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CHAPTER 1
General introduction and outline of the thesis
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Chapter 1

Cutaneous melanoma arise through malignant transformation of pigment 
producing melanocytes in the epidermis. This is the result of a complex 
interaction between genetic and environmental factors1,2. Important risk factors 
for cutaneous melanoma are the overexposure to ultraviolet light (from the sun or 
artificial) and subsequent sunburns (especially before the age of 35), the presence 
of atypical (melanocytic or dysplastic)- or numerous (more than 50) naevi, fair 
skin phenotype and family history of melanoma3,4.

Worldwide incidence of melanoma has risen rapidly during the last decade and 
is still constantly increasing, mostly in fair-skinned populations5. In Europe, skin 
melanoma is the fifth most common diagnosed cancer in both men (after prostate, 
lung, colorectal and bladder cancers) and women (after breast, colorectal, lung 
and gynecological cancers)6. The Netherlands is one of the European countries 
with the highest incidence rate. In 2021, 7530 patients were diagnosed with 
melanoma, compared to 5203 in 20107. This rising trend can be explained by 
increased and earlier detection, increased awareness, increased exposure to 
sunlight and less competing risks due to an increasing life expectancy8.

Diagnostics in high risk melanoma
Staging and classification at initial diagnosis and upon recurrence of disease is 
currently done with the eighth AJCC American Joint Committee on Cancer 
(AJCC). This cancer staging system relies upon assessments of the primary 
tumor (T1a-4b), regional lymph nodes (N1a-3c), and distant metastases (M1a-
d). Stage II disease according to the 8Th AJCC is defined by the presence of 
a primary melanoma with a Breslow thickness >1.1mm with ulceration or with 
a Breslow thickness >2.1mm without ulceration. Stage III disease is defined by 
the presence of lymph node involvement and/or satellite/in-transit metastases 
(ITM), in the absence of distant metastases9. Satellite metastases and ITM are 
locoregional recurrences confined to the superficial lymphatics and develop in 
approximately 4-8% of patients. Lesions can be cutaneous or subcutaneous, 
isolated or widespread, and can occur with or without synchronous nodal and/
or distant disease10.

In routine practice in the Netherlands, in clinical stage IIB-C (T3b-4b) melanoma 
no routine imaging (US, CT or PET-CT) is performed prior to lymphoscintigraphy 
(LSG) and sentinel lymph node biopsy (SLNB). In patients with recently discovered 
stage III disease, a whole body PET/CT is performed in order to rule out more 
metastases.

Treatment of stage III melanoma
The SLNB is a surgical staging procedure used to determine whether cancer has 
spread beyond a primary tumor into the lymphatic system. The sentinel node 
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(SN) is the first draining lymph node from the primary tumor and is considered 
a surrogate indicator to predict the risk of further (micro-)metastatic spread. 
This procedure is used worldwide for patients with newly diagnosed primary 
melanomas, as many studies have proven it’s prognostic value11. The Multicenter 
Selective Lymphadenectomy Trial 1 (MSLT-1) also tested if the procedure had a 
therapeutic value (if the early removal of the SN and subsequent completion 
lymph node dissection (CLND) could potentially prevent further spreading of 
disease and thereby improve survival), but no statistical significant survival benefit 
was found when comparing the procedure to nodal observation12,13.

Until recently, all patients with a positive SN underwent a CLND, a procedure in 
which all remaining lymph nodes in the SN positive lymph node basin are removed, 
with the hope of preventing recurrence or disease progression. However, two 
randomized controlled trials (MSLT-II and DeCOG-SLT) set out to assess the 
value of CLND for patients with sentinel-node metastases and concluded that 
immediate CLND was not associated with improved melanoma-specific or distant 
metastasis-free survival when compared to sequential nodal observation using 
ultrasound14,15. Therefore, CLND after detection of SN metastases stopped 
being standard of care and therapeutic lymph node dissections (TLND) are 
now only performed in patients with recurrent, clinically detectable lymph node 
metastases. Nevertheless, the SLNB remains an important staging tool, especially 
with the arrival of adjuvant systemic immunotherapy.

After resection (by SLNB, LND or resection of ITM) of micro- or macroscopic 
disease, patients with stage III melanoma still have a high risk of developing 
recurrence. Depending on the number of affected lymph nodes and the presence 
of satellite- and/or in-transit metastases, survival rates range from 32% to 93% 
(8th AJCC)9. Fortunately, due to successful advances in systemic treatments for 
unresectable stage III-IV disease, not long ago, trials were set up to investigate 
the same systemic agents in adjuvant setting for resected high-risk melanoma.

The EORTC 18071 trial was the first to show a significantly improved recurrence-
free survival (RFS) in completely resected stage III melanoma for adjuvant high-
dose ipilimumab (10 mg/kg) when compared to placebo (3-yr RFS of 46.5% vs. 
34.8%, respectively). However, toxicity rates were high: 5 patients died and 54% 
experienced grade 3/4 adverse events16. These results have since been surpassed 
by two studies investigating anti-PD1 agents. The CheckMate 238 study examined 
adjuvant nivolumab versus high-dose ipilimumab in resected stage IIIB-IV disease. 
At 12 months, this study showed a 10% recurrence benefit for the nivolumab 
arm and 14% of the nivolumab group experienced 3/4 adverse events compared 
to 45.9% of the ipilimumab group17. Most recent was the study by Eggermont 
et al., which reported a significantly longer 1-year RFS for patients treated with 

1

EmmaStahlie_BNW.indd   9EmmaStahlie_BNW.indd   9 8-3-2023   11:12:098-3-2023   11:12:09



10

Chapter 1

pembrolizumab (75%) versus placebo (61%) with an adverse event rate of 15%18. 
For BRAF-mutated melanomas, the COMBI-AD trial compared the combination 
of dabrafenib and trametinib with placebo in resected stage III disease. The 
3-year RFS rates were 58% for the combination arm compared to 39% for the 
placebo arm (p<0.001) after a median follow-up of 2.8 years and 41% of patients 
experienced grade 3/4 adverse events19.

Talimogene Laherparepvec
Oncolytic virus therapy has emerged as new therapeutic option for patients with 
injectable tumors. In these viruses, tumor regression is mediated through a dual 
mechanism of action. First, viral infiltration of tumor cells causes cell lysis, which 
in turn can infect surrounding tumor cells, propagating a local effect. Secondly 
cell lysis also causes the release of tumor-derived antigens, thereby generating 
systemic anti-tumor immunity20. Talimogene Laherparepvec (T-VEC, previously 
known as OncoVEXGM-CSF) was the first oncolytic virus to demonstrate a clinical 
benefit in patients with cancer. It was designed to selectively replicate- and induce 
oncolysis only in tumor cells, thus avoiding normal cells21.

More specific, T-VEC is a genetically modified oncolytic immunotherapy derived 
from the herpes simplex virus-1 (HSV-1). T-VEC is based on a JS-1 strain, in which 
the genes ICP34.5 and ICP47 have been completely disabled and the coding 
sequence for human granulocyte-macrophage colony-stimulating factor (GM-
CSF) has been inserted. Deletion of ICP34.5 provides tumor selective virus 
replication and deletion of ICP47 prevents the blocking of antigen presentation, 
thereby restoring the anti-tumor immune response. Deleting ICP47 also increases 
expression of the HSV US11 gene, which allows US11 to further enhance the 
degree of viral replication and oncolysis of tumor cells. Finally, expression of 
GM-CSF leads to the recruitment and stimulation of dendritic cells and thus 
antigen presentation22.

In 2006, a phase I study investigating T-VEC in 30 patients with cutaneous or 
subcutaneous solid tumors (breast, colorectal, melanoma, and head and neck 
cancer) showed it was well tolerated. The most common side effects were local 
inflammation, erythema and febrile responses22. Subsequently, a phase II trial 
assessed the efficacy of T-VEC in 50 patients with stage IIIC and IV melanoma. 
They reported an overall response rate (ORR) by RECIST of 26% in both 
injected as well as uninjected distant (including visceral) lesions and 92% of these 
responses lasted for 7 to 31 months. For patients with a partial response (PR), 
complete response (CR) or surgical CR (CR after additional resection of disease) 
as best response, the 1-year survival rate was 93%. A limited toxicity profile was 
seen again23. These results led to the pivotal randomized controlled phase III 
OPTiM trial. In the OPTiM, 436 patients with unresectable injectable stage IIIB-
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IV melanoma were randomly assigned to intralesional T-VEC or subcutaneous 
GM-CSF, at a 2:1 ratio. The overall- and durable response rate (DRR) were 
significantly higher in the T-VEC arm (ORR: 26.4% vs. 5.7%, p<0.001; DRR: 
16.3% vs. 2.1% respectively, p<0.001). Also the overall survival, although barely 
not-statistically significant, favored the T-VEC arm (23.3 months vs 18.9 months, 
p=0.051). Efficacy was most pronounced in the patients with stage IIIB, IIIC or 
IVM1a disease (AJCC 7th edition) and treatment-naive patients. Again, T-VEC 
had a tolerable safety profile and most common adverse events included fatigue 
(50%), chills (49%) and pyrexia (43%). Thirty-six percent of patients had a grade 
3 ≥ AEs and there were no treatment-related fatal events24. Based on the results 
of the OPTiM trial, T-VEC was approved by the Food and Drug Administration 
(FDA) for treatment of patients with metastatic melanoma that cannot be 
surgically removed, in October 2015. Shortly after, T-VEC was also approved by 
the European Medicines Agency (EMA) for patients with early metastatic disease 
(stage IIIB-IVM1a), as they achieved the best outcomes.

Despite this, many health care players in different countries across the world 
struggle to assess T-VEC, to which patients have limited access except in a few 
selected countries, as reimbursement is not provided in many other countries. 
Since its approval, T-VEC has been examined in multiple real-world studies 
and there is an increasing amount of clinical data that supports the efficacy in 
melanoma patients25-28.

Aims and outline of the thesis
This thesis aims to improve treatment of patients with stage III melanoma. We 
mainly focus on accurate patient selection for successful treatment with T-VEC, 
by evaluating the efficacy and safety, identifying clinical prognostic factors and 
focusing on use in clinical practice. Further aims are to assess the value of 
surveillance- and screening imaging in high-risk melanoma.

The first part of this thesis mainly focuses on several aspects regarding treatment 
with T-VEC. Chapter 2 focuses on prognostic factors for a CR to T-VEC and 
presents a nomogram for predicting CR in patients, allowing a more accurate 
selection of patients for T-VEC monotherapy. Chapter 3 externally validated this 
nomogram in an independent cohort. Chapter 4 reviews the current literature on 
T-VEC and presents a meta-analyses of efficacy data from the included studies. 
False positive FDG uptake in locoregional lymph nodes of patients treated with 
T-VEC was described in chapter 5. Chapter 6 is a pilot study investigating 
dermoscopy as response evaluation tool for cutaneous metastases treated with 
T-VEC.

1
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In the second part of this thesis, chapter 7 and 8 evaluate the role of surveillance- 
and screening imaging in high-risk stage II and III melanoma.

EmmaStahlie_BNW.indd   12EmmaStahlie_BNW.indd   12 8-3-2023   11:12:098-3-2023   11:12:09



13

General introduction and outline of the thesis

REFERENCES

1.	 Khan AQ, Travers JB, Kemp MG. Roles of UVA radiation and DNA damage responses 
in melanoma pathogenesis. Environ Mol Mutagen 2018; 59(5): 438-60.

2.	 Schadendorf D, van Akkooi ACJ, Berking C, et al. Melanoma. Lancet 2018; 
392(10151): 971-84.

3.	 Gandini S, Sera F, Cattaruzza MS, et al. Meta-analysis of risk factors for cutaneous 
melanoma: III. Family history, actinic damage and phenotypic factors. Eur J Cancer 
2005; 41(14): 2040-59.

4.	 Whiteman DC, Whiteman CA, Green AC. Childhood sun exposure as a risk factor 
for melanoma: a systematic review of epidemiologic studies. Cancer Causes Control 
2001; 12(1): 69-82.

5.	 Dimitriou F, Krattinger R, Ramelyte E, et al. The World of Melanoma: Epidemiologic, 
Genetic, and Anatomic Differences of Melanoma Across the Globe. Curr Oncol 
Rep 2018; 20(11): 87.

6.	 ECIS - European Cancer Information System. https://ecis..jrc.ec.europa.eu/.
7.	 IKNL. Cijfers over melanoom 2010. iknl.nl.
8.	 Erdmann F, Lortet-Tieulent J, Schüz J, et al. International trends in the incidence of 

malignant melanoma 1953-2008--are recent generations at higher or lower risk? Int 
J Cancer 2013; 132(2): 385-400.

9.	 Gershenwald JE, Scolyer RA, Hess KR, et al. Melanoma staging: Evidence-based 
changes in the American Joint Committee on Cancer eighth edition cancer staging 
manual. CA Cancer J Clin 2017; 67(6): 472-92.

10.	 Hayes AJ, Clark MA, Harries M, Thomas JM. Management of in-transit metastases 
from cutaneous malignant melanoma. Br J Surg 2004; 91(6): 673-82.

11.	 Reintgen D, Cruse CW, Wells K, et al. The orderly progression of melanoma nodal 
metastases. Ann Surg 1994; 220(6): 759-67.

12.	 Morton DL, Thompson JF, Cochran AJ, et al. Final trial report of sentinel-node 
biopsy versus nodal observation in melanoma. N Engl J Med 2014; 370(7): 599-609.

13.	 Morton DL, Thompson JF, Cochran AJ, et al. Sentinel-node biopsy or nodal 
observation in melanoma. N Engl J Med 2006; 355(13): 1307-17.

14.	 Leiter U, Stadler R, Mauch C, et al. Final Analysis of DeCOG-SLT Trial: No Survival 
Benefit for Complete Lymph Node Dissection in Patients With Melanoma With 
Positive Sentinel Node. J Clin Oncol 2019; 37(32): 3000-8.

15.	 Faries MB, Thompson JF, Cochran AJ, et al. Completion Dissection or Observation 
for Sentinel-Node Metastasis in Melanoma. New England Journal of Medicine 2017; 
376(23): 2211-22.

16.	 Eggermont AM, Chiarion-Sileni V, Grob JJ, et al. Adjuvant ipilimumab versus 
placebo after complete resection of high-risk stage III melanoma (EORTC 18071): a 
randomised, double-blind, phase 3 trial. Lancet Oncol 2015; 16(5): 522-30.

17.	 Weber J, Mandala M, Del Vecchio M, et al. Adjuvant Nivolumab versus Ipilimumab in 
Resected Stage III or IV Melanoma. New England Journal of Medicine 2017; 377(19): 
1824-35.

18.	 Eggermont AMM, Blank CU, Mandala M, et al. Adjuvant Pembrolizumab versus 
Placebo in Resected Stage III Melanoma. N Engl J Med 2018; 378(19): 1789-801.

19.	 Long GV, Hauschild A, Santinami M, et al. Adjuvant Dabrafenib plus Trametinib in 
Stage III BRAF-Mutated Melanoma. N Engl J Med 2017; 377(19): 1813-23.

1

EmmaStahlie_BNW.indd   13EmmaStahlie_BNW.indd   13 8-3-2023   11:12:098-3-2023   11:12:09



14

Chapter 1

20.	 Kaufman HL, Amatruda T, Reid T, et al. Systemic versus local responses in melanoma 
patients treated with talimogene laherparepvec from a multi-institutional phase II 
study. J Immunother Cancer 2016; 4: 12.

21.	 Rehman H, Silk AW, Kane MP, Kaufman HL. Into the clinic: Talimogene laherparepvec 
(T-VEC), a first-in-class intratumoral oncolytic viral therapy. J Immunother Cancer 
2016; 4: 53.

22.	 Hu JCC, Coffin RS, Davis CJ, et al. A Phase I Study of OncoVEX<sup>GM-CSF</
sup>, a Second-Generation Oncolytic Herpes Simplex Virus Expressing Granulocyte 
Macrophage Colony-Stimulating Factor. Clinical Cancer Research 2006; 12(22): 
6737-47.

23.	 Senzer NN, Kaufman HL, Amatruda T, et al. Phase II clinical trial of a granulocyte-
macrophage colony-stimulating factor-encoding, second-generation oncolytic 
herpesvirus in patients with unresectable metastatic melanoma. J Clin Oncol 2009; 
27(34): 5763-71.

24.	 Andtbacka RH, Kaufman HL, Collichio F, et al. Talimogene Laherparepvec Improves 
Durable Response Rate in Patients With Advanced Melanoma. J Clin Oncol 2015; 
33(25): 2780-8.

25.	 Stahlie EHA, Franke V, Zuur CL, et al. T-VEC for stage IIIB-IVM1a melanoma achieves 
high rates of complete and durable responses and is associated with tumor load: a 
clinical prediction model. Cancer Immunol Immunother 2021; 70(8): 2291-300.

26.	 van Akkooi ACJ, Haferkamp S, Papa S, et al. A Retrospective Chart Review Study 
of Real-World Use of Talimogene Laherparepvec in Unresectable Stage IIIB-IVM1a 
Melanoma in Four European Countries. Adv Ther 2021; 38(2): 1245-62.

27.	 Louie RJ, Perez MC, Jajja MR, et al. Real-World Outcomes of Talimogene 
Laherparepvec Therapy: A Multi-Institutional Experience. J Am Coll Surg 2019; 
228(4): 644-9.

28.	 Zhou AY, Wang DY, McKee S, et al. Correlates of response and outcomes with 
talimogene laherperpvec. J Surg Oncol 2019; 120(3): 558-64.

EmmaStahlie_BNW.indd   14EmmaStahlie_BNW.indd   14 8-3-2023   11:12:098-3-2023   11:12:09



15

General introduction and outline of the thesis

1

EmmaStahlie_BNW.indd   15EmmaStahlie_BNW.indd   15 8-3-2023   11:12:098-3-2023   11:12:09


