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A B S T R A C T   

Introduction: We aimed to study the frequency (prevalence) and histology of benign melanocytic naevus cells in 
regional lymph nodes in relation to age and sex and nodal location. 
Material and methods: Histopathology reports of sentinel lymph node (SLN) biopsies from melanoma patients, 
2002 − 2014, and from breast cancer patients, 2010- 2019, were obtained from records of a single hospital in 
England. All sections were similarly processed and examined. For standardisation, presence of naevus cells was 
assessed in a single node per patient: the first SLN biopsied (melanoma) or the node nearest the first SLN (breast 
cancer). 
Results: Associations were tested using Fisher’s exact test. Naevus cells were found in 10% (60/585) of melanoma 
patients’ index SLNs. Frequency varied significantly by anatomic region: 13% in axillary to 0% cervical SLNs (p 
= 0.03), but not by sex or age. Within nodes, naevus cells were present in capsular or pericapsular tissue (93%), 
or trabeculae (7%). In breast cancer patients’ index axillary nodes, 6% (11/196) contained naevus cells, all 
intracapsular. In the predominant 40–69 years age-group, prevalence was similar in breast cancer (7%) and 
female melanoma (9%) patients, but in those aged 70–100, prevalence was lower in breast cancer (2%) than in 
female melanoma (15%) patients (p = 0.05). 
Conclusions: Standard methods of assessment yielded no clear pattern of naevus cell frequency in lymph nodes by 
age or sex, but confirmed naevus cell location as mostly intracapsular.   

1. Introduction 

Histopathological evaluation of sentinel lymph nodes (SLNs) for 
metastatic melanoma highlights the long-recognised phenomenon of 
benign melanocytic naevus cells in a proportion of lymph nodes draining 
the skin [1,2]. Clinically it is crucial to distinguish benign melanocytes 
from melanoma micrometastases in SLNs so that inappropriate therapy 
is not instigated [3]. There are two main theories about the source of 
naevus cells in SLNs, namely, deviant embryological migration from the 
neuroectoderm, or migration of melanocytic naevus cells from skin to 
lymph node [4]. Naevus cells are usually located in the capsule or per
icapsular tissue, or in the fibrous trabeculae of lymph nodes, often 
closely related to lymphatics (Supp Figure), while metastasised 

cutaneous melanoma cells are found in the parenchyma, suggesting that 
if benign naevus cells do travel from the skin, they do not migrate within 
the lumen like metastatic melanoma cells [2,4]. The close perilymphatic 
site of naevus cells in some cases raises the possibility that they migrate 
like extravascular migratory metastases [5]. In addition, the lack of 
naevus cells in lymph nodes draining non-cutaneous sites would be 
consistent with the ‘benign metastasis’ theory [2] and does not support 
the arrested embryological migration hypothesis. Other explanations for 
naevus cells in lymph nodes are also possible, for example, an under
lying chemotactic mechanism whereby factors in the skin meant to in
fluence the cutaneous distribution of melanocytes. 

in utero, drain via the primitive lymphatic system to regional lymph 
sacs and lead to. 
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melanocytes being deposited at the sites of future nodes [6]. 
The proportion of people whose regional nodes contain melanocytic 

naevus cells is uncertain, with quoted estimates ranging widely from 
0.02% to 25% [5]. Inspection of reports shows that comparisons have 
not been standardised, with series ranging in size from 6 to > 17,000 LNs 
examined, and method of sampling ranging from sentinel LNs to all 
nodes obtained in full nodal dissections irrespective of location [6–10]. 
Thoroughness of sectioning and use of immunostaining have also varied 
[5,11] which may partly explain why melanoma patients show consis
tently higher frequencies of naevi in lymph nodes than, for example, 
breast cancer patients [2,9]. Whether frequency of naevus cells in SLNs 
varies by sex or age group of patients is unknown. One study has sug
gested that frequency is higher in melanoma patients with high numbers 
of common acquired naevi on the skin [10], though variation by age and 
sex could not be assessed since patients were matched on these 
variables. 

We therefore used a standard approach, such that a single pre- 
specified LN per patient was examined, to assess the frequency (preva
lence) and histological features of naevi in SLNs in melanoma patients in 
an unbiased fashion, according to their regional location, and relating 

these to their age and sex. We also compared the frequency of naevus 
cells in axillary LNs from female melanoma and breast cancer patients, 
processed in identical fashion. 

2. Materials and methods 

2.1. Data collection 

We obtained reports of SLN biopsies at random from cutaneous 
melanoma patients assessed in the period 2002 − 2014 in the Histopa
thology Department of the Royal Surrey Hospital. The standard histo
pathologic procedure described by the European Organisation for 
Research and Treatment of Cancer Melanoma Group, namely bi-valving, 
step-sectioning and immunohistochemical staining was used, as it 
maximises the area of SLNs examined [12] (it was already in use at 
Royal Surrey Hospital in 2002). Staining included the immunohisto
chemical demonstration of S100 and/or SOX10 positive cells, since 
these antibodies are highly sensitive and specific for melanocytes and 
melanoma cells, as well as melanocytic naevus cells. (S100 is also pos
itive in dendritic cells, but these are easily distinguished by their 

Fig. 1. a The positive S100 cells in the parenchyma are dendritic cells with a characteristic poorly defined margin. b The lymph node includes S100 positive cells in 
the capsule, which are confirmed as cytologically benign on H&E staining. c This lymph node, stained with S100, illustrates the occasionally extensive nature of 
deposits in the capsule. d The H&E confirms their benign nature. e This S100 staining is positive in two small subcapsular collections of cells, contrasting with 
negative lymphocytes. f The H&E stain of a similar lesion shows the dense hyperchromatic large nuclei, indicating metastatic melanoma. 
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different morphology from melanoma and naevus cells.) Naevus cells 
were distinguished from melanoma metastases on several grounds, 
namely naevus cells are uniform and small, and tend to be in 
well-circumscribed groups contrasting with the large atypical cells in 
ragged groups of melanoma metastases; are present within the fibrous 
tissue of the capsule or the trabeculae [13,14] are peri-lymphatic in the 
perinodal loose tissue (Supp Figure). In contrast, melanoma metastases 
were seen either in the parenchyma or subcapsular zone (or rarely in the 
lumen of a lymphatic), but never in the fibrous tissue of the lymph node 
(or peri-lymphatic position). Benign and malignant cells stain similarly 
with S100 and SOX-10, although naevus cells appear more sharply 
defined than melanoma cells. Finally, appearance on Haematoxylin and 
Eosin was decisive in distinguishing naevus from melanoma cells 
(Fig. 1a, b, c, d, e, f), with additional antibodies including p16, PRAME 
and Ki-67 used in problematic cases [15,16]. 

Lymph nodes from breast cancer patients were identified from his
topathology records of the Royal Surrey Hospital for the period 2010- 
2019. For the purposes of this study, reported LNs were chosen virtually 
at random and processed using identical methods to those that had been 
used for melanoma SLNs [12] including staining with S100. The node 
nearest the first SLN was assessed (together with the original H&E 
stained sections) because the first SLN was unavailable for histopatho
logical examination as it is routinely homogenised for molecular anal
ysis in breast cancer patients. 

We anonymously extracted patients’ age and sex, number of LNs 
biopsied and sequence of biopsy, and for melanoma patients, sex, and 
sites of melanoma and SLN biopsy. The study was approved by the Royal 
Surrey County Hospital Ethics Committee (07/Q190913). 

2.2. Data analysis 

For quality assurance, histopathological reports of SLN biopsies from 
a random sample of 10% of melanoma patients were extracted inde
pendently a second time and datasets compared. Error rate on duplicate 
data extraction for the random sample was 0%. 

In order to standardise comparisons and overcome the bias of 
studying potentially different numbers of lymph nodes for each patient, 
we selected a single LN, here termed the ‘index’ LN, as the basis for 
estimated prevalence of LN naevus cells per patient. The index LN was 
defined as the single or first SLN biopsied in melanoma patients, and the 
nearest LN to the first SLN in the axilla of breast cancer patients. Sta
tistical associations were tested using the Fisher’s exact test. All analyses 
were performed in the statistical programme R. 

3. Results 

3.1. Melanoma patients 

Histopathology reports of index SLNs from 585 cutaneous melanoma 
patients (292, 50% male) were available for study. Almost half of SLNs 
biopsied were axillary (288; 49%) with cervical being the least common 
SLN biopsy region (9; 2%) apart from miscellaneous sites, namely oc
cipital, parotid, mandibular, supratrochlear, and popliteal, that 

collectively comprised 50 (9%) SLNs (Table 1). Of the 585 study pa
tients, 95 had metastatic melanoma in the index SLN (median size of 
nodal deposit, 0.92 mm) (Fig. 1a). 

3.2. Naevus cell prevalence by nodal region 

Among the 585 index SLNs, 60 contained naevus cells giving an 
overall prevalence of 10% (Table 1). Naevus cell deposits ranged in size 
from 0.1 mm to 5 mm, with the vast majority measuring in the order of 
0.2 mm to 0.6 mm (Fig. 1c,d). Prevalence of naevus cells by nodal site 
was 13% (37/288) in index axillary nodes, 9% (19/213) in index 
inguinal nodes, 0% in 9 index cervical SLNs, and 8% (4/50) in LNs across 
miscellaneous sites (p = 0.03; on excluding cervical SLNs, p = 0.02). 
Within index SLNs, 55 naevus cells (93%) were intracapsular including 5 
in perilymphatic tissue (Supp Figure), and 4 were in trabecular (7%) 
locations (one intra-nodal site was missing) (Supp Table 1) with no 
difference by nodal region (p = 0.28). In 12 index SLNs containing 
metastatic melanoma and naevus cells (8 axillary, 3 inguinal, one oc
cipital), all metastatic melanoma cells were subcapsular or paren
chymal; in no cases were the melanoma metastases and naevus cells 
contiguous. 

3.3. Prevalence by sex and age 

Of 292 male melanoma patients in the study sample, 34 (12%) had 
melanocytic naevus cells in the index SLN, compared with 24 of 278 
females (9%) (sex unknown for 2 patients with naevus cells in SLN) 
(Table 2) (p = 0.27). In patients aged < 40, 40–69, and ≥ 70 years, 
prevalence of naevus cells in SLNs was 10% (10/91), 11% (36/297) and 
9% (12/119) respectively (Table 2) (p = 0.86). 

3.3.1. Breast cancer patients 
We examined index axillary SLNs from 196 breast cancer patients. 

3.4. Naevus cell prevalence by age and site in relation to node 

Naevus cells were present in 11 of 196 index axillary LNs, giving an 
overall prevalence of 6% (Table 3). The majority (72%) of the study 
sample of breast cancer patients were aged 40–69 years, and in this 
group, naevus cell prevalence in index LNs was 7% (10/141). In the 
remaining patients mostly aged 70 or more, naevus cell prevalence in 
SLNs was 2% (Table 3). All naevus cells in the 6 index SLNs with 
available intra-nodal locations were intracapsular. 

3.5. Comparison with melanoma 

Although there was a tendency for female melanoma patients to have 
higher prevalence of naevus cells in axillary SLNs compared with breast 
cancer patients, there was no statistically significant difference overall 
(p = 0.11), or in the principal 40–69 years age group (p = 0.77), but the 
deficit in naevus cells in SLNs in breast cancer patients compared with 
melanoma patients aged 70–100 years (Table 3) was close to significant 
(p = 0.05). 

4. Discussion 

We conducted the present study of frequency and histology of naevi 
in index SLNs of melanoma patients, and in axillary lymph nodes of 
breast cancer patients, one of the largest to do so, and the most detailed 
to date. Among 585 melanoma patients, we found that 10% of index 
SLNs overall contained naevi, but prevalence of naevus cells varied 
significantly: higher in axillary SLNs at 13%, than in other regional 
nodal basins, and this is consistent with other studies8. However, when 
we analysed the frequency of naevus cells according to the sex and age of 
melanoma patients, there were no significant differences. 

Similarly, among 196 breast cancer patients, there was no 

Table 1 
Frequency of melanocytic naevus cells in 585 index sentinel lymph nodes in 
melanoma patients by nodal site.  

Site of sentinel lymph node Total Naevus cells present* 
N n (%) 

Cervical  9 0 (0%) 
Axilla  288 37 (13%) 
Inguinal  213 19 (9%) 
Miscellaneous† 50 4 (8%) 
Total  585 60 (10%) 

† Occipital, parotid, mandibular, supratrochlear, or popliteal 
*Difference across sentinel lymph node sites significant (p = 0.029) 
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association between the prevalence of naevi in index LNs and age, 
notwithstanding a lack of LNs from patients under age 40 in the study 
sample. On comparing the prevalence of naevi in index nodes in the 
axillary basin of female melanoma patients and breast cancer patients, 
no difference was seen overall or in females aged 40–69 years, but there 
was a deficit of naevus cells in breast cancer patients compared with 
melanoma patients aged 70 + that was close to statistical significance. 
Finally, within the nodal structure, all naevus cells in melanoma patients 
and breast cancer patients were found in the fibrous capsule or trabec
ulae, while no metastatic melanoma cells (when present) were located in 
these regions: all were subcapsular or parenchymal. 

Our prevalence estimates fall roughly in the middle of the wide range 
of estimates (0.02% to 25%) reported previously [5] from studies of 
diverse methods. The rare previous studies of naevi in index SLNs in the 
axillary basin of breast cancer patients reported much lower per-patient 
prevalence of 2% [8] and 0.33% [9] than ours, and this is likely 
explained by our specific use of the identical techniques in sectioning 
and staining SLNs in breast cancer patients as for melanoma patients. In 
the few other studies that have compared naevus cell prevalence in SLNs 
in different nodal basins, findings also showed a higher prevalence in 
axillary nodes [8], but no studies to date have explored associations of 
naevus cells in SLNs with patient age and sex. 

Putting together our findings and those of previous published 
studies, it seems that the evidence may favour the theory of origin of 
nodal naevus cells from skin by lymphatics [17]. The arguments were 
well presented by Kretschmer et al., 2022 [13]. Under the perilymphatic 
migration theory, one might expect to observe an increase in naevus cell 
prevalence in SLNs with increasing age, and under the arrested migra
tion theory, perhaps higher prevalence at young ages. However, there is 
no clear pattern of prevalence with age. Indeed, our only significant 
study findings were the higher prevalence of naevus cells in axillary than 
in other SLNs which does not favour either theory of origin. We also saw 
an apparent excess of nodal naevi in melanoma patients compared with 
breast cancer patients despite using identical processing and examina
tion techniques. This was clearest for older patients where the deficit in 
breast cancer patients was close to significant, and overall may reflect 

the inherent predisposition to naevi in people with cutaneous melanoma 
compared to those without [18,19]. Naevus cell location in lymph nodes 
could support either theory, though we speculate that some results could 
point towards peri-lymphatic migration to lymph nodes. Firstly, naevus 
cells are usually located in the fibrous capsule of lymph nodes and 
metastasised cutaneous melanoma cells in the parenchyma, and the 
extremely rare occurrence of naevus cells in the parenchyma of lymph 
nodes (eg as reported by Biddle et al. [20] could be explained by 
intralymphatic migration, or by misclassification of intratrabecular 
naevus cells. In our study, benign naevus cells were not seen beneath the 
capsule or in the parenchyma. Secondly, we and others [5] have 
observed naevus cells closely related to the external aspect of lymphatic 
vessels (Supp figure) and we speculate that this may favour naevi 
travelling to lymph nodes by peri-lymphatic (not intralymphatic) 
migration, similar to that seen in extravascular migratory metastasis of 
melanoma [21]. 

More recently Gambichler et al. [17], have noted UV related muta
tions in nodal naevi, indicating that those melanocytes had at some stage 
been subjected to UV exposure. This swings the balance of probabilities 
towards migration of nodal naevi from the skin. Their presence in 
peri-lymphatic fibrous tissue and fibrous tissue of lymph nodes suggests 
a chemotactic preference for these sites, whereas melanoma is seen 
occasionally in the lumen of lymphatics and is not peri-lymphatic. 
Melanoma subsequently occupies the parenchyma or subcapsular sites 
and not the fibrous capsule. Gambichler et al. [17] have argued that the 
presence of nodal naevi in the capsule and metastases in the lymph node 
substance support the neural crest origin of nodal naevus cells, whereas 
we believe that the presence of naevus cells in the capsule and trabecula 
fibrous tissue may result from peri-lymphatic migration. Occasionally 
naevus cells can be seen in continuity between the peri-lymphatic 
location and the fibrous capsule tissue (Supp Figure). Therefore, para
doxically, the presence of naevus cells in fibrous tissue of nodes supports 
the concept of migration of naevus cells from the skin. Further obser
vations by Gambichler et al. [17] suggest the naevus cells are more likely 
derived from sun-exposed skin and not from intradermal naevi. 

We note that our cases were of melanoma and breast carcinoma, and 
not blue naevi, therefore, no benign metastases of blue naevi, as re
ported elsewhere [22] occurred in our series. 

Besides our use of identical examination technique for all lymph 
nodes, another strength of the present study was our pre-specified se
lection of a single LN for histopathologic assessment from patients who 
had multiple SLNs biopsied. This ensured that our estimates of naevus 
cell prevalence were not biased upwards, as would be the case if more 
than one LN from some patients had been assessed for naevus cells. The 
main limitations in our study were the small numbers of cervical SLNs, 
and the very few nodes from young breast cancer patients that were 
included in our study sample. 

5. Conclusions 

In summary, a standard examination of naevus cells in index SLNs 
from 585 melanoma patients and 196 breast cancer patients showed a 

Table 2 
Presence of naevus cells in index sentinel lymph nodes of melanoma patients by sex and age.  

Age group (years)* Naevus cells in index sentinel lymph nodes 

Male* Female* Total†

Total nodes Nodes with naevus cells (%) Total nodes Nodes with naevus cells (%) Total nodes Nodes with naevus cells (%)  

0-39  41  6  (15)  59  4  (7)  91  10  (10) 
40-69  178  21  (12)  149  14  (9)  297  36  (11) 
70-100  66  5  (8)  60  6  (10)  119  12  (9) 
Not Available  7  2  (29)  10  0  (0)  18  2  (10) 
Grand total  292  34  (12)  278  24  (9)  585  60  (10) 

† Sex information not available for 15 samples, 2 of which contained naevus cells 
*No significant differences by age group or sex (p > 0.05) 

Table 3 
Presence of naevus cells in index axillary lymph nodes of melanoma and breast 
cancer patients by age.  

Age* Melanoma patients* Breast cancer patients* 

Total 
nodes 

Nodes with naevus 
cells (%)  

Total 
nodes 

Nodes with 
naevus 
cells (%)  

0-39  25  3 (12)   6  0 (0)  
40-69  56  5 (9)   141  10 (7)  
70- 

100  
27  4 (15)   49  1 (2)  

Total  108  12 (11)   196  11 (6)   

* No significant differences between melanoma and breast cancer patients 
(p > 0.05) 
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predilection of naevus cells for the axillary nodal basin, but no increase 
in prevalence with increasing age of patients. However, older female 
melanoma patients appeared to have a higher prevalence of naevus cells 
in axillary nodes than older breast cancer patients, consistent with an 
inherent disposition for naevus cells among melanoma patients [19]. 
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Supplementary figure 

A lymphatic (top left) has a small group of naevus cells under the 
endothelium and a larger group adjacent to an intralymphatic valve. 
Further naevus cells are seen (right of centre) within the fibrous tissue of 
the capsule. 
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