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10 | CHAPTER 1

1

Mucosal melanoma and uveal melanoma: rare types of 
melanoma

Mucosal melanoma (MM) is a rare type of tumour that arises from melanocytes located in the 
mucosal lining. [1] MM represents 1.4% of all melanomas and has an age-adjusted incidence 
of 2.2 cases per million, which remained stable over time (Figure 1). [2-6] The RARECARE 
network, a large collaboration between population-based cancer registries across Europe, 
estimated approximately 850 new cases per year in Europe. [7] In the Netherlands, 1496 
patients were diagnosed with MM between 1990-2019, corresponding with an age adjusted 
incidence of 3.5 cases per million. [8]  

Figure 1. Crude numbers (bars, left axis) and annual averaged, age-adjusted incidence rates (line, right 
axis) for patients with mucosal melanoma by sex in the Netherlands.

MM is more common in females than in males, with an incidence of 2.8 cases per million 
and 1.5 cases per million, respectively. Among females, the genitourinary tract and head and 
neck region are the most commonly affected sites, whereas in males, MM is predominantly 
seen in the gastrointestinal tract and head and neck region (Figure 2, Table 1). [9, 10] The 
higher incidence in females can be attributed by the high percentage of MM located in 
the female genital tract, particularly the vulva and vagina. [2, 9, 11] Similar to cutaneous 
melanoma (CM), MM exhibits a large geographic and racial variation, but in contrast with 
CM has a higher prevalence in non-Caucasians. [12, 13] In particular, the Asian population 
has a higher proportion of melanomas located in the mucosal lining (23-38%) compared 
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to the Caucasian population (<1%). [2, 13, 14] Whilst in CM, geographical differences are 
related to the amount of UV-radiation exposure and type of skin-color, the rationale of the 
geographic and racial differences in MM is not clear. [13] Unfortunately, due to a low number 
of population-based studies, the epidemiology of this disease is poorly understood. 

Figure 2. Distribution of mucosal melanoma in men and women 
 

This figure is based on six population-based studies ([2, 6, 9, 15-17]) Other locations consists of MM located at the gallbladder, 
prostate, brain, spinal cord

Like MM, uveal melanoma (UM) is a rare subgroup of melanoma which develops from the 
iris, ciliary body, or choroid of the eye. The incidence of UM is 4.4 cases per million in Europe 
and comprises 3-5% of all melanomas. [7, 18, 19] Despite their common origin, both MM, UM 
and CM display extreme differences in their biological behavior. [20] Whilst, in all, metastatic 
disease is the leading cause of mortality, the metastatic pattern is distinct. Disease spreads 
hematogenously in UM, resulting in metastasis in the liver in 90-95% of the cases, whilst 
in CM disease spreads lymphatically, thus metastasis are seen in the lungs, brain, lymph 
nodes and soft tissue. [20, 21] In MM the metastatic pattern is not fully understood and large 
variations exist between anatomical locations. [22] Moreover, the rapid disease progression 
and concomitantly poor prognosis of UM, together with the comparable lower efficacy of 
immunotherapy as compared to CM, has resulted in a liver-directed treatment approach in 
metastatic UM. [20] 
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Clinical presentation and subtypes of mucosal melanoma 

MM typically presents in the seventh decade of life, though also younger cases, particularly 
in the head and neck region and female genital tract, have been reported. [9, 53] As this 
disease is heterogenous with various primary locations, clinical presentation is diverse. 
Regardless of the primary location, common symptoms are a painful or itching sensation 
and (oral, nasal, vaginal or rectal) bleeding. [54] MM located at more visible locations, such 
as the vulva, vagina, penis and some sublocations of the head and neck region, may present 
with a brown, black or blue lesion which changes over time. However, approximately 40% 
of the MM are amelanotic which make them difficult to identify and hard to distinguish from 
benign or premalignant lesions. [55] The lack of visibility and late or aspecific symptoms 
result in a substantial delay in diagnosis, with patients being diagnosed at an advanced 
stage in approximately 40-60% of the cases. [40, 45, 56] Yet, even in patients who present 
with local disease, the course of disease is aggressive with eventually 79% developing 
regional or distant metastasis, of which many in the first year. [40, 57] 

Most common are head and neck mucosal melanoma (HNMM), which predominantly arise 
from the sinonasal and oral cavity, and less frequently are located in the pharynx or larynx 
(Figure 20). [28] The vast majority of all HNMM (90-95%), do not have distant metastasis 
at presentation, leading to a better prognosis compared to other locations. [26, 27] Yet, 
oral MM still have a high risk of nodal involvement (25-43%) as compared to sinonasal MM 
(<10%). [27] Within the HNMM, patients generally are diagnosed at a younger age which 
may be attributed to the more visible and accessible location, leading to earlier detection. 
[27] The female genital tract is the second most prevalent location of MM, of which the 
vulva comprises three quarter of the cases. [58] Unlike other locations, the vulva consists 
of both hairy (cutaneous) skin which gradually transitions to glabrous (mucosal) skin. Due 
to the fact that melanoma can develop from both cutaneous and mucosal skin in the vulvar 
region, determining the origin of the melanoma can be challenging. [59] Like many other 
vulvar or vaginal issues, reluctance to get gynecological examination can often lead to a 
delay in seeking medical attention, leading to a more advanced disease at diagnosis. The 
third largest group of MM is found in the anorectal region. Like in the female genital tract, 
metastasized disease is common in patients with anorectal MM, resulting in lower 5-year 
OS rates of 47%. [60, 61] 

Staging

Although various staging systems have been proposed, a universal staging system for 
MM does not exist (Table 2). The challenge in developing a staging system suitable for 
all locations lies in the heterogenous course of disease, the pathological differences and 
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surgical considerations which heavily depend of the site-specific anatomy. [62] Additionally, 
the low number of patients make it difficult to validate staging systems. The Ballantyne 
staging system was introduced in 1970 to stage HNMM, classifying patients based on the 
extent of the disease as local, regional, or distant spread (Table 2). [63] The American Joint 
Committee of Cancer (AJCC) developed a staging system including depth of invasion (i.e. 
TNM classification), which proved to be more predictive for survival in HNMM than the 
Ballantyne staging system (Table 2 and 3). [28, 64] In 2009, the AJCC updated the staging 
system for MM by removing T1 and T2 but keeping T3 and T4 as categories for tumour 
invasion, resulting in at least AJCC stage III disease, indicating the aggressiveness of MM 
(Table 2). [65] For other locations than the head and neck, there is no site-specific staging 
system. The AJCC staging system for CM is proven to predict OS in anorectal and vulvar 
MM and therefore is commonly used in clinical practice (Table 2). [45, 61]  

Table 2. Staging systems for head and neck, female genital and anorectal melanoma [67]
Staging system Important characteristics of the 

current staging system
Previously proposed staging 
system(s)

Vulvar MM  

AJCC for CM [66] See Table 3 for the entire staging 
system.

Macrostaging: FIGO staging 
[67]
Microstaging: Clark [68], 
Breslow[69], Chung staging 
[70]                              

Vaginal  MM

Ballentyne staging 
system for head and 
neck MM  (I/II/III) [63]

Stage I Local disease                                                                       
Stage II Regional disease                                                               
Stage III Distant metastasis

Head and Neck MM

AJCC MM head and 
neck  [71]

T3: Epithelium/submucosa                                                                          
T4a: Deep soft tissue, bone, 
overlying skin
T4b: Brain, dura, skull base, lower 
cranial nerves, masticator space, 
carotid artery, prevertebral space, 
mediastinal structures, cartilage, 
skeletal muscle, bone                 

Ballentyne [63], Modified 
Prasad/Ballantyne staging 
[72], Thompson staging [73]

Anorectal MM

Adapted AJCC for 
CM [66, 74] 

T1 Thin (≤ 1 mm)                                                                                                  
T2 Intermediate (2-4 mm)                                                                                   
T3 Thick (>4 mm)            

Ballentyne staging 
system for head and 
neck MM  [63]

Stage I Local disease                                                                       
Stage II Regional disease                                                               
Stage III Distant metastasis

MM: Mucosal melanoma, CM: Cutaneous melanoma, FIGO: The International Federation of Gynecology and Obstetrics, AJCC:  
The American Joint Committee on Cancer, T stage: the T describes the extent of the primary tumour.
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Treatment 

The management of local disease, irrespective of location, consists of surgical resection, with 
complete resection providing the highest chance for cure. [9] Though based on retrospective 
small studies, the existing evidence in MM, does not support wider pathological or surgical 
margins to benefit OS or recurrence-free survival (RFS). [75] As more extensive surgery in an 
often challenging location, in close relation to vital organs, is mutilating and can negatively affect 
quality of life, further research on this topic is warranted. [76] Also, as the course of disease is 
aggressive with high risks of local or distant recurrence, (extensive) surgical procedures should 
be weighed carefully against these risks and complications of surgical intervention. 

As there is a high rate of regional spread in MM, close follow-up of clinically negative nodes 
is required. Although the evidence is limited, sentinel node biopsy in locally confined VMM, 
HNMM, and anorectal MM may be valuable for identifying patients who might benefit from 
adjuvant treatment. [40, 77] Elective lymph node dissection is no part of standard treatment 
as there is no proven survival benefit and has high complication rates. [40, 78] In HNMM 
and anorectal MM adjuvant radiotherapy may improve local control and reduce the risk of 
local recurrences but does not prolong survival, in part because of the high rate of systemic 
relapses. [28, 79, 80] The treatment plan of locally advanced and unresectable MM should 
be individualized depending on age, involvement of adjacent tissue/organs, feasibility, and 
the patient’s preference. Whilst evidence is still awaiting, neoadjuvant therapy is of interest 
in bulky MM, as it may reduce tumor load ensuing complete resection. [81] An investigational 
approach, in which immunotherapy is given in neoadjuvant setting, is of interest in MM. 
Those treated with neoadjuvant/adjuvant immunotherapy in a phase II trial including 
resectable stage III/IV melanoma, less often had disease progression or recurrence, when 
compared with those treated with adjuvant immunotherapy only. [82] Yet, in this trial only 
four patients with MM were included, all of them received the same treatment strategy and 
OS was not evaluated. Given the high recurrence rates and challenges associated with 
achieving tumour-free surgical margins, neoadjuvant immunotherapy presents itself as a 
viable option in MM treatment. Currently, clinical trials (NCT03313206 and NCT02519322) 
are ongoing, investigating the use of neoadjuvant immunotherapy in MM.

The optimal clinical management for patients with positive lymph node(s) has not been 
established. In HNMM, therapeutic lymph node debulking (LND) is thought to optimize 
regional control without improving OS. [26, 78, 83] Some advocate LND in VMM and 
anorectal MM, but most studies emphasize the high complication rate of LND in the groin 
without survival benefit. Therefore nodal treatment should be individualized and outcomes 
should be monitored. [77] Despite not prolonging survival, it may identify patients who are 
in need of intensified treatment. Radiotherapy of (bulky) lymph nodes only has a role in 
improving local control and complaints, but does not improve OS. [28, 77]
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For metastatic disease, guidelines are lacking, and therefore treatment choices are often 
made on case-by-case basis and relying on expert opinion. Radiotherapy can be offered as 
palliative treatment to relieve symptoms and improve quality of life, whilst chemotherapy is 
not part of treatment as response rate and duration are low and does not improve survival. 
[77] The overall response rate (ORR) of various chemotherapeutic agents in MM is slightly 
lower than in CM (0-20% vs 15-30%), but most importantly survival benefit in both CM and 
MM is very limited, whilst toxicity rates are high. [84-86] Hence, research focusses on 
novel systemic therapies, which, since the introduction in 2011, have drastically improved 
OS of advanced CM. [87] In particular the immune-checkpoint inhibitors (ICI) nivolumab, 
pembrolizumab and ipilimumab have revolutionized the therapeutic field in immunogenic 
cancers. These agents target CTLA-4 and PD-1 which are immune checkpoints located 
on activated T-cells, normally suppressing immune response against cancer cells. By 
blocking the CTLA-4 and PD-1 pathway, the suppression is released, and the cancer cells 
are recognized and attacked providing a boost in immune response. [88] In advanced 
CM, single agent ipilimumab (anti-CTLA-4) and nivolumab (anti-PD-1) both have superior 
efficacy over chemotherapy. The combination of both yields even better ORR, though is 
accompanied with concomitant toxicity. [87] The Checkmate 238, a randomized phase 
3 trial assessing adjuvant nivolumab vs ipilimumab in resected stage IIIB-C and stage IV 
melanoma reported that nivolumab is a more efficacious drug with a higher 4-year RFS 
respectively 41.2% vs 51.7%. [89] Similarly, the CheckMate 067 trial, demonstrated the 
benefit of ipilimumab, nivolumab and combined nivolumab/ipilimumab in advanced CM, 
with a median OS after 6.5 years of follow-up of 19.9, 36.9 and 72.1 months. [90]

In MM anti-CTLA-4 blockage has shown only a minor survival benefit, with an ORR of 0-17% 
and progression-free survival (PFS) of less than 5 months. [91] As in CM, anti-PD1 blockage 
and in greater degree the combination of anti-CTLA-4 and anti-PD1 blockage are more 
promising. A pooled analysis of six clinical trials report that in advanced MM, nivolumab and 
nivolumab combined with ipilimumab have an ORR of 23% and 37% and a median PFS of 
3 and 6 months, respectively. [92] However, whilst only little comparative data is available, 
MM seems less immunogenic than CM with on average 30% lower ORR of combined anti-
CTLA-4 and anti-PD-1. [91] Unfortunately, patients with rare types of melanoma as MM and 
uveal melanoma (UM) are often excluded from clinical trials, and therefore evidence is 
limited. Therefore, though having distinct clinical behaviour and a different genetic profile, 
treatment of metastatic MM follows the insights of CM.

Pathogenesis and tumour biology

Together with acral melanoma, Spitz melanoma, and a melanoma in a blue or congenital 
naevus, MM is classified as a distinct entity by the World Health Organization, all lacking a 
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relation with chronic sun damage. [19] MM arise from melanocytes which are specialized 
cells derived from neural crest cells, producing melanin. Melanin is pigment that gives our 
skin color but most importantly protects the DNA in the cell from UV light. [93] The purpose 
of melanocytes located at sun shielded locations as the vulva or anus or head and neck 
is not clear. It is hypothesized that cells may have migrated during neural crest migration. 
[94] In contrast to its cutaneous counterpart, which has a high mutational load caused by 
UV mutagenesis, MM has a lower mutational burden, endorsing that UV light exposure 
does not play a role in the pathogenesis of MM. [19] In CM the UV-induced BRAF mutation 
and the NRAS mutation is found in 35-50% and 43% of the patients, whilst in MM this is 
seen in respectively 6% and 8% of the cases. [93] However, MM harbour a KIT mutation 
and NF-1 mutation in 13% and 20% of the cases, both being infrequent in CM. [93]. Thus, as 
BRAF mutations are lacking in MM, the KIT mutation is the only mutation for which targeted 
therapy is available (Imatinib). Furthermore, in the era of immune and targeted therapy, 
studies in CM have demonstrated that a higher tumor mutational load is predictive for a 
better and more durable response to ICI. [95, 96] The low mutation rate in MM explains 
that this entity seems less immunogenic and highlights the need for translational research 
in this field. [97] Besides unraveling the genetic landscape, efforts are made to understand 
the pathogenic role of well-known carcinogenic factors as smoking and human papilloma 
virus. Although both are risk factors for squamous cell carcinoma of the vulva and head 
and neck, they have not been associated to MM. [98] Up to today, no hereditable genetic 
predispositions for MM have been identified. 

Prognosis

Survival of patients with MM is poor, and regardless of stage of disease, is worse than CM 
(Table 1). [99] 5-year OS of patients with MM is only 27.6% compared with 76.3% in CM. [5] 
Also, MM has high recurrence rates and time to recurrence is relatively short. [100] Unlike 
CM, in which a 6.4% annual decline in mortality was seen between 2013 and 2017, survival 
rates for MM have not improved over the last decades. [101] The rapid decrease in mortality 
in CM is largely attributed to better preventive measures and early diagnosis, leading to 
a higher proportion of patients with localized disease and a lower Breslow thickness at 
diagnosis. [87] In contrast, MM is often diagnosed at an advanced stage and effective 
preventive measures do not exist. Moreover, the introduction of immune and targeted 
therapy has improved 5-year OS in advanced CM from less than 10% to 40-50%, which has 
lower efficacy in MM. [87] As MM is rare, and patients have only recently been included in 
trials, the effect of the novel systemic therapies on OS in MM is not well studied. 
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The knowledge gap in MM 

Whilst research in CM has accelerated, the rarity of this tumour kept MM from being 
investigated at the same pace. Unfortunately, studies assessing incidence and survival 
covering the last decades are limited. While 20% of the patients with CM develop metastasis, 
this percentage is rigorously higher in patients with MM, highlighting the need for better 
treatment strategies for advanced MM. The evaluation of novel systemic treatment on 
survival of MM and research focusing on the pathogenesis and tumour environment are 
crucial to guide the way forward. 

Thesis outline

The main aim of this thesis is to give an overview of clinical behavior, incidence, survival, 
and predictors of survival of rare melanomas of which mucosal melanoma (MM). Second, to 
analyze if survival has changed against the background of recently introduced immune and 
targeted therapies. In this thesis we highlight an important subgroup of MM, those located 
at the vulva, by presenting a full-spectrum overview of a large cohort of patients with vulvar 
melanoma (VM). 

Using data from the nationwide cancer registry, we were able to accurately evaluate 
incidence and survival of MM over time in the Netherlands. The Dutch Melanoma Treatment 
Registry (DMTR) adds specific value by registering treatment data combined with survival 
and recurrence data. In light of the rapidly evolving treatment landscape this gives valuable 
data of fairly new treatment in a real-world setting. 
In part 1 we evaluate incidence and survival of mucosal melanoma in the Netherlands. 
Chapter 2 gives an overview of MM over a thirty-year time period (1990-2019) in the 
Netherlands using data from the National Cancer Registry. Nationwide incidence rates, 
clinical characteristics, primary treatment strategies and survival for all stages of MM are 
analysed. Moreover, we evaluate if survival of MM has improved over the last decades. 

The last two decades are marked by the introduction of immune- and targeted therapy, and 
population-based research has confirmed that the introduction of these therapies resulted 
in survival benefit for CM and therefore has changed perspectives for these patients 
dramatically. In Chapter 3 data from the DMTR is used to investigate the survival benefit of 
MM treated with immune and targeted therapy as compared to with those who received 
no treatment or conventional therapies. Furthermore, we analysed if survival of MM has 
improved as much as CM over the same time period. Chapter 4 includes data from the 
same DMTR database in which we assess the response and toxicity rates of patients with 
MM and UM treated with the combination of ipilimumab and nivolumab. 
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In part 2 we take a detailed look at a subgroup of MM, located at the vulva. Due to the low 
numbers evidence is limited and there are no guidelines comprising the management of 
this disease. Chapter 5, presents a comprehensive overview of the literature, discussing 
the clinicopathological and genetic characteristics of VM. Furthermore, we evaluated the 
predictive value of these factors in terms of survival and recurrence. As a translation to the 
clinical practice, we established a flowchart including the diagnostic process and therapeutic 
strategies that can be used in clinical management. In Chapter 6 we describe a large 
international retrospective cohort of VM’s and asses the clinicopathological characteristics, 
mutation status and treatment of 198 cases. In addition, recurrence rates, survival curves 
and prognostic factors of survival and recurrence are presented. 

In the general discussion in part 3 a summary of this thesis is given and implications for 
future research are discussed. 
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Table 3. Seventh edition of the AJCC staging (2009) for cutaneous melanoma [66]
T category Thickness Ulceration status/ mitoses

T0: No evidence 
of primary 
tumour 

Not applicable Not applicable

Tis (melanoma 
in situ)

Not applicable Not applicable

T1 ≤1.0 mm a: without ulceration and mitosis < 1/mm2

b: with ulceration or mitosis > 1/mm2

T2 >1.0–2.0 mm a: without ulceration and mitosis < 1/mm2

b: with ulceration or mitosis > 1/mm2

T3 >2.0–4.0 mm a: without ulceration and mitosis < 1/mm2

b: with ulceration or mitosis > 1/mm2

T4 >4.0 mm a: without ulceration and mitosis < 1/mm2

b: with ulceration or mitosis > 1/mm2

N category Number of metastatic nodes Nodal metastatic burden

N0 No regional metastases detected No

N1 One tumour-involved node a:micrometastasis
b: macrometastasis

N2 Two or three tumour-involved 
nodes

a:micrometastasis
b: macrometastasis
c: in transit or satellite metastasis without 
metastatic nodes.

N2a Two or three clinically occult (i.e., 
detected by SLN biopsy)

No

N2b Two or three, at least one of which 
was clinically detected

No

N2c One clinically occult or clinically 
detected

Yes

N3 Four or more tumour-involved 
nodes, or matted nodes, or in 
transit metastases/satellites with 
metastatic nodes

M category Anatomic site LDH level

M0 No evidence of distant metastasis Not applicable

M1a Distant metastasis to skin, soft 
tissue including muscle, and/or 
nonregional lymph node

Not elevated

M1b Distant metastasis to lung Not elevated

M1c Distant metastasis to non-CNS 
visceral sites with or without M1a 
or M1b sites of disease

Not elevated

M1d Any distant metastasis Elevated

Stage Primary tumour (T) Lymph node (N) Metastases (M)

0 Tis N0 M0

IA T1a N0 M0

IB T1b
T2a

N0
N0

M0
M0

IIA T2b
T3a

N0
N0

M0
M0
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Table 3. (Continued.)
Stage Primary tumour (T) Lymph node (N) Metastases (M)

IIC T4b N0 M0

IIIA T1- 4a
T1- 4a

N1a
N2a

M0
M0

IIIB
 
T1- 4b
T1- 4b 
T1- 4a
T1- 4a
T1- 4a
 

 
N1a
N2a  
N1b
N2b
N2c

 
M0 
M0  
M0  
M0  
M0  
                         

IIIC T1- 4b
T1- 4b
T1- 4b
Any T

N1b
N2b
N2c
N3

M0  
M0  
M0  
M0  

IV Any T Any N M1



623007-L-bw-Boer623007-L-bw-Boer623007-L-bw-Boer623007-L-bw-Boer
Processed on: 26-1-2024Processed on: 26-1-2024Processed on: 26-1-2024Processed on: 26-1-2024

22 | CHAPTER 1

1

References
1.	 Mihajlovic M, Vlajkovic S, Jovanovic P, Stefanovic 

V. Primary mucosal melanomas: a comprehensive 
review. Int J Clin Exp Pathol. 2012;5(8):739-53.

2.	 McLaughlin CC, Wu XC, Jemal A, Martin HJ, 
Roche LM, Chen VW. Incidence of noncutaneous 
melanomas in the U.S. Cancer. 2005;103(5):1000-
7.

3.	 Che G, Huang B, Xie Z, Zhao J, Yan Y, Wu J, Sun H, 
Ma H. Trends in incidence and survival in patients 
with melanoma, 1974-2013. Am J Cancer Res. 
2019;9(7):1396-414.

4.	 Chang AE, Karnell LH, Menck HR. The National 
Cancer Data Base report on cutaneous 
and noncutaneous melanoma. Cancer. 
1998;83(8):1664-78.

5.	 Altieri L, Eguchi M, Peng DH, Cockburn M. 
Predictors of mucosal melanoma survival in a 
population-based setting. Journal of the American 
Academy of Dermatology. 2019;81(1):136-42.e2.

6.	 Bishop KD, Olszewski AJ. Epidemiology and 
survival outcomes of ocular and mucosal 
melanomas: a population-based analysis. Int J 
Cancer. 2014;134(12):2961-71.

7.	 Mallone S, De Vries E, Guzzo M, Midena E, Verne 
J, Coebergh JW, Marcos-Gragera R, Ardanaz 
E, Martinez R, Chirlaque MD, et al. Descriptive 
epidemiology of malignant mucosal and uveal 
melanomas and adnexal skin carcinomas in 
Europe. Eur J Cancer. 2012;48(8):1167-75.

8.	 Boer FL, Ho VKY, Louwman MWJ, Schrader 
AMR, Zuur CL, Blank CU, van Poelgeest MIE, 
Kapiteijn EHW. Trends in Incidence and Survival 
of 1496 Patients with Mucosal Melanoma in 
The Netherlands (1990-2019). Cancers (Basel). 
2023;15(5).

9.	 Heppt MV, Roesch A, Weide B, Gutzmer R, Meier 
F, Loquai C, Kähler KC, Gesierich A, Meissner 
M, von Bubnoff D, et al. Prognostic factors 
and treatment outcomes in 444 patients with 
mucosal melanoma. European Journal of Cancer. 
2017;81:36-44.

10.	 Cui C, Lian B, Zhou L, Song X, Zhang X, Wu D, 
Chi Z, Si L, Sheng X, Kong Y, et al. Multifactorial 
Analysis of Prognostic Factors and Survival Rates 
Among 706 Mucosal Melanoma Patients. Ann 
Surg Oncol. 2018;25(8):2184-92.

11.	 Carbo-Bague A, Rubio-Casadevall J, Puigdemont 
M, Sanvisens A, Oliveras G, Coll M, Del Olmo B, 
Perez-Bueno F, Marcos-Gragera R. Epidemiology 
and Molecular Profile of Mucosal Melanoma: A 
Population-Based Study in Southern Europe. 
Cancers (Basel). 2022;14(3).

12.	 Altieri L, Wong MK, Peng DH, Cockburn M.  

 
 
 
Mucosal melanomas in the racially diverse 
population of California. Journal of the American 
Academy of Dermatology. 2017;76(2):250-7.

13.	 Arnold M, Singh D, Laversanne M, Vignat J, 
Vaccarella S, Meheus F, Cust AE, de Vries 
E, Whiteman DC, Bray F. Global Burden of 
Cutaneous Melanoma in 2020 and Projections to 
2040. JAMA Dermatol. 2022;158(5):495-503.

14.	 Chi Z, Li S, Sheng X, Si L, Cui C, Han M, Guo J. 
Clinical presentation, histology, and prognoses of 
malignant melanoma in ethnic Chinese: a study of 
522 consecutive cases. BMC Cancer. 2011;11:85.

15.	 Lian B, Cui CL, Zhou L, Song X, Zhang XS, Wu D, 
Si L, Chi ZH, Sheng XN, Mao LL, et al. The natural 
history and patterns of metastases from mucosal 
melanoma: an analysis of 706 prospectively-
followed patients. Ann Oncol. 2017;28(4):868-73.

16.	 Koomen ER, de Vries E, van Kempen LC, van 
Akkooi AC, Guchelaar HJ, Louwman MW, Nijsten 
T, Coebergh JW. Epidemiology of extracutaneous 
melanoma in the Netherlands. Cancer Epidemiol 
Biomarkers Prev. 2010;19(6):1453-9.

17.	 Tomizuka T, Namikawa K, Higashi T. 
Characteristics of melanoma in Japan: a 
nationwide registry analysis 2011-2013. Melanoma 
Res. 2017;27(5):492-7.

18.	 Chattopadhyay C, Kim DW, Gombos DS, Oba 
J, Qin Y, Williams MD, Esmaeli B, Grimm EA, 
Wargo JA, Woodman SE, et al. Uveal melanoma: 
From diagnosis to treatment and the science in 
between. Cancer. 2016;122(15):2299-312.

19.	 Elder DE, Bastian BC, Cree IA, Massi D, Scolyer 
RA. The 2018 World Health Organization 
Classification of Cutaneous, Mucosal, and 
Uveal Melanoma: Detailed Analysis of 9 Distinct 
Subtypes Defined by Their Evolutionary Pathway. 
Archives of Pathology & Laboratory Medicine. 
2020;144(4):500-22.

20.	 van der Kooij MK, Speetjens FM, van der Burg SH, 
Kapiteijn E. Uveal Versus Cutaneous Melanoma; 
Same Origin, Very Distinct Tumor Types. Cancers. 
2019;11(6):845.

21.	 Leiter U, Meier F, Schittek B, Garbe C. The natural 
course of cutaneous melanoma. J Surg Oncol. 
2004;86(4):172-8.

22.	 O’Regan K, Breen M, Ramaiya N, Jagannathan 
J, DiPiro PJ, Hodi FS, Van den Abbeele AD. 
Metastatic mucosal melanoma: imaging patterns 
of metastasis and recurrence. Cancer Imaging. 
2013;13(4):626-32.

23.	 Wen X, Li D, Zhao J, Li J, Yang T, Ding Y, Peng R, 
Zhu B, Huang F, Zhang X. Time-varying pattern of 
recurrence risk for localized melanoma in China. 



1

GENERAL INTRODUCTION AND OUTLINE OF THIS THESIS | 23

World J Surg Oncol. 2020;18(1):6.
24.	 Spadafora M, Santandrea G, Lai M, Borsari S, 

Kaleci S, Banzi C, Mandato VD, Pellacani G, Piana 
S, Longo C. Clinical Review of Mucosal Melanoma: 
The 11-Year Experience of a Referral Center. 
Dermatol Pract Concept. 2023;13(1).

25.	 van Zeijl MCT, Boer FL, van Poelgeest MIE, van 
den Eertwegh AJM, Wouters M, de Wreede LC, 
Aarts MJB, van den Berkmortel F, de Groot JWB, 
Hospers GAP, et al. Survival outcomes of patients 
with advanced mucosal melanoma diagnosed 
from 2013 to 2017 in the Netherlands - A 
nationwide population-based study. Eur J Cancer. 
2020;137:127-35.

26.	 Moya-Plana A, Aupérin A, Obongo R, Baglin 
A, Ferrand FR, Baujat B, Saroul N, Casiraghi O, 
Vergez S, Herman P, et al. Oncologic outcomes, 
prognostic factor analysis and therapeutic 
algorithm evaluation of head and neck mucosal 
melanomas in France. European Journal of 
Cancer. 2019;123:1-10.

27.	 Ascierto PA, Accorona R, Botti G, Farina D, Fossati 
P, Gatta G, Gogas H, Lombardi D, Maroldi R, Nicolai 
P, et al. Mucosal melanoma of the head and 
neck. Critical Reviews in Oncology/Hematology. 
2017;112:136-52.

28.	 Nenclares P, Ap Dafydd D, Bagwan I, Begg D, 
Kerawala C, King E, Lingley K, Paleri V, Paterson G, 
Payne M, et al. Head and neck mucosal melanoma: 
The United Kingdom national guidelines. Eur J 
Cancer. 2020;138:11-8.

29.	 Tas F, Keskin S, Karadeniz A, Dağoğlu N, Sen F, 
Kilic L, Yildiz I. Noncutaneous melanoma have 
distinct features from each other and cutaneous 
melanoma. Oncology. 2011;81(5-6):353-8.

30.	 Sun CZ, Li QL, Hu ZD, Jiang YE, Song M, Yang AK. 
Treatment and prognosis in sinonasal mucosal 
melanoma: A retrospective analysis of 65 
patients from a single cancer center. Head Neck. 
2014;36(5):675-81.

31.	 Shuman AG, Light E, Olsen SH, Pynnonen MA, 
Taylor JM, Johnson TM, Bradford CR. Mucosal 
melanoma of the head and neck: predictors of 
prognosis. Arch Otolaryngol Head Neck Surg. 
2011;137(4):331-7.

32.	 López F, Rodrigo JP, Cardesa A, Triantafyllou A, 
Devaney KO, Mendenhall WM, Haigentz M, Jr., 
Strojan P, Pellitteri PK, Bradford CR, et al. Update 
on primary head and neck mucosal melanoma. 
Head Neck. 2016;38(1):147-55.

33.	 Thuaire A, Nicot R, Boileau M, Raoul G, 
Descarpentries C, Mouawad F, Germain N, 
Mortier L, Schlund M. Oral mucosal melanoma - 
A systematic review. J Stomatol Oral Maxillofac 
Surg. 2022;123(5):e425-e32.

34.	 Salari B, Foreman RK, Emerick KS, Lawrence 

DP, Duncan LM. Sinonasal Mucosal Melanoma: 
An Update and Review of the Literature. Am J 
Dermatopathol. 2022;44(6):424-32.

35.	 Temmermand D, Kilic S, Mikhael M, Butler J, 
Unsal AA. Sinonasal Mucosal Melanoma: A 
Population-based Comparison of the EUROCARE 
and SEER Registries. Int Arch Otorhinolaryngol. 
2022;26(3):e446-e52.

36.	 Low CM, Price DL, Moore EJ, Stokken JK, Van 
Abel KM, Janus JR, Choby G. Nodal and distant 
metastases in sinonasal mucosal melanoma: 
A population-based analysis. Laryngoscope. 
2020;130(3):622-7.

37.	 Wang T, Huang Y, Lu J, Xiang M. Sinonasal 
mucosal melanoma: a 10-year experience of 36 
cases in China. Ann Transl Med. 2020;8(16):1022.

38.	 Wenig BM. Laryngeal mucosal malignant 
melanoma. A clinicopathologic, 
immunohistochemical, and ultrastructural study 
of four patients and a review of the literature. 
Cancer. 1995;75(7):1568-77.

39.	 Fernandez IJ, Spagnolo F, Roncadi L, Molinari G, 
Marchioni D, Presutti L, Lucidi D. Primary mucosal 
melanoma of the larynx: systematic review of 
the literature and qualitative synthesis. Eur Arch 
Otorhinolaryngol. 2022;279(12):5535-45.

40.	 Ottaviano M, Giunta EF, Marandino L, Tortora M, 
Attademo L, Bosso D, Cardalesi C, Fabbrocini 
A, Rosanova M, Silvestri A, et al. Anorectal 
and Genital Mucosal Melanoma: Diagnostic 
Challenges, Current Knowledge and Therapeutic 
Opportunities of Rare Melanomas. Biomedicines. 
2022;10(1).

41.	 Kahl AR, Gao X, Chioreso C, Goffredo P, Hassan 
I, Charlton ME, Lin C. Presentation, Management, 
and Prognosis of Primary Gastrointestinal 
Melanoma: A Population-Based Study. J Surg Res. 
2021;260:46-55.

42.	 Bello DM, Smyth E, Perez D, Khan S, Temple LK, 
Ariyan CE, Weiser MR, Carvajal RD. Anal versus 
rectal melanoma: does site of origin predict 
outcome? Dis Colon Rectum. 2013;56(2):150-7.

43.	 Lai YM, Li ZW, Li H, Wu Y, Shi YF, Zhou LX, Lou 
YT, Cui CL. [Clinicopathological features and 
prognosis of anorectal melanoma: A report of 
68 cases]. Beijing Da Xue Xue Bao Yi Xue Ban. 
2023;55(2):262-9.

44.	 Li H, Yang L, Lai Y, Wang X, Han X, Liu S, Wang 
D, Li X, Hu N, Kong Y, et al. Genetic alteration of 
Chinese patients with rectal mucosal melanoma. 
BMC Cancer. 2021;21(1):623.

45.	 Cui C, Lian B, Zhang X, Wu D, Li K, Si L, Yang Y, Tian 
H, Zhou L, Chi Z, et al. An Evidence-Based Staging 
System for Mucosal Melanoma: A Proposal. Ann 
Surg Oncol. 2022;29(8):5221-34.

46.	 Ercelep O, Topcu TO, Bayoglu IV, Ekinci AS, Koca 



24 | CHAPTER 1

1

S, Kavgaci H, Ozcelik M, Alacacioglu A, Uzunoglu 
S, Bozkurt O, et al. Retrospective multicenter 
evaluation of patients diagnosed with mucosal 
melanoma: a study of Anatolian Society of Medical 
Oncology. Tumour Biol. 2016;37(9):12033-8.

47.	 Boer FL, Ten Eikelder MLG, van Geloven N, 
Kapiteijn EH, Gaarenstroom KN, Hughes G, 
Nooij LS, Jozwiak M, Tjiong MY, de Hullu JMA, 
et al. Evaluation of treatment, prognostic factors, 
and survival in 198 vulvar melanoma patients: 
Implications for clinical practice. Gynecol Oncol. 
2021;161(1):202-10.

48.	 Sinasac SE, Petrella TM, Rouzbahman M, Sade 
S, Ghazarian D, Vicus D. Melanoma of the Vulva 
and Vagina: Surgical Management and Outcomes 
Based on a Clinicopathologic Reviewof 68 Cases. 
J Obstet Gynaecol Can. 2019;41(6):762-71.

49.	 Pandey G, Dave P, Patel S, Patel B, Arora R, Parekh 
C, Begum D. Female genital tract melanoma: 
Analysis from a regional cancer institute. Turk J 
Obstet Gynecol. 2020;17(1):46-51.

50.	 Hou JY, Baptiste C, Hombalegowda RB, Tergas 
AI, Feldman R, Jones NL, Chatterjee-Paer S, 
Bus-Kwolfski A, Wright JD, Burke WM. Vulvar and 
vaginal melanoma: A unique subclass of mucosal 
melanoma based on a comprehensive molecular 
analysis of 51 cases compared with 2253 
cases of nongynecologic melanoma. Cancer. 
2017;123(8):1333-44.

51.	 Yazdanfard NW, Mikkelsen LH, Behrendt N, 
Fuglsang K, Blaakær J, Hölmich LR, Frøding 
LP, Munch-Petersen HF, Heegaard S. Vaginal 
melanoma in Denmark from 1980 to 2018: A 
population-based study based on genetic profile 
and survival. Gynecol Oncol. 2022;165(1):53-9.

52.	 Tang B, Yan X, Chi Z, Li S, Cui C, Lian B, Si L, Mao 
L, Wang X, Bai X, et al. The clinicopathological and 
survival analysis of urological mucosal melanoma: 
A single-center retrospective observational 
study. Journal of Clinical Oncology. 2021;39(15_
suppl):e21588-e.

53.	 Wang X, Cui C, Lian B, Zhou L, Chi Z, Si L, Sheng 
X, Kong Y, Mao L, Yan X, et al. Mucosal melanoma 
of the female genital tract: Operation modalities. 
Journal of Clinical Oncology. 2019;37(15_
suppl):e21060-e.

54.	 Thoelke A, Willrodt S, Hauschild A, Schadendorf 
D. Primary extracutaneous malignant melanoma: 
a comprehensive review with emphasis on 
treatment. Onkologie. 2004;27(5):492-9.

55.	 Carvajal RD, Spencer SA, Lydiatt W. Mucosal 
melanoma: a clinically and biologically unique 
disease entity. J Natl Compr Canc Netw. 
2012;10(3):345-56.

56.	 Postow MA, Hamid O, Carvajal RD. Mucosal 
Melanoma: Pathogenesis, Clinical Behavior, 

and Management. Current Oncology Reports. 
2012;14(5):441-8.

57.	 Schaefer T, Satzger I, Gutzmer R. Clinics, prognosis 
and new therapeutic options in patients with 
mucosal melanoma: A retrospective analysis of 75 
patients. Medicine (Baltimore). 2017;96(1):e5753.

58.	 DeMatos P, Tyler D, Seigler HF. Mucosal melanoma 
of the female genitalia: a clinicopathologic study 
of forty-three cases at Duke University Medical 
Center. Surgery. 1998;124(1):38-48.

59.	 Dobrică E-C, Vâjâitu C, Condrat CE, Crețoiu D, 
Popa I, Gaspar BS, Suciu N, Crețoiu SM, Varlas 
VN. Vulvar and Vaginal Melanomas—The Darker 
Shades of Gynecological Cancers. Biomedicines. 
2021;9(7):758.

60.	 Wohlmuth C, Wohlmuth-Wieser I. Vulvar 
Melanoma: Molecular Characteristics, Diagnosis, 
Surgical Management, and Medical Treatment. 
Am J Clin Dermatol. 2021;22(5):639-51.

61.	 Nagarajan P, Piao J, Ning J, Noordenbos LE, Curry 
JL, Torres-Cabala CA, Diwan AH, Ivan D, Aung 
PP, Ross MI, et al. Prognostic model for patient 
survival in primary anorectal mucosal melanoma: 
stage at presentation determines relevance 
of histopathologic features. Mod Pathol. 
2020;33(3):496-513.

62.	 Smith HG, Harrington KJ, Smith MJF. Letter to the 
Editor Regarding “An Evidence-Based Staging 
System for Mucosal Melanoma: A Proposal”. 
Annals of Surgical Oncology. 2022;29(3):625-.

63.	 Ballantyne AJ. Malignant melanoma of the skin of 
the head and neck. An analysis of 405 cases. Am 
J Surg. 1970;120(4):425-31.

64.	 Luna-Ortiz K, Aguilar-Romero M, Villavicencio-
Valencia V, Zepeda-Castilla E, Vidrio-Morgado H, 
Peteuil N, Mosqueda-Taylor A. Comparative study 
between two different staging systems (AJCC 
TNM VS BALLANTYNE’S) for mucosal melanomas 
of the Head & Neck. Med Oral Patol Oral Cir 
Bucal. 2016;21(4):e425-30.

65.	 Compton CC, Byrd DR, Garcia-Aguilar J, Kurtzman 
SH, Olawaiye A, Washington MK. Mucosal 
Melanoma of the Head and Neck. In: Compton 
CC, Byrd DR, et al., editors. AJCC Cancer Staging 
Atlas: A Companion to the Seventh Editions of 
the AJCC Cancer Staging Manual and Handbook. 
New York, NY: Springer New York; 2012. p. 121-5.

66.	 Olawaiye AB, Cotler J, Cuello MA, Bhatla N, 
Okamoto A, Wilailak S, Purandare CN, Lindeque 
G, Berek JS, Kehoe S. FIGO staging for carcinoma 
of the vulva: 2021 revision. International Journal 
of Gynecology & Obstetrics. 2021;155(1):43-7.

67.	 Balch CM, Gershenwald JE, Soong SJ, Thompson 
JF, Atkins MB, Byrd DR, Buzaid AC, Cochran AJ, 
Coit DG, Ding S, et al. Final version of 2009 AJCC 
melanoma staging and classification. J Clin Oncol. 



1

GENERAL INTRODUCTION AND OUTLINE OF THIS THESIS | 25

2009;27(36):6199-206.
68.	 Clark WH, Jr., From L, Bernardino EA, Mihm MC. 

The histogenesis and biologic behavior of primary 
human malignant melanomas of the skin. Cancer 
Res. 1969;29(3):705-27.

69.	 Breslow A. Thickness, cross-sectional areas and 
depth of invasion in the prognosis of cutaneous 
melanoma. Ann Surg. 1970;172(5):902-8.

70.	 Chung AF, Woodruff JM, Lewis JL, Jr. Malignant 
melanoma of the vulva: A report of 44 cases. 
Obstet Gynecol. 1975;45(6):638-46.

71.	 Lydiatt WM, Patel SG, O’Sullivan B, Brandwein MS, 
Ridge JA, Migliacci JC, Loomis AM, Shah JP. Head 
and Neck cancers-major changes in the American 
Joint Committee on cancer eighth edition cancer 
staging manual. CA Cancer J Clin. 2017;67(2):122-
37.

72.	 Prasad ML, Patel SG, Huvos AG, Shah JP, Busam 
KJ. Primary mucosal melanoma of the head and 
neck: a proposal for microstaging localized, 
Stage I (lymph node-negative) tumors. Cancer. 
2004;100(8):1657-64.

73.	 Thompson LD, Wieneke JA, Miettinen M. 
Sinonasal tract and nasopharyngeal melanomas: 
a clinicopathologic study of 115 cases with a 
proposed staging system. Am J Surg Pathol. 
2003;27(5):594-611.

74.	 Nagarajan P, Piao J, Ning J, Noordenbos LE, Curry 
JL, Torres-Cabala CA, Diwan AH, Ivan D, Aung 
PP, Ross MI, et al. Prognostic model for patient 
survival in primary anorectal mucosal melanoma: 
stage at presentation determines relevance of 
histopathologic features. Modern Pathology. 
2020;33(3):496-513.

75.	 Smith HG, Glen J, Turnbull N, Peach H, Board R, 
Payne M, Gore M, Nugent K, Smith MJF. Less is 
more: A systematic review and meta-analysis 
of the outcomes of radical versus conservative 
primary resection in anorectal melanoma. Eur J 
Cancer. 2020;135:113-20.

76.	 Günther V, Malchow B, Schubert M, Andresen 
L, Jochens A, Jonat W, Mundhenke C, Alkatout 
I. Impact of radical operative treatment on the 
quality of life in women with vulvar cancer-
-a retrospective study. Eur J Surg Oncol. 
2014;40(7):875-82.

77.	 Smith HG, Bagwan I, Board RE, Capper S, 
Coupland SE, Glen J, Lalondrelle S, Mayberry 
A, Muneer A, Nugent K, et al. Ano-uro-genital 
mucosal melanoma UK national guidelines. Eur J 
Cancer. 2020;135:22-30.

78.	 Haimowitz S, Cohen DA, Dhanda A, Barron K, 
Povolotskiy R, Roden D. Mucosal Melanoma of 
the Oral Cavity: What is the Role of Elective Neck 
Dissection? Laryngoscope. 2023;133(2):317-26.

79.	 Tchelebi L, Guirguis A, Ashamalla H. Rectal 

melanoma: epidemiology, prognosis, and role 
of adjuvant radiation therapy. J Cancer Res Clin 
Oncol. 2016;142(12):2569-75.

80.	 Li W, Yu Y, Wang H, Yan A, Jiang X. Evaluation 
of the prognostic impact of postoperative 
adjuvant radiotherapy on head and neck mucosal 
melanoma: a meta-analysis. BMC Cancer. 
2015;15:758.

81.	 Ho J, Mattei J, Tetzlaff M, Williams MD, Davies 
MA, Diab A, Oliva ICG, McQuade J, Patel 
SP, Tawbi H, et al. Neoadjuvant checkpoint 
inhibitor immunotherapy for resectable mucosal 
melanoma. Front Oncol. 2022;12:1001150.

82.	 Patel SP, Othus M, Chen Y, Wright GP, Jr., Yost KJ, 
Hyngstrom JR, Hu-Lieskovan S, Lao CD, Fecher 
LA, Truong TG, et al. Neoadjuvant-Adjuvant or 
Adjuvant-Only Pembrolizumab in Advanced 
Melanoma. N Engl J Med. 2023;388(9):813-23.

83.	 Wu Y, Zhong Y, Li C, Song H, Guo W, Ren G. Neck 
dissection for oral mucosal melanoma: caution of 
nodular lesion. Oral Oncol. 2014;50(4):319-24.

84.	 Shoushtari AN, Bluth MJ, Goldman DA, Bitas C, 
Lefkowitz RA, Postow MA, Munhoz RR, Buchar G, 
Hester RH, Romero JA, et al. Clinical features and 
response to systemic therapy in a historical cohort 
of advanced or unresectable mucosal melanoma. 
Melanoma Res. 2017;27(1):57-64.

85.	 Yi JH, Yi SY, Lee HR, Lee SI, Lim DH, Kim JH, Park 
KW, Lee J. Dacarbazine-based chemotherapy as 
first-line treatment in noncutaneous metastatic 
melanoma: multicenter, retrospective analysis in 
Asia. Melanoma Res. 2011;21(3):223-7.

86.	 Gogas HJ, Kirkwood JM, Sondak VK. 
Chemotherapy for metastatic melanoma: time for 
a change? Cancer. 2007;109(3):455-64.

87.	 Schadendorf D, van Akkooi ACJ, Berking C, 
Griewank KG, Gutzmer R, Hauschild A, Stang 
A, Roesch A, Ugurel S. Melanoma. The Lancet. 
2018;392(10151):971-84.

88.	 Carlino MS, Larkin J, Long GV. Immune 
checkpoint inhibitors in melanoma. Lancet. 
2021;398(10304):1002-14.

89.	 Ascierto PA, Del Vecchio M, Mandalá M, Gogas 
H, Arance AM, Dalle S, Cowey CL, Schenker 
M, Grob JJ, Chiarion-Sileni V, et al. Adjuvant 
nivolumab versus ipilimumab in resected stage 
IIIB-C and stage IV melanoma (CheckMate 238): 
4-year results from a multicentre, double-blind, 
randomised, controlled, phase 3 trial. Lancet 
Oncol. 2020;21(11):1465-77.

90.	 Wolchok JD, Chiarion-Sileni V, Gonzalez R, Grob 
JJ, Rutkowski P, Lao CD, Cowey CL, Schadendorf 
D, Wagstaff J, Dummer R, et al. Long-Term 
Outcomes With Nivolumab Plus Ipilimumab or 
Nivolumab Alone Versus Ipilimumab in Patients 
With Advanced Melanoma. J Clin Oncol. 



623007-L-bw-Boer623007-L-bw-Boer623007-L-bw-Boer623007-L-bw-Boer
Processed on: 26-1-2024Processed on: 26-1-2024Processed on: 26-1-2024Processed on: 26-1-2024

26 | CHAPTER 1

1

2022;40(2):127-37.
91.	 Li J, Kan H, Zhao L, Sun Z, Bai C. Immune 

checkpoint inhibitors in advanced or metastatic 
mucosal melanoma: a systematic review. Ther 
Adv Med Oncol. 2020;12:1758835920922028.

92.	 D’Angelo SP, Larkin J, Sosman JA, Lebbe C, Brady 
B, Neyns B, Schmidt H, Hassel JC, Hodi FS, Lorigan 
P, et al. Efficacy and Safety of Nivolumab Alone or 
in Combination With Ipilimumab in Patients With 
Mucosal Melanoma: A Pooled Analysis. J Clin 
Oncol. 2017;35(2):226-35.

93.	 Nassar KW, Tan AC. The mutational landscape 
of mucosal melanoma. Semin Cancer Biol. 
2020;61:139-48.

94.	 Furney SJ, Turajlic S, Stamp G, Nohadani M, 
Carlisle A, Thomas JM, Hayes A, Strauss D, Gore 
M, van den Oord J, et al. Genome sequencing 
of mucosal melanomas reveals that they are 
driven by distinct mechanisms from cutaneous 
melanoma. J Pathol. 2013;230(3):261-9.

95.	 Klempner SJ, Fabrizio D, Bane S, Reinhart M, 
Peoples T, Ali SM, Sokol ES, Frampton G, Schrock 
AB, Anhorn R, et al. Tumor Mutational Burden as 
a Predictive Biomarker for Response to Immune 
Checkpoint Inhibitors: A Review of Current 
Evidence. Oncologist. 2020;25(1):e147-e59.

96.	 Zheng M. Tumor mutation burden for predicting 
immune checkpoint blockade response: the more, 
the better. J Immunother Cancer. 2022;10(1).

97.	 Goodman AM, Kato S, Bazhenova L, Patel SP, 
Frampton GM, Miller V, Stephens PJ, Daniels 
GA, Kurzrock R. Tumor Mutational Burden as 
an Independent Predictor of Response to 
Immunotherapy in Diverse Cancers. Mol Cancer 
Ther. 2017;16(11):2598-608.

98.	 Spencer KR, Mehnert JM. Mucosal Melanoma: 
Epidemiology, Biology and Treatment. Cancer 
Treat Res. 2016;167:295-320.

99.	 Kuk D, Shoushtari AN, Barker CA, Panageas KS, 
Munhoz RR, Momtaz P, Ariyan CE, Brady MS, Coit 
DG, Bogatch K, et al. Prognosis of Mucosal, Uveal, 
Acral, Nonacral Cutaneous, and Unknown Primary 
Melanoma From the Time of First Metastasis. 
Oncologist. 2016;21(7):848-54.

100.	 Grözinger G, Mann S, Mehra T, Klumpp B, Grosse 
U, Nikolaou K, Garbe C, Clasen S. Metastatic 
patterns and metastatic sites in mucosal 
melanoma: a retrospective study. Eur Radiol. 
2016;26(6):1826-34.

101.	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 
2020. CA Cancer J Clin. 2020;70(1):7-30.



623007-L-bw-Boer623007-L-bw-Boer623007-L-bw-Boer623007-L-bw-Boer
Processed on: 26-1-2024Processed on: 26-1-2024Processed on: 26-1-2024Processed on: 26-1-2024

1

GENERAL INTRODUCTION AND OUTLINE OF THIS THESIS | 27


