ActaDV

ActaDV

1/6

ORIGINAL ARTICLE

Diagnostic Accuracy of Image-guided Biopsies for Diagnosis of
Metastatic Melanoma in a Real-life Setting
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Early detection of melanoma metastasis is essential in
order to initiate treatment and improve patient prog-
nosis. The aim of this study was to determine the di-
agnostic accuracy of different image-guided biopsy
techniques in patients with melanoma. A cohort study
of patients diagnosed with melanoma who had un-
dergone image-guided biopsies (ultrasound-guided
fine-needle aspiration cytology, ultrasound-guided
core-needle biopsy, computerized tomography-guided
fine-needle aspiration cytology and computerized
tomography-guided core-needle biopsy) to detect
melanoma metastasis between 2004 and 2021 was
conducted. The reference standard was histological
confirmation and/or clinical-radiological follow-up.
Sensitivity, specificity, positive and negative predicti-
ve values were calculated. A total of 600 image-guided
biopsies performed on 460 patients were included
for analysis. Locoregional lesions represented 459
(76.5%) biopsies, and 141 (23.5%) were distant le-
sions. Of the included biopsies, 49 (8.2%) were insuf-
ficient for diagnosis. Overall, sensitivity and specificity
were 92% (95% confidence interval 89-94) and 96%
(95% confidence interval 91-99), respectively. Sensi-
tivity sub-analyses revealed lower diagnostic accuracy
values in the lung, inguinal lymph nodes, and compu-
terized tomography-guided lesions under 1 cm. Limita-
tions include spontaneous metastasis regression and
arbitrary minimum follow-up period. Image-guided
biopsies in patients with melanoma have high sensiti-
vity and specificity for detection of regional or distant
metastasis. Tissue type, location and tumour burden
may influence the diagnostic accuracy of the test.
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Cutaneous melanoma (CM) is a potentially lethal
skin cancer whose incidence rates have continued
to increase steadily worldwide over recent years (1,

SIGNIFICANCE

Early detection of melanoma metastasis is essential to ini-
tiate treatment and improve patient prognosis. Prior stu-
dies of image-guided biopsies for detection of melanoma
metastasis have been performed before the introduction of
novel therapies, which include a limited variety of image-
guided biopsy techniques and exclude inconclusive test re-
sults. The current study evaluated the diagnostic accuracy
of a wide variety of image-guided biopsy techniques and
included inconclusive test results in the statistical analysis.
Image-guided biopsies have high sensitivity and specificity
for the detection of melanoma metastases. Diagnostic ac-
curacy may vary according to the tissue type, location, and
tumour burden.

2). Development of locoregional or distant metastasis
portends a detrimental impact on survival (3). Since the
publication of the second Multicenter Selective Lympha-
denectomy Trial (MSLT-II), complete lymphadenectomy
in sentinel-positive patients has largely been abandoned
(4). Hence, the importance of establishing intensive
surveillance schedules for high-risk melanoma patients,
shown to be useful for the early detection of metastatic
disease (5). This may lead to earlier treatment with less
tumoural burden, potentially leading to an improved
overall survival rate in these patients (6).

Where possible, pathological confirmation of nodal or
distant metastatic recurrence is advised to ensure correct
management (7). Image-guided biopsies represent safe,
cost-effective procedures, which have been shown to be
highly sensitive and specific for the detection of mela-
noma metastasis to lymph nodes, and to a wide variety
of organs (8). The diagnostic accuracy of these tests in
confirming pathological staging has been reported in
a limited number of studies (9), published prior to the
MSLT-II trial and prior to the use of immunotherapy.
Moreover, the vast majority of published studies have
only studied ultrasound-guided fine-needle aspiration
cytology (US-FNAC), and have excluded inconclusive
biopsies from the statistical analysis (8, 10).

The aim of this study was to provide real-life charac-
terization of the diagnostic accuracy of image-guided
biopsies for initial staging and follow-up of patients
with melanoma.
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MATERIALS AND METHODS

Study design and participants

All patients seen at the dermatology unit of a referral university
hospital in Barcelona, Spain, with a diagnosis of melanoma bet-
ween November 2004 and February 2021 were retrospectively
reviewed. Patients who underwent image-guided biopsies during
initial staging or follow-up of lesions clinically and/or in whom
radiology led to suspicion of melanoma metastasis, were included.
Exclusion criteria were: biopsies obtained for research purposes,
indicated for intralesional treatment, performed with the suspicion
of metastasis from a neoplasm other than melanoma, or with
less than a 4-month follow-up period after the procedure. This
time-frame was chosen based on previous publications assessing
metastatic disease after an invasive melanoma diagnosis, although
slow progressive disease can occur and a longer-term follow-up
is preferred (11).

Test methods

When a new clinically palpable and/or radiologically detectable
lesion was found, raising suspicion of melanoma metastasis, the
patient was referred to the radiology unit for histological confirma-
tion via image-guided biopsy. The most appropriate imaging and
biopsy technique was chosen by the interventional radiologist,
based on the number of suspicious lesions, affected tissue type, lo-
cation, tumour burden, and the need to carry out molecular studies.

The procedure was performed by a radiologist specialized in
the anatomical area to be biopsied (Fig. S1). From fine-needle
aspiration cytology (FNAC) material, at least 4 cytological smears
were evaluated and both Diff-Quik and Papanicolaou stains were
carried out. Core needle biopsies were formalin-fixed, paraffin-
embedded, and processed following standard procedures in the
pathology laboratory. Several sections were performed and stained
with haematoxylin-eosin. Where necessary for diagnosis, and suf-
ficient material available, specific immunohistochemical markers
(S-100 and MART-1) were performed. Biopsy specimens were
examined and diagnosed by expert pathologists in melanocytic
lesions, as follows: (i) melanoma metastasis; (i7) compatible with
melanoma metastasis; (ii7) atypical cells suspicious of melanoma
metastasis; (iv) absence of malignant cells; or (v) insufficient for
diagnosis if the smears or core needle samples lacked sufficient
material for diagnosis.

The diagnostic accuracy of image-guided biopsies was asses-
sed by comparison with 2 reference standards: histopathological
confirmation of the excised lesion (complete lymph node dissec-
tion or tumourectomy), and clinical and/or radiological follow-up
when histopathological material was not available. The lesion
was considered benign if it remained stable in size or resolved
without treatment, and malignant if it increased in size and/or was
associated with new metastatic lesions. The test was considered
inconclusive when there was insufficient material for diagnosis.

Statistical analysis

Basal demographic characteristics, clinical and
histopathological features of primary tumour
and metastasis, biopsy sample method used,
lesion size, tissue type and location, and gold
standard confirmation were recorded.

also included in the diagnostic accuracy analyses. Two different
scenarios were contemplated: a best-case scenario in which “in-
conclusive diagnostics” were considered negative for melanoma,
and a worst-case scenario in which these cases were considered
positive for melanoma, in order to evaluate their influence on the
diagnostic accuracy of the test. Diagnostic accuracy sub-analyses
were conducted to assess the performance of image-guided biop-
sies under different conditions.

The Hospital Clinic of Barcelona Clinical Research Ethics
Committee approved the study and research protocol. All pro-
cedures performed in studies involving human participants were
in accordance with the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards. This study was per-
formed following the 2015 Standards for Reporting of Diagnostic
Accuracy Studies (STARD) guidelines (12).

RESULTS
Patient characteristics

Between December 2004 and February 2021, 777
image-guided biopsies from 540 patients with a history
of histologically proven melanoma were screened for
initial eligibility. A total of 177 biopsies were excluded
due to performance for research purposes, suspicion of
metastasis other than melanoma, intralesional treatment,
insufficient follow-up time and insufficient information.
A total of 600 biopsies performed on 460 patients, 190
(41.3%) women and 270 (58.7%) men, were finally inclu-
ded for analysis (Fig. 1). Mean time between melanoma
diagnosis and image-guided biopsies was 40.7 months
(standard deviation (SD) 48.9), with a total person-year
follow-up time of 4.7 (median 3.7, interquartile range
(IQR) 1.5-7.7 years). Median Breslow Index for primary
melanomas was 2.8 mm (IQR 1.6-5.0), with superficial
spreading and nodular histological subtypes being the
most frequent (49.9% and 29.6%, respectively), followed
by acral lentiginous (9.3%) and lentiginous malignant
(3.2%). The most frequent stage according to the AJCC
2017 8™ edition staging system was stage III (46%)
(Table I).

IGB approached for screening
(n=777)

Excluded (n = 177)
- IGB performed for research purposes

- IGB with suspicion of non-melanoma metastasis
- IGB performed for intralesional treatment

- IGB with insufficient follow-up time

- IGB with insufficient information

IGB performed
(n =600)
[

Statistical tests of sensitivity, specificity,
positive predictive value (PPV), negative pre-

| IGB positive for MM (n = 376) ‘ | IGB negative for MM (n = 175) ‘ | IGB inconclusive (n = 49) |

dictive value (NPV), positive likelihood ratio !

and negative likelihood ratio were conducted. Melanoma
Definitions for false-negative, false-positive, (n =370)

No melanoma

No melanoma
(n=39)

Melanoma
(n=10)

No melanoma
(n=143)

Melanoma
(n=32)

(n=6)

true-positive, and true-negative results are spe-
cified in Table SI. Inconclusive test results were
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Fig. 1. Flow diagram of included image-guided biopsies. IGB: image-guided biopsy;
MM: melanoma metastasis.
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Table I. Baseline characteristics of patients

Table II. Baseline characteristics ofimage-guided biopsies (n=600)

Patient characteristics (n=460)

Sex, n (%)
Female 190 (41.3)
Male 270 (58.7)
Age at IGB, years, mean (SD) 57.4 (15.8)
Primary melanoma location, n (%)
Trunk 177 (38.5)
Lower limbs 98 (21.3)
Upper limbs 48 (10.4)
Head and neck 76 (16.5)
Acral 47 (10.2)
Mucosa 14 (3.0)
Primary melanoma stage (AJCC 2017, 8™ edition), n (%)
Stage 0 (in situ) 4 (0.9)
Stage IA 50 (11.0)
Stage IB 51 (11.2)
Stage IIA 47 (10.3)
Stage IIB 54 (11.8)
Stage IIC 28 (6.1)
Stage IIIA 22 (4.8)
Stage IIIB 44 (9.6)
Stage IIIC 127 (27.9)
Stage IIID 17 (3.7)
Stage IV 12 (2.6)
Breslow Index for primary melanoma, mm, median (IQR) 2.8 (1.6-5.0)
Presence of ulceration in primary melanoma, n (%) 216 (49.8)
Histological subtype of primary melanoma, n (%)
Superficial spreading 219 (49.9)
Nodular 130 (29.6)
Lentiginous malignant 14 (3.2)
Acral lentiginous 41 (9.3)
Other 35(8.0)

IGB: image-guided biopsy; SD: standard deviation; AJCC: American Joint Committee
on Cancer; IQR; interquartile range.

Image-guided biopsies

Among the 600 image-guided biopsies performed,
83.8% were carried out during follow-up. Biopsies were
performed based on radiological detection (67.4%) and
clinical examination (32.6%). The preferred technique
was US-FNAC (491, 81.8%), followed by computeri-
zed tomography-guided fine-needle aspiration cytology
(CT-FNAC) (51, 8.5%), and ultrasound-guided and
computerized tomography (CT)-guided core-needle
biopsy (US-CNB and CT-CNB) (5% and 4.7%, respec-
tively). Image-guided biopsies were mostly performed
on lymph nodes (314, 52.3%), followed by subcutaneous
nodules (145, 24.2%), lung (58, 9.7%) and liver (56,
9.3%) lesions. Of the included biopsies, 49 (8.2%) were
insufficient for diagnosis. Image-guided biopsies were
confirmed by histopathology in 48.8% cases, clinical
follow-up in 48%, and with a new biopsy in 19 cases
(Table II).

Diagnostic accuracy of image-guided biopsies in
patients with melanoma

A total of 376 biopsies were compatible with melanoma,
with only 6 (1%) being false-positive results. Among
the 175 biopsies negative for melanoma, 32 (5.3% of all
image-guided biopsies performed) were false-negative
(Fig. 2). Overall sensitivity for the 551 image-guided
biopsies excluding inconclusive results was 92% (95%
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Moment of image-guided biopsy, n (%)

Initial staging 97 (16.2)
Follow-up 503 (83.8)
Mean time from melanoma diagnosis to image-guided biopsy, 40.7 (48.9)
months (SD)
Method of lesion detection, n (%)
Clinical detection 195 (32.6)
Radiological detection 404 (67.4)
Image-guided biopsy technique, n (%)
Ultrasound guided fine-needle aspiration cytology 491 (81.8)

Computerized tomography guided-fine-needle aspiration cytology 51 (8.5)

Ultrasound guided core-needle biopsy 30 (5.0)
Computerized tomography guided core-needle biopsy 28 (4.7)
Inconclusive results, n (%) 49 (8.2)
Tissue location of image-guided biopsy, n (%)
Lymph nodes 314 (52.3)
Subcutaneous 145 (24.2)
Lung 58 (9.7)
Liver 56 (9.3)
Bone 15 (2.5)
Other 12 (2.0)
Lymph node and subcutaneous image-guided biopsy location (n=456), n (%)
Head and neck 75 (16.4)
Axillary, supraclavicular 121 (26.5)
Inguinal, iliac 114 (25.0)
In-transit 146 (32.0)

Tumour burden of image-guided biopsy lesion, mm, mean (SD) 20.15 (13.21)
Gold standard confirmation method, n (%)

Clinical or radiological follow-up 288 (48.0)
Histopathology 293 (48.8)
New fine-needle aspiration cytology or CNB 19 (3.1)

SD: standard deviation; CNB: core-needle biopsy.

CI 89-94%), and specificity was 96% (95% CI 91-99%).
PPV was 98% (95% CI 97-99%) and NPV was 82%
(95% CI 75-87%) (Table I1I).

Melanoma
Metastasis

Inconclusive N

No metastasis
No melanoma

Fig. 2. Sankey plot representing the test’s behaviour. Left: image-
guided biopsies results. Right: reference standard based on histological
confirmation and/or clinical-radiological follow-up.
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Table III. Diagnostic value of image-guided biopsies

high values of sensitivity, speci-

Global analysis including inconclusive results

ficity, PPV and NPV. CT-guided

Global analysis excluding

inconclusive results “Best-case scenario”

“Worst-case scenario”

biopsies gave high values of

(n=600) specificity (96% and 100% for

(n=551) (n=600)
IGB test result Melanoma No melanoma Melanoma
Melanoma, n 370 6 370 6
No melanoma, n 32 143 42 182
Insufficient, n 10 39 -
Sensitivity, % (95% CI) 92 (89-94) 90 (86-93)
Specificity, % (95% CI) 96 (91-99) 97 (93-99)
PPV, % (95% CI) 98 (97-99) 98 (97-99)
NPV, % (95% CI) 82 (75-87) 81 (76-86)

No melanoma Melanoma No melanoma

CT-FNAC and CT-CNB, respec-

o0 s tively) and PPV (95% and 100%
- for CT-FNAC and CT-CNB,
35 Egg::g; respectively), but lower values
90 (86-92) of sensitivity (69% and 73% for
82 (75-87) CT-FNAC and CT-CNB, respec-

95% CI: 95% confidence interval; PPV: positive predictive value; NPV: negative predictive value.

Sensitivity sub-analyses were performed regarding
tissue type, location, size of lesion biopsied and by the
image-guided biopsy technique implemented (Table
IV). High values of sensitivity, specificity, PPV and
NPV were consistent among the different tissue types
biopsied, while results from the lung showed lower sen-
sitivity (80%) and NPV (76%). Image-guided biopsies of
inguinal lymph nodes had a lower sensitivity (88%) and
NPV (74%), but 100% specificity and PPV, indicating
that a result positive for melanoma in this region can
be considered certain, whereas a negative result should
be treated with caution. Among image-guided biopsy
techniques implemented, US-guided biopsies presented

Table IV. Sub-analysis of diagnostic value ofimage-guided biopsies according

to tissue type, location, technique, and tumour burden

tively) and NPV (73% and 71%
for CT-FNAC and CT-CNB,
respectively). Image-guided biopsies of lesions under 1
cm presented lower sensitivity (83%) and NPV (78%)
(Table IV). Of the 49 image-guided biopsies catalogued
as inconclusive, only 10 (20.4%) were finally diagnosed
as melanoma, the other 39 (79.6%) were catalogued as
benign after histological analysis or follow-up (Fig. 2).
Verification was determined by clinical or radiological
follow-up for 26 (53.1%) cases inconclusive results,
excision in 19 (38.8%) cases and new image-guided
biopsy in 5 (10.2%) cases. In the analysis including in-
conclusive results in the best-case scenario, diagnostic
accuracy values were similar to those found in the glo-
bal analysis without inconclusive results. However, in
the worst-case scenario, considered the closest
situation to real-life, specificity (77%) and PPV
(90%) were significantly lower compared with

Image-guided biopsy sub-analysis

the overall results (Table III).

Target organs

Characteristics of false-positives are sum-
marized in Table SII. Characteristics of false-

Factors related to Lymph nodes Subcutaneous Lung Liver ti It tedi ided bi .
diagnostic value (n=287)  (n=131) (n=57) (n=55) negative resulls, repeated image-gulded blopsies
Sensitivity, % (95% CI) ~ 93 (88-96) 94 (88-98) 80 (63-92) 95 (84-99) and inconclusive results are shown in Table SIII.
Specificity, % (95% CI) ~ 94 (85-98) 96 (80-100) 100 (85-100) 100 (75-100)

PPV, % (95% CI) 97 (94-99) 99 (95-100) 100 (88-100) 100 (91-100)

NPV, % (95% CI) 83 (73-90) 81 (63-93) 76 (56-90) 87 (60-98) DISCUSS'ON
Lymphatic/subcutaneous location . . . . .
Inguinal/iliac Head and neck Axilla In-transit This Study SI:IOWS that lmage_gl’uded l?lOpSleS are
(n=102) (n=71) (n=111) (n=132) a safe and highly sensitive and specific method

Sensitivity, % (95% CI) 88 (79-94) 96 (85-99) 95 (89-99) 94 (88-98) to detect melanoma metastasis in patients with

Specificity, % (95% CI)
PPV, % (95% CI)

100 (87-100) 88 (68-97)
100 (95-100) 94 (83-99)

96 (80-100) 96 (80-100)
99 (93-100) 99 (95-100)

melanoma, even when inconclusive cases are
integrated into the analysis. Diagnostic accuracy

NPV, % (95% CI) 74 (57-88) 91 (72-99) 86 (67-96) 81 (63-93) . . ~1agl !
1GB technique may differ depending on biopsied tissue type,
US-FNAC  US-CNB . Ilymph node location, tumour burden and the
(n=448)  (n=30) (n=49) (n=25) image-guided biopsy technique. Another factor
Sensitivity, % (95% CI) 95 (92-97) 91 (72-99) 69 (48-86) 73 (45-92) that may influence diagnostic accuracy, but has
Specificity, % (95% CI) 95 (90-99) 100 (59-100) 96 (78-100) 100 (69-100) not been eValuated in the current Study, is opera-
PPV, % (95% CI) 98 (96-99) 100 (84-100) 95 (74-100) 100 (72-100) . .. d db . 13. 14
NPV, % (95% CI) 85(78-91) 78 (40-97) 73 (54-88) 71 (42-92) tor experience inimage-guide iopsies ( 5 )-
Tumour burden Lower sensitivity and NPV was found for image-
~1om T2 em > om guided biopsies performed on the lung, inguinal
(n=76) (n=219) (n=184) or iliac lymph nodes, lesions smaller than 1 cm
Sensitivity, % (95% CI) 83 (69-92) 95 (90-98) 94 (89-97) in maximum diameter and CT-guided biopsies.
Specificity, % (95% CI) 97 (82-100) 95 (86-99) 94 (81-99) Previous studies have demonstrated the high
PPV, % (95% CI) 97 (87-100) 98 (94-100) 99 (95-100) d . £ 1 . d d d
NPV, % (95% CI) 78 (61-90) 88 (77-95) 79 (64-90) lagnostic accuracy of palpation-guided an

95% CI: 95% confidence interval; PPV: positive predictive value; NPV: negative predictive
value; US-FNAC: ultrasound-guided fine-needle aspiration cytology; US-CNB: ultrasound-
guided core-needle biopsy; CT-FNAC: computerized tomography-guided fine-needle aspiration

cytology; CT-CNB: computerized tomography-guided core-needle biopsy.
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US-guided FNAC and US-guided CNB of lymph
nodes and other lesions suspicious of melanoma
metastasis (15—17). Mean sensitivity and speci-


http://medicaljournalssweden.se/actadv
https://doi.org/10.2340/actadv.v102.3981
https://doi.org/10.2340/actadv.v102.3981

ActaDV

ActaDV

5/6 L. Serra-Garcia et al. "Diagnostic accuracy of image-guided biopsies for metastatic melanoma”

ficity values from previous studies are 97% and 99%,
respectively, similar to the findings in the current study
(9). These studies do not include CT-guided image-
guided biopsies, and only 1 has evaluated the diagnostic
accuracy of US-CNB in patients with melanoma (17). A
varying number of inconclusive results (0—18.8%) have
been reported in previous studies (8, 10, 18—20). Howe-
ver, only Voit et al. (21) have included the inconclusive
results in their diagnostic accuracy analysis, considering
them as test negative. Recommendations for the publi-
cation of diagnostic accuracy studies recommend their
inclusion, since they are an indirect indicator of the fea-
sibility of a test, and diagnostic accuracy bias can occur
if they are ignored (13).

One of the strengths of the current study is that it
includes a wide variety of image-guided biopsy techni-
ques, biopsied tissue types, and patients with all stages of
melanoma. The current study also included inconclusive
results in the diagnostic accuracy analysis (8, 10, 18-21).
It was decided to include these results in the diagnostic
accuracy analysis, contemplating a best- and worst-case
scenario. In the former, inconclusive results were consi-
dered negative for melanoma; therefore further examina-
tions would not be requested. In the latter, inconclusive
test results were considered positive for melanoma, and
thus complete excision or further radiological investiga-
tions would be indicated. A lower specificity and PPV
was observed in the worst-case scenario, reflecting that
most inconclusive results are finally negative for mela-
noma, but given an inconclusive result, a new biopsy or
excision would be recommended, taking into account
the patient’s clinical situation and the degree of clinical
or radiological suspicion.

High diagnostic accuracy values were found for image-
guided biopsies in patients with melanoma: 92% (95%
CI 89-94) and 96% (95% CI 91-99) of sensitivity and
specificity, respectively. Factors contributing to improved
sensitivity values are superficial anatomical location,
availability of immunohistochemical studies, and the
experience of the reporting pathologist (8). Diagnostic
accuracy is largely dependent on operator skill (13, 14).
Studies assessing the utility of image-guided biopsies
for the diagnosis of metastatic melanoma have reported
whether the operator was a radiologist or cytologist (8,
10, 22), but none have compared operator experience and
diagnostic accuracy in this subset of patients. However,
cancer detection rates between trained physicians and
inexperienced physicians performing FNAC on breast
or thyroid lesions have been shown to be significantly
lower for inexperienced physicians (13, 14). Radiolo-
gists performing image-guided biopsies at our centre
have extensive experience, and pathologists are highly
trained in cytological studies. This could explain the
high rates of sensitivity and specificity in the current
cohort. Lower sensitivity and NPV was obtained for lung
biopsies, probably due to inadequate sampling and low
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cellularity obtained from these lesions (20). Even though
the current study did not determine whether lung lesions
were generally smaller and/or more deeply located, in
our experience, this could explain the lower sensitivity
values. CT-guided biopsies were also found to produce
lower sensitivity values. Most CT-guided biopsies cor-
respond to deeply located lesions, which implies greater
technical difficulty and could explain the current results.
Inguinal lymph nodes had lower sensitivity and NPV.
This is inconsistent with reports in the literature, where
the axillary region has been signalled as a frequent site
of false-negative results (9, 23). Tumour burden affected
the sensitivity of imaging-guided biopsies, with 83%
(95% CI 69-92) sensitivity in metastases smaller than
10 mm, compared with 95% (95% CI 90-98) in larger
lesions. Similarly, Voit et al. (21) found 99% sensitivity
for suspicious melanoma metastasis lesions >0 mm vs
94.6% for lesions <10 mm in diameter.

False-positive rates of 0% to 2% have been reported
for FNAC of melanoma metastases (15). A false-positive
rate of 1%, corresponding to 5 non-malignant lesions and
1 second malignancy was found. Previous studies have
claimed that the most common cause of false-positive
result is a second malignancy (8, 18). Other authors
offer different explanations, including paucicellular
smears, overinterpretation of reactive fibroblasts and
benign spindle cell lesions, and the presence of atypical
histiocytes, mimicking melanoma cells (8, 9, 18). A
difficulty exists in establishing an accurate diagnosis in
false-positive results. Melanoma metastases regression
is an infrequent, but possible, event, which can be due
to operative trauma, infection, and the host’s immuno-
logical response (24). In rare cases, we have observed
metastasis regression in the period of time between the
imaging-guided biopsy and histopathological confirma-
tion. In the current study, only 2 of the 6 false-positive test
results presented inflammatory changes on histological
confirmation.

The false-negative rate in the current study (5.3%) is
within the reported range in the literature (0—12%) (15).
Inadequate sampling is the reason for the vast majority
of false-negative cases described (8, 18, 20). We hypo-
thesize that image-guided biopsies were unable to show
malignant tissue, due to anatomical difficulties, small
and mobile nodes, the presence of metastases as only a
proportion of the tumour burden, poor cellular yield, and
the presence of scarring and necrotic tissue.

Limitations

Limitations of this study include an arbitrary minimum
follow-up time after the image-guided biopsy of 4
months, after which a subset of false-negative results
might arise due to slow progression of melanoma me-
tastasis. The different paths taken by metastasis deve-
lopment and spontaneous metastasis regression make it
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difficult to establish the most useful minimum follow-
up time to deliberate a false-positive or false-negative
finding. Performing a multivariate analysis including
lesion size, lesion location and imaging-biopsy technique
would enable better interpretation of the current results.
Operator expertise is a variable that might influence the
diagnostic accuracy of image-guided biopsies, but this
was not the aim of the current study.

Conclusion

This study demonstrates high sensitivity and specifi-
city for image-guided biopsies of lesions suspicious
of locoregional or distant metastasis in patients with
melanoma. Image-guided biopsies represent minimally
invasive, safe, cost-effective procedures, which allow
the early detection and treatment of patients with me-
tastatic disease. Tissue type, location and tumour burden
may influence precision and must be considered when
interpreting results.
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