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ABSTRACT
Introduction Diagnosing invasive cutaneous 
melanoma (CM) can be challenging due to subjectivity 
in distinguishing equivocal nevi, melanoma in situ and 
thin CMs. The underlying molecular mechanisms of 
progression from nevus to melanoma must be better 
understood. Identifying biomarkers for treatment response, 
diagnostics and prognostics is crucial. Using biomedical 
data from biobanks and population- based healthcare 
data, translational research can improve patient care 
by implementing evidence- based findings. The BioMEL 
biobank is a prospective, multicentre, large- scale 
biomedical database on equivocal nevi and all stages 
of primary melanoma to metastases. Its purpose is to 
serve as a translational resource, enabling researchers to 
uncover objective molecular, genotypic, phenotypic and 
structural differences in nevi and all stages of melanoma. 
The main objective is to leverage BioMEL to significantly 
improve diagnostics, prognostics and therapy outcomes of 
patients with melanoma.
Methods and analysis The BioMEL biobank contains 
biological samples, epidemiological information and 
medical data from adult patients who receive routine 
care for melanoma. BioMEL is focused on primary and 
metastatic melanoma, but equivocal pigmented lesions 
such as clinically atypical nevi and melanoma in situ are 
also included. BioMEL data are gathered by questionnaires, 
blood sampling, tumour imaging, tissue sampling, medical 
records and histopathological reports.
Ethics and dissemination The BioMEL biobank project is 
approved by the national Swedish Ethical Review Authority 
(Dnr. 2013/101, 2013/339, 2020/00469, 2021/01432 and 
2022/02421- 02). The datasets generated are not publicly 
available due to regulations related to the ethical review 
authority.
Trial registration number NCT05446155.

INTRODUCTION
Invasive cutaneous melanoma (CM) causes 
most mortalities of the common skin cancer 
types. In Sweden, CM is the fifth most 
common cancer type.1 2

An early CM diagnosis is commonly 
correlated with a thinner melanoma and 
an earlier stage, which in turn is strongly 

associated with better disease- specific survival. 
Hence, methods are warranted to accurately 
diagnose CM in an early and curable stage. 
The gold standard for primary melanoma 
diagnosis is a clinical examination, including 
dermoscopy, followed by an excisional biopsy 
and confirming histopathological examina-
tion.3 However, diagnosing CM in very early 
stages is challenging, especially differenti-
ating between equivocal nevi and melanoma 
in situ. To study tumour progression, all 
stages of the studied disease are needed. In 
addition, biological sequences that promote 
the progression from atypical melanocytes 
to invasive melanoma remain poorly under-
stood for CM. Unfortunately, current histo-
pathological and dermatological diagnostics 
are susceptible to subjectivity, as they rely on 
the experience and expertise of the practi-
tioner.4 Thus, the current reference method 
for diagnosis, the histopathological exam-
ination, is not 100% accurate. Also, surgery 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ The BioMEL biobank is population based and in-
cludes comprehensive clinical, molecular and 
image- based data from Swedish melanoma 
patients.

 ⇒ The BioMEL biobank facilitates translational research 
on nevi and melanoma biomarkers from blood and 
tissue biopsies and their microenvironment.

 ⇒ The BioMEL biobank includes unique tissue sam-
ples from equivocal nevi and primary melanomas, 
including very early- stage melanomas (<1 mm tu-
mour depth).

 ⇒ Although carefully selected tissue samples might 
not represent the whole tumour’s biology, which 
might bias the results in molecular analyses.

 ⇒ Due to the punch biopsy size (1 mm), included pri-
mary lesions are usually ≥5 mm in diameter, which 
might bias the inclusion of tumours and quota of 
harvested tumour cells.
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always involves risks and possible morbidity for the patient. 
These facts emphasise the necessity of developing more 
objective diagnostic techniques to differentiate between 
benign and malignant melanocytic lesions.5

One advantage of molecular biomarkers is their objec-
tivity, as they can provide quantitative measurements 
of a disease stage.6 7 Translational research, based on 
biomarkers and biomedical data from biobanks and 
population- based healthcare data, is one way to study 
diagnostics, tumour progression and prognostic factors. 
A comprehensive biobank established in routine care 
is well suited for this purpose. The BioMEL biobank is 
part of regular melanoma care in Southern Sweden. It 
is a large- scale prospective biomedical data and tissue 
biobank, harbouring epidemiological and translational 
data that can serve as a platform for melanoma research. 
A unique trait of the BioMEL biobank is that tumours 
ranging from benign but equivocal nevi to invasive mela-
noma, as well as metastatic melanoma, can be included. 
At the time of the establishment of the BioMEL biobank, 
no other biobank had matched blood and tissue samples 
from patients with nevi and thin melanoma in Europe. 
This manuscript describes the settings of the BioMEL 
biobank.

However, several future research objectives, based on 
data extracted from the BioMEL biobank, can already be 
listed:

 ► Which are the objective molecular, genotypic, pheno-
typic and structural differences between nevi and 
early CM?

 ► Is there a molecular and biologically measurable 
evolution from equivocal nevi to early CMs?

 ► Can image- based diagnostics of nevi and CM be 
improved?

 ► Which biomarkers can help in discriminating between 
dysplastic nevi and early CMs?

 ► Prognosis and treatment response to existing surgical 
and oncological treatments for metastatic melanoma 
disease.

 ► Can potential targets for novel treatment alternatives 
be exposed?

Indeed, BioMEL is already today involved as a supportive 
platform in more than five ongoing research projects, 
including two PhD projects. In all these projects, tissue 
samples (frozen and fresh tissue) from nevi, primary and 
metastatic melanoma are combined with clinical data 
and pharmacological treatments. Projects about non- 
invasively harvested biomarkers are also included in the 
planned or ongoing projects where BioMEL is the foun-
dation for the research.

METHODS AND ANALYSIS
Infrastructure and predefined diagnoses
BioMEL has been an integral part of standard care for 
patients exhibiting possible signs of melanoma since 
2013. This programme is offered by the dermatology, 
surgery (including general surgery, ENT (Ear, Nose and 

Throat), neuro and gynaecology) and oncology depart-
ments at Lund, Malmö, Helsingborg and Kristianstad 
hospitals. Biological samples and health data informa-
tion are prospectively gathered at the BioMEL biobank. 
All histopathological diagnoses to be included in the 
BioMEL biobank were determined before launching the 
project. The aim is to acquire suitable tissue samples for 
every histopathological subdiagnosis to attain sufficient 
statistical power for translational research. Hence, 10–100 
samples per histopathological subdiagnosis, dependent 
on how common the subdiagnosis is in Sweden and on 
formerly published research, were set as goals.2 Included 
diagnoses are presented in table 1.

Patients
Patients ≥18 years planned for surgery due to an equiv-
ocal nevus, suspected CM or melanoma metastasis can be 
included for BioMEL research purposes in the mentioned 
hospitals in Region Skåne. All patients provide written 
informed consent. Blood samples and questionnaire 
data are collected and stored at inclusion (baseline) 
before diagnostic surgery. During surgical procedures 
(diagnostic excision/lymph node dissection/metastatic 
tumour excision/biopsy), tissue samples are collected. 
Tissue sampling is described below and presented in 
figures 1 and 2.

Table 1 Numbers and histopathological subdiagnoses for 
inclusion in BioMEL

Diagnosis Subgroup Numbers

Nevus

Without cytological 
atypia

100

With mild atypia 100

With moderate atypia 100

With severe atypia 100

Melanoma in situ Lentigo maligna 100

In situ (unspecified) 100

Invasive melanoma

Superficial spreading 100

Acral lentiginous 50

Nodular 50

Lentigo maligna 
melanoma

100

Not specified type 100

Metastatic melanoma (site of metastasis)

Lymph node 100

Cutaneous 100

Visceral* 100

Bone 10

*Visceral include, but are not restricted to, lesions involving the 
brain, dura, liver, peritoneum, adrenal glands, lungs and pleura.
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Questionnaire
At inclusion, patients answer a validated questionnaire,8 9 
including information on medical history, prior UV expo-
sure, family history of melanoma or other cancer types, skin 
type, diet, smoking habits, alcohol use and quality of life.

Blood samples, imaging and tissue samples collection
Blood samples (whole blood) are collected at inclusion 
before surgery (primary diagnostic excision or surgery 
for metastatic disease) (figures 1 and 2). In addition, 
further blood samples can be collected from patients 

Figure 1 Overview of BioMEL study procedures for primary equivocal pigmented lesions. *Exclusion criteria of tape stripping: 
Ulcerated/bleeding/exudating lesion, topical treatment/sunscreen or moisturiser the last 24 hours, systemic treatment with 
steroids the last 30 days, known latex/tape allergy. **Exclusion criteria of invasive tissue sampling: The lesion area is so small 
that a punch biopsy of 1 mm diameter may affect the histopathological assessment.
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with metastatic disease, especially during oncological 
treatment. Before the diagnostic excision of a primary 
lesion (nevus/melanoma), the included lesion is eval-
uated and registered using standard dermoscopic algo-
rithms, mostly pattern analysis10 and the 7- point checklist 
algorithm.11 Primary lesions can be further documented 
by other imaging devices (eg, dermatoscopy devices, 
hyperspectral devices, confocal devices, optical coher-
ence tomography (OCT) devices etc.) before and when 
applicable, also after excision. Tape sampling, or related 
non- invasive methods for harvesting biomarkers from 
the tumour surface before surgery, are other ethically 
approved possible diagnostics (figure 1).

Immediately after the local diagnostic excision of a 
primary pigmented skin lesion, full- thickness skin punch 
biopsies are taken by a trained dermatologist, guided 
by prior dermoscopic evaluation (figure 1). A 1 mm 
punch biopsy is taken in the most aggressive- looking 
area of the lesion. Still, not in the exact spot which, by 
the dermoscopic evaluation, is expected to be thickest.12 
A 2 mm punch biopsy in unaffected skin adjacent to 
the tumour, is collected as a matched normal control. 
Tissue sampling is followed by prompt biobanking (snap 
freezing followed by −80°C storage). Biopsies can also be 
handled fresh and directly transported to the laboratory 
department in an appropriate medium. Tissue samples 
from suspected or confirmed melanoma metastases are 
collected through punch or core needle biopsies from 
surgically resected metastases. Tissue biopsies are prefer-
ably taken before, during and after oncological treatment 

or at an appropriate time for surgery of metastatic disease 
(figure 2). Biopsies can also be taken in case of disease 
progression or systemic treatment failure. Metastatic 
tissue samples are handled as described above for primary 
lesions but without prior dermoscopic evaluation. If addi-
tional surgery is planned, subsequent tissue samples can 
be collected for the BioMEL biobank.

Importantly, invasive tissue sampling for research 
purposes must never risk compromising histopatholog-
ical diagnostics. Therefore, if the treating physician finds 
the suspected primary or metastatic CM size too small, 
patients will not donate tissue samples but can participate 
in all other parts of the BioMEL biobank (figure 2).

Clinical and histopathological information
Patient questionnaire data are stored in the BioMEL 
biobank database. Images, standardised for patients 
with a suspected primary CM include overviews/macro-
scopic views of the arms, thighs (back and front), trunk 
(back and front), the site of the lesion (close- up view), 
a close- up photo of the lesion and dermoscopic images 
of the lesion to be excised are stored. If other diagnostic 
imaging devices are used, the corresponding images 
from these diagnostic devices and photos of metastatic 
tumours are also stored. The histopathological informa-
tion provided from the pathology report is registered in 
the same database, focusing on the mandatory informa-
tion: length and width of the lesion (mm), type of lesion 
(nevi/melanoma/another diagnosis) and histopatholog-
ical margins (mm). If the lesion is a nevus or a melanoma, 

Figure 2 Overview of BioMEL study procedures for metastatic melanoma lesions.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 9, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
2 F

eb
ru

ary 2024. 
10.1136/b

m
jo

p
en

-2022-069694 o
n

 
B

M
J O

p
en

: first p
u

b
lish

ed
 as 

http://bmjopen.bmj.com/


5Helkkula T, et al. BMJ Open 2024;14:e069694. doi:10.1136/bmjopen-2022-069694

Open access

further appropriate information is stored: detailed histo-
pathological diagnosis, presence of dermal mitoses (yes/
no), pathological T stage according to American Joint 
Committee on Cancer (AJCC) eighth edition staging 
system, Clark level, tumour thickness according to 
Breslow (mm) and if ulceration is present (yes/no).

Status of the BioMEL biobank
In June 2023, a total of 1205 registered lesions, question-
naires and corresponding tumour tissue samples, along 
with blood samples from the patients, were included in 
the BioMEL biobank: 705 tissue samples from primary 
lesions (660 patients) and 500 from metastatic lesions 
(458 patients).

Data and biobank quality assurance
The study database management is highly secured, in 
accordance with ethical approval. Two- factor authentica-
tion is used to access the biobank database; only approved 
BioMEL researchers can access the data.

The Swedish biobank law regulates the quality assur-
ance of the collected materials in BioMEL. Written proto-
cols about how biopsies should be taken ensure that the 
biopsies are safely collected and stored. Only registered 
research nurses or involved researchers handle the tissue 
biopsies in the freezers and the certified lab. The ISO- 
certified freezers (−80°C) are supervised by the biobank 
departments in the healthcare region (Region Skåne), all 
with alarms and backup systems.

Patient and public involvement
As clinical researchers and physicians, most individuals 
in the research group also have a professional relation-
ship with the included research objects (patients). The 
patients can easily reach the principal investigators. More-
over, regular public events are held about our current 
research, where the public, and patients, are invited and 
can leave direct comments about the BioMEL biobank.

ETHICS AND DISSEMINATION
The BioMEL biobank project is approved by the national 
Swedish Ethical Review Authority (Dnr. 2013/101, 
2013/339, 2020/00469, 2021/01432 and 2022- 02 421- 02) 
and is performed by the Declaration of Helsinki Ethical 
Principles for medical research, as well as by the Swedish 
Biobanks in Medical Care Act (SFS 2002:297). The data-
sets generated and analysed are not publicly available, as 
public sharing is not included in the current informed 
consent the patients have provided. Data can be available 
from the corresponding author on reasonable request. 
The BioMEL biobank has a steering group with senior 
researchers from the dermatology, surgery, oncology and 
melanoma genomics departments. The steering group 
handles all applications for possible research projects 
based on BioMEL data/tissue samples/blood samples. In 
addition, all separate applications must first be approved 
by the National Ethical Review Authority before sending 

an application to the BioMEL steering group. The motif 
and the planned use of the tissue/blood/data must be 
thoroughly described in the application to the steering 
group. The BioMEL steering group can decline projects 
if, for example, all tissue will be used, if projects do not 
fulfil the requirements in the primary ethical approval for 
the BioMEL biobank or if different applications involve 
the same research aims. Findings from future research 
generated from the BioMEL biobank will be distributed 
through peer- reviewed journals, media channels and 
conferences. The project is registered at ClinicalTrials. 
gov (NCT05446155).

DISCUSSION
In this manuscript, we describe the BioMEL biobank: 
the implementation, setting and future perspectives of 
this biomedical edified data and biobank. The primary 
strength of the BioMEL biobank is its biological sample 
banks (blood and tissues), matched with the comprehen-
sive and versatile clinical, molecular and image- based 
data, therefore, superior to other melanoma biobanks. 
Currently, several biobanks of CM exist or are under 
construction worldwide. According to our knowledge, 
there is no other research group that, since 2013, has 
collected both clinical and epidemiological data, medical 
and family history data, clinical and dermoscopic pictures, 
as well as blood samples and tissue samples—from very 
early stage CMs and equivocal nevi to more advanced and 
metastatic stages of CM. Well- known biobanks that collect 
information about CM through tissue samples include 
The Cancer Genome Atlas database13 and MelBase.14 
However, these biobanks primarily include thick advanced 
and metastatic CM and thus do not have BioMEL’s advan-
tage of also including the early stages of primary CM and 
its precursors.

The BioMEL biobank is a valuable research resource 
that will enable future molecular, histopathological, 
genetic and clinical marker studies. Not only are tissue 
samples of the suspected primary CM/metastasis 
collected, but another strength is that tissue samples of 
unaffected (adjacent) skin that act as matched controls 
are also collected. These matched tissue samples may 
allow investigation of the tumour’s microenvironment 
and possibly enable distinction of intraindividual and 
interindividual biological factors.

A significant challenge when taking invasive tissue 
samples in melanoma is the size and presentation of the 
tumour, especially when taking samples from primary CM. 
Sampling in tiny lesions (<5 mm in diameter) may disturb 
the histopathological assessment. However, excluding 
lesions with a diameter smaller than about 5 mm may lead 
to a selection bias. Another challenge is that a biopsy of 
1 mm in diameter might not be representative of the final 
diagnosis/stage of the CM if it is taken in a more ‘benign’ 
part of the lesion. However, taking more voluminous 
tissue samples, or a sample where the melanoma has its 
highest Breslow thickness, could risk affecting diagnostics 
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and subsequent treatment and follow- up of the patient. 
To avoid affecting staging and diagnostics, the physician 
performing the primary CM and equivocal nevi biopsy 
uses dermoscopy for guidance. With dermoscopy and 
palpation, melanoma thickness can be estimated and 
guide the physician on where to place the punch biopsy.12 
To confirm the diagnosis of the area where the biopsy is 
taken, the assessing pathologists are asked to report if the 
tissue biopsy is taken from an area of the tumour that 
represents the final diagnosis. Since 2013, 3 out of >600 
histopathological reports of the primary tumours exam-
ined have indicated that the biopsy might have impacted 
the histopathological evaluation. These cases were all thin 
melanomas where the pathologists noted that the biopsy 
was taken very close to the thickest part of the melanoma. 
In none of these cases, the diagnosis was influenced. 
Indeed, results from the BioMEL biobank will also indi-
cate if the intralesional 1 mm biopsies have high enough 
tumour purity, and reporting whether a 1 mm biopsy will 
harvest enough tumour cells is essential to guide future 
research groups. Too little tumour cells could be one 
obstacle for sequencing, and our future experiences are 
important to share. A 2 mm punch biopsy device is used 
for normal skin tissue biopsies, a method which will also 
be evaluated in coming publications.

The BioMEL biobank is a prospective research project 
that will continue until the estimated total numbers of 
tumours are collected. Hence, some included patients 
could be reincluded and provide more tissue and blood 
samples if they develop multiple or metastatic melanomas. 
Likewise, patients with metastatic disease can later again 
provide samples after a recurrence of the disease and 
during oncological treatment. The prospective approach 
of the BioMEL biobank and the consecutive tissue and 
blood sampling strategies will enable us to study mela-
nomas that are resistant to immunomodulatory therapy 
or tend to metastasise. Another strength of the BioMEL 
biobank is the population- based inclusion strategy. As 
CM constitutes a potentially fatal diagnosis, where knowl-
edge gaps are apparent, and where enhanced objective 
and robust diagnostics could have a mortality- lowering 
impact, all stages of melanomas are essential. Thanks to 
the BioMEL biobank as a unique research resource for 
omics studies, potential biomarkers that can help us to 
differentiate equivocal nevi and early- stage CMs might be 
possible to find. The BioMEL biobank is a viable research 
platform for understanding factors related to CM overdi-
agnosis. In rare CM entities, for example, acral mela-
nomas, the comprehensive information from BioMEL 
can complement existing registries/databases like the 
Swedish melanoma register.15 The BioMEL biobank also 
constitutes a base for evaluating responses to new thera-
pies, like neoadjuvant therapy and for collaborations with 
other research groups.

Conclusion
The BioMEL biobank project constitutes a solid founda-
tion for molecular studies regarding clinical and molecular 

characteristics and the evolution of nevi, primary CM and 
melanoma metastases. It might be used to understand 
novel and directed therapy outcomes and consequently 
improve patient survival. Imaging techniques and objec-
tive biomarkers in nevi and early melanoma will form a 
base for improved diagnostics of equivocal pigmented 
skin tumours in Swedish patients.
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