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Most first relapses in patients with melanoma occur in regional
lymph node basins. Such lesions are frequently diagnosed clin-
ically during the first 2 y of follow-up. In the last few years, our
group has been studying the usefulness of 9mTc-methoxy-
isobutylisonitrile (MIBI) scintigraphy in the evaluation of recur-
rent melanoma lesions. The aim of the present study was to
prospectively evaluate the clinical value of 9mTc-MIBI scintig-
raphy in the diagnosis of subclinical nodal metastases. Meth-
ods: We included 66 patients within 3 mo of melanoma diag-
nosis, with Breslow thickness > 1.0 mm, all treated with wide
local excision of the primary lesion. When °™Tc-MIBI scanning
was performed, 49 of them did not have evidence of nodal
disease, and 17 had clinically questionable regional lymph node
lesions. Planar images of lymph node regions were acquired 10
min after injection, using a dose of 740-1,110 MBq and a
large-field-of-view gamma camera equipped with a low-energy
high-resolution collimator. Scan findings were confirmed by
pathology or by clinical follow-up (median, 35 mo). Results:
Thirty of 33 patients with regional lymph node metastases re-
ceived a correct diagnosis, 14 with palpable lesions and 16 with
nonpalpable lesions. In 3 cases that were initially *°mTc-MIBI
negative, nodal metastases were found during follow-up. The
following diagnostic values were calculated: sensitivity, 0.91
(95% confidence interval [CI], 0.75-0.98); specificity, 0.85 (95%
Cl, 0.67-0.94); likelihood ratio of a positive test, 6.0 (95% ClI,
2.7-13.5); and likelihood ratio of a negative test, 0.11 (95% ClI,
0.036-0.32). Conclusion: *mTc-MIBI scanning may have a
secondary role in the staging of regional lymph nodes in pa-
tients with clinically localized melanoma who are not good
candidates for sentinel node biopsy.

Key Words: %mTc-MIBI; melanoma; lymph node metastases
J Nucl Med 2003; 44:1561-1565

Early diagnosis of regiona lymph node metastases is a
key step in the management of patients with melanoma.
Thisinformation isrelevant for the identification of patients
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who are candidates for adjuvant therapy with interferon
a-2b and helps determine whether early therapeutic lymph
node dissection is indicated (1).

Several standard imaging techniques, including ultra-
sound, MRI, CT, and conventional radiographic examina-
tion, rely on enlargement of lymph nodes, but enlarged
nodes are not necessarily malignant, and normally sized
nodes may contain malignant cells (2,3). Radiocolloid lym-
phoscintigraphy combined with intraoperative probe detec-
tion of the sentinel node has become widely accepted for
staging regional lymph nodes and is the standard of care in
many major melanoma centers (4,5). Positive findings on
sentinel node biopsy have been found to carry greater prog-
nostic significance than does Breslow thickness. However,
some authors have argued that unless the use of sentinel
lymph node biopsy can be shown to improve overall sur-
vival, it should be performed only in the context of aclinical
tria (6).

More recent interest has been directed toward “ metabolic
imaging” by 8F-FDG PET before lymph node metastases
become clinically evident (3,7,8). However, other nuclear
medicine techniques such as 6’Ga scintigraphy or immu-
noscintigraphy applying monoclonal antibodies directed
against melanoma-associated antigens have been used with-
out offering any significant advantage in diagnostic sensi-
tivity (9,10).

In the last few years, our team has been studying the
clinical value of %™Tc-methoxyisobutylisonitrile (MIBI)
scintigraphy for the evaluation of metastatic melanoma le-
sions. The technique proved to have the potential of detect-
ing subclinical recurrent disease, including lymph node
metastases (11,12). In this study, we undertook a prospec-
tive investigation of patients with a recently diagnosed
melanoma to assess the clinical value of *"Tc-MIBI scan-
ning for the detection of regional lymph node metastases.

MATERIALS AND METHODS

Patients
The study was organized as a prospective nonrandomized tria,
with 66 patients being consecutively enrolled from December
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1997 to April 2001 according to a protocol approved by the local
ethics committee.

After giving informed consent, 36 women and 30 men who had
ahistologically proven cutaneous melanoma and were within 3 mo
of the initial diagnosis were entered into the study. Study entry
occurred either before (n = 46) or after (n = 20) wide local
excision of the primary lesion. The patients had to be at least 18 y
old. Their median age was 54 y (range, 21-88 y). Breslow thick-
ness had to be greater than 1.0 mm, and the clinical stage had to be
IB-1 (n = 49) or Il (n = 17) according to the American Joint
Committee on Cancer (AJCC). In this last subgroup, we included
only patients with clinically questionable regional lymphadenop-
athies. Exclusion criteria were as follows: previous sentinel or
complete lymphadenectomy, clinical or radiologic evidence of
distant metastases, infection or inflammation in the regional node
basin, prior fine-needle aspiration or excisional biopsy of regional
lymph nodes, lack of histopathologic report of primary lesion,
pregnancy or breast-feeding, and history of prior malignancy.

At entry, the histologic findings of the primary tumors were
noted (e.g., location of the melanoma, thickness according to the
method of Breslow, and histologic tumor type) (Table 1). The
lymph node basins of al patients were clinically examined by an
experienced clinician initialy and at 4- to 6-mo intervals during
follow-up until regional lymph node relapse was confirmed or the
study closed (October 20, 2001). Median follow-up was 35 mo,
with arange of 6—46 mo. All patients were treated with wide local
excision of the primary lesion. Excisiona lymph node biopsies
were performed after the finding of a palpable lymphadenopathy
on clinica examination at initial staging or during follow-up.
Furthermore, therapeutic lymphadenectomy was indicated in those
patients with histologically confirmed lymph node metastases.
Patients with a diagnosis of nodal metastases had evidence of
disease in 1 lymph node basin.

99mT¢-MIBI Scintigraphy

Imaging started 10 min after an intravenous injection of 740—
1,110 MBq of ®™Tc-MIBI. The radiopharmaceutical was injected
into an antecubital vein or the dorsal pedis vein, depending on the
topography of the primary lesion, to avoid nonspecific accidental

TABLE 1
Clinical Stage and Characteristics of Primary Tumors in 66
Melanoma Patients

Characteristic No. of patients

Clinical stage

B 15 (23%)
Il 34 (51%)
I 17 (26%)
Location
Head and neck 6 (9%)
Trunk 23 (35%)
Extremities 37 (56%)
Tumor type
Superficial spreading melanoma 20 (30%)
Nodular melanoma 25 (38%)
Lentigo maligna melanoma 1(2%)
Unclassified/unknown 20 (30%)

Median tumor thickness was 3.3 mm (range, 1.0-8.0 mm).
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tracer accumulation in regiona lymph nodes because of extrava-
sation at the injection site. The equipment consisted of a large-
field-of-view rectangular gamma camera (Sophy DSX; Sopha
Medical) fitted with alow-energy, high-resolution collimator. Pla-
nar images of regional lymph nodes were acquired on a256 X 256
matrix, using a 10% window centered on an energy peak of 140
keV. We used an isotime acquisition of 10 min for each view. The
following regions were scanned depending on the primary-lesion
location: head and neck (anterior and lateral views with extended
neck), axillary region (anterior thoracic view with arms raised
behind the head), and inguinal region (anterior pelvic view with
previous voiding). Additionally, a whole-body acquisition with a
scan speed of 16 cm/min was performed immediately afterward.

The ®MTc-MIBI scans were read by 3 experienced nuclear
physicians knowing only the location of the melanoma, who
reached a final consensus on the interpretation. A lesion was
defined as afocus of increased ®™Tc-MIBI uptake, compared with
the intensity of surrounding activity, in a lymph node basin.
Imaging was performed at a mean of 5 d (range, 1-7 d) after the
initial clinical examination of lymph nodes.

Data Analysis

A focus of abnormal *™Tc-MIBI uptake in regiona lymph
nodes was defined as a metastasis and thus as true-positive if
confirmed by histology. ®™Tc-MIBI findings were true-negative if
they were normal and the regiona lymph nodes were histologi-
cally benign or the clinical course was benign, with no evidence of
regional lymph node metastases. *™Tc-MIBI findings were false-
negative if they were normal but regional lymph node histology
revedled metastasis from melanoma. *™Tc-MIBI findings were
false-positive if they showed a focus of abnormality but lymph
node histology was benign or there were no clinical signs of
regional lymph node metastases at follow-up.

Data were collected on case report forms, entered into a data-
base, and converted to appropriate software datasets for analysis.
Agreement between *mTc-MIBI scintigraphy and histopathology
or clinical course was assessed on a2 X 2 table, which was the
gold standard. Sensitivity and specificity and their corresponding
95% confidence intervals were calculated with InStat (version
3.01; GraphPead Software, Inc.) for Windows 95 (Microsoft). This
software was also used for performing the Fisher exact test to
compare ¥"Tc-MIBI results in different subsamples. Group dif-
ferences were considered significant at P < 0.05.

The probability of regional lymph node metastases given the
result of the ®™Tc-MIBI scan was caculated using Arcus Quick-
stat (version 1.2; Longman Software Publishing) for Windows 95
as follow: LRpos = sensitivity/1 — specificity, where LRpos is the
likelihood ratio of a positive test, and LRneg = 1 — sensitivity/
specificity, where LRneg is the likelihood ratio of a negative test.
The corresponding 95% confidence intervals were also estimated.

RESULTS

In 35 patients, atotal of 35 regional lymph node sites of
abnormal *™Tc-MIBI accumulation were identified, 30 of
which proved to be melanoma metastases confirmed by
cytology or histology. Five abnormal foci were shown to be
false-positive. Four of these were in male patients with
abnormal tracer uptake in the groin region who remained
free of disease for 35-45 mo. The remaining patient had
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FIGURE 1. Anterior thoracic view of patient with T2b mela-
noma of trunk shows focal %*mTc-MIBI uptake in left axilla (ar-
row), corresponding to palpable lymphadenopathy that proved
to be inflammatory by histology.

palpable axillary lymph nodes that were further classified as
inflammatory lesions by pathology (Fig. 1).

The technique detected 30 of 33 (91%) confirmed re-
gional lymph node metastases (Figs. 2 and 3) in the follow-
ing lymph node basins: head and neck (n = 4), axillae (n =
14), and groin (n = 15). Sixteen of 30 lesions (53%) were
in patients who had normal findings on clinical examination
at entry (stage IB-II) and presented with regiona lymph
node recurrences within 4—20 mo after ®MTc-MIBI scan-
ning (median, 9 mo). The 3 false-negative cases were in
patients with T2 melanomas (1.1-1.4 mm) who developed
palpable axillary nodal metastases at 6—18 mo after imag-
ing. ®"Tc-MIBI findings were correctly negative for 28 of
33 patients with negative histology findings (n = 2) or a
clinically benign course (n = 26).

A comparison of the results and diagnostic values of
9mTc-MIBI scintigraphy with the final diagnosis (histology

FIGURE 2. Anterior image of thorax demonstrates focal area
of increased **mTc-MIBI accumulation in right axilla (arrowhead)
in patient with stage Il melanoma of trunk. Patient presented
with nodal recurrence in same basin 18 mo after scintigraphy.
Mask was placed over myocardium.
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FIGURE 3. Anterior pelvic view of patient with stage Il mela-
noma of right leg shows focal tracer uptake in right groin (ar-
rowhead). Nodal recurrence developed in same basin 12 mo
after ¥mTc-MIBI scanning. Mask was placed over bladder.

and clinical follow-up) is shown in Tables 2 and 3. Differ-
ences among the whole population (n = 66) and subsamples
with palpable (n = 17) and nonpalpable (n = 49) regional
lymph nodes for sensitivity, specificity, LRpos, and LRneg
were not statistically significant.

DISCUSSION

Studies of a large series of melanoma patients treated
with wide local excision of primary tumor showed that the
average incidence of recurrence during follow-up was 40%,
with regional lymph nodes being the most frequent first site
of metastasis (13). Besides, there is no conclusive evidence
that laboratory or radiologic follow-up testing of asymp-
tomatic patients with melanomas resected with an intention
to cure is more beneficial for detecting early recurrences
than is monitoring patients with physical examinations (14).

Thereisacommon misconception that lymphadenectomy
offers no therapeutic benefit for melanoma patients because
the distinction between elective and therapeutic lymph node
dissection is often overlooked or obscured (6). In fact, the
available evidence suggests that early therapeutic lymph
node dissection for subclinical nodal disease may be supe-
rior to delayed lymph node dissection once nodal disease
develops (1,15,16). Thus, finding an accurate imaging tech-

TABLE 2
Results of 9¥MTc-MIBI Scans Compared with Final
Diagnosis (Histology/Clinical Follow-up)

Final diagnosis

MIBI findings Malignant Benign Total

Pathologic 30 (16) 5(4) 35 (20)
Normal 33 28 (26) 31 (29)
Total 33 (19) 33 (30) 66 (49)

Values in parentheses are number of patients with initially nega-
tive clinical examination (stage IB-II).
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TABLE 3
Diagnostic Values of ®*™Tc-MIBI Scintigraphy

Patient group n Sensitivity Specificity LRpos LRneg
Stage IB-I 49 0.84 (0.60-0.96) 0.87 (0.68-0.96) 6.3 (2.5-16.1) 0.18 (0.064-0.52)
Stage IlI 17 1.00 (0.73-1.00) 0.67 (0.13-0.98) 3.0 (0.61-14.9) 0.00*

Whole population 66 0.91 (0.75-0.98) 0.85 (0.67-0.94) 6.0 (2.7-13.5) 0.11 (0.036-0.32)

*Calculation could not be performed.
Values in parentheses are 95% confidence intervals.

nique for the detection of early regional lymph node me-
tastases is clinically relevant in melanoma patients.

Clinical evidence shows that lymphoscintigraphy associ-
ated with intraoperative y-probe detection of the sentinel
node improves the accuracy of diagnosing lymph node
involvement in patients with early-stage melanoma (17).
However, the technique is technically challenging, can be
applied only through surgery, and is associated with docu-
mented complications such as mild to moderate degrees of
lymphedema and allergic reactions to isosulfan blue
(18,19). Interestingly, nodal recurrences can constitute 28%
of first-time recurrences in patients who underwent sentinel
node procedures. However, thisrelatively high rate could be
partially related to patients whose sentinel nodes had been
incorrectly classified as negative by standard pathology
techniques (20).

Initial reports suggest that M Tc-MIBI scintigraphy is an
accurate technique for the detection of recurrent melanoma
lesions (11,12,21). In a series with 82 patients studied
during postsurgical follow-up, ®"Tc-MIBI scanning dem-
onstrated a sensitivity of 0.92 and a specificity of 0.96 for
the detection of metastatic lesions (12). However, 35% of
patients had clinically or radiologically evident recurrent
disease at the time of *™Tc-MIBI imaging. In 14 patients,
the procedure detected previously unknown metastatic le-
sions, including nodal metastases.

In the present study, ®°™Tc-MIBI scintigraphy resulted in
overall sensitivity and specificity of 0.91 and 0.85, respec-
tively, for the detection of regional lymph node metastases
in a population with a nodal recurrence prevalence of 50%.
The relatively high prevalence observed in patients without
palpable regional lymph nodes (39%) can be explained by
the high proportion of stage Il patients (69%) with Breslow
thickness > 2.0 mm, who constitute a well-known high-risk
population for regional nodal recurrence (22).

Even though sensitivity was lower for the sample with
stage I1B-Il and specificity was higher than for the sample
with stage |11 (0.84 vs. 100 and 0.87 vs. 067, respectively),
the differences were not statistically significant, perhaps
because the small number of patients enrolled in the second
group (n = 17) could create a relatively high degree of
uncertainty in the estimation of diagnostic values. The 3
false-negative results that occurred in this study were in
stage 1B patients with relatively thin melanomas (1.1-1.4
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mm). One study showed that a majority of patients with a
Breslow thickness < 2.0 mm had micrometastases only in
the sentinel node, whereas with increasing thickness, 2, 3, or
more positive nodes were found (23). Therefore, we can
presume that these patients had a low tumor burden, prob-
ably micrometastases, limited to the sentinel node. Further-
more, the actual false-negative rate for ®mTc-MIBI scintig-
raphy might have been underestimated in the present study,
because a well-documented subset of patients can experi-
ence morbidity and mortality from recurrent disease after a
10-y disease-free interval (24,25). However, in nearly 90%
of melanoma patients, recurrences develop within the first
2y after diagnosis (14). Most fal se-positive results occurred
for male patients with abnormal groin tracer uptake with a
clinically benign follow-up (n = 4). It has been reported that
minimal urinary contamination in male patients may have a
random pattern with focal areas of tracer uptake, commonly
involving the pelvis (26). Because patients were asked to
void shortly before scanning, we can postulate that urine
contamination might be one possible cause for those find-
ings. The remaining fal se-positive case was in a patient with
histologically confirmed inflammatory lymph nodes. Previ-
ous studies have described ®°™Tc-MIBI uptake by inflam-
matory lesions, probably related to the increased blood flow
and high metabolic reguirements of such tissues (11,27).

From a clinical point of view, ®"Tc-MIBI scintigraphy
appears to have insufficient sensitivity for the evaluation of
subclinical lymph node metastases in patients with clini-
cally localized melanoma, with afalse-negative rate of 16%.
Thisfact could be explained by the limited spatial resolution
of the gamma camera (9.0 mm). Therefore, the technique
cannot replace surgical staging of regiona lymph node
basins. However, the procedure may possibly have a sec-
ondary role in the staging of regional lymph nodes in stage
Il patients who are not good candidates for sentinel node
biopsy. That situation can be found in patients who have had
aprior widelocal excision, flaps, or graftsthat may interfere
with lymphatic drainage from the primary lesion, rendering
sentinel node biopsy less reliable (17).

BE-FDG PET has proven to be a highly standardized
technique that can be applied at any stage of disease man-
agement, with an accuracy of more than 90% in the detec-
tion of melanoma nodal metastases, including cases with
nonpal pable lymph nodes. However, the procedure cannot
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detect small volumes of subclinical microscopic disease
with acceptable sensitivity (7,28). Moreover, the limited
availability of cyclotron production and PET scanners in
certain regions is a significant disadvantage of the tech-
nique. Nevertheless, we cannot conclude that ®°™Tc-MIBI
scanning has better sensitivity than 8F-FDG PET for re-
gional staging of melanoma patients. For that purpose, a
clinical trial including a head-to-head comparison of both
techniques would be required.

CONCLUSION

®mTc-MIBI is a readily available radiopharmaceutical,
and the imaging procedure can be performed using current
nuclear equipment. The technique has an acceptable sensi-
tivity and specificity for detecting lymph node metastasesin
patients with intermediate- to high-risk melanoma. How-
ever, even if ®¥mTc-MIBI can detect nonpalpable nodal
metastases, it may not have adequate sensitivity for the
diagnosis of subclinical microscopic disease. Therefore,
sentinel node biopsy should be the procedure of choice for
regional node staging in patients with AJCC stage T2—4 NO
MO melanoma. **™Tc-MIBI scanning may have a secondary
role in patients who are not good candidates for sentinel
lymphadenectomy.
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