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A

The significance of imaging examinations during
follow-up for malignant melanoma

Background: Currently, there is a general lack of consensus regarding
optimal strategy and imaging during follow-up for patients suffering
from melanoma. Objectives: Our aim was to analyse the utility of var-
ious imaging procedures, in particular CT scans, during the follow-up
of patients with different stages of melanoma. Materials & Methods: A
retrospective analysis of the medical records of patients suffering from
melanoma diagnosed between 2001 and 2011 was carried out at the
Department of Dermatology, University of Pécs. Patients with in situ
(Stage 0) and metastatic (Stage IV) melanoma were excluded from the
analysis, as well as patients who succumbed during the first three years
of follow-up. Results: In total, 649 melanoma patients met the inclu-
sion criteria. During the entire follow-up period, 90 recurrences were
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detected. The vast majority (n = 71; 79%) of the total metastatic cases
(n = 90) were diagnosed within the first three years. In 35% of the cases,
metastases were detected by CT. Although more than 66% of the CT

scans were performed for Stage I patients, only three cases were pos-
itive (0.1%) within this population. Conclusion: On the basis of our
results, intensive radiological work-up is not deemed necessary during
the surveillance of patients in the early stages (IA-IIA) of melanoma. Ini-
tial and regular follow-up imaging examinations (preferably CT scans)
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ccording to the World Health Organization
(WHO), more than 132,000 new occurrences of
melanoma skin cancer emerge annually, world-

ide [1]. The revised American Joint Committee on Cancer
AJCC) staging system categorizes malignant melanoma
nto three groups: localized disease with no evidence of

etastases (Stage I-II), regional disease (Stage III), and
istant metastatic disease (Stage IV) [2, 3]. The majority
f melanoma cases are diagnosed at the localized stage,
hich is associated with a higher five-year survival rate

98.3%) compared to those with regional (62.4%) or dis-
ant metastases (16%) [4, 5]. The staging of melanoma is
ot only of prognostic value, but dictates the recommen-
ation regarding treatment and is also used as a guide in
ollow-up examinations.
espite the increasing incidence of melanoma and recent
evelopments in treatment, melanoma follow-up care has
emained an area of debate and challenge. While guidelines,
ational and/or institutional directives, offer straightfor-
ard recommendations on therapeutic questions, they
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rovide limited information regarding follow-up proce-
ures.
ecently, an increasing number of studies have been pub-

ished on follow-up schedules, especially concerning the
ecessity regarding imaging examinations. However, up to
ate, no international consensus has been reached regarding
he optimal follow-up strategy. Consequently, melanoma
ded from Stage IIB of the disease.

uted tomography scan, follow-up, melanoma

follow-up shows considerable heterogeneity from coun-
try to country, and from department to department. The
recommendations may differ regarding the duration and
frequency of follow-up, the type of medical history and
physical examinations, and the utilization of imaging and
laboratory studies to detect recurrence or metastases [6-8].
Based on our institutional recommendations, extensive
diagnostic procedures were carried out as part of our
melanoma surveillance program from 2001 up to 2013. All
(even Stage IA) melanoma patients were offered annual
chest and abdominal CT plus head CT or MRI, includ-
ing semi-annual chest X-ray and abdominal and regional
ultrasound examinations over a total of 10 years. Addition-
ally, patients underwent physical examinations every three
months. Since the optimal use of imaging modalities during
melanoma follow-up has not been thoroughly investigated,
we retrospectively analysed the value of intensive imaging
work-up in our melanoma patient population focusing on
the first three years of follow-up [9].
357
ance of imaging examinations during follow-up for malignant melanoma. Eur J

Materials and methods

A retrospective analysis of the records of patients diag-
nosed with malignant melanoma was carried out from
December 2014 at the Department of Dermatology,
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enerology and Oncodermatology, University of Pécs. Data
as extracted from our institutional melanoma database,

n which information on pathological characteristics of
he patient’s primary melanoma, tumour stage, melanoma
pecific treatments, tumour recurrence, physical examina-
ions and imaging procedures performed at initial diagnosis
nd during the follow-up have been recorded. Data of
ll patients with a histologically confirmed malignant
elanoma, between January 2001 and December 2011,
ere screened for this study. Patients with in situ melanoma

Stage 0) or clinically apparent metastatic melanoma (Stage
V) at diagnosis were excluded from the analysis, includ-
ng patients with an unknown stage or with less than three
ears of follow-up data available. Regarding our institu-
ional melanoma protocol, all patients included in this study
ith melanoma thicker than >0.75 mm, or ulceration, or
ith mitotic index higher than 1/mm2 underwent sentinel

ymph node biopsy. Stages were determined according to
he 7th edition AJCC staging system [10]. According to the
SMO melanoma guideline (2015), high-risk melanoma is
onsidered as a tumour of AJCC Stage IIB or higher [11].
uring the data collection period (2001-2011), our institu-

ional protocol for standard melanoma staging consisted of
hest and abdominal CTs, head CT or MRI, and physical
xaminations. The choice between head CT or MRI was
etermined by the availability of the MR examination.
he regular follow-up imaging protocol for all melanoma
atients from Stage I disease comprised annual chest and
bdominal CTs plus head CT or MRI, and chest X-ray with
bdominal and regional ultrasound, every other six months,
ver a total of 10 years. A physical examination was per-
ormed every three months up to three years, thereafter,
very six months, up to 10 years. Patients were educated
egarding self-skin examination during the follow-up visits.
T findings were analysed in detail. Each radiological
nding was classified as either i) true-positive (a positive
adiological finding supported by subsequent radiologi-
al, histological or clinical evaluation), ii) false-positive (a
ositive radiological finding not supported by subsequent
valuations) or iii) true-negative (a negative radiological
nding supported by subsequent negative evaluations).
he number of metastatic and non-metastatic cases in
ach stage were calculated based on the true-positive and
rue-negative findings, respectively. The average number
f imaging examinations (mainly CT scans) which led
o the detection of metastatic disease was calculated for
ach stage. Metastases were registered as self-detected
nly if the suspicion of recurrence was noted ini-
ially by the patient, and were otherwise considered as
hysician-detected.
uring the regular follow-up schedule, the first imaging
odality or the patient/physician observation which had

evealed the metastases was considered the method of
etection. There was no overlap between the different imag-
ng modalities primarily detecting the metastases.
umours other than melanoma, accidentally detected dur-
58

ng follow-up, were also recorded. Statistical analyses
ncluding recurrence speed and survival rate analysis were
erformed to determine whether there were differences
n the incidence rate of metastases detected by radiolog-
cal imaging or physical examination during the follow-up,
omparing the duration of time between primary diagno-
is and the detection of the first metastases and further
ubstages.
Trends in metastasis detection for each diagnostic modal-
ity were calculated according to the Kaplan-Meier method,
using asymmetric confidence intervals. The first detec-
tion of metastases was considered as a positive event, and
patients who were lost to follow-up were excluded. In order
to compare the effectiveness regarding different follow-
up modalities, CT, US, physician inspection, and patient
self-examination results were plotted separately (figure 3).
Metastases detected by different methods were mutually
excluded [12].
The significance of trend difference between substages was
calculated using the Mantel-Cox (logrank) test. A p value
of less than 0.05 was considered statistically significant.
Statistical analyses were carried out using Graphpad Prism
software.

Results

Between 2001 and 2011, a total of 831 patients were
diagnosed with melanoma at our department. Of the 831
patients, 182 were excluded from the subsequent analysis:
107 were diagnosed with in situ melanoma (Stage 0), 19
patients had Stage IV disease (distant metastases) at presen-
tation, in 18 cases the histopathology report was incomplete
or insufficient to establish a definite stage, and 38 patients
were lost to follow-up within the first three years (mainly not
responding to inquiry). Thus, the data of 649 patients were
analysed. The total analysed cohort contained 339 (52%)
women and 310 (48%) men, and the mean age was 56.7
years (16-95). More than half of the patients suffered from
Stage I disease (IA: 297/46%; IB: 101/16%), while Stage
IIA, IIB, IIC and III disease was detected in 72 (11%), 54
(8%), 47 (7%) and 78 (12%) patients, respectively (figure 1).
The median follow-up time was 5.3 years (range: 3-13).
During the follow-up period, recurrences were detected in
a total of 90 (14%) patients: 12/398 (3%) in Stage I, 47/173
(27%) in Stage II, and 31/78 (40%) in Stage III patients.
The distribution of all patients and cases with metastases
among the various stages are presented in figure 1.
Out of the 90 metastatic cases, 71 were diagnosed within
the first three years of follow-up: 40, 23, and eight during
the first, second and third year, respectively. Of these 71
early metastatic cases, 51 were regional (21 nodal and 30
in transit) recurrences, and 20 were distant metastases. The
most common distant site of metastasis during the first three
years of follow-up was the lung (six cases), followed by dis-
tant lymph nodes (four cases), the brain (three cases) and
the liver (two cases). In five cases, multiple (at least two)
organs were simultaneously affected. During the first three
years of follow-up, 24 metastases were originally recog-
nized by the patients themselves through self-examination,
12 were detected by physical examination, and 35 recur-
rences were discovered by imaging examinations (25 by CT
scan, eight by ultrasound and two by MRI). Thus, almost
EJD, vol. 31, n◦ 3, May-June 2021

half (49%) of the metastases which occurred within the first
three years were detected through the use of imaging tests.
In our cohort, CT was responsible for the detection of 35%
(25) of all recurrences during the first three years, of which,
64% (16) were distant, and 36% (9) were regional metas-
tases (figure 2). For all distant metastases, the previously
used (six months prior) imaging methods (abdominal US,
chest X-ray) were negative. Other imaging modalities were



E

Total cohort
n = 831 Excluded (Total n=182)

- Stage 0 (n = 107)
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Figure 1. Study population. The figure summarizes the characteristics of the patient cohort, number of excluded and analysed
cases per stage, and the number of metastatic cases per stage. Percentages in the horizontal row reflect the ratio of metastatic
cases of total number of cases in the stage subgroup.
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igure 2. Number of metastatic cases during the first three yea
etastases were detected using computer tomography in 25 (3
JD, vol. 31, n◦ 3, May-June 2021

ation in 12 (17%), ultrasound in eight (11%), and MRI in two (3%
etected by different imaging modalities.

ot performed simultaneously with the CT scans. There-
ore, we were unable to predict whether any other method
ould have detected metastases. The sensitivity of chest CT
or the detection of pulmonary metastases is proven to be
= 71) of follow-up according to site and method of detection.
cases, patient self-examination in 24 (34%), physical exami-
359

). Note that this figure reflects the number of metastatic cases

high in reference to several studies. Compared with chest
X-ray, CT can detect nodules smaller than 5 mm, whereas
chest X-ray has a sensitivity of only 50% for nodules 6-
10 mm [13-15]. Regarding the regional metastases (n = 9),
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Table 1. Localization and number of metastatic cases per year.
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Site of metastasis 1st year 2nd year 3rd yea

Regional 30 15 6

Distant 10 8 2

Total 40 (44%) 23 (25%) 8 (9%)

he first method used to detect the metastases was the CT
can, which was performed prior to the patient’s follow-
p visit. The patients were symptom-free, however, in five
ases, enlarged regional lymph nodes were palpable during
he physical examination. Half of the regional metastases
ere not clinically detectable. A total of 19 recurrences
ere detected following the third year of follow-up; nine

ases in the fourth year, four cases during the fifth to sixth
ear, and six cases after the sixth year (table 1).
ext, we analysed tumour detection capacity regarding

he follow-up modalities at different tumour stages and at
ifferent time points of follow-up. The distribution of CT-
etected recurrences did not show significant differences
er stage. Notably, while the number of CT-detected metas-
ases was found to be constant during all follow-up years,
he US was beneficial mainly in the first years of surveil-
ance. The latest US-detected metastases were discovered
n the fifth year of follow-up. For both patient and physician
xamination, the detection time frame was relatively short
up to five years), however, the detection rate was constant,
imilar to CT (figure 3).
ther non-cutaneous malignant tumours were found in 21

3%) cases (including seven renal, five nervous system,
hree urinary bladder, three prostate, one lung, and one
varian and one follicular lymphoma) during the follow-
p period. The incidence of non-cutaneous, synchronous
umours was approximately equal in all stages (figure 1).
here was no seasonal peak in the diagnosis of the metas-

ases.
total of 6,555 CT scans were performed during the entire

0 years of data collection, while during the first three years
f follow-up, 3,633 (55%) CTs and 707 brain MRIs were
erformed. Among the 3,633 CTs, the rate of true-positive
ases was 0.8 % (28), while a false-positive rate accounted
or 1.07% (39). Each patient had, on average, five CTs
uring the first three years (1-2 annually). The quantity of
T imaging performed during the first three years and its
ositivity was then analysed in relation to stages. Of the
otal number of CT scans, 48% (1,739) were performed
n patients with Stage IA, with no positivity. For Stage II,
80 scans were carried out and 14 (1.8%) were positive for
etastases, and for Stage III, 449 CTs were performed and

1 (2.4%) led to the detection of metastases (table 2).

iscussion
60

ithin our institutional guidelines used until 2013, CT
xaminations were recommended annually, while abdomi-
al and regional ultrasound examinations, including chest
-rays, were carried out semi-annually, independently of

tage (for further details, see Materials and methods).
his offered us the opportunity to analyse the utility of
4th year 5th-6th years after 7 years Total

4 3 0 58

5 1 6 32

9 (10%) 4 (4.4%) 6 (6.7%) 90

intensified CT surveillance in the follow-up (focusing on
the first three years) regarding melanoma.
Melanoma recurrences typically develop within the first
three years following the initial diagnosis of the primary
tumour, therefore, many guidelines recommend more inten-
sive follow-up care during this period [6, 8, 16]. Our
findings are consistent with these previously published data.
The vast majority (n = 71; 79%) of the total metastatic cases
(n = 90) were diagnosed within the first three years. Of all
metastases, 44% occurred during the first year, 25% in the
second year, and 9% in the third year, which also supports
the recommendation of more intensive follow-up care in
the first three years. The occurrence of metastases follow-
ing the first three years decreased, and metastases were
mainly localized in internal organs and detected by imaging
techniques (CT and MR).
The probability of detecting metastases for early-stage
melanomas during this period is low. In our cohort, only
3% of patients with Stage I disease developed metastases.
This rate increased to 19% and 30% in Stage IIA and IIB
patients, respectively. According to the few available pub-
lications, recurrence rates fall between 18-44% for Stage
IB-II patients [17, 18]. Similar to recent studies, our study
also confirmed the increased risk of disease relapse in
patients with Stage IIB melanoma [12]. With reference to
our study, it should be kept in mind that stages were deter-
mined according to the 7th edition AJCC staging system.
In the current classification (8th edition AJCC), subgroup
IIIA showed a slightly better five-year survival rate than
Stage IIC, however, despite this, we suggest CT imaging
from Stage IIB based on our results [19].
The utility of CT for the detection of clinically occult metas-
tases has been studied by many researchers. It is known to
be more sensitive compared to chest X-ray for the detection
of pulmonary metastases, and optimal for examining areas
unreachable by physical examination [20]. The median sen-
sitivity and median specificity of imaging modalities (US,
CT, PET and PET-CT) used for surveillance were anal-
ysed by Xing et al. Among the four diagnostic imaging
modalities for the assessments of lymph node metastases,
ultrasonography had the highest sensitivity (96%) and
specificity (99%). It was superior to CT, PET, and PET-
CT. For the surveillance of distant metastases, PET-CT had
the highest sensitivity (86%) and specificity (91%), com-
pared with the respective values of CT and PET alone.
Positive predictive values for distant metastasis surveillance
were consistently higher for PET-CT. The higher number
EJD, vol. 31, n◦ 3, May-June 2021

of false-positive results (i.e. lower specificity) from PET-
CT, however, leads to loss of precision. Furthermore, for
patients at low risk of metastasis, the positive predictive
value of PET-CT indicated that the use of PET-CT is not
warranted without additional clinical indications [21, 22].
In the primary staging of regional metastases, CT examina-
tion was associated with 9% sensitivity and 92% specificity.
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Figure 3. Survival curves comparing time from primary diagnosis to first metastases according to diagnostic methods and
substages. The first detection of metastasis was considered as a positive event. There was no overlap between the different imaging
modalities. Comparable numbers of metastases were detected using each of the four imaging methods. With the exception of
Stage IIIC, CT exhibited the highest constant detection rate during the follow-up period. Regarding both patient and physician
examination, the detection time frame was considerably shorter (up to five years), while the detection rate was constant, similar
to CT. US was beneficial mainly in the first years of follow-up, and therefore showed the longest plateau phase. Notably, Stage
IIIC cases exhibited the steepest decline in survival curves during the first two years, in contrast to Stage IIA, which showed the
smallest decline with positive events detected over up to seven years of follow-up.

Table 2. Number of CT scans performed with respect to stage and percentage of positive cases during the first three years of
follow-up.

CT 1st year 2nd year 3 rd year Total

total positive (n) total positive
(n)

total positive
(n)

total positive
(n/%)

IA 885 0 466 0 388 0 1739 0 (0%)

IB 358 0 174 2 133 1 665 3 (0.5%)

IIA 136 1 80 0 67 0 283 1 (0.4%)

IIB 175 1 64 3 71 1 310 5 (1.6%)

IIC 97 7 54 1 36 0 187 8 (4.3%)

IIIA 82 0 51 3 52 0 185 3 (1.6%)

N itive

W
t
t
(
o
6

IIIB 90 3 44 1

IIIC 49 3 31 1

Total 1872 15 964 11

ote that this table shows the number of CT scans, not the number of pos
JD, vol. 31, n◦ 3, May-June 2021

hereas for surveillance, the sensitivity was 61% while
he specificity was 97%. In regard to distant metastases,
he sensitivity of CT imaging was found to be much higher
51%) and the specificity was 69%. Similar trends were
bserved regarding the surveillance of distant metastases;
3% and 78%, respectively [21]. Park et al. showed that
37 0 171 4 (2.3%)

13 0 93 4 (4.3%)

797 2 3633 28 (0.8%)

cases.
361

CT scanning is one of the most appropriate modalities
for screening occult metastases in high-risk melanoma
patients [23].
In our cohort, 35% of all recurrences during the first three
years could be detected by CT. Recurrences were detected
by patient self-examination in 24 (34%) cases, by physical
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xamination in 12 (17%) cases, by ultrasound in eight (11%)
ases, and by magnetic resonance imaging in two (3%)
ases (figure 2). When we analysed tumour detection capac-
ty, the distribution of CT-detected recurrences did not show
ignificant differences over all follow-up years, while the
S was beneficial mainly in the first years of surveillance.
he most recent US-detected metastases were discovered

n the fifth year of follow-up (figure 3). In conclusion, CT
cans showed the highest rates of recurrence detection of
ll imaging modalities used in this study (figure 2). Simi-
ar results were published by Podlipnik et al., and in their
ohort, 48% of metastases were diagnosed by CT scan-
ing [12]. During the first three years of follow-up, 1,739
48%) of the total number of CTs were performed in Stage
A patients with no positivity. In Stage II patients, of the
80 CTs, 14 (1.8%) were positive for metastases, while in
tage III patients, 449 CTs led to the detection of 11 (2.4%)
etastases. In this study, the false positive CT scan rate was

.07%, which led to further examinations. Similar results
ere reported by Leiter et al., with a total 1.25% false posi-

ivity rate for the examined radiological methods [24]. Thus,
n our study, CT was an appropriate test for the detection
f recurrence in patients with high-risk melanomas. MRI
rovides detailed anatomical localization of brain metas-
ases, and shows higher sensitivity for the detection of small
< 2 cm) brain metastases than CT or even PET-CT. In a
ecent study, the sensitivity of MRI (contrast-enhanced T1-
eighted) for the detection of melanoma brain metastases
as 99.7% [25, 26]. During our data collection period, the

vailability of MRI in our region was limited, therefore
inimal conclusions could be drawn from MRI data. PET-
T was even less available, therefore no conclusions were
ade.
adiation used during medical imaging is known to be
ssociated with an increased risk of cancer [27-29]. An
nalysis by Wen et al. was performed to estimate the life-
ime attributable risk (LAR) of cancer in patients receiving
nnual or biannual PET/CT or CT of the chest, abdomen,
nd pelvis for 5 or 10 years, as a part of choroideal
elanoma surveillance imaging. The LAR of cancer fol-

owing a single chest and abdominopelvic CT among the
ounger population (20 years of age) was found to be
.17% (1 in 588) for males and 0.30% (1 in 333) for
emales, respectively, compared with 0.06% (1 in 1667)
nd 0.08% (1 in 1250) for males and females, who were
0 years of age, respectively. It is estimated, that an annual
hest and abdominopelvic CT for 10 years carries a poten-
ial LAR of cancer, for a 50-year-old patient, of 0.9% for

ales and 1.3% for females. Lifetime risk was found to be
igher in younger, female patients. This risk increases to
.8% and 2.5% if the frequency of imaging is increased to
very six months. The most aggressive surveillance proto-
ol (a PET/CT scan biannually for 10 years) has a LAR
f cancer of 5.0% for a 20-year-old male compared with
.6% for a 70-year-old male. The LAR of cancer related
o PET/CT protocols was found to be higher than when
62

elated to chest and abdominopelvic CT [30]. This risk
hould be taken into consideration when designing the opti-
al imaging follow-up strategy. Intense imaging follow-up

esulting in earlier detection of metastases may outweigh
he radiation risks for patients at high risk of metastatic
isease.
revious studies reported different rates of metastases
ased on self-examination. According to Garbe et al.,
17% of 233 recurrent cases were self-discovered metas-
tases [8]. However, several other studies reported that 50%
or more symptomatic recurrences are found by patients
rather than doctors at routine follow-up visits [31-33]. In
our study, 34% of all cases with metastases were pri-
marily discerned by the patients themselves during the
first three years. Hence, effective education of patients is
likely to be one of the most important aspects of follow-
up and should be completely integrated in the follow-up
program.
There is a lack of adequate differentiation of melanoma
stages in several current guidelines regarding melanoma
management, although the risk of recurrence significantly
changes according to the disease stage. National Com-
prehensive Cancer Network (NCCN) melanoma follow-up
recommendations are based on tumour stages. In general,
lifelong annual clinical examinations and regular self-skin
examinations are advised for all patients. From Stage IIB,
CT, MRI, and/or PET is recommended every 3-12 months
over the ensuing 3-5 years [34]. On the contrary, the Euro-
pean Society for Medical Oncology (ESMO) follow-up
guidance is based on the pathological staging of the pri-
mary tumour. The frequency of imaging is not specified,
leaving the physician to set up an individual diagnostic reg-
imen according to the patient’s needs, hence making the
guideline rather subjective. Similar to the NCCN, ESMO
also recommends patient self-skin examinations [11]. Thus,
the available recommendations on the frequency and dura-
tion of imaging techniques performed during follow-up
are diverse, with intervals ranging from 3 to 12 months
[6, 11, 34]. A current clinical trial, MELFO, examined
whether a reduced follow-up schedule affects the detec-
tion of recurrences and follow-up costs in Stage IB-II
melanoma patients. The results of the trial show that the
frequency of follow-up visits among low-risk melanoma
patients can be reduced, since neither anxiety, worry over
cancer, nor detection of recurrences and second primaries
were negatively affected by a reduced follow-up surveil-
lance schedule. Additionally, this is accompanied by a 45%
cost reduction of overall melanoma care and outpatient
clinic visits [35]. Based on the results of our study and the
MELFO trial, the utility of routine CT imaging for early-
stage melanomas (Stage I-IIA) could not be confirmed.
Detection of metastases in this population was rare; and
likely does not justify the radiation risks and cost associated
with frequent screening of this population [27-30, 35].
Since CT scans showed the highest rates for detection of
recurrence of all applied imaging techniques, its use should
be emphasized in patients with suspected metastases.
In summary, based on the results of this retrospective
study, CT scans could be considered as part of the regu-
lar melanoma follow-up protocol from Stage IIB or higher
(IIC-IIIC), and performed at least annually, preferably
semi-annually over up to three years of follow-up. For
Stage IA-IIA, routine CT imaging is not recommended.
However CT imaging should be considered at any time dur-
EJD, vol. 31, n◦ 3, May-June 2021

ing the follow-up period if clinically indicated. Our study
also confirms the importance of education regarding self-
examination, as seen in other studies previously [31-33].
The early detection of metastases in the era of new avail-
able therapies (targeted and immune checkpoint blockade)
for unresectable melanoma is important, since these drugs
are more likely to be effective if the tumour volume is low
[36]. �
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