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Pregnancy-associated changes in melanocytic nevi
(MN), apart from size increase on the trunk, remain
a topic of debate. We conducted the first prospective
study to investigate dermoscopic changes in MN com-
paring pregnant with non-pregnant women on all body
parts using a market-approved convolutional neural
network (CNN). We included 25 pregnant and 25 non-
pregnant women from Basel, Switzerland, who under-
went standard skin cancer screenings and whose MN
>2 mm were digitally recorded and analysed by a CNN.
Pregnant women were examined three times: in the
first and third trimester and 8-12 weeks postpartum;
non-pregnant women twice in an interval of 17-21
weeks. We analysed 2,799 MN. In preghant women,
diameter[p<0.001],area[p <0.001], numberofcolours
[p=0.009], shape asymmetry[p=0.005] and border
sharpness[p=0.006] (inversely proportional value)
increased while ellipseness [p<0.001] decreased from
first trimester to postpartum. Changes occurred main-
ly during the third trimester to postpartum. Compared
to non-pregnant women (only first to third trimester)
MN on the upper extremities of pregnant women in-
creased in area[p=0.011] and diameter[p=0.025]
and decreased in ellipseness[p=0.037]. MN on the lo-
wer extremities increased in area[p=0.044] and MN
on the back increased in colour asymmetry[p=0.022].
Our findings show that in all women of childbearing
age MN change in their aspects with time. However,
certain MN aspects might change differently in preg-
nant compared to non-pregnant women.
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Melanocytic nevi (MN) change in appearance and
number throughout the lifetime. The total nevus
count increases during the first 3 decades of life (1, 2).
Apart from changes in nevi due to intrinsic characteris-

SIGNIFICANCE

It is currently unclear whether pregnancy can lead to
changes in moles other than size increase of moles on the
abdomen and chest. We therefore studied 2,799 moles in
25 pregnant and 25 non-pregnant women throughout and
after pregnancy and analysed their changes with artificial
intelligence. We found that in all women of childbearing age
moles change over time. However, moles in pregnant wo-
men might change differently, especially regarding changes
in size and symmetry - and not only on the abdomen and
chest. A better understanding of changes in moles during
pregnancy could help avoid unnecessary biopsies. Further,
Al-assisted examinations may help doctors detect subtle
changes in moles more efficiently.

tics such as skin type and family history, multiple other
factors can contribute to nevus progression or regression.
While ultraviolet (UV) light exposure seems to be the
most impactful extrinsic influence, data on other potential
factors, including pregnancy, are still very controversial
(3, 4). This is also attributable to the fact that gender-
specific research, particularly regarding hormonal effects
on women, has not been a major subject of investigation
for a long time, leading to an underrepresented research
field (5, 6).

Although melanoma is the most common malignancy
in pregnant women with about 30% of all cancers iden-
tified during gestation and one-third of all melanoma
cases in females occur during childbearing age, there iare
currently no robust data on the influence of pregnancy
on melanoma (7-9).

Drastic hormonal shifts are known to occur during
pregnancy. Known pregnancy-induced dermatologic
changes include hyperpigmentation, appearance of
melasma, striae distensae, telangiectasia, palmar eryt-
hema, and varicose veins (10). Hormonal changes have
also been discussed as a potential factor for changes in
MN during pregnancy (11, 12).

Only a few studies have analysed the macroscopic
and dermoscopic changes of MN throughout pregnancy
(13). However, so far, no other study has used artificial
intelligence (Al) to assess MN changes on all body parts
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in pregnant women compared with non-pregnant women
throughout and after pregnancy.

Using convolutional neural networks (CNNs) has
several advantages. First, data analysis through deep
learning-driven Al algorithms is more objective than
analysis through a human eye. Second, detailed and
extensive analysis of multiple images with high accuracy
can be performed with higher consistency.

A better understanding of pregnancy-related changes
in MN throughout and after pregnancy may avoid unne-
cessary biopsies and detect rare cases of melanoma in
pregnant women more effectively. Here, we aimed to
evaluate dermoscopic changes in MN among pregnant
women prospectively. This is the first study investigating
these changes in MN on all body parts with a market-
approved CNN among pregnant women during and after
pregnancy in comparison with non-pregnant women. By
using Al, we intended to detect any MN changes with
the highest accuracy in this vulnerable patient group.

MATERIALS AND METHODS

Study design and participating population

This prospective, single-centre, observational, comparative study
was conducted at the Department of Dermatology at the Univer-
sity Hospital of Basel in Switzerland between January 2021 and
February 2022. As a pilot study the sample size calculation was
based on similar previous studies with 12 to 70 included patients
and 21 to 703 analysed MN (13, 14).

We included 50 participants, 25 pregnant and 25 non-pregnant,
and anticipated analysing approximately 50 nevi per patient.
Study participants were recruited through the Department of
Gynaecology and Obstetrics at the University Hospital of Basel
and gynaecological practices in and around the city of Basel. Non-
pregnant participants were recruited at the University of Basel and
through an advertisement published on the University of Basel
website. Because MN changes are age-related, recruitment aimed
at balancing the 2 groups according to age. Further, both study
groups were matched for skin type.

Inclusion criteria were age between 18 and 40 years, Fitzpatrick
skin type -1V, and at least 15 MN with a diameter >2 mm. In
addition, for pregnant women the first consultation had to be in
the first trimester between the 12" and 16" week of pregnancy.
Exclusion criteria were insufficient knowledge of project language
or inability to give informed consent. Participants missed from
follow-up were excluded from the analysis.

We obtained informed consent from all women for participa-
tion in the study and for possible publication of the dermoscopic
images of their MN.

Study procedures

We performed baseline skin cancer screenings for both cohorts
between January 2021 and October 2021. All participants com-
pleted a study-specific 18-item questionnaire concerning their
UV-protective behaviours, their personal history of skin cancer,
and skin cancer screening frequency at baseline. We followed
up pregnant women in the first trimester (12" to 16" week of
pregnancy), third trimester (29" to 33" week of pregnancy), and
postpartum (8 to 12 weeks postpartum). Non-pregnant women
received 2 consultations at an interval of 17 to 21 weeks.
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During every consultation study participants underwent a
standard-of-care clinical skin examination by a dermatologist
with a dermatoscope and an additional assessment with the CNN.
Participants received total body photography (TBP) and separate
dermoscopic photographs of all MN >2 mm, including lesions in
the areas difficult to capture through TBP such as the scalp and
genital area.

Medical device and convolutional neural network

The FotoFinder ATBM master® device with its Moleanalyzer pro®
system (FotoFinder Systems GmbH, Bad Birnbach, Germany,
Version 3.3.1.0) is approved as a medical device for the European
market (Conformité Européenne mark). The system is based on
a modified architecture of GoogleNet’s Inception_v4. Details
regarding the CNN architecture and training have been descri-
bed previously in studies validating the system (15-19). For our
study the CNN supplied data on various MN metrics. The metrics
included in the study’s analysis were diameter, area, number of
colours per nevi, number of dots and globules per nevi, colour
asymmetry, shape asymmetry, ellipseness, and border sharpness
(inverse proportional value). Ellipseness is a score between 0 and
1 calculated by the CNN. The more regular the mole’s borders
and the more elliptic the mole, the closer the score is to 1. Further
explanations of the terms and their calculations can be found in
Appendix S1.

Statistical analysis

We presume that MN measured within the same patient are not
statistically independent, and consequently analysing changes at
the level of the nevus entails a large risk of statistical bias. The-
refore, we evaluated MN changes at the level of the patient. This
approach has an additional benefit, which is that, according to the
central-limit theorem, the expected mean of a random variable
follows a normal distribution regardless of the distribution of the
averaged variable, thus allowing us to use linear mixed-effect
models with normal distribution of the residuals.

Because change in nevus aspect in pregnancy may be more or
less pronounced depending on the localization of the nevus, we ran
separate models for each of the nevus localizations. Appendix S2
displays the metrics and localizations used in the analysis.

All endpoints were analysed using linear mixed-effect models.
Mean aspect metrics were used as the dependent variable, preg-
nancy status, screening time, and the interaction between preg-
nancy status and screening time as the explanatory fixed factors,
age and BMI as covariates, and the patient ID as a random factor
to account for the non-independence of the repeated measures
over time within a given patient.

To allow comparisons of the strength of the association between
pregnancy and change in nevi aspect across all endpoints describing
a nevus’s aspect, we computed p-values and standardized effect
sizes in the form of Cohen’s d along with 95% confidence intervals.

All analyses were performed using R version 4.2.1 (2022-06-
23; R Foundation for Statistical Computing, Vienna, Austria).
Further details regarding the statistical analysis are mentioned
in Appendix S2.

RESULTS

Of 26 pregnant and 30 non-pregnant women screened,
54 were included in the study. Due to dropouts, ultima-
tely 50 women (25 in each cohort) were included in the
statistical analysis. A total of 2,799 MN in 50 women
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Table I. Patient characteristics of non-pregnant and pregnant women

Characteristic

Overall, n=50°

Non-pregnant, n=25?2

Pregnant, n=252

Age, mean (SD) (min; max)
Severe sunburn (n, %)

29.5 (4.9) (19.09; 40.09)

No 24 (48)
Yes 26 (52)
Fitzpatrick skin type (n, %)

I 27 (54)
111 21 (42)
v 2 (4.0)
History of skin cancer (n, %)

No 50 (100)
Yes 0 (0)
Family history of melanoma (n, %)

No 50 (100)
Yes 0 (0)
Work outdoors >4 h/day (n, %)

No 48 (96)
Yes 2 (4.0)
Tanning (n, %)?

Never/Seldom 14 (28)
Sometimes 24 (48)
Often/Always 12 (24)

BMI, mean (SD) (min; max)

22.7 (3.7) (17.2; 35.8)

26.7 (3.9) (19.09; 36.0)

32.3 (4.1) (25.0; 40.0)

9 (36) 15 (60)
16 (64) 10 (40)
15 (60) 12 (48)
9 (36) 12 (48)
1 (4.0) 1(4.0)
25 (100) 25 (100)
0(0) 0(0)

25 (100) 25 (100)
0 (0) 0 (0)

24 (96) 24 (96)
1 (4.0) 1 (4.0)
10 (40) 4 (16)
10 (40) 14 (56)
5 (20) 7 (28)

21.8 (2.8) (17.2; 28.3)

23.7 (4.2) (18.6; 35.8)

2Intentional sun exposure during summer/spring months.

(mean age 29.5+4.9 years) were included in the analysis
(Tables I and II, and Table SI). Patient characteristics
were balanced between the two groups regarding age,
BMLI, skin type, sun exposure through working outdoors,
and tanning habits (Table I), as well as risk factors such as
previous melanoma, nicotine and alcohol consumption,
and educational level (Table SI). Table SII shows the
mean and total number of MN on different localizations.

Dermoscopic variation of nevi between first trimester
and postpartum only in pregnant women

We observed significant changes in how mean nevus
aspect metrics changed from baseline to third trimester
and postpartum in pregnant women averaged across
all localizations in mean diameter (p=<0.001), area
(p=<0.001), number of colours (p=0.009), shape
asymmetry (p=0.005), border sharpness (p=0.006), and
ellipseness (p=<0.001) (Table SIII).

We also found significant changes in mean nevus
aspect metrics from baseline to third trimester and post-
partum when analysing changes according to different
localizations.

On all localizations an increase in size and a decrease
in ellipseness was observed from first trimester to

Table II. Nevi characteristics in pregnant and non-pregnant women

postpartum. On the back as well as upper and lower
extremities (UE/LE), shape asymmetry and the border
sharpness value increased throughout time. Lastly, the
number of colours on the back and LE decreased from
third trimester to postpartum and the number of dots
from MN on the back increased during pregnancy and
decreased to baseline postpartum (Table III).

Dermoscopic changes in nevi in pregnant compared to
non-pregnant women over the period of 17—21 weeks

We found that in both study groups MN changed in their
aspects with time. However, certain MN aspects on cer-
tain localizations changed significantly more in pregnant
compared to non-pregnant women from initial screening
to 17 to 21 weeks later (Table IV) (see Figs 2 and 3).
We saw that, on the UE, diameter and area increased
more in pregnant women (p=0.025; p=0.011) (Fig.
S2.1.). Further, on the UE, ellipseness decreased in preg-
nant women while it increased in non-pregnant women
(»=0.037) (Fig. 1A). On the LE, area increased slightly
more in pregnant women (p=0.044) (Fig. S2.2.). On the
back, colour asymmetry increased in pregnant women
(p=0.022) but decreased in non-pregnant women (Fig.
1B). On other body parts nevi did not significantly

Characteristic

Overall, n=50
Mean (SD) (min; max)
Total MN: 2,799

Non-pregnant, n=25
Mean (SD) (min; max)
Total MN: 1,422

Pregnant, n=25
Mean (SD) (min; max)
Total MN: 1,377

Number of nevi

Diameter (mm)

Area (mm?)

Number of colours

Number of dots and globules
Colour asymmetry

Shape asymmetry
Ellipseness

56.0 (33.1) (4.0; 151.0)
3.3 (0.5) (2.3; 4.4)

5.3 (1.3) (3.1; 8.8)

2.7 (0.2) (2.2; 3.1)

5.7 (2.2) (2.4; 11.8)
0.1 (0.02) (0.1; 0.2)
0.3 (0.1) (0.2; 0.5)

0.7 (0.1) (0.4; 0.9)

56.9 (34.3) (20.0; 151.0)
3.5 (0.4) (2.8; 4.2)

5.6 (1.4) (3.3; 8.8)

2.7 (0.3) (2.2; 3.9)

5.9 (2.1) (3.2; 9.5)
0.1(0.02) (0.1; 0.2)

0.3 (0.03) (0.2; 0.4)

0.7 (0.1) (0.5; 0.9)

55.1 (32.5) (4.0; 122.0)
3.1 (0.4) (2.3; 4.4)

4.9 (1.2) (3.1; 7.7)

2.7 (0.2) (2.3; 3.0)

5.5 (2.4) (2.4; 11.8)
0.1 (0.02) (0.1; 0.2)
0.3 (0.1) (0.2; 0.5)

0.7 (0.1) (0.4; 0.9)
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Table III. Changes of nevi aspects on different localizations in
relation from first to third trimester and postpartum in pregnant
women and according to age and BMI

Factor Predictors Third trimester® Postpartum?
Diameter (abdomen) Estimate 0.21 0.26
95% CI 0.02-0.39 0.08-0.45
P 0.034 0.007
Area (abdomen) Estimate 0.11 0.03
95% CI 0.01-0.21 -0.07-0.13
P 0.032 0.497
Ellipseness index Estimate -0.07 -0.09
(abdomen) 95% CI -0.13to -0.01 -0.15to -0.02
P 0.031 0.007
Diameter (back) Estimate 0.06 0.41
95% CI -0.09-0.21 0.27-0.56
P 0.406 <0.001
Number of colours Estimate -0.13 -0.27
(back) 95% CI -0.34-0.08 -0.48 to -0.06
1% 0.222 0.014
Number of dots and Estimate -0.18 -0.14
globules 95% CI -0.33t0 -0.03 -0.29-0.01
(back) p 0.018 0.072
Shape asymmetry Estimate 0.03 0.06
(back) 95% CI -0.00-0.07 0.02-0.10
P 0.081 0.001
Ellipseness index Estimate -0.07 -0.17
(back) 95% CI -0.15-0.00 -0.25 to -0.09
p 0.056 <0.001
Border sharpness (back) Estimate 0.47 1.23
95% CI -0.38-1.32 0.37-2.09
p 0.273 0.006
Area Estimate 0.06 0.09
(chest) 95% CI -0.02-0.14 0.01-0.17
P 0.123 0.035
Ellipseness index Estimate -0.01 -0.05
(chest) 95% CI -0.05-0.03 -0.09 to -0.01
p 0.574 0.020
Diameter Estimate 0.11 0.32
(head) 95% CI -0.10-0.32 0.10-0.53
p 0.312 0.005
Ellipseness index Estimate -0.05 -0.11
(head) 95% CI -0.13-0.03 -0.19 to -0.04
p 0.191 0.005
Diameter Estimate 0.11 0.33
(LE) 95% CI -0.00-0.23 0.21-0.45
P 0.057 <0.001
Area Estimate 0.10 0.14
(LE) 95% CI 0.04-0.16 0.08-0.20
p 0.001 <0.001
Shape asymmetry Estimate 0.02 0.02
(LE) 95% CI -0.00-0.04 0.00-0.05
p 0.061 0.034
Ellipseness index Estimate -0.06 -0.11
(LE) 95% CI -0.12to -0.01 -0.16 to -0.06
p 0.016 <0.001
Diameter (UE) Estimate 0.20 0.56
95% CI 0.03-0.37 0.39-0.72
p 0.019 <0.001
Area Estimate 0.06 0.04
(UE) 95% CI 0.02-0.10 -0.00-0.07
P 0.005 0.079
Number of colours Estimate -0.09 -0.48
(UE) 95% CI -0.25-0.06 -0.64 to -0.32
p 0.221 <0.001
Shape asymmetry Estimate 0.02 0.08
(UE) 95% CI -0.02-0.07 0.03-0.12
p 0.317 0.002
Ellipseness index Estimate -0.07 -0.20
(UE) 95% CI -0.14to -0.00 -0.27 to -0.13
p 0.037 <0.001
Border sharpness (UE) Estimate 0.74 1.72
95% CI -0.07-1.56 0.89-2.54
p 0.074 <0.001

Significant p-values are marked in bold.
@Estimates for third trimester and postpartum are in reference to the first trimester.
LE: Lower extremity; UE: upper extremity
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change differently in pregnant women compared with
non-pregnant women.

DISCUSSION

Our findings emphasize that pregnancy might contri-
bute to dermoscopic and macroscopic changes in MN.
A unique aspect of our study is that to the best of our
knowledge this is the first and largest investigation to
compare pregnancy-related changes of MN on all body
parts using a market-approved CNN.

Previous comparable studies have analysed MN chan-
ges at the level of the nevus. We argue that MN measured
within the same patient are not statistically independent,
and analysing changes at the level of the nevus entails
a large risk of statistical bias. Therefore, we evaluated
MN changes at the level of the patient.

Nevi changes in area and diameter

We found that in MN of pregnant women diameter not
only increased on the abdomen but also on the back,
head, LE, and UE.

Compared with non-pregnant women, MN in pregnant
women showed a larger increase in area and diameter on
the UE and LE. A larger increase in size was not seen on
the abdomen and chest, body parts where skin distension
and therefore size increase of MN would be expected
during pregnancy. This might partly be explained by
the smaller number of MN on the abdomen compared
with the extremities. Second, our data showed a more
pronounced increase in size between the third trimester
and postpartum in pregnant women. As non-pregnant
women were only followed-up once, no comparison
could be made for this period.

Our results suggest that while diameter and area might
be affected by pregnancy-related weight gain and expan-
sion of skin during pregnancy, especially around the
abdomen, size might also be influenced by other factors
concomitant with pregnancy, leading to an increase of
size in areas not considerably affected by skin expan-
sion. Previous studies investigating MN in anatomical
locations unaffected by skin expansion have not found
significant changes in size in these regions (20, 21).
However, these studies analysed only an average of 1.8
to 5.8 MIN per patient and, apart from Rubegni et al. (20),
all used old imaging systems with manual diameter mea-
surement or no dermoscopic imaging at all. A more recent
study including about 39 MN per patient and using total
body photography and dermoscopic imaging also found
MN on the limbs, face, neck, and back to enlarge during
pregnancy (22). Currently, most speculated on growth of
MN, dysplasia, and appearance of melanoma is the influ-
ence of pregnancy-related hormones, more specifically
oestrogen receptor beta(ERP) (23—-26). However, as of
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Table IV. Estimated difference between non-pregnant and pregnant women at 17-21 weeks post-screening

Location Aspect Estimate Estimate 95% CI  p-value Cohen’s d Cohen’s d 95% CI
Abdomen Diameter? 0.088 (-0.085, 0.259) 0.323 0.322 (-0.314, 0.953)
Area? 0.101 (-0.018, 0.219) 0.105 0.532 (-0.110, 1.167)
Number of colours 0.255 (-0.141, 0.646) 0.212 0.406 (-0.230, 1.037)
Number of dots and globules® 0.080 (-0.294, 0.456) 0.677 0.134 (-0.492, 0.758)
Colour asymmetry? 0.139 (-0.227, 0.505) 0.471 0.165 (-0.283, 0.612)
Shape asymmetry -0.001 (-0.045, 0.043) 0.968 -0.013 (-0.634, 0.609)
Ellipseness 0.022 (-0.063, 0.106) 0.619 0.160 (-0.466, 0.783)
Border sharpness?® -0.271 (-1.217, 0.666) 0.576 -0.18 (-0.805, 0.448)
Back Diameter? -0.031 (-0.122, 0.059) 0.501 -0.196 (-0.762, 0.373)
Area? -0.041 (-0.089, 0.007) 0.104 -0.479 (-1.050, 0.097)
Number of colours -0.115 (-0.470, 0.241) 0.531 -0.182 (-0.748, 0.386)
Number of dots and globules?® —0.105 (-0.314, 0.104) 0.331 -0.283 (-0.851, 0.287)
Colour asymmetry? 0.198 (0.034, 0.361) 0.022 0.683 (0.098, 1.262)
Shape asymmetry 0.002 (-0.028, 0.032) 0.904 0.035 (-0.531, 0.601)
Ellipseness -0.032 (-0.132, 0.068) 0.536 -0.180 (-0.746, 0.388)
Border sharpness?® -0.010 (-0.999, 0.979) 0.984 -0.006 (-0.571, 0.560)
Chest Diameter?® -0.022 (-0.239, 0.195) 0.843 -0.065 (-0.700, 0.572)
Area? 0.061 (-0.028, 0.151) 0.188 0.435 (-0.211, 1.075)
Number of colours -0.010 (-0.515, 0.496) 0.971 -0.009 (-0.464, 0.447)
Number of dots and globules? 0.027 (-0.199, 0.253) 0.814 0.077 (-0.560, 0.712)
Colour asymmetry?® 0.050 (-0.289, 0.389) 0.773 0.094 (-0.543, 0.730)
Shape asymmetry -0.017 (-0.070, 0.036) 0.542 -0.2 (-0.836, 0.439)
Ellipseness 0.041 (-0.075, 0.157) 0.490 0.226 (-0.413, 0.863)
Border sharpness?® -0.165 (-1.108, 0.778) 0.734 -0.111 (-0.747, 0.526)
Head Diameter? 0.024 (-0.178, 0.227) 0.816 0.07 (-0.515, 0.654)
Area? 0.021 (-0.127, 0.169) 0.784 0.082 (-0.503, 0.666)
Number of colours -0.148 (-0.520, 0.224) 0.44 -0.232 (-0.817, 0.355)
Number of dots and globules® -0.084 (-0.351, 0.184) 0.543 -0.183 (-0.767, 0.404)
Colour asymmetry? 0.048 (-0.172, 0.268) 0.67 0.128 (-0.458, 0.712)
Shape asymmetry 0.003 (-0.068, 0.074) 0.941 0.022 (-0.562, 0.606)
Ellipseness -0.045 (-0.134, 0.043) 0.319 -0.300 (-0.886, 0.289)
Border sharpness? 0.225 (-0.906, 1.356) 0.703 0.114 (-0.471, 0.698)
Lower extremity Diameter? 0.026 (-0.079, 0.132) 0.627 0.143 (-0.431, 0.714)
Area® 0.081 (0.005, 0.158) 0.044 0.605 (0.018, 1.187)
Number of colours -0.045 (-0.298, 0.208) 0.728 -0.102 (-0.674, 0.471)
Number of dots and globules® -0.082 (-0.272, 0.108) 0.404 -0.246 (-0.819, 0.329)
Colour asymmetry?® 0.097 (-0.093, 0.286) 0.324 0.291 (-0.285, 0.864)
Shape asymmetry 0.005 (-0.026, 0.036) 0.756 0.091 (-0.481, 0.663)
Ellipseness -0.007 (-0.058, 0.043) 0.781 -0.082 (-0.653, 0.491)
Border sharpness?® -0.198 (-1.070, 0.673) 0.658 -0.13 (-0.702, 0.443)
Upper extremity Diameter® 0.185 (0.029, 0.342) 0.025 0.668 (0.084, 1.246)
Area?® 0.064 (0.016, 0.112) 0.011 0.76 (0.171, 1.342)
Number of colours -0.072 (-0.299, 0.155) 0.538 -0.179 (-0.745, 0.389)
Number of dots and globules?® 0.081 (-0.098, 0.260) 0.379 0.256 (-0.313, 0.823)
Colour asymmetry® 0.038 (-0.091, 0.167) 0.57 0.165 (-0.403, 0.731)
Shape asymmetry 0.017 (-0.018, 0.051) 0.342 0.277 (-0.293, 0.844)
Ellipseness -0.074 (-0.139, -0.008) 0.032 -0.638 (-1.215, -0.055)
Border sharpness? 1.018 (-0.097, 2.133) 0.08 0.516 (-0.062, 1.089)

Significant p-values are marked in bold.
2Log-transformed.

today, the clinical significance of hormonal receptors in
the evolution of MN throughout life in both sexes remains
unclear. Our results on a more pronounced increase in
MN size on the limbs in pregnant women compared with
non-pregnant women support hypotheses such as the
oestrogen theory. Future laboratory and clinical investi-
gations on sex- and hormone-specific MN evolution are
needed to gain a better translational understanding of
hormone-related changes.

Nevi changes in dots and globules

In our study, population the number of dots and globules
on the back increased during pregnancy and decreased
postpartum.
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Compared with non-pregnant women, however, the
changes in dots and globules did not differ between
first and third trimester. Previous studies also found an
increase in the number of dots in lesions with globular
patterns during pregnancy (20, 22,27, 28) and a reduction
in the number and size of dots and globules from the third
trimester to postpartum (21), suggesting that pregnancy
itself — apart from mechanical distension of the skin —
might have an influence on this increase. However, apart
from Rubegni et al. (20) none of these studies included a
control population. Our results underline the importance
of'including a control group in further studies in this field
to identify which changes can be attributed to pregnancy
and which not.


http://medicaljournalssweden.se/actadv

6/10 J. K. Peter et al. "Changes of melanocytic nevi in pregnancy”

a)

1.0

0.5 © Non-pregnant

© Pregnant

Ellipseness

0.0

-0.5

Initial screening 17-21 weeks after

b)
=~ -15
-
o]
o
=
i)
> 20
© © Non-pregnant
=
£ © Pregnant
& 285
©
5
o
o
o -30

Initial screening 17-21 weeks after

Fig. 1. Scatter plots of mean nevus aspects in pregnant and non-pregnant women. (A) Ellipseness on the upper extremities. (B) Colour asymmetry
on the back. Open circles represent individual patient data, diamonds represent averages at a given examination session. Thin and solid lines connect
data points across examination sessions. Initial screening was between the 12™ and 16™ week of pregnancy in pregnant women.

Nevi changes in colour

In pregnant women the number of colours in MN de-
creased significantly from third trimester to postpartum
on the back and UE. Further, pregnant women compared
with non-pregnant women showed a higher increase in
colour asymmetry on the back from first to third trimester.
Our findings on colour-associated changes in pregnant
women correspond with another Al-assisted comparative
study (20) detecting the variable “entropy” to increase
more in pregnant women throughout and after pregnancy
(reticular pattern less organized, colour-cluster size less
homogeneous and distribution more chaotic).

Other studies did not analyse changes in number of
colours or colour asymmetry but focused on changes
towards hyper- or hypopigmentation. Whereas previous
studies have given rise to the popular belief that MN
undergo hyperpigmentation during pregnancy (29-31),
more recent studies show contradictory results regarding
pregnancy-inducing hyperpigmentation in MN (22, 32, 33).

Due to the potential bias of digital photography and
external factors resulting in darkening and lightening of
MN, we did not analyse hypo- and hyperpigmentation
of MN in this study. To date, no study has investigated
the pathophysiology of (asymmetrical) loss of number

Fig. 2. Evolution of melanocytic nevi in 3 pregnant women. (A) MN on the abdomen; (B) MN on the lower back; and (C) MN on the right palm.
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Fig. 3. Evolution of melanocytic nevi in 3 non-pregnant women. (A) MN on the right upper arm; (B) MN on the upper chest; and (C) MN on the

lower back.

of colours towards the end of pregnancy. Further studies
are needed to clarify the significance of these findings,
as knowledge on such pregnancy-related colour changes
could prevent unnecessary biopsies.

Nevi changes in ellipseness, shape asymmetry, and
border sharpness

In our pregnant study population, the ellipseness score
increased on all body parts throughout and after pregnancy,
meaning the MN borders became more irregular over time.
Contrarily, in non-pregnant women borders became more
regular. Further, shape asymmetry and border sharpness
values increased from late pregnancy to postpartum, mea-
ning MN became more asymmetrical and the transition
between mole and surrounding skin became less distinct,
making it more difficult to determine where exactly the
mole begins or ends. We hypothesize that shape asym-
metry and border sharpness increased more in pregnant
compared with non-pregnant women, assuming that
enlarging MN in young to middle-aged adults generally
grow in a symmetrical manner (34, 35). Our prospective
study is the first to detect pregnancy-related changes
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towards shape and border asymmetry, and irregularity.
Our observations are strengthened by previous histolo-
gical findings of pregnant and non-pregnant women with
increased mitotic figures and rates and a trend towards a
higher Ki-67 proliferation index (36). The authors sug-
gest the sustained increase in oestrogen levels as the most
likely physiologic mechanism for these findings. Whether
or not pregnancy increases the risk for MN irregularity,
dysplasia, or even melanoma remains a controversial topic
of debate. Although no dysplastic nevus or melanoma was
detected in our real-world setting, more registry data are
needed to find out whether pregnancy itself is a driver of
pregnancy-associated melanoma, one of the most common
cancers in pregnancy worldwide (7, 8).

Strengths and limitations

This study’s primary strength is it being the first to
investigate dermoscopic changes in MN in pregnant vs
non-pregnant women on all body parts using Al. Further,
no previous study on this topic has ever analysed more
MN (n=2,799, in pregnant women n=1,377). A review
on studies using dermoscopy to observe changes in MN
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in pregnant women (13) showed that the highest number
of MN previously analysed was 703 (in 18 women) by
Martins-Costa & Bakos (22) and the highest number
of analysed patients was by Rubegni et al. (20) with 70
participants (35 pregnant, 35 non-pregnant) totalling
only 204 MN.

By using an Al-supported medical device to capture,
characterize, and analyse MN and their changes, our
study results are more objective than those in previous
studies (20-22). Lastly, we tried to balance out the
amount of time each woman was exposed to the sun by
including patients at different time points throughout the
year. Despite this effort, confounding effects of seasonal
change may still have occurred because baseline screen-
ing took place only between January and October 2021.

Limitations to our study include the relatively small
number of participants as well as the missing second
follow-up for non-pregnant women. A second follow-up
was refrained from to avoid a high dropout rate in the
young, healthy control population. However, it must
be mentioned that most previous studies did not have
a control population or a postpartum follow-up at all.

For practical reasons, pregnant women were included
in the analysis only when already pregnant. This might
have influenced the changes we were able to detect.
Further, the third trimester follow-up was positioned as
early as 29 to 33 weeks to avoid high dropout rates due
to high stress levels when moving closer to the date of
birth as well as possible premature birth.

Due to our inclusion criteria our study may not pro-
vide comparable results in women with Fitzpatrick skin
types IV=VI. As our study was a single-centre study, it
is important to be cautious when generalizing the results,
especially with regard to demographics.

Conclusions

MN in women of childbearing age change in their aspects
over time. Our findings suggest that certain MN aspects
show a trend towards changing differently in pregnant
women compared with non-pregnant women of the same
age. MN in pregnant women, especially during the third
trimester, increased more as regards diameter, area, co-
lour, and shape asymmetry; borders became less sharp
and ellipseness decreased.

Therefore, changes that occur in an MN of a pregnant
patient might be physiological and a too soon exag-
gerated melanoma suspicion could be avoided in daily
clinical practice.

Since changes of symmetry, size, and colour in MN
during pregnancy may not always be noticed by the
patient or even the treating dermatologist, Al-assisted
dermoscopy might be a fast and beneficial tool to per-
ceive pregnancy-related changes and early changes
towards malignancy more efficiently. CNNs can detect
subtle changes and improve diagnostic accuracy not
only in MN of pregnant women but in MN of all patient
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groups. However, their clinical utility hinges on their abi-
lity to distinguish between changes that are statistically
significant but not clinically concerning. Minor dyna-
mic changes of MN detected by CNNs may potentially
increase the risk of overtreatment of benign lesions. The-
refore, it is important that the results generated by CNNs
are interpreted by clinicians who understand the context
and clinical background of the patient. Integrating CNN's
into clinical workflows requires careful consideration
to enhance rather than complicate complex clinical
decision-making, ensuring that the changes identified
lead to improved patient outcomes without increasing
the burden of unnecessary interventions.
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