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Abstract

Accurate diagnosis at an early clinical stage is one of the most important factors for successful man-

agement in melanoma, allowing treatment to be undertaken when cure is still achievable. Treatment 

of melanoma is guided by primary melanoma characteristics and the possible presence of lymph node 

or distant metastases. Consequently, accurate staging is extremely important for clinical decision 

making to identify those patients who may benefit from surgery while avoiding unnecessary, poten-

tially harmful surgery that does not improve survival. Furthermore, accurate staging is important to 

properly select patients for tri als and patient counseling on prognosis. Currently the biomarker S-100B 

is often used for this purpose; it is the most promising melanoma biomarker in predicting survival in 

melanoma patients. Imaging with computed tomography (CT), magnetic resonance imaging (MRI) and 

especially molecular imaging play an important role in staging of melanoma patients.

Sentinel lymph nodes are currently detected with the use of sentinel lymph node biopsy; this procedure 

is assisted by preoperative lymphoscintigraphy with 99mTechnetium as a radiotracer for localizing senti-

nel lymph nodes. For the detection of distant metastases a FDG-PET is used. This radiopharmaceutical 

is very effective for localizing melanoma cells as these are typically FDG-avid. However, uptake of FDG 

is also seen in inflammation, infection, and is also taken up by muscles and the central nervous system. 

Furthermore, FDG-PET sensitivity is lower in detecting melanoma foci in lung, liver and brain. New 

radiopharmaceuticals specific for melanomas may offer better capacity for further PET diagnostics. 

In stage I and II, and microscopic stage III patients FDG-PET(/CT) has no additional value. However, for 

patients with palpable, proven lymph node metastases with no suspicion for lung metastases on X-ray, 

FDG-PET(/CT) does have additional value in treatment planning. Also, for stage IV melanoma patients 

FDG-PET(/CT) may be of importance to localize the distant metastases if surgical treatment is considered. 

MRI of the brain is the procedure of choice in melanoma patients with symptoms related to the CNS. 

It is a mandatory test in stage IV melanoma patients, optional in stage III melanoma patients and not 

recommended in patients with stage I and II melanoma.

Finally there are current vibrant developments of optical imaging systems for intraoperative fluo-

rescence epi-illumination.61 This technology enhanced surgical vision of metastases in the operating 

room and during surgery. Optical imaging will not replace the previous described modalities but is an 

additional tool for improving staging and treatment of melanoma in the near future. 
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Synopsis

Treatment of melanoma is guided by primary melanoma characteristics and the possible presence of 

lymph node or distant metastases. Accurate diagnosis is one of the most important factors for success-

ful management in melanoma, allowing treatment to be undertaken when cure is still achievable. For 

the detection of sentinel lymph nodes or distant metastases nuclear imaging modalities can be used. 

For the detection of distant metastases in melanoma patients positron emission tomography (PET) 

with Fluorodeoxyglucose (FDG) is most frequently used, which is very effective as melanoma cells 

are typically FDG-avid. This chapter discusses the value of imaging modalities with a special focus on 

FDG-PET(/CT) in staging and follow-up of melanoma patients.

 

Study protocols

Protocol FDG-PET/CT:

A summary of the FDG-PET/CT protocol is stated below, the full guideline for this protocol was pub-

lished by Boellaard et al1 and is stated in ‘Further reading’

 

Preparation and execution of FDG-PET/CT:

• In case of manual administration:

• An indwelling intravenous device is used to administer the FDG intravenously once the 

patient’s blood glucose has been determined and blood samples for laboratory testing 

have been taken if necessary. Make sure that if there is a needle on the syringe it is free 

from FDG.

• Flush and rinse out the administration syringe with at least 10 ml of normal saline (NaCl 

0.9%) using the three-way valve.

• In case of automated administration:

• Make sure that the automated system and procedures assures a net administered FDG 

activity within 3% accuracy (this must be ensured by manufacturer and verified by the 

user), i.e. the actual administered activity may not deviate more than 3% from that indi-

cated by the reading of that device or used dose calibrator. Follow instructions given by 

the manufacturer.

• The administration system can be removed after intravenous administration (unless CT contrast 

agent is to be administered subsequently by intravenous injection).

• The ambient conditions in the waiting room must be relaxing and warm. Give the patient extra 

blankets if necessary.

• Tell the patients to lie or sit as calmly as they can, and not to talk. Provide comfortable beds 

or chairs. They may go to the toilet while waiting, preferably after the first 30 min p.i. Ask the 

patient to use the bathroom 5 min before the start of the PET study.

• An intense bladder or ureter activity concentration can impair the interpretation of lesions in the 



138

Melanoma, imaging 

pelvis and retroperitonium. Hydration and loop diuretics (e.g. furosemide intravenously) may 

be used to reduce bladder activity and radiation exposure to the bladder. Therefore, during the 

waiting period, patients will be asked to drink another half a litre of water, or this amount can be 

given in the form of physiological saline intravenously, if such fluid load is not medically contra-

indicated. This is of course dependent on the patients other clinical conditions, e.g. impaired 

renal function or poor cardiac function, where this amount of fluid may be contraindicated.

• The recommended interval between FDG administration and the start of acquisition is 60 min. 

However, for certain clinical trials this may change depending on the disease and aims of the 

study. The actual interval should be recorded, i.e. the time of FDG injection (administration) 

should be reported. When repeating a scan on the same patient, especially in the context of 

therapy response assessment, it is essential to apply the same interval (tolerance ±5 min). In 

addition, use of the same PET or PET/CT system and identical acquisition and reconstruction 

settings must be applied when making multiple scans of the same patient.

• Scan trajectory: for most oncology indications, a wholebody scan is sufficient. A ‘whole-body’ 

uptake normally covers the part of the body from the mid-femora to the external auditory meatus 

(in that direction, as bladder activity increases during the scan). A longer scanning trajectory 

may be used if appropriate: for melanoma, many institutions apply a total body examination 

routinely, or depending on the site of the primary tumor.

• The patient should be positioned with their arms elevated over the head to avoid beam hardening 

artifacts as well as artifacts caused by truncation of the field of view. For the examination of head 

and neck tumors, a two step protocol is recommended (head and neck portion and from the apex 

of the lung through mid thigh) with the appropriate acquisition and reconstruction parameters 

adapted for the protocol. Alternatively, the arms can be positioned along the side for head and 

neck imaging. If the FDG PET/CT data are used for radiation planning, the examination should be 

carried out in the radiation position using the same dedicated radioopaque positioning devices 

as used in the radiotherapy department (e.g. same table tops, laser alignment, immobilisation 

measures, etc.).

• Scan acquisition depends on various factors, including the system type and acquisition mode 

(2D, 3D). For CT settings in case of PET/CT, CT whole-body or low-dose CT, see Other acquisition 

parameters, CT-protocol. Transmission scanning time for each bed position depends on whether 

the scan is a CT scan or a transmission scan with Ge-68/Ga-68 source.

• In general, PET/CT is carried out using a protocol comprising a scanogram/scout scan/topogram 

and a low-dose CT for attenuation correction (CT-AC) and anatomical correlation. IV contrast 

agent must not be administered during the low-dose CT, used for attenuation correction 

purposes, because of its potential influence on Standardized Uptake Value (SUV; see below) 

calculation.

• In the case of single slice or dual-slice CT, artifacts are created in the diaphragm area when 
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the patient breathes. The patient must therefore hold his/her breath for a few seconds on the 

technician’s instructions during CT-AC acquisitions. No such instructions need be given in the 

case of PET/CT systems with more than two slices. The CT-AC scan can then be carried out while 

the patient continues to breath shallowly.

• A standard diagnostic CT scan with (intravenous) contrast agent may, if appropriate, be carried 

out according to standard radiological methods after the low-dose CT and PET acquisition in case 

quantification of the PET study will be performed or is required.

• Recommendations for FDG activities are based on assuming a fixed scan duration of 5 min per 

bed position and a bed overlap of less than 25%. In the case of 2D scans: ca. 5 MBq/kg body 

weight (±10%). In the case of 3D scans: ca. 2.5 MBq/kg body weight (±10%).

 

Further reading

1. Boellaard R, O’Doherty MJ, Weber WA, et al. FDG PET and PET/CT: EANM procedure guidelines 

for tumour PET imaging: Version 1.0. Eur J Nucl Med Mol Imaging. 2010;37(1):181-200.

2. Xing Y, Bronstein Y, Ross MI, et al. Contemporary diagnostic imaging modalities for the staging and 

surveillance of melanoma patients: a meta-analysis. J Natl Cancer Inst2011;103:129–142

3. Bastiaannet E, Wobbes T, Hoekstra OS, et al. Prospective comparison of [18F]fluorodeoxyglu-

cose positron emission tomography and computed tomography in patients with melanoma 

with palpable lymph node metastases: diagnostic accuracy and impact on treatment. J Clin 

Oncol. 2009;27(28):4774–4780.

4. Bastiaannet E, Uyl-de Groot CA, Brouwers AH et al. Cost-effectiveness of adding FDG-PET or CT 

to the diagnostic work-up of patients with stage III melanoma. Ann Surg 2012;255(4):771-776

 

Introduction

According to estimates for 2008, there were almost 200,000 new cases of invasive cutaneous melano-

ma, and an estimated 46,000 deaths from this disease.2 The vast majority of cases (almost 85%) occur 

in developed countries, where melanoma ranks sixth of the most frequently diagnosed cancers.2 The 

incidence of melanoma has increased dramatically in Caucasian populations in all parts of the world; it 

is one of the tumors with the most rapidly increasing incidence among all malignancies.3-7

The most important factor for successful management of melanoma is early diagnosis, allowing 

treatment to be undertaken at a stage when cure is still achievable.8 Probably due to increased aware-

ness in the general population, melanoma is now more diagnosed at an earlier stage. The median 

Breslow thickness at first clinical presentation declined over time and the majority of patients are 

diagnosed with stage I or II melanoma.9 However, approximately 16-28% of these patients develop 

recurrences; locally or in transit in 20–28%, distant in 15–50%, but most frequently in regional lymph 

nodes (26–60%).10

Wide local excision with proper resection margins according to the thickness of the lesion remains the 
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treatment for stage I or II melanoma. The 10-year survival rates for stage I are 85-97% and for stage 

II 39-68%.11 Prognostic factors for stage I and II melanoma are gender, Breslow thickness, ulceration, 

tumor mitotic rate, and localization of the tumor.11 The survival is worse for melanoma patients with 

metastases in the lymph nodes (stage III), the 5-year survival ranged from 40-78%.11 Prognostic factors 

within stage III melanoma are number, size, and extranodal growth of the lymph node metastases.11 The 

lymphatic route is a principal way of spread of melanomas from their original focus, the melanoma 

cells progressing via the lymphatic vessels are stopped in the first node on the way: the sentinel lymph 

node. The interim results of MSLT I trial (randomized controlled trial that compared observation of re-

gional lymph nodes with only lymphadenectomy if nodal relapse occurred with sentinel-node biopsy 

with immediate lymphadenectomy if nodal micrometastases were detected on biopsy) showed that 

sentinel lymph node biopsy (SLNB) provides important prognostic information and identifies patients 

with nodal metastases whose survival can be prolonged by immediate lymphadenectomy12 (the final 

analyses of the MSLT I Trial will be published in 2013). This SLNB procedure has become widely ac-

cepted and is today recommended by the American Society of Clinical Oncology (ASCO) and Society 

of Surgical Oncology (SSO) in patients with melanoma ≥1mm for accurate staging and part of the 

American Joint Committee on Cancer (AJCC) tumor staging.10,11

Patients with distant metastases (stage IV) have a worse prognosis, the most recent drug targeting 

trial with BRAF kinase and mitogen-activated protein kinase (MAPK) inhibitors showing a median pro-

gression free survival of 9.4 months.13 Prognostic factors for stage IV melanomas are localization and 

number of distant metastases, and probably serum levels of S-100B.11,14-16 Indeed, in patients with only 

a few and resectable distant metastases, surgical resection seems to have a survival benefit (median 

survival of 22 months).14 As a consequence, the major objective in the treatment planning of high risk 

(stage III) melanoma patients is the earliest possible detection of metastases. However, melanoma 

has the well-known feature to spread to unusual sites, and multiple distant metastases are usually a 

contraindication for surgery.17 Imaging with computed tomography (CT), magnetic resonance imag-

ing (MRI) and especially molecular imaging play an important role in staging of melanoma patients. 

Fluorodeoxyglucose (FDG) positron emission tomography (PET) can be a valuable tool to screen for 

metastases since melanoma typically is very FDG avid and since a whole body scan covers the full, 

often erratic pattern of spread (except for areas with high physiological FDG uptake like the brain). This 

chapter will discuss the value of imaging modalities with a special focus of FDG-PET(/CT) in staging and 

follow-up of melanoma patients.

 

Radiopharmaceuticals

Detection of sentinel lymph nodes

The presence or absence of regional lymph node metastases is an important prognostic factor for 

patients with melanoma. SLNB using a combination of a radiotracer and blue dye to identify the senti-

nel lymph nodes and has proven accuracy in nodal staging.18 FDG-PET has limited sensitivity to detect 
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microscopic lymph node metastases.19,20 Sensitivity and specificity rate of FDG-PET for sentinel nodes 

is 17% and 92%, respectively.21 The poor sensitivity can be explained by that FDG-PET, in contrast 

with SLNB, is unable to detect micrometastatic disease. Havenga et al found metastases in regional 

nodes in 13 of 53 patients with SLNB, FDG-PET was positive in only 2 of these 13 patients.19 More-

over, in a study of Acland et al FDG-PET did not identify metastatic disease in the sentinel lymph 

node or draining basin in any of 14 patients where SLNB was positive.22 Although the accuracy of 

FDG-PET to detect lymph node metastases is higher in patients with clinically palpable lymph nodes, 

the clinical relevance of these findings is limited since fine needle aspiration (FNA) biopsies are quite 

effective to solve the clinical problem.23 Biopsy of the sentinel lymph node offers a highly sensitive 

and specific staging method.21 Sentinel lymph node biopsy (SLNB) is performed using a combination 

of a radiotracer and blue dye to identify the sentinel lymph nodes. The colloid compounds used at 

present (albumin, sulphur-, tin-, antimonium trisulphide colloid, and albumin nanocolloid) are labeled 

with99mTc, a metastable nuclear isomer of technetium-99. After intracutaneous peritumoral injection 

of a radiocolloid, the drainage pattern to the regional lymph nodes is dynamically monitored using a 

gamma camera, and, within approximately 24 hours, the first-draining (sentinel) nodes are harvested 

guiding the surgeon using a hand-held gammaprobe. The combination of this method with the use of 

blue dye (as a visual aid to the gammaprobe signal) has a typical detection rate of 94.5%.21

Detection of distant metastases

FDG-PET 

At present, FDG-PET imaging of melanoma is the most common PET clinical radiotracer used routinely 

to localize melanoma. In a recent study accuracy, sensitivity, and specificity for FDG-PET were 91% 

(95% confidence interval (CI): 87%-95%), 86% (95%CI: 78%-94%), and 93.1% (95CI: 89%-97%), respec-

tively, for detection of distant metastases in clinically stage III melanoma patients.24 Although FDG 

is an effective tool for melanoma detection, inflammation and infection compromise its specificity, 

and partial volume-effects limit its sensitivity for small-volume disease. Moreover, the biodistribu-

tion of FDG implies several areas with very limited detection possibilities (most importantly, the 

brain).25 Therefore, other radiopharmaceuticals have been investigated (see below).

Quantification of the FDG signal

Standardized uptake value (SUV), which represents the FDG accumulation in the tumor or metastasis 

normalized for the injected dose and the volume of FDG distribution, could be a useful index in differ-

ent cancers. It could be used to predict prognosis, as metabolic activity correlates with tumor prolif-

eration and therefore with biologic aggressiveness.26 Although there is ample proof of principle that 

FDG PET may add value to anatomy-based response, the clinical usefulness and applicability of SUV 

for prognostic purposes is still under discussion.27,28 Even though several studies showed no significant 

association between SUV and overall survival in stage III melanoma patients,27-29 some reported an 
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inverse association between disease free survival and SUV.27,28

It should be emphasized that quantitative PET measures as biomarkers of prognosis or response can 

only be validated and implemented if strict procedures are maintained for scanner calibration, and 

during PET acquisition, image reconstruction and analysis since each may have profound effects on 

the results.1 Furthermore, partial volume effects (underestimating SUV in lesions < 2 cm with current 

post-image reconstruction resolution) can be strong confounders in prognostic or predictive research. 

In the past decades, the consequences of quality assurance and quality control have been underesti-

mated so that meta-analysis (essential for biomarker validation) is very difficult.30

Response assessment with FDG-PET

Heterogeneity of FDG-PET radiopharmaceutical uptake has been shown to reflect differences in tumor 

biology and may be predictive for response in treatment. In breast cancer for example, 48% of patients 

exhibited a heterogenous FDG-PET response and heterogeneity correlated with time to progres-

sion.31 In stage IV melanoma, two studies showed that SUV is rapidly and homogenously reduced 

after starting systemic treatment with BRAF inhibitors26,32 If  these observations are confirmed in larger 

studies, SUV might be used for predicting tumor response for these drugs. Since FDG-PET is already 

performed in staging melanoma, determination of SUV values would provide additional information 

at very little extra cost.28

Radiopharmaceuticals with specific affinity to melanoma cells

Radioimmunoscintigraphy 

Radioimmunoscintigraphy utilizes radiolabelled monoclonal antibodies (mAB) or their fragments 

(Fab) with a specific affinity to antigens present on neoplastic cells. A study showed sensitivity and 

specificity rates of 79% and 100% with fragment Fab2 of the antibody 255-28 S for detection of ocular 

melanoma.33 However, wider use of radioimmunoscintigraphy in diagnostics is hampered by the costs 

of preparation and by the fact that monoclonal antibodies are large molecules which migrate slowly in 

the tissues, leading to high background after introduction of this radiopharmaceutical into the system, 

especially 99mTc labeled mAB as they have a relatively short half life. In radioimmunoscintigraphy it is 

important to use isotopes which half life is as close as possible to the half life of the molecule that is 

studied. 111Indium labeled mAB showed to have longer half life, however further research is needed to 

test the potential of this radiopharmaceutical.25

Melanotropin analogues (alpha-MSH)

Melanoma cells have high affinity to melanotropic hormone (alpha-melanocyte stimulating hormone). 

The hormone stimulating melanocytes act on the cell via the MelanoCortin type 1 Receptor (MC1R). 

MC1R is a G-protein coupled receptor which is over-expressed in many types of melanoma, making it an 

attractive target for receptor based melanoma imaging and therapy. Peptide based radioactive probes 
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have been extensively studied for tumor receptor targeted imaging and therapy. With 18F labeled 

α-MSH as a radiopharmaceutical a-specific uptake prevailed in lung, liver and gallbladder.34 However, 

recent research showed promising results of 18F labeled α-MSH metallopeptides in vivo, with less lung 

and liver uptake compared to previous studies.35 Nevertheless, further studies are required for further 

analysis of this peptide.

Iodinated aminoalkyl benzamide derivatives

Several studies have been performed to analyze the use of numerous compounds from the group 

of N-alkylated benzamide derivates labeled with radioactive nuclides (123I, 131I) in the diagnostics of 

melanoma. Although long uptake interval time (18-24h) and accumulation of the compound in the 

liver were drawbacks for benzamide derivates, one study showed sensitivity and specificity of 81% and 

100%, respectively, for detection of distant metastases in patients with malignant melanoma.36 More-

over, recent studies showed selective uptake with high tumor/non-tumor ratios of benzamide 

derivates and shorter uptake interval time (1-2h).37,38 In an in vitro study the tumor-to-background 

ratio of benzamide 18F-MEL050 was more than 9-fold higher compared to 18F-FDG in a melanoma 

allograft model.37,38 This provides optimism for applying these derivates as a radiopharmaceutical for 

melanoma.

Conclusions

Molecular imaging techniques are being improved to overcome specificity issues with FDG, and to 

enhance signal-to-background ratios by improving targeting and/or capitalizing on lower background 

tracer uptake. Lymphoscintigraphy with 99mTechnetium-colloids to identify sentinel lymph nodes and 

PET with FDG to detect distant metastases are currently standard in clinical practice. Numerous other 

radiolabeled compounds are being investigated, and may be promising especially in combination 

with PET. Further improvement might be achieved by combining molecular, functional and anatomi-

cal imaging using PET-MRI. FDG-PET can also be used for determining prognosis or systemic therapy 

response with SUV.

Technical considerations

Imaging modalities in early (stage I and II) melanoma

As discussed in the preceding section accurate nodal staging by detection of sentinel lymph nodes is 

important in melanoma staging.11 FDG-PET also showed disappointing results in detection of distant 

metastases in stage I and II melanoma with FDG-PET. A recent review showed FDG-PET to detect 

metastatic disease of melanoma in 38 of 609 stage I and II melanoma patients, but only one of these 

patients (0.16% of 609) was subsequently found to have metastatic disease.21 Moreover, 10 patients 

were found to have other neoplastic processes and in 27 of 609 patients a false positive result was 

found. Not unexpectedly, and as with any low prevalence condition, these results substantiate the 
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intuitive notion that FDG-PET does not add significant information in staging of early melanoma and 

that it should not be routinely used in such patients.

Sentinel node biopsy: lymphoscintigraphy and SPECT/CT in SLNB

Lymphoscintigraphy is often performed preoperatively, this imaging technique has proven to be of 

use for sentinel lymph node mapping.21 However, single-photon emission computed tomography/

computed tomography (SPECT/CT) has shown important benefits compared to planar lymphoscintig-

raphy in sentinel lymph node mapping.39 With conventional planar imaging an interval sentinel node 

may be difficult to distinguish from lymphangioma, lymphatic lake, or skin contamination. Images of 

SPECT/CT combine physiologic and morphologic properties, resulting in an enhanced sentinel node 

identification because of superior contrast and resolution that can resolve such dilemmas.39 A recent 

study reported that SPECT/CT provided additional sentinel lymph nodes or additional anatomic 

information used for surgical planning in 16 (46%) of 35 patients compared to conventional lympho-

scintigraphy.40 The three-dimensional reconstruction images are a helpful tool, providing a simple yet 

comprehensive overview of the localization of hot spots. This type of image fusion provides better 

anatomical benchmarks, provides schematic information about the sentinel node site, and (perhaps 

most importantly) is easy to understand for surgeons, medical staff, and patients.39 Nevertheless, con-

ventional lymphoscintigraphy currently remains the only technique available to visualize the dynamic 

process of lymphatic drainage. Therefore SPECT/CT does not replace the conventional planar images; 

it can be considered as a complementary modality.

Imaging modalities in advanced (stage III and IV) and recurrent melanoma

In advanced and recurrent melanoma there is greater likelihood of distant metastatic disease. Ac-

curate staging is of great importance in these patients. Firstly, to identify those patients who may 

benefit from a surgical procedure, while avoiding these potentially harmful surgical procedures for 

patients with multiple distant disease.23 Patients with only lymph node metastases can be cured with 

a therapeutic lymph node dissection (TLND). Patients with distant metastases could benefit from sur-

gery, targeted therapy and/or immunotherapy. Staging with FDG-PET/CT is important in these patients 

to determine if surgical resection is feasible as this increases 5-year survival of stage IV melanoma 

patients to 40%.14 Secondly, accurate staging with FDG-PET/CT is important to improve efficacy of clini-

cal trials. Thirdly, accurate staging is important to provide patients with accurate information about 

their prognosis.23

A review of studies which analyzed their data on a per patient/scan basis showed high accuracy (88%, 

95%CI: 86%-90%), sensitivity (86%, 95%CI: 83%-89%) and specificity rates (89%, 95%CI: 86%-91%) for 

FDG-PET in detecting distant metastases in melanoma patients.21 Two studies showed that FDG-PET 

is of additional value in clinical stage III patients.41,42 Sensitivity rates were high (87% and 86%) for 

distant metastases in these patients and in the first study 27% of the patients were upstaged to stage 

IV. FDG-PET has shown to be particularly accurate in specific anatomical sites: soft tissue metastases, 
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intra-abdominal foci, and bone metastases.21 FDG-PET is less accurate in liver metastases, pulmonary 

metastases, and cerebral metastases, although this can be overcome, especially in liver and lung, with 

the use of the combined FDG-PET/CT, which is currently standard in most medical centers in devel-

oped countries. Images of FDG-PET and FDG-PET/CT of a melanoma patient with distant metastases 

are shown in figure 1 and 2. Meta-analyses performed to examine the utility of FDG-PET/CT, FDG-PET 

alone, and CT alone for the staging and surveillance of patients with melanoma based on 10,528 pa-

tients between 1990 and 2009 found FDG-PET/CT to be the most accurate modality for the detection 

of distant metastases.43 However, it has been noted that FDG-PET/CT can also miss small lesions in lung 

and liver. Currently for accurate estimation of prognosis in stage III melanoma patients determination 

of serum biomarkers like S-100B can also be used to improve accuracy for stage IIIB-C melanoma 

patients. Furthermore, this biomarker can be used in the stratification of new adjuvant trials.16

FDG-PET/CT does not seem useful in the follow-up of melanoma patients. Not many studies have been 

performed on the use of FDG-PET/CT in follow-up. This is partly due to the fact that recurrences are 

(usually) detected by the melanoma patients themselves. Moreover, the most essential component of 

surveillance to detect recurrences or new primary melanomas is the history and physical examination. 

One study showed FDG-PET/CT to be a valuable modality in 20 clinical stage III melanoma patients. 

Further research with a larger study population, taking cost-effectiveness as well as total radiation 

into account, is required before FDG-PET/CT can be justified in the follow-up of melanoma patients.44

 

Change in management due to FDG-PET(/CT)

Results of the FDG-PET(/CT) can lead to a change in management of melanoma patients; studies range 

from 17% to 49% with FDG-PET in stage I to IV patients.41,45-52 A study in exclusively stage III patients 

found a change in management of 19%.41 Change in management due to FDG-PET/CT occurred in 12%, 

48.4%, and 57.6% according to three other recent studies.53-55 The second study analyzed stage I to 

IV melanoma patients,54 whereas in the first and third study stage III and IV (oligometastatic stage IV) 

melanoma patients were analyzed.53,55

Although FDG-PET and CT are expensive imaging modalities, adding FDG-PET and/or CT to the diag-

nostic work-up of clinically stage III melanoma patients does not increase costs substantially.24 The 

cost-effectiveness of combined FDG-PET/CT is yet to be studied.

Thus, FDG-PET/CT appears to be an accurate staging method in advanced and recurrent melanoma. 

However, false-positive findings can occur, these include inflammation such as postoperative wound 

infection, pneumonia, pseudolymphoma, reactive changes within a lymph node, inflammation in an 

epidermal cyst and endometriosis.21 Therefore, if FDG-PET/CT imaging indicates a radical change in 

management an attempt to confirm the FDG-PET/CT findings (by biopsy or other imaging) is required.

Brain imaging in melanoma patients

The high physiological uptake of FDG in the normal brain limits the sensitivity for detecting brain 
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metastasis, which is a frequent metastasis site in patients with melanoma.56 Magnetic resonance imag-

ing scan (MRI) is the current gold standard for this purpose.57 The necessity of performing routine brain 

imaging in asymptomatic patients with advanced locoregional disease is controversial. Some clinicians 

perform the procedure only in symptomatic patients to rule out central nervous system involvement, 

while others recommend brain imaging before definitive local therapy in accordance with a report 

showing a rate of asymptomatic central nervous system metastases as high as 6%.58 MRI of the brain 

in asymptomatic stage I and II melanoma patients shows low detection rates and (as to be expected) 

a high frequency of false-positives and is therefore not recommended in these patients. Although 

early detection of brain metastases may identify a limited number of patients who are eligible for 

more aggressive local therapies, no available data demonstrate that screening for brain metastases 

results in a survival benefit for patients. A recent study showed that in only 1.6% of stage III melanoma 

patients MRI detected lesions suspicious for melanoma metastases.56 Furthermore, two other recent 

studies showed no brain metastases detected by MRI in stage III melanoma patients.59,60 Therefore 

routine MRI of the brain does not seem advisable for stage III melanoma patients. Stage IV melanoma 

patients should be evaluated with MRI of the brain because the likelihood of detecting additional 

asymptomatic lesions is high and management of stage IV patients can change due to the detection of 

brain metastases in these patients.

Guideline and recommendations for the use of FDG-PET(/CT) in melanoma

According to recent research FDG-PET or FDG-PET/CT seem valuable added to the diagnostic work-up 

of clinical stage III and stage IV melanoma patients.17,21,41-43,45-55 Moreover, adding FDG-PET and/or CT 

does not increase costs substantially in stage III melanoma patients.24 In stage I and II, and SNB positive 

patients FDG-PET(/CT) has no additional value. However, for patients with palpable, proven lymph 

node metastases with no suspicion for lung metastases on X-ray, FDG-PET/CT does have additional 

value vs. CT alone in terms of treatment planning. Also, for stage IV melanoma patients FDG-PET(/CT) 

may be of importance to localize distant metastases if surgical treatment is considered. Verification of 

FDG-PET(/CT) findings remains necessary in patients to prevent that potentially beneficial surgery for 

localized disease is withheld.
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Figure 1. Images of FDG-PET (A) and FDG-PET/CT (B) of a melanoma patient with distant metastases in lung, 

bone, muscle, and subcutaneous tissue

Figure 2. Images of FDG-PET (A) and FDG-PET/CT (B) of a melanoma patient with distant metastases in lung, 

bone, and subcutaneous tissue
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