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Abstract  37 

Background: Subungual melanoma (SUM) has a poor prognosis due to delayed diagnosis. The 38 

progression, consensus on surgical treatment, correlation with clinical outcomes remains unclear.  39 

Objective: We aimed to identify the pattern of dermal invasion in different locations of the nail 40 

apparatus and its relationship with prognosis. 41 

Methods: In this retrospective review of surgically treated SUM patients between January 2011 and 42 

April 2019, the nail apparatus was divided into five anatomical subunits: dorsal roof of proximal nail 43 

fold (DRPNF), ventral floor of proximal nail fold (VFPNF), germinal matrix (GM), nail bed (NB), and 44 

hyponychium. Subunit invasions were categorized using three criteria: no tumor, in situ, or invasion. 45 

Results: Among 44 cases of SUM, dermal invasion occurred mostly in the distal areas, with 11, 30, 46 

18, 7, and 4 in the H, NB, GM, VFPNF, and DRPNF, respectively. The patients with hyponychial 47 

invasion showed a significantly greater Breslow depth (p=0.009), higher rate of lymph node 48 

metastasis (p=0.019), distant metastasis (p=0.036), and shorter disease-free survival (p=0.001).  49 

Conclusion: Hyponychial invasion is an important prognostic predictor of SUM, given its strong 50 

association with invasion depth, metastatic progression, and disease-free survival. Patients with 51 

invasion in the hyponychium should undergo more strict work up, treatment, and surveillance.  52 
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Capsule summary 53 

 Hyponychial invasion is an important prognostic predictor of subungual melanoma, given its 54 

strong association with invasion depth, metastatic progression, and disease-free survival.  55 

 Patients with invasion in the hyponychium should undergo more meticulous preoperative 56 

metastasis work up and postoperative surveillance. 57 

  58 
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Introduction 59 

Subungual melanoma (SUM) is a rare form of malignant melanoma that usually originates from the 60 

nail matrix, comprising 0.7-3.5% of all melanoma subtypes [1-9]. Due to the rarity of the disease and 61 

the absence of specific characteristics to differentiate from other benign pigmented nail lesions, 62 

misdiagnoses are common, which results in the diagnostic delay. Subsequently, the prognosis is very 63 

poor, with the 5-year survival rate varying from 16 to 80% [10-14]. 64 

Historically, many patients underwent aggressive treatment to obtain clear safety margins [7,8]. 65 

Radical amputation was recommended as Das Gupta et al. reported that any resection distal to the 66 

metacarpophalangeal joints increased the local recurrence and decreased survival [15]. However, in 67 

order to minimize the functional loss and cosmetic defects from amputation, more conservative 68 

surgical approaches have been accepted by many surgeons with accumulated evidences of the 69 

safety of functional surgery [16-19]. 70 

Despite the increasing trend towards non-amputative surgeries, the proper treatment remains 71 

controversial regarding the requirement for amputation or resection margin [2].  Very little is known 72 

about the sequence of development. There is a strong evidence that SUM originates from the 73 

germinal matrix and grows in radial direction, and the dermal invasion occurs at more advanced 74 

stages [20-24]. However, sufficient evidences have not been provided to elucidate the correlation 75 

between the disease progression and clinical outcomes. This study reviewed the pattern of dermal 76 

invasion in different locations of the nail apparatus and examined its relationship with clinical findings, 77 

such as lymph node metastasis, distant metastasis, and local recurrence. 78 

 79 

Methods 80 

Study design 81 

A retrospective review was performed of 44 surgically-treated SUM patients between January 2011 82 

and April 2019, including 24 pathologically diagnosed from outside clinics and 20 diagnosed at our 83 

hospital. The biopsy methods included punch (30), wedge (3), tangential (4), and excisional biopsy (7). 84 
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The study was approved by the Institutional Review Board (reference: H-2004-132-1117) and was 85 

performed in accordance with the recommendations of Declaration of Helsinki for biomedical research 86 

involving human subjects.  87 

 88 

Histopathological analysis 89 

After decalcification of the nail plate, the specimens were obtained in sagittal, longitudinal 4mm-90 

interval sections at the midline of the nail apparatus and were stained by Hematoxylin-Eosin. They 91 

were reviewed by 2 pathologists (YK and CL) according to five anatomical subunits of the nail 92 

apparatus: the dorsal roof of proximal nail fold (DRPNF), ventral floor of proximal nail fold (VFPNF), 93 

germinal matrix (GM), and nail bed (NB) (Figure 1) [25]. The invasion in each subunit was categorized 94 

using three criteria: no tumor, in situ, or dermal invasion. The Breslow depth at the deepest invasion 95 

point was measured to evaluate the vertical invasion, and the total involvement score was calculated 96 

to evaluate the radial invasion by adding scores from each subunit, 0 as no tumor, 1 as in situ, and 2 97 

as invasion.  98 

 99 

Clinical analysis 100 

Clinical data were obtained from the electronic medical records. The high-risk included lymph node 101 

metastasis, distant metastasis, or local recurrence, and the low-risk was defined as patients with none 102 

of them. 103 

 104 

Statistical analysis 105 

Statistical analysis was performed using IBM SPSS Version 23.0 (IBM Corp., Armonk, NY). The 106 

Fisher’s exact test, Chi-square test, Mann-Whitney U test, and Log rank test were used for analysis 107 

with the statistical significance level set at p-values less than 0.05. 108 

 109 
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Results 110 

Patient characteristics 111 

Thirty-four cases were diagnosed with invasive melanoma (77.3%), and 10 with melanoma in situ 112 

(22.7%). Twenty-four patients underwent amputation (54.5%), 20 underwent functional surgeries 113 

(45.5%). The sentinel lymph node biopsy was performed in 26 according to the previous guideline [26], 114 

of which 3 cases were present with metastasis. During the mean follow-up period of 3.04 years, 115 

lymph node metastasis was found in 12 (27.3%), distant metastasis in 13 (29.5%), and local 116 

recurrence in 3 (6.8%) (Table 1). 117 

 118 

Distribution of SUM in each nail subunit and correlation with high-risk factors 119 

Twenty-nine patients were at low-risk, while the other 15 were at high-risk. When the relationship 120 

between the high-risk and the tumor involvement at each subunit, including both melanoma in situ 121 

and invasive melanoma, was analyzed, no statistically significant correlation was found. However, 122 

when the correlation between only invasive melanoma and the high-risk group was analyzed, a 123 

significantly higher risk of lymph node metastasis, distant metastasis, or local recurrence was 124 

observed in patients with dermal invasion in the hyponychium (p=0.028) (Table 2). 125 

 126 

Dermal invasion in the hyponychium and correlation with clinicopathological factors 127 

In the hyponychium, there were 11 dermal invasion (25.0%), 21 in situ (47.7%), and 12 no tumor 128 

(27.3%) (Table 3). Hyponychial invasion showed a significantly higher rate of lymph node metastasis 129 

(p=0.045) and distant metastasis (p=0.057), but no significant difference in the local recurrence 130 

(p=1.000). 131 

 132 

Histological landscape of invasion in each nail subunit and risk factors 133 

Figure 1 illustrates the pattern of dermal invasion, categorized according to the hyponychial 134 
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invasion. Invasion occurred mostly in the distal portion, with the hyponychium (11), NB (30), GM (18), 135 

VFPNF (7), and DRPNF (4). In 11 cases of hyponychial invasion, lymph node metastasis was 136 

discovered in 6 (54.5%), distant metastasis in 6 (54.5%), and local recurrence in 1 (9.1%), 137 

respectively.  138 

 139 

Dermal invasion in each nail subunit and correlation with Breslow depth, total involvement 140 

score, and disease-free survival 141 

Dermal invasion proximal to the hyponychium, including the NB, GM, VFPNF, and DRPNF, showed 142 

a strong correlation with higher total involvement scores (p<0.001) but no association with the 143 

Breslow depth. On the contrary, invasion in the hyponychium showed a significant association with 144 

greater Breslow depth (p=0.009) but no association with the total involvement score. The disease-free 145 

survival was significantly shorter in patients with invasion in the hyponychium (p=0.001) and in NB 146 

(p=0.047) (Supplemental figure 1, available on Mendeley at http://dx.doi.org/ 10.17632/p8sd3h37xf.1). 147 

 148 

Discussion 149 

In this study, higher frequency and greater depth of invasion occurred in the distal of the nail 150 

apparatus. This is consistent with previous studies on the origin of dermal invasion, which argue that 151 

the invasion does not start from GM where tumors are known to originate from. Shin et al. reported 152 

that dermal invasion occurs later in the nail matrix than in other areas [23]. Izumi et al. also showed 153 

that tumor cell proliferation is more prominent in the hyponychium than in GM in the early stages [24]. 154 

They suggested that the invasion starts from the NB or hyponychium as the atypical melanocytes 155 

continually move in a distal direction towards the hyponychium where they accumulate at last. 156 

However, there were few cases in our study with isolated tumors without continuity with GM, where 157 

SUM is known to begin from [21]. Three patients presented with hyponychial invasion but no tumor in 158 

GM, and two presented with in situ in the hyponychium or NB but no involvement in GM. Such cases 159 

show the possibility that malignant proliferation could initiate not only in GM but also in the distal 160 
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subunits such as the hyponychium. In an immunohistochemical review, active melanocytes were 161 

present throughout the nail apparatus and especially active in the VFPNF and hyponychium [27]. The 162 

active melanocytes in the hyponychium could initiate malignancy and spread to the adjacent areas in 163 

a proximal direction. Such an unusual case of melanoma originating from the hyponychium has been 164 

reported previously [28]. Further histological studies are needed to identify the accurate mechanism of 165 

progression of SUM. 166 

Among the five subunits of nail apparatus, hyponychium was the only area in which the invasion 167 

has a significant association with the high-risk (p=0.028), with more metastasis in lymph nodes 168 

(p=0.045) and in distant organs (p=0.057). The 5-year disease-free survival was significantly poorer in 169 

patients with invasion in the hyponychium (p<0.001) and in NB (p=0.047). The hyponychium could be 170 

vulnerable to metastatic progression because of the high density of lymphatics and the absence of 171 

underlying bone [29]. Hyponychial invasion also showed a strong association with greater Breslow 172 

depth (p=0.009) but no association with the total involvement score (p=0.093). The independent effect 173 

of hyponychial invasion on the prognosis was not clear unclear due to the high multicollinearity with 174 

previously known risk factors. However, unlike in the other subunits, invasion in the hyponychium was 175 

associated with greater ulceration and vertical tumor burden regardless of the amount of radial 176 

progression, and this greater invasion depth could be correlated with poorer prognoses.  177 

Although the delayed diagnosis has often resulted in amputation traditionally [5,7,8,10,13,14,19,30], 178 

conservative surgeries are equally beneficial in terms of prognosis and survival [1,12,16-19,31-40]. 179 

However, most studies are limited to case series, and they lack information on tumor characteristics, 180 

including the depth at presentation, which is one of the most important prognosticators of SUM. In our 181 

study, the patients with hyponychial invasion underwent more amputation than those without, although 182 

the association was not statistically significant (p=0.162). Further well-designed randomized controlled 183 

studies are needed to propose an exact treatment guideline. 184 

The limitations include the insufficient sample size, lack of a control group, and unavailability of 185 

serial observation of the disease progression due to the nature of a cross-sectional retrospective 186 

study. However, to the best of our knowledge, this is the first study to report the correlation between 187 

the invasion of SUM in anatomical subunits and clinical findings that could help predict the clinical 188 

course and prognosis. 189 
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 190 

Conclusion 191 

In conclusion, hyponychial invasion is an important prognostic predictor of SUM because of its 192 

strong association with invasion depth, metastatic progression, and disease-free survival. Patients 193 

with hyponychial invasion should be subject to more meticulous evaluation, treatment, and 194 

surveillance.  195 
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Figure legends 280 

Figure 1. Subungual melanoma 281 

(A) Histological slide of specimen (upper) 282 

(B) Landscape of invasion in nail subunit and risk factors (lower) 283 

Abbreviations: P, patient; H, hyponychium; NB, nail bed; GM, germinal matrix; VFPNF, ventral floor of 284 

proximal nail fold; DRPNF, dorsal roof of proximal nail fold; LN, lymph node metastasis; Distant, 285 

distant metastasis; Recur, recurrence; Amp, Amputation 286 

The purple color indicates invasive lesions, the pink in situ lesions, and the light blue no tumors. The 287 

green indicates positive, whereas the yellow indicates negative. The dark blue indicates amputation, 288 

and the light pink indicates functional surgery. 289 

* Lesion with the deepest invasion  290 
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Table 1. Patient characteristics 291 

Variables Value (%) 

Number of patients 44 

Age, yr   

  <65 27 (61.4) 

  ≥65 17 (38.6) 

  Mean ± 95% CI 61.07 ± 3.88 

Sex 
 

  

  M 23 (52.3) 

  F 21 (47.7) 

Location   

  Finger 26 (59.1) 

  Toe 18 (40.9) 

  Thumb/Big toe 33 (75.0) 

  Others 11 (25.0) 

Clinical presentation   

  Total melanonychia 33 (75.0) 

  Longitudinal melanonychia 6 (13.6) 

  Hutchinson's sign only 3 (6.8) 

  Amelanotic lesions 2 (4.5) 

Hutchinson's sign   

  Present 36 (81.8) 

  Absent 8 (18.2) 

Ulceration   

  Present 11 (25.0) 

  Absent 33 (75.0) 

Operation   

  Amputation 24 (54.5) 

  Functional surgery 20 (45.5) 

Sentinel lymph node biopsy   

  Performed 26 (59.1) 

  Not performed 18 (40.9) 

Invasion   

  In situ 10 (22.7) 

  Dermal invasion 34 (77.3) 

Lymph node metastasis   

  Present 14 (31.8) 

  Absent 30 (68.2) 

Distant metastasis   

  Present 13 (29.5) 

  Absent 31 (70.5) 

Local recurrence   

  Present 3 (6.8) 

  Absent 41 (93.2) 

Follow up period, yr   

  Mean ± SD 3.04 ± 1.79 
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Table 2. Distribution of SUM in each nail subunit and correlation with high risk factors 

Melanoma in situ or 
Invasive melanoma 

Low risk (%) High risk (%)**  Total (%)  p-value   
Only Invasive 
melanoma 

Low risk (%) High risk (%)**  Total (%) p-value 

Dorsal roof of proximal nail fold          
  

  Present 16 (76.2) 5 (23.8) 21 (47.7) 0.169† 
 

Present 
 

3 (75.0) 1 (25.0) 4 (9.1) 1.000* 

  Absent 13 (56.5) 10 (43.5) 23 (52.3) 
  

Absent 
 

26 (65.0) 14 (35.0) 40 (90.9)   

Ventral floor of proximal nail fold          
  

  Present 25 (67.6) 12 (32.4) 37 (84.1) 0.675* 
 

Present 
 

6 (60.0) 4 (40.0) 10 (22.7) 0.714* 

  Absent 4 (57.1) 3 (42.9) 7 (15.9) 
  

Absent 
 

23 (67.6) 11 (32.4) 34 (77.3)   

Germinal matrix           
  

  Present 26 (66.7) 13 (33.3) 39 (88.6) 1.000* 
 

Present 
 

11 (61.1) 7 (38.9) 18 (40.9) 0.576† 

  Absent 3 (60.0) 2 (40.0) 5 (11.4) 
  

Absent 
 

18 (69.2) 8 (30.8) 26 (59.1)   

Nail bed           
  

  Present 26 (63.4) 15 (46.6) 41 (93.2) 0.540* 
 

Present 
 

17 (56.7) 13 (43.3) 30 (68.2) 0.089* 

  Absent 3 (100.0) 0 (0.0) 3 (6.8) 
  

Absent 
 

12 (85.7) 2 (14.3) 14 (31.8)   

Hyponychium           
  

  Present 21 (65.6) 11 (34.4) 32 (72.7) 1.000* 
 

Present 
 

4 (36.4) 7 (63.6) 11 (25.0) 0.028* 

  Absent 8 (66.7) 4 (33.3) 12 (27.3) 
  

Absent 
 

25 (75.8) 8 (24.2) 33 (75.0)   

Total  
  29 (65.9) 15 (34.1) 44 (100.0)         29 (65.9) 15 (34.1) 44 (100.0)   

* Fisher’s exact test p-value 

† Chi-square test p-value 

** High risk : Patients with lymph node metastasis, distant metastasis, local recurrence 
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Table 3. Dermal invasion in the hyponychium and correlation with clinicopathological factors 

Variables 
No invasion in 

hyponychium (%) 
Invasion in 

hyponychium (%) 
Total (%) p-value 

Age 
    

  

  <65yr 22 (66.7) 5 (45.5) 27 (61.4)   

  ≥65yr 11 (33.3) 6 (54.5) 17 (38.6) 0.289* 

Sex 
    

  

  Male 17 (51.5) 6 (54.5) 23 (52.3)   

  Female 16 (48.5) 5 (45.5) 21 (47.7) 0.862† 

Thumb/Big toe 
   

  

  Thumb/Big toe 25 (75.8) 8 (72.7) 33 (75.0)   

  Others 8 (24.2) 3 (27.3) 11 (25.0) 0.841† 

Hutchinson's sign 
   

  

  Present 26 (78.8) 10 (90.9) 36 (81.8)   

  Absent 7 (21.2) 1 (9.1) 8 (18.2) 0.367† 

Invasion in DRPNF 
   

  

  Present 2 (6.1) 2 (18.2) 4 (9.1)   

  Absent 31 (93.9) 9 (81.8) 40 (90.9) 0.256* 

Invasion in VFPNF 
   

  

  Present 6 (18.2) 4 (36.4) 10 (22.7)   

  Absent 27 (81.8) 7 (63.6) 34 (77.3) 0.237* 

Invasion in GM 
   

  

  Present 13 (39.4) 5 (45.5) 18 (40.9)   

  Absent 20 (60.6) 6 (54.5) 26 (59.1) 0.738* 

Invasion in NB 
   

  

  Present 21 (63.6) 9 (81.8) 30 (68.2)   

  Absent 12 (36.4) 2 (18.2) 14 (31.8) 0.456* 

Operation 
   

  

  Amputation 16 (48.5) 8 (72.7) 24 (54.5)   

  Functional surgery 17 (51.5) 3 (27.3) 20 (45.5) 0.162† 

Lymph node metastasis 
  

  

  Present 6 (18.2) 6 (54.5) 12 (27.3)   

  Absent 27 (81.8) 5 (45.5) 32 (72.7) 0.045* 

Distant metastasis 
   

  

  Present 7 (21.2) 6 (54.5) 13 (29.5)   

  Absent 26 (78.8) 5 (45.5) 31 (70.5) 0.057* 

Local recurrence 
   

  

  Present 2 (6.1) 1 (9.1) 3 (6.8)   

  Absent 31 (93.9) 10 (90.9) 41 (93.2) 1.000* 

Total   33 (75.0) 11 (25.0) 44 (100.0)   

Abbreviations : DRPNF, Dorsal roof of proximal nail fold; VFPNF, Ventral floor of 

proximal nail fold; GM, Germinal matrix; NB, Nail bed 

* Fisher’s exact test p-value 

† Chi-square test p-value 
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Supplemental figure 1. Dermal invasion of SUM in each nail subunit and correlation with 

Breslow depth, the total involvement score, and disease free survival 

Abbreviations: H0, No hyponychium invasion; H1, Hyponychium invasion; NB0, No nail bed invasion; 

NB1, nail bed invasion; GM0, no germinal matrix invasion; GM1, germinal matrix invasion; VFPNF0, 

no ventral floor of proximal nail fold invasion; VFPNF1, ventral floor of proximal nail fold invasion; 

DRPNF0, no invasion in dorsal roof of proximal nail fold; DRPNF1, invasion in dorsal roof of proximal 

nail fold 

* indicates significant differences according to the Mann-Whitney U test with p <0.05 

† indicates significant differences in survival curve according to the log-rank test with p-value<0.05 

 

Yoo, Hyokyung (2021), “Dermal invasion of SUM in each nail subunit and correlation with Breslow 

depth, the total involvement score, and disease free survival”, Mendeley Data, V1, doi: 

10.17632/p8sd3h37xf.1 
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Capsule summary 

 Hyponychial invasion is an important prognostic predictor of subungual melanoma, given its 

strong association with invasion depth, metastatic progression, and disease-free survival.  

 Patients with invasion in the hyponychium should undergo more meticulous preoperative 

metastasis work up and postoperative surveillance. 
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