
This is the author manuscript accepted for publication and has undergone full peer review but has 

not been through the copyediting, typesetting, pagination and proofreading process, which may 

lead to differences between this version and the Version of Record. Please cite this article as doi: 

10.1111/AJD.13004 

This article is protected by copyright. All rights reserved 

 

   

Accuracy of partial biopsies in the management of cutaneous melanoma 

   

   

 

Accuracy of partial biopsies in melanoma 

Doolan BJ1,2, Robinson AJ1, Wolfe R3, Kelly JW2, McLean C4, McCormack C1, Henderson MA1, Pan Y1,2 

1 Melanoma and Skin Service and Division of Cancer Surgery, Peter MacCallum Cancer Centre, Melbourne, 

Australia. 

2 Victorian Melanoma Service, The Alfred Hospital, Melbourne, Australia. 

3 Department of Epidemiology and Preventative Medicine, Monash University, Melbourne, Australia. 

4

 

 Department of Anatomical Pathology, The Alfred Hospital, Melbourne, Australia. 

 

 

                  (Correspondence via Brent Doolan) 

Brent J Doolan, BSc MBBS  

Melanoma and Skin Service and Division of Cancer Surgery 

Peter MacCallum Cancer Centre, Melbourne, Australia 3050 

Victorian Melanoma Service 

The Alfred Hospital, Melbourne, Australia 3000 

 

Ph: +61 3 8559 5000  E: brentdoolanis@gmail.com 

Aaron J Robinson, BBiotech (Hons.) MBBS PhD 

Melanoma and Skin Service and Division of Cancer Surgery 

Peter MacCallum Cancer Centre, Melbourne, Australia 3050 

 

Ph: +61 3 8559 5000  E: aaronjamesrobinson@gmail.com 

Rory Wolfe, BSc PhD 

Department of Epidemiology and Preventative Medicine 

Monash University, Melbourne, Australia 3000 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t

https://doi.org/10.1111/AJD.13004�
https://doi.org/10.1111/AJD.13004�
https://doi.org/10.1111/AJD.13004�


This article is protected by copyright. All rights reserved 

 

Ph: +61 3 9903 0594  E: rory.wolfe@monash.edu 

John Kelly, MBBS PhD FACD 

Victorian Melanoma Service 

The Alfred Hospital, Melbourne, Australia 3000 

 

Ph: +61 3 9076 2000  E: j.kelly@armadaledermatology.com.au 

Catriona McLean, MBBS PhD FRCPA 

Department of Anatomical Pathology 

The Alfred Hospital, Melbourne, Australia 3000 

 

Ph: +61 3 9076 2000  E: c.mclean@alfred.org.au 

Chris McCormack, MBBS FACD 

Melanoma and Skin Service and Division of Cancer Surgery 

Peter MacCallum Cancer Centre, Melbourne, Australia 3050 

 

Ph: +61 3 8559 5000  E: chris.mccormack@petermac.org 

Michael A Henderson, BMedSc MBBS MD FRACS 

Melanoma and Skin Service and Division of Cancer Surgery 

Peter MacCallum Cancer Centre, Melbourne, Australia 3050 

 

Ph: +61 3 8559 5000  E: michael.henderson@petermac.org 

Melanoma and Skin Service and Division of Cancer Surgery 

Yan Pan, BMedSc MBBS FACD 

Peter MacCallum Cancer Centre, Melbourne, Australia 3050 

Victorian Melanoma Service 

The Alfred Hospital, Melbourne, Australia 3000 

 

Ph: +61 3 8559 5000  E: yan.pan@petermac.org 

   

 

The authors declare that they have no financial or other conflicts of interest in relation to 

this research and its publication. There was no funding supplied from any source. 

  1852 (Excluding figures and tables)  

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved 

 

 

 2 

 

 1 

     

 

None identified 

   

This study was presented in part at the 50th Annual Scientific Meeting of the Australasian 

College of Dermatologists; May 6, 2017; Sydney, Australia; at the 9th World Congress of 

Melanoma; October 18, 2017; Brisbane, Australia; at the American Academy Of 

Dermatology Annual Meeting; February 18, 2018; San Diego, United States of America; at 

the 51st

 

 Annual Scientific Meeting of the Australasian College of Dermatologists; May 19, 

2018; Gold Coast, Australia. 

  

Carlo Russo, BSc, provided collation of initial data sets from Peter MacCallum Cancer 

Centre. Karen Scott, provided the preliminary comparative data set from The Alfred 

Hospital. 

 

  

Ethics and governance were approved by Peter MacCallum Cancer Centre: Human 

Research Ethics Committee (LNR/17/PMCC/98) and The Alfred Hospital: Office of Ethics & 

Research Governance (LNRSSA/17/Alfred/184).  

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

 

DR. BRENT J DOOLAN (Orcid ID : 0000-0002-9497-0504) 

 

 

Article type      : Original Research 

 

 

Manuscript - Main Text File: 

 

 Title:  

Accuracy of partial biopsies in the management of cutaneous melanoma 

 

 Abstract and key words: 

Background: The recommended method for histological diagnosis of cutaneous 

melanoma is excisional biopsy, although partial biopsies (shave and punch) are often 

used. Following a partial biopsy, treatment guidelines recommend a narrow excisional 

biopsy to plan definitive management. There is limited evidence on the benefits of direct 

wide local excision (WLE) following diagnostic partial biopsies.  

Methods: Retrospective cohort study of cutaneous melanoma cases, from two tertiary 

referral centres from January-2013 to December-2015. Demographic and 

histopathological data including, tumour thickness (T-stage) from initial biopsy and 

subsequent excisions were collected. Logistic regression was used to examine 

histopathologic T-staging between biopsy and subsequent excisions (upstaging). 

Results: 2304 melanomas (2157 patients) were identified; 455 shave, 308 punch, 14 

incisional and 1527 excisional biopsies. 5/1527(<1%) excisional biopsies were upstaged 

from original biopsy T-stage to final WLE; compared to 28/455(6%) for shave, 

45/308(15%) for punch and 2/14(14%) for incisional biopsies. Histopathology 

upstaging were increased with punch (OR, 52.1; 95%CI, 20.5-132.4. P<0.001) and shave 

biopsy (OR, 20.0; 95%CI, 7.7-52.0. P<0.001) compared to excisional biopsy. Upstaging 

rates of 9.4% for desmoplastic (OR, 6.9; 95%CI, 2.4-19.7. P<0.001) and 21.9% for acral 

lentiginous (OR, 18.4; 95%CI, 6.9-49.2. P<0.001) melanomas were elevated compared to 

1.4% for superficial spreading melanoma. 
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Conclusions: In most cases, partial biopsy (particularly shave biopsy) can provide 

sufficient information to plan for definitive surgical melanoma management. Punch and 

incisional biopsies have elevated upstaging rates, a consideration in planning therapy. 

Partial biopsies of desmoplastic or acral lentiginous melanomas have high rates of 

upstaging and should have a complete excision prior to definitive treatment. 

 

Key words: ǮMelanomaǯ, ǮBiopsyǯ, ǮShaveǯ, ǮSkin Neoplasmsǯ, ǮStagingǯ, ǮAustraliaǯ 
 

 Learning Points: 

 This retrospective report confirms that partial biopsy (particularly shave) is 

adequate in many cases to plan definitive surgical management thereby avoiding 

the need for complete excisional biopsy prior to definitive management. 

 Partial biopsies should be interpreted with caution, particularly for desmoplastic 

melanomas and acral lentiginous melanomas. 

 

 

 

 

 

 

 

 Main text: 

 

Introduction: 

   Cutaneous melanoma was the 4th most commonly diagnosed cancer in Australia in 

2012 and an estimated 14,000 new cases were diagnosed in 2017.1 An accurate 

diagnosis is essential in planning surgical treatment. The current Australian clinical 

practice guidelines recommend complete excision biopsy with a narrow (2 mm) margin 

for definitive diagnosis of primary melanoma.2 Partial biopsy techniques such as shave 

and punch biopsies are often used for the initial investigation and different techniques 
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have particular strengths and weaknesses.3,4 Indications for partial biopsies include 

tumours too large to primarily excise, lesions on cosmetically sensitive areas, or on 

certain sites where excision may be impractical such as the ear, palm, sole or distal 

digit.3,5 

 

   After diagnosis of a melanoma by partial biopsy, the current Australian clinical practice 

guidelines recommend a narrow excisional biopsy to plan definitive melanoma 

management.2 The American Academy of Dermatology guidelines state that if a partial 

biopsy specimen is inadequate to make a histological diagnosis or accurately microstage 

for treatment planning, then a repeat biopsy should be performed prior to WLE.6-7 

 

   Current literature indicates wide variation in the accuracy of microstaging for partial 

biopsy (67-84%).4,8-10 However, these studies were limited by many factors, including 

varying definition of partial biopsy (including deep and superficial shave), inclusion of 

curettage (tissue fragments) and lack of a pathology review panel.4,8-9 The aim of the 

present study was to undertake a retrospective review of a large number of melanoma 

cases presenting to two tertiary melanoma units, to assess the accuracy of partial 

biopsies for microstaging. By establishing the accuracy of initial partial biopsy, we 

sought to determine if information from partial biopsies was sufficient to justify 

progressing directly to definitive surgical management. 

 

Methods: 

   The Peter MacCallum Cancer Centre and The Victorian Melanoma Service are the two 

major tertiary melanoma referral centers in the State of Victoria, Australia. A 

retrospective review of 2304 consecutive cases of new primary cutaneous melanoma 

from these centers was performed.  

  

   For each melanoma, information on patient age, sex, anatomical site, type of physician 

that performed the initial biopsy and biopsy type (shave, punch, incisional or excisional) 

were recorded. Biopsy definitions were derived from the clinical practice guidelines for 

the management of melanoma in Australia and New Zealand.2 There was no distinction 

made between superficial and deep shave biopsy. Subungual melanomas and cutaneous 

metastases were excluded. Histopathological features including melanoma subtype, 

Breslow thickness (categorised into in situ (Tis), ζ1.0mm (T1), >1.0–2.0mm (T2), 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

>2.0mm–4.0mm (T3) and >4.0mm (T4)), mitotic rate (per mm2) and absence or 

presence of ulceration were recorded. 

 

   Data were also collected on the subsequent narrow excision and/or WLE for each case. 

Residual disease was defined as histologic evidence of residual melanoma in the WLE. 

For shave biopsy proven melanoma, base transection information was also collected. 

Microstaging accuracy was assessed based on comparison between the initial 

histopathologic assessment of the biopsy (both partial and excisional) and the final 

histopathological result of the WLE. Staging definitions were derived from the 8th 

Edition: American Joint Committee on Cancer (AJCC) Staging Manual.11 

 

Statistical analysis 

   Summary statistics are presented as median and interquartile range (IQR). Logistic 

regression was used to estimate odds ratios (OR) with a 95% confidence interval (CI) 

that describe the relationships between: (i) accuracy of microstaging and type of biopsy, 

(ii) tumour upstaging post-biopsy and melanoma sub-type, and (iii) shave biopsy 

transection and operator sub-type. These relationships were examined in univariable 

and multivariable models. Statistical significance was defined as p < 0.05. All analyses 

were performed using Stata Statistical Software: Release 15.0. College Station, TX: 

StataCorp LP. 

 

Results: 

Over the study period, 2521 patients were referred with a diagnosis of melanoma. There 

were a total of 2796 biopsies and of these 492 cases were excluded, as they did not meet 

the criteria for diagnosis of primary cutaneous melanoma after pathology review (Fig. 

1). Among the remaining 2304 biopsies (2157 patients), there were 455 (20%) shave 

biopsies, 308 (13%) punch biopsies, 14 (<1%) partial incisional biopsies and 1527 

(66%) excisional biopsies. Patient demographics, clinico-pathologic characteristics and 

frequency and distribution by biopsy technique are presented in Table 1.  

 

The median (IQR) Breslow thickness of melanomas biopsied by excision, incision, punch 

and shave biopsy was 1.2 (1.8)mm, 1.4 (3.2)mm, 1.2 (1.7)mm and 0.8 (1.1)mm 

respectively. The depth of tissue removed at the initial biopsy varied by biopsy type. The 

median (IQR) depth for excision, incision, punch and shave biopsy was 5.0 (3.7)mm, 3.0 
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(3.0)mm, 3.0 (2.0)mm and 2.0 (2.0)mm respectively.  Whilst tumour thickness was 

similar across biopsy types, the depth of the tissue sample was more superficial for 

partial biopsies compared to excisional biopsies. 

 

All biopsy types had a proportion of lesions that were upstaged upon completion of 

definitive WLE - 28/455 (6%) shave, 45/308 (15%) punch, 2/14 (14%) partial 

incisional and 5/1527 (0.003%) excisional biopsies. Amongst these upstaged 

melanomas, a proportion influenced subsequent management with 7/28 (25%) shave, 

13/45 (29%) punch, 1/2 (50%) partial incisional and 3/5 (60%) excisional biopsies 

requiring a further surgical resection for adequate clearance margins. The rate of overall 

upstaging of biopsies post-WLE by operator type was 7% for surgeons, 5% for hospital, 

4% for dermatologists and 3% for general practitioners, with no significant differences 

in upstaging between operators (p=0.07).   

 

   The increased upstaging risks associated with punch and shave biopsies compared to 

excisional biopsies were consistent across the common sites (head and neck, upper limb, 

chest/abdomen, back and lower limb) (p=0.99 for interaction of site and biopsy type). 

Odds of histopathologic upstaging are presented in Table 2. OR for the likelihood of 

upstaging following partial biopsy were higher for desmoplastic (OR 6.9) and acral 

lentiginous (OR 18.4) melanoma compared to superficial spreading melanoma.  

 

   There were 40/781 partial biopsies (14 shave, 25 punch and 1 incisional) that 

underwent a narrow excision prior to WLE. Of these biopsies, there were 0/10 (0%) 

shave and 4/18 (22%) punch biopsies that had upstaging from Tis/T1 ȋζͳ.ͲmmȌ to T2 

(>1.0mm) or greater and provided clinically important information in planning WLE. In 

comparison, for partial biopsies that proceeded directly to WLE there were 10/341 

(3%) shave and 12/167 (7%) punch biopsies that showed clinically important upstaging 

from Tis/T1 to T2 or greater. A sub-analysis of shave biopsies for invasive melanoma 

showed base transection in 58/120 (48.3%) of T1 melanomas, 41/58 (70.7%) of T2 

melanomas, 27/30 (90.0%) of T3 melanomas and 8/9 (89.9%) of T4 melanomas. 

Furthermore, of those shave biopsies that did not have melanoma base transection, 

5/214 (2.3%) had subsequent upstaging following definitive WLE. 

 

Discussion: 
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   Previous studies have established that Breslow thickness is the most important factor 

determining prognosis and treatment recommendations for localised cutaneous 

melanoma.10-11 Tumour thickness is the primary factor that all national guidelines 

recommend to determine the margin at WLE and eligibility for sentinel lymph node 

biopsy (SLNB).2,3 Partial biopsies are widely practiced and clinicians are often faced with 

decisions for surgical management based on incomplete histological assessment. 

Therefore, this study aimed to assess the potential negative impact of proceeding 

directly to definitive surgery, rather than undertaking an intermediate step of complete 

excisional biopsy, prior to definitive surgical therapy.  

 

   Potential negative impacts by proceeding directly to definitive WLE include; failure to 

perform SLNB and failure to undertake a sufficient excision margin at WLE, when these 

would have been indicated with full knowledge of tumour depth. Whilst, the latter can 

be retrieved in many cases from further excision, the SLNB can no longer be performed 

with the same level of accuracy.12  

 

   The recent evidence of prolonged disease free survival and likely overall survival 

benefit from adjuvant therapy following a positive sentinel node biopsy13-14, as well as 

the commencement of adjuvant trials for stage II melanoma patients have focused new 

attention on the importance of accurate assessment of tumour depth.15 Studies have 

shown underestimation of tumour thickness from transection of the melanoma base 

with shave biopsies.7,16  It has also been shown that tumour upstaging rates are higher 

for punch biopsy than for shave biopsy.  

 

Our results demonstrated higher rates of upstaging for punch biopsy than shave biopsy, 

whether or not an intermediate excisional biopsy was undertaken prior to WLE. 

Therefore, given the high rates of punch biopsy upstaging, caution should be advised for 

interpretation of small tissue sample biopsies. In a prospective study (n=709) by Mills et 

al., results comparable to the present study were found. 23% of melanomas that 

underwent a punch biopsy for diagnosis prior to WLE were upstaged, compared to 8% 

of those that were diagnosed by shave biopsy.17 

 

   It was noted by Ng et al., that punch biopsy had an OR of 5.1 (95% CI, 3.4-7.6) and 

shave biopsy had an OR of 2.3 (95% CI, 1.5-3.6) of microstaging inaccuracy over 
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excisional biopsy.18 We found an increased OR of 20.0 for shave biopsy and 52.1 for 

punch biopsy compared to initial excisional biopsy. These ratios were greater than those 

found by Ng et al., and can be partly attributed to our low level of upstaging of excisional 

biopsy (0.33%) compared to a two-fold upstaging for excisional biopsy (0.70%) in their 

study.18 

 

   Our results also showed that there were only a small proportion of cases (3% shave 

and 7% of punch biopsies) that underwent clinically important upstaging from Tis/T1 to 

T2 or higher when proceeding from partial biopsy directly to WLE. It was also 

noteworthy that even though current guidelines recommend narrow excision prior to 

WLE for partial biopsy proven cutaneous melanoma, only 2% of cases in our 

retrospective review followed this protocol. 

 

   As recommended by the National Comprehensive Cancer Network, the approach of 

performing an excisional biopsy, post-partial biopsy allows consideration and discussion 

of SLNB for patients with melanomas ηͲ.8mm to 1.0mm with ulceration and mitosis or 

>1.0mm.3 According to current guidelines, in situations where a partial biopsy 

demonstrates a melanoma Breslow thickness greater than 1.0mm, the decision for SLNB 

will not be altered by further narrow excisional biopsy prior to definitive WLE.3,11 Our 

data suggest that in clinical situations where partial biopsies (particularly shave) show 

melanoma sub-types other than desmoplastic or acral lentiginous melanoma, adequate 

information is available to proceed directly to WLE and in some cases SLNB, avoiding 

the need for the additional step of narrow excision prior to definitive wide local excision. 

 

   Possible limitations of this study include the use of institutional data sets with 

potential referral biases and its retrospective design. We noted that 199/413 (48.18%) 

of shave biopsies transected the melanoma base. Such transection may cause 

destruction of residual tumour through haemostatic procedures, inflammation and 

wound healing. Tumour destruction following base transection may have contributed to 

underestimation of tumour thickness and associated upstaging in this study.7,17 A 

further limitation was our inability to determine the extent to which shave biopsies 

were attempts to completely remove tumour rather than to take a limited sample for 

diagnosis. 
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Our study provides evidence that in many clinical situations, partial biopsy alone may be 

sufficient to safely plan definitive melanoma management, with caution recommended 

for definitive surgical management of partial biopsy diagnosed desmoplastic or acral 

lentiginous melanoma. We noted that in only 3% of our cases, initial staging was 

significantly underestimated by shave biopsy, and in these cases management was 

subsequently altered following histological findings from WLE. Given the higher 

upstaging rates of punch and incisional biopsies compared to shave biopsies, these 

techniques should be more scrutinised for T2 to T4 melanomas. 

 

   This study has implications in clinical practice in cases where there is sufficient 

diagnostic information from initial partial biopsy to justify proceeding directly to WLE, 

obviating the need for an intermediate narrow excisional biopsy. This could provide a 

significant psychosocial and financial benefit for both patients and the medical tertiary 

referral service, by reducing additional procedures, potential complications and the cost 

to the healthcare system for theatre times and staffing.  
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 Figures: 

 

Figure  Flow chart of included and excluded cases. 

 

 

 

 

 Tables: 

 

Table 1: Patient, tumour, and nodal characteristics, by biopsy technique for cutaneous melanoma   

    Biopsy type       

  Total Shave Punch Incisional Excisional 

Characteristic n = 2304 n = 455 n = 308 n = 14 n = 1527 

Sex           

      Male 1261 (55%) 236 (52%) 145 (47%) 10 (71%) 870 (57%) 

      Female 1043 (45%) 219 (48%) 163 (53%) 4 (29%) 657 (43%) 

Age (years)           

      Mean ± SD 60.6±15.8 63.8±16.3 61.9±16.6 70.9±14.4 59.3±15.4 

Primary site           

      Head and neck 616 (27%) 204 (45%) 111 (36%) 9 (64%) 292 (19%) 

      Upper Extremity 548 (24%) 84 (18%) 52 (17%) 2 (14%) 410 (27%) 

      Chest / Abdomen 152 (7%) 22 (5%) 19 (6%) 0 (0%) 111 (7%) 

      Back 518 (22%) 68 (15%) 48 (16%) 0 (0%) 402 (26%) 

      Lower Extremity 458 (20%) 75 (17%) 75 (24%) 3 (21%) 305 (20%) 

      Other 12 (1%) 2 (<1%) 3 (1%) 0 (0%) 7 (<1%) 

Clinician performing biopsy           

      General Practitioner 1542 (67%) 216 (47%) 225 (73%) 10 (71%) 1091 (71%) 

      Dermatologist 400 (17%) 173 (38%) 47 (15%) 1 (7%) 179 (12%) 
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      Surgeon 229 (10%) 24 (5%) 23 (8%) 1 (7%) 181 (12%) 

      Hospital 133 (6%) 42 (9%) 13 (4%) 2 (14%) 76 (5%) 

Biopsy T stage (mm)           

      Tis (In situ) 663 (29%) 215 (47%) 95 (31%) 4 (29%) 349 (23%) 

      T1 (≤1.0) 721 (31%) 135 (29%) 89 (28%) 2 (14%) 495 (32%) 

      T2 (>1.0 - 2.0) 438 (19%) 61 (13%) 60 (19%) 5 (36%) 312 (20%) 

      T3 (>2.0 - 4.0) 315 (14%) 34 (7%) 44 (14%) 1 (7%) 236 (15%) 

      T4 (>4.0) 167 (7%) 10 (2%) 20 (6%) 2 (14%) 135 (9%) 

SD = Standard deviation      

 

 

 

 

 

Table 2: Odds of histopathologic upstaging of melanoma following definitive surgery     

  Univariate Analysis Multivariate Analysis 

Upstaging Comparison OR (95% CI) P value OR (95% CI) P value 

Biopsy type 
   

  

   Shave (n=455) vs excisional (n=1527) 20.0 (7.7-52.0) <0.001 18.8 (6.9-51.7) <0.001 

   Punch (n=308) vs excisional 52.1 (20.5-132.4) <0.001 43.3 (16.3-115.2) <0.001 

   Incisional (n=14) vs excisional 50.7 (8.9-287.7) <0.001 41.3 (6.7-253.5) <0.001 

Melanoma subtype 
   

  

   Desmoplastic melanoma (n=25) vs SSM (n=1003) 6.9 (2.4-19.7) <0.001 4.5 (1.3-15.3) 0.015 

   ALM (n=32) vs SSM 18.4 (6.9-49.2) <0.001 3.2 (1.0-10.1) 0.05 

   Nodular melanoma (282) vs SSM 2.2 (0.94-5.1) 0.07 1.8 (0.7-4.5) 0.21 

   LMM (n=140) vs SSM 1.9 (0.6-5.9) 0.25 0.9 (0.3-3.0) 0.87 

Primary site 
   

  

   Head & neck location (n=616) vs back (n=518) 4.4 (1.9-10.0) <0.001 1.6 (0.6-4.0) 0.34 

   Upper extremity location (n=548) vs back 1.4 (0.5-3.6) 0.54 1.1 (0.4-3.3) 0.81 

   Lower extremity location (n=458) vs back 4.0 (1.7-9.5) 0.001 2.4 (0.9-6.4) 0.08 

Age (years) 
   

  

   50-69 (n=181) vs < 50  (n=149) 2.3 (1.1-5.1) 0.03 2.8 (1.1-7.2) 0.03 

   >70  (n=128) vs <50  3.9 (1.8-8.5) <0.001 2.7 (1.1-6.9) 0.04 

Shave biopsy with melanoma base transection (n=199) vs      

shave biopsy with non-transection (n=214)* 
4.2 (1.5-11.5) 0.006     

OR = Odds Ratio, CI = Confidence Interval, SSM = Superficial Spreading Melanoma  

  ALM = Acral Lentiginous Melanoma, LMM = Lentigo Maligna Melanoma 

*Not included in multivariable analysis as relevance only to partial biopsy. 
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