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Usefulness of 18F-FDG PET/CT in Cutaneous Melanoma Patients with

Negative Sentinel Lymph Nodes and High Clark Levels

Sentinel Lenf Nodu Negatif Yiiksek Clark Seviyeli Kutanéz Melanom Hastalarinda '8F-FDG

PET/BT'nin Degeri
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Abstract

Objective: We investigated the utility of PET/CT in cutaneous melanoma (CM) patients with pathological negative sentinel
lymph nodes (SLN), within the first year.

Methods: The results of PET/CTs and SLN biopsy (SLNB) in 65 patients (39 male and 26 female, mean age 53.8) with a
PET/CT in the first postoperative year were evaluated. Within this cohort, the utility of early PET/CT imaging was assessed in
patients with negative SLNB. McNemar test was used to compare PET/CT findings with SLNB results.

Results: Out of 43 patients with pathologically positive SLNs, 23 patients (53.5%) had positive and 20 patients (46.5%)
had negative findings on PET/CT within the first postoperative year. On the other hand, PET/CT results of 22 patients with
negative SLNBs were found to be negative in 19 patients (86.4%) and positive in 3 patients (13.6%). For the patients with
negative SLNB results, the detection rate of distant metastasis with PET/CT was significantly lower (p<0.001) than that in
patients with positive SLNBs.

Conclusion: Our results showed that 18F-FDG PET/CT will most likely (86.4%) be negative during the first postoperative
year in patients with a negative SLNB. Therefore, it is concluded that this modality would not provide any significant clinical
contribution within this time frame.
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Amac: Calismamizda sentinel lenf nodu (SLN) patoloji sonucu negatif olan malign melanom (MM) tanili hastalarda PET/BT'nin
ilk bir yil icerisindeki yararini arastirdik.

Yontem: Ameliyat sonrasi ilk bir sene icerisinde PET/BT cekimi yapilan 65 hastanin (39 erkek; 26 kadin, yas ortalamasi: 53,8)
PET/BT cekimleri ve SLN biyopsi sonuglari degerlendirildi. Bunlarin icerisinden SLN biyopsi sonucu negatif olan hastalarda
erken dénemde PET/BT goruntilemenin gerekliligi arastirildi. McNemar testi, pozitif veya negatif PET/BT sonuglarini pozitif ve
negatif SLNB sonuglari ile karsilastirmak icin kullanild.

Bulgular: SLNB sonuclari pozitif olan 43 hastanin postoperatif 1. yilda yapilan PET/BT cekimlerinin sonuglar 23 hastada
(%53,5) pozitif, 20 hastada (%46,5) ise negatif olarak bulundu. Diger taraftan SLN biyopsi sonucu negatif olan 22 hastanin
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postoperatif 1. yilda yapilan PET/BT cekimlerinin sonuglari 19 hastada (%86,4) negatif, 3 hastada (%13,6) ise pozitif olarak
bulundu. SLN biyopsi sonucu negatif olan hastalar icin postoperatif 1. yilda yapilan PET/BT ile uzak metastaz saptanma orani
SLN biyopsi sonucu pozitif olan hastalardan anlamli olarak daha distik (p<0,001) bulundu.

Sonug: Calismamizda, SLN biyopsi sonucu negatif olan hastalarda postoperatif ilk bir yilda yapilan '8F-FDG PET/BT cekimlerinin
sonuglarinin biylk bir olasilikla (olgularin %86,4'linde) negatif olmasi nedeniyle bu hasta grubunda bu periyotta yapilan
18F-FDG PET/BT cekimlerinin énemli bir klinik katki saglamayacaklari sonucuna varilmistir.

Anahtar kelimeler: 18F-FDG, melanom, sentinel lenf nodu biyopsisi

Introduction

PET/CT is introduced as an important scintigraphic imaging
method for both the diagnosis and restaging of maligant
diseases as well as the evaluation of treatment outcomes.
Although it is a valuable method, it is a costly procedure
with considerable radiation exposure to tissues. That
is why, it might be feasible to avoid PET/CT scanning in
unnecessary conditions in terms of overall patient health.

The use of 18F-FDG PET/CT for both staging and follow-
up of patients with cutaneous melanoma (CM), which is a
disease that threatens life and spreads easily with lymphatic
metastases, has been previously reviewed by clinicians
(1,2,3,4).

Sentinel lymph node (SLN) biopsy (SLNB) has an important
role in disease staging of these patients. Although PET/
CT has been proven to be useful in the staging of CM,
it should only be used in patients when truly indicated.
The utility of PET/CT to detect systemic recurrences
during follow-up has yet to be investigated. SLNB results
might have clues to determine the exact timing of this
examination.

The purpose of this study was to evaluate the necessity
and utility of PET/CT imaging that was performed within
the first year in patients with a diagnosis of CM, whose
SLN(s) have previously been biopsied by either blue dye
injection or lymphoscintigraphy and had negative results
for metastasis.

Materials and Methods

Between January 2005 and December 2010, the results
of 425 PET/CT examinations of 360 patients, who have
been diagnosed histopathologically as CM and referred
to our department for restaging by PET/CT imaging, were
evaluated retrospectively. Within 360 patients, 96 patients
who had postoperative pathology results of their SLNBs
were included in the study. Patients had been selected for
SLNB according to NCCN guidelines.

Accordingly, patients with melanoma greater than 1 mm
in depth along with those between 0.76 mm and 1.0 mm
in thickness had been considered for SLND if they had
positive deep margins, lymphovascular invasion, age less
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than 40 years, significant vertical growth phase, increased
mitotic rate, and Clark’s level IV or higher (5).

In order to reach the maximum number of examinations
possible within the same interval, only the results of
65 patient’s [39 male and 26 female, mean age=53.8
(minimum=27; maximum=85)] PET/CT studies that have
been performed in the first postoperative year were
evaluated as well as their SLNB pathology results.

Within this cohort, 22 patients with negative SLNB results
were determined and the utility of early PET/CT imaging in
this subgroup was further evaluated.

Thelesions were located mostly at the feet (n=14), back (n=9)
and arms (n=7). The rest of the lesions were found on sites
such as the scalp, ears, cheeks, abdomen, legs and hands
in decreasing order. According to histopathologic subtypes,
most patients were diagnosed with superficial spreading
type of CM followed by nodular and acrolentiginous types
in decreasing frequency (Table 1).

The Breslow thickness of the detected lesions varied
between 0.6-17.0 mm. Thus, the Clarks levels were
between 3 and 5.

PET/CTs were performed at our department by a high-
resolution PET scanner (Siemens Biograph LSO HI-RES PET/
CT, lllinois, USA) integrated 6 section multidetectors (for
attenuation correction and location).

The patients fasted for at least 4 hours and their finger-tip
blood glucose levels were under 150 ng/mL. They rested
to obtain complete biodistribution of 18F-FDG in the body
for about 1 hour after an intravenous injection of 13-15
mCi of 18F-FDG. After micturition they were taken into
the imaging suite and were laid on the scanner bed in the
supine position.

Following a low-dose CT scan without iv. radiological
contrast agent injection PET scanning was performed,
covering all areas of the body. Then, CT and PET data
were reconstructed by iterative methods after performing
attenuation correction for PET images by using tissue
attenuation map derived from corresponding CT data.
Fusion images of PET and CT at three spatial planes (axial,
coronal, and sagittal) approximately 0.5 cm in thickness
cross-sectional images as well as maximum intensity
projection (MIP) images were displayed and evaluated by an
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Table 1. Patient characteristics

Table 1. Continued

Patient Sex Age Location of Histopathology Patient Sex Age Location of Histopathology
primary tumor primary tumor

1 M 72 Back Malignant melanoma 40 F 57 Foot Malignant melanoma

2 F 77 Arm Malignant melanoma 41 M 54 Foot Malignant melanoma

3 M 39 Knee Verrucous melanoma 42 F 68 Foot Malignant melanoma

4 F 60 Abdomen Malignant melanoma 43 F 42 Arm Malignant melanoma

5 M 57 Ear Superficial spreading 44 F 46 Scalp Malignant melanoma

6 F 57 Thigh Malignant melanoma 45 M 68 Arm Malignant melanoma

7 F 73 Cheek Desmoplastic 46 M 33 Abdomen Malignant melanoma

8 M 40 Abdomen Malignant melanoma 47 M 42 Foot Malignant melanoma

9 M 68 Foot Acral lentiginous 48 M 55 Thorax Nodular melanoma

10 M 51 Arm Malignant melanoma 49 F 64 Back Malignant melanoma

11 F 40 Scalp Nodular melanoma 50 M 69 Foot Nodular melanoma

12 M 34 Back Superficial spreading 51 M 69 Foot Subungual

13 M 52 Thigh Malignant melanoma 52 F 34 Thigh Nevoid mm

14 M 54  Arm Nodular melanoma 53 F 65 Hand Malignant melanoma

15 M 40 Waist Malignant melanoma 54 M 75 Heel Acral lentiginous

16 M 41 Scalp Malignant melanoma 55 F 52 Scalp Malignant melanoma

17 M 71 Arm Nodular melanoma 56 M 67 Ear Nodular melanoma

18 F 33 Abdomen Malignant melanoma 57 M 67 Foot Acral lentiginous

19 F 26 Hand Malignant melanoma 58 M 62 Foot Malignant melanoma

20 F 69  Thigh Malignant melanoma 59 F 59 Foot Superficial spreading

21 M 58 Back Malignant melanoma 60 F 43 Hand Malignant melanoma

22 M 63 Abdomen Malignant melanoma 61 F 42 Back Superficial spreading

23 F 35 Back Superficial spreading 62 M 54 Hand Acral lentiginous

24 M 53 Back Superficial spreading 63 F 31 Thigh Malignant melanoma

25 M 79 Foot Acral lentiginous 64 M 54  Arm Nodular melanoma

26 M 64 Scalp Malignant melanoma 65 F 39 Abdomen Malignant melanoma

27 M 69  Foot Acral lentiginous M: Male, F: Female

28 M 74 Inguinal Superficial spreading _ o o _ _

B w7 et SO e edcne et o sigh ol

— 20 AW Malignant melanoma attenuation correction were interpreted by the examiner.

31 F 47  Abdomen Superficial spreading In the interpretation, excluding the physiological FDG

0w R e U e o owr more piene ket

33 M 46 Am Superficial spreading evaluated as metastasis and the result was expressed as

34 M 85  Back Superficial spreading a positive PET/CT finding. In addition, a semi-quantitative

35 M 76  Back Malignant melanoma parameter indica_ting the rate b_et_vve_en the average activ_ity
_ _ in the body and intensity of activity in the selected area i.e.

36 M 68  Waist Malignant melanoma “maximum standard uptake value (SUV ax)” Was also used

37 M 27  Scalp Malignant melanoma for pathological uptake evaluation.

38 M 40  Back Malignant melanoma Preoperative lymphoscintigraphy by intracutaneous injection

39 r 38 Hand el e of 0.5 mCi Tc-99m-labelled albumin nano-colloids around
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the tumor or the tumor’s excision scar was combined with
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the intraoperative use of a hand-held gamma probe and
patent blue dye mapping technique in order to identify and
harvest the SLN.

Statistical Analysis

McNemar test was used in order to compare the positive or
negative PET/CT results of the study group with the positive
and negative results of their SLNBs. Statistical results were
expressed as percent and frequency. Any “p” value less

than 0.05 was accepted as statistically significant.
Ethics Committee Approval and Informed Consent

This study was approved by the istanbul University
Cerrahpasa Medical Faculty Ethics Committee (date: 12 July
2010, file number: 20697) and signed written informed
consent was obtained from all research subjects.

Results

Study patients were divided into 7 groups according to the
time interval between the surgery of the primary lesion and
the initial PET/CT (Table 2). Some patients in these groups
had more than one PET/CT scans during their course of
follow-up.

In the first postoperative year, PET/CT results were positive
in 26 (40%) and negative in 39 (60%). Of the same patients,
SLNB results were positive in 43 (66.2%) and negative in 22
(33.8%) (Table 3).

Within the first postoperative year, PET/CT results of 43
patients with a positive SLNB were found to be also positive
in 23 patients (53.5%) (Figure 1A, 1B) and negative in 20
patients (46.5%). On the other hand, PET/CT results of
22 patients with a negative SLNB were found to be also
negative in 19 patients (86.4%) and positive in 3 patients
(13.6%). One of the three patients with a negative SLNB
and positive PET/CT finding was a 47-year-old female
patient with superficial spreading melanoma localized in the
abdomen, the tumor being Clark level Il with a thickness of
0.6 mm without ulceration. The second was a 76-year-old
male patient with malignant melanoma of the back while
the third patient was a 60-year-old male patient with the
primary tumor localized at the foot showing a histopathology

Table 2. Patient distribution according to time of PET/CT
scanning

PET/CT scanning

Number of patients

1st postoperative year 65
1st and 2nd postoperative year 30
2nd and 31d postoperative year 22
3rd and 4th postoperative year 12
4th and 5th postoperative year 5
5th and 6th postoperative year 6
6th and 7th postoperative year 3
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of Clark level V subungual melanoma, tumor thickness of
0.6 mm with ulceration (Figure 2A, 2B, 2C, 2D).

For the patients with negative SLNB results, the detection
rate of distant metastasis with PET/CT was significantly
lower (p<0.001) than that in patients with positive SLNB
results (Table 4).

Discussion

In a study on the routine use of 18F-FDG PET in patients with
early stage CM and positive SLNB results by Horn et al. (6),
18F-FDG PET was reported to be positive in 27% of these
cases. However, only 12% of these have been verified as
true CM metastases. According to this result, even in case
of positive SLNB results, FDG PET imaging did not have a
clinically important impact for staging. On the contrary, our
results demonstrated that 53.5% of patients with a positive
SLNB also had a positive PET/CT scan in terms of metastatic
lesions, which indicates that in approximately half of the
study patients any possibly metastatic lesion could be
detected by PET/CT. Therefore, PET/CT is a feasible method
in these patients to detect possible distant metastatic
lesions.

Figure 1. Preoperative lymphoscintigraphy image of a patient with a
positive axillary sentinel lymph nodes biopsy (A) along with metastatic lun
nodules and mediastinal lymph nodes of the same patient in PET/CT scan
performed within the 15t postoperative year (B)
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Table 3. Sentinel lymph nodes biopsy results and PET/CT

results of all patients

Patient SLN PET
1 + -
2 - -
3 + +
4 + +
5 + +
6 + +
7 a4 aF
8 + +
9 + +
10 + +
11 + +
12 a4 a
13 + +
14 - -
15 + -
16 + +
17 = =
18 + +
19 + =
20 + =
21 + -
22 + =
23 = =
24 s -
25 = =
26 = =
27 = =
28 - -
29 + +
30 = =
31 - +
32 = =
33 + -
34 = =
35 - +
36 + +
37 + +
38 + +
39 F aF
40 + +
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Table 3. Continued

Patient SLN PET
41 + -
42 + +
43 + -
44 * -
45 + +
46 + +
47 - -
48 + +
49 + -
50 + -
51 - 4
52 - -
53 + -
54 S -
55 - -
56 = =
57 - -
58 + =
59 + -
60 + -
61 - -
62 a4 -
63 - -
64 + +
65 - -

SLN: Sentinel lymph nodes

Table 4. The correlation of sentinel lymph nodes biopsy
and PET/CT results

Patient results PET/CT (+) PET/CT (-)
SLN biopsy (+) n=23 (53.5%) n=20 (46.5%)
SLN biopsy (-) n=3 (13.6%) n=19 (86.4%)

p<0.001, SLN: Sentinel lymph nodes

Constantinidou et al. (7) have reported that PET scan was
positive on two patients none of which was related to
melanoma out of 30 patients who were referred for PET/CT
within 100 days postoperatively with positive SLNB results,
and the value of PET was determined to be limited for staging,
although they have indicated that FDG PET was a highly
sensitive and specific method in identifying distant metastases.

The positive SLNB rate is reported as approximately 20%
in most studies on CM patients. In our study group, this
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rate was determined to be much higher (66.2%) which
may be attributed to the significantly advanced disease
stage of our patients, having Clark levels mostly greater
than 4.

Wagner et al. (8) performed 18F-FDG PET or PET/CT scans
in 46 CM patients in order to determine the rate of distant
metastasis, within 6 weeks after positive SLNBs. Of these
46 patients, 6 had an inconclusive PET/CT. The distant
metastases were detected in 5 (12.5%) of the remaining
40 patients with negative PET results by other methods
within 12 months. In this study, FDG PET was found

Figure 2. PET/CT images performed within the 1st postoperative year of
a patient with primary tumor localized at the foot with a negative sentinel
lymph nodes biopsy, showing right axillary lymph node metastasis (A),
mesenteric metastasis (B), and bone metastasis (C and D)

"

inadequate in detecting distant metastases during initial
staging of these patients with positive SLNB results. These
results may be due to the lack of macroscopic metastatic
disease detectable by PET scan performed within six weeks
after positive SLNBs.

In other similar studies, PET/CT was found to be ineffective
in early stages of CM even in patients with positive SLNBs.
Actually, it is thought that this insufficiency could be more
pronounced in t patients with negative SLNBs, which was
the case in our study. In line with these findings, our results
indicated that 86.4% of the 18F-FDG PET/CTs performed in
the first postoperative year in patients with negative SLNB
results were also negative.

In another study evaluating the accuracy of SLNB and
18F-FDG PET imaging for determining early lymph node
metastasis by Libberecht et al. (9), preoperative PET
imaging and SLNB were performed in five patients
diagnosed with CM over 1 mm Breslow thickness and
without clinically detected lymph node metastases and
recurrence. In this study, no lymph node involvement
or distant metastasis were detected by PET while
micrometastasis was histologically detected in the SLN in
2 of the 5 patients (40%) included in the study during
the 10 month study period. The false negative finding
of lymph node metastasis by PET in this small group of
patients indicated that PET had a limited role for this group
of patients without palpable lymph nodes. Accordingly,
even when there was micrometastasis in the SLN(s),
it was determined that the probability of distant organ
metastasis detection by PET performed within 10 months
would be low. In other words, keeping the limited number
of patients in mind, 18F-FDG PET together with SLNB was
found to be negative in 60% of their patients.

In a retrospective study of 61 patients with early stage CM,
Klode et al. (10) reported that only 1 of 17 metastatic SLNs
was detected in 14 patients (23%) by preoperative 18F-FDG
PET/CT. In that study, the sensitivity and the negative
predictive value of 18F-FDG PET as a diagnostic test was
calculated as 5.9% and 78%, respectively. It was concluded
that 18F-FDG PET was not an appropriate method for
evaluation of early regional lymphatic metastases and that
18F-FDG PET would be more applicable for AJCC stage IlI-IV
CM patients.

Some of the aforementioned studies have reported that
18F-FDG PET imaging was not sensitive in detecting SLN
metastases. For example, in a study on patients diagnosed
with early-stage CM Wagner et al. (8) reported the true
positivity rate of FDG PET as 11%. We could not make a
similar evaluation since we did not evaluate 18F-FDG uptake
particularly for SLN(s). Moreover, in that study distant
metastasis could be detected only in 12.5% of patients
by early '8F-FDG PET imaging. According to our study,
recurrence or distant metastasis could be demonstrated in
53.5% of cases with a positive SLNB within the first year by
18F-FDG PET/CT.
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It was an interesting finding that in 3 patients whose
SLN was negative, the PET/CT results were positive.
Unfortunately, we could not depict any underlying reason
to explain it. There was diversity in terms of their age,
gender, site and type of lesions.

Study Limitations

The main limitation of our study was not to perform
histopathologic verification for foci of 18F-FDG uptake in the
study group. However, the patients were followed-up for
long periods and secondary malignancy was not detected
in any patients, that could have been interpreted as a false
positive metastatic disease for CM.

Conclusion

The existing published articles have focused on the
utility of 18F-FDG PET or PET/CT to demonstrate distant
metastases in patients with positive SLNBs, and this
imaging method was not recommended at early stages
of this disease for this particular purpose. Keeping that in
mind, we tried to understand if this method is useful in
the initial workup of CM patients with negative SLNBs.

In conclusion, '8F-FDG PET/CT performed within the first
year after excision of the primary lesion in patients with
CM was positive in 53.5% of patients with a positive SLNB,
and was negative in 86.4% of patients with a negative
SLNB.

It is well known that, SLNB does not provide direct
information on the presence or absence of distant
metastases (6). Nevertheless, our study also demonstrated
that the presence of distant metastases within the first year
was more than two-fold higher in patients with regional
SLN involvement as compared to patients without SLN
metastasis.

The results of our study showed that results of 18F-FDG
PET/CT performed during the first year follow-up of
patients histologically diagnosed with CM and had negative
SLNB had a good correlation. Accordingly, 18F-FDG PET/CT
was found to be negative during the first year follow-up of
patients with a negative SLNB. Therefore, it is concluded that
18F-FDG PET/CT scanning will not provide any significant
clinical contribution. The results also suggested that both
local and distant metastases could be demonstrated by
18F-FDG PET/CT in more than half of the patients with
a positive SLNB result and that PET/CT scanning was
important in terms of re-staging.

Ethics
Ethics Committee Approval and Informed Consent: This

study was approved by the istanbul University Cerrahpasa
Medical Faculty Ethics Committee (date: 12 July 2010, file

72

number: 20697) and signed written informed consent was
obtained from all research subjects.

Peer-review: Externally peer-reviewed.
Authorship Contributions

Surgical and Medical Practices: O.V.T, FA.C., ZRK.D, C.0.,
H.B.S., Concept: O.V.T, FA.C., ZRK.D, C.O., H.B.S,, Design:
OVT, FAC., ZRKD, C.O. HBS., Data Collection or
Processing: O.V.T,, FA.C., ZRK.D, C.O., H.BSS., Analysis or
Interpretation: O.V.T., FA.C., ZRK.D,, C.O., H.B.S, Literature
Search: O.V.T, FA.C., ZRK.D, C.O., H.BS., Writing: O.V.T,
FA.C., ZRK.D, C.O.. HBS.

Conflict of Interest: No conflict of interest was declared
by the authors.

Financial Disclosure: The authors declared that this study
received no financial support.

References

1. Danielsen M, Hgjgaard L, Kjer A, Fischer BMB. Positron emission
tomography in the follow up of cutaneous malignant melanoma
patients: a systematic review. Am J Nucl Med Mol Imaging 2013;4:17-
28.

Rohren EM. PET/Computed Tomography and Patient Outcomes in
Melanoma. PET Clin 2015;10:243-254.

Tyler DS, Onaitis M, Kherani A, Hata A, Nicholson E, Keogan M,
Fisher S, Coleman E, Seigler HFE Positron emission tomography
scanning in malignant melanoma. Clinical utility in patients with
stage Il disease. Cancer 2000;89:1019-1025.

Reinhardt MJ, Joe AY, Jaeger U, Huber A, Matthies A, Bucerius J,
Roedel R, Strunk H, Bieber T, Biersack HJ, Tuiting T Diagnostic
performance of whole body dual modality 18F-FDG PET/CT imaging
for N and M staging of malignant melanoma: experience with 250
consecutive patients. J Clin Oncol 2006;24:1178-1187.

Coit DG, Andtbacka R, Bichakjian CK, Dilawari RA, Dimaio D, Guild
V, Halpem AC, Hodi FS, Kashani-Sabet M, Lange JR, Lind A, Martin
L, Martini MC, Pruitt SK, Ross MI, Sener SE Swetter SM, Tanabe KK,
Thompson JA, Trisal \, Urist MM, Weber J, Wong MK. Melanoma. J
Natl Compr Canc Netw 2009;7:250-275.

Horn J, Lock-Andersen J, Sjostrand H, Loft A. Routine use of FDG-
PET scans in melanoma patients with positive sentinel lymph node
biopsy. Eur J Nucl Med Mol Imaging 2006;33:887-892.
Constantinidou A, Hofman M, O'Doherty M, Acland KM, Healy
C, Harries M. Routine positron emission tomography and positron
emission tomography/computed tomography in melanoma staging
with positive sentinel node biopsy is of limited benefit. Melanoma
Res 2008;18:56-60.

Wagner T, Meyer N, Zerdoud S, Julian A, Chevreau C, Payoux R
Courbon F Fluorodeoxyglucose positron emission tomography fails
to detect distant metastases at initial staging of melanoma patients
with metastatic involvement of sentinel lymph node. Br J Dermatol
2011;164:1235-1240.

Libberecht K, Husada G, Peeters T, Michiels R Gys T, Molderez C. Initial
staging of malignant melanoma by positron emission tomography
and sentinel node biopsy. Acta Chir Belg 2005;105:621-625.

Klode J, Dissemond J, Grabbe S, Hillen U, Poeppel T, Boeing C. Sentinel
lymph node excision and PET/CT in the initial stage of malignant
melanoma: a retrospective analysis of 61 patients with malignant
melanoma in American Joint Committee on Cancer stages | and Il.
Dermatol Surg 2010;36:439-445.





