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ABSTRACT

Looking beyond the Hutchinson’s sign: a retrospective study of clinical
factors indicating the presence and invasiveness of nail unit melanoma in
patients with longitudinal melanonychia

Sang Gyun Lee

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Mi Ryung Roh)

Longitudinal melanonychia (LM) presents a challenge since nail unit melanoma (NUM)
must be considered as a differential diagnosis. As nail matrix biopsy may result in nail
dystrophy, it is important to distinguish NUM from LM. Thus, we aimed to provide
evidence of previously reported clinical factors indicative of NUM in patients with LM.

This was a retrospective study of patients who presented with LM and had biopsy-
confirmed NUM from 2005 to 2021. Benign LM was either confirmed by biopsy or
considered benign if followed without the need for biopsy. Clinical factors associated
with LM and NUM were compared by multivariate regression.

A total of 177 patients (97 LM and 80 NUM) were included. Multivariate regression
showed that high band color intensity (p = 0.0031), variegation (p = 0.0005), nail plate
splitting (p = 0.0017), Hutchinson’s sign (p = 0.0027), and band change (p = 0.001)
correlated with malignancy. Nail plate splitting was associated with Breslow thickness.
The limitations of this study was that it was retrospective in nature, and not all benign
cases were biopsy-confirmed.

Malignancy should be suspected and biopsy performed in patients with LM and high

band color intensity, variegation, nail plate splitting, Hutchinson’s sign, and band change.

Key words : longitudinal melanonychia; nail unit melanoma; subungual

melanoma; retrospective study; Hutchinson’s sign
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Looking beyond the Hutchinson’s sign: a retrospective study of clinical
factors indicating the presence and invasiveness of nail unit melanoma in
patients with longitudinal melanonychia

Sang Gyun Lee

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Mi Ryung Roh)

I. INTRODUCTION

Longitudinal melanonychia (LM) is a tan, brown, grey, or black longitudinal streak in
the nail plate that extends from the proximal nail matrix or cuticle to the distal free edge
of the nail plate.!* LM has multiple etiologies, which can be classified into the following
three categories: exogenous pigmentation, melanocyte activation, and melanocyte
proliferation.>* Exogenous pigmentation includes nonmelanocytic causes such as
bacterial, mycotic, and blood pigmentation.* Melanocyte activation refers to normal
number of melanocytes with increased melanin production due to systemic causes such as
infection and chemotherapeutic agents.* Lastly, melanocyte proliferation represents
increased pigmentation due to increased number of melanocytes in the nail matrix. The
causes can be benign, such as nail matrix nevus or lentigo, or malignant, specifically nail

unit melanoma (NUM).?

NUM is considered a variant of acral lentiginous melanoma that arises from the nail
matrix. It is relatively rare worldwide, accounting for 0.7% to 3.5% of all melanomas.®
NUM is more common among dark-skinned individuals, accounting for 20% of all
melanomas in African-Americans and 18.2% in Koreans.”® NUM is associated with late

diagnosis, leading to poor prognosis, with a 5-year survival rate of 30%, compared to 70-



90% in all cutaneous melanomas.>®  The reasons for diagnostic delay include lack of
recognition of this clinical entity, difficulties in performing satisfactory biopsies, and
occasional pathologic misinterpretation of early lesions.!%!! Performing nail matrix
biopsy is especially difficult since wide excisional biopsies may result in permanent nail
dystrophy, malalignment, or postoperative cyst or spicule formation, while smaller punch
biopsies may not yield enough specimen.'? As nail matrix biopsy is not an easily
approachable option for both clinicians and patients, the clinical distinction between

NUM and benign LM is crucial for early recognition of NUM in patients with LM.

Levit et al. proposed the ABCDEF of subungual melanoma, a screening system aimed
at aiding in the early detection of melanoma.!’ 4 stands for age (peak incidence in the
fifth to seventh decades of life) and African-Americans, Asians, and native Americans; B
stands for brown to black band color, with a breadth of 3 mm or more and variegated
borders; C stands for change in nail band; D stands for digit most commonly involved
(thumb); E stands for extension of the pigment (Hutchinson’s sign); and F stands for
family history of melanoma.!® Although this rule facilitated the clinical evaluation of LM,
studies verifying its validity resulted in conflicting findings. Ko et al. reported that the
number of ABCDEF criteria met was not significantly different between benign LM and
NUM groups, suggesting that the ABCDEF criteria should be re-examined.? Lee et al., on
the other hand, found the sensitivity and specificity of the ABCDEEF rule to be 100% and
96.6%, respectively, concluding it to be a simple and sensitive clinical strategy for early
detection of NUM in situ.'* Yim et al. also tried to verify some of the factors mentioned

in the ABCDEF rule, and they found width to be a significant factor.!?

In addition to the factors mentioned in the ABCDEF rule, other significant predictors,
as reported in the literature, are multicolor pigmentation, blurred lateral borders,
triangular shape of the band, and nail plate splitting.!¢ To this date, there have only been a
few studies validating significant clinical factors suggestive of NUM in patients with LM,

and they include only a small population of patients with NUM. Therefore, in our study,



we aimed to provide evidence for clinical factors indicating NUM in patients with LM in
a large population of NUM and patients with LM. Furthermore, since the survival rate in
NUM is associated with the presence of invasion in the hyponychium and nail bed!” and
tumor thickness,'® we sought to discover which clinical factors were significantly related

to invasiveness and invasion depth in NUM.

II. MATERIALS AND METHODS

1. Patient population and data collection

After approval from the institutional review board at Gangnam Severance Hospital
(IRB approval number 3-2022-0042), we retrospectively reviewed patients who visited
Gangnam Severance Hospital or Severance Hospital for LM from January 2005 to

February 2021.

Benign LM was either diagnosed by nail biopsy or considered benign if followed
passively without the need for biopsy. In order to ensure a long enough follow-up period
for those who did not undergo biopsy, data ranging from January 2010 to December 2016
were included for benign LM in this study. NUM was diagnosed by biopsy; among these
patients, those presenting with nodular melanoma were excluded as it was not difficult to

assume malignancy in these patients.

Patients with NUM were further classified into melanoma in situ (MIS) and invasive
melanoma (IM), according to their histopathology reports. Patients with NUM whose
pathology reports did not specify presence or the depth (in millimeters or micrometers) of

invasion were excluded from analysis.

Electronic medical records, clinical photographs, and histopathology reports were
retrospectively reviewed. The electronic medical records included sex, age at time of

diagnosis, number and location of digit(s) involved, and band changes. For patients with



single digit involvement, clinical photographs were analyzed for band color, color
intensity, presence of variegation (Figure 1A), band width as a third of the nail plate
width (less than 1/3, 1/3 to 2/3, greater than 2/3), triangular shape of the band (Figure 1B),
nail plate splitting (Figure 1C), blurred lateral borders (Figure 1D), and presence of the
Hutchinson’s sign. In this study, Hutchinson’s sign was defined as the extension of
pigmentation from the longitudinal melanonychia into the adjacent proximal or lateral
nailfolds or hyponychium.!> We differentiated true Hutchinson’s sign from pseudo-
Hutchinson’s sign, which we defined as pigmentation of the nail matrix observed through
the transparent cuticle at the proximal nailfold.!” The intensity of the band color was
scored on a subjective scale of 1 to 10 by a dermatology physician, with 1 representing
“least intense” and 10 representing “most intense”. For patients with NUM and multiple
digit involvement, the digit diagnosed with NUM was examined for photographic

analysis.

Figure 1. Examples of factors. A, variegation; B, triangular shape of the band; C, nail

plate splitting; D, blurred lateral border.



2. Statistical analysis

The demographic and clinical factors were analyzed to discover differences between
benign LM and NUM. The independent two-sample t-test was used for continuous
variables, and chi-squared or Fisher’s exact tests were used for categorical variables. To
identify factors indicating NUM rather than benign LM, multivariate logistic regression
analysis by stepwise selection was performed.

The same factors were analyzed by univariate and multivariate logistic regression
analysis to identify factors distinguishing MIS and IM or affecting invasiveness.
Furthermore, to identify factors affecting depth of invasion in patients with IM, univariate
and multivariate linear regression analyses were performed.

P values < 0.05 was considered statistically significant. All data were analyzed using

Statistical Analysis Software (SAS) version 9.4 (SAS Inc., Cary, NC).

III. RESULTS

1. Baseline demographic and clinical characteristics of benign LM and NUM

A total of 177 patients, comprising 97 patients with benign LM and 80 biopsy-proven
patients with NUM, were included in the analysis. Demographics of the 177 patients are
described in Table 1. The mean age of all patients was 46.8 years, with 107 (60.4%) male
and 70 (39.6%) female patients. The mean age of patients with NUM was 53.5 years,
which was statistically significantly higher than that of benign LM (41.3 years, p <
0.0001). The NUM group also had a statistically higher proportion of female patients
(n=38, 47.5%), than the benign LM group (n=32, 32.9%) (p = 0.0494).

Among the 177 patients, 140 (79.1%) had single digit involvement. The NUM group
had a significantly higher proportion of single digit involvement (n=78, 97.5%) than the



benign LM group (n=62, 63.9%) (p < 0.0001). For these 140 patients with single digit
involvement and the two patients with NUM and multiple digit involvement, location of
the melanonychia was noted and photographs were analyzed. Of these 142 patients, 71
patients (50.0%) had melanonychia on the right side and 103 (72.5%) patients had it on
the hand, with the first digit being the most common site, with 92 (64.8%) patients. The
NUM group had a statistically higher proportion of hand involvement (n=64, 80.0%) than
the benign LM group (n=39, 62.9%) (p = 0.0236). There was no significant difference in
the proportion of the affected side or digit number (first to fifth).

Table 1. Baseline demographic and clinical characteristics by malignancy status

Total LM Benign LM NUM
(N=177 or 142%) (n=97 or 62%%*) (n=80) P value
Characteristic MeantSD or N (%) MeantSD orn (%) Mean+SD or n (%)
Age 46.831+18.577 41.320+19.741 53.513£14.585 <.0001***
Sex 0.0494***
Male 107 (60.45) 65 (67.01) 42 (52.50)
Female 70 (39.55) 32 (32.99) 38 (47.50)
Number of digits <0001##*
involved
Single 140 (79.10) 62 (63.92) 78 (97.50)
Multiple 37 (20.90) 35 (36.08) 2 (2.50)
Side 0.0906
Right 71 (50.00) 26 (41.94) 45 (56.25)
Left 71 (50.00) 36 (58.06) 35 (43.75)
Extremity 0.0236%%*
Hand 103 (72.54) 39 (62.90) 64 (80.00)
Foot 39 (27.46) 23 (37.10) 16 (20.00)
Digit 0.0668



First 92 (64.79) 46 (74.19) 46 (57.50)

Second 19 (13.38) 9 (14.52) 10 (12.50)
Third 10 (7.04) 3 (4.84) 7 (8.75)
Fourth 11 (7.75) 1(1.61) 10 (12.50)
Fifth 10 (7.04) 3 (4.84) 7 (8.75)

LM, Longitudinal melanonychia; NUM, Nail unit melanoma; SD, standard deviation.

*N=177 for Age, Sex, Number of digits involved. N=142 for Side, extremity, digit. The 35 excluded are those
with multiple digit involvement in benign LM.

** N=97 for Age, Sex, Number of digits involved. N=62 for Side, extremity, digit. The 35 excluded are those
with multiple digit involvement in benign LM.

**% P values less than .05 are significant

2. Comparison of factors associated with benign LM and NUM

The comparison of factors associated with benign LM and NUM is shown in Table 2.
Factors that showed significant difference between benign LM and patients with NUM
were as follows: the NUM group had higher band color intensity (7.78 vs 3.85, p <
0.0001); higher proportion of black (34 (42.5%) vs 24 (38.7%)) and multicolor (25
(31.2%) vs 0 (0.0%), p < 0.0001) bands; higher proportion of variegation (46 (57.5%) vs
8 (12.9%), p < 0.0001); higher proportion of width involving 1/3 — 2/3 of the whole nail
(24 (30.0%) vs 10 (16.1%)) and greater than 2/3 (45 (56.2%) vs 1 (1.6%), p < 0.0001);
higher proportion of nail plate splitting (42 (52.5%) vs 1 (1.6%), p < 0.0001); higher
proportion of Hutchinson’s sign (59 (73.7%) vs 5 (8.06%), p < 0.0001); and higher
proportion of recent band change (48 (60.0%) vs 9 (14.5%), p < 0.0001). Triangular band
shape and blurred lateral borders did not show significantly different proportions between

benign LM cases and patients with NUM.

Table 2. Comparison of factors between benign LM and NUM

Characteristic Total LM Benign LM NUM P value
(N=142) (n=62) (n=80)



Mean£SD or N (%) MeantSD orn (%)  Mean+SD or n (%)

Intensity 6.070+3.036 3.855+2.462 7.788+2.220 <.0001*

Color <.0001*
Brown 59 (41.55) 38(61.29) 21 (26.25)
Black 58 (40.85) 24 (38.71) 34 (42.50)
Multicolor 25 (17.61) 0(0.00) 25 (31.25)

Variegation <.0001*
Homogeneous 88 (61.97) 54 (87.10) 34 (42.50)
Variegated 54 (38.03) 8 (12.90) 46 (57.50)

dedt;h) (proportion of nail <0001*
<1/3 62 (43.66) 51(82.26) 11 (13.75)
1/3~2/3 34 (23.94) 10 (16.13) 24 (30.00)
>2/3 46 (32.39) 1 (l.61) 45 (56.25)

g;;aélgular shape of the 0.1318
No 138 (97.18) 62 (100.00) 76 (95.00)
Yes 4(2.82) 0(0.00) 4 (5.00)

Nail plate splitting <.0001*
No 96 (67.61) 58 (93.55) 38 (47.50)
Yes 46 (32.39) 4(6.45) 42 (52.50)

Blurred lateral borders 0.1444
No 74 (52.11) 28 (45.16) 46 (57.50)
Yes 68 (47.89) 34 (54.84) 34 (42.50)

Hutchinson's sign <.0001*
No 78 (54.93) 57 (91.94) 21 (26.25)
Yes 64 (45.07) 5(8.06) 59 (73.75)

Band change <.0001*



No 85 (59.86) 53 (85.48) 32 (40.00)

Yes 57 (40.14) 9 (14.52) 48 (60.00)

LM, Longitudinal melanonychia; NUM, Nail unit melanoma; SD, standard deviation.
*P values less than .05 are significant

3. Factors indicating malignancy in patients with LM

Factors indicating malignancy in patients with LM were estimated using multivariate
logistic regression analysis by stepwise selection (Table 3). High band color intensity (p =
0.0031), presence of wvariegation (p = 0.0005), nail plate splitting (p = 0.0017),
Hutchinson’s sign (p = 0.0027), and band change (p = 0.001) showed significant

correlations with malignancy.

Table 3. Multivariate logistic regression analysis for factors indicating NUM in LM

Multivariate model

Characteristic OR (95% CI) P value*
Intensity 2.342 (1.333-4.115) 0.0031
Variegation

Homogeneous ref
. 280.503 (11.917-
Variegated 6602.597) 0.0005
Nail plate splitting
No ref
102.599 (5.722-
Yes 1839.634) 0.0017
Hutchinson's sign
No ref
Yes 95.154 (4.839- 0.0027

1871.159)



Band change

No

Yes

ref

306.564 (10.100-

9305.052) 0.001

NUM, Nail unit melanoma; LM, Longitudinal melanonychia; OR, Odds ratio; CI, Confidence interval.
*P values less than .05 are significant

4. Factors indicating invasiveness in patients with NUM

Among the 80 biopsy-proven patients with NUM, histopathologic reports did not

specify the presence of invasion in three patients. Therefore, a total of 77 patients,

comprising 55 and 22 patients with MIS and IM, respectively, were included in the

analysis. Baseline demographic and clinical characteristics are shown in table 4. All

variates were subject to univariate logistic regression analysis, from which significant

factors were selected by stepwise selection method to perform multivariate logistic

regression (Table 5). Univariate analysis showed that nail plate splitting had a positive

correlation (p = 0.002) with invasion, while blurred lateral borders had a negative

correlation (p = 0.0392). Multivariate analysis corroborated these results.

Table 4. Baseline demographic and clinical characteristics by invasion status

Total (N=77) In situ (n=55) Invasive (n=22)
Characteristic Meani(OSA)]? orN Mean+SD or n (%) Mean=SD or n (%) p-value

Age 53.675+£14.818 51.691£15.419 58.636+12.132 0.0627
Sex 0.3109

Male 42 (54.55) 28 (50.91) 14 (63.64)

Female 35 (45.45) 27 (49.09) 8 (36.36)
Intensity 7.740+2.233 7.436+2.291 8.500+1.921 0.0584
Number of digits involved 1

Single 75 (97.40) 53 (96.36) 22 (100.00)
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Multiple
Side
Right
Left
Extremity
Hand
Foot
Digit
First
Second
Third
Fourth
Fifth
Color
Brown
Black
Multicolor
Variegation
Homogeneous
Variegated
Width (proportion of nail
width)
<1/3
1/3~2/3
>2/3
Triangular shape of the band
No
Yes
Nail plate splitting
No
Yes
Blurred lateral borders
No
Yes
Hutchinson's sign
No
Yes
Band change

2 (2.60)

43 (55.84)
34 (44.16)

61 (79.22)
16 (20.78)

45 (58.44)
10 (12.99)
7 (9.09)
9 (11.69)
6 (7.79)

20 (25.97)
34 (44.16)
23 (29.87)

33 (42.86)
44 (57.14)

10 (12.99)
23 (29.87)
44 (57.14)

73 (94.81)
4(5.19)

37 (48.05)
40 (51.95)

45 (58.44)
32 (41.56)

20 (25.97)
57 (74.03)

2 (3.64)

31 (56.36)
24 (43.64)

46 (83.64)
9 (16.36)

34 (61.82)
6(10.91)
5(9.09)
5(9.09)
5(9.09)

15 (27.27)
24 (43.64)
16 (29.09)

20 (36.36)
35 (63.64)

8 (14.55)
19 (34.55)
28 (50.91)

53 (96.36)
2 (3.64)

33 (60.00)
22 (40.00)

28 (50.91)
27 (49.09)

16 (29.09)
39 (70.91)

11

0 (0.00)

12 (54.55)
10 (45.45)

15 (68.18)
7(31.82)

11 (50.00)
4 (18.18)
2(9.09)
4(18.18)
1 (4.55)

5(22.73)
10 (45.45)
7 (31.82)

13 (59.09)
9 (40.91)

2(9.09)
4(18.18)
16 (72.73)

20 (90.91)
2(9.09)

4(18.18)
18 (81.82)

17 (77.27)
5(22.73)

4(18.18)
18 (81.82)

0.8846

0.2116

0.6467

0.9158

0.0687

0.2146

0.5735

0.0009*

0.034*

0.324

0.4599



No 30 (38.96) 20 (36.36) 10 (45.45)
Yes 47 (61.04) 35 (63.64) 12 (54.55)

SD, standard deviation.
*P values less than .05 are significant

Table 5. Univariate and multivariate logistic regression analysis for factors indicating IM
in NUM

Univariate model* Multivariate model**
. OR (95% CI) P OR (95% CI) P
Characteristic value*** value***

Nail plate splitting

No ref ref

Yes 6.750 (2.012-22.643) 0.002 7'3353.2370)98_ 0.0018
Blurred lateral
borders

No ref ref

Yes 0.305 (0.099-0.943) 0.0392  0.269 (0.080-0.907) 0.0343

IM, Invasive melanoma; NUM, Nail unit melanoma; OR, Odds ratio; CI, Confidence interval.
*Univariate model included all variates. Only significant variates are displayed here.
**Multivariate model by stepwise selection using significant variates from univariate model
**%P values less than .05 are significant

5. Factors affecting invasion depth in patients with NUM

Among 77 patients, invasion depth (Breslow thickness) was available in the pathologic
reports for 55 patients. Univariate and multivariate linear regression revealed nail plate
splitting as the only significant factor correlating with invasion depth. The beta
coefficient value was 0.734, indicating that on average, those with nail plate splitting had

an invasion depth 0.734 millimeter greater than those without nail plate splitting (Table 6).

Table 6. Univariate and multivariate linear regression analysis for factors affecting
invasion depth in NUM

12



Univariate and multivariate

model*
P
Characteristic Beta (SE) value**
Nail plate splitting
No ref
Yes 0.734 (0.253) 0.0055

NUM, Nail unit melanoma; SE, standard error
*Univariate and multivariate linear regression analysis revealed the same finding
**P values less than .05 are significant

IV. DISCUSSION

LM poses a diagnostic challenge as the possibility of NUM must always be considered
in the differential diagnosis. Nail matrix biopsy is required for the definitive diagnosis of
NUM. However, nail matrix biopsy is associated with risks such as permanent nail
dystrophy or insufficient specimen. Ideally, such an invasive biopsy would be performed
as a confirmatory measure only for patients with LM with high clinical suspicion of
malignancy. Therefore, in this study, we aimed to aid clinicians in distinguishing NUM in
patients with LM by comparing various clinical factors between patients with benign LM
and NUM. Using multivariate logistic regression analysis, we showed that patients with
LM with high band color intensity, variegation, nail plate splitting, Hutchinson’s sign,
and band change were more likely to show malignancy. In other words, nail matrix

biopsy should be considered in patients presenting with the aforementioned factors.

In a retrospective cohort of 60 cases of benign LM and eight patients with NUM, Yim
et al. performed multivariate logistic regression analysis and found LM width percentage
as a significant indicator. They suggested that involvement of > 28% of the whole nail is

suggestive of NUM rather than benign LM.'3 In another cohort of 76 cases of benign LM

13



and eight patients with NUM, Ko et al. did not perform multivariate analysis, but
suggested the cutoff point as LM width > 40% of the whole nail.? In our large cohort of
97 benign LM and 80 patients with NUM, width > 1/3 of the whole nail showed
significant difference between the two groups, but importantly was not significant upon
multivariate analysis. We suggest this discrepancy may be due to difference in sample

size of patients with NUM.

In our study, nail plate splitting was not only an indicator of malignancy but also a
significant indicator of invasiveness and invasion depth. Changes in the nail plate are
known to be dependent on the location and extent of the nail matrix injury. While the
distal matrix produces the deeper two-thirds of the nail plate, the proximal matrix
produces the superficial third. Therefore, a small damage to the distal nail matrix results
in little or no nail distortion since the normal superficial third (produced by the unaffected
proximal nail matrix) covers the defective deeper two-thirds.?’ On the other hand,
alteration of the proximal or the entire matrix leads to the production of a thin nail plate
that easily breaks even with daily life activities, resulting in nail splitting.?! Considering
that NUM arises from abnormal nail matrix melanocytes, it is reasonable to associate nail
splitting to locally advanced melanoma, which is an association supported by previous
studies.®2! Therefore, the presence of nail splitting in patients with LM may indicate
destruction of a large part of the nail matrix, which suggests NUM rather than benign LM,
and IM rather than MIS.

There are several limitations to our study. First, not all patients with benign LM were
biopsy-confirmed. Given that most LM are benign and do not change, it is not standard of
care to perform biopsy in most of these patients. Thus, it remains very difficult to obtain
an adequate number of biopsy-confirmed benign patients with LM to match the number
of patients with NUM. Second, we could not analyze the dermoscopic findings because
dermoscopy was not widely used in the early study period. However, our aim was to

provide a clinical guideline for early selection of patients with LM at risk for NUM, and

14



we believe that analysis of clinical photographs suffices. Lastly, our study was limited in
that it was retrospective in nature. Future studies should include a large, prospective
cohort study of patients with LM undergoing biopsy, with both clinical and dermoscopic
photographs.

V. CONCLUSION

In summary, malignancy should be suspected and biopsy should be performed in
patients with LM with high band color intensity, variegation, nail plate splitting,
Hutchinson’s sign, and band change. Nail plate splitting, especially, indicates the
presence of invasive melanoma and greater Breslow depth, raising greater alarm in

management.
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