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Prospective cohort study of ultrasound surveillance of regional
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Background: For patients with intermediate-thickness melanoma, surveillance of regional lymph node
basins by clinical examination alone has been reported to result in a larger number of lymph nodes
involved by melanoma than if patients had initial sentinel node biopsy and completion dissection. This may
result in worse regional control. A prospective study of both regular clinical examination and ultrasound
surveillance was conducted to assess the effectiveness of these modalities.
Methods: Between 2010 and 2014, patients with melanoma of thickness 1⋅2–3⋅5 mm who had under-gone
wide local excision but not sentinel node biopsy were recruited to a prospective observational study
of regular clinical and ultrasound nodal surveillance. The primary endpoint was nodal burden within
a dissected regional lymph node basin. Secondary endpoints included locoregional or distant relapse,
progression-free and overall survival.
Results: Ninety patients were included in the study. After a median follow-up of 52 months, ten patients
had developed nodal relapse as first recurrence, four had locoregional disease outside of an anatomical
nodal basin as the first site of relapse and six had relapse with distant disease. None of the patients who
developed relapse within a nodal basin presented with unresectable nodal disease. The median number
of involved lymph nodes in patients undergoing lymphadenectomy for nodal relapse was 1 (range 1–2;
mean 1⋅2).
Conclusion: This study suggests that ultrasound surveillance of regional lymph node basins is safe
for patients with melanoma who undergo a policy of nodal surveillance.
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Introduction

The most common site of initial spread from cutaneous
melanoma is to the regional draining lymph nodes, which
occurs at a median of 18 months after initial presentation1.
There are a number of options for managing patients with
a clinically normal regional lymph node basin (no palpa-
ble nodes). Options include regular evaluation by clinical
examination alone2, regular surveillance by imaging such
as ultrasonography3,4, or prophylactic surgery to the lymph
node basin performed at the same time as wide excision of
the primary melanoma. This is usually sentinel node biopsy
(SNB) with or without subsequent completion lymph node
dissection (CLND) for patients with a positive SNB5,6.

SNB is a minimally invasive surgical procedure that
provides accurate prognostic information for patients

beyond that which is available from analysis of the primary
melanoma. In the final report of Multicentre Selective
Lymphadenectomy Trial (MSLT) I7, which randomized
patients to SNB with CLND if indicated compared
with clinical observation alone, sentinel node status was
the most important prognostic factor for death from
melanoma (hazard ratio 2⋅40, 95 per cent c.i. 1⋅61 to
3⋅56; P < 0⋅001). In the era of effective adjuvant therapy,
risk stratification on the basis of a positive sentinel node
may determine whether patients benefit from adjuvant
treatment or be considered for entry into further clinical
trials.

The role of SNB as a therapeutic procedure over
and above providing prognostic information remains an
area of debate. For patients with intermediate-thickness
melanoma (1⋅2–3⋅5 mm), the nodal burden in dissected
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regional lymph nodes after a positive SNB was lower
than that in patients who underwent CLND after clin-
ical detection of involved lymph nodes (1⋅4 versus 3⋅3
nodes involved)8. No difference in melanoma-specific
survival (MSS) was demonstrated between SNB and
clinical observation in MSLT-I (5-year MSS 87⋅1 versus
86⋅6 per cent). However, direct comparison of the 122 of
patients who were sentinel node-positive and underwent
CLND and the 78 patients who underwent total lymph
node dissection after clinical detection demonstrated a
substantial difference in MSS, although this subgroup
analysis may have inherent bias as the groups were not
randomized9. Furthermore, the SNB-positive group
excluded 26 patients with a false-negative result, who
developed nodal disease after a negative SNB, a group
with a particularly poor outlook in terms of nodal burden
and MSS.

High-resolution ultrasound imaging coupled with
fine-needle aspiration (FNA) cytology has been demon-
strated to detect involvement of lymph nodes by melanoma
effectively, and has much greater sensitivity and specificity
than clinical examination alone3,4,10. Two recent RCTs5,6

have analysed clinical follow-up including ultrasound
examination of the regional lymph nodes with CLND
in patients who were previously found to have a positive
SNB. Both studies showed no difference in MSS between
study arms, and did not report any negative outcome
in terms of regional nodal basin control when regular
ultrasound examination was used as the method of
surveillance.

To further clarify the role of clinical examination and
high-resolution ultrasound surveillance in detecting
regional lymph node metastases, a prospective observa-
tional cohort study was conducted in patients who had wide
excision for intermediate-thickness melanoma (Breslow
thickness 1⋅2–3⋅5 mm) but did not have SNB.

Methods

Eligible patients were aged at least 18 years with histo-
logically proven stage I or II cutaneous melanoma at any
anatomical site, with a Breslow thickness between 1⋅2
and 3⋅5 mm, awaiting wide local excision. All patients
had been offered SNB at a referring institution, but had
declined the procedure. Patients who had already under-
gone wide local excision elsewhere or who were deemed
unfit for lymphadenectomy should the need arise were
excluded, as were those with any malignancy diagnosed
within the previous 5 years. The histopathology specimens
from the primary diagnostic excision, if available, were
reviewed.

Study design

This was a prospective, non-randomized, single-centre
cohort study. Ethical approval was granted from the insti-
tutional ethics committee (CCR3228). Patients were
assigned to a programme of ultrasound surveillance com-
prising ultrasound assessment of the regional lymph node
basin at baseline and at every 3 months in the first year,
every 4 months in the second and third years, and every
6 months in the fourth and fifth years. Ultrasound exam-
inations were done by one of two consultant radiologists
using a high-resolution ultrasound scanner (Logiq™ E9;
GE Healthcare, Amersham, UK) with a 10–15-MHz
transducer.

At each examination, the location, size, shape, number,
position, cortical thickness, and presence of peripheral vas-
cularity in the regional lymph nodes were recorded. Where
there was suspicion of metastatic disease (according to the
above criteria), ultrasound-guided FNA was performed.
If relapsed melanoma was confirmed on FNA, patients
were offered lymphadenectomy. Equivocal ultrasound and
cytological assessments were repeated after 4–6 weeks, in
accordance with normal clinical practice.

The primary endpoint was the nodal burden (number
of positive lymph nodes) at the time of lymphadenectomy,
should it be required. Secondary endpoints included the
percentage of patients developing regional lymph node
metastases, the percentage of patients presenting with
unresectable regional lymph node metastases, the per-
centage of patients developing distant metastases, and the
percentage of patients developing a wound infection or
lymphoedema following lymphadenectomy.

Patients who developed either a nodal or distant relapse
were subsequently treated along a normal melanoma
pathway, either with ongoing surveillance and regular
cross-sectional imaging for patients with fully resected
stage III disease, or with immunotherapy or targeted ther-
apy for patients with stage IV disease. If patients developed
an in-transit metastasis between the primary melanoma
and the draining regional nodal basin as the first site of
relapse, ongoing ultrasound surveillance according to the
study protocol was permitted.

Statistical analysis

It was hypothesized that the nodal burden in regional
lymph node metastases detected by ultrasound surveillance
would be the same as that in patients undergoing SNB.
In the MSLT-I trial7, the mean nodal burden of patients
undergoing SNB was 1⋅1 positive nodes. However, in the
22 per cent of patients randomized to the observation arm
who later developed regional lymph node metastases, the
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mean nodal burden was 3⋅3 positive nodes. The planned
sample size for this study was 90 patients. Assuming that
20 per cent of these patients would develop regional lymph
node metastases, this would provide 90 per cent power
for a two-sided α of 5 per cent. The nodal burden rate
was compared using an independent t test. Five-year rates
of nodal metastasis and distant metastasis were calculated
using the Kaplan–Meier method11. All statistical analyses
were done using Stata® release 13 (StataCorp, College
Station, Texas, USA).

Results

Between August 2010 and November 2014, 90 patients
were recruited to the study. One was excluded after patho-
logical review, in whom the Breslow thickness was found
to be 8 mm having originally been reported as 3 mm. A
further patient had the Breslow thickness reclassified from
1⋅2 to 1⋅11 mm on pathological review, but was retained
in the study. Baseline characteristics of 89 patients included
are shown in Table 1. Examples of normal and abnormal
appearances of regional lymph nodes on ultrasound are
shown in Fig. 1.

Median follow up was 52 (range 42–92) months. After
5 years, the overall survival rate in the study was 94 (95 per
cent c.i. 85 to 97) per cent; the progression-free survival
rate was 73 (60 to 83) per cent and the risk of nodal metas-
tasis 13 (7 to 23) per cent (Fig. S1, supporting information).

In total, 20 patients (22 per cent) developed a proven
relapse; ten patients (11 per cent) presented with a lymph
node metastasis within a nodal basin as the site of first
recurrence. Four patients (4 per cent) had locoregional
relapse outside a defined nodal basin (in-transit disease)
and six (7 per cent) had relapse at distant sites as the site
of first recurrence. One patient had a suspicious lymph
node in the right postauricular region, cytology from
which demonstrated numerous atypical cells that were
consistent morphologically with malignant melanoma;
however, subsequent histology from an ultrasound-guided
excision biopsy and then selective neck dissection failed
to demonstrate any evidence of melanoma. The patient
remains free from disease.

Of the ten patients who presented with a lymph node
basin relapse as the site of first recurrence, five had a clin-
ically normal examination immediately before ultrasound
surveillance, which then demonstrated a morphologically
abnormal lymph node. Cytology performed under ultra-
sound guidance demonstrated metastatic melanoma in all
five patients. Of these, four had disease within the axilla
and one in the groin. The other five patients had a clin-
ically abnormal lymph node identified by the examining

Table 1 Patient characteristics

No. of patients*

Age (years)† 60 (48–69, 22–91)

Sex ratio (M : F) 45 : 44

Breslow thickness‡ 1.9 (1⋅1–3⋅5)

Ulceration (n =70)§
Ulcerated 12 (17)

Non-ulcerated 58 (83)

Clark level (n =65)§
1 1 (2)

2 0 (0)

3 19 (29)

4 44 (68)

5 1 (2)

Anatomical location

Arm 18 (20)

Legs 32 (36)

Trunk 25 (28)

Head/neck 13 (15)

Vulval perineum 1 (1)

*With percentages in parentheses unless indicated otherwise; values are
†median (i.q.r., range) and ‡median (range). §Percentages based on number
of patients with data available.

physician or self-reported a mass that was then confirmed
by clinically guided or ultrasound-guided cytology. Of
these, two were in the neck, two in the axilla and one in the
groin. One of these patients had been recalled on the basis
of a suspicious ultrasound examination but normal cytology
6 weeks earlier.

Of the ten patients presenting with nodal relapse, nine
proceeded immediately to nodal dissection. One patient
was identified to have synchronous widespread distant
disease and had chemotherapy without nodal dissection.
Among the nine patients who underwent nodal dissec-
tion, the median number of involved lymph nodes was
1 (range 1–2; mean 1⋅2) (Table 2). Four of these patients
subsequently developed distant metastatic disease after a
median further interval of 11 (range 2–37) months. Of the
remaining five patients, four remain disease-free, whereas
one has no reported follow-up after surgery. Postoperative
complications were noted in three of the nine patients
undergoing lymphadenectomy; two developed a wound
infection requiring oral antibiotics and one mild persistent
lymphoedema (1 per cent).

Of the four patients who presented with in-transit disease
as the first site of relapse, two have not subsequently devel-
oped nodal disease and remain under surveillance. One
patient presented with a palpable local recurrence imme-
diately adjacent to the original melanoma scar, and sub-
sequently developed extensive bulky in-transit disease in
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Fig. 1 Ultrasound images of normal and abnormal appearances of regional lymph nodes

a  Normal node b  Abnormal node

a Normal node in left axilla, characterized by an ovoid shape, central hilar fat and less than 2 mm peripheral lymphoid tissue. b Abnormal metastatic node
in left axilla, characterized by hypoechoic attenuation, loss of hilar sinus fat and a more circular configuration.

Table 2 Lymphadenectomies and nodal burden for patients with
relapse in regional lymph nodes as first site of disease,
identified by clinical examination and ultrasound surveillance

No. of patients*

Lymphadenectomy 9

Inguinal 2

Axilla 6

Neck 1

Total no. of nodes removed

Mean 23⋅1

Median (i.q.r.) 20 (15–25)

No. of positive nodes removed

Mean 1⋅2

Median (i.q.r.) 1 (1–1)

*Unless indicated otherwise.

the leg. This patient was treated with induction vemu-
rafenib followed by surgery, and remains in complete
remission. The remaining patient presented with an
in-transit deposit on the chest wall from a truncal
melanoma and developed subsequent axillary nodal
disease treated with lymphadenectomy, but then went on
to develop distant disease.

Of the six patients who presented with distant dis-
ease, five were investigated for self-reported symptoms.
The remaining patient, with a melanoma on the lower
back, presented with a left supraclavicular (Virchow’s) node

identified on clinical examination and was then found to
have wide-spread intra-abdominal disease on staging inves-
tigations.

Discussion

This analysis of a cohort of patients with intermediate-
thickness melanoma who did not undergo SNB demon-
strated that a programme of regular high-resolution
ultrasound and clinical examinations resulted in a nodal
burden rate at operation that was equivalent to that
reported previously for patients with equivalent Breslow
thickness who underwent SNB and CLND8. The median
number of involved lymph nodes in this study was 1.
Approximately half of the patients who presented with
nodal disease as the first site of relapse were identified by
ultrasound imaging, the majority of whom had disease in
the axilla.

In the UK, the current national guidance2 is that SNB
should be offered to all patients with cutaneous melanoma
greater than 1 mm in thickness, but in the context of
a discussion regarding the advantages and disadvantages
of the procedure. Given the uncertainty about a proven
survival benefit for patients undergoing SNB versus clinical
observation, the principal focus of guidance is in the value
of the prognostic information provided by SNB balanced
against the small morbidity associated with SNB. One
of the concerns raised with omitting SNB is that the
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tumour burden in the regional lymph node basin may be
three times higher by the time metastatic lymph nodes
become palpable8. The present results would appear to
show that the addition of regular ultrasound examination at
the time of follow-up visits can avoid a higher nodal burden
rate.

Recent publications12–15 from a number of RCTs
of adjuvant immunotherapy and targeted therapy for
melanoma have showed considerably improved melanoma
relapse-free survival. Thus, it is seems likely that in the
future most patients with intermediate-thickness primary
melanoma will be advised to have SNB as a higher risk
stratification would direct potentially effective adjuvant
treatment. There may be circumstances where, even
when effective adjuvant therapy is available, prognostic
information gained from SNB does not alter manage-
ment. This may be the case for patients with high-risk
primary melanoma (thicker than 4 mm and ulcerated),
who can have a worse prognosis than those who have
intermediate-thickness melanomas and are SNB-positive
but do not have any other adverse prognostic features1.
Hence for thick, ulcerated primary melanomas, adjuvant
treatment would be indicated and sentinel node status may
not be relevant.

For patients with intermediate-thickness melanoma in
whom sentinel node status is likely to provide information
that may govern adjuvant treatment, the role of ultrasound
imaging is less clear. Patients not eligible or appropriate for
adjuvant therapy may choose not to undergo SNB to avoid
the morbidity of the procedure. Although the risk of com-
plications is small, in the recent MLST-25 lymphoedema
was seen in 6 per cent of the observation arm, compared
with 24 per cent of patients who underwent CLND. The
rate of lymphoedema was very low in the present study (1
per cent) as 90 per cent of patients avoided any surgical pro-
cedure and only one of nine who underwent lymphaden-
ectomy for low-volume disease developed lymphoedema.

Some criticisms could be applied to the present study.
First, the study was performed in a tertiary melanoma refer-
ral centre and recruited a significant proportion of patients
from secondary centres where SNB was performed rou-
tinely in patients with intermediate-thickness melanoma.
This is likely to have introduced selection bias. It may well
be the case that the patients who opted into this surveillance
protocol would be more likely than the whole population
to attend regularly for follow-up. Second, even though the
entry criteria in terms of Breslow thickness were identical,
the actual rate of nodal positivity here was lower than that
in the observation arm of MLST-I (11 versus 16 per cent),
which may be because the rate of ulceration was lower in
the present study (17 versus 27 per cent).
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