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Background: There is no consensus on the imaging tests that should be performed at the initial staging of
melanoma patients.
Objective: To evaluate the diagnostic accuracy of 4 imaging studies for the initial staging of melanoma patients.
Methods: Cross-sectional study with prospectively collected data, from January 2011 to April 2017,
including patients with clinical stage T2b to T4b according to 2009 American Joint Committee on Cancer,
without evidence of metastasis.
Results: Initial staging of 308 patients detected 16.6% of metastases and 5.8% false-positive results, overall.
Regional lymph node ultrasonography showed a metastasis detection rate (MDR) of 12.8%, false-positive
rate of 0.8%, and accuracy of 96.0%. Computed tomography (CT) and positron emission tomography-CT
had the highest detection rates at stage T4b: MDR, 13.3%; false-positive rate, 8.9%; accuracy, 91.1%; and
MDR, 6.9%; false-positive rate, 0%; and accuracy, 93.1%, respectively. Brain magnetic resonance imaging
showed a MDR of 2.0% in T4b.
Limitations: Single-center study.
Conclusion: Performing ultrasound scans for assessing lymph node metastasis in patients with American
Joint Committee on Cancer T2b stage and above is advisable. In patients with stage T4b, CT or positron
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emission tomography-CT are suitable for the detection of metastasis. Brain magnetic resonance imaging at
T4b deserves further discussion, considering the ultimate clinical benefit in management and therapeutic
options for asymptomatic patients. ( J Am Acad Dermatol 2019;81:1330-8.)

Key words: clinical decision making; computed tomography; diagnostic tests; magnetic resonance
imaging; melanoma; metastasis; positron emission tomography; prognosis; staging; ultrasonography.
CAPSULE SUMMARY

d There is no consensus on the optimal
initial staging protocol in patients
diagnosed with high-risk melanoma.

d Initial staging detected metastases in
16.6% patients with stage T2b to T4b.
This information may assist in the
development of optimal staging
protocols.
Malignant melanoma
denotes an important public
health problem, particularly
in terms of potential years of
life lost, because it represents
one of the most frequent
forms of cancer in young
adults.1 Several complemen-
tary tests have been studied
for both the initial staging
and the follow-up of patients
with high-risk melanoma.
The staging assessment can
include or combine imaging

studies such as computed tomography (CT), regional
lymph node ultrasound imaging, positron emission
tomography-computed tomography (PET-CT), brain
magnetic resonance imaging (MRI), scintigraphy,
and total-bodyMRI, among others.2,3 However, there
is no current consensus on the optimal initial staging
strategy, which staging procedures should be
routinely performed, or whether they should be
performed at all.4 Different international guidelines
for the surveillance and management of melanoma
patients have been proposed, and most of them
differ in the basal imaging studies that should be
performed in these patients.5-11

The decision to perform imaging tests should
consider the probability of clinically occult metastases
being present, the likelihood of detecting the metas-
tases given the limitations of each imaging test, the
potential for false-positive findings, and the cost and
morbidity of the study.12 It is important to determine
whether identifying clinically occult metastases by
performing imaging studies would change the man-
agement plan. Presymptomatic detection of distant
metastasis has not yet demonstrated improvement of
patient prognosis. However, with the development of
immunotherapy and targeted therapies, evidence
from clinical trials shows that systemic treatments in
melanoma are more effective in patients with earlier,
asymptomatic, low-volume metastasis.13-18

Therefore, staging and follow-up with imaging tech-
niques could have implications in the development of
future clinical guidelines.

This study evaluated the diagnostic accuracy of
regional lymph node ultrasound imaging, CT, PET-
CT, and brain MRI used in the
initial staging of patients with
intermediate- to high-risk
melanoma according to
Breslow depth.

METHODS
Study design

This was a cross-sectional
study of patients treated at the
Hospital Clinic of Barcelona,
Spain, from January 2011 to
April 2017. The basal demo-
graphic characteristics, clin-
ical and histopathologic features, recurrence time,
and site were prospectively recorded. This registry
mainly includes patients of Mediterranean origin
living in the Catalonia region. The Hospital Clinic of
Barcelona Clinical Research Ethics Committee
approved the study and research protocol. All pro-
cedures performed in studies involving human par-
ticipants were in accordance with the 1964
Declaration of Helsinki and its later amendments or
comparable ethical standards. This study was per-
formed following the 2015 Standards for Reporting of
Diagnostic Accuracy Studies (STARD) guidelines.19

Patients
All patients who were diagnosed with an invasive

primary melanoma were staged according to the
2009 American Joint Committee of Cancer classifica-
tion. Patients eligible for inclusion were those with a
diagnosis of melanoma with[pT2a (Breslow depth
[2 mm, regardless of ulceration, or[1 mm with an
ulcerated primary tumor) without clinical evidence
of metastasis after a complete physical examination.
In sentinel lymph node biopsy candidate patients,
basal imaging studies were performed mainly before
the procedure. Only imaging studies performed
within the first 4 months after the primary melanoma
diagnosis were included in the statistical analysis.
Exclusion criteria included patients who presented
with palpable lymph nodes or clinically evident
metastasis before the imaging studies were per-
formed. T1 and T2a subgroups were excluded
because imaging studies for initial staging in these
patients were not routinely requested.



Table I. Standardized staging protocol from our
center

Protocol T1a-T2a T2b-T3a T3b-T4a T4b

Serum biomarkers 1 1 1 1
Ultrasonography 1 1 1
CT* 1 1
PET-CT* 1 1
Brain MRI 1 1

CT, Computed tomography; MRI, magnetic resonance imaging;

PET-CT, positron emission tomography computed tomography.

*CT or PET-CT was performed, depending on availability.

Abbreviations used:

CT: computed tomography
FPR: false-positive rate
MRI: magnetic resonance imaging
MDR: metastasis detection rate
PET-CT: positron emission tomography-

computed tomography
PPV: positive predictive value
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Staging protocol
Imaging studies (regional lymph node ultrasound

imaging, CT, PET-CT, and brain MRI) were requested
according to the standardized protocol of our center
(Table I). Ultrasound imaging was performed in
patients with T2b and T3a tumors, whereas the rest
of the imaging tests were indicated beyond T3b. The
patient’s clinical history and results of other imaging
tests were available to the radiologists and nuclear
medicine physicians.

Ultrasound imaging was performed before lym-
phoscintigraphy and sentinel lymph node biopsy.
The regional lymph node areas that were explored
according to protocol were the ipsilateral axillary
group for upper limb melanoma, ipsilateral inguinal
group for lower limb melanoma, bilateral neck and
supraclavicular groups for head and neck mela-
noma, and bilateral axillary and inguinal groups for
trunk melanoma. Total-body CT scans were per-
formed of the chest, abdomen, and pelvis. Whole
body PET-CT scans were performed using a hybrid
PET-CT system (Biograph; Siemen, Erlangen,
Germany) equipped with an ECAT EXACT
HR1 BGO PET scanner and point spread function
algorithms with low-resolution CT without contrast.

Analysis
Sensitivity, specificity, positive predictive value

(PPV), negative predictive value, likelihood ratio,
true-positive rate or metastasis detection rate (MDR),
false-positive rate (FPR), and accuracy were calcu-
lated for each of the 4 imaging index tests. The MDR
and diagnostic accuracy measures for CT and PET-
CT were calculated excluding lymph node metasta-
ses and only considering distant metastases. The
study excluded patients with missing data for the
reference standard tests. To handle the missing tests
in stage T3b patients and above, we evaluated the
patterns of missingness of the independent variables
of these patients. If the studies were missing
completely at random or missing at random (MAR),
a pairwise deletion analysis was performed.

For each index test, the definitions of false-
negative, false-positive, true-positive, and true-
negative results are included in Table II. Imaging
studies that were ‘‘indeterminate’’ by the radiologist
or nuclear medicine physician were not contem-
plated as positive studies. By contrast, imaging
reports informed as ‘‘suspicious for’’ or ‘‘consistent
with’’ metastatic melanomawere considered positive
imaging studies.

RESULTS
The study included 308 patients. Figure 1 shows a

flowchart of patients throughout the study. Baseline
characteristics of the patients are reported in Table
III. Participants were a median age of 63 years
(interquartile range, 49-74 years), with a male pre-
dominance (55.5%). Mean Breslow index was
4.8 mm (standard deviation, 3.4 mm), and ulceration
was present in 202 tumors (65.6%). The primary
melanoma was most frequently located on the trunk
(39.3%), and the most frequent histologic subtype
was superficial spreading (37.3%). Globally, initial
staging detected metastases in 16.6% of the patients,
and an FPR of 5.8% was observed. Table IV reports
MDR, FPR, sensitivity, specificity, PPV, negative pre-
dictive value, likelihood ratio, and accuracy of the
tests performed at each clinical staging.

Lymph node ultrasound imaging was performed
in 250 patients. Metastases were detected in 6.3% of
T2b to T3a, in 5.8% of T3b to T4a, and in 30.4% of
T4b. An overall global MDR of 12.8%, FPR of 0.8%,
and accuracy of 96.0% was identified. For ultrasound
imaging at stages T3b to T4b for the detection of
regional lymph nodes, 58 ultrasound studies were
missing. We observed that values were missing
completely at random from our data set; therefore,
those patients were excluded from the analysis.

CT was performed in 95 patients. Distant metas-
tases were detected in 4.0% of T3b to T4a and in
13.3% of T4b. An overall global MDR of 8.4%, FPR of
11.6%, and accuracy of 88.4% was identified. PET-CT
was performed in 61 patients. Distant metastases
were detected in 3.1% of T3b to T4a and in 6.9% of
T4b. An overall MDR of 4.9%, FPR of 3.3%, and
accuracy of 93.4% was identified. In addition, for



Table II. Definition of true positive, false positive, true negative, and false negative for each index test

Index test True positive False positive True negative False negative

US US suggesting abnormal
lymph nodes or in
transit or satellitosis,
confirmed by
pathology (fine-needle
aspiration biopsy, Tru-
Cut,* open biopsy,
SLNB) or clinical
follow-up.

US suggesting abnormal
lymph nodes or in
transit or satellitosis
but disproved by
pathology (fine-needle
aspiration biopsy, Tru-
Cut, open biopsy,
SLNB) or follow-up
within 4 months.

US with no signs of
abnormal lymph
nodes or in transit or
satellitosis, who
remained without
recurrence detected
by any method within
the first 4 months of
follow-up.

US with no signs of
abnormal lymph
nodes or in transit or
satellitosis, with later
detection by other
imaging study or
clinical follow-up with
histopathologic
confirmation within
4 months.

CT CT suggesting distant
metastases, confirmed
by another imaging
study, pathology, or
clinical follow-up.

CT suggesting distant
metastases, but
disproved by
pathology, another
imaging study, or
clinical/same imaging
follow-up within
4 months.

CT with no signs of
distant metastases,
which remained
without recurrence
detected by any
method within the first
4 months of follow-up.

CT with no signs of
distant metastases,
with later detection by
imaging study or
clinical follow-up with
histopathologic
confirmation, within
4 months of follow-up.

PET-CT PET-CT scan suggesting
distant metastases,
confirmed by another
imaging study,
pathology, or clinical
follow-up.

PET-CT scan suggesting
distant metastases, but
disproved by
pathology or another
imaging study or
clinical follow-up
within 4 months.

PET-CT scan with no
signs of distant
metastases, which
remained without
recurrence detected
by any method within
the first 4 months of
follow-up.

PET-CT scan with no
signs suggesting
distant metastases,
with later detection by
imaging study or
clinical follow-up with
histopathologic
confirmation within
4 months.

Brain MRI MRI suggesting brain
metastases confirmed
during follow-up.

MRI suggesting brain
metastases but
disproved by follow-
up within 4 months.

MRI with no signs of
brain metastases,
which remained
without recurrence
detected by any
method within the first
4 months of follow-up.

MRI with no signs
suggesting brain
metastases, with later
detection by imaging
study or at clinical
follow-up within
4 months.

CT, Computed tomography; MRI, magnetic resonance imaging; PET-CT, positron emission tomography computed tomography; SLNB,

sentinel lymph node biopsy; US, ultrasound.

*Merit Medical, South Jordan, Utah.
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PET-CT and CT in stages T3b to T4b for the detection
of distant metastasis, 66 tests were missing. We
performed the same analysis for missingness, and
the data were missing completely at random. We
executed the same criteria as for ultrasound imaging.

Brain MRI was performed in 95 patients. Distant
metastases were detected in only 1 patient (2.0%) at
stage T4b. An overall MDR of 1.1%, FPR of 2.1%, and
accuracy of 97.9% was identified.

No significant adverse events occurred as a result
of the imaging tests performed.

DISCUSSION
Some authors have suggested that preoperative

imaging studies are associated with substantial costs
and slight benefit in most patients with melanoma,
arguing that the detection rate of metastatic disease
with preoperative imaging has been reported to be
lower than the rate of false positivity.12,20 In our
study, the MDRwas higher than the FPR for all stages
when performing an ultrasound scan for locore-
gional lymph node metastases. When analyzing the
other imaging tests, the global MDR was lower than
the FPR for CT (MDR, 8.4%; FPR, 11.6%), and similar
for PET-CT (MDR, 4.9%; FPR, 3.3%) and brain MRI
(MDR, 1.1%; FPR, 2.1%). However, when we further
analyzed this by stages, the MDRwas higher than the
FPR for CT, brain MRI, and PET-CT in stage T4b,
suggesting that although globally the MDR and FPR
are similar to those reported in the literature, the
performance of CT, PET-CT, and MRI on the sub-
group of T4b patients is adequate.



Potentially eligible participants
n = 450

Eligible participants 
n = 308

Ultrasound
overall = 250

CT
overall = 95

PET/CT
overall = 61

Brain MRI
overall = 95

T2b-T3a
n=95

T2b-T3a
-

T2b-T3a
-

T2b-T3a
-

T3b-T4a
n=86

T3b-T4a
n=50

T3b-T4a
n=32

T3b-T4a
n=45

T4b
n=69

T4b
n=45

T4b
n=29

T4b
n=50

Excluded (n= 142)

Stage IV at diagnosis   n = 16

Staging performed at another 
center (*)  

n = 83

Staging study performed  outside 
the time frame (^) 

n = 43

Fig 1. Flowchart of eligible patients. *Where images were not available. ^Time frame of
4 months since the diagnosis of the primary melanoma. CT, Computed tomography; MRI,
magnetic resonance imaging; PET-CT, positron emission tomography-computed tomography.
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Ultrasound imaging
The value of preoperative ultrasound imaging in

different series has been contradictory. Several re-
ports21-24 have shown the better performance of
ultrasound imaging over physical examination in the
detection of pathologic lymph nodes, with a higher
accuracy when combined with fine-needle aspira-
tion biopsy.25,26 In addition, a meta-analysis found
ultrasound imaging was superior to CT, PET, and
PET-CT in the assessment of lymph node
metastasis.27

In our study, the MDR was higher that the FPR,
and specificity and accuracy were above 95% in all
stages. Bearing in mind that all of our ultrasound
studies were performed before lymphoscintigraphy,
our results are similar to or higher than other series.
Voit et al28 included 127 patients and Testori et al29 88
patients, reporting a sensitivity of 79% and 94.1%, a
specificity of 72% and 89.9%, a PPVof 100% and 64%
(after sentinel lymph node biopsy), and a negative
predictive value of 85% and 98.7%, respectively.

Based on these results, we currently favor preop-
erative ultrasound imaging with fine-needle biopsy
(when indicated) in all melanoma patients with
stages T2b and above.
CT and PET-CT
Some studies advocate the futility of CT and PET-

CT for asymptomatic patients.20,30 Yancovitz et al31

reported a 0% positive rate for CT and only 1 patient
with a true-positive value for PET-CT. However, they
only included patients with T1b to T3b melanomas,
and only 21 patients belonged to the T3b group.
Hafner et al32 reported for PET-CT only 2 FPR of 100
patients. However, they only included 19 patients
with T4b melanomas. In our study, the T4b group is
where we found MDR to be higher than the FPR. The



Table III. Baseline characteristics of patients

Variable Patients (N = 309)

Sex, No. (%)
Male 171 (55.5)
Female 137 (44.5)

Age, median (IQR), y 63 (49-74)
Tumor location, No. (%)
Trunk 121 (39.3)
Head and neck 59 (19.2)
Lower extremities 50 (16.2)
Upper extremities 34 (11)
Acral 32 (10.4)
Mucosa 12 (3.9)

Breslow, mean (SD), mm 4.8 (3.4)
Ulceration, No. (%)
Present 202 (65.6)
Absent 104 (33.8)
Missing values 2 (0.6)

Mitosis, median (IQR), No. 5 (2-9)
Histologic subtype, No. (%)
Superficial spreading 115 (37.3)
Nodular 102 (33.1)
Acral lentiginous 23 (7.5)
Lentiginous malignant 16 (5.2)
Desmoplastic 8 (2.6)
Mucosal 7 (2.3)
Spitzoid 3 (1)
Nevoid 1 (0.3)
Other 24 (7.7)
Missing values 9 (2.9)

AJCC staging group, No. (%)
T2b-T3a 95 (30.8)
T3b-T4a 117 (38)
T4b 96 (31.2)

Metastasis at initial staging, No. (%)*
No metastasis 257 (83.4)
Metastasis 51 (16.6)

AJCC, American Joint Committee on Cancer; IQR, interquartile

range; SD, standard deviation.

*Including lymph node metastasis detected by imaging methods.
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MDR was 13.3% for CT and 6.9% for PET-CT, with a
lower FPR of 8.9% and 0%, respectively.

When we compared CT with PET-CT in our T4b
patients, CT showed a higher MDR (13.3% for CT vs
6.9% for PET-CT), a lower PPV (60% vs 100%), and
lower accuracy (91.1% vs 93.1%). CT also had a
higher FPR (8.9% vs 0%). Brady et al33 found that PET
scanning was more sensitive than CT in detecting
occult disease (68% vs 48%), but both tests were
highly specific (92% vs 95%). We found CT was more
sensitive than PET-CT (100% vs 50%), with less
specificity (89.7% vs 100%). However, contrary to
our study, Brady et al33 included regional nodal
disease, and this was the second most frequent
location of distant metastatic disease.
PET and CT have both been found to be cost-
effective for evaluating high-risk melanoma patients.
Bastiaannet et al34 performed a study of 253 patients
with stage III melanoma, where PET exhibited a
greater sensitivity and higher predictive value,
although CT had a higher specificity for the detection
of distant metastasis. Available evidence in a meta-
analysis has suggested that a modern PET-CT scan
can provide the greatest diagnostic value for detect-
ing distant metastasis for intermediate- to high-risk
patients.27

Another factor to consider when performing CT
and PET-CT is the lifetime risk of cancer attributable
to radiation. An estimated lifetime risk of cancer
attributable to an annual total-body CT and PET-CT
for 10 years has been estimated as 0.9% and 1.6% for
male patients and 1.3% and 1.9% for female patients,
respectively.35

According to our results, we support total-body
CT or PET-CT for T4b patients and individualizing
the indications in T3b-T4a. The tests could be
performed depending on the center’s availability of
imaging tests.

Brain MRI
Studies have suggested that the occurrence of

brain metastases as the first site of dissemination is
infrequent (0% to 1.1%).30,36 These results are similar
to our series, where we found only 1 patient in stage
T4bwith brainmetastasis during initial staging (2% of
this subgroup). However, these findings need to be
taken with precaution. Determining the threshold of
advisable MDR is complicated. The only alternative
detection of brain metastasis would be the onset of
symptomatic disease, associated with a high
morbidity and mortality, especially in the current
era where offering immunotherapy or target therapy
at an early stage would benefit the patient’s out-
comes.15-18

Podlipnik et al2,37 recently analyzed the perfor-
mance of the same tests during the follow-up of stage
IIB, IIC, and III in patients with melanoma, showing
the cost-effectiveness during the first year of follow-
up. In this context, the possibility to have basal
explorations should be considered, reinforcing its
use not only for the initial staging but also as the
starting point for further follow-up. Future studies
are needed to validate our findings in larger pop-
ulations and across different geographic institutions.
In addition, a cost-effectiveness analysis should be
considered.

Limitations
Ultrasound imaging was performed on regional

lymph node areas, according to our protocol, before



Table IV. Diagnostic accuracy by T stage

Imaging study Overall T2b-T3a T3b-T4a T4b

Ultrasound (N = 250) (n = 95) (n = 86) (n = 69)
Metastasis detection rate, % 12.8 6.3 5.8 30.4
False-positive rate, % 0.8 1.1 0 1.4
Sensitivity, % 80.0 66.7 62.5 91.3
Specificity, % 99.0 98.8 100 97.8
Positive-predictive value, % 94.1 85.7 100 95.5
Negative-predictive value, % 96.3 96.6 96.3 95.7
Likelihood ratio 84.0 57.3 . 42.0
Accuracy, % 96.0 95.8 96.5 95.7

CT* (N = 95) (n = 50) (n = 45)
Metastasis detection rate, % 8.4 4.0 13.3
False-positive rate, % 11.6 14.0 8.9
Sensitivity, % 100 100 100
Specificity, % 87.4 85.4 89.7
Positive predictive value, % 42.1 22.2 60.0
Negative predictive value, % 100 100 100
Likelihood ratio 7.9 6.9 9.8
Accuracy, % 88.4 86.0 91.1

PET-CT* (N = 61) (n = 32) (n = 29)
Metastasis detection rate, % 4.9 3.1 6.9
False-positive rate, % 3.3 6.3 0.0
Sensitivity, % 60.0 100 50.0
Specificity, % 96.4 93.5 100
Positive predictive value, % 60.0 33.3 100
Negative predictive value, % 96.4 100 92.6
Likelihood ratio 16.8 15.5 .
Accuracy, % 93.4 93.8 93.1

Brain MRI (N = 95) (n = 45) (n = 50)
Metastasis detection rate, % 1.1 0 2.0
False-positive rate, % 2.1 4.4 0
Sensitivity, % 100 . 100
Specificity, % 97.9 95.6 100
Positive predictive value, % 33.3 0 100
Negative predictive value, % 100 100 100
Likelihood ratio 47.0 . .
Accuracy, % 97.9 95.6 100

CT, Computed tomography; MRI, magnetic resonance imaging; PET-CT, positron emission tomography-computed tomography.

*CT and PET-CT excluding lymph node metastasis.
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lymphoscintigraphy. However, lymph node basin
metastasis is not predictable on the sole basis of
anatomic proximity of a lymphatic area.

The quality and expertise in radiologic imaging
could be center and physician dependent, respec-
tively. Extrapolating our data to other settings should
consider the high-level of expertise in melanoma
imaging of our hospital radiologists and nuclear
medicine physicians.

The time frame of 4 months assigned to determine
whether a test result was true or false positive does
not warrant the result. Low-burden metastatic dis-
ease and slow progressive disease could occur, and
long-term follow-up is needed to confirm the out-
comes of melanoma patients.
This was a protocolized staging system; neverthe-
less, following the guidelines in all of the patients is
not always possible in real clinical practice.
However, the missing imaging tests in patients from
stages T3b and above were further analyzed and
considered to be missing completely at random.
Conclusion
There are currently no consistent or collectively

agreed guidelines concerning the stage-specific use
of imaging studies for patients with melanoma.
Based on our results, the review of the literature,
and extrapolating the results to be compatible with
the new American Joint Committee of Cancer
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classification, we support the following protocol for
staging in melanoma patients.

In all patients from T2b onward, ultrasound
imaging is favored for the assessment of lymph
node metastasis.

In patients with a T3b to T4a tumor, an individ-
ualized decision is advised. It can be discussed that
CT or PET-CT can be performed only in symptomatic
patients. In addition, it can be argued that an initial
staging examination involving CT scans is reason-
able to provide a baseline. This may be particularly
useful during follow-up in case suspicious findings
occur; thus, false-positive scans will be discarded by
being unchanged at follow-up. In patients with stage
T4b, CT or PET-CT are suitable for the detection of
distant metastases or when distant metastases are
clinically detected.

An MRI should be performed depending on the
MDR threshold that one wishes to detect and on the
expected clinical benefit for asymptomatic patients.
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