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A B S T R A C T

Nowadays, histopathological criteria for melanocytic lesions are the mainstay prognostic factors for melanoma.
However, there are cases in which these parameters fall short to predict melanoma spread.

We recently demonstrated a correlation of cofilin-1 levels, a key protein for tumor invasion, with different
histopathological parameters associated with melanoma malignancy as well as a negative correlation with
survival. In order to broaden our previous findings, we aim to estimate the probability of a melanoma to me-
tastasize as a function of both a conventional histopathological parameter (Breslow thickness, BT) and cofilin-1’s
immunohistochemical expression levels, which we propose as a potential marker for metastasis.

We used a Bayesian approach to analyze clinical and cofilin-1 datasets formerly obtained from a patients'
small cohort diagnosed with malignant melanocytic lesions since 2000 until 2008; classified at different tumor
stages with or without detected metastasis and with at least 5 years of clinical follow-up.

Low BT values exhibited wide variance to predict metastasis occurrence, while the differential diagnostic
value of cofilin-1 confirmed BT diagnosis or resulted more precise to predict outcome. Particularly, the prob-
ability of metastasis estimation improved when cofilin-1 was combined with BT for specific cases, where BT
displayed large uncertainties.

Our analysis and the cofilin-1 determination provided statistically significant prognostic value in mid-low BT
melanomas, which could complement further evaluation criteria to assist diagnosis and treatment decision-
making. Moreover, the combined use of cofilin-1 with BT, if validated in follow-up studies, would be feasible to
help patients’ selection for treatment and optimize health resources.
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1. Introduction

Melanoma has showed a three-fold increase in incidence rates over
the last forty years. Almost 75,000 new cases of melanoma in situ [40]
and 91,270 new cases of invasive melanoma are expected to be diag-
nosed in 2018 [1]. Meanwhile, the melanoma occurrence rate in Ar-
gentina increases at 3% ratio per year and it is estimated that in 2017 in
this country about 10 persons died from this disease per week [2].
Nowadays, the mainstay prognostic factors for melanoma are mainly
based on histopathological parameters, such as Breslow's thickness
(Breslow thickness, BT), ulceration, mitotic rate and lymph node posi-
tivity [16], which allow estimating melanoma staging [4]. However,
they cannot univocally identify which individuals will progress in each
staging group [23,35]. Besides, a quarter of melanoma deaths corre-
sponds to 70% of early stage melanomas (BT≤ 1mm) [21,47]. Thus,
additional biomarkers able to estimate the individual evolution of
melanoma are required to monitor disease progression, recurrence, and
treatment response [12,22,26,39].

In the context of predictive, preventive and personalized medicine
(PPPM) [17], in-depth research of novel biomarkers to evaluate their
predictive value for melanoma spreading is relevant. Nevertheless, ty-
pical clinical datasets for a given endpoint are commonly of modest size
(tens to hundreds of patients), becoming disadvantageous in biomarker
research since traditional statistical methods often show no obvious
trend for small size samples. This statistical mismatch becomes worse as
more of the intracellular molecular machinery complexity is revealed
[32]. However a Bayesian approach can improve the analysis of small
size samples and facilitate biomarker research [42]. Bayesian methods
can provide less biased estimates, increased efficiency, and an enhanced
ability to determine nonnull effects when they are present. This sta-
tistical methodology do not rely on asymptotics, a property that can be
an obstacle when using frequentist methods in small sample contexts.
With Bayesian methods such as Markov chain Monte Carlo (MCMC), the
inference quality is controlled by the number of samples taken ap-
proaching infinity. Thus, conversely to frequentist methods, Bayesian
approaches try to respond what are the values of the parameters, con-
sidering that all parameters are random and that the data are fixed
[28].

Proteins involved in transforming melanoma cells into a migratory
phenotype have potential as prognostic markers of metastasis. Among
the lot of molecules that could be related to metastasis, we selected
cofilin-1, a key mediator protein involved in cytoskeleton remodeling
and migration by inducing cycles of actin polymerization/depolymer-
ization [7,8]. In addition, as an effector of transforming growth factor-
β, cofilin-1 largely contributes to epithelial mesenchymal transition
programming which confers invasive and metastatic properties during
cancer progression [27]. Cofilin-1 has been proposed as prognosis
marker related to metastasis in lung [9,30] and breast cancer [34,45].
Regarding melanoma, migrating cells with metastatic ability exhibited
high levels of cofilin-1 as compared with non-migratory neither meta-
static controls [6]. Besides, increased levels were found in metastatic
lymph node vs. matched human primary cutaneous melanoma of the
same patients [19]. Recently, we demonstrated a correlation between
cofilin-1 levels and melanoma malignant features, plus an inverse cor-
relation with survival [5].

Therefore, the goal of this study is to model the probability of me-
tastasis occurrence in melanoma as a function of both BT and cofilin-1′s
immunohistochemical (IHC) expression levels using a Bayesian statis-
tical approach. We also studied the predictive value of both parameters
for metastasis occurrence in order to evaluate to which degree cofilin-1
levels could be used to upgrade BT prognosis and to benefit higher-risk
patients for melanoma spread with a closer clinical follow-up.

2. Materials and methods

2.1. Clinical and Cofilin-1 immunohistochemical expression datasets

Clinical and IHC data were collected from our previous study as
described in [5]. The pathological diagnoses were reviewed and clas-
sified by two independent pathologists, according to World Health
Organization criteria. The Strengthening the Reporting of Observa-
tional Studies in Epidemiology guidelines were used (Supplementary
material) [5,43,44]. REMARK guidelines [29] and the requirements set
out by Simon et al. [41] were followed. Since we focused herein on the
cofilin-1 value as a metastasis predictor, inclusion criteria were mela-
noma in situ (as non-metastatic control) and primary cutaneous mela-
noma from patients classified at different tumor stages (I-IV). It was
taking into account an available clinical follow-up of at least 5 years
and the detection or not of metastasis, reducing to 28 cases the original
cohort. Data of undetermined tumor stages and nevi were excluded.

This work implemented The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments involving human
samples. The research program was approved by the Research Protocols
Ethics Committee of the HIBA (#1922).

Cofilin-1′s IHC expression levels were quantified as described in
[30] and expressed as optical density (O.D.) mean values in arbitrary
units (A.U). Methodology is detailed in [5]. Briefly, tissue sections were
processed following a conventional immunohistochemistry protocol.
Rabbit polyclonal anti-cofilin-1 antibody (Abcam, ab42824) was used.
In all cases, negative controls were obtained omitting the primary an-
tibody, representing the background staining value in optical density
(O.D.) measurements. Tissue sections obtained from normal skin and
from breast cancer were used as negative and positive control tissues
[30,45], respectively. The intensity of cofilin-1 IHC reaction was
quantitatively measured in images obtained with an Olympus BX51
microscope coupled to a CCD camera (Olympus DP70). Five images
were captured for each case on the same day by a single observer.
Images were quantified as previously described [30], using Image J
software (National Institutes of Health, Bethesda, USA) [36].

2.2. Statistical analysis

The association between BT or cofilin-1 and metastasis occurrence
was assessed with the non-parametric Spearman's Rho test, p-values less
than 0.05 were considered as statistically significant.

Modeling: We followed a Bayesian approach to study the predictive
power of BT, cofilin-1 and BT+ cofilin-1 to estimate the metastasis
(met) occurrence. Considering that a priori, the probability of metas-
tasis (p) occurrence increases as both BT and cofilin-1 levels increase,
the idea was to model the p given BT (P(met | BT)), cofilin-1 (P(met
|cofilin-1)) and both BT and cofilin-1 (P(met | BT,cofilin-1)), because
there wasn’t a strict cutoff point for which P(met)= 1. In contrast, the
zone 1mm < BT < 4mm and 0.06 O.D.< cofilin-1 < 0.13 O.D.
seems to be characterized by a non-deterministic relation between BT
and cofilin-1. Thus, it was reasonable to ask for the p for a given value
of BT and cofilin-1.

Since the observed effect can be understood as occurrence or non-
occurrence, a Bernoulli random variable was chosen (where 1 means
metastasis occurrence and 0 means metastasis non-occurrence). The
only parameter of this distribution p should be a function of both BT
and cofilin-1 values. Evidently, this function requires to be bounded in
the [0–1] interval. However, we need an additional assumption: the p
should be a monotonically increasing function of both BT and cofilin-1.
This hypothesis is supported by observational data.

Given these constraints, a logistic function was selected to model the
dependence of p as a function of BT (Eq. 1) and cofilin-1 (Eq. 2)

=

+
+

p BT
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( ) 1
1 β BT α1 * 1 (1)
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where β corresponds to the value of met(cofilin-1) for which p= 0.5
and α controls the steepness of the dependency. We considered β the
cutoff point for the given biomarker, and α, the sensitivity, since very
low values of α will indicate no dependence with the studied bio-
marker. A priori, we know that α should be negative in order to obtain
an increase of p as a function of the biomarker, and that β should be a
positive value, since it is a cutoff of both positively defined values.
Therefore, we assumed both sets of β and α uniformly distributed as,

= −P α U α( ) [0, ]max

=P β U β( ) [0, ]max

where βmax= max(BT or cofilin-1) and αmax= 25 (a very large value,
impossible for this dataset). Thereby, we included non-informative
priors that will not influence our results. In summary, we modeled the
observations as Bernoulli distributed with p, in which p itself is a
function of BT(or cofilin-1) as given in Eq. 1 and Eq. 2, with hy-
perparameters β and α uniformly distributed to biologically possible
scenarios.

Finally, we modeled P(met | BT,cofilin-1). The metastasis occur-
rence was also modeled as a Bernoulli random variable, but p should be
a function of both BT and cofilin-1. In this scenario, we assumed that
the effects of both BT and cofilin-1 are independent and,

− =

+ +
+ + −

p BT cofilin
e e

( , 1) 1
1

1
1β BT α β cofilin α1 * 1 2 1* 2 (3)

Certainly, we are not stating that there is no statistical dependence
between BT and cofilin-1, we just considered they are logically in-
dependent (e.g. if there is relation between them, we don’t know the
causal mechanisms explaining that, therefore we cannot model them).

Implementation: Modeling was developed in Python using the
module pymc3 [33] that implements MCMC algorithms to perform all
the estimations given explicit distributions to the parameters and ex-
plicit models that links them. Using the Metropolis-Hastings algorithm,
the script generates 106 samples of the posterior distribution, then re-
moves the burn in samples (105 samples) and decimates the result in
order to obtain independent posterior samples. Convergence of the
chains were evaluated using Geweke scores (-2/2 interval) and
checking the decay of the autocorrelation function for every variable.

3. Results

3.1. Datasets description

Table 1 summarized available data used. The average age of pa-
tients with or without detected metastasis was 71.8 ± 15.2 and
65.5 ± 18.5 years, respectively. Regarding sex, 54.5% women vs.
45.5% men were patients with detected metastasis, and 50% women vs.
50% men were patients without detected metastasis. No significant
differences about age and sex were found between groups.

Visibly, large BT values seem to be univocally related to large p. In
this sense, the association between the two variables was statistically
significant (Spearman's Rho: Rs = 0.74, p(2-tailed) < 0.001). However,
low BT values do not necessarily correspond to low p (Fig. 1), since
there are several metastasis cases near the typical threshold BT∼2mm
informed in the literature [46]. About cofilin-1, a significant association
between its levels and p was observed (Spearman's Rho: Rs = 0.48 and
p(2-tailed) = 0.01).

3.2. Predictive value of BT, cofilin-1 and BT+ cofilin-1 for metastasis
occurrence

Regarding the posterior P(met | BT) for the available data, the mean
p increases as BT increases (Fig. 2a). A value of p = 0.5 corresponds to

BT =2mm and the probability quickly increases as BT increase. Large
values of BT are characterized by an almost certain p. The 95% con-
fidence interval (95% CI) represents the interval for every value of BT
that contains 95% of the posterior distribution, e.g. at BT =2mm, we
can be 95% sure that the p lies between 0.18 and 0.85. The analysis
shows that there is almost certainty of metastasis for BT > 8mm, but
for lower values of BT the variance of P(met | BT) is wide. This is re-
lated to patients that presented low BT values (˜1-2 mm) but developed
metastasis nevertheless (e.g. HIBA-14 and HIBA-18). Therefore, sup-
ported by the literature [13], large BT values display no ambiguous
diagnostics, but low values cannot be safely used to predict metastasis
occurrence (CI˜65%).

The analysis of the posterior P(met | cofilin-1) shows qualitatively
similar results to the ones for BT, but with key quantitative differences
(Fig. 2b). The mean p increases less sharply than in the BT case. A value
of p= 0.5 corresponds to cofilin-1= 0.09 O.D. More importantly, there
is no rapid saturation for high or low values of cofilin-1. This is asso-
ciated with relatively large but constant variance along the range
(CI˜40%), particularly near the cutoff at 0.09 O.D. The variance is
larger than the one obtained using BT for large values of BT, but lower
for the case of low values of BT.

Remarkably, for low BT values, the variance of P(met | cofilin-1) is
lower than the one for P(met | BT), revealing the potential value of
cofilin-1 as metastasis predictor. Therefore, we expect a differential
sensitivity of P(met | BT,cofilin-1) to cofilin-1 for low and moderate
values of BT.

Then, we used the formalism depicted in Eq. 3 to estimate the
combined power of both BT and cofilin-1 to evaluate the metastasis
occurrence, P(met | BT, cofilin-1). This probability corresponds to a two
dimensional surface, so we performed three cuts of the surface as a
function of BT for low, medium and large values of cofilin-1 (Fig. 3).

The trend of the p as a function of BT remains similar. However, the
mean value of p as a function of BT exhibits an offset that is a function
of cofilin-1 values. For instance, for a low value of cofilin-1 (0.009

Table 1
Clinical data available for this study of the patients’ cohort with malignant
melanocytic lesions and the correspondent cofilin-1 IHC expression levels.

Patient ID Tumor
Stage
(TNM)

Detected
Metastasis

Breslow
Thickness
(mm)

Cofilin-1 IHC Levels
(mean O.D.
A.U. ± SD)

HIBA-1 IV Yes 14 0.092 ± 0.007
HIBA-2 IV Yes 10 0.104 ± 0.015
HIBA-3 III Yes 11 0.102 ± 0.016
HIBA-4 IV Yes 2.5 0.105 ± 0.018
HIBA-5 IV Yes 3.8 0.128 ± 0.011
HIBA-6 IV Yes 11 0.092 ± 0.010
HIBA-7 IIB No 3.2 0.076 ± 0.004
HIBA-8 IV Yes 11.5 0.052 ± 0.010
HIBA-9 IV Yes 12 0.075 ± 0.017
HIBA-10 IV Yes 2 0.098 ± 0.006
HIBA-11 IA No 1 0.082 ± 0.018
HIBA-12 IB No 1 0.040 ± 0.024
HIBA-13 IA No 1 0.072 ± 0.008
HIBA-14 IV Yes 0.9 0.080 ± 0.006
HIBA-15 IB No 1 0.126 ± 0.014
HIBA-16 IB No 1 0.096 ± 0.013
HIBA-17 IA No 1 0.084 ± 0.023
HIBA-18 III Yes 1.2 0.065 ± 0.019
HIBA-19 IB No 1.55 0.062 ± 0.016
HIBA-20 IA No 1 0.065 ± 0.019
HIBA-21 0 No 0 0.055 ± 0.001
HIBA-22 0 No 0 0.009 ± 0.008
HIBA-23 0 No 0 0.011 ± 0.010
HIBA-24 0 No 0 0.027 ± 0.036
HIBA-25 0 No 0 0.041 ± 0.010
HIBA-26 0 No 0 0.023 ± 0.025
HIBA-27 0 No 0 0.092 ± 0.022
HIBA-28 0 No 0 0.075 ± 0.020
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O.D.), the value of p = 0.5 corresponds to BT =4mm, which decreases
to BT =2.5mm for a medium value (0.078 O.D.) and reaches the
minimum BT =1.2mm for a large value of cofilin-1 (0.148 O.D.).
Therefore, for different values of cofilin-1, the differential diagnostic
value of cofilin-1 can be illustrated as an improvement of the diagnosis
of BT alone. Particularly, the probability of a metastatic incident,
considering a mid-low range BT, decreases or increases if the levels of
cofilin-1 exhibit a low or a high value, respectively.

Interestingly, the CI of the posterior distributions is generally larger
than in the cases of estimations based on a single parameter (BT or
cofilin-1). This is typical of Bayesian approaches, in which this increase
in uncertainty is related to the lack of values of (BT, cofilin-1) in some
regions of the (BT, cofilin-1) plane. Thus, Bayesian analysis auto-
matically propagates the uncertainties exhibited in the data to the
posterior distribution.

3.3. Study of specific cases

The previous analysis (Fig. 3), although interesting to study the
predictive power of cofilin-1, is related to minimums and maximums of

cofilin-1. However, for our dataset, in these extreme cases, BT alone
would have been able to correctly estimate the p. This is related to some
underlying correlation between cofilin-1 and BT for extreme cases.
Nonetheless it is expected to find differential diagnosis for more com-
plex cases, related to intermediate values of BT.

In order to illustrate this potential improvement of a combined
BT+ cofilin-1 scheme in the estimation of the p, we analyzed two cases
in our dataset (Fig. 4), specifically selected in zones in which BT esti-
mation showed large uncertainties.

Case #1: HIBA-7 is a patient with no detected metastasis, BT
=3.2mm and cofilin-1= 0.076 O.D. This is interesting because for the
results of our dataset, using only BT to estimate P(met | BT), the mean p
is 0.8 (0.36-0.98, 95% CI). However, when compute P(met | BT, cofilin-
1), the below average value of cofilin-1 reduces the mean p to 0.75
(0.20-0.97, 95% CI). More importantly, the CI now stretches down to
0.2, softening the BT diagnosis by indicating more uncertainty than
previously expected.

Case #2: HIBA-10 is a patient with detected metastasis, BT =2mm
and cofilin-1= 0.098 O.D. For the results of our dataset using only BT,
the mean p is 0.46 (0.17-0.82, 95% CI), but when we estimate P(met |
BT, cofilin-1) p increases to 0.58 (0.22-0.91, 95% CI). This is again
related to the value of cofilin-1, in this case a little above the average
value.

Fig. 1. Illustrative examples of the association between cofilin-1′s IHC expres-
sion levels or BT values with patient metastasis occurrence. a) Representative
images of cofilin-1 immunostaining in formalin-fixed paraffin-embedded tissue
sections of malignant melanocytic lesions of patients with BT≤ 2 vs. BT > 2
and detected vs. non-detected metastasis. Bar represents 20 μm. b) Patient
metastasis occurrence (circles: yes, squares: no) as a function of BT values (mm)
and cofilin-1′s IHC expression levels (mean O.D. A.U.) in the cases showed in a).

Fig. 2. Posterior probability of metastasis as a function of BT or cofilin-1 levels.
a) P(met | BT) as a function of BT. 95% confidence interval is also informed.
Patient occurrence (‘1′) or non-occurrence (‘0′) of metastasis as a function of BT
is also informed. b) P(met | cofilin-1) as a function of cofilin-1. 95% confidence
interval (CI) is also informed. Patient occurrence (‘1′) or non-occurrence (‘0′) of
metastasis as a function of cofilin-1 is also informed.
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4. Discussion

Patients with melanomas with low values of BT generally have fa-
vorable outcomes, but there is a subgroup of them who will display

recurrence or metastatic disease [13,47]. Our statistical analysis
showed that we can set a cutoff for BT and the probability of metastasis
occurrence considering the cofilin-1 level, adding evidence to the role
of this protein as a prognostic biomarker in melanoma. In agreement
with our results, high levels of cofilin-1 were associated with cancer
progression and poor prognosis in different types of cancer
[9,24,30,31,34,38,48]. Moreover, the LIMK/cofilin pathway and SSH1
were suggested as promising tumor biomarkers and therapeutic targets
in human colorectal cancer, considering their role in tumor progression
and chemoresistance [3]. Among the few studies that evaluate cofilin-1
in melanoma patients [5,19] and in keeping with our results, cofilin-1
was also described differentially expressed in metastatic lymph nodes vs
matched human primary cutaneous melanomas of the same patients.
Although that study made focus in other two proteins, it is worth to in
deep analyze cofilin-1 and the other seven differentially expressed
proteins [19]. This could support the use of cofilin-1 for metastasis
screening studies. In this context, the cofilin-1′s IHC expression levels
could be determined in patients with mid-low BT in order to perform a
tight clinical follow-up and improve treatment decision-making.

One of the main limitations of this study was the availability of
patient samples with the required clinical data. However, statistically
significant results were obtained. Certainly, a large dataset would re-
duce the CI. In this sense, the TCGA Research Network (http://
cancergenome.nih.gov/) exhibits data from 479 melanoma samples of
a cohort of 471 patients [10,15]. However, cofilin-1 is displayed at
mRNA level (CFL1) and the results could be slightly different from the
ones showed here, obtained at protein level by immunohistochemistry.
Nevertheless, it is noteworthy that melanomas with BT > 2mm ex-
hibited higher CFL1 mRNA expression z-scores (RNA Seq V2 RSEM)
than those with BT < 2mm in the TCGA cohort [5]. Moreover, Kaplan-
Meier survival curves analysis showed that those patients with high
CFL1 mRNA expression levels had lower survival rate [5]. This supports
that cofilin-1 can be associated with a worse prognosis in melanoma.
Herein, we observed that although CFL1 mRNA was only up-regulated

Fig. 3. Posterior probability P(met | BT, cofilin-1) as a function of BT for a) low
(up, cofilin-1= 0.009 O.D.), b) medium (middle, cofilin-1=0.078 O.D.) and c)
large (down, cofilin-1= 0.148 O.D.) values of cofilin-1. 95% confidence in-
terval (CI) and patient occurrence (‘1′) or non-occurrence (‘0′) of metastasis is
also informed.

Fig. 4. Posterior probability of metastasis as a function of BT or combined BT
and cofilin-1 in specific cases. Patients HIBA-7 and HIBA-10: (red) P(met | BT)
as a function of BT for the inference scheme based on BT only; (blue) P(met |
BT, cofilin-1) as a function of BT for cofilin-1= 0.076 O.D. and 0.097 O.D. for
HIBA-7 and HIBA-10 respectively. 95% confidence interval (CI) for both in-
ference schemes and patient occurrence (‘1′) or non-occurrence (‘0′) of metas-
tasis is also informed.
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in 6% of the TCGA melanoma cohort, 53.8% of those patients exhibited
disease spread into the lymph nodes (some patients were excluded of
the analysis, two because lymph nodes couldn’t be assessed and one for
missing data).

Concerning the clinical use of biomarkers for melanoma, array
comparative genomic hybridization (CGH) and fluorescence in-situ
hybridization (FISH) studies proposed the combination of probes for
6p2518, 6q23, Cep6, and 11q13 as a good discriminator between
melanoma and nevi. The probes panel used, identified inter-
chromosomal rearrangements in chromosome 6 with gains in 6p25
(RREB1) and losses in 6q23 (MYB), as well as gains in 11q13 (CCND1)
[14]. However, the diagnostic accuracy of CGH and FISH techniques is
far from being absolute. Thus, these techniques have been sought to
provide adjunctive diagnostic information for pathologists confronting
histopathologically ambiguous melanocytic lesions [14]. Similarly, we
propose the determination of cofilin-1 IHC levels not as the absolute
biomarker to identify melanomas with high probability of metastasize,
but to offer additional data which could help in the decision-making
process about melanoma patients. Remarkably, CCND1 and CFL1 share
the genomic location at 11q13.

In order to achieve targeted prevention and personalized treatments
for a tumor like melanoma which is highly heterogeneous and one of
the most aggressive and complex cancers [18], it is crucial to integrate
the information obtained of our analysis with others biomarkers to
evaluate the probability of a melanoma to metastasize. Currently, the
multi-omics technologies made significant achievements in cancer re-
search and clinically relevant results. These technologies will surely
accelerate the cancer research with the improvement of technical lim-
itations and ultimately benefit more cancer patients, worldwide [25].
Meanwhile, omics research should be understandable to other dis-
ciplines in order to maximize applicability [20]. In addition, other as-
pects are also needed to be considered, such as the patients’ daily habits
together with other factors, like age, sex, family history, lifestyle, etc. to
create a model, in order to achieve a more accurate prediction of tumor
and individualized treatment [11]. Unfortunately, this type of in-
formation is not always available to be included in a study, particularly
when archival formalin-fixed paraffin-embedded tissue sections are
used, like in our study. We perceive this as another limitation. How-
ever, we tried herein to simplify the analysis in order to evaluate the
value of cofilin-1 as a predictive biomarker of metastasis in melanoma
and how would help this value to a main parameter as it is BT, taking
into account the complexity of the disease.

The term biomarker when used in translational research discus-
sions, often refers to a marker used to speed up or aid in diagnosis or
monitoring and advance into personalized medicine. Considering that a
biomarker discovery path is long and challenging, the pace is often slow
and arduous. In order to have clinical translation, a biomarker need to
provide clinically relevant data beyond what is available or supply the
same information at a lower cost, either financially or in measurable
patient risk [37]. In the roadmap of biomarker discovery, first there is a
question to address: “Is there an unmet clinical need?”. When the an-
swer is: “Yes”, a reproducible assay must be available and used to define
the markers distribution in the target population of the emerging po-
tential candidates. Afterwards, this must be tested against the “gold
standard” for diagnosis. If added diagnostic accuracy exists, then bio-
marker performance should be validated [37]. In keeping with this, we
showed a potential candidate, cofilin-1, which could be easily measured
in a reproducible manner following a conventional im-
munohistochemistry protocol in formalin-fixed paraffin-embedded
tissue sections of melanoma patients. In this sense, there were proposed
scenarios in which using archived specimens to validate biomarkers
may be of considerable value [41]. Next, we tested cofilin-1 vs BT as
“gold standard” for diagnosis and we demonstrated an improvement in
the estimation of the probability of metastasis by combining cofilin-1
with BT, particularly when the estimation of this parameter exhibits
large uncertainties. Thus, considering the potential of our findings, we

are aware that a next step is to validate these results in an independent
study before the assay and the prediction model are used clinically.

5. Conclusion

Although it is clear that validation of these promising results in a
larger cohort of patients is required, we are taking a step-forward in
determining the potential predictive value of cofilin-1 for metastatic
spread of melanomas with mid-low BT, which could assist the diag-
nosis, follow-up and treatment of patients. Moreover, we explained this
dependency in terms of the observed role of cofilin-1 in the metastatic
process. Furthermore, Bayesian approach for modeling the predictive
power of a conventional parameter and a proposed biomarker in a low-
medium size clinical dataset, could allow a significant probability es-
timation to develop a bad outcome incident in other cancer studies. In a
PPPM scenario, and if the combined use of cofilin-1 with BT is validated
in follow-up studies, the type of methodology required is feasible to
implement in a Pathology laboratory. A test like this could provide
adjunctive information to conventional diagnosis studies and to novel
emerging ones in order to benefit the selection of patients for treat-
ments and on the other hand, could help to control the health budget of
oncology.

Funding

This work was supported by the Agencia Nacional de Promoción
Científica y Tecnológica, Argentina (Cooperación Internacional PICT-
CABBIO 2014-0818, PICT 2014-1557 and PICT 2017-2478); MCTI/
CNPQ/CBAB Cooperação Internacional em Biotecnologia, Brasil
(465113/2014-1); Comisión Nacional de Energía Atómica, Argentina;
Fundación Florencio Fiorini, Argentina.

Ethical approval

All the patient investigations conformed to the principles outlined in
the Declaration of Helsinki and have been performed with the per-
mission #1922 released by the responsible Ethic’s Committee of the
Hospital Italiano de Buenos Aires (HIBA), which concluded that in-
formed consent for participation in this study was not required due the
use of archival formalin-fixed paraffin-embedded tissue sections. Thus,
patient’s consent for publication is not applicable. However, additional
privacy protection measures were taken. This study was performed with
archival formalin-fixed paraffin-embedded tissue sections of benign and
malignant melanocytic lesions from patients diagnosed between 2000
and 2008 with clinical follow-up of at least 5 years available. These
samples were obtained from the Pathological Anatomy Service,
Hospital Italiano de Buenos Aires, Argentina (HIBA). This article does
not contain any studies with animals performed by any of the authors.

Data availability statement

All data generated or analyzed during this study are included in this
manuscript (and its supplementary information files).

Consent for publication

The corresponding author has the consent from all authors to pub-
lish the manuscript in Pathology - Research and Practice and all authors
have read and approved the manuscript.

CRediT authorship contribution statement

Irene L. Ibañez: Conceptualization, Data curation, Formal analysis,
Funding acquisition, Investigation, Methodology, Project administra-
tion, Supervision, Validation, Visualization, Writing - original draft,
Writing - review & editing. Francisco M. Grings: Conceptualization,

I.L. Ibañez, et al. Pathology - Research and Practice 215 (2019) 152582

6



Formal analysis, Investigation, Methodology, Software, Supervision,
Validation, Visualization, Writing - original draft, Writing - review &
editing. Candelaria Bracalente: Investigation, Methodology, Writing -
review & editing. Adriana R. Rinflerch: Investigation, Methodology,
Resources, Writing - review & editing. Victoria Volonteri:
Investigation, Methodology, Resources, Writing - review & editing.
Mauro A.A. Castro: Methodology, Supervision, Writing - review &
editing. Fabio Klamt: Funding acquisition, Methodology, Project ad-
ministration, Resources, Supervision, Writing - review & editing. Hebe
Durán: Funding acquisition, Investigation, Methodology, Project ad-
ministration, Resources, Supervision, Writing - review & editing.

Declaration of Competing Interest

The authors declare that they have no conflict of interest.

Acknowledgements

The authors wish to thank to Instituto de Ciencias Básicas y
Medicina Experimental, Instituto Universitario Hospital Italiano; and to
the members of Departamento de Radiobiología and Laboratorio de
Radiodosimetría Biológica, CNEA for their assistance. The authors also
thank to the Head and staff from Dermatología Experimental, Servicio
de Dermatología, Hospital Italiano de Buenos Aires (HIBA), particu-
larly, Dr. Gastón N. Galimberti, and to the Head and staff from Servicio
de Anatomía Patológica, HIBA.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.prp.2019.152582.

References

[1] American Cancer Society, A.C. Society (Ed.), Cancer Facts and Figures, 2018, p.
2018 https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-
and-statistics/annual-cancer-facts-and-figures/2018/cancer-facts-and-figures-2018.
pdf.

[2] Estadísticas vitales. Información básica Argentina - Año, Ministerio de Salud y
Desarrollo Social, Secretaría de Gobierno de Salud, Secretaría de Coberturas y
Recursos de Salud, Subsecretaría de Coberturas Públicas Sanitarias, Dirección
Nacional de Sistemas de Información en Salud, Dirección de Estadísticas e
Información en Salud, (2017), p. 2018 http://www.deis.msal.gov.ar/wp-content/
uploads/2019/01/Serie5Nro61.pdf.

[3] H. Aggelou, P. Chadla, S. Nikou, S. Karteri, I. Maroulis, H.P. Kalofonos, H. Papadaki,
V. Bravou, LIMK/cofilin pathway and Slingshot are implicated in human colorectal
cancer progression and chemoresistance, Virchows Arch. 472 (2018) 727–737.

[4] G.M. Boland, J.E. Gershenwald, Principles of melanoma staging, Cancer Treat. Res.
167 (2016) 131–148.

[5] C. Bracalente, A.R. Rinflerch, I.L. Ibañez, F.M. García, V.I. Volonteri,
G.N. Galimberti, F. Klamt, H. Durán, Cofilin-1 levels and intracellular localization
are associated with melanoma prognosis in a cohort of patients, Oncotarget 9
(2018) 24097–24108.

[6] C. Bracalente, N. Salguero, C. Notcovich, C.B. Muller, L.L. da Motta, F. Klamt,
I.L. Ibanez, H. Duran, Reprogramming human A375 amelanotic melanoma cells by
catalase overexpression: reversion or promotion of malignancy by inducing mela-
nogenesis or metastasis, Oncotarget 7 (2016) 41142–41153.

[7] J.J. Bravo-Cordero, L. Hodgson, J. Condeelis, Directed cell invasion and migration
during metastasis, Curr. Opin. Cell Biol. 24 (2012) 277–283.

[8] J.J. Bravo-Cordero, M.A. Magalhaes, R.J. Eddy, L. Hodgson, J. Condeelis, Functions
of cofilin in cell locomotion and invasion. Nature reviews, Mol. Cell Biol. 14 (2013)
405–415.

[9] M.A. Castro, F. Dal-Pizzol, S. Zdanov, M. Soares, C.B. Muller, F.M. Lopes,
A. Zanotto-Filho, M. da Cruz Fernandes, J.C. Moreira, E. Shacter, F. Klamt, CFL1
expression levels as a prognostic and drug resistance marker in nonsmall cell lung
cancer, Cancer 116 (2010) 3645–3655.

[10] E. Cerami, J. Gao, U. Dogrusoz, B.E. Gross, S.O. Sumer, B.A. Aksoy, A. Jacobsen,
C.J. Byrne, M.L. Heuer, E. Larsson, Y. Antipin, B. Reva, A.P. Goldberg, C. Sander,
N. Schultz, The cBio cancer genomics portal: an open platform for exploring mul-
tidimensional cancer genomics data, Cancer Discov. 2 (2012) 401–404.

[11] T. Cheng, X. Zhan, Pattern recognition for predictive, preventive, and personalized
medicine in cancer, EPMA J. 8 (2017) 51–60.

[12] D.K. DePeralta, G.M. Boland, Melanoma: advances in targeted therapy and mole-
cular markers, Ann. Surg. Oncol. 22 (2015) 3451–3458.

[13] M.B. Faries, L.A. Wanek, D. Elashoff, B.E. Wright, D.L. Morton, Predictors of occult

nodal metastasis in patients with thin melanoma, Arch. Surg. 145 (2010) 137–142.
[14] G. Ferrara, A.C. De Vanna, Fluorescence in situ hybridization for melanoma diag-

nosis: a review and a reappraisal, Am. J. Dermatopathol. 38 (2016) 253–269.
[15] J. Gao, B.A. Aksoy, U. Dogrusoz, G. Dresdner, B. Gross, S.O. Sumer, Y. Sun,

A. Jacobsen, R. Sinha, E. Larsson, E. Cerami, C. Sander, N. Schultz, Integrative
analysis of complex cancer genomics and clinical profiles using the cBioPortal, Sci.
Signal. 6 (2013) pl1.

[16] C. Garbe, K. Peris, A. Hauschild, P. Saiag, M. Middleton, L. Bastholt, J.J. Grob,
J. Malvehy, J. Newton-Bishop, A.J. Stratigos, H. Pehamberger, A.M. Eggermont,
Diagnosis and treatment of melanoma. European consensus-based interdisciplinary
guideline - Update 2016, Eur. J. Cancer 63 (2016) 201–217.

[17] O. Golubnitschaja, B. Baban, G. Boniolo, W. Wang, R. Bubnov, M. Kapalla,
K. Krapfenbauer, M.S. Mozaffari, V. Costigliola, Medicine in the early twenty-first
century: paradigm and anticipation - EPMA position paper 2016, EPMA J. 7
(2016) 23.

[18] G. Grech, X. Zhan, B.C. Yoo, R. Bubnov, S. Hagan, R. Danesi, G. Vittadini,
D.M. Desiderio, EPMA position paper in cancer: current overview and future per-
spectives, EPMA J. 6 (2015) 9.

[19] M. Guan, X. Chen, Y. Ma, L. Tang, L. Guan, X. Ren, B. Yu, W. Zhang, B. Su, MDA-9
and GRP78 as potential diagnostic biomarkers for early detection of melanoma
metastasis, Tumour Biol. 36 (2015) 2973–2982.

[20] J.P. Janssens, K. Schuster, A. Voss, Preventive, predictive, and personalized medi-
cine for effective and affordable cancer care, EPMA J. 9 (2018) 113–123.

[21] G. Karakousis, P.A. Gimotty, E.K. Bartlett, M.S. Sim, M.G. Neuwirth, D. Fraker,
B.J. Czerniecki, M.B. Faries, Thin melanoma with nodal involvement: analysis of
demographic, pathologic, and treatment factors with regard to prognosis, Ann.
Surg. Oncol. 24 (2017) 952–959.

[22] M. Kashani-Sabet, Molecular markers in melanoma, Br. J. Dermatol. 170 (2014)
31–35.

[23] J.M. Kirkwood, S. Moschos, W. Wang, Strategies for the development of more ef-
fective adjuvant therapy of melanoma: current and future explorations of anti-
bodies, cytokines, vaccines, and combinations, Clin. Cancer Res. 12 (2006)
2331s–2336s.

[24] L.I. Lu, N.I. Fu, X.U. Luo, X.Y. Li, X.P. Li, Overexpression of cofilin 1 in prostate
cancer and the corresponding clinical implications, Oncol. Lett. 9 (2015)
2757–2761.

[25] M. Lu, X. Zhan, The crucial role of multiomic approach in cancer research and
clinically relevant outcomes, EPMA J. 9 (2018) 77–102.

[26] M. Mandala, D. Massi, Tissue prognostic biomarkers in primary cutaneous mela-
noma, Virchows Archiv. 464 (2014) 265–281.

[27] S.K. Martin, M. Kamelgarn, N. Kyprianou, Cytoskeleton targeting value in prostate
cancer treatment, Am. J. Clin. Exp. Urol. 2 (2014) 15–26.

[28] D. McNeish, On using bayesian methods to address small sample problems, Struct.
Equ. Model. A Multidiscip. J. 23 (2016) 750–773.

[29] L.M. McShane, D.G. Altman, W. Sauerbrei, S.E. Taube, M. Gion, G.M. Clark,
REporting recommendations for tumour MARKer prognostic studies (REMARK),
Eur. J. Cancer 41 (2005) 1690–1696.

[30] C.B. Muller, R.L. de Barros, M.A. Castro, F.M. Lopes, R.T. Meurer, A. Roehe,
G. Mazzini, J.M. Ulbrich-Kulczynski, F. Dal-Pizzol, M.C. Fernandes, J.C. Moreira,
L.L. Xavier, F. Klamt, Validation of cofilin-1 as a biomarker in non-small cell lung
cancer: application of quantitative method in a retrospective cohort, J. Cancer Res.
Clin. Oncol. 137 (2011) 1309–1316.

[31] S. Nishimura, H. Tsuda, F. Kataoka, T. Arao, H. Nomura, T. Chiyoda, N. Susumu,
K. Nishio, D. Aoki, Overexpression of cofilin 1 can predict progression-free survival
in patients with epithelial ovarian cancer receiving standard therapy, Hum. Pathol.
42 (2011) 516–521.

[32] J.H. Oh, H.P. Wong, X. Wang, J.O. Deasy, A bioinformatics filtering strategy for
identifying radiation response biomarker candidates, PLoS One 7 (2012) e38870.

[33] A. Patil, D. Huard, C.J. Fonnesbeck, PyMC: bayesian stochastic modelling in Python,
J. Stat. Softw. 35 (2010) 1–81.

[34] I. Prochazkova, J. Lenco, A. Fucikova, J. Dresler, L. Capkova, R. Hrstka, R. Nenutil,
P. Bouchal, Targeted proteomics driven verification of biomarker candidates asso-
ciated with breast cancer aggressiveness, Biochim. Biophys. Acta 1865 (2017)
488–498.

[35] C.J. Rowe, K. Khosrotehrani, Clinical and biological determinants of melanoma
progression: Should all be considered for clinical management? Australas. J.
Dermatol. 57 (2016) 175–181.

[36] C.A. Schneider, W.S. Rasband, K.W. Eliceiri, NIH Image to ImageJ: 25 years of
image analysis, Nat. Methods 9 (2012) 671–675.

[37] M.J. Selleck, M. Senthil, N.R. Wall, Making meaningful clinical use of biomarkers,
Biomark. Insights 12 (2017) 1177271917715236.

[38] S.U. Shaheed, N. Rustogi, A. Scally, J. Wilson, H. Thygesen, M.A. Loizidou,
A. Hadjisavvas, A. Hanby, V. Speirs, P. Loadman, R. Linforth, K. Kyriacou,
C.W. Sutton, Identification of stage-specific breast markers using quantitative pro-
teomics, J. Proteome Res. 12 (2013) 5696–5708.

[39] D. Sidransky, Emerging molecular markers of cancer. Nature reviews, Cancer 2
(2002) 210–219.

[40] R.L. Siegel, K.D. Miller, A. Jemal, Cancer Statistics, 2017, CA Cancer J. Clin. 67
(2017) 7–30.

[41] R.M. Simon, S. Paik, D.F. Hayes, Use of archived specimens in evaluation of
prognostic and predictive biomarkers, J. Natl. Cancer Inst. 101 (2009) 1446–1452.

[42] R. van de Schoot, J.J. Broere, K.H. Perryck, M. Zondervan-Zwijnenburg, N.E. van
Loey, Analyzing small data sets using Bayesian estimation: the case of posttraumatic
stress symptoms following mechanical ventilation in burn survivors, Eur. J.
Psychotraumatol. 6 (2015) 25216.

[43] J.P. Vandenbroucke, E. von Elm, D.G. Altman, P.C. Gotzsche, C.D. Mulrow,

I.L. Ibañez, et al. Pathology - Research and Practice 215 (2019) 152582

7

https://doi.org/10.1016/j.prp.2019.152582
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2018/cancer-facts-and-figures-2018.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2018/cancer-facts-and-figures-2018.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2018/cancer-facts-and-figures-2018.pdf
http://www.deis.msal.gov.ar/wp-content/uploads/2019/01/Serie5Nro61.pdf
http://www.deis.msal.gov.ar/wp-content/uploads/2019/01/Serie5Nro61.pdf
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0015
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0015
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0015
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0020
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0020
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0025
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0025
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0025
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0025
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0030
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0030
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0030
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0030
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0035
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0035
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0040
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0040
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0040
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0045
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0045
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0045
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0045
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0050
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0050
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0050
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0050
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0055
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0055
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0060
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0060
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0065
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0065
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0070
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0070
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0075
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0075
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0075
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0075
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0080
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0080
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0080
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0080
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0085
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0085
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0085
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0085
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0090
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0090
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0090
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0095
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0095
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0095
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0100
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0100
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0105
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0105
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0105
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0105
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0110
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0110
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0115
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0115
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0115
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0115
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0120
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0120
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0120
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0125
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0125
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0130
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0130
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0135
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0135
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0140
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0140
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0145
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0145
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0145
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0150
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0150
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0150
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0150
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0150
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0155
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0155
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0155
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0155
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0160
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0160
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0165
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0165
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0170
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0170
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0170
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0170
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0175
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0175
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0175
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0180
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0180
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0185
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0185
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0190
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0190
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0190
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0190
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0195
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0195
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0200
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0200
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0205
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0205
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0210
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0210
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0210
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0210
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0215


S.J. Pocock, C. Poole, J.J. Schlesselman, M. Egger, Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE): explanation and elaboration,
Ann. Intern. Med. 147 (2007) W163–194.

[44] E. von Elm, D.G. Altman, M. Egger, S.J. Pocock, P.C. Gotzsche, J.P. Vandenbroucke,
The strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) statement: guidelines for reporting observational studies, Ann. Intern.
Med. 147 (2007) 573–577.

[45] W. Wang, R. Eddy, J. Condeelis, The cofilin pathway in breast cancer invasion and
metastasis. Nature reviews, Cancer 7 (2007) 429–440.

[46] M. Werner-Klein, S. Scheitler, M. Hoffmann, I. Hodak, K. Dietz, P. Lehnert,

V. Naimer, B. Polzer, S. Treitschke, C. Werno, A. Markiewicz, K. Weidele, Z. Czyz,
U. Hohenleutner, C. Hafner, S. Haferkamp, M. Berneburg, P. Rummele, A. Ulmer,
C.A. Klein, Genetic alterations driving metastatic colony formation are acquired
outside of the primary tumour in melanoma, Nat. Commun. 9 (2018) 595.

[47] L. Wheless, C.A. Isom, M.A. Hooks, R.M. Kauffmann, Mitotic rate is associated with
positive lymph nodes in patients with thin melanomas, J. Am. Acad. Dermatol. 78
(2018) 935–941.

[48] Q. Wu, Y. Jiang, S. Cui, Y. Wang, X. Wu, The role of cofilin-l in vulvar squamous cell
carcinoma: a marker of carcinogenesis, progression and targeted therapy, Oncol.
Rep. 35 (2016) 2743–2754.

I.L. Ibañez, et al. Pathology - Research and Practice 215 (2019) 152582

8

http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0215
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0215
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0215
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0220
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0220
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0220
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0220
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0225
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0225
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0230
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0230
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0230
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0230
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0230
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0235
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0235
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0235
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0240
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0240
http://refhub.elsevier.com/S0344-0338(19)31310-X/sbref0240

	Potential predictive value of cofilin-1 for metastasis occurrence in a small cohort of Argentinian patients with mid-low Breslow thickness melanoma
	Introduction
	Materials and methods
	Clinical and Cofilin-1 immunohistochemical expression datasets
	Statistical analysis

	Results
	Datasets description
	Predictive value of BT, cofilin-1 and BT + cofilin-1 for metastasis occurrence
	Study of specific cases

	Discussion
	Conclusion
	Funding
	Ethical approval
	Data availability statement
	Consent for publication
	CRediT authorship contribution statement
	mk:H1_16
	Acknowledgements
	Supplementary data
	References




