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Chapter 8

ABSTRACT

Background

Stage IIB/IIC(8" AJCC) melanoma patients are known to have high-risk
primary tumors, however they follow the same routine to sentinel lymph node
biopsy(SLNB) as more low risk tumors. Guidelines are not conclusive regarding
the use of preoperative imaging for these patients. The aim of this pilot study
was to assess the value of ultrasound(US) and ™®F-FDG PET/CT prior to
lymphoscintigraphy(LSG) and SLNB for stage [IB/C melanoma patients.

Methods

From 2019-04 till 2020-01, all stage IIB/C melanoma patients underwent US of
the regional lymph nodes and whole body ®F-FDG PET/CT before their planned
LSG and SLNB. Suspected metastases were confirmed with fine needle aspiration
(FNA), prior to surgery.

Results

In total 23 patients were screened: six had metastases detected by imaging,
two by US, one by ®F-FDG PET/CT and three were detected by both imaging
modalities. All metastases were nodal and therefore treatment was altered to
lymph node dissection and all but one also received adjuvant therapy. Eight (47%)
of the 17 patients without macroscopic disease, still had a positive SN. Sensitivity,
specificity and false negative rate for US and ®F-FDG PET/CT were 36%, 89%,
64% and 29%,100% and 71%, respectively.

Conclusion

Preoperative negative imaging does not exclude the presence of SN metastases,
therefore SLNB cannot be foregone. However, US detected metastases in 22%
of patients, altering their treatment, which suggests it is effective in the work-up
of stage IB/C melanoma. Staging with ®F-FDG PET/CT is not of added value
prior to LSG and SLNB and should therefore not be used.
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INTRODUCTION

Currently, most guidelines recommend patients with a pT1b melanoma or higher
undergo LSG followed by SLNB, which is used to assess the status of the regional
lymph node basin '. The pathological assessment of the excised SN's is seen as
the strongest prognostic factor for disease recurrence or death due to melanoma
for patients with stage | or Il melanoma, until the SLNB might be replaced in the
future by molecular predictors, such as gene expression profiles 5.

However, it is known that patients have a higher risk of developing nodal or
distant metastases when having a thick and ulcerated primary tumor, which are
staged as IIB and IIC melanomas according to 8" American Joint Committee on
Cancer (AJCC). Besides this, these recurrences often develop at an early stage.
&7 Therefore, as macroscopic disease is possibly already present in patients
with stage [IB/C melanomas, the SLNB might not be the preferred approach for
everyone and alternative methods should be considered.

In the follow-up setting, US as imaging modality is routinely used to exclude nodal
metastases, as many studies have proven it to be superior to physical examination®.
In patients with newly diagnosed melanomas, the use of preoperative US for the
evaluation of the regional lymph nodes is still doubted °. Results of various studies
have shown insufficient proof for replacing SLNB with US, whether guided by fine
needle cytology (FNAC) or not. However, several of them have also reported an
increase in sensitivity for selected patients with thick and/or ulcerated melanomas,
as they are susceptible for larger metastases in the lymph nodes 0%,

As visceral metastases cannot be accurately detected by US, investigating ®F-FDG
PET/CT as second preoperative imaging modality could be of interest. Studies
have already shown that Fluorine-18 Fluorodeoxyglucose Positron Emission
Tomography/Computed Tomography (®F-FDG PET/CT) has become invaluable
for restaging melanoma patients and during follow-up, mostly for finding distant
metastases ™. Although evidence for the use of ®F-FDG PET/CT for primary
staging is lacking, many physicians still use this imaging tool to rule out metastases
in newly diagnosed stage IIB/C melanoma patients with thick and ulcerated
primary tumors ™.

The aim of this pilot study was to investigate the value of US of the regional lymph
nodes and whole body F-FDG PET/CT prior to LSG and SLNB in patients with
thick and ulcerated melanomas. We hypothesize that the use of ®F-FDG PET/
CT in this setting has its limitations and by proving this, we hope to reduce
unnecessary usage.
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PATIENTS AND METHODS

Patients

This prospective pilot study included patients with a histologically proven primary
melanoma staged as IIB or IIC according to the 8" AJCC ™. Stage IIB and IIC
were defined as patients with a primary melanoma with a Breslow thickness
>2mm with ulceration and with a Breslow thickness >4mm without ulceration.
This therefore concerned all patients with a primary tumor staged as pT3b,
plda or pl4b. Patients with palpable nodal metastases or symptomatic distant
metastases detected by STO0B prior to LSG and SLNB, were excluded. Included
patients were planned for wide local excision and SLNB at the Netherlands
Cancer Institute - Antoni van Leeuwenhoek. The study was reviewed by the
Medical Ethics Review Committee of our institute and assessed as non WMO
(Medical Research Involving Human Subjects Act), therefore no informed consent
was needed.

Screening protocol

The screening protocol, introduced in 2019-04, consisted of a whole body "™®F-
FDG PET/CT and US of the regional lymph node basin which was guided by
FNAC in case of suspicious lymph nodes, both performed before the routine
LSG and SLNB. In case of suspicious distant lesions detected by ®F-FDG PET/
CT, cytologic puncture or histologic biopsy was performed in order to prove
metastases. Figure 1 shows a flowchart of the protocol. Only patients who
underwent US as well as whole body ®F-FDG PET/CT, were included in this study.

Patients who had no metastases detected by the preoperative ®F-FDG PET/CT
or US, proceeded to undergo LSG and SLNB. SN-positive patients (microscopic
disease) entered, depending on their tumor burden, follow-up guided by US
or started T-year adjuvant systemic therapy. SN-negative patients entered
standard follow-up, consisting of appointments with the nurse practitioner and
dermatologist: 3-monthly the first year and 6-monthly the following 2-5 years.

Patients with metastases (macroscopic disease) detected by preoperative ®F-FDG
PET/CT or US, confirmed by cytology, did not undergo LSG or SLNB. Patients
with regional lymph node metastases underwent lymph node dissection (LND)
followed by adjuvant therapy.

Preoperative imaging and interpretation

Whole body ®F-FDG PET/CT imaging was conducted on a cross-calibrated
Phillips Gemini TF time-of-flight 16 or Phillips Gemini TF big-bore PET/CT
scanner (Cleveland, USA). Abnormal FDG accumulation was evaluated according
to location, size and intensity. Images were assessed by experienced nuclear
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medicine physicians and the treating surgeon, who took the clinical setting into
account.

US examinations were performed using the Philips EPIQ 7 Ultrasound (Bothell,
Washington, USA). Lymph nodes that presented with a loss of fatty hilum, cortical
nodules, a short axis diameter of >1cm, a convex aspect and/or blurred margins
were considered suspicious. In case of suspicious lymph nodes, US-guided FNAC
was performed. Images were assessed and FNAC was performed by experienced
radiologists.

US images were considered to be true positive (TP) when suspicious lesions were
proven metastases by FNAC and false positive (FP) when FNAC failed to prove
metastases. US images were considered to be true negative (TN) when US was
negative and SLNB failed to detect SN metastases. US images were considered
false negative (FN) when US was negative but SLNB did detect SN metastases or
when US failed to detect metastases but ®F-FDG PET/CT did detect cytologically
or proven metastases.

BE-FDG PET/CT images were considered to be TP when suspicious lesions were
proven metastases by FNAC of histological biopsy and FP when these failed to
prove metastases. '®F-FDG PET/CT was considered to be TN when ®F-FDG PET/
CT was negative and the SLNB failed to detect SN metastases. ®F-FDG PET/CT
images were considered FN when ®F-FDG PET/CT was negative but the SLNB
did detect SN metastases or when ®F-FDG PET/CT failed to detect metastases
but US did detect FNAC-proven metastases.

Histopathological assessment of the SN was done according to the EORTC
protocol, described in detail by Cook et al”.

Statistics

Baseline characteristics were recorded in a prospective database and summarized
using descriptive statistics in the Statistical Package for Social Sciences for
Windows version 25.0 (IBM). Sensitivity/true positive rate (TPR), specificity/true
negative rate (TNR), positive- and negative predictive value (PPV, NPV) were
determined using standard definitions.

RESULTS
In total 23 patients entered the screening protocol between 2019-04 and 2020-

01. Table T summarizes the baseline characteristics. Most patients were male
(70%) and the median age was 74 years at the time of presentation. 48% of
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patients had a melanoma primary tumor staged as pT4b, 13% staged as pT4a and
39% staged as pl3b. Most patients had a nodular melanoma (39%).

N %
Sex Female 7 30
Male 16 70
Median age, years (range) 74 (37 - 85)
T-stage (8" AJCC) pT3b 9 39
pl4a 3 13
pT4b 1 48
Stage (8" AJCC) 1B 12 52
Inc 1l 48
Location Extremity 13 57
Trunk 10 44
Head/neck 0 0
Subtype Superficial 4 17
Nodular 9 39
Acral lentiginous 8 35
Other 2 9
Microsatellites Absent 18 78
Present 3 13
Unknown 2 9

Table 1. Baseline characteristics (n=23). Abbreviations: AJCC, American Joint Committee on
Cancer.

Screening protocol

A summary of outcomes is shown in Figure 1. As each patient underwent both
imaging modalities: a total of 23 ®F-FDG PET/CT's and 23 US's were performed.
Overall six patients (26%) had macroscopic disease detected by preoperative
imaging. Three patients had macroscopic disease that was detected by 8F-FDG
PET/CT as well as US. Two patients had metastases discovered only by US, both
patients had axillary hypermetabolic lymph nodes on ®F-FDG PET/CT of which no
clear distinction could be made between reactive lymph nodes and metastases,
with a slight preference for reactive. A single patient had metastases discovered
only by ®F-FDG PET/CT. He had two FDG-avid axillary lymph nodes, which
were only recognized as pathologically enlarged by US on the second attempt
to obtain cytology.
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Patients

Stage IIB and
IIC (n=23)

- n=2 detected by US only
- n=1detected by PET/CT only
- n=3 detected by US & PET/CT

‘L 74% without macroscopic disease
Standard diagnostic
procedures LSG and SLNB
(n=17)

Outcome

Follow-up with

Follow-u|
US +/- AST i

Treatment

26% with macroscopic disease

Nib+
(n=6)

LND +/- AST

Neo-adjuvant
therapy trial

Systemic
therapy

Figure 1. Flowchart of the order of examinations, procedures and outcomes. Abbreviations: US,
ultrasound; LSG: lymphoscintigraphy; SN, sentinel node; SLNB, sentinel lymph node biopsy; N1b+,
macroscopic nodal disease; M1, distant metastases; AST, adjuvant therapy, LND, lymph node

dissection. (1,5-column fitting image)

Table 2 summarizes all characteristics of patients with macroscopic disease. All
metastases (n=6) detected by preoperative imaging were found in the regional
lymph node basin: five in the axilla and one inguinal, all confirmed by US-guided
FNAC. The metastases were equally divided over patients with pT3b, pT4a and
pT4b primary tumors. Patients had an average of one positive lymph node, most

tumor deposits were >4.0mm (Table 3).

N %

Detected by BF-FDG PET/CT 4 67
usS 5 83

BFE-FDG PET/CT and US 3 50

Primary tumor, T-stage pT3b 2 33
pl4a 2 33

pl4b 2 33

Location Axilla 5 83
Inguinal 1 17

Treatment Re-excision + LND 1 17
Re-excision + LND + adjuvant therapy 5 83

Table 2. Characteristic of patients and tumor with macroscopic disease detected by preoperative
imaging (n=6). Abbreviations: US, ultrasound; ®F-FDG PET/CT, Fluorine-18 Fluorodeoxyglucose

Positron Emission Tomography/Computed Tomography; LND, lymph node dissection.
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A total of 17 patients (74%) had no macroscopic disease detected by ®F-FDG
PET/CT or US. Subsequently, these patients underwent LSG followed by SLNB.
A positive SN was found in eight patients (47%). Patients had an average of two
positive SN and most SN tumor deposits were between >1.0mm and <4.0mm
(50%) (Table 3).

N %
Number of patients with microscopic disease 8 100
Size SN metastases <0.Tmm 0 0
>1.0 and <1.0mm 2 25
>1.0 and <4.0mm 4 50
>4.0mm 2 25
Number of SN with metastases 1 2 25
2 3 38
3 2 25
>4 1 13
Number of patients with macroscopic disease 6 100
Size LN metastases <0.1mm 0 0]
>1.0 and <1.0mm 0 0
>1.0 and <4.0mm 1 17
>4.0mm 5 83
Number of LN with metastases 1 3 50
2 1 17
3 1 17
>4 0 0

Table 3. Histopathological tumor burden of largest SN excised during SLNB and largest LN after
LND. Abbreviations: SN, sentinel node; LN, lymph node.

Management of detected metastases

Five patients with macroscopic disease detected by preoperative imaging,
underwent wide local excision combined with LND followed by adjuvant therapy.
One patient underwent wide local excision combined with LND followed by
follow-up, as histopathology of the primary tumor and the LN metastasis,
matched with a pigmented epitheloid melanocytoma, which is considered a more
indolent type of cancer. The LN metastasis showed mostly tumoral melanosis.
Therefore, adjuvant therapy was not advised. These patients were restaged to
[IC melanoma. Patients with a negative SN identified by SLNB entered follow-up.
Of the 8 patients with a positive SN, 7 patients started adjuvant therapy. One
patient had progression in an axillary lymph node, detected by ®F-FDG PET/CT
between surgery and the start of adjuvant therapy, for which he underwent LND.
Subsequently, he received adjuvant therapy. This patient was restaged to stage
11D melanoma. The other SN-positive patients were restaged to IlIC melanoma.
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Interpretation of imaging

Five (36%) US images were considered to be TP, as there were 5 metastases
detected by US. One image (11%) was found to be FP, as it showed suspicious
lesions but FNAC failed to prove metastases. Eight US images (89%) were
considered to be TN, as these patients also had a negative SN. Finally, 9 images
(64%) were considered to be FN: 8 patients had negative US images but a
positive SN and for one patient US failed to detect macroscopic disease which
was detected by ®F-FDG PET/CT.

Four 8F-FDG PET/CT images (29%) were considered to be TP, as there were 4
metastases detected by ®F-FDG PET/CT. No images (0%) were found to be FP.
Nine 8F-FDG PET/CT images (100%) were considered to be TN, as these patients
also had negative SN. Finally, 10 images (71%) were considered to be FN: 8
patients had negative ®F-FDG PET/CT images but a positive SN and for 2 patients
BFE-FDG PET/CT failed to detect macroscopic disease which was detected by US.

The sensitivity, specificity, PPV and NPV of US to detect regional lymph node
metastases in newly diagnosed stage IIB or [IC melanoma patients was 36%, 89%,
83% and 47% respectively. The TPR, TNR, PPV and NPV of ®F-FDG PET/CT to
detect regional lymph node and distant metastases was 29%, 100%, 100% and
47% (Table 4).

Sensitivity Specificity PPV NPV

(95% ClI) (95% CI) (95% ClI) (95% CI)
us 36 (13 - 65) 89 (52 -100) 83 (41-97) 47(36 -58)
Whole body ®F-FDG PET/CT 29 (8 - 58) 100 (66 -100) 100 47 (39 - 56)

Table 4. Diagnostic test accuracy. Abbreviations: Cl, confidence interval; PPV, positive predictive
value;, NPV, negative predictive value.

Incidental findings

A total of 14 incidental findings not suspicious of melanoma were detected by
BE-FDG PET/CT. Three patients had aspecific nodes in the lung which required
follow-up. In five patients 8F-FDG PET/CT revealed findings that needed further
diagnostic examination. These were polyps in the colon, reactive changes in the
gastric mucosa, a nonspecific cyst in the thyroid and for two patients benign
follicular nodes in the thyroid. Six findings that did not need further examination
were described: Schmorl’s node, concrement in the kidney, synovitis of the
femoral head, dilated aorta ascendens, adrenal adenoma and non-specific skin
inflammation.
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DISCUSSION

This prospective pilot study is the first to evaluate the use of both US of the
regional lymph nodes and whole-body ®F-FDG PET/CT prior to LSG and SLNB
in stage IIB/C melanoma patients and demonstrates that they have a high risk of
developing macroscopic disease prior to SLNB. Preoperative imaging detected
only regional lymph node metastases in six patients (26%), altering their treatment.
Negative imaging outcomes did not exclude the presence of SN metastases,
emphasizing the role of the SLNB in these patients. However, as five metastases
were detected by US, we do believe it may complement the procedure.

Multiple studies have been published about the use of preoperative US +/-
FNAC and have concluded that it is not a reliable alternative to SLNB to identify
clinically occult nodal metastases. Especially the reported TPR's are low, varying
between 7.1-33.8% for the studies with more than 300 patients *™ 2%, Variations
between these studies are among other things, due to differences in baseline
characteristics and whether studies combined US with FNAC or not. Up to
now only the Voit group, using the so-called US Berlin morphology criteria for
the assessment of their lymph nodes, has repeatedly succeeded in reporting
superior results, with sensitivity rates varying between 51-82% using US-guided
FNAC 101920 nfortunately, to date, others have been unable to reproduce the
same outcomes. This study shows a low sensitivity rate of 36% and for US-guided
FNAC prior to SLNB. This is because many patients with a negative US, still had a
positive SN and these US's were considered FN (n=9). However, the PPV was very
high. Therefore, we agree that the SLNB cannot be replaced by the preoperative
US we offer patients in our hospital, but we do think this imaging modality can
be an adjunct to the procedure, in which it can save unnecessary anesthetics
and surgery in 22% of pT3b or higher melanomas.

Although the SLNB is minimally invasive, it has a complication rate of
approximately 5-10% worldwide, with studies describing wound infections, seroma
and lymphedema?'. Besides reducing SLNB-related morbidity by avoiding the
procedure, costs could be spared by introducing all stage IIB/C melanoma
patients to a preoperative US. Van Akkooi et al. calculated that an average SN
procedure costs €1254 and a US-guided FNAC costs €169. For each patient that
could be spared a SLNB, that is Tin 4 /1in 5 in our study, a total of €1086 can
be saved, not to mention the costs from potential additional morbidity associated
with it 22,

Another advantage of detecting pathological lymph nodes prior to LSG and

SLNB, lie in the possibility of foregoing SLNB and proceeding directly to LND
or entering a neo-adjuvant trial. The latter are still under investigation, however
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the first published results look very promising: high pathological response rates
were achieved in up to approximately 80% of patients and nearly all of these were
durable?®?5. Subsequently, the PRADO trial (NCT #02437279), is investigating if
the therapeutic LND can be foregone in patients with a complete pathological
response on the index node after having received neo-adjuvant ipilimumab and
nivolumab?. Therefore, in the future, detecting nodal metastases prior to the
SLNB could lead to the omission of two surgical procedures.

In our study, four regional lymph node metastases and no distant metastases
were detected by ®F-FDG PET/CT. We showed a low sensitivity of 29% for the
detection of metastases by ®F-FDG PET/CT in this patient group. These results
are similar to those of a study by Wagner et al., who concluded that ®F-FDG
PET/CT does not seem to be an effective imaging modality for detecting distant
metastases in patients with an ulcerated melanoma with a Breslow thickness >
Tmm or > 4mm ?. Two studies that investigated the use FDG PET at baseline in
patients with melanoma with a Breslow thickness > Tmm only, also failed to prove
the utility of this imaging technique for the detection of clinically occult distant
metastases %2, Both studies reported that no distant metastases were revealed
by PET, not even in the high-risk patients. This corresponds with our results, as
no distant metastases were detected by ®F-FDG PET/CT in a group with only
high-risk (pT3b, pT4a and pT4b) melanoma patients. Wagner et al. did however
report a high PPV of 100% for nodal involvement in newly diagnosed high-risk
melanoma patients. ¥ Our results also showed a PPV of 100% for the detection
of metastases, but as these were only nodal, they could also be interpreted
as the PPV for the identification of regional lymph node metastases. As only
1 of 6 patients had regional metastases detected by ®F-FDG PET/CT only, we
recommend using solely preoperative US prior to SLNB. In this pilot study, the
addition of ®F-FDG PET/CT was not of added value and only led to unnecessary
costs (approximately €1600 per scan) °°,

These conclusions do warrant careful interpretation, as this is a pilot study with
a small sample size. One US and no "®F-FDG PET/CT scans were assessed as
FP, but one can imagine that these numbers can rise when the sample size is
larger. FP scans lead to extra diagnostics tests, which lead to an increase in
costs and can create a stressful situation for the patient. In this case, there
were a significant number of incidental finding on ®F-FDG PET/CT that were
not considered suspicious for melanoma metastases, but did require further
diagnostics. It is also important to bear in mind that this study was conducted
at the Netherlands Cancer Institute, a specialized center that unintentionally
might attract melanomas with a high-risk profile. Therefore, the rate of detected
microscopic and macroscopic metastases might be higher than in a population
in a general hospital.
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We believe that nodal staging with US as adjunct to SLNB is useful in the work-
up of stage IIB and IIC melanoma, as it can lead to alterations in treatment and
prevent unnecessary surgery. However, as US as well as whole body ®F-FDG
PET/CT showed low sensitivity rates of 36% and 29%, we conclude that both are
clinically unreliable to perform without SLNB.
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