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ABSTRACT

Background

Melanoma is a skin malignancy with a reputation for metastatic potential. The
incidence of skin melanoma has been increasing in the western world in recent
decades. Although most early-stage melanomas can be curatively treated
surgically, advanced melanoma is associated with poor survival. Sentinel
lymph node biopsy (SNB) was developed to identify patients with microscopic
lymph node metastases. The status of the sentinel lymph node (SLN) is the
most important prognostic factor in melanoma patients with no clinically
detected metastasis. Together with the thickness of the primary melanoma
tumour (PMT), SLN status is the most valuable prognostic tool for clinical
decision making. New prognostic factors are needed. Integrins are cell
adhesion molecules associated with cancer progression. As completion lymph
node dissection (CLND) has been abandoned for most melanoma patients,
and systemic therapy of melanoma is rapidly evolving, the role of sentinel
lymph node biopsy is highlighted. Although SNB has become a standard
procedure, several controversies remain.

In this thesis, collagen binding integrins «1f1, a2f31, and a11f1 and SLN
tumour burden as prognostic markers for advanced melanoma were studied.
The role of pelvic sentinel lymph nodes (PSLN) was evaluated. The
radioactivity counts and different criteria for selecting SLNs intraoperatively
were compared to determine which lymph nodes should be removed in SNB.

Patients and Methods

The patient population of each study in this thesis consisted of melanoma
patients treated in Helsinki University Hospital. The first study consisted of
26 patients with metastatic melanoma who were treated and followed up
between December 1988 and January 1996. Tumour samples were taken when
first recurrence after primary surgery was suspected, before
chemoimmunotherapy initiation. Real-time quantitative PCR was used to
study the mRNA expression levels of collagen receptor integrin chains. In
studies II (N=173) and IV (N=175), the study population consisted of
melanoma patients with no clinically evident metastatic disease who
underwent SNB between 2001 and 2008 and presented with one or more
positive (i.e. metastatic) SLNs. The study group in Study III consisted of 285
cutaneous melanoma patients whose PMT was in the lower limb or trunk and
who had no clinically detected metastases at the time of the diagnosis and
underwent inguinal or iliac SNB (or both) between 2009 and 2013. Hospital
medical records were reviewed, and follow-up data were collected
retrospectively.



Results

In Study I, survival of melanoma patients after initiation of
chemoimmunotherapy was decreased in all patients whose tumours expressed
high mRNA levels of a1p1, a2f1, and ¢11PB1 integrins. High a2 expression
levels were associated with unfavourable overall survival. Patients with high
mRNA levels of all studied integrins had a significantly shorter survival from
the appearance of the first metastasis than patients with low levels of integrins.

In Study II, the most important prognosticators for survival were age, PMT
thickness, ulceration, diameter of SLN metastasis, microanatomic location of
the SLN metastasis, number of positive SLNs, and presence of positive non-
sentinel lymph nodes (NSNs) in CLND. The diameter of the SLN metastasis
was a strong independent prognosticator for survival. The strongest predictive
factors of positive NSNs were diameter of the SLN metastasis, number of
positive SLNs, and location of SLN metastasis. Of patients, 36% with SLN
metastasis diameter >4 mm and 7% with SLN metastasis <4 mm had positive
NSNs. Patients with three or more positive SLNs had poorer survival and
increased risk for positive NSNs.

In Study III, all patients had superficial femoral/inguinal SLNs removed
and 199 (69.8%) presented with pelvic SLNs. Of patients, 63 (22.1%) had
metastases in their SLNs and 7 (2.5%) in PSLNs. A single patient had
metastases solely in PSLNs. Removing PSLNs or the number of PSLNs
retrieved had no impact on progression-free survival or overall survival. The
only predictor of positive PSLNs was radioactivity count greater or equal to the
hottest superficial SLNs.

In Study IV, the hottest (i.e. most radioactive) node was negative in 38
(22%) patients. By removing the hottest node and all nodes with radioactivity
>10% of the hottest node, 97% of patients would have been staged correctly.
In five patients, metastasis was found solely in a SLN with radioactivity <10%
of the hottest node. Patients with a negative hottest node were associated with
a lower SLN tumour burden.

Conclusions

Collagen receptor integrins are associated with the progression and prognosis
of melanoma. o2 integrin in particular may be a potential prognostic marker
and drug target.

Tumour burden of SLN, especially diameter of the SLN metastasis provides
valuable prognostic information. Patients with NSN metastases have
significantly poorer prognosis. Patients with SLN metastasis >4 mm and more
than two positive SLNs are at greatest risk of harbouring NSN metastases.

Pelvic SLNs have minimal clinical impact on staging and outcomes of
melanoma patients especially in cases with negative superficial inguinal SLNs.

To detect SLN metastases with acceptable accuracy, a threshold based on
the relative radioactivity count of SLNs should be preferred to removing only
one to three of the hottest nodes in SNB.
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TIIVISTELMA (FINNISH ABSTRACT)

Tutkimuksen tausta

Melanooma on ihosyovisti huonomaineisin, koska se voi ldhettdaa
etdpesikkeitd. Melanooman ilmaantuvuus on ollut kasvussa ldnsimaissa
viimeisten vuosikymmenien ajan. Vaikka useimmat alkuvaiheen melanoomat
ovat parannettavissa kirurgisesti, levinneelld taudilla on huono ennuste.
Vartijasolmukebiopsia kehitettiin tunnistamaan melanoomapotilaat, joilla on
mikroskooppisen pienid etdpesdkkeitd imusolmukkeissa. Etdpesikkeen
loytyminen vartijasolmukkeesta on tirkein yksittdinen ennustetekiji
melanoomapotilailla, joilla ei ole kliinisesti havaittavia etdpesikkeita. Yhdessa
melanooman primaarikasvaimen paksuuden kanssa vartijasolmukebiopsian
tulos on tirkein tyokalu kliinisessd paatoksenteossa niilla potilailla. Uusia
ennustetekijoitd tarvitaan. Integriinit ovat solukalvon ldpdisevia
tarttumisreseptoreja, jotka on yhdistetty syovan levidmiseen. Taydentavasta
imusolmukkeiden poistoleikkauksesta on pddosin luovuttu ja melanooman
ladkehoidot ovat kehittyneet. Vartijasolmukebiopsian merkitys on korostunut.
Vartijasolmukebiopsia on vakiintunut osa melanoomapotilaiden hoitoa,
mutta toimenpiteeseen liittyy edelleen useita kiistanalaisuuksia.

Tiassa vaitoskirjatutkimuksessa arvioitiin kollageenireseptori-integriineja
ja vartijasolmukkeen etdpesikkeen kokoa melanooman ennustetekijoina.
Tutkimuksessa arvioitiin lantion parailiakaalisten vartijasolmukkeiden
merkitystd. Lisdksi selvitettiin, mitkd imusolmukkeet tulisi poistaa
vartijasolmukebiopsiassa  vertaamalla ndiden radioaktiivisuuksia ja
etdpesikkeen 16ytymista vartijasolmukkeessa.

Aineisto ja menetelmiit

Vaitoskirjan osatutkimusten potilaat olivat Helsingin yliopistollisessa
sairaalassa hoidettuja melanoomapotilaita. Ensimmiinen osatutkimus
koostui 26:sta levinnyttd melanoomaa sairastavasta potilaasta, joita hoidettiin
ja seurattiin v. 1988-96. Kasvainnaytteet otettiin ensimmaisen uusiutuman
yhteydessia ennen kemoimmunoterapian aloitusta. Integriinien ilmentymista
mitattiin kvantitatiivisella kaadnteistranskriptaasipolymeraasiketjureaktio-
tekniikalla. Osatutkimuksissa II (173 potilasta) ja IV (175 potilasta) tutkittiin
melanoomapotilaita, joilla ei ollut kliinisesti havaittavia metastaaseja. Heille
tehtiin vartijasolmukebiopsia v. 2001-08 ja todettiin yksi tai useampia
positiivisia vartijasolmukkeita eli vartijasolmukkeita, joista 16ytyi etdpesike.
Osatutkimuksen III aineisto koostui 285 melanoomapotilaasta, joille tehtiin
vartijasolmukebiopsia v. 2009-13, missi poistettiin imusolmukkeita nivusten
jalantion alueelta. Seurantatiedot haettiin takautuvasti potilasarkistosta.
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Tulokset

Osatutkimuksessa I potilaiden ennuste kemoimmunoterapian aloituksen
jilkeen oli huonompi niilld potilailla, joiden kasvainnaytteissd todettiin
korkeat kollageeni-integriinien ilmentymistasot. Potilailla, joilla a2p1-
integriinin ilmentymistasot olivat korkeat, kokonaiselossaoloajan mediaani
oli lyhyempi kuin potilailla, joilla ilmentymistasot olivat matalat.

Osatutkimuksessa II tarkeimmat elinaikaa ennustavat muuttujat olivat ika,
primaarikasvaimen paksuus, primaarikasvaimen haavautuminen,
vartijasolmukkeen etdpesikkeen lapimitta, etdpesikkeen mikroanatominen
sijainti vartijasolmukkeessa, positiivisten vartijasolmukkeiden maira ja
etdpesikkeiden l6ytyminen imusolmukkeiden tdydentavassi
poistoleikkauksessa. Vartijasolmukkeen etdpesikkeen lapimitta oli vahva,
itsendinen ennustetekiji. Tarkeimmat taydentdvassd imusolmukkeiden
poistoleikkauksessa etdpesidkkeiden 16ytymistd ennustavat muuttujat olivat
vartijasolmukkeen etdpesidkkeen lapimitta, positiivisten vartijasolmukkeiden
maira ja etdpesidkkeen sijainti vartijasolmukkeessa.

Kolmannessa osatutkimuksessa kaikilta 285 potilaalta poistettiin
vartijasolmukkeita pinnalliselta nivusalueelta ja 199 potilaalla (69,8 %) lisaksi
parailiakaalialueelta. 63 potilaalla (22,1 %) todettiin etdpesidkkeita
vartijasolmukkeessa ja 7 potilaalla (2,5 %) oli etdpesidke parailiakaalisessa
imusolmukkeessa. Yhdelld potilaalla todettiin etdpesdke ainoastaan
parailiakaalisessa ~ imusolmukkeessa.  Parailiakaalisten = solmukkeiden
poistaminen tai niiden m&ira ei vaikuttanut ennusteeseen. Parailiakaalisen
vartijasolmukkeen radioaktiivisuuden ollessa viahintdan aktiivisimpien
pinnallisten  vartijasolmukkeiden tasolla, etdpesdkkeen loytyminen
parailiakaalisesta imusolmukkeesta oli todennakoisempaa.

Neljannessa osatutkimuksessa 38 potilaalla (22 %) (radio)aktiivisin
vartijasolmuke oli negatiivinen. Poistamalla aktiivisin vartijasolmuke ja kaikki
imusolmukkeet, joiden radioaktiivisuus oli yli 10 % aktiivisimmista
vartijasolmukkeesta, 97 % potilaan levinneisyysaste olisi méairitelty oikein. 5
potilaalla ainoa etdpeséke 16ytyi imusolmukkeesta, jonka aktiivisuus oli alle 10
% verrattuna aktiivisimpaan imusolmukkeeseen.

Johtopiatokset

Kollageeni-integriinit, erityisesti c.21-integriini on merkittiva ennustetekija
melanoomapotilailla, joilla on todettu etdpesikkeitd. Vartijasolmukkeen
etdpesikkeen ldpimitta on tirked, itsendinen ennustetekija. Potilailla, joiden
vartijasolmukkeen etdpesidkkeen koko on yli 4 mm, ja joilla on enemman kuin
2 positiivista vartijasolmuketta, todetaan useimmin etdpesikkeitd
tdydentdviassd imusolmukkeiden poistoleikkauksessa. Parailiakaalisilla
vartijasolmukkeilla on vain vihiistd vaikutusta melanoomapotilaiden
levinneisyysasteeseen ja ennusteeseen. Vartijasolmukkeita poistettaessa on
suositeltavampaa kayttdd suhteellista radioaktiivisuuden raja-arvoa kuin
poistaa vain 1-3 aktiivisinta solmuketta.

12



1 INTRODUCTION

Melanoma is the deadliest form of skin cancer, and its incidence has been
increasing in western world in recent decades. Surgery is the most important
treatment, as 90% of melanomas can be cured if caught in the early stages of
the disease. Advanced melanoma is an unpredictable and often aggressive
disease. Even stage I melanomas may later progress and metastasize. There is
an ongoing need for new prognostic tools to determine which melanomas are
likely to metastasize and would therefore benefit from closer follow up and
adjuvant therapy.

In most cases, melanoma first metastasizes from the primary tumour site
to the adjacent lymph nodes. To accurately determine melanoma staging, the
concept and technique sentinel lymph node biopsy (SNB) was introduced in
1992 (1). Since then, SNB has gained wide popularity and has become a
standard procedure in early-stage melanomas with no clinically evident
metastasis. For these patients, the SLN status is the most important prognostic
marker.

For more than two decades, patients with a positive SLN underwent
completion lymph node dissection (CLND). Approximately 20% of patients
undergoing CLND present with additional metastatic lymph nodes. The
procedure is associated with considerable risk of complications, including
seroma and lymphedema. Justified concerns were raised whether the benefits
of the procedure would outweigh the adverse events. Several studies
attempted to identify factors regarding the primary tumour and SLN that
would predict the result of CLND and thus identify patients that could be safely
spared from further surgery. Two large randomized multicentre trials (MSLT-
2 and DeCOG) failed to show any survival benefit for CLND (2, 3). This led to
a paradigm shift and CLND is now not performed for most patients. Instead
of trying to identify patients who can safely avoid CLND, the focus is now on
identifying patients who may benefit from further surgery, if any.

Despite active research on molecular markers in melanoma, Breslow
thickness of the primary melanoma tumour (PMT) and SLN status still
represent the most important parameters regarding prognosis and clinical
decision making. New tools are needed. These markers may be associated with
PMT, SLN, metastasis, or blood serum. Integrins are transmembrane
receptors known to facilitate cell-cell and cell-extracellular matrix adhesion.
Four integrins, a1p1, a2pf1, a10p1, and o111, comprise the subfamily of
collagen binding integrins. Integrins have a role in cell migration, tissue
invasion, and angiogenesis. Integrins promote primary tumour growth, are
involved in several steps in melanoma metastasis, and may be molecular
markers and drug targets. B-cell lymphoma 2 (Bcl-2) is an antiapoptotic
protein often deregulated in melanoma. The association of Bcl-2 with collagen
binding integrin expression in melanoma has not been established.
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Tumour burden of SLN is a valuable prognostic tool for both survival and
prediction of further metastases in CLND. The most common way to measure
this is the maximum diameter of the largest tumour deposit in SLN. The recent
abandoning of CLND and the rapid evolution of systemic therapy for advanced
melanoma have highlighted the role of SLN. Although SNB has become a
standard procedure, several controversies remain. Optimal number of lymph
nodes that should be removed in the procedure is debatable and various
criteria for defining SLN intraoperatively exist. The role of pelvic SLNs and
whether they ever represent true SLNs is unclear.

14



2 REVIEW OF THE LITERATURE

2.1 Brief history of melanoma

Descriptions of pigmented malignant lesions that frequently present with
distant metastasis have been reported since Hippocrates (460-375 B.C.) (4).
However, it was not until 1806, when the French physician Rene Laennec
described melanoma as a disease entity (5). In 1844, the English surgeon
Samuel Cooper described advanced melanoma as untreatable, and early
excision of the disease would be the only chance for cure (6). In 1892, Herbert
Snow and later in 1904 William Handley suggested removal of regional lymph
nodes in addition to wide excision of the PMT; this approach guided surgical
treatment of melanoma for over a half century (7, 8).

Improvements in histopathological examination, especially by Wallace
Clark (1966) and Alexander Breslow (1970), revealed that melanoma
prognosis of appeared to be a function of both tumour size and level of
invasion, with primary tumour thickness being the most significant measure
of size (9). This raised justified concerns about the extent of surgical treatment
for both excision and management of regional lymph nodes. A series of
prospective randomized trials failed to show survival benefit for prophylactic
or elective lymph node dissection (ELND) (10, 11, 12).

The term “sentinel” lymph node dates to at least as early as 1923 when
British surgeon Leonard R. Braithwaite studied lymph drainage from the
omentum (13). Ramon M. Cabanas used the term sentinel node to describe the
first lymph node to be involved in penile cancer (14). In 1992 Donald Morton
described SNB as a minimally invasive procedure for nodal staging and
selecting patients who may benefit from a CLND (1). A prospective
randomized trial, Multicenter Selective Lymphadenectomy Trial (MSLT-I)
commenced in 1994 to compare outcomes of patients who underwent local
excision and SNB with patients who underwent local excision and nodal
observation (15). Patients with a metastasis in SLN underwent CLND and
patients with a clinical nodal relapse underwent a therapeutic lymph node
dissection (TLND). The study showed that SLN status is the most important
prognostic factor for early-stage melanoma patients. Patients in the SNB
group had fewer recurrences than patients in the observation group.
Furthermore, among patients with intermediate-thickness (Breslow
classification 1.2—-3.5 mm) melanomas and nodal metastases, early SNB-
guided surgical treatment was associated with increased melanoma-specific
survival (MSS). Consequently, SNB remained a fundamental procedure in
treatment of melanoma patients. SNB became a standard treatment in
Helsinki University Hospital in 2000 (16).

Compared with SNB, the role of CLND was less clear and evidence of
survival benefit was lacking. The adverse events related to CLND were more
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apparent. Two large multicentre trials, De-COG and Multicenter Selective
Lymphadenectomy Trial II (MSLT-II) compared outcomes of patients with
positive SLNs who were randomized to CLND and follow-up subgroups (2, 3).
Both trials failed to show survival benefit from CLND. Based on these results,
routine CLND for patients with SLN metastases has been widely abandoned.
This and the rapid evolution of new targeted therapies and immunotherapy
for advanced disease have made the 2010s perhaps the most remarkable
decade in melanoma treatment (17, 18).

2.2 Epidemiology

The incidence rates of melanoma in 2020 ranged globally from <0.25 (per 100
000) in Southeast Asia to 36.6 in Australia (19). The incidence rate was 19.5 in
Finland. According to the Finnish Cancer Registry there where 1807 new
melanoma cases in 2019 (20). Of these patients 939 (52%) were men. Although
a slight decrease was observed in 2016, when 1909 new cases were reported,
incidence has been steadily rising from 1950s. Ultraviolet radiation due to sun
exposure is the most important driver of this increase (21). Traveling to sunny
locations and sunbathing have increased the risk of melanoma (22).

The age-standardized mortality rate of melanoma in Finland was 1.7 per
100 000 in 2020, which is consistent with the EU average.However, the
mortality rate in Finland has increased less since the 1980’s (20). This may be
due to early diagnosis and treatment advances.

2.3 Pathogenesis

The skin is the largest organ in the human body and consists of two layers, the
epidermis and the dermis. Melanocytes are scattered in the epidermis
normally surrounded by keratinocytes and produce pigment granules called
melanosomes, which contain melanin. Melanosomes are transferred from
melanocytes to keratinocytes upon UV radiation to protect against DNA
damage (23).

Transformation of melanocytes into metastatic melanoma is a complex
process that involves both endogenous and exogenous triggers. Normal
melanocytes divide only less than twice a year, but proliferation becomes more
rapid as the melanocytic neoplasm evolves (24). Point-mutations and copy-
number alterations also become more frequent. Melanomas are associated
with a particularly high mutational load. The mutations originate both directly
from UV radiation and indirectly from free radicals caused by the biochemical
interaction of UV with melanin (25). Although not all melanomas follow a
stepwise pattern from a benign nevus—dysplastic nevus—melanoma in situ—
invasive melanoma, the malignant transformation into melanoma requires
multiple pathogenic mutations. These affect genes in signalling pathways that
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regulate growth and metabolism, cell cycle control, proliferation, cell identity
and replicative lifespan. Despite the tumour heterogeneity, certain recurrent
mutations have been discovered (26). These common mutations differ slightly
depending on whether the skin where melanoma develops is chronically sun
damaged or not. The BRAFv600 mutation is commonly found on benign nevi
and further progression to melanoma requires secondary (e.g., mutation in
telomerase reverse-transcriptase [TERT] promoter) or tertiary (e.g.,
mutations in cyclin-dependent kinase inhibitor 2A [CDKN2A]) mutations.
Although mutations in phosphatase-and-tensin homologue (PTEN) and
tumour-protein 53 (TP53) are associated with metastatic melanoma
progression, a conclusive pattern of recurrent alterations for melanoma to gain
metastatic potential has not yet been identified (24, 25, 26, 27, 28).

While genetic and epigenetic changes are important, the tumour
microenvironment also plays a role in all stages of melanoma development.
The melanoma microenvironment differs significantly from that of the normal
skin and is altered further as the tumour advances from radial growth phase
to vertical growth phase and then to metastatic stage (29). The melanoma
microenvironment is very heterogenous, and rapid tumour growth produces
hypoxic regions that are associated with resistance to chemo- and radiation
therapies (30).

One of the key characteristics of tumour growth is immune evasion. This
may involve immune checkpoints, such as cytotoxic T-lymphocyte antigen-4
(CTLA-4) and programmed cell death-1 (PD-1). Immune checkpoints are cell-
surface proteins that control initiation, duration, and magnitude of immune
responses (31).

An advanced understanding of cancer genetics has spurred the
development of novel therapeutics (31). Most notably, immune checkpoint
inhibitors (ICI) targeting CTLA-4 and PD-1 have revolutionized the
management of advanced melanoma (18, 32).

2.4 Lymphatic system

The lymphatic system consists of lymph vessels or lymphatics, lymph nodes,
and lymphatic organ (e.g. spleen). Excess fluid from intercellular spaces of the
skin and other tissues is collected by the lymph capillaries. The fluid, now
called lymph, then passes on to small lymph vessels, which join to form larger
lymph vessels. The lymph vessels carry lymph to lymph nodes, which are small
glands consisting of lymphatic tissue. Histologically lymph nodes have a
capsule, cortex, and medulla. Lymph enters the node via afferent channels on
its convex surface to subcapsular sinuses. It then passes on to trabecular
sinuses and medullary sinuses, which become continuous with efferent lymph
channels that leave the node from the hilum.

In general, lymph passes through one or more lymph nodes before it enters
large lymph vessels (called lymph trunks) and eventually returns to the
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bloodstream. Lymph nodes play an important role in immune defence of the
body as they produce antibodies and lymphocytes. Most lymph nodes
responsible for the first-line drainage of the skin are in the neck, armpits, and
groin. However, lymph may also traverse lymph nodes outside these common
basins. Interval nodes are lymph nodes located between the primary tumour
site and recognized node fields (33). The lymphatic drainage of the lower limb
is illustrated in Figure 1.

As discussed in detail in later chapters, the lymph node or nodes receiving
direct lymphatic drainage from the primary skin tumour site is called a SLN.
After lymph has passed through the first node, it may continue to the next node
in the same lymph node basin or further down the stream. These nodes are
referred to as second, third, etc. -echelon or -tier lymph nodes.

Lymphogenous dissemination of cancer cells is typical of melanoma.
Accumulating cancer cells causes enlargement of affected lymph node(s),
which then present as a palpable tumour. This may be the first manifestation
of the disease or a sign of progression if melanoma has been diagnosed
previously. The cancer cells may also aggregate in lymph vessels (resulting in
in transit tumours) and block lymph vessels (thereby altering lymphatic
drainage).
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Figure 1. Lymphatic drainage of the lower limb. The superficial inguinal lymph node basin is the most
common site of first drainage. From below knee level there may also be drainage to popliteal lymph

nodes. © T. Vuoristo

2.5 Molecular markers

The diagnosis and treatment of melanoma are based on histopathological
parameters of the primary tumour and SLN. Due to advances in molecular
technologies in recent decades, there is a growing interest in new molecular
markers from the primary tumour, metastatic tumour (including the SLN
metastases), or blood serum to help prognosis and guide melanoma treatment.
Several markers previously known to participate in tumour progression and
metastasis have been analysed using RT-PCR and microarrays to discover
genes or gene panels to aid clinical decision making (34, 35, 36). In addition,
genome-wide evaluation of melanoma has identified several novel candidate
progression markers (26). The gene-expression profiles have been proposed
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to e.g. help identify melanoma patients with no clinically detectable
metastases who may or may not benefit from SNB (37). Despite considerable
efforts, the use of genetic alterations in prognosis and treatment of melanoma
remains limited (38). However, uncovering genetic alterations, such as BRAF
mutation, have already revolutionized melanoma treatment (17, 39). Several
commercial gene expression assays have been developed and their clinical
value is under investigation (40).

2.6 Integrins

Integrins are heterodimeric proteins that consist of different combinations of
18 « and 8 B subunits, which make up 24 heterodimers encountered in
mammals (41). Integrins play a role in the interaction between cells and
extracellular matrix (42). Subunits a1, a2, a10, and a11 combine with p1 to
form collagen receptor integrins. These integrins differ structurally from other
extracellular matrix-binding integrins because they have an additional
inserted (aI) domain through which they bind collagen. There are differences
in collagen binding, expression patterns, and signalling functions of collagen
receptor integrins. Integrin a1 typically binds to basement membrane type IV
collagen, whereas a2 prefers fibril-forming collagens (43). Integrin a1 is
mainly expressed on mesenchymal cell types and its signalling refers to cell
proliferation, whereas a2 is expressed mainly on epithelial cells, platelets, and
endothelial cells and is associated with matrix remodelling (44, 45). Integrins
«10 and a11 likely have a role in metabolism of bone and cartilage (46, 47).

Integrins have been associated with melanoma pathogenesis for some time
and several studies have shown their altered expression in melanoma
compared to benign nevi (48, 49). Integrins promote primary tumour growth
and are involved in several steps in melanoma metastasis. Integrin a2 is a
tumour progression antigen, and its expression is related to the aggressive
growth phase of melanoma (50). Integrins promote degradation of basement
membrane by increasing expression of matrix metalloproteinases (MMP) (51).
Integrins produce growth factors, such as fibroblast growth factor and vascular
endothelial growth factor which stimulate tumour angiogenesis (52). Recent
studies show that integrins participate in priming the premetastatic niche for
metastasis (53, 54).

Given their role in melanoma progression, integrins have motivated studies
on their usefulness in risk stratification and as possible therapeutic targets. In
a study by Meves et al., expression of genes with roles in epithelial-to-
mesenchymal transition including integrin f3 was associated with metastasis
in SLN (55). The authors suggested that combining a set of gene-expression
variables with clinicopathologic variables improves identification of patients
who may forgo SNB due to low risk of metastasis. 33 integrin H score did not
significantly improve prediction of SLN metastasis over Breslow depth and
patient age (56). Other studies have focused on integrin expression in
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circulating tumour cells and exosomes that have detached from the primary
tumour and reached peripheral blood, which may be a prognostic tool in the
future (57).

Both integrins and molecules that interact with them are promising
therapeutic targets. Several drugs targeting integrins have already been
developed (58, 59, 60). Although promising in preclinical studies, these drugs
are not as effective as monotherapy or when combined with standard
chemotherapy. It is hypothesized that novel combination therapies are needed
to target integrins at multiple levels.

2.7 Staging and lymph node status

The tumour (T), node (N), and metastasis (M) classification and staging play
a critical role in clinical decision making and treatment of melanoma patients.
The 8t edition of the American Joint Committee on Cancer (AJCC) staging
system was implemented in 2018 (61). The T category is defined by Breslow
thickness and ulceration status. The N category was refined in the 6t edition
of AJCC Staging Manual published in 2002, which acknowledged the nodal
micrometastases, which at the time and ever since represented the result of
SNB (62). In the 8th edition, micrometastases are redefined as “clinically
occult” opposed to “clinically apparent”, previously termed macrometastases.
As most national guidelines no longer recommend CLND after a positive SNB,
the N category is based on SNB for most stage II-11I melanoma patients (Table

1).
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Table 1. T (tumour) and N (node) categories and pathological stage groups for stages I-III
according to AJCC 8th edition melanoma staging system.

T Category

Presence of To Tia Tib T2a Tzb T3a T3b T4a T4b
Number of in-transit,
N tumour- satellite
Category involved and/or
° regional micro- <0.8mm
Iymph nodes satellite No
metastases =P <0.8mm
of

with
ulceration >1.0-2.0
or >1.0-2.0 >2.0-4.0 >2.0-4.0 5 BT
Without ‘with
ulceration ulceration

0.8-1.0 without

A ulceration ‘without
ulceration

A with
Ly s ulceration | ulceration
tumour ‘with or

‘without
ulceration

o O ) ) i L-

N/A A A mIA mic mIc mic
mic mc mic
mic mic mic

N/A A mIA mIA uic mic mic

1mic mic Imc mic

1mIc mIc 1mic 1c 1c mIc mic Ic 1mIc

N/A uic mic mc 1c mic nic mic

mic mic mic 1mc 1ic mic mic 1mc

1mIc mIc mic 1c 1c 1mIc mic 1mc

SNB = sentinel lymph node biopsy.

2.8 Diagnosis and treatment of melanoma
2.8.1 Signs and symptoms

Melanoma classically presents as a dark, asymmetric skin lesion with tendency
to grow and change shape. Sometimes the lesion may itch or bleed, but in most
cases the suspicion is based on its appearance, and the malignant lesion stands
out as an “ugly duckling” among the benign nevi. The ABCDE of melanoma is
a checklist of typical characteristics associated with malignant melanocytic
lesions, namely Asymmetrical shape, Border irregularities, Colour variation,
Diameter typically >6 mm, and Evolution of characteristics. Although these
criteria assist in clinical assessment, not all melanomas follow them.
Melanomas may appear as amelanotic, nodular lesions, and especially
subungual melanomas are often diagnosed late because they are easily
misdiagnosed as fungal infections or other more common diseases. Melanoma
may first present in advanced stage as a subcutaneous tumour or enlarged
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lymph node. In these cases, the primary tumour is often found in the skin
nearby. Sometimes the PMT remains unknown. It may have regressed, been
removed previously without histopathological assessment, or was
misdiagnosed.

2.8.2 Prevention and screening

Primary prevention is based on avoiding UV radiation, the only known risk
factor for melanoma (63). There have been public health campaigns around
the world to inform people about the risks of sun exposure. In the 1980’s the
Australian government launched a nationwide “Slip, Slop, Slap” skin cancer
prevention campaign to lower the high incidence rates of melanoma, and other
skin cancers. The campaign was successful, with an estimated 50 000 cancers
prevented and 1400 lives saved (64). The age-standardized incidence of
invasive melanoma has stabilized or declined in people aged under 60 years in
Australia (65).

Secondary prevention involves identifying at-risk individuals to detect
melanomas at an early stage. Thus far there is no evidence to support
population-wide screening of melanoma or other skin cancers. Regular
surveillance of high-risk individuals with history of pre-malignant or
malignant skin lesions (or both) is recommended in several clinical guidelines,
including Helsinki University Hospital guidelines (66).

2.8.3 Diagnosis

In most cases, the PMT is removed by physicians in primary care. Finnish
guidelines recommend diagnostic excision of the suspicious pigmented lesion
with 1-2 mm margins. Skin tension lines should be respected when planning
surgery. In the extremities, the excision should be directed axially. The wound
should be closed directly, and complex reconstruction avoided to mandate
likely further surgery and reliable SNB. Punch biopsy is generally not
recommended as it does not represent the entire lesion, and removal of the
residual tumour is mandatory for definite classification. In specific cases
including large lentigo maligna lesions located on the face, a punch biopsy is
acceptable.

Melanoma is diagnosed by histopathology. The pathology report should
include Breslow thickness, presence of ulceration, mitotic rate, and subtype of
melanoma (superficial spreading, nodular, acral lentigous, lentigo maligna
melanoma or another subtype). The margins of surgical excision should be
reported. The Clark classification is still widely used, although it is no longer
featured in the AJCC manual (61).

After melanoma has been diagnosed, the patient is examined to detect any
other suspicious skin lesions that should be excised. Lymph node basins are

23



palpated, and if enlarged nodes are discovered, and ultrasound-guided core
needle biopsy is taken. Ultrasound examination of lymph node basins is
routinely performed on patients with thick, >4 mm melanomas in Helsinki
University Hospital. Lymph node basins in neck, axillary, and groin areas are
examined. A needle biopsy is performed if any suspicious lymph nodes are
palpated or detected by ultra-scan.

2.8.4 Local and locally advanced disease

A vast majority of cutaneous melanomas are diagnosed at an early phase and
cured with surgical removal of the primary tumour. Tumour thickness and
ulceration are the most important prognostic parameters of the primary
tumour (61). When the tumour thickness exceeds 1.0 mm, the risk of nodal
involvement also increases and SNB is generally recommended. A high-risk
group of thin <1 mm melanomas can be determined by including ulceration
and mitoses as adverse parameters. SNB may be considered in Tib
melanomas, i.e. melanomas of 0.8-1.0 mm in thickness or <1 mm with
ulceration.

Approximately two thirds of melanoma patients with a recurrent disease
present with a locoregional recurrence (67). As discussed in the history
chapter, there have been several attempts to improve outcomes of melanoma
patients by surgically removing the adjacent lymph nodes. The locally
advanced disease may be apparent at the time of diagnosis if a lymph node is
palpable or detected with ultrasound. In patients with clinically occult nodes,
the locally advanced disease is observed in SNB. Patients with lymph node
metastasis undergo a whole-body computed tomography (CT) scan to discover
any distant metastases.

2.8.5 Wide excision

The PMT or excision scar is excised with surgical margins determined by
Breslow thickness. The recommended margins are 5 mm for in situ
melanomas, 1 cm for melanomas <1 mm, 1-2 ¢m for melanomas <1-2 mm, and
2 cm for melanomas >2 mm. When the primary tumour is on the face, margins
exceeding 1.5 cm are seldom used even in thick melanomas. Excision is
continued to the underlaying fascia (Figure 2). Studies comparing narrow (1-
2 c¢cm) vs. wide (3-4 cm) margins have shown slightly fewer local relapses with
wide margins, but no MSS benefit (68, 69). Currently, no prospective
randomized trials have compared 1 cm vs. 2 cm margins, but there is an on-
going multicentre trial which should clarify the matter (70). In melanomas
located in fingers or toes, including subungual melanomas partial amputation
is frequently necessary to attain acceptable margins (71).
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The excision wound can be closed directly in most cases. However, for the
face and distal extremities, reconstruction options, including skin grafts and
local flaps, may be needed for optimal functional or aesthetic result (or both).
The reconstructive methods (or lack of thereof) should not compromise
oncological safety; aiming for the recommended safety margins is essential
(72). Microsurgical flaps are rarely needed but may play a role e.g., in
reconstruction of weight-bearing areas of the foot. Lentigo maligna
melanomas present a surgical challenge, as they are typically located in the
face, are poorly delineated, and often large in diameter. Several re-excisions
may be needed to achieve proper safety margins. Local flaps are often the
preferred method for reconstruction on the face but should be delayed until
the required surgical margins have been histologically confirmed. In some
cases, a two-step procedure may be preferable, and the excision wound is left
open and reconstructed in a second procedure when the margins are clear.

fascia

Primary melanoma
tumour

T3

r=1-2cm

Figure 2. Wide local excision of primary melanoma tumour. a) Axially oriented elliptical incision is
planned around the tumour or previous excision scar with 1-2 cm margin as indicated by Breslow

thickness. b) Excision is continued to the underlying fascia. c¢) Direct closure of the wound. © T. Vuoristo
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2.8.6 Sentinel lymph node biopsy
2.8.6.1 Basis and principle

There are two popular hypotheses explaining the metastatic development of
melanoma. The first, the so-called incubator theory, assumes that melanoma
spreads through a cascade of orderly progression. According to this theory, the
disease will spread from the primary tumour site to the regional lymph nodes
before eventually developing distant metastases. The regional lymph nodes
serve as governors of disease. Based on this hypothesis, it was postulated that
there would be survival benefit from ELND. As discussed before, large,
randomized trials failed to demonstrate any survival benefit (11, 12). After the
results of these trials, it was postulated that the effect of the procedure was
diluted because 80% of the patients where node negative. A more specific way
of determining the nodal status was advocated, and eventually SNB was
developed (1).

The second hypothesis, the so-called indicator theory, hypothesizes that
melanoma undergoes a simultaneous lymphatic and hematogenous spread.
According to this theory, lymph node metastases are indicators, not governors,
of metastatic disease. In addition to the randomized controlled trials failing to
demonstrate survival benefit for ELND, there are more studies to support this
theory. For instance, in a study by Meier et al., of 466 melanoma patients,
50.2% had their first metastasis in regional lymph nodes, while 28.1%
presented with a distant metastasis as the first metastatic site. The time to
distant metastasis was almost identical in both groups (73).

As already discussed in the history chapter of this thesis, the tendency of
melanoma to metastasize to lymph nodes has been long known. Imaging
techniques have been unable to detect the smallest microscopic metastases
and ELND was too mutilating for a vast majority of patients. This was because
only the approximately 20% of patients had positive nodes and the lymphatic
drainage patterns, especially in head and neck and trunk, varied considerably.
Consequently, new ways of detecting possible lymph node metastasis were
advocated. The concept of the sentinel node had been established already in
the 1960s, but it was Donald Morton and his team that first published the use
of SNB in melanomas in 1992 (1). The idea was to inject a tracking dye at the
site of primary melanoma or excision scar. The dye then passed to the lymph
vessels and on to the lymph nodes, the first of which is now labelled as the
sentinel node. Originally Dr Morton used blue dye for intra-operative mapping
to visualize lymph vessels and nodes. In up to 82% of cases, at least one
sentinel lymph node was detected. The problem with using blue dye as the only
tracer was that information of the location of SLNs still relied on the patterns
of lymphatic drainage documented by previous studies. This problem was
solved by preoperative lymphoscintigraphy, which demonstrated the
lymphatic drainage and location of SLNs and thus, provided a roadmap for the
surgeon (74). Technetium-9gm-labeled radiocolloids soon became the tracer
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of choice for the procedure. A few years later the technique was considerably
refined when a handheld gamma probe was introduced (75). This made it
possible to locate the SLNs intraoperatively both in vivo and ex vivo. With this
combined technique, the number of patients that had at least one lymph node
detected went up to 95%. In the next decade SNB gained popularity around
the world and became a standard procedure.

Since 2000, SNB has been recommended for patients with intermediate
thickness and thick PMTs without evidence of metastasis in Helsinki
University Hospital. In 2006, SNB was included in Finnish national clinical
practice guideline for melanoma (76). Figure 3 presents the principle of SNB.

For more than two decades, it was recommended that patients with no
evidence of metastasis in SLN avoided further surgery, whereas patients with
a positive SLN underwent CLND (77). The MSLT-I secured SNB as a staging
tool but failed to show undisputed survival benefit for the procedure (78).
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Figure 3. Sentinel lymph node biopsy. a) Radiotracer is injected on both sides of the primary
melanoma tumour or excision scar prior to surgery. The radiotracer drains via lymphatic vessels to
lymph nodes, shown here in the right axilla. b) The lymph node basin is accessed through axillary
incision and a hand-held gamma probe is used to detect the sentinel lymph nodes. c¢) The sentinel lymph
nodes are removed and sent to the pathology work-up. Wide local excision is performed to remove the

primary melanoma tumour or previous excision scar. © T. Vuoristo

2.8.6.2 Patient selection

SNB is recommended for melanoma patients with primary tumour thickness
>1 mm and no clinically detectable metastasis. For thin melanomas, the
benefits of the procedure do not outweigh the drawbacks because the
likelihood of lymph nodes harbouring metastasis is low. Therefore, T1ia
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patients do not undergo the procedure. However, there is controversy
regarding T1b category patients, as the probability of a positive SLN is 5-10%
in this group. There is no consensus on whether to perform SNB routinely on
these patients, but most guidelines recommend that it should be discussed
with the patient if there are no contraindications to the procedure (79, 80). On
the other hand, SNB is recommended for thick melanomas >4 mm in Breslow
thickness (81). The risk of an advanced disease in this group is high and
theoretically thick tumours may have already metastasized into the lymphatic
vessels blocking them (82). This may alter the lymphatic flow and impair the
reliability of SNB, but there are no studies on melanoma patients to support
this theory.

2.8.6.3 Lymphoscintigraphy

Lymphoscintigraphy is normally performed a day before the operation or on
the same day. Radiotracer is injected intradermally on both sides of the
primary tumour or excision scar (Figure 4). A dynamic image is taken
immediately to discover lymphatic channels from the primary tumour site to
the lymph nodes. Static images are taken typically 30 minutes and 2 hours
after the injection. The static images show the location and number of lymph
nodes that have collected the radiotracer. Technetium-99m has been used as
the radionucleotide of choice because of its availability, relatively low cost, and
half-life of only 6 hours.

There are several different radiotracers in the market and there are
differences between countries in which tracer is used. Technetium-labelled
albumin is used mostly in Europe and Australia, whereas technetium-labelled
sulphur colloid is most popular in America (83). The choice of the radiotracer
impacts lymphoscintigraphy as different tracers have different dynamics. In
general, the technetium-labelled albumin produces more nodes visualized in
lymphoscintigram (84). This may help to find these nodes but increases the
risk of harvesting second echelon nodes.

After the images are taken, the SLNs are marked on the skin of the patient
with a pen. This is especially helpful in the neck and groin areas, where it
facilitates incision planning and prompt preoperative arrangements. It has
less impact in the axilla, where the incision is standard. Lymphoscintigraphy
reveals if there is lymphatic drainage to more than one basin, which is often
the case with melanomas of the trunk. It also helps detect interval and aberrant
SLNs (33). These lymph nodes outside the standard lymph node basins are
often located more proximal to the primary tumour site and represent the first
nodes (i.e., SLNs). These nodes may harbour metastases and must be excised
(85).

Currently, in many hospitals such as Helsinki University Hospital, a single-
photon emission computed tomography/computed tomography (SPECT/CT)
is performed to more precisely locate the SLNs (86). This assists the surgeon

28



in determining the exact anatomical location of the lymph nodes, and thus,
helps preoperative planning. The shortfall of SPECT/CT scan is that it
represents a static image and fails to differentiate the true SLNs from the
second echelon nodes (87).

ﬂ\l—ymph node basin Sentinel lymph node
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Figure 4. Sentinel lymph nodes and second-tier nodes. Radiotracer is injected on both sides of the
primary melanoma tumour. Radiotracer then drains to the lymphatic vessels and to the sentinel lymph
nodes. After passing the sentinel node it continues to the second-tier nodes. Similarly, blue dye may be
injected just prior to excision. The numbers on the lymph nodes indicate typical radioactivity counts
detected during the procedure. © T. Vuoristo

2.8.6.4 Surgical procedure

It is recommended that SNB is performed simultaneously with wide local
excision of the primary tumour or excision scar (88). The patient is marked
preoperatively. The skin tension lines are respected when planning the
incisions. The surgeon should also consider possible further surgery, including
CLND. The operation is usually performed under general anaesthesia,
although local anaesthesia may be sufficient in cases with superficially located
SLNs. Sometimes a combination of these is the most practical choice. For
example, when the primary tumour is on the back, the patient is first in a
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lateral or prone position and WLE is performed under local anesthesia. After
this the patient is positioned supine, and SNB is performed in general
anaesthesia. In this way, both operation time and the risk of displacement of
intubation tube while repositioning the patient may be reduced. At the
beginning of the procedure, the radioactivity count from the primary tumour
site should be measured, as this confirms the correct placement of radiotracer
injection. This is important especially when the patient has several scars from
prior surgeries and may not remember which was the site of melanoma. WLE
is performed first in most cases; this is recommended particularly in cases
where the radioactivity from the primary tumour site might disturb locating
SLNs. Blue dye, when used, is injected intradermally at the site of primary
tumour or scar just prior to surgery (15). The radioactivity is measured from
the site of SLNs before incision to confirm their location and to make necessary
refinements concerning the incision. The SLNs are located with a handheld
gamma detector and meticulously dissected. The ex vivo radioactivity counts
are recorded. All blue and radioactive lymph nodes are harvested until no focal
residual radioactivity remains (Figure 4). This is further discussed in the
definition of SLN chapter. The wound is closed directly. Most patients can be
discharged on the same day.

2.8.6.5. Histopathology

Following excision, the formalin-fixed SLNs are sent to the pathologist. Each
lymph node is embedded in paraffin and serially cut into 1-mm slices and
stained with haematoxylin and eosin. Immunohistochemical staining with S-
100, HMB-45 (human melanoma black), and MART-1 (melanoma antigen
recognized by T cells, also called Melan-A [melanoma tumour antigen]) is
performed. The length and width of the metastatic lesions are measured
(Figure 5). In Helsinki University Hospital, also the location of the metastasis
(subcapsular or parenchymal) within the lymph node is also reported. Refer to
the following chapter on tumour burden.

The use of frozen sections to detect SLN metastasis intraoperatively was
investigated especially in the CLND era (89). The rationale to use frozen
sections was to discover positive SLNs intraoperatively and continue with
CLND in the same session and thereby spare the patient from a second
operation. Because of the low frequency of positive SLNs and low sensitivity of
frozen sections, the routine use of frozen sections in SNB is not recommended
(90). After abandoning CLND as standard procedure, there is minimal use of
frozen sections in melanoma management.

Quantitative reverse transcriptase polymerase chain reaction (RT-PCR)
was introduced in the mid-1990s to facilitate more precise detection of the
smallest metastatic deposits in a SLN (91, 92). Several markers have been used
to detect melanoma-specific mRNA, including tyrosinase, MART-1, MAGE
(melanoma-associated antigen), GP100 (glycoprotein 100), GalNAc-T
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(beta1>4-N-acetylgalactosaminyl-transferase), and Pax3 (paired-box
homeotic gene transcription factor 3). Large multicentre trials, including the
Sunbelt Melanoma trial and MSLT-II included RT-PCR in the study protocol.
Despite the clear potential of this method, its clinical value remains unverified

(2,93).

Figure 5. Sentinel lymph node metastasis. The sentinel lymph node is stained with haematoxylin-eosin
(a). Immunohistochemistry reveals a metastasis that is positive for HMB-45 (b), MART-1 (¢), and S-100
(d). The maximum diameter of the largest metastatic tumour deposit is 2 mm and is indicated by the
yellow arrow (d).

2.8.6.6. Definition of SLN

Ever since SNB was described in the treatment of melanoma three decades
ago, there has been debate concerning the definition of a SLN. Morton
originally described the SLN as the first node draining the primary tumour site
(1). Later, when lymphoscintigraphy was adopted as a standard feature of the
procedure, Thompson described the SLN as any node or nodes that receive
direct lymph drainage from the tumour site (94). In clinical practice, it is
common that the lymphoscintigram displays several radioactive nodes. These
may not represent true SLNs but rather second-echelon nodes that have
received radiotracer after it has passed through the first node (Figure 4). It
may be difficult to determine intraoperatively whether a node is truly the first
node (i.e. SLN) or a second-echelon node. Therefore, several means of
determining the actual SLNs have been described. It has been suggested that

31



only two or three of the hottest nodes should be removed (95). In addition,
setting a radioactivity threshold is a common means to delineate the number
of nodes that should be removed. The most widely used method of selecting
lymph node is the 10% rule. According to this rule, all blue nodes and nodes
that have an in vivo radioactivity =10% than to the radioactivity of the hottest
node should be removed (96). This popular method also has its limits. The
number of nodes may still be quite large, and it is often difficult to measure
the radioactivity of the nodes in vivo especially when they are located close to
each other or are deep (e.g. in the pelvis). The most accurate way of
determining the SLNs would be a dynamic lymphoscintigram displaying the
lymphatic vessels clearly and would thus allow following them to the very first
node or nodes representing the true SLN. Indocyanine green has been
suggested as a tracer that can be used intraoperatively to follow the lymphatic
vessels to the SLN (97, 98). Thus far indocyanine green has not gained
popularity in clinical practice (99).

2.8.6.7. Pelvic SLN

In melanoma patients with a PMT in the lower extremities or trunk, the SLNs
are frequently located in the groin area (Figure 1). The lymphoscintigraphy in
most of these cases displays radioactive nodes superficially in the groin but
often also deeper in the pelvic or iliac/obturator area (100, 101, 102) (Figure
6). There have been cases in the literature where the lymphatic drainage from
the skin of the trunk and lower extremities flows directly to the deep nodes in
the pelvis (103). However, in most cases, these are second-echelon nodes, that
receive radiotracer after it has passed the superficial nodes, which in this case
represent the true SLNs (102). There are few studies investigating the clinical
relevance of these pelvic sentinel lymph nodes (PSLN) (103, 104, 105, 106).

The pelvic lymph nodes can be approached from the same incision as the
superficial nodes in the femoral area by continuing the incision in an S-shaped
fashion. Another approach is to make a separate incision above the inguinal
ligament (Figure 6). Regardless of the choice of entrance, the surgeon must
dissect through the inguinal ligament, between the abdominal muscles, or
both to reach the pelvic lymph nodes with a proper view. This adds
considerably to the surgical trauma and operational time, which raises the
question of whether harvesting pelvic lymph nodes is justified.

In the past, when CLND was the standard treatment after a positive SLN,
there was debate around the extent of CLND in the groin and pelvis. Some
argued that CLND should always include the pelvic lymph nodes, while others
would continue dissection to deep lymph nodes only if PSLNs or the most
proximal inguinal lymph node in the femoral sheet (called Cloquet’s node)
were positive (107, 108, 109, 110). However, the predictive value of Cloquet’s
node in studies is limited (111). More importantly, following the results of
MSLT-II and DeGOG trials, CLND has been omitted for most patients, and the
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extent of dissection is less relevant. Currently, a laparoscopic approach may be
the most feasible method in retrieving clinically metastatic pelvic lymph nodes
(112, 113).

\

lliac lymph nodes

Figure 6. Lymph nodes of the deep inguinal/iliac area. Rectangle indicates pelvic lymph nodes located
around iliac vessels proximal to the deep inguinal lymph nodes. The dashed lines indicate surgical

incisions commonly used in sentinel lymph node biopsy. © T. Vuoristo

2.8.6.8. False-negative SNB

A recurrent lymph node metastasis after a negative SNB is called a false-
negative SNB. The false-negative rate should be reported as the number of
cases with regional lymph node recurrence after negative SNB divided by the
sum of positive SNBs and cases with regional recurrences after negative SNB
(114). Studies have reported false negative rates of SNB of 10-30% (78, 115).
Lymphoscintigraphy, surgery, and histopathology comprise SNB and each of
these steps are susceptible to missing a metastatic node (116). Therefore, each
step should be of sufficient standard in a centre that performs SNBs. However,
other factors also play a role concerning the sensitivity of the method. Most
importantly, tumour biology may affect the result even though the technical
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performance at all stages would be of the highest standard. For instance, there
may be microscopic in-transit metastases that evolve to lymph node
metastasis at a later stage (82). The behaviour of melanoma cells may differ
from normal lymphatic flow and metastatic deposits may theoretically develop
in lymph nodes further down the stream.

Advancements in techniques in every step of SNB and the experience and
education of the personnel involved have reduced the number of false
negatives. However, as for every other clinical test, there will always be false-
negative results. It is essential to ensure that each stage of the procedure is at
the highest level and to discover new techniques to refine and increase the
sensitivity of SNB (117). The surgeon should attempt to remove all SLNs but
leave NSNs intact. It is important to remember that the purpose of SNB is to
be a staging tool with minimal morbidity, and a SNB resembling CLND should
be avoided.

Histopathological analysis has been refined over the years and clinical
trials require standardized protocols for sample evaluation. RT-PCR has
attracted attention as a promising adjunct to the histopathology to increase
sensitivity but currently not used universally (116, 118).

2.8.7 CLND

For more than two decades, CLND was a standard treatment for patients who
presented with a positive SLN (777). The rationale was to minimize the risk of
local recurrence by removing any additional metastatic lymph nodes (i.e.
positive non-sentinel lymph nodes [NSNs]) in the lymph node basin, and
consequently increase survival rate (15). Most guidelines recommended
dissecting the remaining lymph nodes of the basin from which the positive
SLN was removed. There was controversy regarding the extent of surgery,
especially in head and neck area, and groin, as discussed in the pelvic SLN -
chapter. The benefits of the procedure were questioned, as only 20% of
patients had metastases in NSNs. CLND is associated with significantly more
morbidity than SNB alone. Although adverse events such as infections, wound
dehiscence, seroma, and lymphoedema are associated with SNB, they are
much more frequent after CLND (119, 120, 121). A multicentre trial was
therefore warranted and two large, randomized trials were launched. The first
one published was the German DeCOG trial, which showed no difference in
MSS between the patients who underwent CLND and the follow-up group (3).
This study was initially criticized for having a relatively low number of
patients. However, the results of the largest trial MSLT-II were similar and the
popularity of CLND subsequently rapidly decreased (2). In the beginning,
there were doubts about abandoning CLND completely as some subgroups of
patients were underrepresented in the trials. The DeCOG trial did not include
patients with head and neck melanomas, and thick melanomas were
underrepresented in both trials. Therefore, it was postulated that there might
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still be a subgroup of patients who would benefit from the procedure. For
instance, many positive SLNs, large SLN metastasis, extracapsular extension
of SLN metastasis, thick primary tumours, or combinations thereof were
suggested to increase the risk of harvesting NSN metastasis, and patients with
these features might benefit from CLND for better local control. Thus far, no
subgroup of patients has been shown to benefit from CLND, and most present
guidelines do not recommend this procedure (79, 122, 123). The probability of
better local control does not justify the procedure for any subgroup of patients,
as most of them still do not have further metastasis in the CLND. Furthermore,
in MSLT-II study, SNB without CLND cleared the affected nodal basin in
>80% of patients, providing long-term local control of the disease (124). In
cases with a clinically detectable lymph node metastasis with no distant
metastasis (i.e. a node-only metastasis), dissection of the corresponding basin
is still considered standard treatment. Having a recurrence in the lymph node
basin rarely means complete loss of local disease control, but patients should
be directed to adequate follow-up to detect recurrences early.

2.8.8. Prognostic factors
2.8.8.1 Prediction of SLN metastasis

Several factors are associated with a positive SLN, including increasing
Breslow tumour thickness, presence of ulceration, increasing mitotic rate,
primary tumour located in trunk or lower extremity, and younger age of the
patient (125, 126). The Breslow thickness remains the most important factor,
as the decision to perform SNB is mainly based on this. Several risk calculators
based on large databases and known predictors of SLN status have been
developed to help select patients who may or may not benefit from SNB (127).
Clinicians can use these risk-prediction tools in decision making and
discussing the procedure with the patient.

2.8.8.2 Prediction of NSN metastasis

Before the results of DeCOG and MSLT-II trials, CLND was standard of care
for patients with a positive SLN (777). Considering the low frequency of NSN
metastasis and the adverse events of the procedure, it was of great interest to
predict the likelihood of additional metastasis in CLND specimens (128).
Factors reported to predict NSN positivity include Breslow tumour thickness,
ulceration, primary tumour regression, number of positive SLNs, SLN tumour
burden, and parenchymal location of the metastasis in SLN (129, 130, 131,
132). As with SNB, several risk-scoring systems were developed to help clinical
decision making. The N-SNORE is one the most renowned (133). It is
composed of gender (female = 0 points, male = 1), primary tumour regression
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(absent = 0, present = 2), proportion of harvested SNs involved in melanoma
(absent = 0, present = 2), maximum size of the metastatic deposit in SLN (<
0.5 mm = 0, 0.51-2.00 mm = 1, 2.01-10.00 mm = 2, >10.00 mm = 3), and
perinodal lymphatic invasion (absent = 0, present = 3). The sum of these
parameters, 0, 1-3, 4-5, 6-7, and =8, were associated with very low (0%), low
(5-10%), intermediate (15-20%), high (40-50%), and very high (70-80%) risk
of NSN, respectively. With accurate prediction of metastatic NSNs, it would be
possible to select low-risk patients who might be safely spared from the
morbidity of CLND. After the DeCOG and MSLT-II trials failed to demonstrate
survival benefit from CLND, the procedure was abandoned for most patients.
This also led to a paradigm shift. Instead of attempting to select patients for
whom the CLND could be omitted, the objective was redirected to identify
patients who might benefit from further surgery. In other words, attention was
focused on the patients with more tumour burden and highest N-SNOREs and
other risk scores.

2.8.8.3 Prognostic Factors for Survival

Increasing age, male gender, and PMT located in trunk or head and neck areas
are among the demografic and clinical factors associated with poorer
prognosis (134, 135). Breslow tumour thickness and ulceration are the most
important prognostic parameters concerning the PMT (134). Patients with
increased Breslow thickness and ulcerated primary tumours have poorer
prognosis. Breslow thickness and ulceration of the primary tumour constitute
the T category in the AJCC Melanoma staging manual (61). Satellites and in-
transit metastasis also predict poor survival and are included in the 8t edition
of AJCC manual defining the N category. Mitotic rate of the primary tumour
is also associated with poorer survival and is among the factors that
recommend SNB for patients with T1ib melanomas. However, the staging value
is debated, and mitotic rate was excluded from the 8t edition of the AJCC
staging manual. While tumour regression has also attractred interest as a
prognostic factor, its clinical value is unclear. The status of the SLN is the most
important prognostic factor in patients with no clinically detected metastasis
(78).

The number of metastatic lymph nodes constitutes the N category of the
AJCC manual. The metastatic load or tumour burden of the SLN also has
prognostic value and will be thoroughly discussed in the next chapter. The
presence of metastatic lymph nodes in the CLND specimen (i.e., positive
NSNs) represents an independent adverse prognostic factor. Although several
other markers have been investigated from the primary tumour, SLNs, and
bloodstream, thus far none have achieved popularity in clinical use.
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2.8.8.4. Predicting response to systemic therapy

Ever since systemic therapies were introduced in the treatment of advanced
melanoma, there has been a constant demand for prediction tools to select the
optimal treatment and identify patient subgroups who are likely to benefit
most. For decades, the systemic therapies had frustratingly minimal effect on
survival. The introduction of targeted therapies and checkpoint inhibitor-
based immunotherapy have revolutionized the field. Subsequently, it has
become more important to predict response and outcome. BRAF gene status
is routinely determined, whereas PD1 remains controversial (136, 137, 138).
For BRAFV6oo-negative patients, clinically validated next-generation
sequencing (NGS) panels covering key oncogenic drivers are increasingly
performed routinely (139, 140). Tumour mutational burden (TMB), defined as
the number of somatic mutations per megabase of genes studied, has been
used to predict response to immune checkpoint inhibitors (ICIs); cancer cells
with higher TMB or mutation rate are more likely to be recognized as foreign
by the immune system, thus improving the efficacy of immunotherapy (141).
High level of serum lactate dehydrogenase (LDH) activity remains a robust
indicator of poor prognosis and poor therapeutic outcome (142). Biomarkers,
such as a normal LDH and low disease burden, are predictors of a favourable
response to both ICIs and targeted therapy, and as such cannot be used to
select optimal treatment (142). New predictive tools are needed due to the
rapid evolution of new therapies.

2.8.9.5 SLN tumour burden

SLN tumour burden has prognostic value in both survival and predicting NSN
metastasis (129). Several means of measuring the metastatic load in SLN have
been described (131, 132, 143). The depth of invasion from the cortex of the
lymph node was described by Starz in 2001 and has proved to be a simple and
reliable substaging system (144, 145). Some studies have attempted to count
the surface area of metastasis and the ratio of the area compared to the area of
the lymph node (129, 146). The problem with this approach is that it requires
specific equipment and is affected by interobserver variability (143). The most
widely used method of reporting SLN tumour burden is the maximum
diameter of the largest metastatic tumour deposit in SLN (147)(Figure 5). This
straightforward way of measuring tumour load has gained popularity because
it is reliable and has less interobserver variability (148). The maximum
diameter of the SLN metastasis was further popularized by the Rotterdam
classification, which stratifies the maximum diameter into four classes (149).
Although there are not many studies comparing the different means of
measuring tumour burden, according to a study by Egger et al., the maximum
diameter of SLN metastasis prevailed (143). While SLN tumour burden is not
currently incorporated in the AJCC staging manual, its importance was
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discussed and it is recommended that the pathology reports should include the
maximum diameter of the SLN metastases (61). This should be reported at an
accuracy of 0.1 mm. Future staging manuals will likely include tumour burden
to refine the N category. SLN tumour burden has already been acknowledged
in adjuvant systemic therapy trials (39, 150).

2.8.9 Adjuvant therapy

Adjuvant treatment is considered for patients who have no evidence of
macroscopic metastasis but are at high risk of having microscopic metastasis
and developing recurrent disease. Before the development of novel therapies,
interferon-o was the first therapy shown to significantly improve disease-free
survival (DFS) and to impact overall survival (151). However, interferon-a is
associated with significant toxicity. ICI and targeted therapies are more
effective and better tolerated than interferon-a, and therefore interferon-a is
no longer recommended for adjuvant treatment of melanoma.

After showing successful results in metastatic melanoma, checkpoint
inhibitor-based immunotherapy has been tested as an adjuvant treatment of
patients with completely resected local or regionally advanced melanoma (18,
150, 152). Use of BRAF/MEK inhibitors in the adjuvant setting in patients with
completely resected locoregional metastatic melanoma has also been
successfully tested (39). Subsequently, national clinical guidelines have
adopted protocols that include immunotherapies and targeted therapies (79,
122, 123). In Helsinki University Hospital, dabrafenib plus trametinib
combination therapy may be offered as an adjuvant treatment for BRAFv6-
positive patients. Anti-PD1 adjuvant therapy may be offered to stage IIIB-IIID
melanoma patients and for completely resected stage IV disease for patients
without autoimmune diseases or significant comorbidities. The decision to use
adjuvant treatment is made in an interdisciplinary setting and the adverse
effects of drug therapy, especially with anti-PD1 therapy, must be carefully
weighed against the risk of recurrent disease.

Encouraged by these novel therapies, there is a growing interest towards
their use in the neoadjuvant setting and for stage IIB-C melanoma patients
(153, 154, 155). This has provoked discussion about a subgroup of patients for
whom SNB could be omitted and replaced with adjuvant therapy (156).

2.8.10 Radiotherapy

Melanoma is generally considered a radio-resistant disease. Radiotherapy is
not routinely considered as adjuvant therapy. In rare selected cases,
radiotherapy may be considered to improve local control or as palliative care
(157, 158). In Helsinki University Hospital guidelines, radiotherapy may be
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considered for selected patients with a massive tumour or multiple
recurrencies, for patients with positive surgical margins who are not suitable
for re-excision, or if there are multiple positive lymph nodes or extracapsular
extension after therapeutic lymph node dissection.

2.8.11 Isolated limb perfusion and T-VEC

Isolated limb perfusion (ILP) is a good therapeutic option for melanoma
patients with multiple recurrences or non-resectable disease limited to the
limb and no evidence of distant disease (159, 160). Before the procedure, the
blood circulation of the limb must be confirmed by a vascular surgeon. ILP is
indicated if there is a considerable and measurable tumour load in the limb
and not in the adjuvant setting. Melphalan is the drug of choice for this
procedure. More than 50% of patients respond to this therapy (160). In cases
with complete response, response may be durable (i.e. >2 years).

As an alternative to ILP, the oncolytic Talimogene laherperepvec (T-VEC)
and anti-PD1 antibodies may be considered. T-VEC is a genetically modified
herpes simplex 1 virus based oncolytic immunotherapy (161). It has been
approved by the United States Food and Drug Administration and European
Medicines Agency for the treatment of unresectable cutaneous, subcutaneous,
and nodal lesions in patients with recurrent melanoma after initial surgery
(162). The drug is injected intratumourally to replicate and stimulate anti-
tumour responses both locally and systemically. The adverse events that have
been reported are mild and easily reversible. T-VEC has been used both in
monotherapy and in combination with ICIs. In a recently published
multicentre trial, T-VEC combined with pembrolizumab did not significantly
improve DFS or overall survival than with pembrolizumab alone (163).
Ongoing trials are futher evaluating the clinical value of T-VEC.

2.8.12 Systemic and recurrent melanoma

Metastatic melanoma has a bad reputation; in the past, distant metastasis
indicated very poor survival. It was well recognized that at this stage, the
surgical procedures represented palliative therapy. However, the recent
renaissance of systemic therapies in melanoma has revolutionized the
treatment. This has also changed the surgical aspect in the advanced disease.
For patients with single or oligo metastasis, surgery still represents a valuable
treatment with a 100% response rate. Even in patients with a diffusely
metastasized melanoma, removal of large, bleeding tumours may provide
valuable palliative treatment.

ICIs and targeted therapy constitute the basis of systemic therapy for stage
IV melanoma patients. For BRAF-mutated melanoma, BRAF and MEK
inhibitors have been used as first-line treatment (17). A combination of BRAF
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and MEK inhibitors improved progression-free survival (PFS) compared with
single-agent BRAF inhibitor and resulted in reduced skin toxicity and
development of non-melanoma skin cancer lesions (164). Checkpoint
inhibitors against CTLA-4 (ipilimumab) and PD-1 (pembrolizumab and
nivolumab) have further improved systemic therapy for advanced melanoma,
and their efficacy both as monotherapy and combination therapy has been
tested in several trials (138, 165, 166). At present, both monotherapy with PD-
1 inhibitors and combination of ipilimumab and nivolumab are considered
standard of care. However, the field is rapidly evolving and treatments are
planned individually considering patient and tumour characteristics. Drug
resistance and immune-related adverse events are the main drawbacks with
the current standard treatments (167).

2.8.13 Follow-up

Although follow-up of melanoma patients after surgery depends on staging,
there is currently no international consensus on follow-up schedule (122, 168).
In Helsinki University Hospital, the follow-up guidelines states that in situ
melanomas usually do not require routine follow-up. Stage I melanomas are
directed for follow-up in primary healthcare. Stage IIA melanoma patients
visit the outpatient plastic surgery clinic for the first 2 years and then primary
health care for the remaining 5-year follow-up period. Stage IIB-IV patients
are followed in the department of oncology. The frequency and need for
imaging (e.g. CT scan) depends on staging. Furthermore, the follow-up
schedule may vary if a patient is recruited in a clinical trial. For instance,
patients in MSLT-II trial were followed according to a specific protocol (2).
The patients are informed about the lifetime risk of disease and advised to
contact their hospital whenever suspicious new lesions, tumours, or symptoms
develop between hospital visits.
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3

AIMS OF THE STUDY

The aim of this study was to investigate and report prognostic factors and
sentinel lymph node biopsy in patients with locoregionally metastasized

melanoma.

The specific aims were:

I

II

III

v

To investigate the role of collagen receptor integrins as prognostic
factors in patients with advanced melanoma.

To assess the prognostic value of SLN tumour burden in patients
with a metastasis in SLN and to evaluate the impact of SLN
tumour burden on survival and presence of non-sentinel node
metastasis.

To evaluate the impact of pelvic SLNs on survival and staging of
melanoma patients.

To analyse different criteria of selecting SLNs by radiotracer
uptake and blue dye and their impact on nodal staging and to
evaluate the association between SLN tumour burden and
radiotracer uptake.
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4 PATIENTS AND METHODS

4.1 Patients
Study I

The study population consisted of patients with metastatic melanoma who
were treated and followed up in Helsinki University Central Hospital between
December 1988 and January 1996. Originally, 102 patients participated in a
phase II study with combined chemotherapy consisting of dacarbazine,
vincristine, bleomycine and lomustine combined with natural leukocyte
interferon-a.. Approvals by the local ethics committees were obtained before
study initiation. All patients provided written informed consent. Of 102
patients, 30 patients provided frozen tissue samples of metastatic melanoma
tumour. Four patients were omitted due to poor quality of extracted tumour
RNA, resulting in a study population of 26 patients. The tumour samples were
taken when first recurrence after primary surgery was suspected. All samples
were collected before starting the chemoimmunotherapy.

Study IT

An electronic search using the QPATI database of the Department of Pathology
of Helsinki University Hospital for all patients who underwent melanoma re-
excision and SNB from January 2001 to December 2008 yielded 191 patients
with a metastatic SLN. Altogether 173 patients were included. Eighteen
patients were excluded for the following reasons: 8 patients presented with a
recurrent or metastasized disease at the time of SNB and 10 patients did not
have follow-up data available. Patients had a recently diagnosed melanoma
with Breslow thickness =1 mm, other high-risk histological features (Such as
ulceration), or both. Patients with Breslow thickness =4 mm were routinely
examined with ultrasound preoperatively to exclude clinical metastases.
Patients with no palpable tumours or metastasis detected by ultrasound
underwent wide local excision and SNB.

Study IIT

The study group consisted of 285 cutaneous melanoma patients whose
primary melanoma was in the lower limb or trunk with no clinically detected
metastases at the time of diagnosis and who underwent inguinal or iliac SNB
(or both) at Helsinki University Hospital between January 2009 and
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December 2013. The criteria for SNB included PMT Breslow classification > 1
mm, ulceration, or mitotic level >1/mma2.

Study IV

A total of 930 consecutive patients underwent SNB during the period 2001-08
at the Department of Plastic Surgery, Helsinki University Hospital, Finland.
The criteria for SNB were Breslow thickness of the primary tumour of 1 mm or
more or other pathological features suggesting a more aggressive behavior of
melanoma (i.e. ulceration and mitotic activity). Patients with no clinically
evident metastatic disease at the time of surgery, and with one or more
positive. (i.e. metastatic SLNs) were included. The inclusion criteria resulted
in 175 melanoma patients who had at least one positive SLN.

4.2 Tissue sample handling and total RNA isolation (Study
)

Tissue samples of melanoma metastasis were obtained when the first
melanoma recurrence was suspected. The samples were cut in half and one
part was put in liquid nitrogen and stored at -80°C. The other part was
formalin fixed for pathological diagnosis and immunohistochemistry analysis.
Of each sample, 50-150 mg was used for RNA isolation. The frozen samples
were cut into sections. The first and last sections were placed on a glass slide
and stained to confirm the tumour cells in the sample. The sections were then
put into TRIzol™ reagent and mechanically homogenized. Total RNA was
prepared with TRIzol™ reagent according to the manufacturer's instructions
(Life Technologies Inc., Carlsbad, California, USA).

4.3 Real-time quantitative PCR (Study I)

RT-PCR was performed using fluorescent probes (TagMan™, Applied
Biosystems, Waltham, Massachusetts, USA) as previously described. -actin
was chosen for an internal control and represents a housekeeping gene.
Forward and reverse primers and probes for a1, a2, and 11 integrins, and -
actin were designed using primer express software (PE Biosystems, Foster
City, California, USA). RT-PCR was performed in 96-well plates. In a final
volume of 10 pl, one well contained 5 pl of TagMan™ Universal PCR Master
mix (Applied Biosystems, Waltham, Massachusetts, USA), 2 ul of cDNA, 200
nm of probe, 300 nm of forward primer, and 300 nm of reverse primer. Three
parallel qRT-PCR samples were prepared from every cDNA. qRT-PCR was run
on a ABI PRISM 7700 or 7900HT sequence detection system (Applied
Biosystems, Waltham, Massachusetts, USA). Accumulation of PCR products
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was measured real time as an increase in fluorescence. The cycle threshold (Cr)
value was determined for each sample representing the cycle number in which
the detected fluorescence exceeds the threshold value. A constant threshold
value of 0.05 relative fluorescence units was used in all measurements. For
each sample Crintegrin and Crf-actin were determined as mean threshold values of
the triplicates. Cr value of integrins was normalized with the Crvalue for the
endogenous reference gene B-actin. The mean relative mRNA expression was
calculated for each sample using the following formula: relative expression =
22Cr, where ACr = Cyintegrin - Crbactin and presented as percentage by
multiplying the relative integrin expression by a factor of 100.

4.4 Immunohistochemistry (Study I)

Immunohistochemistry (IHC) of Bcl-2 protein was performed using a
streptavidin-biotin method, as described by Vlaykova et al. (169). Frozen
sections of tumour samples from the patients were also stained for expression
of a1 and a2 integrin. Samples from 22 patients were available for IHC, which
was performed using monoclonal anti-Bcl-2 mouse antibody (1:300; Clone
124, DAKO A/S, Glostrup, Denmark), monoclonal anti-c1 integrin antibody
(1:750, CD49a/ SR84; BD Pharmingen, Franklin Lakes, New Jersey, USA),
and a mouse monoclonal anti-¢.2 integrin antibody (1:1000 MAB 1950/P1E6;
Chemicon, Temecula, California; USA). Evaluation of Bcl-2 IHC was
performed blinded patient clinical history. Infiltrating lymphocytes, sweat
glands, and dermal papillae of hair follicles served as positive internal controls
for Bel-2 THC. Bcel-2 expression was analysed at a 100x magnification on a Leitz
Orthoplan microscope (Leitz Microscope, Ernst Leitz, Wetzlar, Germany) and
classified as negative, focal, or diffuse. In Bcl-2-positive tumours, the
expression pattern was considered “diffuse” when staining was seen
throughout the whole tumour, and “focal” when positive cells were observed
only in scattered aggregates of the specimens (169).

4.5 Lymphoscintigraphy (Studies II-1V)

Lymphoscintigraphy was performed on the day before surgery. Patients
received Technetium-9g9m-labelled colloidal albumin (Albu-Res/Nanocoll, GE
Healthcare, Amersham, UK) 80 MBq in a 0.2 ml injection intradermally into
the primary tumour site on both sides of the excision scar and then proceeded
to lymphoscintigraphy with static images at 30 min and 2 h after injection.
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4.6 Sentinel lymph node biopsy (Studies lI-IV)

For most patients in Studies IT and IV, blue dye was used to help visualize SLNs
intraoperatively. Blue dye (Patent Blue V, 1ml) was injected intradermally into
the site of the primary tumour just prior to surgery. The surgeon used a
gamma-detecting probe (Navigator, Tyco Health Care and Neo2000,
Neoprobe Corp.) intraoperatively and harvested all blue-stained or radioactive
nodes (or both) until no focal residual activity remained. To retrieve deep
pelvic lymph nodes, a separate incision on the abdominal wall was made in
most cases. The radioactivity count of each sentinel node was recorded. The
radioactivity counts of the primary tumour site and all harvested nodes were
collected prospectively from the beginning for research and quality-control
purposes. A specific form was completed for every patient undergoing SNB;
the form included date, primary tumour site and radioactivity, in vivo and ex
vivo radioactivity of harvested nodes, presence of blue dye for each node, and
residual activity of operated lymph node basins.

4.7 Histopathology of SLN and CLND specimen (Studies
l-1v)

Each SLN was sent for histopathological analysis. The nodes were embedded
in paraffin and serially cut into 1-mm slices and stained with haematoxylin-
eosin. Immunohistochemical staining with melanoma-specific antigens S-
100, Melan-A, and HMB-45 was performed. The length and width of the SLN
metastases were measured and the location of the metastases within the node
(i.e. subcapsular or parenchymal) was reported.

The CLND specimen was weighed, and half of each node was subjected to
histopathological analysis (haematoxylin-eosin). Immunohistochemistry was
not performed routinely. Metastases were recorded according to size in one
dimension and according to the number of positive nodes of all nodes in the
basin.

4.8 Follow-up (Studies I-IV)

The patients were routinely followed for a minimum of 5 years. Imaging was
performed regularly for high-risk patients according to hospital guidelines and
in case of clinical suspicion of recurrent disease. In Studies II-IV, patients who
were randomized to the MSLT-II trial were followed according to the MSLT-
IT study protocol (2). Hospital medical records were reviewed in detail and
follow-up data were retrospectively collected for each patient.
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4.9 Statistical analysis (Studies I-1V)

In Study I, cumulative survival curves for DFS, overall survival, survival from
the appearance of first metastasis and survival after initiation of
chemoimmunotherapy were drawn by the Kaplan-Meier method. The
difference between the curves was analysed by the Mantel-Cox (log rank) test.
The contingency tables analysed by the w2 test and Fisher’s exact test were
used to assess the correlation between integrin ¢ subunit expression and Bcl-
2 expression. The expression levels of the studied integrins were compared for
each sample by Wilcoxon signed-rank test. Correlations between integrin
levels were analysed using Spearman’s rank correlation test. To investigate the
correlation with survival parameters, the samples were dichotomized
according to the integrin expression levels. An optimal cutoff value was set for
each of three collagen receptor integrins. The most appropriate cutoff point for
dividing the expression levels of a integrin chains into two groups was defined
by assigning different values to the cutoff point and determining the
corresponding P-values, using the Mantel-Cox (log rank) test to analyse the
Kaplan-Meier survival curves. Kaplan-Meier survival curves were created to
visualize the difference between the two groups. This procedure of
determining the cut-off point, instead of using mean or median values, has
been described previously (170).

In Study II, DFS and MSS were calculated from the time of SNB until first
recurrence or death from melanoma, respectively, and censored if no such
events had occurred by the last follow-up. Different cutoff values for the
diameter of the largest metastatic focus were set to demonstrate the impact on
survival and to determine a high-risk group of patients for poor survival and
NSN positivity. The diameter of the largest metastatic focus was also analysed
as a continuous variable. Univariate analyses of survival were performed using
the Kaplan-Meier method and the log-rank test. Co-variables showing
statistical significance in univariate analysis were evaluated in a multivariate
Cox proportional hazards model. Due to multicollinearity of different tumour
burden parameters, separate analyses were performed. The hazard ratios,
confidence intervals, and P-values regarding age, gender, primary melanoma
thickness, and ulceration were obtained when using the median cut-off value
of 1 mm for the maximum diameter of SLN metastasis. x2 test and univariate
logistic regression model were used to test the association of various
parameters with NSN positivity. Factors with a significant univariate
association were analysed in a multivariate logistic regression model.

In Study III, the clinicopathological co-variables of patients with and
without PSLNs and patients with and without positive SLNs were compared
using a x2 test for categorical variables and Mann-Whitney U test for
continuous variables. A multivariable logistic regression model was applied to
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analyse predictors of PSLNs, positive SLNs and positive PSLNs. PFS and MSS
were calculated from the time of SNB until first recurrence or death from
melanoma, respectively, and censored if no such events had occurred by the
last follow-up. Univariable analyses of survival were performed using the
Kaplan-Meier method and the log-rank test. Covariables showing statistical
significance in univariable analysis or considered to be of clinical importance
were evaluated in a multivariable Cox proportional hazards model. No
violation of proportional hazards assumption was found. To elucidate any
impact of melanoma staging according to the 8t edition of AJCC staging
manual, the TNM classification and stage grouping of patients with the staging
based solely on harvested SSLNs (where no PSLNs had been removed) were
compared.

In Study IV, statistical analysis was performed by 2 test for categorical
variables and Mann-Whitney U test for continuous variables.

In Study I, the RT-PCR results and clinical data were analysed using the
StatView package for Windows, version 4.53 (Abacus Concepts Inc., Berkley,
California, USA). In studies II-IV, SPSS version 25 (IBM, Armonk, NY, USA)
was used to perform statistical analyses. In all studies, P-values <0.05 were
considered statistically significant.
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5 RESULTS

5.1 mRNA expression of collagen receptor integrins in
patients with advanced melanoma (Study 1)

The patient characteristics of Study I are presented in Table 2. The quantity of
a1, ¢2, and a11 in advanced melanoma was determined with RT-PCR, and
mRNA expression of a1 and a2 was higher than a11. The expression levels of
different integrins are not strictly comparable due to differences in
primer/probe sets, and RT-PCR is most useful when expression levels of the
same gene are compared between different samples. Despite these limitations,
the expression level of c11 integrin was significantly lower than those of .1 and
a2 (P<0.001).

The immunostained frozen sections of tumour samples showed that a1
integrin was expressed in melanoma cells and vessels while «.2 integrin was
expressed mostly in tumour cells. We compared a1 and a2 THC results with
PCR results and observed that patients with higher integrin mRNA expression
also had higher expression of THC in their tumour cells. In this study, these
integrins were more positive in tumour cells than in stroma.

5.2 Impact of mMRNA expression of collagen receptor
integrins on survival in patients with advanced melanoma
(Study I)

High expression levels of a1, a2, and a.11 each predicted poor outcome after
initiation of chemoimmunotherapy. Integrin c2 had impact on overall
survival. The median overall survival was 53 months in patients with low a2
expression levels and 35 months in patients with high a2 expression
(P=0.033). Expression of a1 and a11 showed no statistically significant impact
on overall survival. However, low levels of both a1 and 11 integrins predicted
improved survival after beginning of treatment and first metastasis.

The focal Bcl-2 expression pattern was associated with a poorer prognosis
than that of diffuse expression or a lack of Bcl-2 staining (P < 0.001)(169).
Similarly, low median mRNA expression levels of integrin c.2 and c.11 chains
were associated with diffuse Bcl-2 protein expression. Tumours with high
median a1 or a2 integrin mRNA levels were mostly related to tumours
negative for Bcl-2, or with only focal Bcl-2 expression patterns.
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Table 2. Study I patient characteristics.

Patients 26
Gender

Female 8
Male 18
Age at time of melanoma diagnosis (years)

Median (range) 51 (30-74)
Location of primary melanoma

Head and neck 2
Trunk 12
Upper limb 4
Lower limb 8
Stage

I1I 12

v 14
Karnofsky performance status index?

70 1

90 12
100 12
Number of organs with metastases:

1 13

2 9

23 3
Visceral metastases?

Yes 12

No 13
Serum LDH=

<450 U/1 (normal) 18
2450 U/1 (high) 7
Disease-free survival (months)

Median (range) 11.8 (0.4-200.0)
Overall survival (months)

Median (range) 40.7 (7.5-204.2)
Survival from first metastasis (months)

Median (range) 26.4 (1.4-131.8)

Survival after initiation of chemoimmunotherapy (months)
Median (range) 11.2 (0.9-103.7)
Treatment response to DOBC-IFN-a therapy
Complete response

Partial response
Stable disease

bk 00

Progressive disease

DOBC=dacarbazine, vincristine, bleomycin and lomustine; IFN=interferon; LDH=lactate
dehydrogenase
aAt the beginning of chemoimmunotherapy
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5.3 SLN tumour burden as prognostic factor for survival
(Study 1)

Of the study population of 173 patients in Study II, 150 patients underwent a
subsequent CLND and 23 did not for the following reasons: randomized into
the follow-up group of the MSLT-II trial (n=10), refusal (n=7), poor general
condition (n=5), metastasis in an interval node (n=1).

The median follow-up was 8.3 years (100 months, range 4-189 months).
The overall 5-year DFS and MSS were 55.3% (SE 0.04) and 67.4% (SE 0.04),
respectively. Altogether 80 (46%) patients had recurrent disease during
follow-up. Seventy-nine patients (46%) were alive at the last follow-up, 66
(38%) had died due to melanoma, and 28 (16%) had died from another cause.

The median primary melanoma thickness was 2.5 mm. The median
number of harvested SLNs was 4. The average number of positive SLNs was
1.5 with a median of 1 (range 1-6). Mean diameter of the largest metastatic
focus in SLN was 2.1 mm, with a median of 1.0 mm (range 0.05-15 mm). The
location of SLN metastasis was parenchymal in 107 patients (62%) and
subcapsular in 66 patients (38%).

The most important adverse prognosticators for survival were older age,
increasing primary melanoma thickness, presence of ulceration, increasing
maximum diameter of SLN metastasis, parenchymal location of the SLN
metastasis, increasing number of positive SLNs, and presence of positive
NSNs in univariate analysis. In multivariate analysis, maximum diameter of
SLN metastasis, number of positive SLNs (>2), location of metastasis within
SLN, and presence of positive NSNs remained independent prognosticators
for survival. Maximum diameter of SLN metastasis was also analysed as a
continuous variable and was a powerful prognosticator for survival in both
univariate and multivariate analyses (P<0.001).

The location of the primary tumour was not a significant prognosticator for
survival. Neither the number of removed nodes nor the ratio of positive SLNs
to harvested SLNs had significant prognostic value.

The diameter of the SLN metastasis was an independent prognostic factor
both as a continuous variable (P<0.001) and with every cutoff value (0.2 mm,
0.3 mm, 1 mm, 2 mm, 3 mm, and 4 mm) tested. Patients with smaller
metastases had better outcomes in all subgroups according to diameter.
Patients with a metastasis diameter <0.2 mm had 77.0% (SE 0.08) 5-year DFS
(P=0.035) and 86.2% (SE 0.06) 5-year MSS (P=0.042). Conversely, patients
with metastasis of >4 mm had 33.6% (SE 0.10) 5-year DFS (P=0.003) and
38.5% (SE 0.10) 5-year MSS (P<0.001) (Figure 7). Cut-offs at 3 mm and 4 mm
significantly delineated the subgroup of patients with shortest DFS, MSS, and
OS. This is evident in Figure 7, which shows Kaplan-Meier-estimated MSS and
DFS according to maximum diameter of SLN metastasis with cutoffs at 1 mm
(Figure 7a-b) and with cutoffs at 0.5 mm and 4 mm (Figure 7 c-d).

Parenchymal location of metastasis within SLN was an adverse
prognosticator for survival. Patients with SLN metastases located only in the
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subcapsular area had more favourable outcome, with 64.7% (SE 0.06) 5-year
DFS (P=0.068) and 84.1% (SE 0.05) 5-year MSS (P=0.007). For patients with
parenchymal metastases, the 5-year DFS and MSS were 49.4% (SE 0.05) and
56.9% (SE 0.05), respectively.

Patients with three or more positive nodes had poorer outcomes. The 5-
year DFS and MSS for patients with three or more positive SLNs were 20.9%
(SE 0.10) and 43.2% (SE 0.12), respectively. For patients with less than three
positive SLNs DFS and MSS were 59.3% (SE 0.04) and 70.3% (SE 0.04),
respectively (P<0.001).
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Figure 7. Kaplan-Meier plots of progression-free survival and melanoma-specific survival according to
sentinel lymph node (SLN) tumour burden. In (a) and (b), the cutoff is set at 1 mm, which represents the
median value of the maximum diameter of SLN metastasis. In (c) and (b), cutoffs at 0.5 mm and 4 mm
clearly delineate low-risk and high-risk subgroups. SNB = sentinel lymph node biopsy.
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5.4 NSN metastasis - predictive factors and prognostic
value (Study Il)

Of 150 patients who had a subsequent CLND, 17 (11%) had additional
metastatic lymph nodes in the CLND specimen. The number of positive NSNs
was 11in 14 cases (82%), and 2 in one case (6%), and 3 in two cases (12%).

The strongest predictive parameters of positive NSN’s in univariate analysis
were the diameter of the largest tumour foci in SLN, number of positive SLNs,
and location of metastasis in SLN. Of patients with diameter of SLN metastasis
>4 mm, 36% and of patients with SLN metastasis < 4 mm 7% had one or more
positive NSNs (p<0.001). Of patients with three or more positive SLNs, 29%
and of patients with less than three positive SLNs 9% presented with further
positive nodes in CLND (p=0.013). Of patients with parenchymal SLN
metastasis, 15% had NSN metastases compared with 5% of patients with
subcapsular SLN metastasis (p=0.040).

In multivariate analysis, the maximum diameter of SLN metastasis — both
as a continuous variable and with cut-offs >2 mm — and the number of positive
SLNs (>2) were the most important prognosticators for NSN metastases.

Presence of additional metastatic lymph nodes in the CLND specimen
predicted an unfavorable outcome. Patients with positive NSNs had 18.8% (SE
0.10) 5-year DFS and 26.9% (SE 0.12) 5-year MSS and patients without
positive NSNs 58.0% (SE 0.04) and 70.5% (SE 0.04), respectively (p<0.001).

5.5 Presence and predictive factors of pelvic sentinel
lymph nodes and SLN metastasis (Study lil)

The median age of the study population of 285 patients was 58 years and two-
thirds were female. The PMT was in the lower extremity (i.e. in or below the
thigh) in 78% of cases.

The median follow-up was 6.1 years. Of 285 patients, 62 (21.8%) had
recurrent disease. The type of recurrence was local in 28 (45%), regional in 13
(21%), and systemic in 21 (34%) patients. All 285 patients had at least
superficial femoral/inguinal SLNs. The median number of removed sentinel
nodes was five (range 1-16). In addition, 199 patients (70%) also had PSLNs.
The median number of PSLNs was three (range 1-7). The most radioactive
node was superficial in 183 cases (92%).

Of all 285 patients, 63 (22%) had metastases in one or more SLNs. Seven
patients (2.5% of all patients and 11% of those with positive SLN) had positive
PSLNs. A single patient had metastases solely in PSLNs, while superficial
SLNs remained negative.

Of 63 patients with positive SLNs, 39 (62%) had a subsequent CLND. The
reasons for not undergoing CLND were as follows: randomized to MSLT-II
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follow-up group (n=19), patient refusal (n=4), and contraindicated due to poor
general health (n=1). In four cases (10%) metastatic lymph nodes were
detected in the CLND specimen. The CLND was continued to the
iliac/obturator area in 4 patients (10%) with positive pelvic SLNs. In this
group, the patients had no further positive nodes in the CLND specimen.

Table 3 presents the baseline characteristics for 285 patients in Study III
stratified by presence of PSLNs, for 199 patients with PSLNs stratified by
presence of positive SLNs. Table 4 presents the characteristics of 63 patients
with positive SLNs stratified by presence of pelvic SLNs and positive pelvic
SLNs.

The location of PMT was predictive of pelvic SLNs, as they were more
frequently harvested when the PMT was located below knee level. The number
of SLNs and PSLNs was also higher when PMT was located below knee level.
Mean PMT thickness was higher in the group with pelvic SLNs. Other
parameters, including ulceration, were not predictive of pelvic SLNs.

PMT thickness and ulceration were predictive of positive SLN. The number
of harvested nodes (P=0.58), the presence of PSLNs (P=0.54), or the number
of harvested pelvic nodes (P=0.33) had no impact on SLN status.

Radioactivity count of the SLNs was a predictor of positive PSLNs. When
the radioactivity count of the PSLNs was equal or greater than the hottest
superficial SLN it was more likely to harbour metastasis. In multivariate
analysis, radioactivity count was the only significant predictor of positive
PSLNs. The likelihood of positive PSLNs was greater when the PMT was in the
foot (P=0.05). Interestingly, however, all 12 patients with PMT in their toe
presented with PSLNs, but none of these patients had positive PSLNs. Age,
PMT thickness, ulceration, and number of SLNs were not predictive of positive
PSLNs.
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Table 3. Clinical and histopathological characteristics of 285 patients by presence of PSLNs
and 199 patients with PSLNs by presence of positive SLNs

Number of patients
Age (years) Mean
Median
(Range)
Gender Male
Female
Location of primary Trunk, groin,
tumour or buttock
Thigh
Leg or ankle
Foot
Breslow thickness (mm) Mean
Median
(Range)
Ulceration Yes
No
Unknown
Number of SLNs Mean
Median
(Range)
Number of pelvic SLNs Mean
Median
(Range)
Most radioactive SLN Superficial
Pelvic
Patients with positive SLNs
Follow-up time in years, mean
Recurrent disease
Groin recurrence

Vital status, Alive

Values in parentheses are percentages unless indicated otherwise. SLN = Sentinel lymph node, PSLN = pelvic

All patients
All

285

57

58 (20-90)

93 (32.6)
192 (67.4)

60 (21.1)

89 (31.2)
86 (30.2)
50 (17.5)

2.2

1.5 (0.4-11)

67(23.5)
208 (73.0)
10(3.5)
5.1

5(1-16)

1.9

2(0-7)

269 (94.4)
16 (5.6)
63 (22.1)
6

62 (21.8)
16 (5.6)

225 (78.9)

No PSLNs
86
55

58 (20-86)

32(37.2)
54 (62.8)

28 (32.6)

33(38.4)
15 (17.4)
10 (11.6)
1.9

1.3 (0.4-8)

20 (23.3)
64 (74.4)
2(2.3)
2.7

2 (1-8)

21(24.4)
57

18 (20.9)
2(2.3)

72 (83.7)

PSLNs
199
57

58 (20-90)

61(30.7)
138 (69.3)

32 (16.1)

56 (28.1)
71(357)
40 (20.1)
2.4

1.5 (0.5-11)

47 (23.6)
144 (72.4)
8(4.0)
6.2

6 (2-16)

2.7

3(1-7)

183 (92.0)
16 (8.0)
42 (21.1)
6.5

44 (22.1)
14 (7.0)

153 (76.9)

sentinel lymph node, SLN+ = positive sentinel lymph node

54

P-value

<0.001

<0.001

0.54

Patients with PSLNs

No SLN+ SLN+

157 42

57 58

58 (21-90) 60 (20-88)
52(33.1) 9(21.4)
105 (66.9) 33(78.6)
27 (17.2) 5(11.9)
44 (28.0) 12 (28.6)
59 (37.6) 12 (28.6)
27(17.2) 13 (31.0)
1.9 4.0

1.3 (0.5-11) 3.5(0.6-11)
25 (15.9) 22 (52.4)
124 (79.0) 20 (47.6)
8(5.1) -

6.1 6.7

6 (2-15) 6 (2-16)
2.6 3.1

2(1-7) 3(1-7)

144 (91.7) 39 (92.9)
13 (8.3) 3(7.1)

- 42 (100.0)
5.7 6.5

19 (12.1) 25(59.5)
4(2.5) 10 (23.8)
131 (83.4) 22 (52.4)

P-value

0.75

0.14

0.22

<0.001

<0.001

0.30

0.81

<0.001

<0.001

<0.001



Table 4. Clinical and histopathological characteristics of 63 patients with positive SLNs by
presence of PSLNs and presence of positive PSLNs

Number of patients

Age (years)

Gender

Location of primary

tumour

Breslow thickness

(mm)

Ulceration

Number of SLNs

Number of PSLNs

Number of SLN+

Most radioactive
SLN
Completion lymph

node dissection

Mean
Median
(Range)
Male
Female
Trunk, groin
or buttock
Thigh

Leg or ankle
Foot

Mean
Median
(Range)
Yes

No

Mean
Median
(Range)
Mean
Median
(Range)
Mean
Median
(Range)
Superficial
Pelvic
Positive

Negative

Follow-up time in years, mean

Recurrent disease
Groin recurrence

Vital status, Alive

Values in parentheses are percentages unless indicated otherwise. SLN = Sentinel lymph node, PSLN = pelvic

All
63
57

60 (20-88)

16 (25.4)
47 (74.6)

12 (19.0)

18 (28.6)
18 (28.6)
15 (23.8)
3.6

3.0 (0.6-11)

30 (47.6)
33 (52.4)
5.3

5(1-16)

2.1

2(0-7)

17

1(1-7)

60 (95.2)
3(4.8)

4

35

5.2

33 (52.4)
11 (17.5)

39 (61.9)

No PSLNs
21
56

58 (20-81)

7(33-3)
14 (66.7)

7(33.3)

6 (28.6)
6 (28.6)
2(9.5)
2.9

2.5(1.1-8)

8(38.1)
13 (61.9)
2.7

2(1-7)

17

1(1-4)

21 (100)
2

10

5.4
8(38.1)
1(4.8)

17 (80.6)

PSLNs
42
58

60 (20-88)

9(21.4)
33(78.6)

5(11.9)

12 (28.6)
12 (28.6)
13 (31.0)
4.0

3.5 (0.6-11)

22 (52.4)
20 (47.6)
6.7

6 (2-16)

3.1

30-7)

17

1(1-7)

39(92.9)
3(7.1)

2

25

5.1

25 (595)
10 (23.8)

22 (52.4)

P-value

0.77

0.31

<0.001

0.95

0.38

No PSLN+
56
57

60 (20-84)

15 (26.8)
41(73.2)

11 (19.6)

17(30.4)
17 (30.4)
11 (19.6)
3.6

3.0 (0.6-11)

26 (46.4)
30 (53.6)
5.1

4 (1-16)

1.5(0-7)

1.4

1(1-4)

34(97.1)
1(2.9)

3

31

5.3

27 (48.2)
7 (12.5)

36 (64.3)

PSLN+
7
56

52 (37-88)

1(14.3)
6(85.7)

1(14.3)

1(14.3)
1(14.3)
4(57.1)
3.9

4.5(1.4-6.3)

4(57.1)
3(42.9)
7.1

8(4-9)

3.9

3(2-7)

3.7

3(2-7)

5(71.4)
2 (28.6)
1

4

4.6
6(85.7)
4(57.1)

3(42.9)

sentinel lymph node, SLN+ = positive sentinel lymph node, PSLN+ = positive pelvic sentinel lymph node

55

P-value

0.56

0.18

0.47

<0.001

0.02

0.51
0.17
0.003

0.27



5.6 Impact of PSLNs on outcome and staging (Study Ill)

In both univariate and multivariate analyses, age, PMT thickness, ulceration,
PMT location in foot, and positive SLNs were the strongest prognosticators for
survival. The presence of PSLNs had no impact on PFS or MSS. The number
of harvested pelvic nodes also did not affect PFS or MSS (P=0.44 and P=0.25,
respectively). In 63 patients with positive SLNs, patients with positive PSLNs
showed a trend towards shorter PFS; there was no difference in MSS.

Fourteen patients had a groin recurrence during follow-up; 4 of these
patients simultaneously presented with a systemic disease. Four patients with
no SLN metastases had a groin recurrence, suggesting a false-negative rate of
6.0%. Two patients who underwent a superficial CLND developed metastases
in pelvic nodes later in follow-up. PSLNs of six and three nodes, respectively,
were negative in the previous SNB for both patients.

When we compared the TNM classification and stage grouping of the
patients to the staging based solely on harvested superficial SLNs, we
discovered that for 283/285 patients the staging remained the same. The N
category would have changed in 6/7 patients who had positive PSLNs. The
patient who had metastases only in PSLNs would have been upstaged from ITA
to IIIB group. In addition, one patient would have been upstaged from IIIC to
ITID group.

Of the overall study group, 74 patients (26%) and 52 patients (21%) who
did not undergo CLND presented with lymphoedema during follow-up. In
multivariate analysis, female sex, location of PMT (i.e., foot), and total number
of SLNs harvested were prognosticators for lymphoedema. No difference in
lymphoedema was present between patients who had PSLNs removed and
those who had not. A seroma after SNB was present in 132 patients (46%). No
predictive covariates were discovered and no difference between groups
emerged regarding the presence of PSLNs.

5.7 Radiotracer uptake and status of SLNs (Study IV)

Study IV included 175 melanoma patients; among these, at least one SLN was
positive and a total of 783 SLNs were sampled from 221 lymph node basins. A
total of 133 patients had operation on just one basin. Of the 221 basins, 188
(85%) harboured one or more metastatic nodes. Of the 175 patients, 163 (93%)
had a single positive basin, 11 (6%) had two positive basins, and a single patient
had three positive basins. The median number of SLNs per patient was four
(range 1-15). At least two nodes were removed in 160 (91%) cases. Altogether
270 (35%) nodes were positive (mean positive nodes per patient 1.5). Of the
175 patients, 67 (38%) had more than one positive SLN.
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The hottest node (node with the highest radiotracer uptake measured by
radioactivity count) was positive in 137 (78%) patients. When the hottest node
was negative, the second hottest node was positive in 26 (14%) cases, the third
hottest node in 4 (2.3%) cases, and other less active node in 8 (4.6%) cases,
(Figure 8). Patients with less tumour load (i.e. lower Breslow thickness
[P=0.011], smaller diameter of SLN metastasis [P<0.001], fewer positive
SLNs [P<0.001] or combinations thereof) were less likely to present with a
metastasis in the hottest node.

For the 38 patients with a negative hottest node, the median ratio of the
radioactivity of the most radioactive positive node versus the radioactivity of
the hottest node was 0.46 (range 0.02-0.96).

150

75

Number of patients

4

1 2 3 >3
Order of the most radioactive positive SLN

Figure 8. Order of the most radioactive or hottest positive SLN in 175 patients of study IV according to
radiotracer uptake. Number 1 represents 137 patients with a positive hottest SLN. Numbers 2 and 3
represent patients with a negative hottest SLN who presented with a metastasis in the second or third
hottest SLN, respectively. In eight cases (indicated by >3), the three of the most radioactive SLNs were

negative and a less radioactive node harboured metastasis. SLN = sentinel lymph node.

5.8 Blue dye (Study IV)

Of all 783 lymph nodes, 220 (28%) were blue stained; the corresponding value
of the 2770 positive nodes was 125 (46%). In 57 (33%) patients, no blue dye in
SLNs was detected. Of 118 patients with any blue dye in SLNs, 104 had blue-
stained metastatic SLNs, all of which were also radioactive. In 87 cases, the
hottest node was blue and positive. In 15 patients, the hottest node was
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negative, but the hottest positive node was blue. In three of these 15 patients,
the radioactivity of the positive node was <10% of the hottest node. Two
patients had a positive hottest node with no blue dye but another less
radioactive positive blue node. In 14 patients blue dye was found only in non-
metastatic lymph nodes, and 10 of these patients presented with a blue but
negative hottest node.

5.9 Various criteria for SLN (Study V)

Table 5 presents different criteria set for a SLN to test their impact on miss
rate of positive nodes and nodal and overall staging of patients according to
the 8t edition of AJCC staging manual (61). By removing the hottest node
only, 114 (42%) of all 270 positive nodes would have been missed and 34 (19%)
of 175 patients would have been under-staged. By following the “10% rule”, the
number of missed positive nodes would have been 14 (5.2%) and the number
of under-staged patients would have been 2. Following the “10% rule” would
have decreased the total number of harvested lymph nodes from an average of
4.5 to 3.4 per patient. However, 18 patients had positive SLNs with
radioactivity <10% of the hottest node and 5 patients presented with a
metastasis solely in such a node. Of these 5 patients, 3 had blue dye in the
positive SLN.

Table 5. SNB according to various retrospectively applied SLN criteria based on which nodes
are removed from a lymph node basin.

Positi Number of Number of
os1tive

Definition = Number of Positive nodes patients with under-
of SLN SLNs SLNs . o a change in staged
missed (%) . . "
N category ( patients(
All hot and 8 270 ~ ) )
blue nodes 763 7
All hot
nodes 782 270 B ) )
>10% and
blue 588 256 14 (5.2) 8 2
>10% 560 250 20 (7.4) 12 6
>50% 317 196 74 (27) 51 17
Three
hottest 512 239 31(11) 19 8
Two hottest 390 213 57 (21) 33 14
Hottest only 220 156 114 (42) 78 34

* According to the 8t edition of AJCC staging manual. SNB = sentinel lymph node biopsy, SLN =
sentinel lymph node.
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5.10 SLN radioactivity and tumour burden (Study IV)

Patients with a negative hottest node presented with lower SLN tumour
burden measured by the maximum diameter of the largest tumour deposit of
the SLN. The correlation was tested with the maximum diameter as a
continuous variable (P<0.001) and using a cutoff at 1 mm, which represents
the median diameter (P=0.004).

Of 67 patients with >1 positive SLNs, 45 (67.2%) had the largest tumour
deposit in the hottest positive node and 22 (38.8%) in a less active positive
node. From these 67 patients, altogether 163 positive SLNs were recorded. The
largest metastasis was found in the hottest positive node in 45 (27.6%), and a
less active SLN in 22 (13.5%) of all 163 positive SLNs in patients with >1
positive SLN (P<0.001). Correspondingly, the higher relative radioactivity of
positive SLN vs hottest positive SLN correlated with the presence of the largest
metastasis (P<0.001).
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6 DISCUSSION

Most melanomas are diagnosed in early stages and treated with curative
surgery. Advanced melanoma is a potentially aggressive disease with a poor
prognosis despite modern treatments. Melanoma may be unpredictable; even
stage I melanomas may progress while stage III melanomas may remain in
remission.

Breslow thickness, ulceration, and mitosis are still the most important
prognostic parameters for primary melanoma tumour (134). SNB presents the
most important prognostic marker in early-stage melanomas with no clinically
detectable metastases (78). New prognostic tools are needed and could be
obtained from the primary tumour, sentinel lymph node and blood serum.
Despite years of active research, no prognostic tests have gained wide
popularity or surpassed Breslow thickness and SLN status as prognostic tools.

6.1 Collagen receptor integrins as prognostic factors in
Advanced Melanoma

In Study I, expression levels of two integrins previously associated with
metastatic potential in melanoma (a1 and ¢2) and a less established integrin
a11 were detected. We found that high expression levels of all three integrins
correlated with poor prognosis. This was most prominent with a2 integrin,
which was associated with poor overall survival. Although our study was
conducted in the era of chemotherapy and prior to novel systemic treatments,
our results suggest a role for ¢.2 integrin as a possible drug target or prognostic
tool. Integrin a11 was also considered an interesting new marker. To our
knowledge, there are not many other studies on a11 and melanoma. In a study
by Yu et al. on drug resistance to targeted therapy for melanoma, drug
tolerance was mediated by a3pi and ai1pi signalling, and knockdown of
integrins a3, ai1, and B1 significantly inhibited the proliferation of drug-
resistant sublines (171). Integrin a11 has also been linked to lung cancer and
breast cancer (172, 173). High expression of integrin 11 is associated with
advanced stage and lower recurrence-free survival in patients with non-small
cell lung cancer (174). Furthermore, upregulated integrin ai1 expression was
found in the desmoplastic tumour stroma of cutaneous squamous cell
carcinomas, and the highest ai1 expression was detected in high-grade
tumours (175). In our study, we discovered that diffused expression of Bcl-2
correlated with lower levels of a2 and ai11 integrin chains and thus with better
overall prognosis. Although the antiapoptotic members of the Bcl-2 family
represent a promising therapeutic target in melanoma, the role of Bcl-2
expression alone as a prognostic marker remains unclear (176, 177, 178).
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Despite the promising findings suggesting a role as a prognostic tool for
melanoma, a1 and o2 integrins are not yet present in current commercial gene
expression profile tests. Thus far, B3 integrin is the only integrin included (55).
The commercial tests are focused on primary tumours and are intended to
stratify stage I-II patients into low-risk and high-risk subgroups. SNB may
theoretically be omitted for both groups, because low-risk patients are unlikely
to harbour SLN metastasis, and high-risk groups may benefit from adjuvant
therapies (179). Fewer gene-expression panels are available to predict
progression of advanced melanoma (180). This may be due in part to less
tumour tissue available for analysis or the tumour heterogeneity of metastatic
melanoma.

Further research is warranted to assess the validity and clinical
applicability of present prognostic gene-expression profiles. New tests are
needed to inform recommendations regarding SNB, intensity of follow-up or
imaging surveillance, and postoperative adjuvant therapy. Collagen receptor
integrins may increase the accuracy of these tests.

6.2 SLN tumour burden in melanoma

In our study, the diameter of the largest metastatic deposit in SLN, the number
of positive nodes, and the presence of NSNs each provided valuable prognostic
information.

Abandoning CLND as a routine procedure for melanoma patients with
positive SLNs has brought new challenges to treatment and follow-up.
Although the prognostic value of NSN metastases was evident in our study and
in others (181, 182), the morbidity of the CLND procedure is simply too high
for a staging tool with little if any therapeutic value. As discussed above, new
tools are needed to select patients for future trials and adjuvant treatments.
The role of SLN has been highlighted and any information derived from the
metastatic nodes may be useful in the future. SLN tumour burden is an
essential addition to the toolbox.

Several methods of measuring the SLN tumour burden have been proposed
(129, 143). The diameter of the largest SLN tumour deposit is used most often
because of its simplicity and rather low inter-observer variability (143, 147).

We also investigated the prognostic value of the microanatomic location
(subcapsular or parenchymal) of the SLN metastasis. We found a more
favourable outcome for patients with subcapsular metastases. Although this
did not achieve the statistical significance of the maximum diameter of SLN
metastasis, the microanatomic location adds to the prognostic information
acquired from SNB. A study by van der Ploeg et al. reported that patients with
SLN metastasis <0.1 mm located in the subcapsular area had the most
favourable prognosis and recommended the combination of size and site of
SLN metastasis to be standardized (183).
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The MSLT-II and DeCOG-SLT studies were unable to identify a subgroup
of patients who would benefit from CLND according to the characteristics of
the primary tumour or SLN, including tumour burden (2, 3). The relatively low
number of patients with large SLN tumour deposits in these trials may partly
explain this. However, it is uncertain whether early CLND will bring a
meaningful survival benefit to any group of patients. The rationale for
considering the procedure is reducing nodal recurrences in a high-risk group
of patients. However, these patients are also at a high risk of harbouring
distant metastases.

In Study II, the diameter of SLN metastasis was correlated with both
survival and positive NSNs. The relatively low number of CLND-positive
patients did not allow detailed analysis of different subgroups according to the
diameter of sentinel node metastasis. However, patients with metastasis >4
mm stood out as having non-sentinel node metastases in 36% of cases,
whereas those with metastasis <4 mm had additional metastatic nodes in <7%
of cases. Metastasis >4 mm in diameter may be palpable or at least detectable
with ultrasound examination. Whether CLND or a more selective procedure
should be favoured for patients with a single clinically detected lymph node
metastasis is debatable and warrants further randomized clinical trials.
Currently, the decision to perform CLND in rare cases is individual, and
potential risks and benefits are carefully discussed with each patient. Various
clinicopathological factors and eligibility for and availability of adjuvant
therapies are considered. Study II suggests that diameter of SLN metastasis
>4 mm and number of positive SLNs >2 are among the high-risk factors. These
criteria can be used to select patients for adjuvant treatments and for more
intense follow-up protocols.

The microscopic tumour burden of the SLN is not included in the 8t
edition of the AJCC staging manual. However, its importance and the growing
evidence were discussed, and the panel recommended at a minimum that the
single maximum dimension of the largest discrete, metastatic melanoma
deposit in SLNs be recorded in pathology reports (61). In a substudy by the
MSLT Study Group, MSLT-II patients randomized to nodal observation were
investigated for nodal recurrence in the lymph node basin(s) of the previously
removed positive SLN. SLN tumour burden and age, primary tumour
thickness, ulceration status, and basin location were all independently
associated with non-SLN status (124). Furthermore, SLN tumour burden has
already been incorporated in inclusion criteria in clinical trials (39, 150).
Future AJCC staging manuals will undoubtedly feature SLN tumour burden to
further clarify the N category. The key question around implementing SLN
tumour burden into the classification is determining optimal cutoffs (182, 184,
185, 186). In several studies, including Study II, the cutoff value of 1 mm for
the diameter of the largest metastatic deposit in SLN represents the median
and has been used to differentiate between patient subgroups for survival (184,
187) (Figure 7). Previous studies have demonstrated that patients with
minimal tumour burden. (i.e., SLN metastasis of <0.1 mm or <0.2 mm) have
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favourable prognosis and may safely avoid CLND (149, 184). As CLND is now
omitted for most patients, the focus should be on selecting patients for follow-
up and adjuvant therapies. Risk stratification based on SLN tumour burden
seeks to identify. a low-risk (for whom adjuvant therapy may be avoidede) and
high-risk (for whom adjuvant therapy and intense follow-up are indicated)
subgroup of patients. It seems that more than one cutoff for the maximum
diameter of SLN metastasis is necessary for specific treatment algorithms. For
low-risk patients, a cutoff at 0.1-0.3 mm may be adequate, whereas cutoffs at
3 and 4 mm may be considered for the very high-risk subgroup, as suggested
by Study II (Figure 7). In a study by Palve et al., a cutoff at 4 mm similarly
delineated a high-risk subgroup (188). Combining other parameters (e.g.,
primary tumour ulceration status and microanatomic location of SLN
metastasis) to this classification may increase its accuracy (189).

The number of SLNs harvested per patient was rather high in our study
(129, 190). Although this may play a role in avoiding false-negative sentinel
node biopsies, the impact of the number of harvested SLNs on survival was
less than anticipated. The number of positive SLNs had an impact on both
survival and positive NSNs. In particular, patients >3 positive SLNs had
significantly poorer prognosis and increased risk of additional metastases on
CLND. Sabel et al. and Frankel et al. also reported an increased risk of NSN
metastases for patients with >3 positive SLNs (130, 191). Kim et al. found
increased NSN involvement for patients with >2 positive nodes (186). A few
studies have reported no correlation (129, 190). In these studies, the number
of patients with >3 positive nodes in SNB was low. In our study, we retrieved
>2 SLNs in 138 of 173 cases (78%). The number of patients with >1 positive
SLN was 63 (36%). This allowed us to compare the subgroups of patients
according to the number of positive SLNs; patients with more positive nodes,
both 1> vs. <1 and >2 vs. <2, had poorer prognosis and increased risk for
additional involvement in CLND.

Our results suggest a significant role of SLN tumour burden as a prognostic
factor for melanoma patients with positive lymph nodes. Meticulous
performance of SNB provides prognostic information that is useful in planning
the treatment and follow-up of melanoma patients. More intense follow-up
aims to find distant metastatic melanoma early enough to be cured with
immuno-oncological treatments.

6.3 Pelvic sentinel nodes in melanoma

The role of PSLNs has been controversial since the early days of SNB.
However, only few studies on PSLN exist (103, 104, 105, 106). In Study III,
69.8 % of patients had PSLNs removed in SNB with a median of three nodes,
a frequency far higher than that published previously. Only 11.1 % of patients
with positive SLNs had positive PSLNs. Only one patient had positive pelvic
nodes without any positive superficial SLNs in SNB. Most importantly, no

63



difference in MSS related to the presence of PSLNs in the overall study group
or positive PSLNs among patients with positive SLNs was found. The
harvesting procedure of pelvic SLNs extends operation time and causes
additional surgical trauma and scarring.

Before the results of MSLT-II and DeCOG-SLT, positive PSLNs were an
indicator for CLND of iliac/obturator lymph nodes in addition to superficial
lymph nodes (102, 108, 109). As CLND has been omitted for most patients
with a positive SLN, the extent of CLND becomes less important. New
adjuvant therapies may well compensate for whatever benefit CLND would
theoretically provide for stage III patients (192, 193). Follow-up with
ultrasonography or computed tomography is recommended instead of CLND.
A therapeutic lymph node dissection may be advocated if nodal metastases are
detected. Robot-assisted videoscopic surgery offers a less invasive approach
and has gained popularity in pelvic lymph node dissection (112, 113).

CLND status is a prognostic factor and has been useful for staging and
patient selection for clinical trials of adjuvant treatments (18, 138). Removing
all potential SLNs, including PSLNs would theoretically compensate for the
missing information from CLND. Study III does not support this hypothesis,
as the number of harvested nodes was not predictive of either positive SLNs
or survival. Furthermore, only 2 of 199 patients with PSLNs were upstaged
based on their PSLN status.

The median number of harvested SLNs in Study III was 5 and the median
number of harvested PSLNs was 2 per patient in the overall study group. SLNs
were removed until no focal radioactivity remained, rather than strictly
following the widely used “10 % rule” (i.e., harvesting SLNs with radioactivity
>10 % of that of the most radioactive node) (96). The high number of harvested
lymph nodes suggests that more second-tier nodes were removed than in other
studies. However, for the interests of this study, it was essential to remove all
potential sentinel nodes to identify any clinical impact. Despite the large
number of harvested pelvic lymph nodes, they appear minimally important in
the treatment and prognosis of melanoma patients.

It is advisable to remove the pelvic lymph node in cases where it is the only
or most radioactive SLN or equal to the most radioactive superficial SLN. This
may be difficult to determine intraoperatively, as the SLNs may be located
deep in the pelvis and in vivo radioactivity cannot be detected accurately
without dissecting through the abdominal wall. The role of
lymphoscintigraphy must be highlighted when selecting true SLNs from the
second-tier nodes. SPECT/CT helps compare the radiotracer uptake of
individual lymph nodes and dynamic imaging of sentinel nodes reveals
potential direct pathways to pelvic lymph nodes, which indicates their removal
(87).

Although only few studies exist on the importance of PSLNs, they mostly
agree on the very limited impact of PSLNs on staging and treatment of
melanoma (104, 105, 106). A slightly shorter PFS was found in patients with
positive PSLNs in Study III. Karakousis and colleagues observed a marginal
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association of the presence of deep pelvic nodes with PFS in SLN-negative
patients, suggesting that it may be a marker of more aggressive tumour biology
(104). In Study III, the presence of PSLNs was associated with higher Breslow
thickness, supporting their theory. Most recently, in a study by Laakkonen et
al., drainage to PSLNs was not associated with shorter survival or increased
nodal recurrence rate, and the authors concluded that PSLNs should not be
harvested unless they are first-tier nodes (194). Creating precise criteria for
harvesting pelvic lymph nodes warrants randomized controlled trials or at
least a large multicentre retrospective study, as suggested by Swords et al.
(106).

Apart from the rare cases where PSLN is the only or most radioactive SLN,
or preoperative imaging reveals a direct lymphatic pathway to PSLN, it seems
reasonable to avoid routine retrieval of PSLNs. Based on studies on PSLNs the
current guideline by the Finnish Melanoma Group does not recommend
routine retrieval of PSLNs when superficial SLNs are present (123).

6.4 Which lymph nodes should be harvested in SNB?

The definition of SLN is the node or nodes that receive direct lymph drainage
from the primary tumour (94). All true SLNs should be removed in SNB but
second-echelon nodes and other lymph nodes in the basin should be left intact
to limit the morbidity and surgical trauma of the procedure. As discussed
earlier, in real-world practice it may be challenging to differentiate between
true SLNs and second-tier nodes. Several methods have been suggested to
delineate the number of harvested nodes intraoperatively (195, 196, 197, 198).
The most popular method is to use a radioactivity count threshold, comparing
radioactivity of lymph nodes to the radioactivity of the hottest node (96). In
Study IV, 175 patients with a positive SLN were investigated retrospectively to
see which nodes harboured metastasis and how many nodes where needed to
find them. We employed different criteria of harvesting SLNs to optimize the
extent of the procedure.

The broad range of relative radioactivity levels of SLNs observed in Study
IV explains why a cutoff at 50% of the hottest node or an absolute amount of
sentinel nodes represent suboptimal ways to limit the number of harvested
nodes. A relative radioactivity cutoff (such as 10% of the hottest node) is
advisable. We found that by following the 10% rule, 97% of positive sentinel
lymph nodes would have been detected.

SNB became a standard procedure in Helsinki University Hospital in 2000
(16). Since then, we sought to determine the optimal number of nodes and
aimed to target very low residual activity and careful recording of radioactivity
of every SLN removed. In previous studies on the optimal number of SLNs,
the average number per patient ranged from two to three (195, 196, 197, 198,
199). In Study IV, the mean number of SLNs was 4.5 per patient. This was due
in part to the protocol described above, but the tracer also plays a role. We use
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technetium-99m-labelled colloidal albumin, which yields higher numbers of
nodes compared to sulphur colloid (84). In Study IV, by removing the hottest
node and all nodes with radioactivity >10% of the hottest node yielded an
average of 3.4 SLNs per patient, which still represents a rather high number of
lymph nodes. However, there is currently no better way to limit the number of
harvested nodes intra-operatively. Today, SPECT/CT is in routine use in
Helsinki University Hospital and helps locate the SLNs but has less value in
limiting their number (i.e., selecting the true SLNs from second-tier nodes)
(87, 200). Dynamic imaging and discussion between the nuclear medicine
physician and the surgeon are important. Although new imaging techniques,
such as indocyanine green, should further help clarify this issue,
lymphoscintigraphy currently remains the gold standard (98, 99).

Blue dye was used routinely in the early years of the procedure but has lost
popularity due to allergic reactions (201, 202). Although it is considered
helpful in visualizing SLNs and lymph vessels, the use of blue dye does not
significantly increase the accuracy of SNB (196, 197). In Study IV, in three out
of five cases where the radioactivity count was <10% of that of the hottest node,
the positive node was stained blue, suggesting a positive impact on the
sensitivity of the procedure. However, only 46% of all positive SLNs were
stained blue. Considering the possible risks of blue dye, it is no longer in
routine use in Helsinki University Hospital.

6.5 Limitations

A major limitation to the studies in this thesis was their retrospective nature.
The different stages of the SNB procedure, lymphoscintigraphy, surgery, and
histopathology, may have been more susceptible to subjective interpretation.
The data of complications in Study III, such as lymphoedema and seroma,
were not collected in a prospective, standardized manner. However, they were
routinely reported whenever present, and there was no difference between
patients with pelvic nodes harvested and those without. Other complications,
such as chronic pain, were not investigated and may play a role when
considering the drawbacks of harvesting PSLNs. In Study II and I11, there were
differences between MSLT-II patients and other patients due to the
randomization and follow-up protocol (2). However, the same guidelines for
SNB applied to all patients and most patients underwent CLND according to
the previous paradigm. A similar prospective analysis is therefore no longer
possible as CLND has been rightfully abandoned.
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6.6 Future prospects

Sentinel node biopsy has been an essential staging procedure for melanoma
patients for over 2 decades and remains essential. The evolving landscape of
melanoma treatment, especially the major advancements in immuno-
oncological treatments, have emphasized the need for prognostic factors to
guide individual planning of treatment and follow-up.

SLN status is still the most important prognostic factor for melanoma
patients with no clinically detectable metastases. The lack of predictive tools
for melanoma is somewhat striking considering the vast research on the
subject. However, it is inevitable that new prognostic markers will be
developed and the need for the information gained from SNB may eventually
become less relevant. Until then, SNB remains the cornerstone of melanoma
staging. Further studies to improve the accuracy of the procedure are
warranted. These include refinements and innovations concerning every step
of the procedure (lymphatic mapping, surgery, and histopathology). The first
two of these are likely to benefit from new imaging techniques, and new
molecular markers will enhance the pathological analysis.

Several controversies remain including the management of single
macroscopic lymph node metastases and the role of SNB in very thin and very
thick melanomas. A multidisciplinary approach and individual treatment
planning for melanoma patients in different stages are paramount. Every
effort should also be made in the future to support primary prevention of
melanoma and to improve early detection of primary melanoma lesions to
improve survival.
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CONCLUSIONS

Collagen receptor integrins are associated with the progression
and prognosis of metastatic melanoma. In particular, a2 integrin
has a role as a potential prognostic marker and drug target.

Tumour burden of SLN provides valuable prognostic information.
Patients with SLN metastasis >4 mm or >2 positive SLNs are at
greatest risk of harbouring NSN metastases. This prognostic
information is useful in selecting patients for more intense follow-
up and immuno-oncological treatment.

Pelvic sentinel lymph nodes have minimal impact on the outcome
of melanoma patients. Removal of PSLNs should be considered in
rare cases when they are the only or most radioactive nodes or
preoperative lymphoscintigraphy indicates a direct pathway to
PSLN.

A threshold based on relative radioactivity count of SLNs should
be preferred to removing only one to three hottest nodes. By
removing the hottest node and all nodes with radioactivity >10%
of the hottest node, more than 97% of patients with SLN
metastases are discovered. Blue dye may add to the accuracy of
SNB but is not essential.
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