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Chapter 9

Outcome of clinical stage III melanoma patients with FDG-PET 
and whole body CT added to the diagnostic work-up
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Abstract

Background

Combined whole body FDG-PET and CT provide the most comprehensive staging of melanoma pa-

tients with palpable Lymph Node Metastases (LNM). The aim of this study is to analyze survival of 

FDG-PET and CT negative or positive melanoma patients and to assess which factors have independent 

prognostic impact on survival of these patients.

Methods

Patients with palpable and histologically or cytologically proven LNM of melanoma, referred to partici-

pating hospitals for examination with FDG-PET and CT were selected from a previous study. Melanoma 

Specific Survival (MSS) and Disease Free Period (DFP) were analyzed for FDG-PET and CT positive and 

negative patients using the Kaplan Meier method. Cox-regression analysis was performed to analyze 

which patient or melanoma characteristics had significant impact on MSS or DFP.

Results

For all 252 patients 5-year MSS was 38.2%. For FDG-PET and CT negative and positive patients 5-year 

MSS was 47.6% and 16.9%, respectively. Disease free period for FDG-PET and CT negative patients was 

46.0% after 5 years. Gender, a positive FDG-PET and CT, LNM in axilla compared to head or neck, and 

presence of extranodal growth were independent factors for worse MSS in all patients. Positive FDG-

PET and CT was the most important prognostic factor for MSS with a Hazard Ratio of 2.54 (95%-CI: 

1.55-4.17, P<0.001). 

Conclusion

Staging melanoma patients with palpable LNM is more accurate when whole body FDG-PET and CT is 

added to the diagnostic work-up. Hence, FDG-PET and CT, preferably combined, are indicated in the 

staging of clinical stage III melanoma patients.
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Introduction

Incidence rates of melanoma are rising in the Netherlands, especially in the elderly.1,2 In the last decade 

the incidence increased from 15.5 per 100 000 in 2000 to 28.1 per        100 000 in 2010.1,2 Although 

Breslow thickness declined over time and the majority of the diagnosed melanomas are initially stage 

I or II,2  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%).3 

Regional Lymph Node Metastases (LNM) are nowadays often detected by sentinel lymph node biopsy 

(SLNB), which is a procedure recommended by the American Joint Committee on Cancer (AJCC).4 

This procedure has become widely accepted and is also recommended by the American Society of 

Clinical Oncology (ASCO) and Society of Surgical Oncology (SSO) in patients with melanoma ≥1mm for 

accurate staging.5 However, regional LNM are also often detected clinically, usually detected by the 

patients themselves.3 To achieve regional disease control, therapeutic lymph node dissection (TLND) 

is recommended in patients with palpable lymph nodes.5 After TLND for palpable LNM, 5-year survival 

rates range from 26-43% and disease free 5-year survival ranges from 19-27%4,6-9 Of all recurrences 

after TLND, 26-49% were locoregional and 51-74% were distant metastasis recurrences.9,10

Patients with distant recurrences (AJCC stage IV) have the worst prognosis with 5-year survival rates 

ranging from 4.9-11%.11-14 The location and number of metastases are factors which influence survival 

of stage IV melanoma patients.4,15,16 

The present study  was designed to analyze the follow-up of [18F]fluorodeoxyglucose (FDG) positron 

emission tomography (PET) and computed tomography (CT) staged patients from the study of Bas-

tiaannet et al, which was designed to compare FDG-PET with CT in melanoma patients with clinically 

palpable lymph nodes.17 The primary aim of the present study is to analyze the follow-up of both the 

FDG-PET and CT negative patients and positive patients. 

Methods

Patients

Patients with palpable, histology or cytology proven LNM (not sentinel node staged) of melanoma 

were selected from the study of Bastiaannet et al that compared FDG-PET and CT in staging melanoma 

patients.17  These patients were referred to five participating hospitals (July 2003 through December 

2007) for examination with FDG-PET and CT, the study was approved by the medical ethical commit-

tees of all participating hospitals.

A total of 252 patients with palpable, histologically or cytologically proven melanoma LNM underwent 

a FDG-PET and CT-scan to identify distant metastases (details are described in Bastiaannet et al).17 De-

pending on the result of the FDG-PET and CT-scan patients were classified, using the AJCC melanoma 

staging guidelines of 2009,4 as stage III (b or c) (n=173) or as stage IV (n=79). 
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Data analysis

Medical records of the patients were searched to collect the following data: age; gender; date and 

localization of the primary melanoma and LNM; Breslow thickness (mm); tumor mitotic rate (TMR) 

measured in mitoses per mm2; ulceration; Clark level of invasion (in category I-V); number of removed 

and positive nodes during TLND; size of largest lymph node (cm); absence/presence of extranodal 

growth; results FDG-PET (positive/negative for distant metastases); results of CT (positive/negative for 

distant metastases); location of distant metastasis; date and first site (local, regional or distant) of the 

recurrence and survival data. 

MSS with death due to melanoma as event for all patients, and FDG-PET and CT negative and positive 

melanoma patients was calculated and DFP with recurrence as event was calculated only for FDG-PET 

and CT negative patients, also both loco-regional free period and distant metastases free period were 

calculated for these patients.

Statistical analysis

The Chi square test was used to calculate if there was a significant difference to a level of p<0.05 in 

categorical variables of FDG-PET and CT negative and positive melanoma patients. For continuous 

variables Mann Whitney-U test and the Independent T-test were used, depending on the distribu-

tion of the variable. Survival curves for MSS and DFP were constructed by the Kaplan Meier-method 

and differences were assessed using the log-rank test. Univariate and multivariable Cox-regression 

analyses were used to determine independent prognostic factors for MSS and DFP.  

Results

A total of 252 patients were selected for this study. Of these patients 173 were FDG-PET and CT 

negative (AJCC stage III) and 79 patients were positive (AJCC stage IV). Their median age was 57 years 

(range 19-93) and 99 were female (39%). Characteristics of the FDG-PET and CT negative and positive 

patients and their melanoma are shown in Table 1. No significant differences between both groups 

were found except for Breslow thickness (P=0.02) and TLND (P<0.001).

The median follow-up period was 33 months (range 6-112) for FDG-PET and CT negative and 12 

months (range 1-99) for positive patients. 

Survival complete cohort of patients

For the complete cohort 2- and 5-yrs MSS were 54.9% (95%-CI: 48.9-60.9%) and 38.2% (95%-CI: 32.2-

44.2%), respectively (Figure 1). In the multivariable analysis positive FDG-PET and CT, the presence 

of extranodal growth and male gender were independently  associated with worse MSS (Table 2). 

Patients presenting with LNM in the head and neck area tended to have a better MSS compared to 

those with metastases located in the axilla and groin, although the result compared to the groin was 

not significant (Table 2).
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Table 1. Patient and melanoma characteristics of FDG-PET and CT negative and positive patients

Characteristics FDG-PET and CT- FDG-PET and CT+ P-value

Sex Male 106 (61) 47 (59) 0.79

Female 67 (39) 32 (41)

Age* Median (range) 57 (26-93) 58 (19-83) 0.81

< 50 51 (29) 27 (34) 0.53

50-64 72 (42) 27 (34)

>65 50 (29) 25 (32)

Location melanoma Arm 16 (9) 10 (13) 0.33

Leg 67 (39) 21 (27)

Trunk 60 (35) 34 (43)

Head/neck 21 (12) 8 (10)

Unknown 9 (5) 6 (7)

Breslow thickness Median (range) 2.1 (0.45-15) 3.0 (0.67-13) 0.02

T1 (≤1.00mm) 24 (14) 6 (7) 0.24

T2 (1.01-2.00mm) 57 (33) 20 (25)

T3 (2.01-4.00mm) 48 (28) 29 (37)

T4 (>4.00mm) 30 (17) 14 (18)

Unknown 14 (8) 10 (13)

Clark Clark I/II 21 (11) 7 (9) 0.13

Clark III 39 (23) 17 (22)

Clark IV 84 (49) 32 (40)

Clark V 14 (8) 12 (15)

Unknown 15 (9) 11 (14)

Ulceration Absent 130 (75) 50 (64) 0.17

Present 33 (19) 20 (25)

Unknown 10 (6) 9 (11)

Location node metastasis Head/neck 32 (19) 11 (14) 0.06

Axilla 56 (32) 38 (48)

Groin 85 (49) 30 (38)

Tumor-containing LNs Median (range) 2 (1-24) 2 (1-11) 0.92

Nstage N1 72 (42) 20 (25) 0.76

N2 40 (23) 14 (18)

N3 47 (27) 12 (15)

Unknown 14 (8) 33 (42)

Lymph nodes removed Median (range) 14 (1-48) 12 (1-29) 0.06

≤10 43 (25) 17 (21) 0.12
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>10 114 (66) 26 (33)

Unknown 16 (9) 36 (46)

Ratio of involved/total nodes 

(in %)

Median (range) 14 (2.8-100) 24 (3.9-100) 0.07

Tumorsize Median (range) 2.8 (0-8) 3 (0.5-13) 0.17

≤3 81 (47) 20 (25) 0.66

>3 62 (36) 18 (23)

Unknown 30 (17) 41 (52)

Extranodal growth No 122 (70) 13 (16) 0.73

Yes 41 (24) 34 (43)

Unknown 10 (6) 32 (41)

Time of LNM Synchronous 

presentation

75 26 0.12

After presentation 

of PM

89 47

Unknown 9 6

TLND No 0 34 <0.001

Yes 173 45

Location metastases Skin 11

Liver 19

Lung 33

Abdomen 15

Bone 26

Other 16

Number of metastases Single metastasis 48

Multiple metastases 31

No. of patients 173 (69) 79 (31)

*Age at time of presentation with palpable lymph node metastasis. LN: Lymph Node. LNM: Lymph Node 

Metasasis. PM: Primary Melanoma. TLND: Therapeutic Lymph Node Dissection.

Survival rates of FDG-PET and CT negative and positive melanoma patients

The 2-year MSS was 67.3% (95%-CI: 59.3-75.3%) for FDG-PET and CT negative patients and 25.8% 

(95%-CI: 15.8-35.8%) for FDG-PET and CT positive patients (P<0.001). The 5-year MSS was 47.6% (95%-

CI: 39.6-55.6%) for the FDG-PET and CT negative patients and 16.9% (95%-CI: 6.9-26.9%) for FDG-PET 

and CT positive patients (P<0.001) (Figure 1).

In  multivariable analysis for the FDG-PET and CT negative patients, males had worse MSS compared 

to females. Greater size of LNM and presence of extranodal growth were also independent factors for 
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worse MSS (Table 3). Patients with LNM in the head or neck had significantly better MSS than those 

with LNM in the axilla but there was no significant difference between LNM in head or neck and groin 

(Table 3).

In  multivariable analysis for FDG-PET and CT positive patients only presence of extranodal growth was 

an independent factor for worse MSS (HR: 2.61, 95%-CI: 1.27-5.35, P=0.009). In 45 of the 79 FDG-PET 

and CT positive patients a lymph node dissection was performed, which had no significant impact on 

MSS of these patients (HR: 0.66, 95%-CI: 0.39-1.13, P=0.12). The number of distant metastases, as 

defined with FDG-PET and CT, was a significant prognostic factor in the univariate analysis (HR: 1.73, 

95%-CI: 1.01-2.95, P=0.044), but in the multivariable analysis this was a trend (HR: 1.24, 95%-CI: 0.62-

2.49, P=0.055). Location of distant metastases was not a significant prognostic factor in the univariate 

analysis (HR: 1.21, 95%-CI: 0.98-1.28, P=0.093).

Table 2. Multivariable Cox regression analysis of several melanoma factors on melanoma specific survival in all 

patients

Characteristic MSS

HR 95%-CI P-value

Gender Male 1

Female 0.58 0.37-0.90 0.016

Conclusion FDG-PET and CT Negative 1

Positive 2.54 1.55-4.17 <0.001

Ulceration Absent 1

Present 1.47 0.93-2.32 0.10

Location LNs Head/neck 1

Axilla 2.03 1.03-4.00 0.043

Groin 1.75 0.91-3.38 0.10

Tumor-containing LNs Continuous 1.03 0.98-1.08 0.23

Tumorsize Continuous 1.06 0.97-1.16 0.21

Extranodal growth Absent 1

Present 2.38 1.56-3.63 <0.001

Time of LNM Synchronous 

presentation

1

Metachronous 

presentation

0.67 0.43-1.04 0.07

LN: Lymph Node. LNM: Lymph Node Metasasis. PM: Primary Melanoma. HR: Hazard Ratio. CI: Confidence Interval
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Table 3. Multivariable cox regression analysis of several melanoma factors on melanoma specific survival in FDG-

PET and CT negative patients

Characteristic MSS

HR 95%-CI P-value

Gender Male 1

Female 0.53 0.31-0.89 0.017

Ulceration Absent 1

Present 1.68 0.99-2.86 0.056

Location of LNM     Head/neck 1

   Axilla 2.22 0.22-0.91 0.027

Groin 1.68 0.43-1.33 0.188

Tumor-containing LNs Continuous 1.04 0.99-1.09 0.117

Tumorsize Continuous 1.21 1.07-1.38 0.003

Extranodal growth Absent 1

Present 1.76 1.08-2.85 0.024

Time of LNM Synchronous 

presentation

1

Metachronous 

presentation

0.61 0.37-1.01 0.057

LN: Lymph Node. LNM: Lymph Node Metasasis. PM: Primary Melanoma.  HR: Hazard Ratio. CI: 

Confidence Interval

Recurrence rates in FDG-PET and CT negative patients

Disease free period for the 173 FDG-PET and CT negative patients was 55.8% (95%-CI: 47.8-63.8%) after 

2-years and 46.0% (95%-CI: 38.0-54.0%) after 5 years. Ninety patients developed a recurrence (52%). 

Of these patients 12 developed only an in-field regional recurrence (13%), 60 patients developed only 

distant metastasis (67%), and 18 patients developed both regional and distant recurrence (20%). Of 

the 78 patients with distant recurrences, 16 patients (21%) developed metastases in multiple locations 

and 62 patients had a solitary metastasis (79%). The locations of distant recurrences were 22 skin or 

subcutis; 7 bone; 12 liver; 6 abdominal; 21 lung; 18 brain; and 6 other metastases. 

In multivariable analysis presence of ulceration, greater size of LNM and metachronous presentation 

of LNM with primary melanoma were independent factors for worse DFP in FDG-PET and CT negative 

patients (Table 4).

The presence of extranodal growth was the only factor that significantly predicted regional recurrence 

after TLND (HR: 3.14, 95%-CI: 1.34-7.34, P=0.008). Only presence of ulceration was an independent 

predictive factor for distant metastases in FDG-PET and CT negative patients after TLND (HR: 2.23, 

95%-CI: 1.23-3.83, P=0.004).
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Table 4. Multivariable Cox regression analysis of several melanoma factors on disease free period in FDG-PET and 

CT negative patients

Characteristic DFP

HR 95%-CI P-value

Sex Male 1

Female 0.69 0.40-1.18 0.178

Ulceration Absent 1

Present 2.11 1.22-3.64 0.008

N-classification N1b 1

N2b 0.78 0.41-1.50 0.46

N3 1.54 0.88-2.72 0.13

Tumorsize Continuous 1.26 1.10-1.44 0.001

Extranodal growth Absent 1

Present 1.66 1.00-2.80 0.057

Time of LNM Synchronous    

presentation

1

Metachronous 

presentation

0.53 0.32-0.88 0.014

LN: Lymph Node LNM: Lymph Node Metasasis. PM: Primary Melanoma. HR: Hazard Ratio. CI: Confidence Interval. 

Discussion

Survival

In the present study the 5-year survival for all patients that underwent TLND for palpable LNM (38.2%) 

was similar to other studies (26-43%).4,6-9 The 5-year survival in FDG-PET and CT negative patients 

(47.6%) is better compared to results of these previous studies (26-43%).4,6-9 The 5-year MSS is worse 

in FDG-PET and CT positive patients (16.9%), but these patients had better survival compared to other 

recent studies on stage IV melanoma patients (range 4.9-11%).11-14 This is due to the fact that distant 

metastases were found earlier in the present study, as FDG-PET and CT were performed directly after 

diagnosis of macrometastases in the lymph nodes. Hence, patients underwent FDG-PET and CT be-

cause of palpable lymph nodes and not because they presented with symptoms of distant metastases 

(stage migration). Therefore, adding FDG-PET and CT to the diagnostic work-up for melanoma patients 

who present with palpable LNM improves taxonomy of these patients so these patients can be subdi-

vided into new staging groups.

The subdividing of clinically stage III melanoma patients into new groups using FDG-PET/CT is impor-

tant. 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. With the use of a 

FDG-PET/CT before TLND, a better selection of patients can be made to distinguish between curative 
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or palliative lymph node dissection with or without adjuvant radiation. Moreover, patients where dis-

tant metastases are found on the FDG-PET/CT might benefit from other treatment options, including 

surgery, drug-targeting therapy, immunotherapy and/or chemotherapy. Especially in the era where 

both surgical management and management with systemic therapies of stage IV melanoma patients 

showed promising results and trials for adjuvant systemic therapies of stage III patients are initiated, 

FDG-PET/CT would be a valuable addition to the diagnostic work-up of clinically stage III patients, so 

every patient will receive a patient-tailored treatment.15,18 In addition, incidental findings are found on 

FDG-PET and CT in 4.3% and can also alter management of clinically stage III patients.19 

FDG-PET and CT staged IV melanoma patients should also be evaluated with MRI of the brain because 

the likelihood of detecting additional asymptomatic lesions is higher compared to stage III melanoma 

patients (12% versus 1.6%)  and management of stage IV patients can change due to the detection 

of brain metastases in these patients.20-22 Finally, improved taxonomy of clinically stage III patients 

using FDG-PET/CT is important to improve efficacy of clinical trials due to more homogeneous patient 

groups and to provide patients with accurate information about their prognosis.

Patients underwent both FDG-PET and CT as the previous study by Bastiaannet et al17 was designed 

to compare both these imaging modalities. However, nowadays most centers have an integrated 

FDG-PET/CT, this combined imaging modality is preferred compared to FDG-PET and CT separately. 

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.23 The 

cost-effectiveness of combined FDG-PET/CT is yet to be studied. However, results of such a study are 

expected to be similar compared to the study of Bastiaannet et al.23

Figure 1. Melanoma specific survival for all patients, FDG-PET negative and positive patients.



163

Factors with impact on survival

In all patients, gender; FDG-PET and CT; location and extranodal growth of lymph nodes were indepen-

dent prognostic factors for MSS. A positive FDG-PET and CT was the prognostic factor with the highest 

Hazard Ratio (HR: 2.54, 95%-CI: 1.55-4.17, P<0.001). This result shows that FDG-PET and CT is the most 

important prognostic factor in clinical stage III melanoma patients and therefore these scans have a 

prognostic value in addition to the other prognostic factors.

In FDG-PET and CT negative patients gender was a significant independent prognostic factor for MSS, 

localization, size, and extranodal growth of LNM were also independent prognostic factors for MSS. 

Several other studies have shown worse prognosis for males with melanoma.24,25 Other studies have 

shown that increasing size of lymph nodes and presence of extranodal growth are associated with a 

worse prognosis.9,26-38 The amount of positive nodes was not an independent prognostic factor for 

both MSS and DFP. In other recent studies the number of positive lymph nodes was also not seen to 

be a prognostic factor for overall or disease free survival.32,39 Head/neck LNM had significantly better 

MSS than LNM in the axilla, MSS was also better in head or neck compared to groin LNM, although 

this was a trend. The results in recent literature about the impact on lymph node location on overall 

survival are contradictive as two studies showed worse prognosis for head/neck lymph nodes32,40 and 

two other studies showed better prognosis for head/neck LNM.9,41 However, the first of the latter two 

studies is from one of the centers that participated in the present study (University Medical Centre 

Groningen) with a cohort of patients that was partly similar.9 Nevertheless, the present study confirms 

this result in multiple centers.

Primary melanoma characteristics were not to be associated with overall survival in clinical stage III 

or stage IV patients, which is similar to the results of other studies.4,8,9  In the present study the only 

significant independent prognostic factor for survival of worse MSS in stage IV melanoma patients was 

the presence of extranodal growth. Several studies showed the location and number of metastases 

to be factors that significantly influence survival of stage IV melanoma patients.4,15,16 However, in 

the present study number of metastases was a trend in the multivariable analysis and location of 

metastases was a trend in the univariate analysis. TLND did not have a significant survival benefit for 

stage IV melanoma patients. Therefore with the use of the FDG-PET or CT in clinical stage III melanoma 

patients before performing TLND, patients who are staged with distant metastases could be spared 

from TLND and its possible complications. 

Recurrences

The 5-year DFP in FDG-PET and CT negative patients was 46% (95%-CI:41.4-50.2%), this is significantly 

higher than DFP of the complete cohort of patients. DFP is higher than what has been reported in 

patients with palpable lymph nodes (19-27%).7,9,10 In FDG-PET and CT negative patients, factors that 

had impact on worse DFP were presence of ulceration, greater size of LNM, and metachronous 

presentation of LNM and primary melanoma. Ulceration was also the only independent predictive 
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factor for distant metastases recurrences. Two studies have also shown that ulceration was a predic-

tive factor for distant metastases recurrence.12,42 Ulceration was not a predictive factor for regional 

recurrence, this is also found in other studies,43,44 although this result is in contrast with the study of 

Soong et al.45 Greater size of LNM has already been shown to predict regional recurrence in stage III 

melanoma patients.9,32,46 Synchronous presentation of melanoma and lymph node metastasis showed 

better survival in a study of White et al.47 However, in that study regional metastases from unknown 

primary sites (with their observed survival benefit) were considered to be synchronous. Moreover, a 

presentation on ASCO in 2008 showed better survival for metachronous presentation.48 Which would 

be more logical as presentation of LNM synchronous with a primary melanoma seems to be a much 

more aggressive tumor. Furthermore, Murali et al recently showed that greater time to recurrence is 

a predictive factor for better post recurrence survival.44 

In the total follow-up period 90 patients who were initially FDG-PET and CT negative (52%) developed 

a recurrence, of which 13% was loco-regional, 67% distant metastasis recurrence, and 20% had both 

loco-regional and distant metastasis recurrence. Also, in other studies the majority of the recurrences 

in stage III patients were distant recurrences after TLND.9,10 The majority of distant recurrences were 

skin or subcutis and lung metastases. Romano et al. had a similar result in stage IIIC melanoma pa-

tients.10

Conclusion

In conclusion, melanoma patients with palpable LNM can be subdivided into more accurate prognostic 

groups using whole body FDG-PET and CT added to the diagnostic work-up. Hence, this study confirms 

that FDG-PET and CT, preferably combined as an integrated imaging modality, are indicated in the 

staging of melanoma patients with palpable LNM. The present study also shows an improvement in 

survival for stage III and IV melanoma patients as compared to historical cohorts; this stage migration 

has to be taken into account in further studies on survival time trends. The main importance of the 

improved taxonomy of clinically staged III patients is that every patient will get a so called patient-

tailored treatment according to their stage of disease. 
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