and September 2001. The 40 pa�Ÿents were selected to have
comparable age, gender distribu�Ÿon and Breslow thickness to avoid a confounding e�+ect of these 
known prognos�Ÿc parameters. Both groups included 9 male and 11 female pa�Ÿents. From 12 of 
20 pa�Ÿents with a posi�Ÿve SLN, para�8n-embedded �Ÿssue of the SLN metastasis was available to
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detect TIL popula�Ÿons in the tumour area in the a�+ected sen�Ÿnel node. In the remaining 9 pa�Ÿents 
no material was le�L for further analysis. 

An�Ÿbodies and immunohistochemistry
Para�8n-embedded 3 �…m �Ÿssue sec�Ÿons of primary melanoma excisional biopsies were stained as
previously described. (5) Lymphocytes were characterised for expression of GrB using monoclonal
an�Ÿbody (mAb) GrB7 (mouse IgG2a; VU University Medical Centre, Amsterdam, the Netherlands) 
speciÞc for human GrB (13) and for expression of FoxP3 (rat IgG2a, PCH101; e-Biosciences, San
Diego, CA, USA). Expression of MHC class I an�Ÿgen on melanoma cells was inves�Ÿgated using poly-
clonal an�Ÿbody ß2-microglobulin (ß2m) (rabbit Ig, A0072 Dako; Heverlee, Belgium), the mAb HCA2
reac�Ÿve with HLA-A locus products, and mAb HC10 recognizing HLA-B/C locus products. (22) For
staining with an�Ÿbodies against FoxP3 and HLA-B/C, an�Ÿgen retrieval was performed with 10 mM 
Na-citrate (pH 6) and for staining with an�Ÿbodies against GrB and HLA-A, retrieval was performed 
with 10mM TRIS, 1 mM EDTA (pH 9). No an�Ÿgen retrieval was required for staining with an�Ÿ-�t2m.
Following an�Ÿgen retrieval, primary an�Ÿbodies were applied and visualiza�Ÿon was performed with 
either the EnvisionTM horseradish peroxidase system (DakoCytoma�Ÿon, Glostrup, Denmark) for 
HCA2, HC10 and ß2m, or the Power Vision plusTM system (Immunologic, Duiven, The Netherlands) 
for GrB and FoxP3 staining according to the manufacturer’s instruc�Ÿons.

Interpreta�Ÿon of the immunohistochemical staining
Two independent observers, including an experienced pathologist and blinded to the SLN status,
performed scoring of immunohistochemically stained slides based on at least ten high power Þelds.
A high power Þeld references the area visible using a 400x magniÞca�Ÿon level. Lymphocytes sur-
rounding the tumour served as an internal control for interpreta�Ÿon of GrB, FoxP3, and MHC class
I an�Ÿgen expression. The di�+erence between melanoma cells and lymphocytes was based on mor-
phological examina�Ÿon. GrB was used as a marker for ac�Ÿvated TILs with cytoly�Ÿc ability and FoxP3
was used as a marker for suppressive TILs. (16) GrB+ and FoxP3+ TILs were scored as either posi�Ÿve 
(>1 posi�Ÿve TIL per high power Þeld) or nega�Ÿve (<1 TIL per high power Þeld). Expression of HLA-
A, HLA-B/C and ß2m on melanoma cells was scored semi-quan�Ÿta�Ÿvely in steps of 10% from 0%
-100%. The median percentage of tumour cells expressing HLA-A, HLA-B/C and ß2m was deter-
mined. MHC class I expression was considered preserved if expression of both HLA-A, HLA-B/C and 
ß2m was detected on a higher number of the tumour cells than the median percentage. Cases in 
which one of the MHC class I an�Ÿgen markers was expressed below the median percentage, were
categorized as “lost MHC class I an�Ÿgen expression”.  

Sta�Ÿs�Ÿcal analysis
All analyses were performed using the SPSS sta�Ÿs�Ÿcal so�Lware (version 12 SPSS, Inc, Chicago, IL.). 
Di�+erences between the groups were analysed using Pearson’s �–2 test or Fisher exact test when ap-
propriate. The Mann-Whitney U-test was used to compare group means. All p values were based
on two-tailed sta�Ÿs�Ÿcal analysis. P values �G0.05 were considered signiÞcant. 
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Results

Pa�Ÿents and clinical characteris�Ÿcs
Clinical characteris�Ÿcs are listed in Table 1. The 20 pa�Ÿents with a SLN metastasis had a median
follow-up period of 83 (range: 24-147) months and the 20 pa�Ÿents without a SLN metastasis had a 
median follow-up period of 102 (range: 65-137) months. Thirty-Þve pa�Ÿents were free of disease at 
the �Ÿme of last follow-up, while one pa�Ÿent in the SLN-posi�Ÿve group died of a disease-unrelated
cause and four pa�Ÿents had developed distant metastases resul�Ÿng in death in two of these pa-
�Ÿents. 

Table 1. Clinical and primary melanoma characteris�Ÿcs of SLN- and SLN+ pa�Ÿents*

Sen�Ÿnel Lymph Node

P-valuenega�Ÿve (n=20) posi�Ÿve (n=20)

Pa�Ÿents

Gender (male/female) 9/11 9/11 ns

Median Age (years) 49 41 ns

Median follow-up (months) 102 (65-137) 83 (24-147) ns

Median Breslow (± st.dev) 1.36 (± 0.5) mm 1.32 (± 0.2) mm ns

Primary melanoma biopsies

GrB+ TILs

Absent 

Present

1

19

11

9
0.001

FoxP3+ TILs

Absent

Present

8

12

11

9
ns

MHC class I an�Ÿgen expression

Loss**

Preserved***

13

7

13

7
ns

* SLN = Sen�Ÿnel Lymph Node
** deÞned as <70% (i.e. median) HLA-A/B/C expression
*** deÞned as �H70% HLA-A/B/C expression

Presence of Sen�Ÿnel Lymph Node metastasis correlates with absence of GrB+ TILs in primary 
melanoma excisional biopsies
In 19 out of the 20 pa�Ÿents selected for nega�Ÿve SLN status, GrB+ TILs (see color Þgure 5.1 in back of 
thesis) were present in the primary tumour. Primary melanomas of 9 pa�Ÿents from the SLN posi�Ÿve
group, however, also contained GrB+TILs. Thus, a direct associa�Ÿon with presence of GrB+TILs and 
a nega�Ÿve SLN status was not observed. In contrast, absence of GrB+ TILs in the primary tumour
was strongly associated with SLN metastasis: primary melanoma excisional biopsies of 12 pa�Ÿents 
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did not contain any GrB+ TILs and for 11 of these 12 pa�Ÿents a metastasis was detected in the SLN 
(p=0.001, see Table 1). While an inverse correla�Ÿon between suppressive FoxP3+ T cells and GrB+

e�+ector T cells might a priori have been expected, the opposite was actually found: primary mela-
nomas with GrB+ TILs most o�Len also harboured FoxP3+ TILs (see color Þgure 5.1b in back of thesis
and Table 2). The expected correla�Ÿon between the presence of FoxP3+ TILs in primary tumours
and the presence of metastases in SLN was also not observed (Table 1).

Table 2. Expression of MHC class I and presence of GrB+ and FoxP3+ TILs in primary melanoma exci-
sional biopsies and SLN metastasis 

GrB+ TILs absent GrB+ TILs present P value

Primary melanoma biopsy N=12 N=28

FoxP3+TILs 

Absent 

Present

8

4

11

17

ns

MHC class I an�Ÿgen expression

Loss*

Preserved**

10

2

16

12

ns 

SLN metastasis GrB+ TILs absent GrB+ TILs present P value

FoxP3+TILs

Absent 

Present

1

2

1

7

ns

MHC class I an�Ÿgen expression

Loss*

Preserved**

3

0

3

1

ns

* deÞned as <70% (i.e. median) HLA-A/B/C expression
** deÞned as �H70% HLA-A/B/C expression

Presence of MHC class I an�Ÿgen expression on primary tumour cells does not correlate with 
SLN status 
Complete loss of MHC class I an�Ÿgen expression in the primary melanoma was observed in one
case. All other pa�Ÿents showed expression of the three di�+erent MHC-I markers ranging from 10% 
to 100%. Based on the median percentages of posi�Ÿve cells, MHC class I an�Ÿgen expression was 
considered preserved if expression of HLA-A/B/C and ß2m was detected on �H70% of the melanoma 
cells. No correla�Ÿon was observed between preserved MHC class I an�Ÿgen expression and either
GrB+T cell inÞltra�Ÿon or SLN status (Table 1).

Chapter 5



90

Both FoxP3+ and GrB+ TILs are frequently detected In SLN metastases
Para�8n-embedded �Ÿssue of the melanoma posi�Ÿve SLN was available from 12 out of 20 pa�Ÿents 
with a SLN metastasis. In most cases both GrB+ TILs (see color Þgure 5.1c in back of thesis) and 
FoxP3+ TILs (see color Þgure 5.1d in back of thesis) were detected in the metasta�Ÿc melanoma area 
(Table 2). In 7 of these 12 pa�Ÿents MHC class I expression on tumour cells inÞltrated in the SLN
could be determined, while in the remaining Þve not enough tumour �Ÿssue was le�L in the �Ÿssue
blocks a�Ler diagnos�Ÿc examina�Ÿon to make a reliable assessment. Of note, in 6 of the 7 evaluable
pa�Ÿents a loss of MHC class I expression was observed. However, no correla�Ÿon was found be-
tween preserved MHC class I expression and presence of GrB+ TILs.

Discussion

In this study we demonstrate that absence of GrB+ TILs in primary melanoma excisional biopsies is 
strongly associated with SLN metastasis, as GrB+ TILs were nearly always (19/20 cases) present in
primary melanoma excisional biopsies of pa�Ÿents with a nega�Ÿve SLN.
The two groups of pa�Ÿents, either with or without a SLN metastasis, were stra�ŸÞed for relevant
co-variables, i.e. selected for comparable prognos�Ÿc factors (Breslow thickness, gender and age). 
Therefore, the di�+erences in the cellular immune response as we describe is this report, are more 
likely to be associated with di�+erences in SLN status than with other confounding clinical factors. 
These results are in line with our previous studies, demonstra�Ÿng that the presence of ac�Ÿvated
GrB+ TILs is strongly associated with a favourable outcome in clinically stage I/II pa�Ÿents (27) and 
may also have a favourable impact on survival in pa�Ÿents with more advanced melanoma. (26) 
Furthermore, our data are in accordance with a recent study demonstra�Ÿng that absence of CD3+

TILs predicts SLN metastasis in cutaneous melanoma pa�Ÿents. (25)
We hypothesize that when GrB+ TILs are present in the primary tumour, they are capable of inhi-
bi�Ÿng or delaying the occurrence of melanoma lymph node metastasis. The cellular immune res-
ponse, however, is apparently not able to clear the primary tumour itself. In a substan�Ÿal number
of cases (9 out of 20) GrB+ TILs were also observed in the primary tumour of pa�Ÿents with a SLN
metastasis. Although absence of GrB+TILs in the primary tumour is associated with the presence of 
SLN metastasis, the reverse is therefore not true. Apparently, an ac�Ÿve cellular immune response is
not su�8cient for prohibi�Ÿng the spread of melanoma cells to lymph nodes. In 6 of these 9 pa�Ÿents
the occurrence of a posi�Ÿve SLN status despite presence of GrB+ TILs in the primary tumour, might 
be explained by presence of FoxP3+ suppressive TILs in the primary tumour. Although it is now ac-
cepted that in humans FoxP3 is not an exclusive marker for naturally occurring regulatory T cells 
(nTregs) as it can be expressed by other e�+ector T cells upon ac�Ÿva�Ÿon, FoxP3+ T-lymphocytes are
considered to be generally suppressive and may be involved in the induc�Ÿon of immunotolerance
in lymph node metastases. (28;31)
While a novel model for the role of GrB in FoxP3+Treg-mediated suppression of an�Ÿ-tumour CD8+

T cells has recently been proposed (7), the actual e�+ector func�Ÿon of GrB in Tregs remains poorly 
understood. We were unable to detect GrB and FoxP3 co-localiza�Ÿon in TILs in the primary tumour 
(unpublished data) and found no correla�Ÿon between FoxP3+ TILs and GrB+ TILs, which supports 
the assump�Ÿon that the detected GrB+ TILs are likely not Tregs. We hypothesize that presence of 
FoxP3+ suppressive TILs in the primary tumour, next to GrB+ e�+ector TILs (both markers of possi-
ble ac�Ÿva�Ÿon), might result in ac�Ÿve suppression of the la�©er and thus facilitate tumour escape, 
despite the presence of immune e�+ector cells with a GrB-mediated cytoly�Ÿc poten�Ÿal. Such local
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immune suppression might also explain the presence of apparently ine�+ec�Ÿve GrB+ TILs in SLN 
metastases, since most of these harboured FoxP3+TILs as well.  
Loss (either par�Ÿal or total) of MHC class I an�Ÿgen expression was observed in a signiÞcant number
of melanomas as described before (8), and is in accordance with our previous results. Loss of MHC 
class I an�Ÿgen expression on melanoma cells was nearly always associated with a lack of GrB+ TILs 
(Table 2). Although no correla�Ÿon was present between MHC class I an�Ÿgen expression andSLN 
status, a trend for associa�Ÿon with clinical outcome was observed, because all pa�Ÿents with recur-
rence of disease (n=4) showed loss of MHC class I an�Ÿgen expression. Moreover, the Þnding of 
MHC class I loss in 6 out of 7 SLN metastases is highly sugges�Ÿve of a role for MHC class I down-re-
gula�Ÿon in early immune escape of melanoma and regional spread to the draining lymph nodes.
In conclusion, absence of GrB+ TILs in primary melanoma excisional biopsies is strongly associated 
with the presence of SLN metastasis. These data underscore the no�Ÿon that an ac�Ÿvated cellular 
immune response is important in preven�Ÿng melanoma cells to disseminate to lymph nodes. In 
addi�Ÿon, absence of GrB+ TILs in primary melanoma excisional biopsies in immunohistochemistry 
might be used to predict presence of SLN metastasis. Although conÞrma�Ÿon in a larger number of 
pa�Ÿents is clearly needed, the absence of GrB+TILs might prove a useful diagnos�Ÿc tool to dis-
�Ÿnguish pa�Ÿents with invasive melanoma that might beneÞt from immediate full regional lymph
node dissec�Ÿon. 
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