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Cutaneous melanoma is a major concern in terms of 
healthcare systems and economics. The aim of this 
study was to estimate the direct costs of melanoma by 
disease stage, phase of diagnosis, and treatment ac-
cording to the pre-set clinical guidelines drafted by the 
AIOM (Italian Medical Oncological Association). Based 
on the AIOM guidelines for malignant cutaneous me-
lanoma, a highly detailed decision-making model was 
developed describing the patient’s pathway from diag-
nosis through the subsequent phases of disease sta-
ging, surgical and medical treatment, and follow-up. 
The model associates each phase potentially involving 
medical procedures with a likelihood measure and a 
cost, thus enabling an estimation of the expected costs 
by disease stage and clinical phase of melanoma diag-
nosis and treatment according to the clinical guideli-
nes. The mean per-patient cost of the whole melanoma 
pathway (including one year of follow-up) ranged from 
€149 for stage 0 disease to €66,950 for stage IV di-
sease. The costs relating to each phase of the disease’s 
diagnosis and treatment depended on disease stage. 
It is essential to calculate the direct costs of managing 
malignant cutaneous melanoma according to clinical 
guidelines in order to estimate the economic burden 
of this disease and to enable policy-makers to allocate 
appropriate resources.

Key words: melanoma; direct cost estimation; clinical guideli-
nes; whole disease model.
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The economic burden of cancer is increasing, due not 
only to rising incidence and survival rates, but also to 

the increasing costs of patient care (1, 2). The incidence 
rates of cutaneous malignant melanoma among Cauca-
sian populations have risen steadily over recent decades 
(3). In Italy, the incidence rate is increasing for both men 
(from 1.6/100,000 in 1970 to 21/100,000 in 2015) and 
women (from 2/100,000 in 1970 to 17/100,000 in 2015) 

(4). Recent evidence suggests that this trend is due lar-
gely to a higher incidence of thinner melanomas (which 
have become easier to identify with improvements in 
early diagnostics) and to changes in lifestyle (e.g. higher 
recreational exposure to sunlight) (5–7). Thus, malignant 
cutaneous melanoma represents not only an important 
public health issue, but also an economic concern, and 
the financial pressure on healthcare systems is inducing 
policy-makers to focus more on the appropriate alloca-
tion of existing resources. It has been demonstrated, 
moreover, that melanoma is associated with a significant 
number of years of potential life lost (YPLL) and with 
the indirect costs of premature mortality and morbidity, 
given its high incidence rates among young adults and 
the large number of melanoma-related deaths (8).

It is of the utmost importance to devise cost-effective 
clinical pathways for melanoma, allocating the necessary 
resources appropriately so as to achieve the best pos-
sible patient outcomes, while also ensuring healthcare 
system sustainability. Standardized guidelines have been 
developed worldwide to provide recommendations, and 
to describe the processes and time-frames for managing 
specific medical conditions or interventions. Clinical 
pathways should not only improve efficiency and have 
the advantage of reducing inequalities and unwarranted 
variability in patient management, but also improve the 
sustainability of care (9). A standard clinical pathway 
to cover the practical dimension of affordability and 
feasibility, however, should also include an economic 
impact assessment, providing a complete and detailed 
breakdown of the resources required. 

The costs associated with cutaneous melanoma have 
been extensively discussed and reviewed in the literature 
(10), but few studies have provided details of the costs 
by disease stage and by melanoma management phase, 
as established by the National Comprehensive Cancer 
Network (NCCN), including its diagnosis, treatment and 
follow-up (11). In addition, rapid changes in the way 
melanoma is treated (especially in the advanced stages of 
the disease) make previously published estimates out of 
date, and differences in how health systems operate (e.g. 
in the USA and the EU) can undermine the transferability 
of any economic assessments.
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The main purposes of the present study were: to de-
velop a “whole-disease” model (12) of melanoma care 
encompassing all relevant aspects of the disease’s staging 
and treatment, from pre-clinical conditions through a first 
year of follow-up; and to identify the patient outcomes 
and expected direct costs of melanoma by stage at diag-
nosis and phase of its management.

METHODS
Consistent with other international guidelines (13), the Italian 
Medical Oncological Association (AIOM) developed clinical 
guidelines for malignant cutaneous melanoma to cover its mana-
gement from diagnosis to all subsequent staging, treatment and 
follow-up actions (14). Like some other Italian regions, the Veneto 
Region adapted these national guidelines to its regional context 
and defined a diagnostic and therapeutic patient care pathway. 

Based on the Italian guidelines for melanoma, we developed a 
very detailed decision-making model that describes the probabi-
lities of a series of potentially necessary diagnostic or therapeutic 
actions, the associated costs, and the outcomes expected on a 
1-year time horizon. This model enables an estimation of the 
cost of each stage and phase of the disease as the sum of the costs 
involved weighted by the probability of the action being needed 
for each patient, and then calculates the total costs incurred by the 
public healthcare system (15).

Probabilities

The probability of patients taking each step was divided into 2 
categories, defined as clinical and process probabilities. Clinical 
probabilities were estimated mostly from the literature. Overall 
and progression-free survival rates by disease stage at diagnosis 
(for stages 0–III), and by therapy (for inoperable patients with 
stage IV or III) were drawn from the literature (Table I; 16–26).

Process probabilities are related to the likelihood of a process/
procedure being undertaken on a patient with a given clinical 
condition. Most procedures are bound to be included because they 
are specified in the guidelines (14) for clinical events for which all 
patients with a given clinical condition follow a pre-set path (e.g. 
all patients diagnosed with stage IV melanoma undergo a mul-
tidisciplinary examination). However, the guidelines leave some 
decisions regarding particular diagnostic or therapeutic procedures 

to the physician’s discretion; therefore, in some cases we had to 
refer to other guidelines, such as those of the NCCN (13). If the 
other international guidelines consulted were also insufficiently 
explanatory, several melanoma experts were asked to judge what 
proportions of patients underwent certain procedures (based on 
their professional experience) to enable us to establish estimates 
that would be as accurate as possible. A survey was designed using 
the Delphi technique (27) to obtain a consensus among the experts 
consulted by means of a series of call-recall questionnaires that 
contained both aggregate information and any open suggestions 
made by the experts. The final version of the questionnaire, con-
sisting of 16 questions divided into 5 sections, was administered 
to various experts at the main Italian melanoma treatment centres. 
Those who responded included 4 oncologists specializing in the 
medical treatment of melanoma, and 13 surgeons and dermato-
logists. All the participating experts work at departments with 
teams specializing in the treatment of melanoma. The survey was 
conducted using a Computer-Assisted Web-based Interviewing 
(CAWI) method, and the questionnaire was sent by email. The 
17 experts completed 2 successive questionnaires and contributed 
to the achievement of good results in terms of convergence. The 

Table I. One-year progression-free and overall survival rates by 
stage at diagnosis and treatment (for patients with inoperable 
stage III or stage IV melanoma)

One-year 
progression-
free survival 
(%) Source

One-year 
overall 
survival 
(%) Source

Stage at diagnosis
  0–IA 100.0 (17) 100.0 (16)
  IB 95.0 99.5
  IIA 75.0 99.0
  IIB 75.0 97.0
  IIC 45.0 95.0
  IIIA 72.0 (18) 98.5
  IIIB 58.0 95.5
  IIIC 27.0 87.0
Therapy
  Ipilimumab 15.0 (19) 50.0 (20)
  Dabrafenib + trametinib 49.0 (21) 73.0 (21)
  Vemurafenib + cobimetinib 51.0 (22) 75.0 (22)
  Nivolumab 59.0 (23) 73.0 (23)
  Pembrolizumab 52.0 (24) 69.0 (25)
  Dacarbazine 10.0 (26) 36.3 (26)

Table II. Process probability estimates by primary tumour category 
related to disease staging and by disease stage related to surgical 
and medical treatment phases (Delphi Survey)

Probability 
(%)

Tumour
  All pT – Naevi – Borderline – MELTUMP
    Excisional skin biopsy 97.5
    Punch skin biopsy   2.5
 MELTUMP
    Fluorescence in situ hybridization 20.0
    Pathology second opinion 50.0
 Unknown thickness
    Chest X-ray 75.0
    Liver ultrasound 100.0
    Full-body CT scan 10.0
 pT3b - 4a
    Chest X-ray 10.0
    Liver ultrasound 98.0
    Full-body CT scan 100.0
Stage/surgical or medical treatment
 MELTUMP
    Wide-margin excision of skin melanoma 80.0
    Wide-margin excision of skin melanoma + SLN biopsy 20.0
 Unknown thickness
    Wide-margin excision of skin melanoma 65.0
    Wide-margin excision of skin melanoma + SLN biopsy 35.0
 IIA
    Low-dose interferon treatment   2.5
 IIB
    Low-dose interferon treatment 12.5
 IIC
    Low-dose interferon treatment 20.0
 III with IN TRANSIT METASTASES
    Surgery for in-transit metastases 25.0
    Electrochemotherapy 20.0
    Hyperthermic antiblastic perfusion 35.0
    Medical treatment (Table III) 35.0
 III
    Wide-margin excision of skin melanoma + LN dissection 95.0
    Medical treatment alone (Table III)   5.0
    Low-dose interferon treatment 30.0
    High-dose interferon treatment 10.0
    Adjuvant radiotherapy   1.0
 IV
    Surgical treatment alone 10.0
    Medical treatment alone 75.0
    Both surgical and medical treatment 10.0
    Radiotherapy   5.0

MELTUMP: MELanocytic Tumors of Unknown Malignant Potential; CT: computed 
tomography; LN: lymph node; SLN: sentinel lymph node. 
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process probabilities adopted in the model were estimated from 
the medians of the proportions indicated by the experts. All the 
process probabilities estimated with the Delphi survey, by disease 
stage and phase of diagnosis and treatment, are described in Tables 
II and III. For each proportion assessed by means of the Delphi 
survey, Table IV shows the median, interquartile range, and coef-
ficient of variation associated with the 2 successive detection steps.

Costs

The study was conducted from the perspective of Italy’s National 
Health Service, considering only the direct costs sustained by the 
public health authorities. The model was completed using cost 
data drawn from official reimbursement tariffs in effect in 2016. 
The cost assessment concerned all the phases considered in the 
clinical guidelines, starting from the initial diagnostic and staging 
procedures through all the surgical and medical treatments. We also 
considered the costs associated with the first year of follow-up, 
and any relapses occurring during said time, and the costs of sup-
portive care. The unit costs used in the model are given in Table V. 

To assess the costs of medical therapy, we estimated a monthly 
cost for each drug package, which included the cost of the drug, 
the cost of drug delivery, and the cost of routine laboratory tests 
(Table VI). The costs of monitoring the courses of therapy were 
included in the follow-up costs. 

The costs of relapses were calculated separately, depending on 
whether the relapse was local, in transit, lymph nodal, or involving 
distant metastases; these costs were referred to the patients’ stage 
of disease at diagnosis, not at relapse.

Table III. Medical treatment scheme according to the clinical 
pathway  2015, and with new therapies approved in 2016 by the 
Italian Pharmaceutical Agency for inoperable stage III and stage 
IV patients

Surgical or medical treatment
Probability 
(%) Source

BRAF-positive proportion 48.0 (28)
With new therapies 2016
Inoperable III and IV
  Among BRAF-positive
    Vemurafenib + cobimetinib 37.5 Delphi + IOV DB
    Dabrafenib + trametinib 37.5
    Nivolumab 12.5
    Pembrolizumab 12.5
    Switch from BRAF inhibitors to aPD1 40.0
    Switch from aPD1 to BRAF inhibitors 50.0
    Months before switching from BRAF 

inhibitors to aPD1
  9

    Months before switching from IPI to BRAF 
inhibitors

  3

  Among BRAF-negative
    Nivolumab 50.0 Delphi + IOV DB
    Pembrolizumab 50.0
    Switch from aPD1 to ipilimumab 10.0
    Months before switching from aPD1 to 

ipilimumab
  8

IOV DB: clinical database of 1440 patients followed up by the Veneto Institute of 
Oncology (IOV) during 2011 to 2014.

Table IV. Median and interquartile range obtained at the final interview with melanoma experts and coefficients of variation (CV) associated 
with the 2 successive calls for an assessment of the proportions of patients involved in actions envisaged in the clinical pathway using 
the Delphi procedure

Stage/tumour Proportion of patients Median (%) IQR CV (1) CV (2)

Diagnostic phase
All pTs – Naevi – Borderline – MELTUMP Excisional skin biopsy 97.5 3.8 0.04 0.02

Punch skin biopsy   2.5 3.8 1.07 0.61
Staging phase
pT3b–4a Chest X-ray 10 85.0 0.71 0.78

Liver ultrasound 98 47.5 0.67 1.39
Full-body CT scan 100    7.5 0.35 0.25

Tx (unknown thickness + metastatic 
melanoma of unknown primary site)

Chest X-ray 75.0 81.3 0.39 0.68
Liver ultrasound 100.0 33.8 0.45 0.34
Full-body CT scan 10.0 30.0 0.36 1.39
SLN biopsy 35.0 23.8 0.71 0.60

Stage III True positive cases in palpable lymph nodes 80.0 20.0 0.36 0.12
True positive cases in lymph nodes detected by ultrasound 80.0 20.0 0.31 0.14

Surgical/medical treatment phase
MELTUMP Wide-margin excision of skin melanoma 80.0 20.0 0.39 0.33

Wide-margin excision of skin melanoma + SLN biopsy 20.0 20.0 1.02 1.18
IIA Low-dose interferon treatment   2.5 10.0 1.19 1.17
IIB Low-dose interferon treatment 12.5 25.0 0.92 0.99
IIC Low-dose interferon treatment 20.0 27.5 1.04 0.78
III Low-dose interferon treatment 30.0 32.5 1.23 0.82

High-dose interferon treatment 10.0 20.0 1.46 1.15
Medical treatment alone   5.0 5.0 0.67 0.51
Adjuvant radiotherapy   1.0 3.0 1.27 1.07

IV Surgical treatment alone 10.0 5.0 0.60 0.40
Medical treatment alone 75.0 10.0 0.31 0.09
Both surgical and medical treatment 10.0 5.0 1.17 0.24
Radiotherapy   5.0 2.5 1.02 0.62

Inoperable III and IV BRAF-mutated patients under BRAF-inhibitor treatment 75.0 20.0 0.47 0.28
BRAF-mutated patients under APD1 treatment 25.0 20.0 0.77 0.68

First-year follow-up
IB - IIA Quarterly clinical examination and skin ultrasound at 1 year 30.0 50.0 1.27 0.94

Half-yearly clinical examination and skin ultrasound at I year 70.0 48.8 0.82 0.54
IIC – III OP Half-yearly full-body CT scan 50.0 60.0 0.74 0.49

Yearly full-body CT scan 50.0 50.0 0.83 0.79
INOPERABLE III – IV Quarterly full-body CT scan 90.0 20.0 0.42 0.35

Half-yearly full-body CT scan 10.0 20.0 1.41 1.38

MELTUMP: MELanocytic Tumors of Unknown Malignant Potential; IQR: interquartile range; CT: computed tomography; SLN: sentinel lymph node.
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Based on indicators of good melanoma management, we assu-
med that medical therapy would be stopped in the last 3 months 
of life for patients who were not expected to survive any longer; 
and the costs of supportive care were applied to these patients (29). 

We estimated the mean per-patient costs by disease stage 
and phase of management (diagnosis and staging, surgical and 
medical treatments, follow-up, relapse, and supportive care). The 
mean per-patient costs were obtained from the total costs related 
to a particular disease stage and management phase divided by 

the total number of patients in the same stage. Computing the 
mean costs by disease stage and management phase enabled our 
results to be applied even in the event of changes in the patients’ 
distribution by stage.  

Validation of the model

The model was tested by its developers (AB, GS, MS), and revie-
wed by another author who was not involved in developing the 
model (VR). Then it was submitted for external peer review by 
clinical experts (CRR, VC and AP) and a methodologist (MB). 
Finally, check model input values were run against the source 
material. 

Ethical issues

The study was approved by the ethics committee of the Veneto 
Institute of Oncology.

RESULTS

Table VII shows the mean per-patient for the whole 
melanoma pathway (including one year of follow-up) 

Table VII. Mean per-patient cost by disease stage and phase of treatment in Euros (€) and proportion of each diagnostic-treatment phase 
cost on total stage cost of the whole pathway (including one year of follow-up)

Stage Diagnosis & staging Medical therapy Surgical therapy Follow-up Supportive care Relapse Totala

Negative biopsies
Naevi 59 0        0     1 0   0   61
Borderline 59 0      23 14 0   0   96
MELTUMP 120 0    410 14 0   0 544

Positive biopsies
0 59 (39.6%) 0      75 (50.3%) 14 (9.4%) 0   0 149
IA 59 (3.2%) 0 1,750 (95.3%) 28 (1.5%) 0   0 1,837
Unknown thickness 240 (10.5%) 0 1,750 (76.6%) 97 (4.2%) 4 (0.2%) 194 (8.5%) 2,285
IB 196 (7.2%) 0 1,750 (63.9%) 225 (8.2%) 11 (0.4%) 555 (20.3%) 2,737
IIA 198 (4.0%) 122 (2.4%) 1,750 (34.9%) 225 (4.5%) 22 (0.4%) 2,693 (53.8%) 5,009
IIB 680 (11.4%) 414 (6.9%) 1,750 (29.2%) 387 (6.5%) 66 (1.1%) 2,693 (45.0%) 5,989
IIC 597 (5.8%) 625 (6.1%) 1,750 (17.1%) 1,205 (11.8%) 110 (1.1%) 5,925 (58.0%) 10,210
III 712 (3.5%) 7,145 (34.7%) 7,104 (34.5%) 1,245 (6.1%) 138 (0.7%) 4,233 (20.6%) 20,576
III TR 684 (1.7%) 34,789 (86.5%)    437 (1.1%) 1,203 (3.0%) 114 (0.3%) 3,003 (7.5%) 40,229
IV 643 (1.0%) 61,594 (92.0%) 1,674 (2.5%) 1,842 (2.8%) 594 (0.9%) 603 (0.9%) 66,950

aDue to rounding up or down, some totals may not correspond to the sum of the separate figures.
MELTUMP: MELanocytic Tumors of Unknown Malignant Potential.

Table V. Unit costs for each single procedure according to the regional 
tariffs, and for inpatient care according to the reimbursement for 
each diagnosis-related group

Unit costs 
(€) 

Outpatient care
  New patient visit (dermatology, oncology, surgery) 20.50
  Follow-up visits 14.25
  Multidisciplinary visit 47.45
  Punch skin biopsy primary melanoma 27.60
  Excisional skin biopsy primary melanoma 39.05
  Chest X-ray 25.15
  Liver ultrasound 78.15
  Skin ultrasound 33.45
  Full-body CT scan 502.50
  Brain magnetic resonance imaging 235,60
  Fluorescence in situ hybridization (FISH) 72.05
  Pathology second opinion 92.50
  Wide-margin excision of skin melanoma (outpatient) 30.65
  Cyto-histopathological evaluation of skin lesions/soft tissue 23.95
  Lymph node fine needle biopsy 31.80
  Lymph node ultrasound-guided fine needle biopsy 93.40
  DNA or RNA extraction 40.10
  DNA sequencing analysis 137.60
  Radiotherapy 38.70
Inpatient care
  DRG 075 – Major Chest Procedures 12,468.46
  DRG 149 – Major Small and Large Bowel Procedures without CC 6,716.05
  DRG 192 – Pancreas, Liver, and Shunt Procedures without CC 8,368.40
  DRG 265 – Skin Graft and/or Debridement Except Skin Ulcer Or 

Cellulitis with CC
2,816.00

  DRG 266 – Skin Graft and/or Debridement Except Skin Ulcer or 
Cellulitis without CC

1,729.66

  DRG 406 – Myeloproliferative Disorders or Poorly Differentiated 
Neoplasms with Major OR Procedures with CC

10,494.50

  DRG 407 – Myeloproliferative Disorders or Poorly Differentiated 
Neoplasms with Major OR Procedures without CC

4,018.01

  DRG 408 – Myeloproliferative Disorders or Poorly Differentiated 
Neoplasms with Other OR Procedures

3,660.66

  DRG 540 – Lymphoma and Leukemia with Major OR Procedure 
without CC

9,442.43

CT: computed tomography.

Table VI. Monthly costs of medical therapy in Euros (€)

Drugs 
(€/
month)

Drug 
delivery 
(€/
month)

Laboratory 
tests (€/
month)

Visits 
(€/
month)

Total* 
(€)

Low-dose interferona 237 0   7   7 251
High-dose intravenous 

interferonb
3,588 206 53 57 3,904

High-dose subcutaneous 
interferonc

1,334 0   7   7 1,347

Vemurafenib + cobimetinibd 9,362 0 21 70 9,453
Dabrafenib + trametinibe 7,938 0 21 70 8,029
Nivolumabf 5,704 590 68 29 6,390
Pembrolizumabg 7,145 418 51 20 7,635
Ipilimumabh 3,916 103   7   5 4,031

a3 million units (MU) 3 times a week for 18 months. b20 MU/m2 5 days a week 
for 4 weeks. Assuming a mean body surface area of 1.7 m2. c10 MU/m2 3 days 
a week for 11 months. Assuming a mean body surface area of 1.7m2.d960 mg 2 
times a day + 60 mg once a day for 21 days every 28 days. e150 mg 2 times a 
day + 2 mg once a day. f3 mg/kg once every 2 weeks. Assuming a mean body 
weight of 66.3 kg. g2 mg/kg once every 3 weeks. Assuming a mean body weight 
of 66.3 kg. h3 mg/kg once every 3 weeks. Assuming a mean body weight of 66.3 
kg. *Due to rounding up or down, some totals may not correspond to the sum 
of the separate figures.
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costs by disease stage and patient management phase: 
considering all stages, this was €5,332 (ranging from 
€149 to €66,950 depending on the stage). The costs re-
lating to each management phase varied considerably by 
disease stage, especially for the medical therapy. From 
stage 0 to IA, the costs started to increase dramatically, 
due largely to wide-margin excisions of skin melanomas 
performed in hospital. The costs of stage IB continued to 
grow slightly due to the following factors: instrumental 
tests not required for patients with IA or in situ disease; a 
different follow-up pattern; and the presence of recurrent 
cases. For stages IIA, IIB and IIC, the mean per-patient 
cost continued to increase, though not steeply, associated 
with the need for computed tomography (CT) scanning 
for staging purposes, and with the recommendation of 
interferon therapy. Stage IIB is the first stage of disease 
for which the mean per-patient cost is higher (112%) than 
the mean per-patient cost calculated for all stages. The 
costs more than doubled for stage III patients, the main 
cost items being hospitalizations for lymphadenectomies, 
interferon therapy (used more often than for stage II), and 
new therapies for inoperable patients. Patients in stage III 
with in-transit metastases were considered as a separate 
category because their management (and the consequent 
costs) is substantially different: the costs of in-transit 
metastases requiring hospital procedures, such as limb 
perfusion or electro-chemotherapy, and new therapies 
in a higher proportion of cases, are almost twice as high 
as for stage III patients with nodal involvement alone. 
Finally, the mean per-patient cost peaks (at €66,950) for 
patients with distant metastases (stage IV).

DISCUSSION

The main outcome of this study is the development of 
a model that enables estimation of the direct costs and 
outcomes for patients with precancerous lesions and cu-
taneous melanoma throughout a clinical course defined 
by national and international guidelines (from diagnosis 
and treatment through the first year of follow-up), and 
thus of the economic burden of melanoma by disease 
stage at diagnosis and by phase of patient management. 

As expected, also in the light of previous studies on this 
topic (11, 30–32), the costs associated with melanoma 
increase for higher-stage disease. The distribution of the 
costs between the different stages, however, has changed 
considerably over time, with the per-patient costs of 
stage IV disease increasing more compared with those 
of early-stage (0–IIC) disease. In fact, the per-patient 
cost ratios for stage V and stage VI melanoma have 
increased dramatically since studies performed in 2008 
to 2009 (11, 31). A Swedish study based on a data wa-
rehouse recording the costs associated with all patients’ 
contacts with the healthcare system during the years 2005 
to 2012 found a cost ratio between stages IV and I of 

10.97 in the first year after a melanoma was diagnosed 
(32), whereas our study identified a cost ratio between 
the same stages of 31.27. A study conducted in 2008, 
before new targeted therapies were introduced, found 
that chemotherapy accounted for only 17% of the total 
direct costs of melanoma (33), whereas our data indicate 
that medical therapy now accounts for 39.2% of the to-
tal direct costs. In 2012 Styperek et al. (31) found little 
difference between the costs associated with stage III as 
opposed to stage IV, while we calculated that the cost of 
a stage IV patient is more than 3 times as high as that of 
a patient with stage III (without in-transit metastases), 
and more than 1.5 times the cost of a stage III patient 
with in-transit metastases. 

Efforts to estimate the direct costs of treating mela-
noma in its earlier and later stages would be useful for 
the purpose of assessing the potential economic value 
of screening to diagnose the disease early on. In fact, 
our findings should already suffice to encourage health-
care systems to develop strategies to identify melanoma 
patients in the early stages of the disease. Patients in 
clinical stage I have little risk of metastasis or death, 
and, after the initial outlay for outpatient surgery and 
follow-up, they cost no more than the general popula-
tion considered at risk and undergoing routine annual 
check-ups. This should also reinforce the conviction 
that a screening campaign to identify in situ and stage 
IA melanomas might be cost-effective (34), although 
new studies and new estimates of the costs of treatment 
are needed for a precise cost-effectiveness analysis of 
screening programmes. Primary prevention (limiting 
exposure to sunlight and other ultraviolet light sources; 
actively promoting the routine use of sunscreen (35), or 
campaigning to increase awareness and understanding of 
the potentially negative health effects of exposure to UV 
radiation, especially during childhood, through various 
channels such as television, radio, and weather forecas-
ting websites, and in schools) is also important in helping 
to contain the incidence of melanoma and the related 
deaths, productivity losses, and treatment costs (8). For 
example, Euro-melanoma is a pan-European campaign 
for skin cancer prevention that combines screening with 
an intensive public education initiative in the mass media. 
Despite the relatively young population, the suspected 
melanoma detection rate was 3% (36). The efficacy and 
cost-effectiveness of this approach would be higher if 
only middle-aged or older adults were included (37).

The allocation of resources should ideally be based 
on evidence emerging from clinical research, and af-
fordable care organizations offer unique opportunities 
to test the cost-effectiveness of competing melanoma 
detection strategies (38). The combined efforts of all 
healthcare services and dermatologists are needed to 
pursue 3 aims simultaneously: to improve the individual 
patient’s experience of care; to improve the population’s 
health; and to reduce per capita healthcare costs (39). 
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The task of resource allocation is further complicated 
by rapidly-rising treatment costs, as in the case of me-
lanoma treatments in recent years. Cancer care services 
and systems should be constantly evolving to drive better 
value for patients and the community (40). While many 
evidence-based pathways, guidelines and frameworks 
have been introduced to drive quality improvements in 
cancer care, most of them disregard affordability (41), 
whereas clinical and cost data should be pooled to pro-
vide the knowledge base needed to devise value-based 
decision-making tools. Policy-makers are often rightly 
concerned about the affordability of health services, 
and interested in the health and economic impacts of 
implementing new strategies (such as the adoption of a 
novel clinical pathway) in a local epidemiological and 
demographic context. As Mauskopf et al. (42) said, as-
sessing economic impact should include classifying the 
policy-makers’ information needs, and producing a full 
and detailed breakdown of resource use and costs, and 
a list of expected health outcomes.

A strength of the present study is that the whole clinical 
pathway was modelled up to a high level of detail, which 
can provide a broad and consistent disease-level fram-
ework for use in conducting economic assessments. This 
sets it apart from conventional piecemeal approaches, 
giving it the structural capability needed to compare al-
ternative interventions across the clinical pathway from 
diagnosis to follow-up. Further research activities could 
be designed, adopting a whole-disease model based on 
EU-shared clinical pathways, and including costs by 
country for each procedure or treatment in the model in 
order to enable an estimation of the local average costs 
of melanoma patients by disease stage. In fact, it has 
been demonstrated that there is still some discrepancy 
between the costs of cancer patient management in diffe-
rent countries, despite a consensus on the related clinical 
practice guidelines (43). 

This study also has several limitations. Firstly, the 
estimated costs based on the clinical pathway considered 
here would apply to cases managed according to best 
practices, but do not necessarily reflect what actually 
happens in real-world health services, since physicians 
do not always follow such standardized pathways, and 
patients are not always compliant. It would therefore be 
interesting to conduct a further study to measure actual 
costs and the gap between these and the expected costs. 
Secondly, the present study does not consider indirect 
costs, although they are known to be high for this kind of 
tumour, especially in its advanced stages (9, 44). A further 
limitation of our model concerns the costs of new thera-
pies, since it does not take into account that some patients 
may be enrolled in clinical trials for profit, so the costs of 
their treatments are not covered by the healthcare system. 
The model also ignores any toxicity-related healthcare 
costs because the available data on the toxicity of new 
therapies are still too recent and often controversial. A 

further limitation of this study is that it only covers the 
first year of follow-up, and fails to consider a lifespan 
time horizon (although the long-term efficacy of the new 
therapies remains to be determined). 

Conclusion
Modelling whole guideline-based pathways enables 
the main sources of spending to be examined and can 
thus help policy-makers to plan the most appropriate 
allocation of future resources. Being able to simulate 
the scenarios of interest also allows for considerations 
of future costs vis-à-vis present costs (budget impact 
analyses), such as the impact of introducing innovative 
therapeutic or diagnostic technologies.
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