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Abstract 
Objective: To evaluate the sensitivity and specificity of 2-18fluoro-2-deoxy-D-glucose positron emission tomography/computed 
tomography (18F-FDG PET/CT) and ultrasound (US) for staging patients with malignant melanoma.

Methods: In total, 258 patients (112 men and 146 women; mean age, 61 ± 16years) met the primary inclusion criteria for 
malignant melanoma without further malignancy proven by histopathology. This was a retrospective study of the diagnostic 
accuracy. All data were obtained from the hospital’s patient and radiology information system. Patients formed a consecutive 
series and were examined by 18F-FDG PET/CT and 176 additionally by US (US as a whole [wUS], peripheral lymph nodes [pUS], 
abdomen [aUS]), with a total of 584 18F-FDG PET/CT and 697 US. 18F-FDG PET/CT and US revealed 824 and 726 lesions, 
respectively. Per-patient, per-examination, and per-lesion analyses were also performed. The reference standards used were 
histopathology or resection of lesions, and follow-up controls using other imaging methods.

Results: Significant differences (P < .05) were found in the per-examination for the sensitivity of 18F-FDG PET/CT (0.80) compared 
to wUS (0.63) and pUS (0.61), and the specificity of 18F-FDG PET/CT (0.96) compared to wUS (0.98) and aUS (0.99). In the PLA, 
there were significant differences in sensitivity and specificity for 18F-FDG PET/CT (0.83, 0.91) compared to wUS (0.61, 0.98), pUS 
(0.60, 0.98), and aUS (0.61, 0.99).

Conclusion: 18F-FDG PET/CT is preferable to US for detecting both lymph node and abdominal metastases.

Abbreviations:  18F-FDG PET/CT = 2-18fluoro-2-deoxy-D-glucose positron emission tomography/computed tomography, 
AJCC = American Joint Committee on Cancer, pUS = peripheral lymph nodes, ASR(W) = age-standardized rate per 100,000 
inhabitants per year using the world standard population, aUS = abdomen, M = organ metastases, MM = malignant melanoma, 
N = lymph nodes, PEA = per-examination, PLA = per-lesion, PPA = per-patient, RIS = radiological information system, T = tumor, 
US = ultrasound, wUS = whole.
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1. Introduction

1.1. Epidemiology

The incidence of malignant melanoma (MM) has steadily 
increased. In Switzerland, the incidence of MM among men 
increased by 83.3% in the 4-year periods from (1988, 1992) to 
(2013–2017) and among women by 63.5%.[1] In 2020, the inci-
dence of melanoma in Switzerland was 21.6 ASR(W) (age-stan-
dardized rate per 100,000 inhabitants per year using the world 
standard population). This was the sixth highest incidence of 
cancer in Switzerland in 2020.[2] In the same year, it reached 11.4 
ASR(W) for both sexes in Europe and 3.4 ASR(W) worldwide. 
In 2020, 324,635 new cases of MM were reported worldwide. 

This accounts for 1.7% of all cancer cases worldwide. The sex 
distribution was f:m = 1:1.15.

1.2. Classification and staging of MM

MM is classified according to the TNM system,[3] in which the 
extent of tumor (T), infestation of lymph nodes (N), and pres-
ence of organ metastases (M) are described (Table  1). Tumor 
stage according to the TNM system at initial diagnosis primarily 
determines the prognosis and therapy of MM.[4]

The T stage, and thus, the depth of tumor invasion, is iden-
tified by histopathological examination after biopsy or tumor 
resection. Radiological/nuclear medical imaging detects lymph 
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node involvement (N stage) and the presence of organ metasta-
ses (distant metastases, M Stage).

Multiple TNM combinations with similar therapy and 
prognosis are classified into 5 stages by the American Joint 
Committee on Cancer (AJCC).[3] Here, stages 0 (Tis, N0, M0), 
I (T1a-T2a, N0, M0), and II (T2b-T4b, N0, M0) are defined by 
the thickness of the primary tumor and its possible ulceration 
(a/b). Stage III (any T, ≥N1, M0) is determined by evidence of 
lymph node metastases and stage IV (any T, any N, M1) by pres-
ence of organ metastases.

1.3. Imaging modalities for the staging of MM

Determining which imaging modality offers the highest sensi-
tivity and specificity for primary staging and restaging of MM 
and to what extent a combination of different imaging modali-
ties is required, is a controversial issue in current discussions.[4,5] 
The question of a necessary combination of several radiological 
imaging modalities is also of health economic relevance.

Patients with MM undergo either 2-18fluoro-2-deoxy-D-glu-
cose positron emission tomography/computed tomography (18F-
FDG PET/CT) and/or ultrasound (US) of the peripheral lymph 
nodes (pUS) (cervical, axillary, and inguinal) and the abdomen 
(aUS) for (re)staging. Previous studies have investigated both 
modalities in different patient populations.[4,5] At our clinic, 
most patients with MM have undergone a combined examina-
tion using both modalities for several years. This makes it possi-
ble to evaluate both modalities in the same patient population, 
and thus, to close this data gap.

1.4. Objective

This study directly compared the 2 imaging modalities, 18F-FDG 
PET/CT and US (as a whole (wUS), pUS, and aUS) for staging 
and restaging of MM in the same patient population. Per-patient 
(PPA), per-examination (PEA), and per-lesion (PLA) analyses 
were retrospectively performed using the existing data from the 
hospital’s patient and radiology information system (RIS).

The primary question is the principle equivalence of the 2 
imaging methods, which is established in all 3 analyses as a 
null hypothesis H0. As a further null hypothesis H0, the equiva-
lence of the combined application compared with the individual 
applications of the 2 imaging modalities is asserted. The goal is 
to reject the null hypothesis, H0, using significant differences in 
sensitivity and specificity.

2. Materials and Methods
The present study was approved by the Northwestern and Central 
Swiss Ethics Committees (Ref. No. EK: 243/12). Informed con-
sent for publication was obtained from all patients involved.

2.1. Patients

A total of 308 patients underwent 1 or more 18F-FDG PET/CT 
and/or 1 or more US scans between September 1998 and August 
2014 for primary staging or restaging of suspected or con-
firmed MM, which defined the inclusion criteria for the study. 
Exclusion criteria were the absence of a malignancy or existing 
malignancy other than MM, alone or in combination with MM. 
50 patients were excluded from the study, as shown in the flow 
diagram (Fig.  1): 2 patients without malignancy, 10 patients 
with a different type of malignancy, 38 patients with MM and 
at least 1 other type of malignancy. This resulted in 258 patients 
(112 [43%] women and 146 [57%] men; mean age, 61 ± 16 
years) for evaluation within the study.

All 258 patients underwent at least 1 18F-FDG PET/CT, 27 
(10%) as primary staging and restaging, 22 (9%) as primary 
staging only, and 209 (81%) as restaging only.

Additionally, 176 patients were examined at least once by 
US (pUS and/or aUS), with 24 patients (14% of patients with 
at least 1 US) receiving both primary staging and restaging, 12 
(7%) patients only primary staging, and 140 (79%) patients 
only restaging. The corresponding values were (167, 21 (13% 
of patients with at least 1 pUS), 9 (5%), 137 (82%)), and (107, 
11 (10% of patients with at least 1 aUS), 15 (14%), 81 (76%)) 
for pUS and aUS, respectively.

2.2. Tumor classification

The melanoma subtypes were nodular (n = 68, 35% of the 
classified melanomas), superficial spreading (n = 61, 32%), 
acral lentiginous (n = 12, 6%), and lentigo maligna (n = 7, 4%) 
(Table 2).[6] Forty-four (23%) patients had rare subtypes, unclas-
sifiable melanomas, or mixed forms. 66 patients had MM, with-
out any characterization.

At the initial diagnosis, 224 patients (87% of all included 
patients) had only a primary tumor and 34 (13%) patients 
showed metastases only. Only 9 (3%) of the 34 patients with 
metastasis had original primary tumors. In 18 (7%) patients, the 
primary tumor was unknown, and in another 7 (3%) patients 
no information was available on the primary tumor.

In 48 (19%) patients, a primary tumor or metastasis to the 
head or neck was found at the initial diagnosis, in 102 (39%) 
patients on the trunk, in 42 (16%) patients on the upper limbs, 
and in 66 (26%) patients on the lower limbs (Table 3).

Forty-one (16%) patients had stage I MM at initial diagnosis, 
according to the AJCC staging system.[3] For stage II, III, and 
IV the number and percentage of patients included in the study 
were 87 (34%), 54 (21%), and 8 (3%), respectively. The MM of 
a single patient was not classifiable by stage, and in 67 (26%) 
patients, data from the RIS did not include the disease stage at 
initial diagnosis.

2.3. Nuclear medical and radiological modalities

PET/CT was performed using 2-18fluoro-2-deoxy-D-glucose 
(18F-FDG) as a radiopharmaceutical. pUS was conducted using 
a linear transducer, whereas aUS was performed using a convex 
transducer.

2.4. Findings

The 18F-FDG PET/CT examinations were either reported by a 
nuclear medicine resident and visualized by a nuclear medicine 

Table 1

TNM system for the classification of MM.[3]

Expansion of the 
tumor: T Lymph nodes: N Organ metastases: M

Tis Melanoma in situ N0 No affected 
lymph nodes 

M0 No organ metas-
tases 

T0 No tumor present N1 1 affected lymph 
node

M1 Metastases in i.e. 
lung, liver

T1 Thickness < 1 mm N2 2 to 3 affected 
lymph nodes

Mx Existence of organ 
metastases not 
assessable

T2 1 mm < thick-
ness < 2 mm

N3 4 or more 
affected lymph 
nodes

  

T3 2 mm < thick-
ness < 4 mm

Nx Affection of 
lymph nodes 
not assessable

  

T4 Thickness > 4 mm     
Tx Tumour extent not 

assessable
    

MM = Malignant melanoma.
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specialist or, alternatively, the reporting was initially performed 
by a nuclear medicine specialist. Radiological reporting on 18F-
FDG PET/CT was either countersigned by a specialist in diag-
nostic radiology or executed by a dual specialist in diagnostic 
radiology and nuclear medicine.

US examinations were performed and reported by either a 
radiology resident or diagnostic radiology specialist. When an 
initial US examination was performed by a resident, it was per-
formed by a specialist in diagnostic radiology.

All investigators had full access to the results of previous 
examinations of the patients.

2.5. Evaluation criteria

In 18F-FDG PET/CT examinations, increased 18FDG uptake by 
the lymph nodes and organ lesions was regarded as a positive 
criterion.

In the US, a short axis diameter of lymph nodes greater than 
1 cm was considered a positive criterion, as was hypoechoge-
nicity of the lymph nodes, loss of fatty hilum, and a blurred or 
irregular border. In organ lesions, hypoechogenic presentation, 
hypoechogenic rim (halo), and space-occupying and/or infiltra-
tive components were also criteria for positive assessment.

New lesions in both modalities were per se evaluated as 
positive.

2.6. Reference standard

The reference standard for the results of 18F-FDG PET/CT and 
US was histopathological clarification or resection of an indi-
vidual lesion (primary tumor, recurrences, lymph node metasta-
ses, organ metastases), as well as follow-up controls using other 
imaging methods such as computed tomography (CT), magnetic 
resonance imaging, or scintigraphy within a period of 3 months 
before to 3 months after an examination.

By comparing the findings of 18F-FDG PET/CT or US with 
the reference standard, each positive finding was classified as a 
true positive or false positive. In the absence of a reference stan-
dard, a positive finding of 18F-FDG PET/CT or US was assessed 
as “unknown”. If both 18F-FDG PET/CT and US were positive 
with regard to a lesion within a period of 3 months, these 2 

Figure 1. Flow diagram to include patients in the study. MM = Malignant 
melanoma.

Table 2

Characterisation of the MMs of the patients included: Melanoma 
subtype and melanoma lesion at first diagnosis.

Melanoma subtype

Nodular 68 (35%) 
Superficial-spreading 61 (32%)
Acral lentiginous 12 (6%)
Lentigo maligna 7 (4%)
Other (e.g. mixed forms) 44 (23%)
Without characterization 66
Lesion at first diagnosis
Primary tumor 224 (87%)
Metastasis 34 (13%)
•Primary tumor known 9 (3%)
•Primary tumor unknown 18 (7%)
•No information on the primary tumor 7 (3%)

MM = Malignant melanoma.

Table 3

Characterisation of the MMs of the patients included: 
Localisation of melanoma lesion and stage of melanoma 
according to AJCC staging[3] at first diagnosis.

Localisation at first diagnosis, either as primary tumor or metastasis

Head and neck 48 (19%) 
Trunk (incl. axillary and inguinal) 102 (39%)
Upper limbs 42 (16%)
Lower limbs 66 (26%)
Initial stage according to AJCC Staging[3]

Stage I 41 (16%)
Stage II 87 (34%)
Stage III 54 (21%)
Stage IV 8 (3%)
Not classifiable 1 (0%)
Not specified 67 (26%)

AJCC = American Joint Committee on Cancer, MM = Malignant melanoma.
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findings were evaluated as true positive in the sense of mutual 
referencing.

If 18F-FDG PET/CT and/or US showed no positive results, 
these examinations were classified as false negative in the pres-
ence of a reference standard; otherwise, they were classified as 
true negative.

2.7. Data analysis

2.7.1. PPA. Within the PPA, each patient was assigned for the 
evaluation of his or her first examination of the 3 radiological 
modalities: 18F-FDG PET/CT, pUS, and aUS.

The first examination, which included all lesions identified in 
the same way, also received this evaluation.

If a reference standard was available for all lesions in the first 
examination, the examination was considered true positive if 
at least 1 of the lesions was found to be true positive. For the 
examination to be considered a false negative, all of its lesions 
must have been detected as false negative.

If there was no reference standard for a negative examina-
tion, it was considered as a true negative. However, if there 
were lesions in an examination for which no reference standard 
existed, the examination was considered false positive.

If an initial examination included both lesions for which a 
reference standard existed and lesions for which no reference 
standard existed, the examination was considered to be true 
positive if at least 1 lesion was found to be true positive. If there 
were no lesions determined to be true positive and the exam-
ination included at least 1 lesion found to be false positive, the 
examination was designated as false positive. For a false nega-
tive evaluation of an examination, lesions were only allowed to 
be identified as false negative.

If an imaging modality at the initial examination did not 
present any findings substantiated by a reference standard, this 
was noted as “unknown only” for the corresponding patient. 
If neither 18F-FDG PET/CT nor pUS/aUS was performed on 
a patient, this was also noted. Consequently, if only non-refer-
enced findings or non-performed radiological modalities were 
available for a patient, no data were included in the preparation 
of the PPA for this patient.

2.7.2. PEA. Within the PEA, each examination of the 3 
radiological modalities 18F-FDG PET/CT, pUS, and aUS was 
assigned a single evaluation. The same evaluation scheme was 
applied as in the PPA.

2.7.3. PLA. Within the PLA, 18F-FDG PET/CT and US findings 
were evaluated at the level of individual lesions. If no reference 
standard was available for a lesion, it was evaluated as 
“unknown”. These data were not included in the PLA.

2.8. Statistics

The sensitivity, specificity, positive predictive value (PPV), neg-
ative predictive value (NPV), and accuracy for 18F-FDG PET/
CT and US (wUS, pUS, and aUS) were calculated using the 
evaluations obtained by data management for all patients, 

examinations and lesions. The 95% confidence intervals (CIs) 
for the binomial distributions were determined using the Wilson 
method.[7]

Within the PPA, the differences between the sensitivities and 
specificities of 18F-FDG PET/CT and US (wUS, pUS, and aUS) 
were checked for significance (significance level α = .05) using 
the 2-sided McNemar test for associated samples.[8] For the 
2 × 2 cross tables, a degree of freedom of 1 was found.[9] Due 
to the partially small number of cases, a Yates correction of 0.5 
was applied.[10]

Fisher’s exact test was used within the PEA and PLA to eval-
uate differences between the sensitivities and specificities of 
18F-FDG PET/CT and US (wUS, pUS, and aUS) for significance 
(significance level α = .05).[11]

2.9. Combined application of 18f-FDG PET/CT and 
ultrasound

In addition, the results of the individual lesions were analyzed 
in terms of the combined use of 18F-FDG PET/CT and US. An 
attempt was made to assign each lesion analyzed by 18F-FDG 
PET/CT to pUS or aUS within a period of 3 months before to 
3 months after the 18F-FDG PET/CT examination. The pUS or 
aUS examination with the smallest time interval to the 18F-FDG 
PET/CT scan was considered.

Combined lesion analysis provided a new evaluation scheme 
(Table 4). Combinations of identical evaluations of the individ-
ual applications resulted in the same evaluation for the com-
bined application. Combinations of different single evaluations 
were evaluated in such a way, that a single true positive or true 
negative evaluation was sufficient to obtain a true positive or 
true negative evaluation for the combination of 18F-FDG PET/
CT and US.

In the analysis of the combined use of 18F-FDG PET/CT and 
US (wUS, pUS, and aUS), the sensitivity, specificity, PPV, NPV, 
and accuracy were determined. These statistical values were also 
calculated for the same lesions for the separate applications of 
18F-FDG PET/CT and US (wUS, pUS, and aUS).

To test for significant differences between the sensitivities 
or specificities of the combined applications of 18F-FDG PET/
CT and US (wUS, pUS, and aUS) and the sole applications the 
2-sided McNemar test for paired samples was performed for a 
significance level α = .05.[8] The cross tables used for this purpose 
had 2 columns and 2 rows (2 × 2 cross tables). This resulted in 
degrees of freedom of 1.[9] Due to the partially small number of 
cases, a Yates correction of 0.5 was used again..[10]

3. Results

3.1. Per-patient analysis (PPA)

Of 258 patients included in the study, 245 underwent 18F-FDG 
PET/CT as part of the PPA. The remaining 13 patients underwent 
a first 18F-FDG PET/CT scan with lesions that could not be con-
firmed by the reference standard (“unknown only”). Of the 245 
patients evaluated, 47 underwent primary staging with 18F-FDG 
PET/CT and 198 underwent restaging with 18F-FDG PET/CT.

Table 4

Evaluation scheme of the combined application of 18F-FDG PET/CT and ultrasound (as a whole, lymph nodes and abdomen) with the 
same (concordance) or different (discordance) evaluations of the sole examinations.

Examination Concordance Discordance

18F-FDG PET/CT True positive False positive True negative False negative True positive False positive True negative False negative 
Ultrasound True positive False positive True negative False negative False negative True negative False positive True positive
Combined True positive False positive True negative False negative True positive True negative True negative True positive

18F-FDG PET/CT = 2-18fluoro-2-deoxy-D-glucose positron emission tomography/computed tomography.
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Primary US was evaluated 274 times in 176 patients, with 
98 patients receiving primary pUS and primary aUS, 69 
patients receiving primary pUS only, and 9 patients receiv-
ing primary aUS only. One primary pUS demonstrated 
lesions that could not be proven using the reference standard. 
Consequently, 273 US examinations were included in the 
PPA, 54 as primary staging, and 219 as restaging. The cor-
responding figures for pUS and aUS were (166, 29, 137) and 
(107, 25, 82), respectively.

18F-FDG PET/CT showed the highest sensitivity and a sim-
ilarly high specificity as US (wUS, pUS, and aUS), the high-
est PPV, but the lowest NPV, and a similarly high accuracy 
(Table 5).

There were no significant differences between the sensitivities 
and specificities in any of the comparisons, whereas the differ-
ence between the sensitivities of 18F-FDG PET/CT and wUS was 
only slightly insignificant

(P = .052) (Table  6). Consequently, the null hypothesis H0 
for the equivalence of the methods cannot be rejected in the 
PPA.

3.2. PEA

As part of the PEA, 18F-FDG PET/CT was performed 606 times 
on all 258 patients included in the study, 50 of which were pri-
mary staging and 556 were restaging examinations. On aver-
age, each patient received n = 2.3 times a 18F-FDG PET/CT. In 
22 cases, 18F-FDG PET/CT only contained lesions for which no 
reference standard existed. Consequently, 584 18F-FDG PET/CT 
examinations were included in the PEA.

US was executed a total of 707 times, 61 times for primary 
staging, and 646 times for restaging. In total, 176 patients were 
included in this study. On average, each patient received n = 4.0 
times a US. This resulted in corresponding figures for pUS (478, 
33, 445, 167, 2.7) and aUS (229, 28, 201, 107, 2.0).

In 10 cases, US produced only lesions without a reference 
standard, which is why 697 of the 707 US examinations were 
finally considered for the PEA. The appropriate values for pUS 
and aUS were (478, 8, 470) (229, 2, and 227), respectively.

18F-FDG PET/CT showed the highest sensitivity, lowest 
specificity, highest PPV, lowest NPV, and lowest accuracy com-
pared to the corresponding US values (wUS, pUS, and aUS) 
(Table 7).

In the PEA, the sensitivity of 18F-FDG PET/CT was sig-
nificantly higher than that of wUS and pUS for a signifi-
cance level of α = .05 (Table 6). No significant difference was 
observed between the sensitivities of 18F-FDG PET/CT and 
aUS. The specificity of 18F-FDG PET/CT in the PEA was sig-
nificantly lower than that of wUS and aUS. The specificities 
of 18F-FDG PET/CT and pUS did not differ significantly. The 
null hypothesis H0 of the equivalence of the methods can be 
rejected in the context of the PEA for 18F-FDG PET/CT and 
wUS because of the significant differences between the sen-
sitivities and specificities. For the comparison between 18F-
FDG PET/CT and pUS, this applies only to sensitivity, and 
for the comparison between 18F-FDG PET/CT and aUS, only 
to specificity.

3.3. PLA

In the PLA, 1108 lesions were examined by 18F-FDG PET/CT, of 
which 98 lesions were studied during primary staging and 1010 
lesions during restaging. 18F-FDG PET/CT was performed 606 
times for all 258 patients. On average, this resulted in n = 2.3 
18F-FDG PET/CT examinations per patient as well as in n = 1.8 
lesions per 18F-FDG PET/CT and n = 4.3 lesions per patient. In 
total, 284 lesions could not be verified using the reference stan-
dard. Consequently, 824 lesions were included in the PLA for 
18F-FDG PET/CT.

Table 5

Statistical characteristic values of the per-patient analysis.

Statistical 
characteristic value 

18F-FDG 
PET/CT 

Ultrasound

as a 
whole 

lymph 
nodes abdomen 

n 245 273 166 107
Sensitivity 0.71 [0.61; 

0.79]
0.48 [0.34; 

0.62]
0.46 [0.32; 

0.61]
0.56 [0.27; 

0.81]
Specificity 0.96 [0.91; 

0.98]
0.97 [0.94; 

0.99]
0.97 [0.92; 

0.99]
0.98 [0.93; 

0.99]
PPV 0.92 [0.84; 

0.96]
0.79 [0.62; 

0.90]
0.82 [0.61; 

0.93]
0.71 [0.36; 

0.92]
NPV 0.82 [0.75; 

0.87]
0.90 [0.85; 

0.93]
0.85 [0.79; 

0.90]
0.96 [0.90; 

0.98]
Accuracy 0.85 [0.80; 

0.89]
0.89 [0.84; 

0.92]
0.85 [0.79; 

0.90]
0.94 [0.88; 

0.97]

18F-FDG PET/CT = 2-18fluoro-2-deoxy-D-glucose positron emission tomography/computed 
tomography, n = number of referenced first examinations, NPV = negative predictive value, 
PPV = positive predictive value.

Table 7

Statistical characteristic values of the per-examination analysis.

Statistical 
characteristic value 

18F-FDG PET/
CT 

Ultrasound

As a whole Lymph nodes Abdomen 

n 584 697 470 227
Sensitivity 0.80  

[0.75; 0.85]
0.63  

[0.52; 0.72]
0.61  

[0.50; 0.72]
0.69  

[0.42; 0.87]
Specificity 0.96  

[0.93; 0.97]
0.98  

[0.97; 0.99]
0.98  

[0.96; 0.99]
0.99  

[0.97; 1.00]
PPV 0.91  

[0.86; 0.94]
0.85  

[0.74; 0.91]
0.85  

[0.73; 0.92]
0.82  

[0.52; 0.95]
NPV 0.90  

[0.87; 0.93]
0.95  

[0.93; 0.96]
0.93  

[0.90; 0.95]
0.98  

[0.95; 0.99]
Accuracy 0.90  

[0.88; 0.92]
0.94  

[0.92; 0.95]
0.92  

[0.89; 0.94]
0.97  

[0.94; 0.99]

18F-FDG PET/CT = 2-18fluoro-2-deoxy-D-glucose positron emission tomography/computed 
tomography, n = number of referenced examinations, NPV = negative predictive value, 
PPV = positive predictive value.

Table 6

Test for significance between sensitivities and specificities 
of the per-patient, per-examination and per-lesion analysis 
(significance level α = .05).

Pro-patient analysis

 18F-FDG PET/CT
Sensitivity Specificity 

US as a whole P = .052 P = .85
US lymph nodes P = .080 P = .84
US abdomen P = .45 P = .45
Pro-examination analysis
 18F-FDG PET/CT

Sensitivity Specificity
US as a whole P = .0018 P = .014
US lymph nodes P = .0016 P = .067
US abdomen P = .30 P = .026
Pro-lesion analysis
 18F-FDG PET/CT

Sensitivity Specificity
US as a whole P < .001 P < .001
US lymph nodes P < .001 P < .001
US abdomen P = .03 P < .001

18F-FDG PET/CT = 2-18fluoro-2-deoxy-D-glucose positron emission tomography/computed 
tomography, US = ultrasound.
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Using US, 748 lesions were assessed, of which 63 in the con-
text of primary staging and 685 in the context of restaging. In 
total, 707 US examinations were performed in 176 patients. 
This resulted in corresponding figures for pUS (511, 35, 476, 
478, 167) and aUS (237, 28, 209, 229, 107).

On average, n = 4.0 US examinations per patient, n = 1.1 
lesions per US as well as n = 4.3 lesions per patient were identi-
fied. The corresponding values for pUS and aUS were (2.7, 1.1, 
and 3.1) and (2.0, 1.0, and 2.2), respectively.

For wUS, 22 lesions could not be verified using a reference 
standard. Thus, for wUS 726 of totally 748 lesions were consid-
ered for the PLA. For pUS and aUS, the respective values were 
(511, 19, and 492) and (237, 3, and 234) respectively.

Mutual referencing was only possible for 2 lesions without a 
reference standard, which were identified as positive by 18F-FDG 
PET/CT and pUS.

18F-FDG PET/CT showed the highest sensitivity, lowest spec-
ificity, highest PPV, lowest NPV, and lowest accuracy (Figs. 2, 3 
and Table 8) compared to the appropriate values of US (wUS, 
pUS, and aUS).

The sensitivity of 18F-FDG PET/CT in the PLA was significantly 
higher than that of US (wUS, pUS, and aUS) (α = .05) (Table 6). 
The specificity of 18F-FDG PET/CT was significantly lower than 
that of US (wUS, pUS, and aUS). This can reject the null hypothe-
sis H0 of the equivalence of the methods used in the PLA.

3.4. Combined application of 18f-FDG PET/ct and US 
within the PLA

A total of 362 18F-FDG PET/CT and wUS combinations were 
evaluated in this study. Of these, 264 combinations concerned 

pUS and 98 were combinations with aUS. The mean time inter-
val between 18F-FDG PET/CT and US was 12.4 days. For the 
combination of 18F-FDG PET/CT and pUS, this interval was 
11.1 days and 16.1 days for the combination with aUS.

Of the 362 combinations, US examination was performed 
155 times on a day before 18F-FDG PET/CT, 101 times on the 
same day, and 106 times on a day after 18F-FDG PET/CT. The 
corresponding values for the combination of 18F-FDG PET/CT 
and pUS were (264, 101, 85, 78) and (98, 54, 16, 28) for the 
combination of 18F-FDG PET/CT and aUS.

The combination of 18F-FDG PET/CT and aUS achieved the 
highest sensitivity, the highest NPV, and the highest accuracy 
in comparison to the appropriate values for the combination 
of 18F-FDG PET/CT and wUS, as well as to those for the com-
bination of 18F-FDG PET/CT and pUS (Fig. 4, Tables 9, 10 and 
11). The specificity was the same for all 3 combinations. The 
combination of 18F-FDG PET/CT and pUS showed the highest 
PPV.

The sensitivity of the combination of 18F-FDG PET/CT 
and wUS was significantly higher (α = .05) than that of 
the corresponding 18F-FDG PET/CT examinations alone 
(P = .044) and that of the corresponding US examinations 
alone (P < .001) (Table 12). The specificity of the combina-
tion of 18F-FDG PET/CT and wUS was significantly higher 
than that of the appropriate 18F-FDG PET/CT examinations 
alone (P = .044) and that of the appropriate US examina-
tions alone (P = .014). Based on these results, for the com-
bination of 18F-FDG PET/CT and wUS, the null hypothesis 
H0 of the equivalence of the combined application and indi-
vidual applications can be rejected in comparison to both 
18F-FDG PET/CT and wUS.

Figure 2. Lymph node metastasis inguinal right. (A) Detected as true positive 
by 18F-FDG PET/CT. (B) Not evaluated as lymph node by US (false negative). 
18F-FDG PET/CT = 2-18fluoro-2-deoxy-D-glucose positron emission tomog-
raphy/computed tomography.

Figure 3. Lymph node metastasis axillary left (white circle). (A) With 
non-pathologically increased activity in 18F-FDG PET/CT (false negative). 
(B) Clearly morphologically conspicuous in US (true positive). 18F-FDG PET/
CT = 2-18fluoro-2-deoxy-D-glucose positron emission tomography/com-
puted tomography.
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The combination of 18F-FDG PET/CT and pUS had a signifi-
cantly higher sensitivity than 18F-FDG PET/CT alone (P = .044) 
and pUS alone (P < .001). The same combination showed a sig-
nificantly higher specificity than pUS alone (P = .014) but not 
than 18F-FDG PET/CT alone (P = .080). Consequently, the null 
hypothesis H0 of the equivalence of the methods can be rejected 
for the combination of 18F-FDG PET/CT and pUS compared to 
pUS alone. Compared to 18F-FDG PET/CT alone, this is only 
possible for sensitivity.

The sensitivity of the combination of 18F-FDG PET/CT and 
aUS achieved the same value as that of the corresponding 18F-
FDG PET/CT examinations alone (P not calculable) and was 
not significantly higher (P = .15) than that of the correspond-
ing aUS examinations alone, although the latter had a broad 
95% CI. The specificity of the combination of 18F-FDG PET/CT 
and aUS was exactly the same as that of the appropriate aUS 
examinations alone (P not calculable) and was not significantly 
higher than that of the appropriate 18F-FDG PET/CT examina-
tions alone (P = .62). This means that for the combination of 
18F-FDG PET/CT and aUS in comparison with the appropriate 
sole applications, the null hypothesis H0 of the equivalence of 
the methods cannot be rejected.

4. Discussion
This study compared the detection of MM lesions using 18F-
FDG PET/CT and US in the same patient population. This also 
enabled a combined evaluation of both radiological modalities. 
The previous gap in the related data could be closed.

4.1. General results

The sensitivity of 18F-FDG PET/CT was 0.71 (0.61; 0.79) within 
the PPA, 0.80 [0.75, 0.85] within the PEA, and 0.83 [0.79; 0.86] 
within the PLA.

In the “Final Report on Positron Emission Tomography 
(PET) and PET/CT in MM” of the German Institute for Quality 
and Efficiency in Health Care (IQWiG),[4] 2 subgroup analyses 
are listed, 1 for patients with MM at a low stage (AJCC stages 
I and II,[3] 6 primary studies) and 1 for patients with MM at 
an advanced stage (AJCC stages III and IV, 4 primary studies). 
Sensitivities from 0.00 to 0.17 are reported for the group of 
patients with MM at a low stage for PET and PET/CT in 4 pri-
mary studies, and of 0.67 and 1.00 for a further 2 primary stud-
ies. Sensitivities of 0.68 to 0.87 have been reported for patients 
with MM at an advanced stage.

In a meta-analysis by Xing et al,[5] values of 0.11 [0.01; 0.50] 
for primary staging and 0.65 [0.20; 0.93] for restaging were 
reported for the sensitivity of PET/CT with regard to the detec-
tion of lymph node metastases. The corresponding values for 
organ metastases are listed as 0.80 [0.53, 0.93] and 0.86 [0.76; 
0.93], respectively.

The sensitivities of 18F-FDG PET/CT determined in the pres-
ent study are similar to those of PET or PET/CT in the IQWiG 
report and to those of PET/CT in the meta-analysis by Xing 
et al, with the exception of the 4 primary studies listed in the 
IQWiG report for the subgroup of patients with a MM at a 
low stage with sensitivities ranging between 0.00 to 0.17 and 
the detection of lymph node metastases using PET/CT in the 
context of primary staging with a sensitivity of 0.11 [0.01; 0.50] 
reported in the meta-analysis of Xing et al

The specificities of 18F-FDG PET/CT determined in the pres-
ent study within the PPA (0.96 [0.91; 0.98]), PEA (0.96 [0.93; 
0.97]) and PLA (0.91 [0.88; 0.93]) are comparable to those 
of PET and PET/CT in IQWiG’s final report (0.77–1.00 for 
patients at a low stage of MM and 0.92–0.98 for patients at 
an advanced stage of MM) as well as to those of PET/CT in the 
meta-analysis by Xing et al (0.97 [0.78; 1.00] for primary stag-
ing and 0.99 [0.92; 1.00] for restaging of lymph node metasta-
ses, 0.87 [0.54; 0.97] and 0.91 [0.79; 0.97] for the appropriate 
values regarding the detection of organ metastases).

For pUS, sensitivities were identified in the present study in 
the context of the PPA (0.46 [0.32; 0.61]), PEA (0.61 [0.50; 
0.72]), and PLA (0.60 [0.50; 0.70]). In the meta-analysis by 
Xing et al the sensitivity for primary staging of lymph node 
metastases (0.60 [0.33; 0.83]) was - with a comparatively broad 
95% CI – higher than the corresponding value for pUS in the 
PPA and practically the same as the corresponding values in the 
PEA and PLA. The sensitivity of restaging of lymph node metas-
tases in the meta-analysis of Xing et al (0.96 [0.85; 0.99]) was 
significantly higher for a significance level α = .05 than all values 
determined in the present study for the sensitivity of pUS.

In the present study, pUS was used to examine 511 lesions; 
only 35 (7%) were examined in the context of primary staging. 
Therefore, this significant difference cannot be explained solely 
by the facts that no distinction was made between primary stag-
ing and restaging by pUS in the present study and that possible 
small metastases (micrometastases) are known to be difficult to 
diagnose in primary staging.

The present study revealed very high values for the speci-
ficity of pUS in the PPA (0.97 [0.92; 0.99]), PEA (0.98 [0.96; 
0.99]), and PLA (0.98 [0.95; 0.99]), which can also be found in 
the meta-analysis by Xing et al for both primary staging (0.97 
[0.88; 0.99]) and restaging (0.99 [0.95; 1.00]) of lymph node 
metastases.

The sensitivity and specificity values for 18F-FDG PET/CT 
and pUS determined for the same patient population in the 
present study are, therefore, largely similar to those determined 
in studies with patient populations for either PET/CT or US. 
An exception is the sensitivity of pUS for restaging in existing 
studies with separate patient populations, which is, on average, 
significantly higher (significance level α = .05).

4.2. Combined application of 18f-FDG PET/ct and US

For all 3 combinations studied, the sensitivity of the combined 
application of 18F-FDG PET/CT and US showed an equally large 
or narrower 95% CI than the single applications. Consequently, 
the probability that the true value will be close to the calculated 
value is higher. This indicates the combined use of 18F-FDG PET/
CT and US. The insignificantly higher sensitivities of the com-
binations to the sole use of 18F-FDG PET/CT speak against it. 
Regarding specificity, in all 3 combinations studied, the values 
of the sole applications were equal to those of the combinations 
of 18F-FDG PET/CT and US.

Table 8

Statistical characteristic values of the per-lesion analysis.

Statistical 
characteristic value 

18F-FDG 
PET/CT 

Ultrasound

As a 
whole 

Lymph 
nodes Abdomen 

n 824 726 492 234
Sensitivity 0.83 [0.79; 

0.86]
0.61 [0.51; 

0.69]
0.60 [0.50; 

0.70]
0.61 [0.39; 

0.80]
Specificity 0.91 [0.88; 

0.93]
0.98 [0.97; 

0.99]
0.98 [0.95; 

0.99]
0.99 [0.97; 

1.00]
PPV 0.91 [0.88; 

0.93]
0.85 [0.75; 

0.91]
0.85 [0.74; 

0.91]
0.85 [0.58; 

0.96]
NPV 0.83 [0.79; 

0.86]
0.93 [0.91; 

0.95]
0.92 [0.89; 

0.94]
0.97 [0.94; 

0.98]
Accuracy 0.87 [0.84; 

0.89]
0.92 [0.90; 

0.94]
0.91 [0.88; 

0.93]
0.96 [0.93; 

0.98]

18F-FDG PET/CT = 2-18fluoro-2-deoxy-D-glucose positron emission tomography/computed 
tomography, n = number of referenced lesions, NPV = negative predictive value, PPV = positive 
predictive value.
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5. Conclusion

Compared with US, 18F-FDG PET/CT has a higher sensitivity 
and minimally lower specificity. The combined application of 
18F-FDG PET/CT and US has a slight advantage compared to 
the sensitivity of 18F-FDG PET/CT alone. In terms of specificity, 
the sole applications of 18F-FDG PET/CT and US, as well as 

the combined application of these 2 radiological modalities, are 
equivalent. Overall, it is preferable to use 18F-FDG PET/CT as 
the sole application when considering costs. Combined exam-
ination has only a few advantages.

Due to the higher sensitivity of 18F-FDG PET/CT for lymph 
node metastases in the present study and because 18F-FDG PET/
CT can be used to detect additional MM lesions throughout the 

Figure 4. Forest plot for the sensitivity (triangular marks) and specificity (rectangular marks) of the combined application of 18F-FDG PET/CT and ultrasound (US) 
(as a whole, lymph nodes (LN) and abdomen (ABD)) as well as of the corresponding sole applications (significance level α = .05, 95% confidence interval (CI)). 
18F-FDG PET/CT = 2-18fluoro-2-deoxy-D-glucose positron emission tomography/computed tomography.
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body, 18F-FDG PET/CT should be preferred in the search for 
lymph node metastases.

Based on the available data from this study, the use of aUS 
cannot be justified, neither as a sole application, nor in combi-
nation with 18F-FDG PET/CT.

5.1. Limitations

This study has a risk of information bias owing to the retrospec-
tive data evaluation of the entire patient population. This occurs 
especially for true-negative and false-positive assessments of 
lesions by the examined radiological imaging modalities in the 
absence of an explicit negation or reference standard in the RIS 
data.
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