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Staging 18F-FDG PET/CT influences the treatment plan in
melanoma patients with satellite or in-transit metastases

Lodewijka H.J. Holtkampa,b, Annette H. Chakeraa, Sebastian Fungc,
Jonathan R. Stretcha,d,e, Robyn P.M. Sawa,d,e, Kenneth Leea,e,
Sydney Ch’nga,d,e, Maria Gonzaleza, John F. Thompsona,d,e,
Louise Emmettf and Omgo E. Niewega,d,e
Whole-body positron emission tomography/computed
tomography (PET/CT) and brain magnetic resonance
imaging (MRI) are commonly used to stage patients
with palpable lymph node metastases from melanoma,
but their role in patients with satellite and/or in-transit
metastasis (S&ITM) is unclear. The aim of this study was
to establish the diagnostic value of PET/CT and brain
MRI in these patients, and to assess their influence on
subsequent management decisions. In this prospective
study, 25 melanoma patients with a first presentation of
S&ITM who had no clinical evidence of palpable nodal or
distant metastasis underwent whole-body 18F-FDG PET/
CT and brain MRI after a tentative pre-scan treatment
plan had been made. Sensitivity and specificity of imaging
were determined by pathological confirmation, clinical
outcome and repeat PET/CT and MRI at 6 months. PET/
CT led to a modification of the initial treatment plan in
four patients (16%). All four were upstaged (AJCC stage
eighth edition). PET/CT was false-positive in one patient,
who had a Schwannoma in his trapezius muscle. A thyroid
carcinoma was an incidental finding in another patient.
The sensitivity of PET/CT was 58% and specificity 83%.

Introduction

In cancer patients, the stage of their disease assists in the
determination of an appropriate treatment plan, as well as
providing prognostic information. Also, accurate knowledge of disease stage facilitates the exchange of information about patients and enables comparison of the outcome
following different diagnostic and therapeutic strategies.
Because of the nature of their metabolism, melanoma cells
require glucose to thrive. Melanoma cells have high glutamine receptor activity and high levels of intracellular
hexokinase. For this reason, melanoma has high avidity
for the glucose analogue 18F-fluorodeoxyglucose (FDG)
that is used for positron emission tomography/computed
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In 6 months following the baseline PET/CT, further sites
of in-transit or systemic disease were identified in 10
patients (40%). Brain MRI did not alter the treatment
plan or change the disease stage in any patient. Wholebody PET/CT improved staging in melanoma patients
with S&ITM and changed the originally-contemplated
treatment plan in 16%. MRI of the brain appeared not to be
useful. Melanoma Res 30: 358–363 Copyright © 2020 The
Author(s). Published by Wolters Kluwer Health, Inc.
Melanoma Research 2020, 30:358–363
Keywords: fluorine-18-fluorodeoxyglucose positron emission tomography/
computed tomography, in-transit, melanoma, MRI, satellites, staging
a
Melanoma Institute Australia, Sydney, Australia, bDepartment of Surgical
Oncology, University Medical Center Groningen, University of Groningen, the
Netherlands, cDepartment of Radiology, Mater Hospital, dFaculty of Medicine
and Health, The University of Sydney, Sydney, eDepartment of Melanoma and
Surgical Oncology, Royal Prince Alfred Hospital Camperdown, Camperdown
and fDepartment of Nuclear Medicine and PET, St Vincent’s Hospital, Sydney,
Australia

Correspondence to Lodewijka H.J. Holtkamp, MSc, Melanoma Institute Australia,
40 Rocklands Road, North Sydney, NSW 2060, Australia
Tel: +61 2 9911 7200; fax: +61 2 9954 9290; e-mail: lhjholtkamp@gmail.com
Received 3 February 2020 Accepted 17 March 2020

tomography (PET/CT) [1]. This makes PET/CT an ideal
staging modality for the disease, except for the detection
of brain metastases. magnetic resonance imaging (MRI)
has proved to be better for this purpose [2,3]. The value of
whole-body PET/CT for the detection of metastatic melanoma has been well demonstrated in patients with distant disease and palpable lymph node metastases [1,4,5].
Unfortunately, PET/CT performance has proved disappointing in patients with a positive sentinel node because
metastases are usually too small to be identified at this
stage, and false-positive findings are frequent [6,7]. The
value of PET/CT in patients with satellite and/or in-transit
metastasis (S&ITM) has not been well studied.
The purposes of the current study were first to determine
the implications of staging PET/CT and brain MRI for
subsequent management of patients with S&ITM at the
time of initial melanoma diagnosis or as a first recurrence,
and secondly to establish the diagnostic accuracy of PET/
CT and MRI in this population.
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Materials and methods
Patients

The study was conducted with institutional ethics committee approval (HREC/13/RPAH/586). Between May
2014 and May 2015, 25 melanoma patients with a first
presentation of S&ITM were prospectively enrolled.
Patients were eligible if they had a first presentation of
pathologically confirmed S&ITM without clinical evidence of metastases elsewhere, were at least 18 years of
age and able to give informed consent, had an Eastern
Cooperative Oncology Group performance status of 0, 1
or 2, and a life expectancy of at least 6 months. Patients
were not eligible if they had a true local recurrence (in
contact with a skin graft or scar of the primary melanoma
excision) or if they were pregnant.
Microsatellites, satellites and in-transit metastases are
thought to represent intralymphatic or angiotrophic
tumor spread. Satellites were defined as clinically evident cutaneous and/or subcutaneous metastases within
2 cm of the primary melanoma and ITMs were defined
as located between 2 cm from the primary melanoma and
the first regional lymph node [8]. For microsatellites, the
AJCC-UICC seventh edition definition was in use during
the study period (‘any discontinuous nest of metastatic
cells more than 0.05 mm in diameter that are clearly separated by normal dermis from the main invasive component of melanoma by a distance of at least 0.3 mm’) [9].
Patient and tumor characteristics are presented in
Table 1. Twelve patients had newly diagnosed melanomas and simultaneous S&ITM (cTNM stage III) and 13
developed S&ITM after a preceding primary melanoma
diagnosis (rcTNM stage III). Eleven of the 25 patients
had satellite metastases. Eight of these 11 patients had
microsatellites identified histologically in the primary
tumor excision specimen. Three patients had satellite
metastases still present at time of enrolment. Fourteen
patients had ITMs, of whom two had undergone partial
or complete excision of their lesion(s).
Table 1

Patient and tumor characteristics

Number of patients
Median age (years)
Sex
Male
Female
Primary melanoma site
Head/neck
Trunk
Upper limb
Lower limb
Median Breslow thickness (mm)
Median tumor mitotic rate (/mm2)
Ulceration
Yes
No
Median size of S&ITM (mm)
Number of S&ITM
1
2–5
>5

25
64 (range 32–92)
12 (48%)
13 (52%)
6 (24%)
3 (12%)
3 (12%)
13 (52%)
3 (range 0.4–26.0)
6 (range 0–25)
8 (32%)
17 (68%)
5.5 (range 0.1–50.0)
13 (52%)
6 (24%)
6 (24%)
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Before PET/CT and brain MRI results were obtained, a
tentative treatment plan was drawn up and documented,
on the assumption that no distant metastases would be
demonstrated. The final treatment was compared with
the pre-scan management plan. Patients were monitored
for recurrence during the subsequent 6 months and at the
end of this period physical examination, PET/CT and
brain MRI were repeated.
18

F-fluorodeoxyglucose positron emission tomography/
computed tomography

A Phillips Ingenuity TOF 64 slice PET/CT scanner
(Philips, Amsterdam, the Netherlands) was used for
whole-body PET/CT imaging. Patients were fasted for
at least 6 hours prior to intravenous administration of
3.5 mg/kg of FDG. PET images were obtained approximately 60 minutes after radioisotope injection with sixto eight-bed positions and an acquisition time of three
minutes per stop. Low-dose CT was performed using a
64 slice multi-detector CT from vertex to at least proximal thighs for attenuation correction and anatomical
localization. PET/CT examinations were interpreted by
a nuclear physician (L.E.). Lesions were scored as negative, equivocal – probably negative, equivocal – probably
positive or positive for melanoma metastasis. Anatomical
location, number of lesions and maximum standardized
uptake values were recorded.
Magnetic resonance imaging

MRI of the brain was acquired with a dedicated head
coil in a Siemens Avanto 1.5 Tesla scanner (Siemens,
Erlangen, Germany). Sequences employed included
sagittal T1, FLAIR axial, axial T2, T1 axial diffusion-weighted sequence and post-intravenous gadolinium VIBE axial T1 weighted imaging. Each patient was
injected with 10 cc of IV gadolinium (Gadovist 1.0; Bayer
AG, Leverkusen, Germany) and the number, location
and size of each metastasis were documented.
Reference standard and statistical analysis

The primary outcome measure was the percentage of
patients in whom PET/CT and brain MRI led to a change
in disease management. We deemed a change of treatment in at least 10% of the patients clinically relevant.
Secondary outcome measures were change of AJCCUICC stage and performance parameters of the imaging.
Pathological confirmation of suspicious/positive lesions
with FDG uptake on PET/CT was pursued. If pathological confirmation was not possible, clinical outcome and
imaging after 6 months were used as gold standards.
The sensitivity and specificity of PET/CT and brain
MRI were determined by patient-based analysis. A
true-positive finding surpassed a false-negative finding in
the same patient. Scans were classified as true-positive if
metastatic melanoma was suggested and confirmed, and
as false-positive, if the suspected metastatic melanoma
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was confirmed to be something else. A lesion with FDG
uptake unequivocally reported and confirmed to be a
non-melanoma malignancy was classified as an incidental
finding, not false-positive. Scans that were considered to
be negative were classified as true-negative if the patient
did not develop a recurrence during the 6 months following the baseline imaging. Scans were considered
false-negative if the baseline scan failed to reveal the initial S&ITM that was still present or if evidence of any
further metastasis was established during the 6 months
of follow-up.
Disease progression was defined as detection of melanoma metastasis after baseline imaging and treatment, by
the patient, the physician or through further imaging and
preferably with subsequent pathological confirmation.

Results

The baseline PET/CT showed the known tumor sites
in eight of the 15 patients (53%) in whom the S&ITM
was still present at the time of the imaging, but no further S&ITM were visualized. In the other seven patients,
the known S&ITM was not visible on the baseline PET/
CT. Additional metastases were identified in four of the
25 patients in the study (16%). These were regional
lymph node metastases in two patients, distant metastases in one patient, and simultaneous regional and distant
metastases in the remaining patient (Fig. 1). PET/CT
was false-positive in one of the 25 patients (4%), who had
a Schwannoma in the right trapezius muscle. A thyroid
carcinoma was an incidental finding in another patient.

The primary aim of the study was to determine the
implications of imaging for staging and subsequent management. PET/CT led to a change in the AJCC-UICC
stage (eighth edition) of four of the 25 patients (16%). In
all four patients (16%), PET/CT led to modification of
the pre-imaging treatment plan (Table 2).
Following the baseline PET/CT and treatment, further sites of disease became evident within 6 months
in 10 of the 25 patients (40%) (Table 3). In eight of
these 10 patients, this was additional in-transit disease.
Recurrences were detected prior to the 6-month PET/
CT in nine of the 10 patients (90%). These recurrences
were detected by the patient, by the physician or through
ultrasound follow-up. The PET/CT after 6 months
revealed even more metastases in five of these nine
patients (patients 1, 3, 4, 7 and 8).
Including the S&ITM that were present initially but
not apparent on the PET/CT, the baseline scans of 12
patients were false-negative. In four of these patients, the
baseline scan was also true-positive. Because a true-positive finding trumped a false-negative finding in the
same patient, eight scans were ultimately classified as
false-negative. The performance of PET/CT in various
categories is presented in Tables 4 and 5.
Baseline brain MRI was normal in all patients and did not
result in change of stage or treatment plan in any of them.
The follow-up MRI at 6 months was not performed in
three patients, because two had died and a third suffered
a panic attack during the imaging. The brain MRI at 6

Fig. 1

Whole-body FDG PET/CT patient 2 (Table 2). Marked FDG avidity in the liver corresponding to numerous hypodense lesions throughout both
lobes. Focal FDG avidity in the left os ilium, corresponding to a partially sclerotic lesion in the low dose CT scan. Mildly hypermetabolic 12 mm
left inguinal lymph node. Extensive, contiguous, FDG avid soft tissue nodular thickening in the left leg medially. CT, computed tomography; FDG,
18
F-fluorodeoxyglucose PET, positron emission tomography.
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26.0
3.1
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6
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Yes
No
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Satellite
Microsatellite

Multiple ITMs

Two ITMs

First presentation
First presentation

Recurrence

Recurrence

Further metastases

Numerous additional ITMs,
subcutaneous distant
T-VEC, ILI or systemic therapy for Regional LN, bone and l
irresectable stage III melanoma
iver
WLE+SLNB
Regional LNs
No further treatment (WLE already Regional LN
performed)

Excision of ITMs

Original treatment plan

IIIC -> IIID
IIIB -> IIIC

IIIC -> IV

IIIB -> IV

Change in
AJCC stagea

Referral to medical oncologist;
died prior to appointment
TLND right axilla
TLND right neck

Referred for immunotherapy

Change in treatment plan
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2a

3b

4

5

6

7

8

9

10

L lower calf

R lateral shin

R lateral thigh

F

F

R plantar foot

R lateral ankle

M L calf

F

F

F

R posterior
brachii region
M R lateral shin

F

M L plantar foot

M R upper arm –
cubital fossa

R lateral thigh, medial
to WLE scar
R lateral shin

R posterior brachii
region
R proximal shin

L dorsum foot

R upper arm

S&ITM location

Microsatellite

R plantar foot

Satellites &
microsatellites
ITM
L upper calf below
popliteal fossa
ITM
L lateral shin, distal to
WLE scar
Microsatellite R lateral ankle

ITM

ITM

Satellite

ITM

ITM

S&ITM

regional LN

ITMs + regional LNs

ITM

ITM

ITMs

ITM

ITM + regional LN

-

ITM

ITM

Recurrence prior to
six months imaging

Patient

Patient

-

Detection mode
of recurrence

Patient (US and
FNAC)
Physician, US and
shave biopsy
Patient (US and
FNAC)
Patient and US
R shin and calf, R Patient (US and
groin
FNAC)
R groin
US and FNAC

L calf

R anterior and
lateral shin
L calf

R lateral thigh

R anterior thigh, US surveillance,
R knee, R groin
FNAC

Inner thigh and
left shin
-

R upper arm

Location of
recurrence

b

a

-

Pembrolizumab

Pembrolizumab

Excision

Excision

Excision

Excision of ITM

Excision
-

Treatment
Excision

F, female; FNAC, fine needle aspiration cytology; L, left; LN, lymph node; M, male; R, right; S&ITM, satellite and in-transit metastasis; US, ultrasound.
Death non-melanoma prior to 6 months imaging.
Patient no 3 in Table 2.

84

1

Primary
tumor site

Disease progression and PET/CT and brain MRI findings at 6 months

Patient
no.
Age (y) Sex

Table 3

-

US nine lesions detected,
excision of two palpable
lesions
-

Treatment

Confirmation of ITMs +
regional LNs
Confirmation of regional LNs

More ITMs

Liver & lung metastases

Confirmation of ITMs

Pembrolizumab

Pembrolizumab

Excision

Pembrolizumab

Pembrolizumab

LNs mediastinum + brain
Pembrolizumab
metastases
Distant cutaneous metastasis Pembrolizumab
and confirmation of more
ITMs + regional LN
-

More ITMs

Six months imaging findings

AJCC, American Joint Committee on Cancer; BT, Breslow thickness; F, female; ILI, isolated limb infusion; LN, lymph node; M, male; S&ITM, satellite and in-transit metastasis; SLNB, sentinel lymph node biopsy; TLND, therapeutic lymph node dissection; TMR, tumor mitotic rate; T-VEC talimogene laherparepvec; WLE, wide local excision.
a
Eighth edition.

F
M

F

1.2

First presentation
or recurrence

92

Lower limb

Ulceration S&ITM

2

F

TMR
(/mm2)

76

BT
(mm)

1

Primary tumor
site

Age (y)

Patient
no.

Sex

Characteristics of patients with a change in melanoma treatment plan

Table 2
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Contingency tables according to stage of disease and

N-stage
S&ITM
LN
M-stage
Overall

TP

FP

FN

TN

11
8
4
2
11

0
0
1
1
1

8
9
2
3
8

6
8
18
19
5

FN, false-negative; FP, false-positive; LN, lymph nodes; S&ITM, satellites and
in-transit metastasis; TN, true-negative; TP, true-positive.
Table 5

Performance of PET/CT
Sensitivity (%)

Specificity (%)

PPV (%)

NPV (%)

58
47
80
40
58

100
100
90
95
83

100
100
67
67
92

43
47
95
86
39

N-stage
S&ITM
LN
M-stage
Overall

LN, lymph nodes; NPV, negative predictive value; PPV, positive predictive value;
S&ITM, satellites and in-transit metastasis.

months revealed a previously unknown right superior
frontal lobe metastasis in one patient, so in this case, the
baseline scan was classified as false-negative.
All melanoma metastases found at baseline as well as
during the 6 months of follow-up were treated, unless
the patient was unfit for any treatment or the patient
and physician decided upon close monitoring until further progress of disease. Two patients died during the 6
months observation period: one from distant metastatic
disease and the other from an unrelated cause.

Discussion

As expected, the results of imaging melanoma patients who
at first presentation with S&ITM, which were generally
small, were less likely to reveal other metastatic disease than
in patients with more bulky lesions. The 58% sensitivity of
PET/CT found in this study is substantially less than the
87% previously reported in patients with palpable lymph
node metastases [1]. It is likely that this is because the
non-visualized metastases on staging PET/CT that became
clinically evident later were below the spatial resolution of
PET detection (approximately 3 mm), or due to rapidly progressive new metastases in the following 6 months. Despite
this, upstaging and a change in the pre-scan management
plan in 16% of patients imply a meaningful impact. The
importance of changes in disease management has been
affirmed in the recently published Cochrane review on staging imaging in melanoma [10]. In the present study, MRI
of the brain never revealed a metastasis at baseline and its
usefulness in this setting therefore appears dubious.
To our knowledge, this study is the first to report the
impact of whole-body PET/CT and brain MRI staging on
patients with a first presentation with S&ITM. Relevant
aspects are its prospective design, the strict inclusion criteria for patients with S&ITM and the use of one PET/

CT scanner for all patients. There are several possible
limitations to discuss. We hypothesized that PET/CT and
brain MRI should be able to detect metastases up to 6
months before they become evident otherwise. This time
frame is, of course, arbitrary and the choice of a shorter
period would have resulted in a lower false-negative rate.
We limited our study to patients with a first diagnosis
of S&ITM. If we had included patients with recurrent
in-transit metastases it is likely the sensitivity of imaging
would have been greater, as the disease would be likely
to be more advanced.
As the AJCC eighth edition cancer staging system provides a new staging classification, which includes a
separate schema for patients who recur after their initial melanoma presentation (rTNM), our 25 patients
may represent a heterogeneous group. However, to our
knowledge this recurrent staging classification is not yet
embedded in melanoma research, hence no conclusions
can be drawn concerning the differences in sensitivity of
imaging for the two scenarios. In terms of survival, Read
et al. [11] reported an overall 5-year survival from time of
ITM presentation of 47% in patients with ITMs as a first
site of recurrence versus 43% in patients presenting with
ITMs at primary diagnosis, suggesting the latter group
has a somewhat worse prognosis.
We hypothesized that known S&ITM would be identified depending on their size, with a higher pick-up rate
for larger S&ITM. Interestingly, only one of the seven
patients in whom S&ITM was not detected on the baseline scan had lesions that were less than 3 mm in diameter. In the other six patients, lesions from 3 to 7 mm (on
histopathology) were missed on PET/CT. This suggests
that cutaneous and subcutaneous metastases up to 7 mm
in diameter might be difficult to detect on PET/CT.
Five previous studies have reported on change in treatment plan after primary staging with PET/CT. In a prospective study of 32 patients with stage III–IV melanoma
being considered for surgical treatment, Bronstein et al.
[12] found that the treatment plan in 12% of patients
changed after treatment decisions based on PET/CT
were compared with initial treatment decisions (based
on conventional imaging with CT and MRI). Aukema
et al. reported a change in treatment plan in 26 of 70
patients (37%) with palpable lymph node metastases [1].
In a retrospective cohort of 30 sentinel lymph node-positive patients, Constantinidou noted no change in treatment plans [6]. In a retrospective cohort, Arrangoiz et
al. [13] reported a change in treatment plan in 18% of
patients with T4 melanoma and no clinical evidence
of metastatic disease. Their further analysis showed
that 11% of the changes were due to identification of
regional metastases and 7% were due to identification
of distant metastases. Also, 45% of their patients had
satellitosis, but no information on change in treatment
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in this subgroup was provided. In a retrospective study
of 149 patients with stage IB–II melanoma, Barsky et al.
[14] found that PET/CT never resulted in a change in
treatment plan.
Two meta-analyses have addressed the value of PET/
CT in primary staging of melanoma patients with AJCCUICC (seventh edition) stages I–IV disease [4,5]. In the
most recent of the two, Schröer-Günther et al. analyzed
the diagnostic reliability of PET and PET/CT in prospective studies with a patient-based analysis published
up to 2010 [5]. Only studies with a clinical follow-up of
>6 months were included. For PET/CT the sensitivity of
all included studies ranged between 17 and 85% and the
specificity ranged from 74 to 96%.
Studies evaluating the diagnostic accuracy of PET/CT
specifically in stage III melanoma patients are scarce.
Aukema et al. found a sensitivity of 87% and a specificity
of 98% in the detection of distant disease in patients with
palpable lymph node disease. Accuracy was 98%, positive predictive value (PPV) 96% and negative predictive
value (NPV) 91% [1].
In conclusion, the current study indicates that staging
patients with S&ITM using PET/CT has a meaningful
impact on patient management. There was upstaging of
disease and a change in treatment as a result of wholebody PET/CT in 16% of the patients. The overall sensitivity was 58%, specificity 83%, PPV 92% and NPV 39%.
MRI of the brain did not detect any metastases at baseline and might be omitted, particularly since modern-day
PET/CT devices can provide a low radiation dose CT
scan for screening the brain. Ten patients (40%) developed further metastasis within 6 months after the initial
staging imaging and treatment. This suggests that an
appropriate interval for repeat imaging in this high-risk
cohort may be 3 months rather than 6 months. A future
study assessing this interval would be worthwhile.
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