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Abstract
The incidence of melanoma is rising in the United States, leading to an estimated 68,720 new
diagnoses and 8,650 deaths. The natural history involves metastases to lymph nodes, lung, liver,
brain, and often to other sites. Primary treatment for melanoma is surgical excision of the primary
tumor and affected lymph nodes. The role of adjuvant or definitive radiation therapy in the
treatment of melanoma remains controversial, as melanoma has traditionally been viewed as a
prototypical radioresistant cancer. However, recent studies suggest that under certain clinical
circumstances, there may be a significant role for radiation therapy in melanoma treatment.
Stereotactic radiosurgery for brain metastases has shown effective local control. High dose per
fraction radiation therapy has been associated with a lower rate of locoregional recurrence of
sinonasal melanoma. Plaque brachytherapy has evolved into a promising alternative to enucleation
at the expense of moderate reduction in visual acuity. Adjuvant radiation therapy following
lymphadenectomy in node positive melanoma prevents local and regional recurrence. The newer
clinical data along with emerging radiobiological data indicate that radiotherapy is likely to play a
greater role in melanoma management, and should be considered as a treatment option.
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Introduction
In their classic 1946 text, McKee and Cipollaro1 wrote a disheartening chapter on
melanoma. The authors opine that “in spite of occasionally good results, it is our opinion
that irradiation alone by any technique should not be relied on for the cure of these lesions.”
This reputation as one of the least radioresponsive and least radiocurable tumors has dogged
melanoma since the early days of orthovoltage x-ray treatments for skin conditions. In the
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modern era, many investigators are questioning whether this reputation is still accurate.
Although many published reports show poor melanoma radiation responsiveness, others do
not2–6. In fact, in vitro data on melanoma cell lines are generally acknowledged to show
high levels of damage repair at conventional fractionation doses and increased cell death
with larger doses per fraction. A popular hypo-fractionated regimen involving 3 fractions of
7 Gy each delivered days 1, 7, and 21 was developed for postoperative patients in which
most gross disease has been removed.2 Complete remission rates approached 40%, with
greater than 90% local control at 4 years.2

Although the trends to utilize radiotherapy were slow to catch on, recent evaluations suggest
that the reputation of malignant melanoma as a “radio-insensitive” disease may not be
entirely justified. This review summarizes some of the clinical and radiobiological evidence
on the role of radiotherapy in melanoma management and focuses on three relatively new
areas of clinical growth: intracranial radiosurgery, retinal plaque brachytherapy, and
lymphatic field radiotherapy for node-positive, surgically debulked cases. For some of these
clinical situations, it appears that moderate dose radiotherapy may be considered a viable
option to surgery (intra-cranial metastases, uveal melanoma, mucosal melanoma of the head
and neck) and as an adjunct in others.

Epidemiology
In 2009, melanoma will be responsible for 68,720 new cases and 8,650 deaths.7 Melanoma
is the 5th and 6th leading cause of cancer in men and women, respectively.7 The age-adjusted
annual incidence rate is 19.6 per 100,000, with Caucasian men at highest risk. Melanoma
also has the fastest growing incidence of any cancer among men and the second fastest
growing incidence in women8. The lifetime risk for development of melanoma is 1 in 39 for
men and 1 in 58 for women.7 The median age at diagnosis is 59 years, peaking during the
4th and 5th decades.

At diagnosis, 82–85% have localized disease, 10–13% have regional disease, and 2– 5%
have non-regional metastatic disease9. The five year survival rates are 98% if localized, 62%
if regional, and 15% if metastatic.8 The 5 yr overall survival rates have increased over the
decades: 82% in 1975–77, 87% in 1984–86, and 92% in 2004.7 The median age at death is
68 years. The death rate for melanoma has decreased slightly for women in the past twenty
years, but has continued to increase for men.7

The Cell Cycle Pathway and Melanoma Development
Melanomas result from neoplastic growth of melanocytes. Melanocytes originate from the
neural crest cells and migrate to the basal layer of the skin’s epidermis and other mucosal
surfaces. Accumulation of melanocytes within the basal layer forms a flat brown lesion with
regular borders, called a benign nevus.10 Nevi are typically controlled by a pathway of
senescence and remain benign. However, mutations which override the normal regulators of
the cell cycle result in malignant transformation. Several aberrant gene products are
implicated in the pathogenesis:10, 11 BRAF (enhances cell division); N-RAS (promotes cell
proliferation); CDKN2A locus loss [encoding two proteins, p16INK4a and ARF (p14 in
humans and p19 in mice), involved in cell cycle progression]; MITF over expression
(promotes survival and inappropriate cell cycle progression); c-KIT (involved in invasion
and metastases); SLUG (involved in metastases); EDNRB (involved in invasiveness); and
loss of E-CADHERIN (CDH1; involved in tumor progression). Furthermore, a defective
p53 (TP53) gene, which plays a role in response to DNA damage, may also play a role in the
radioresistance of some human melanoma cell lines.12 Therefore, in order to understand the
latest developments in melanoma, it is necessary to revisit the molecular biology of cell
cycle progression.
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The movement of cells through the cell cycle is regulated by cyclins and their catalytic
partners, cyclin dependent kinases (CDKs). For example, cyclin D, which regulates the
transition from G1 to S phase, is activated upon complexing with CDK4 and CDK6. This
complex phosphorylates the retinoblastoma protein (Rb), which disassociates from E2F and
allows E2F to activate transcription of genes critical for DNA synthesis, and progression
into the S-phase of the cell cycle.13, 14 Upon E2F activated transcription, more cyclins are
produced, such as cyclin E which allows the cell to progress into the S-phase of the cell
cycle.15 Important regulators of this pathway are the inhibitors of CDKs: CDKN1A (p21/
WAF1; activated by p53 following DNA damage) and p16INK4a, which complexes with
CDKs-4 and 6 and prevents phosphorylation of Rb, as well as ARF, leading to inhibition of
p53 degradation via the ubiquitin ligase hDM2.

Another pathway involved in cell survival and reproduction is the mitogen-activated protein
kinase (MAPK) signaling cascade (Fig. 1). MAPK signaling is initiated at the cell
membrane, either by the receptor tyrosine kinase binding ligand or by integrin adhesion to
ECM, which transmits activation signals via the RAS GTPase on the inner surface of the
cell membrane. The GTP-bound RAS activates effector proteins BRAF and PI3K. BRAF
activates MAPK/ERK kinase (MEK 1/2), and the resulting cascade activates ERK 1/2.
ERK1/2 then relays the proliferative/cell survival signals via various targets, that provide
cross-talk with cell cycle (Cyclin D, RBL2, Myc), or cell survival (Bim, Mcl-1) regulators
(Fig. 1), as suggested earlier.12, 16 The PI3K–AKT pathway is also critical, with > 60% of
human melanomas exhibiting activated AKT, and inactivation and/or deletion of the PI3K
negative regulator (PTEN) occurring in 5–15% of uncultured melanoma specimens and
metastasis, 17% of melanoma short-term cultures, and 30–40% of established melanoma cell
lines.17

Mutations at various points along this pathway have been implicated in the development of
melanoma tumor types by allowing MAPK signaling pathways to escape normal cellular
regulation, and stimulate growth.10 In particular, BRAF and N-RAS mutations are
associated with melanoma development, especially in patients who have had intermittent
exposure to sunlight and UV rays. N-RAS mutations, which predominate in human
melanomas, make the protein constitutively active in about 15% of cutaneous melanomas.16

In a murine model, the H-RAS isoform was necessary to maintain melanomas, where as loss
of the isoform led to tumor regression. BRAF somatic missense mutations are found in 66%
of malignant melanomas.16 Similarly, in human melanoma cells, BRAF knockdown has led
to melanoma regression and apoptosis.16

The next step in melanoma progression is the formation of a dysplastic nevus. Dysplastic
nevi may be asymmetric, have irregular borders, and may increase in size.16 Molecularly,
this step is marked by the activation of oncogenes and the loss of tumor suppressor genes.
Two of the most significant genes involved in this pathogenic process are altered by
mutations at the 9p21 and 12q14 loci.18 The CDKN2A locus is positioned at 9p21 and
encodes two tumor suppressor proteins, p16INK4a and ARF involved in cell cycle regulation.
Germline mutations of CDKN2A are responsible for predisposition to melanoma in 20–50%
of melanoma families worldwide.19 The CDKN2A gene is considered the main melanoma-
predisposing gene, and has been implicated in many human melanomas, particularly familial
melanoma.16

The CDKN2A locus is unique in that through overlapping coding regions, it encodes two
structurally unrelated proteins involved in growth regulation: p16INK4a and ARF. One study
has suggested that ARF could be more frequently inactivated than p16.20 While 9p21
deletions have been discovered in melanoma families, they are otherwise considered to be
rare events.18 p16 mutations are noted in 70% of melanoma cases.21 This mutation removes
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the normal inhibition on the formation of the CDK 4/6 and cyclin D complex required for
cell cycle progression into the S phase via the phosphorylation of Rb. Removal of this
inhibition therefore leads to increased cellular proliferation.

Mutations at the CDK4 locus (located in the region 12q14) are not as common as the
CDKN2A mutations. However, they result in amplification of CDK4 to levels that are no
longer inhibited by p16. Consequently, the excess CDK4 complexes with cyclin D and
causes increased cellular proliferation via phosphorylation of Rb (or the related pocket
protein RBL2/p130). Ongoing research on these specific mutations and their effect on the
cell cycle have provided researchers with potential molecular targets to alter uncontrolled
growth cycles, as will be discussed in a later section (targets for therapy).

The third step in the development of malignant melanoma is the radial-growth phase, when
cells begin proliferating within the epidermal layer. Cells in this layer can proliferate rapidly
because of p53 and other mutations, which increase local cell growth by escaping cell cycle
regulatory mechanism. The fourth step is the vertical growth phase, in which cells invade
the deeper portions into and beyond the dermal layer. These cells have lost E-cadherin and
express N-cadherin instead. The final stage is the metastatic phase, when the abnormal cells
are able to spread locally and widely.10

Traditional Management of Melanoma: Limited Role for Radiotherapy
For many years, melanoma was considered highly radioresistant. Simpson in 1913 was one
of the first to treat a black nevus with radiation. He showed that the nevus could be easily
removed with radiation without much damage of surrounding skin.3 This approach was
considered unwise due to concerns of toxicity, and controversy3, 22, 23 continued until two
other landmark studies provided convincing evidence to support Simpson. Ellis in 1939
treated 38 patients using 5500 to 6000 cGy over 7 to 10 days and demonstrated a good
responses in 12 patients.3, 24 Ellis was also one of the first to suggest that melanoma is a
highly variable tumor with many factors affecting radiosensitivity.3,24 The second study in
1963 reported on the 25 year experience, and demonstrated that that the 5 yr overall survival
was 68% in 95 patients with results that equaled surgery.3,25 Despite the promise of earlier
studies, advances in infection control and anesthesia led to improved surgical morbidity and
mortality. As such, surgery became the preferred therapy. Thus, the use of radiation for the
management of melanoma waned until the 1970s when reports of melanoma radiobiology
emerged, which suggested that they were heterogeneous and should not be universally
considered radioresistant.3, 6, 26

The first clinical prospectively randomized trial was published in 1991 by the Radiation
Therapy Oncology Group (RTOG 83-05).2728 The trial tested the earlier radiobiological
findings that a higher radiation dose per treatment is needed to control melanoma by
comparing a hypofractionated group, 8 Gy per fraction in 4 treatments delivered over 21
days, with a standard group, 2.5 Gy per fraction in 20 treatments delivered 5 days a week
over 26–28 days. The trial included 137 patients and demonstrated an overall response rate
of 57–60%, but failed to show a difference between the different fractionation regimens.
Furthermore, the overall response rate of around 60% was much lower than the previously
reported response rate of 97%, comparing 9 Gy in 3 fractions with that of 5 Gy in 8 fractions
delivered twice a week.27 Therefore, this trial was closed prematurely. The results of RTOG
83–05 are also supported by another small retrospective study29 which concluded that
hypofractionation was equivalent to conventional fractionation. However, this was a small
retrospective study, with only 15 patients in the conventional fractionation arm.

Others have reported that a large fraction size was linked to improved response rates,
confirming earlier radiobiological findings which suggested a small alpha beta ratio30. One
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study of 35 patients (67 cutaneous or lymph node metastases) showed a complete response
of 9% if ≤ 5 Gy per treatment were used. The response rate increased to 50% if radiation
doses ≥ 5Gy per treatment were used.31 Another study from 1983–1988 looked at 83
patients with melanoma of the head and neck region and demonstrated a 2 year loco-
regional control of 95% in patients without palpable lymph nodes treated with large doses of
adjuvant radiation (24 to 30 Gy in 4 to 5 fractions at 5 to 6 Gy per fraction) to the tumor bed
and regional lymph nodes. The authors concluded that the locoregional control rates were
better than surgery alone for comparable patients and that treatment morbidity with the
addition of hypofractionated radiation was minimal.32

Newer Indications for Radiotherapy: Hypofractionation
Radiosurgery and Whole Brain Radiation for Brain Metastasis

The brain is a common site of melanoma metastasis, with brain metastases contributing to
20–54% of all deaths.33 Patients at increased risk for brain metastases include males,
patients with head and neck mucosal melanomas, and lesions with metastases to three or
more regional lymph nodes.34 These late-stage patients generally have poor prognoses, and
treatment options are limited. Chemotherapy is generally ineffective.35 However,
radiotherapy can get beyond the meninges and provide targeted, high-dose treatment,
making it a valuable weapon in the arsenal against melanoma brain metastases.

Radiotherapy options include stereotactic radiosurgery (SRS) alone, whole brain
radiotherapy (WBRT) with or without SRS, and postoperative WBRT. Several retrospective
studies have shown the efficacy of both linear-accelerator based SRS (LINAC-SRS) as well
as gamma knife based radiosurgery (GKRS). These studies are summarized in table 1 and
table 2 and have demonstrated 1 year local control rates of 49–90%.36–39 SRS also improves
quality of life40 and may also improve overall survival when combined with WBRT.41 One
retrospective review concluded that with surgical excision alone or GKRS alone, the
addition of whole brain radiation improved overall survival by 7.3 months.41

Uveal Melanoma
Uveal melanomas arise in the choroid, the ciliary body, or the iris (in decreasing order of
frequency), and have recently been shown to feature a mutation at GNA11 locus involved in
MAP Kinase modulation.42 Historically, these tumors were treated with enucleation. Due to
elevated intraocular pressure and disruption of the tumor, it was thought that enucleation
could promote seeding of tumor cells into the circulation.43 The Collaborative Ocular
Melanoma Study (COMS) randomized 1003 patients with large choroidal melanomas (>
10.0 mm in apical height or > 16.0 mm in largest basal diameter) to enucleation with and
without prior radiation (20 Gy in five daily fractions). It found that the 5-year all-cause
mortality were comparable for both treatment arms: 57% for enucleation and 62% for pre-
enucleation radiation (P = 0.32)44 with similar results at 10 years.45 The COMS study also
randomized 1317 patients with medium sized choroidal melanomas (2.5 – 10.0 mm in apical
height and 5–16 mm in largest basal diameter) to enucleation or iodine-125 brachytherapy
and found no difference in 5-year survival rates (81% for enucleation and 82% for
brachytherapy, P=0.48).46

In recent years, novel techniques have emerged for ocular preservation such as
brachytherapy, transpupillary thermotherapy, local tumor resection, proton beam irradiation,
and stereotactic radiosurgery. Protons using a total dose of 70 cGy cobalt-60 equivalent have
reported tumor control rates of 97%.47 Gamma knife radiosurgery offers tumor control and
complication rates comparable to brachytherapy.48 Plaque brachytherapy (Fig.2) has
evolved into a promising alternative to enucleation as it provides excellent local control with
only a moderate reduction in visual acuity.
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Control of Lymph Node Positive Disease
Though earlier studies49 suggested adjuvant radiation therapy for melanoma was ineffective,
newer studies now suggest promise in the control of local and regional recurrence after
excision of the primary and involved lymph nodes in select high-risk patients. Patients with
desmoplastic histology, positive margins, recurrent disease, Breslow > 4.0 mm with
ulceration or satellitosis are at high risk for local recurrence and may benefit with adjuvant
radiotherapy.50 Similarly, patients with ≥4 lymph nodes, extracapsular extension, lymph
node size ≥ 3 cm, cervical lymph node involvement, sentinel lymph node involved but
without complete lymph node dissection, and recurrent disease are at high risk for nodal
relapse and may also benefit with radiotherapy50, 29, 51 Further progress in this arena would
be welcomed, as local recurrence and in the nodal basins after lymphadenectomy is
associated with lower survival rates.52

A 2006 phase II study of adjuvant radiation therapy using 48 Gy in 20 fractions to the nodal
basins showed an impressive regional control.52 The study enrolled 234 patients from 3
nodal basins (head and neck, axilla/supraclavicular, and ilioinguinal). The authors
demonstrated a low in-field recurrence rate (7%), a low adjacent relapse rate (14%), and an
impressive 5 yr regional control rate of 91%. However, the 5 yr overall survival rates (36%)
and progression-free survival rates (27%) continued to be dismal due to uncontrolled
systemic metasteses.52 The authors concluded that the side effects after radiotherapy were
minimal and that radiotherapy was well tolerated. The recommended post-operative
radiation fields are shown in Fig. 3.

The phase II study was followed by a multicenter phase III trial.53 The trial included post-
lymphadenectomy patients with isolated regional recurrence who were deemed to be high
risk (> 25%) for further regional recurrence (≥1 parotid lymph node, ≥2 cervical or axillary
lymph node, ≥ 3 groin nodes, any extranodal spread of melanoma, or maximum metastatic
node diameter ≥ 3 cm in neck or axilla, or ≥ 4 cm node in the groin). 250 patients were
randomly assigned to observation versus regional radiation therapy using 48 Gy in 20
fractions delivered at 2.4 Gy per fraction . The study showed that postoperative radiation
resulted in improved disease free survival (hazard ratio (HR) of 1.77 with p=0.041).53

Others have also recommended the use of adjuvant radiotherapy after therapeutic
lymphadenectomy for lymph node-metastatic melanoma.54, 55

Mucosal Melanoma in H&N
Adjuvant radiotherapy may be particularly useful in treating mucosal melanomas of the head
and neck. Primary mucosal melanomas of the head and neck region have < 30% 5 year
survival rate.56 A review of 48 patients treated with surgery alone, surgery and adjuvant
radiotherapy or surgery and biochemotherapy (with or without adjuvant radiotherapy)
demonstrated that radiation therapy decreased local failure rates, but without impacting
overall survival. The lack of benefit in overall survival was due to the high rate of distant
metastases.57 Another review of 69 patients, with 23% reporting lymph node involvement,
reviewed the results of 30 patients who had surgery alone and 39 patients who had post-
operative radiotherapy (70 Gy in 29 patients and 50 Gy in 10 patients). Local control was
improved in patients who received adjuvant treatment, but survival rates were worse. The
patients who had received radiotherapy developed significantly more systemic metastases,
but on multivariate this was ascribed to a more advanced tumor and nodal classification in
the radiotherapy group.56

Recent case reports have addressed the differences in molecular mutations between
melanomas occurring in chronic sun exposed regions (infrequent BRAF & NRAS and
increased KIT mutation) compared to those in non-sun exposed regions58 and have

Khan et al. Page 6

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2012 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



suggested that treatment with imatinib, a c-KIT inhibitor may provide additional
optimism.59 Using molecular biology to develop a tailored multidisciplinary approach is an
area of ongoing research.

Melanoma Mutations – Targets for Therapy
The perception of radioresistance has changed over time. In the 1970s and 1980s,
researchers began focusing on radiosensitivity.3, 60 Cell culture studies, studies using
spheroids, and in-vivo studies have demonstrated that melanoma cells are heterogeneous in
radio-responsiveness and should not be considered uniformly radioresistant.4,6,5,26 An
improved understanding of the cell cycle blocks and the role CDKs play is particularly
important , as these molecules are also involved in controlling and modifying the radio-
response of melanoma cells. If one can control CDKs, then one can develop a mechanism to
explain the relative radioresistance of melanoma and provide radiobiological evidence as to
why higher doses of radiation may overcome potentially lethal damage repair (PLDR).

The p16INK4a-Rb tumor suppressor pathway is required for the initiation and maintenance of
cellular senescence. Senescence can be overcome if the pathway is not fully engaged, as
may occur when p16INK4a is inactivated.61 p16INK4a can initiate a CDK4/6-dependent
autonomous senescence program that is disabled by inherited melanoma-associated
mutations.61

As more knowledge is obtained regarding aberrant components of the cell cycle regulatory
circuit leading to melanoma development, therapeutic trials targeting specific mutant
proteins are underway. For example, one study using human melanoma cancer cell lines in-
vivo and in mice in-vitro showed that selective and structurally distinct small molecular
inhibitors of CDK4 and CDK6 resulted in increased cellular-radioresistance, especially in
those cancer cell lines dependent on CDK4/6 pathway for proliferation. In contrast, CDK4/6
inhibitors did not protect cell lines that proliferated independently of CDK4/6 activity.62

Moreover, sorafenib is a Raf tyrosine kinase inhibitor, which inhibits the MAPK kinase
pathway in vitro and in vivo. It has anti-angiogenic effects and has effectively treated
cancers with and without BRAF mutations, making it a promising adjuvant therapy for
melanoma.16 As most melanomas harbor an activating missense mutation (V600E) in the
BRAF oncogene, targeted inhibition of the V600E gene product is a particularly rational
therapeutic goal in this otherwise therapy-resistant tumor type.63 Pharmacologic inhibition
of oncogenic BRAF blocks proliferation and causes tumor regression. A phase 1 trial of
PLX4032, an oral inhibitor of V600E mutated BRAF, demonstrated complete or partial
tumor regression in 81% of patients and improved median progression-free survival from 2
months to 6.2 months for patients with metastatic melanoma.64

Current research is exploring the use of adjuvant therapies targeted at normal cells to reduce
the toxicity of cancer treatments.65 These therapies focus on suppressing apoptosis in
healthy cells by inhibiting p53 and activating NF-kB and preventing cell cycle progression
by inhibiting the CDKs from complexing with cyclin D.65

Conversely, targeting the cell cycle control pathway components in tumor cells, in addition
to hypo-fractionated radiotherapy protocols, may further improve the radio responsiveness
of melanoma. In addition to being highly active in melanoma cells, the COX-2, P13K–AKT,
and NF-kB pathways are also involved in the radioprotective response. It has been shown
recently that Ink4a/Arf–/– mice with melanocyte-specific deletion of Ikkβ were protected
from H-RasV12-initiated melanoma when p53 was expressed, providing genetic and
mechanistic evidence that mutant H-Ras initiation of tumorigenesis requires Ikkβ-mediated
NF-κB activity.66 Suppressing those pathways pushes higher numbers of melanoma cells
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into the mitotic phase, which is the most radiosensitive phase in the cell cycle leading to
decreased overall melanoma cell survival.67 One study compared the radiosensitivity of cells
expressing wild-type p16 to those with the mutant p16 found in melanomas, and found that
the melanoma cells were less sensitive to X-ray irradiation if they had a p16 mutation.68

Therefore, an adjuvant therapy targeting the expression of mutant p16 would not only lead
to better cell cycle regulation, but leave the melanoma cells more radiosensitive.

Clinical data also indicates that hypo-fractionation may overcome the traditional PLDR
capability of melanoma. One study looking at 618 malignant melanomas treated with
radiotherapy showed that 48% of the treated tumors achieved a complete response in 87%
and that the response was persistent even after 5 yrs post irradiation.5, 69 The authors
concluded that neither total dose, treatment time, nor various modifications of the nominal
standard dose (NSD) showed any significant relationship to tumor response post
irradiation.5,27, 69 The only parameter that predicted increased response was higher dose per
fraction (> 4 Gy/fraction). The alpha/beta ratio was 2.5 Gy and more consistent with late
responding tissue. The authors also developed an iso-effect formula to compare different
radiation fractionation schedules: extrapolated total-dose (ETD) corrected for tumor volume
= Dose x [(dose per fraction +2.5)/2.5] * mean tumor diameter (cm) – 0.33.5,27,69 Another
in-vivo study of 121 patients reported on the tumor-control probability using fractionated
radiotherapy with different fraction sizes, total doses and overall treatment time and reported
an alpha/beta ratio of 0.57, implying that fraction size is important.30 The authors in this
study suggested that overall treatment time did not influence tumor control since melanoma
cells behave like late-responding tissue and that a dose per fraction of > 6 Gy per fraction is
warranted.

A recent randomized trial of ipilimumab evaluated the role of an antibody targeting CTLA-4
in HLA-A*0201-positive unresectable stage III/IV melanoma patients who progressed on
chemotherapy showed a significant improvement in median overall survival (10.0 vs. 6.4
months, p < 0.0001) 70 Radiotherapy effects on the cellular immune system, or aboscopal
effects, may be partially responsible for the apparent positive impact on node positive
melanoma. Irradiated tumor tissues may develop inflammation leading to immune system
activation, and is an area of ongoing research 71

Conclusions
Although it appears true that malignant melanoma is a relatively radio-insensitive tumor
type, the use of favorable fractionation schemes and delivery plans combined with greater
radiobiological understanding may provide excellent control for certain clinical situations.
Intracranial radiosurgery and stereotactic radiotherapy appear to provide control rates for
melanoma on par with that seen for other more sensitive epithelial tumors. Small and
medium choroidal melanomas show a natural history in which metastasis outside the eye is
unusual, thus validating the apparent safety of protracted tumor response which produces
acceptable levels of visual field sparing as an alternative to surgical enucleation. Finally,
recent Phase III data have shown significant improvements in local control after lymphatic
radiotherapy for recurrent node positive post lymphadenectomy patients. For all of these
clinical scenarios, it appears that the concentrated highly targeted radiation dose, with
minimal fractionation and normal tissue inclusion represents some of the keys to restoring
confidence in the importance of this therapeutic modality for malignant melanoma.

Recent molecular biological understanding suggests that malignant melanoma deposits, long
known to proliferate primarily in UV-exposed body surfaces, have evolved multiple
overlapping protective mechanisms capable of activating or suppressing master gene panels
controlling the dynamics of cell cycle progression in the face of cellular or chromosomal
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damage. Among these top-line damage sensor and repair pathways are p53, ATM, NF-kB
and components of the Cyclin/CDK regulatory network. The reversal or slowing of some of
these protective pathways via genetic modifications (e.g. targeted mutations) or
pharmacologic inhibitors (e.g. p53 or p16 small molecule inhibitors) perhaps in combination
with appropriately fractionated radiotherapy and perhaps immunotherapy and chemotherapy
may finally transform melanoma from the most lethal to one of the most curable of the
primary cutaneous malignancies.
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Fig. 1.
Cell Survival Signals in Melanoma Tumorogenesis.

Khan et al. Page 13

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2012 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2.
I–125 Plaque Brachytherapy for an Iris Melanoma Patient
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Fig. 3.
Post Surgical Radiation Fields for Node Positive Patients (*Reprinted with permission from
Burmeister52 et al)
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Table 1

The role of LINAC SRS in treatment of melanoma brain metastases.

Study Number of patients 1 year LC 1 year OS Comments

Mori Y36 60 90% 7 months Lack of active
systemic disease, 1
metastasis = improved
survival on MV
analysis

51 (WBRT +SRS)

Selek U37 103 49% 6.7 months 75% LC for tumors <2
cm with initial SRS
alone

61 (SRS) 60% 7.5 months

12 (SRS + WBRT) 0% 3.7 months

30 (SRS after WBRT) 37% 5.4 months
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Table 2

The role of GKRS in treatment of melanoma brain metastases.

Study Number of patients 1 year LC 1 year OS Comments

Yu C38 122 90% 7 months Improved survival on
MV analysis = total
intracranial tumor
volume <3 cm3

inactive systemic
disease

Radbill39 51 81% 26 weeks

GKRS alone = 32
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