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Abstract: Cutaneous malignant melanoma (CMM) has a high risk of dissemination to regional lymph nodes and
visceral organs. Recurrences are most frequently seen within the first 2-3 years after initial treatment, but these
patients have a life-long risk of relapse. The prognosis is highly dependent on lymph node involvement and distant
metastases, accentuating the importance of close surveillance to identify disease progression at an early stage,
and thereby detect recurrences amenable to treatment. Positron emission tomography (PET) has already been
proven useful in the staging of CMM, but the utility of PET in follow-up programs for asymptomatic patients in high
risk of relapse to detect systemic recurrences has yet to be investigated. We performed a systematic literature
search in PUBMED, EMBASE and the Cochrane Controlled Trials Register, and identified 7 original studies on the
diagnostic value of FDG-PET in the follow-up of CMM. Sensitivity, specificity, positive and negative predictive values
were calculated to examine PET’s diagnostic value in detecting relapse. The mean sensitivity of PET was 96% and
the specificity was 92%. The positive and negative predictive values were, respectively, 92% and 95%. Overall, PET
has a high diagnostic value and the many advantages of PET indicate utility in the routine follow-up program of
CMM. However, the number of prospective studies of high quality is scarce, and as the use of PET and PET/CT is
becoming more widespread and the technology is expensive, there is an urgent need for systematic assessment of
the diagnostic value.
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Introduction pattern in the dissemination of CMM, and thus
for staging and follow-up whole body monitoring
Melanoma incidence and mortality continue to is necessary.
rise significantly on an international scale
despite increased focus on melanoma skin
cancer, greater knowledge of the disease pro-
gression, and numerous preventative cam-

paigns. The United States, together with

The 5- and 10-year survival rates drop with
higher stages of disease, and this reduction
can be attributed to factors such as mitotic
rate, ulceration, regional lymph nodes and dis-

Denmark and Australia, account for some of
the highest age-standardized rates of CMM
incidences in the world [1].

Classification of CMM in accord to the American
Joint Committee on Cancer’'s (AJCC) TNM
Staging System [2] includes typical signs of
malignancy: change in colour, size, thickness
and shape of a mole, and the prognosis is
strongly dependent on the pathology as
described by the AJCC staging, the offer of
treatment, age and sex. There is no predictable

tant metastases [3]. The recurrence rate of
lower stages of CMM were addressed in a study
by Mooney et al. who found the recurrence rate
of stage IA to be 2% and stage IB to be 15%.
Stage IIA-IIB patients had a recurrence rate of
27%, whilst stage IIC patients had a 47% recur-
rence rate [4]. Thus, due to the high risk of
recurrence it is especially important to monitor
patients within stages IIC-IlIC.

Treatment of metastasis is surgical resection
when possible, hyperthermic isolated limp per-
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fusion (HILP) or radiotherapy, and the use of
biological treatment in melanoma is becoming
more widespread and shows promising results.
Leiter et al. [5] have shown a considerable cor-
relation between early diagnosis of relapse and
a longer overall survival in patients where sur-
gery and resection of metastases have been
possible. Due to the patients’ high risk of later
recurrence, it is important to try to establish
“best practice” for follow-up programs to detect
disease progression at an early stage.

Melanoma cancer cells have an up-regulated
glucose uptake and metabolism, and by intra-
venously injecting the radioactive glucose trac-
er, fluorine-18 labelled 2-deoxy-2-fluoro-D-glu-
cose ([*®F]FDG), the glucose-analogue will
accumulate in potential cancer cells. PET is
then used to map the [*¥F]FDG-distribution in
the body, and can identify foci with a large num-
ber of cells with increased metabolism and
thereby an accumulation of FDG such as malig-
nant tissue or infection [6-8]. When combining
PET and CT it is possible to anatomically iden-
tify foci with pathological uptake of [*®F]FDG,
and this combination increases the diagnostic
sensitivity and specificity of the test [9].

Many studies have already proven the superior-
ity of PET in staging and restaging of CMM
patients [8, 10, 11], however, few have
addressed the value of including PET as a rou-
tine surveillance tool in regular follow-up pro-
grams of CMM.

At present there is no consensus on the medi-
cal algorithm of optimal schedule, frequency of
follow-up visits neither on the utility of imaging
or blood test in asymptomatic patients with
resected primary melanoma. Within studies it
is even hard to find a common definition of fol-
low-up. Is follow-up surveillance of asymptom-
atic patients? Therapy evaluation or further
examination of patients presenting with symp-
toms? The indications for implementing a fol-
low-up program is early detection of recurrent
disease, and is based on the assumption that
earlier detection of relapse in patients will allow
for faster treatment by identifying tumours
amenable to surgical resection to improve sur-
vival. As part of world-wide recommendations
for follow-up in patients with melanoma, yearly
repetitive physical examinations with special
attention to other suspicious pigmented
lesions, tumour satellites, in-transit metasta-
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ses, regional lymph node and systemic metas-
tases is an absolute minimum [12]. In patients
with CMM ultrasound has proven to be a valu-
able supplement to physical examinations [13],
but overall few data are available on the value
of routine follow-up and monitoring of cancer
patients in terms of beneficial influence on later
morbidity, mortality and quality of life.

The present study describes the results of a
systematic review involving PET and PET/CT in
follow-up after therapy.

Materials and methods
Definition of follow-up and surveillance

This study was conducted to objectively assess
the published literature on the diagnostic value
of PET as a tool for surveillance, and is a step
towards developing a medical algorithm for PET
in the regular follow-up program of asymptom-
atic CMM patients Stage Il-lll. Accordingly we
defined follow-up as surveillance of asymptom-
atic patients after treatment for malignant mel-
anoma. However, as a reflection of current
practise and the lack of an established defini-
tion of follow-up of patients with cutaneous
malignant melanoma, some of the studies
included in this review presented data on both
response to therapy and surveillance of symp-
tomatic/asymptomatic patients.

Search strategy and selection criteria

This study was initiated in May 2012 with a
comprehensive computer search through the
PUBMED and EMBASE databases of the medi-
cal literature conducted with the help of the
Danish Medical Library. Medical Subjects
Headings (MESH) as well as free text were used
(melanoma and positron-emission tomography;
melanoma and positron-emission tomography
and computed tomography; melanoma and
neoplasm metastasis and lymphatic metasta-
sis and follow-up studies), and to avoid missing
relevant literature, the search was made as
broad as possible by evading restrictions on
the language or year of publication and by appli-
cation of all subheadings to the search terms.
The search strategy was updated in August
2013 without any additional findings.

The initial sorting was made on a title-basis,
and an account was set-up on NCBI to catego-
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Total: n =243

> Choroidal/uveal melanoma: n = 45

A4
CMM: n =198
> Notincluded:
-Original: Diag. + staging: n=70
v -Reviews: Diag. + staging: n = 26
| I -Other tracers than FDG: n = 22
I == F - -Not relevant: n = 33
-Original: n = 26 Total: n = 151
-Reviews: n=10
-Other:n=11
Total: n =47

Additional
studies found by
revise of end
reference list
Total: n =31

All studies on follow-
up were printed and
read

Total: n =78

ey EXCIUCED:
-Reviews, guidelines,

letters, meta-analysis, and
original studies not
meeting the inclusion

v criteria. Total: n=71

Included n=7

Figure 1. Flowchart for the selection of studies included in the systematic review.

rize the articles into two groups: choroidal/ of how many studies were performed on follow-
uveal melanoma and CMM. To get an overview up, it was decided to further divide the CMM-
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Table 1. Overview of the included articles (n=7)

PET & follow-up of melanoma

Scanner

Studies on . o Prospective/retro- .
n AJCC Stage Inclusions criteria p. / Interpretation Reference standard
follow-up o spective
Examination
2012 97 FDG-PET/CT Patients undergoing ILI and who had a pre-  Prospective Visual qualitative Fine needle aspiration, CT
Beasley [17] Stage IlIB (n=61), llIC (n=29) and IV (n=3) PET/CT done before ILI and post-PET/CT 2004-2010 guided biopsy and subse-
Therapy resp. done 3-monthly following surgery. Database quent surgical resection when
Follow-up feasible.
2011 188  FDG-PET/CT Symptomatic patients undergoing ILI and/  Prospective NA Pathological and clinical
Raymond [18] Advanced extremity melanoma or HILP. PET/CT done pre and post-treat- 1995-2010. response to ILI/HILP at 3
Stage IlIB, llIC and IV. ment (3-monthly for a year and then every 6 Database months.
Therapy resp. months thereafter).
Follow-up
2011 20 FDG-PET/CT First annual surveillance PET/CT performed Retrospective Visual qualitative NA
Abbott [19] Micro. stage Ill 12-23 months following diagnosis or May 2008
Follow-up development of stage Ill disease on an Database
14 FDG-PET/CT asymptomatic adult patient.
Macro. stage Ill Annual surveillance PET/CT.
Follow-up
2011 115 FDG-PET/CT Symptomatic (n=82) and asymptomatic Prospective Visual evaluation and Fine-needle aspiration cytol-
Peric [20] Stage | (18%), Il (41%), Il (35%) and IV (4%). (n=33) patients with and without increased  Sept. 2007-feb. 2010 semiquantitative analysis  ogy, CT, MRI, US, radiological
Follow-up levels of protein S-100B. Database by measuring SUV max findings, histology report
2007 30 FDG-PET Asymptomatic patients Prospective Visual qualitative Histology, CT and follow-up
Koskivuo [15] Stage IIB-1lIC March 2004-nov. 2005
Follow-up Database
2006 250  FDG-PET/CT Patients referred for: Retrospective Visual qualitative PET, CT and standard refer-
Reinhardt [21] A comparison of PET, CT and PET/CT Staging n=75, Therapy response n=42 Nov. 2002-June 2004 ences - histological and clini-
Therapy resp. Recurrence staging n=65 Database cal follow-up (bone scan, MRI
Follow-up Follow-up n=68 and biopsy).
1999 45 FDG-PET Patients with high risk of recurrence, Retrospective Visual evaluation and Biopsy or other imaging modal-
Nguyen [16] High risk/recurrent melanoma clinical suspicion of recurrent disease, or 1996-1998 semi quantitative analysis ity within 6 weeks, or clinical
Follow-up recurrent melanoma. Database by measuring SUV max follow-up within 6 months.

AJCC, American Joint Committee on Cancer; CMM, Cutaneous malignant melanoma; CT, Computed tomography; FDG, Fluorine-18 labelled 2-deoxy-2-fluoro-D-glucose; US, Ultrasound; HILP, Hyperthermic isolated limb perfusion; ILI, Isolated
limb infusion; MRI, Magnetic resonance imaging; NA, not available; PET, Positron Emission Tomography; SUV, Standardized uptake value.
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Table 2. Characteristics of studies (n=7) on follow-up

Follow-up FDG-PET FDG-PET/CT
Characteristics: Number of % of all studies on Number of % of all studies on
studies FDG-PET studies FDG-PET/CT

Subjects, n:

>35 1 50 4 80

<35 1 50 1 20
Design:

Randomized 0 0 0 0

Prospective 1 50 3 60

Retrospective 1 50 2 40
Interpretation:

Suv 0 0 0 0

Visual 1 50 3 60

SUV + visual 1 50 1 20

NA 0 0 1 20
Blinding 0 0 1 20
Not blinded 2 100 2 40
NA 0 0 0 40
Sufficient data to make 2x2 table 1 50 5 100
Not sufficient data to make 2x2 table 1 50 0 0
Total 2 100 5 100

FDG, fluorodeoxyglucose; NA, not available; PET, Positron Emission Tomography; SUV, Standardized uptake value.

group into the following: Other tracers than
FDG; Diagnostic; Staging; and Follow-up. At this
point, it was decided to exclude articles on cho-
roidal/uveal melanomas, because the disease,
diagnosis and treatment differ substantially
from that of CMM. Subsequently, the abstracts
of the articles were printed and divided into the
following categories: “Original studies: Follow-
up, evaluation”; “Reviews: Follow-up, evalua-
tion”; “Other: Follow-up, evaluation”; “Original
studies: Diagnosis/staging”; “Reviews: Diag-
nosis/staging”; “Other tracers than [*®F]FDG”
and “Not relevant” to separate original studies
from reviews and to further exclude irrelevant
studies. The reference lists of previous original
studies were also searched, adding more stud-
ies to the material, and finally the Cochrane
Database was searched, without any additional
findings.

See Figure 1 for a graphic presentation of the
study selection.

Assessment of the methodological quality

The search strategy retrieved a total 243 refer-
ences, 198 were relevant for the topic of this
study, and were reviewed to assess eligibility
for further analysis.
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Articles selected for further evaluation (n=47)
met the following criteria: Original studies with
a comprehensive description of purpose, meth-
od and results; patient population >230; and use
of the PET-tracer [*8F]FDG.

Studies in which the definition of follow-up was
unclear, when the follow-up regimen was incon-
sistent or poorly described, studies not report-
ing detailed results on the diagnostic perfor-
mance of PET, meta-analyses, reviews, abs-
tracts, letters and case studies were excluded
from this systematic review.

Screening of the references cited in the
retrieved articles identified 31 additional stud-
ies. Accordingly, 78 full-text articles were
assessed further, from which seven studies
were then finally included in the systematic
review.

The following information was extracted from
each eligible study (summarized in Table 1):
authors’ names; year of publication; descrip-
tion of study population (humber of patients);
description of imaging procedure; inclusion cri-
teria for study participants (symptomatic or
asymptomatic, AJCC-stage); cohort assembly

Am J Nucl Med Mol Imaging 2014;4(1):17-28



PET & follow-up of melanoma

Table 3. Methodological quality assessment of diagnostic accuracy studies”

Grade Criteria

A Studies with broad generalizability to a variety of patients and no significant flaws in research methods

e >35 patients with disease and 235 without disease

e Patients drawn from a clinically relevant sample (not filtered to include only severe disease) whose clinical symp-

toms are completely described

e Diagnoses defined by an appropriate reference standard
PET studies technically of high quality and evaluated independently of the reference

B Studies with a narrower spectrum of generalizability, and with only a few flaws that are well described (and impact on

conclusion that be assessed)
e >35 cases with and without disease

e More limited spectrum of patients, typically reflecting referral bias of University Centres (more severe illness)
e Free of other methods flaws that promote interaction between test result and disease determination

Prospective study still required

C Studies with several methods flaws
o Small sample size
e Incomplete reporting
Retrospective studies of diagnostic accuracy

D Studies with multiple flaws in methods
e No credible reference standard for diagnosis

e Test result and determination of final diagnosis not independent
e Source of patient cohort could not be determined or was obviously influenced by the test result (work up bias)

Opinions without substantiating data

“Flynn K, Anderson D. MDRC Technology Assessment Program - PET report, 1996. MDRC is as per June 2000 known as Veteran Affairs Technol-

ogy Assessment Programme.

(prospective or retrospective); interpretation of
scans; and application of reference test (follow-
up, or biopsy).

After masking the authors’ names, and year of
publication, (Table 2) the methodological qual-
ity of the studies was assessed based on the
evidence-based  criteria  from MDRC'’s
Technology Assessment Program: PET Report,
1996, as described in Table 3.

It was not possible to perform a formal assess-
ment of publication bias due to the small num-
ber of studies (n=7) and the high level of
heterogeneity.

Data analysis

The purpose of applying PET in a routine follow-
up program is to be able to accurately distin-
guish between relapse and no relapse. To
assess the ability of PET and PET/CT to discrim-
inate between malignant and benign, or relapse
and no-relapse, the nosographic and diagnos-
tic probabilities (sensitivity, specificity, positive
and negative predictive values) was calculated
from the reconstructed 2x2 contingency tables
of true positive (TP), true negative (TN), false
positive (FP), and false negative (FN) results.
The sensitivity, defined as the proportion of
true positives correctly identified as such
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together with the specificity, defined as the pro-
portion of true negatives correctly identified as
such in combination with positive and negative
predictive values, defined as, respectively, the
proportion of test positives that are truly posi-
tive, and the proportion of test negatives that
are truly negative reflects the ability of the diag-
nostic test to correctly detect malignant dis-
ease [12, 17]. The values of TP, FP, TN and FN
derived from each study together with the grad-
ing of Level of Evidence can be found in Table
4. These values were then used to calculate
sensitivity, specificity and predictive values for
each study. To calculate sensitivity, specificity,
and predictive values on the pooled data, the
values of each TP, FP, TN and FN from level B
and C studies (n=6) were summed (Table 5)
and entered into a 2x2 contingency table in
Microsoft Excel spreadsheet (Confidence
Interval Calculator (v4, November 2002)).

The confidence intervals for sensitivity and
specificity were produced with the Wilson score
method without continuity correction as
described by Robert G. Newcombe [14]. All the
score methods are designed to produce two-
sided intervals whenever this is possible given
the data, and the methods are constructed so
as to try to align lower and upper tail probabili-
ties symmetrically with /2.

Am J Nucl Med Mol Imaging 2014;4(1):17-28
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Table 4. Level of evidence and diagnostic performance of PET and PET/CT in follow-up of CMM

Study Grade TP FP TN FN Sens. (%) Spec. (%) PPV (%) NPV (%)
2012, Beasley [17] B 59 13 19 5 92 59 82 79
2011, Raymond [18] B 43 0 29 0 100 100 100 100
2011, Abbott*[19] C 2 0 17 1 67 100 100 94
2011, Abbott®[19] C 4 1 9 0 100 90 80 100
2011, Peric [20] C 93 2 19 1 99 90 98 95
2007, Koskivuo [15] C 6 1 22 1 86 96 86 96
2006, Reinhardt [21] C 2 0 65 1 67 100 100 98
1999, Nguyen [16] D NA NA 12 NA NA NA NA NA

TP, true positives; FP, false positives; TN, true negatives; FN, false negatives; NA, not available. Sens, sensitivity; Spec, specific-
ity; PPV, positive predictive value; NPV, negative predictive value. **&: The study by Abbott et al. contained two patient groups,
respectively patients with microscopic (*) and macroscopic () stage Ill disease. The study by Nguyen et al. only reported num-
ber of TN, and therefore sens., spec. PPV and NPV could not be calculated.

Results
Descriptive analysis

Of the seven articles eligible for further analy-
sis, two addressed FDG-PET [15, 16] and five
FDG-PET/CT [17-21]. There were no randomised
studies, and no studies met the methodological
quality criteria of grade A. Table 4 contains the
grading of Level of Evidence for the included
studies together with the report of true posi-
tives, false positives, true negatives and false
negatives, which were used to calculate sensi-
tivity, specificity, positive and negative predic-
tive values for each study.

The studies by Beasley et al. [17] and Raymond
et al. [18] had PET/CT in follow-up of CMM
patients as a secondary aim. The primary aim
in these studies was to examine the use of PET/
CT in therapy response, and it is important to
note that the study population of these two
studies may be overlapping with up to 68
patients. It was decided to include both studies
in this systematic qualitative review, because
they presented a thoroughly described pur-
pose, method, and result section, and were
graded level B in methodological quality.
Beasley et al. evaluated the utility of [*F]FDG-
PET/CT to detect responders to isolated limb
infusion (ILI) in patients with Stage IlIB-lIC
extremity melanoma. The diagnostic perfor-
mance of PET/CT was found to be quite sensi-
tive (92%), less specific (59%), and with a posi-
tive predictive value of 82% and a negative
predictive value of 79%. In the study by
Raymond et al. PET/CT was used to compare
the outcome of two different chemotherapy
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treatments: ILI and hyperthermic isolated limb
perfusion (HILP). The study population con-
tained a relatively large group of subjects with
advanced extremity melanoma, Stage 1B, 1lIC
and IV. The study stated the true-positive and
true-negative findings causing the diagnostic
values of PET/CT to be equal to 100%.

The study by Abbott et al. [19] contained two
study populations where the aim was to evalu-
ate PET/CT as a surveillance tool in asymptom-
atic CMM patients. One group contained 20
patients with microscopic Stage Ill and another
group contained 14 patients with macroscopic
Stage lll melanoma. The patients were retro-
spectively identified from a PET database and
the description of scan interval and follow-up
program was unclear thereby grading the study
as level C. The diagnostic value of PET/CT in the
group of patients with microscopic disease
showed a sensitivity of 67%, a specificity and
positive predictive value of 100% and a nega-
tive predictive value of 94%. In the group of
patients with macroscopic disease PET/CT was
found to have a sensitivity of 100%, a specific-
ity of 90%, a positive predictive value of 80%,
and a negative predictive value of 100%.

Peric et al. [20] evaluated the role of serum
S100B and PET/CT in follow-up of CMM. The
study included 115 patients in all stages of dis-
ease. Due to the incomplete reporting of follow-
up and inconsistency in the time interval
between the scans the study was graded as
level C. The sensitivity, specificity, positive and
negative predictive values of PET/CT in all
patients were found to be, respectively, 99%,
90%, 98% and 95%.
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Table 5. Pooled data on follow-up of CMM

n Diagnostic values %  95% CI

TP 209 Sensitivity 96 9298
FP 17 Specificity 92 87-95
TN 180 PPV 92
FN 9 NPV 95

TP, true positives; FP, false positives; TN, true negatives;
FN, false negatives. The values are summed from 6 stud-
ies [15, 17-21], not including the study by Nguyen et al.
due to incomplete reporting of diagnostic and nosograph-
ic values. TP FP__,TN _and FN__ were entered into a

total’ total” total total

2x2 contingency table to calculate sensitivity, specificity,
PPV and NPV on the pooled data. 95% Cl interval was
only calculated for sensitivity and specificity.

In a prospective Finnish study by Koskivuo et
al. [15], 30 asymptomatic patients Stage IIB-
IIIC were PET scanned 7-24 months after pri-
mary surgery. PET had a sensitivity of 86%, a
specificity of 96%, positive and negative predic-
tive values of respectively 86% and 96%. This
study was graded as level C due to incomplete
reporting of data and inconsistency in scan
interval.

Reinhardt et al. [21] compared PET, CT and
PET/CT in 250 symptomatic patients , and PET/
CT in follow-up was found to have a sensitivity
of 67%, a specificity and positive predictive
value of 100% and a negative predictive value
of 98%. The methodological quality of the study
was graded as level C due to the retrospective
design and incomplete description of follow-up
program.

In an older study on the benefits and limitations
of PET in CMM, Nguyen et al. [16] included 45
symptomatic patients of either high risk or with
known recurrent melanoma. The patients were
enrolled from a retrospective database and
included a particular high degree of incomplete
data reporting only stating number of false neg-
ative findings. The study was graded as level D
and was not included in the final analysis. Table
4 summarizes the diagnostic and nosographic
probabilities of PET in follow-up.

Quantitative analysis of the pooled data

In accordance with the grading system in Table
3, no level A studies, two level B studies, four
level C studies and one level D study could be
identified. It was decided to perform a system-
atic review on level B and C studies including
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data from a total of six studies and 714 patients
to examine the diagnostic value of PET in
follow-up.

Our results on the pooled data (Table 5) from
studies on PET and PET/CT in follow-up indicate
that PET is very sensitive, 96% (95% Cl, 92-98),
but less specific, 92% (95% CI 87-95), in dis-
criminating relapse (malignant) from no relapse
(benign) neoplasm. The positive predictive
value was found to be 92% and the negative
predictive value was 95%. These results show
that 1) a negative PET scan can, with near cer-
tainty, exclude malignancy and 2) that a posi-
tive PET scan means high probability of malig-
nancy and further examinations should be
initiated.

Discussion

The desired goal of this study was to qualita-
tively evaluate the diagnostic value of PET and
to develop a medical algorithm for PET in regu-
lar follow-up programs of CMM. A presentation
of each study was performed, including a sys-
tematic methodological assessment of the
study quality. Data on the diagnostic perfor-
mance of PET and PET/CT from the eligible 6
studies were pooled, indicating a high sensitiv-
ity and negative predictive value of PET in the
follow-up setting. But, from this systematic
assessment of the present evidence on PET in
follow-up of CMM, we also found that there
were no randomised studies, and many of the
existing studies had several methodological
flaws.

Many types of biases can influence the validity
of a study, and when defining a search strategy,
bias will inevitably be introduced into the
retrieved material. An example is referral bias,
which applies to a large part of the studies
included in this review [16-18, 20, 21]. The
patients are referred to PET scans on the physi-
cians’ suspicion of recurrence, thereby not rep-
resenting the population of our primary inter-
est: asymptomatic patients likely to enter a
routine follow-up program. It would be most
favourable to only include studies on asymp-
tomatic patients because this group constitute
the population of patients who will benefit most
from entering a follow-up program. Patients
with suspected recurrence enters into a differ-
ent management plan. However, the number of
studies and patient data eligible for this review

Am J Nucl Med Mol Imaging 2014;4(1):17-28
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would become too low, to draw any conclu-
sions.

Another important bias influencing the validity
of our study is verification bias, which occurs
when the result of the diagnostic test evaluated
influences the application of the gold standard
for verification. i.e. a patient with a solitary focal
uptake on FDG-PET/CT suspicious for malig-
nancy is more likely than subjects without focal
uptake to receive a biopsy for verification.
Verification bias is difficult to avoid, especially
in studies on whole body PET/CT, thereby
accentuating the importance of performing
larger prospective trials including data on
survival.

A potential risk of referral and verification bias
is an overestimation of the number of true posi-
tives respectively underestimation of false neg-
atives, leading to an overestimation of both
sensitivity and negative predictive value.

Lastly, when examining the effectiveness of a
routine follow-up program of cancer patients, it
is a prerequisite to maintain consistency and
continuity throughout the work-up period to be
able to compare outcome. CMM patients have
a certain risk of relapse after resection of a pri-
mary melanoma, and 80% of the recurrences
are seen within the first 3 years [22]. However,
there is still a risk of relapse later in life an
therefore, when the desired goal is to deter-
mine for how many years follow-up should be
conducted in CMM patients, studies on follow-
up monitored for 2 or 3 years are not adequate
to address the question of relevance. None of
the included studies presented with satisfying
consistency or continuity in the time interval in
which the PET scans were performed nor did
the longest follow-up period extend beyond 3
years.

Naturally, the above-mentioned leads to the
questions of whether the data in the literature
are sufficient and, most importantly, whether
the results of this study are valid. In the follow-
up programs of cancer patients, it is desirable
to use a diagnostic test with high sensitivity
and high negative predictive value to identify
patients with recurrence of malignant disease.
A diagnostic test with high negative predictive
value is important, because a negative test
with almost certainty can exclude disease. The
sensitivity and negative predictive value on the
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pooled data were found to be, respectively,
96% and 95%, which indicate that PET could be
a useful tool in the routine follow-up program of
CMM patients. When comparing the diagnostic
performance of PET with the results of another
meta-analysis, the values are found to vary.Ina
study by Xing et al. [23], the sensitivity of PET/
CT to detect distant metastases was found to
be 86% (95% Cl, 76-93%). The difference to our
study can be explained by a number of things,
i.e. the dissimilarities in inclusion criteria: To
raise the validity of our systematic review, our
inclusion criteria were set within narrow limits,
only allowing the best methodological studies
to enter the analysis. The difference can also
be explained by the fact that a closer look on
the studies included in the surveillance meta-
analysis by Xing mainly addresses staging and
restaging [24-27], rather than follow-up and
surveillance as is the focus of this review.

Three studies [15, 16, 21] were used in both
analyses, and the last four studies [17-20] in
our analysis were published after Xing’s final
literature search in June, 30, 2009. With the
continuous development of new and better
technology, the PET scanners are now able to
detect even smaller foci resulting in higher sen-
sitivities, as was found on the pooled data in
this study. In spite of the numerous differences
between the two analyses, the conclusion of
our study is consistent with that of Xing: “Future
comparative effectiveness analyses should
use decision-analytic modelling to simulate the
effectiveness and cost-effectiveness of various
surveillance strategies with respect to imaging
modality and frequency on stage-specific
patient outcomes” [23]. However, it should be
stressed that it is indeed very possible that the
results of our analysis as well as the analysis by
Xing slightly overestimates the diagnostic value
of PET and PET/CT due to a number of inevita-
ble bias as described above.

The large heterogeneity of research questions,
study designs, patient cohort, inclusion criteria,
reference standards and follow-up periods, as
well as the fact that no studies could be meth-
odologically compared according to the rules of
evidence-based medicine, indicate that the
true evidence of PET’s role in routine follow-up
programs of asymptomatic CMM patients has
yet to be properly clarified.

When performing diagnostic imaging in
patients, especially as follow-up examinations
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in asymptomatic patients, the physician always
has to consider the radiation burden due to the
injection of radioactive tracers to the subject
and the amount of radiation exposure from
x-ray examinations. If PET were to be estab-
lished in the routine follow-up program of CMM
patients, it would be strongly beneficial if the
radiation could be restricted to an absolute
minimum. One path to follow is to use single-
modality PET or PET with low-dose CT. The total
amount of radiation exposure received from a
PET/CT (CT of diagnostic quality) is typically
1220 mSv, of which the CT-scan alone
accounts for app. 10 mSv. Reinhardt et al. [21]
found that FDG-PET and FDG-PET/CT per-
formed identically at follow-up, and this is an
important finding, which can restrict the
amount of radiation exposure to the patient
since follow-up scans can be made with PET
alone, thereby avoiding radiation from repeti-
tive CT. However, this needs to be further
investigated.

Introducing a blood sample for screening pur-
pose and only applying PET/CT as a second
step test would be ideal, both regarding radia-
tion and cost-effectiveness, but such a test is
unfortunately not available at present. The
S-100B protein has been used as a routine
immunohistochemical marker, but there is no
actual agreement on its utility. Few studies
have evaluated the advantages of combining
PET and S-100B in the surveillance of CMM
[20, 30-34], and the protein by itself lacks suf-
ficient sensitivity. A high value of S-100B can
indicate metastases, and should lead to fur-
ther examinations (i.e. PET scans). Despite this,
normal values of S-100B cannot exclude
metastases, and further investigations should
be carried out.

Another serologic marker, melanoma-inhibitory
activity (MIA) protein, is comparable to the find-
ings of S-100B [35, 36]; unfortunately this
marker also lacks sensitivity.

Furthermore, the recent introduction of the
combined PET/MR creates possibilities for
dose reduction while maintaining, and perhaps
even improving, soft tissue contrast. The com-
bined PET/MR scanner is a new hybrid imaging
modality combining PET and MRI in one scan-
ner with simultaneous acquisitions [28]. The
advantages of this combination include
improved soft tissue contrast and decreased
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exposure of the patient to potential harmful
radiation. In a recent study by Dellestable et al.
[29] comparing PET/CT and MRI in the manage-
ment of patients with melanoma, MRI was
found to have a higher sensitivity (83%) than
PET/CT (74%). MRl was found distinctly superior
for both hepatic and pulmonary lesions.
Combining the ability of PET to detect foci with
a pathological uptake of glucose with the ana-
tomical precision of MRI may therefore play an
important role in future surveillance of CMM.

Finally, the systematic use of routine PET scans
in cancer follow-up programs is a costly affair,
and this extra expense needs to be proven wor-
thy and beneficial. One way to evaluate whether
a new method should be implemented into reg-
ular use is to apply the Health Technology
Assessment (HTA) methodology, which is a mul-
tidisciplinary process that summarises infor-
mation about the medical, social, economic,
and ethical issues related to the use of a health
technology in a systematic, unbiased, robust
manner. The first step in an HTA-analysis is a
thorough and complete rating of the evidence,
as is this paper.

Conclusion

Introduction of PET as a routine diagnostic tool
in the follow-up of CMM could make it possible
- with one examination - to exclude or detect
possible melanoma recurrence. With a sensitiv-
ity of 96% and a specificity of 92% PET is useful
for decisions on the best future management of
the patient.

The high rate of incidence together with better
surgical treatment causes an increase in the
number of melanoma survivors, and because
of limited health-care resources, it is becoming
increasingly critical to adjust current consen-
sus-based guidelines toward a suitable evi-
dence-based and cost-effective medical algo-
rithm for an efficient follow-up program to
monitor the patients.

Prior to testing the proficiency of PET in follow-
up of CMM, a cost-effectiveness analysis has
to be made, and whether there is a survival
benefit from early detection of metastases
must be clarified. Subsequently, the gold stan-
dard to examine PET in follow-up of CMM would
be a randomized controlled study including
asymptomatic patients stages IIB-IIIC.
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