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Abstract 

 

Objectives: To review studies assessing diagnostic accuracy of biopsy of oral lesions for diagnosis of 

oral cancer and potentially malignant disorders, compared with full excision. 

 

Methods: Systematic review: four databases were searched for studies conducted within developed 

countries and published between 2009 and January 2020. 

 

Results: Six studies met inclusion criteria, with wide variation in methods and results. For identifying 

dysplasia or malignancy, sensitivity of biopsy (versus excision) ranged from 42% to 86% and specificity 

from 75% to 100% across two studies, while concordance varied from 27% to 89% across four studies. 

For identifying malignant-only lesions, sensitivity was 71% and 94% in two studies, while specificity 

ranged from 17% to 100% across four studies. 

 

Conclusions: There are few published studies assessing biopsy accuracy, with varying results. Further 

research should evaluate factors impacting accuracy, such as biopsy depth; multiple biopsies of large 

lesions; discordance between pathologists; and regular follow-up. 
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Background 

 

Oral squamous cell carcinoma (OSCC) is one of the most highly prevalent cancers worldwide, with a 

worldwide incidence of more than 300,000 cases per year [1]. OSCC has been estimated to have a five 

year survival rate of around 75% for stage I disease but only around 30% at stage IV of the disease [2, 

3]. Once an oral lesion is identified as suspicious through conventional oral examination, the usual 

management approach is biopsy of the lesion followed by histological examination. However, the 

diagnostic accuracy of biopsy remains unclear. It is well recognized that the oral mucosa may undergo 

extensive genetic “field change” which can make the selection of the most appropriate biopsy site 

very challenging [4]. One possible assessment of biopsy accuracy is comparison with the pathology of 

full excision of the lesion, if that is available. This allows for assessment of how representative the 

biopsy pathology is of the whole lesion. 

 

We report a systematic review of the diagnostic accuracy of biopsy in the diagnosis of oral cancer and 

potentially malignant (dysplastic) disorders, compared with the final pathology of full lesion excision. 

Our aims were to summarize the available evidence, as well as to highlight the lack of research in this 

area and to make recommendations for future research. 

 

 

Methods 

 

A search was conducted in MEDLINE, EMBASE, CINAHL and the Cochrane Library (including the 

CENTRAL register of controlled trials and Cochrane Database of Systematic Reviews) from inception 

to January 2020. The search strategy combined terms for oral cancer/dysplasia, terms for biopsy and 

terms for diagnostic accuracy. Studies were included if they compared accuracy of biopsy versus 

excision, were conducted in developed countries with similar health systems (Western Europe, North 

America, Canada, Australia, Japan, South Korea), and were published from 2009 onwards. A second 

reviewer checked a sample of titles/abstracts, all full texts, and all extracted data. Diagnostic accuracy 

was assessed for two clinical outcomes: 1) diagnosis of malignant and dysplastic lesions and 2) 

diagnosis of malignant lesions alone. 
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Results 

 

Six studies were identified which compared the accuracy of biopsy versus full excision, undertaken in 

Denmark,[5] Italy,[6] Australia,[7] USA[8], UK [9] and South Korea [10]. Prevalence of dysplastic or 

malignant lesions varied across the five studies reporting this (26%, 76%, 80%, 88% and 100%), as did 

prevalence of malignant-only lesions (7%, 61%, 67% and 85%). The time from biopsy to excision was 

reported in five studies (<1 month, or mean/median of 1.6, 2.5, 4.4 or 10.4 months); longer delays 

may have allowed lesions to progress between biopsy and excision. 

 

Sensitivity and specificity for dysplastic or malignant lesions 

Two studies reported data allowing calculation of sensitivity and specificity of biopsy vs. excision for 

identification of dysplastic or malignant lesions (Table 1). One study was conducted in Denmark and 

included 101 lesions, with a prevalence of 76% for dysplasia or malignancy on full excision [5]. The 

other was conducted in South Korea and included 15 lesions, with a prevalence of 80% for dysplasia 

or malignancy on full excision [10]. The sensitivity of biopsy (compared to excision) for detection of 

dysplasia or malignancy was 86% in the Danish study and 42% in the Korean study, while the specificity 

for detection of dysplasia or malignancy was 75% in the Danish study and 100% in the Korean study. 
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Table 1: Biopsy vs. full excision: Sensitivity and specificity for diagnosis of dysplastic or malignant lesions 

Author, Year 

Country 

Study Design 

Study population Mean 

age (yr) 

Male 

(%) 

Time: biopsy 

to excision 

(mean) 

Definition of positive/ 

negative case (via 

reference standard) 

Prevalence: 

dysplasia or 

malignancy 

TP FN FP TN Sens  Spec PPV NPV 

Holmstrup 2007 [5] 

 

Denmark 

Retrospective  

Oral mucosal lesions 

(where biopsy showed 

epithelial dysplasia and/or 

lesions on lateral/ventral 

tongue or sublingual 

region) 

61 46% 10.4mo 

(carcinoma 

4.4mo, other 

10.8mo) 

Positive: Slight, 

moderate or severe 

dysplasia, CIS, carcinoma 

Negative: No dysplasia 

Dysplasia or 

malignancy: 

77/101 (76%) 

66 11 6 18 86% 75% 92% 62% 

Jeong 2012 [10] 

 

South Korea 

Retrospective 

Leukoplakia of lateral 

tongue (excluded if biopsy 

showed carcinoma) 

54 64% 1.6 mo Positive: Dysplasia, 

carcinoma 

Negative: No dysplasia 

Dysplasia or 

malignancy: 

12/15 (80%) 

5 7 0 3 42% 100% 100% 30% 

FN, false negative; FP, false positive; mo, months; NPV, negative predictive value; PPV, positive predictive value; Sens, sensitivity; Spec, specificity; TN, true negative; TP, true positive; 

yr, years. 
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Sensitivity and specificity for malignant-only lesions 

Four studies reported data allowing calculation of sensitivity and specificity of biopsy vs. excision for 

identification of malignant-only lesions (Table 2). The studies were conducted in Denmark [5], Italy 

[6], Australia [7] and South Korea [10], with prevalence rates of 7%, 61%,  67% and 85% for malignant 

lesions on full excision. The sensitivity of biopsy (compared to excision) for detection of malignancy 

was 71% and 94% in the Italian and Australian studies (not calculable in the other two studies since 

malignant lesions identified on biopsy were excluded). The specificity for detection of malignancy 

varied widely between studies (17%, 89%, 100% and 100%). 
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Table 2: Biopsy vs. full excision: Sensitivity and specificity for diagnosis of malignant lesions only 

Author, Year 

Country 

Study Design 

Study population Mean 

age (yr) 

Male 

(%) 

Time: biopsy 

to excision 

(mean) 

Definition of positive/ 

negative case (via 

reference standard) 

Prevalence: 

dysplasia or 

malignancy 

TP FN FP TN Sens  Spec PPV NPV 

Holmstrup 2007 [5] 

 

Denmark 

Retrospective 

Oral mucosal lesions 

(where biopsy showed 

epithelial dysplasia and/or 

lesions on lateral/ventral 

tongue or sublingual 

region) 

61 46% 10.4mo 

(carcinoma 

4.4mo, other 

10.8mo) 

Positive: Carcinoma 

Negative: Non-

carcinoma 

Malignancy: 

7/101 (7%) 

NE 7 NE 94 NE 100% NE 93% 

Jeong 2012 [10] 

 

South Korea 

Retrospective 

Leukoplakia of lateral 

tongue (excluded if biopsy 

showed carcinoma) 

54 64% 1.6 mo Positive: Carcinoma 

Negative: Non-

carcinoma 

Malignancy: 

10/15 (67%) 

NE 10 NE 5 NE 100% NE 33% 

Pentenero 2003 [6] 

 

Italy 

Retrospective 

Oral mucosal non-

homogeneous white or 

white/red lesions AND final 

diagnosis of moderate-

severe dysplasia or cancer 

65 43% <1mo Positive: Carcinoma 

Negative: Non-

carcinoma 

Malignancy: 

28/46 (61%) 

20 8 2 16 71% 89% 91% 67% 

Gnanasekaran 2015 

[7] (abst) 

 

Australia 

Retrospective 

Tongue lesions NR NR NR  Positive: SCC 

Negative: Non-SCC 

Malignancy: 

130/153 

(85%) 

122 8 19 4 94% 17% 87% 33% 

Abst, conference abstract; FN, false negative; FP, false positive; mo, months; NE, not estimable; NPV, negative predictive value; NR, not reported; PPV, positive predictive value; SCC, 

squamous cell carcinoma; Sens, sensitivity; Spec, specificity; TN, true negative; TP, true positive; yr, years. 
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Concordance, under-diagnosis and over-diagnosis for dysplastic or malignant lesions 

Five studies reported concordance between biopsy and excision (generally defined as the percentage 

of lesions where both procedures indicated the same diagnostic category for grade of dysplasia or 

malignancy; Table 3). These studies also reported rates of under-diagnosis and over-diagnosis of 

biopsy compared with full excision. The studies were conducted in the USA [8], Denmark [5], Italy [6], 

South Korea [10] and UK [9], with a prevalence of 26%, 76%, 80%, 88% and 100% respectively for 

dysplasia or malignancy on full excision. 

 

Concordance between biopsy and excision across all lesions was reported as 27%, 49%, 50% and 89% 

across four studies [5, 8-10], while one study also reported concordance as 79% when defined as the 

same dysplasia category or one category different [5]. Under-diagnosis was reported in three studies 

as 35%, 36% and 73%, while over-diagnosis was reported in the same studies as 17%, 13% and 0% [5, 

9, 10]. Concordance between biopsy and excision when considering only those lesions found to be 

dysplastic or malignant was 72% and 81% within two studies, while under-diagnosis rates were 24% 

and 17% and over-diagnosis rates were 4% and 1.4% [6, 8]. 
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Table 3: Biopsy vs. full excision: Concordance, under-diagnosis and over-diagnosis 

Author, year 

Country 

Design 

Population Mean 

age 

(yr) 

Male 

(%) 

Time: biopsy 

to excision 

(mean) 

Definition of concordance Prevalence: 

dysplasia or 

malignancy 

All lesions Dysplastic or malignant lesions 

Concorda

nce 

Under-

diagnosis 

Over-

diagnosis 

Concord

ance 

Under-

diagnosis 

Over-

diagnosis 

Diagnosis of dysplastic or malignant lesions    

Chen 2016 [8] 

 

USA 

Retrospective 

Mucosal, intraosseous 

and salivary gland 

lesions (single or 

multiple biopsies) 

47 44% 2.5mo - Concordant if same diagnosis 

- Categories NR 

70/272 (26%) 242/272 

(89%) 

NR NR 57/70 

(81%) 

12/70 

(17%) 

1/70 

(1.4%) 

Holmstrup 

2007 [5] 

 

Denmark 

Retrospective 

Oral mucosal lesions 

(where biopsy showed 

epithelial dysplasia 

and/or lesions on 

lateral/ventral tongue 

or sublingual region) 

61 46% 10.4mo 

(carcinoma 

4.4mo, other 

10.8mo) 

- Concordant: 

a) if same diagnosis 

b) if same or one category 

different in dysplasia severity 

- Categories: no, slight, moderate 

or severe dysplasia, CIS, 

carcinoma 

77/101 (76%) 49/101 

(49%) 

 

Same or 

one 

degree 

different: 

80/101 

(79%) 

35/101 

(35%) 

17/101 

(17%) 

 

NR NR NR 

Jeong 2012 

[10] 

 

South Korea 

Retrospective 

Leukoplakia of lateral 

tongue (excluded if 

biopsy showed 

carcinoma) 

54 64% 1.6 mo - Concordant if same diagnostic 

category 

- Categories: 1) no dysplasia; 2) 

dysplasia; 3) carcinoma 

12/15 

(80%) 

4/15 

(27%) 

11/15 

(73%) 

0/15 

(0%) 

NR NR NR 

Pentenero 

2003 [6] 

 

Italy 

Retrospective 

Oral mucosal non-

homogeneous white or 

white/red lesions AND 

final diagnosis of 

moderate-severe 

dysplasia or cancer 

65 43% <1mo - Concordant if same diagnostic 

category 

- Categories: 1) no or mild 

dysplasia; 2) moderate or severe 

dysplasia or CIS; 3) carcinoma 

46/46 (100%) NR NR NR 33/46 

(72%) 

11/46 

(24%) 

2/46 

(4%) 

Thomson 

2017 [9] 

 

UK 

Retrospective 

Newly presenting, single 

oral mucosal lesions 

(leukoplakia, 

erythroleukoplakia or 

erythroplakia) 

60 

(range 

23-94) 

59% 1.5 - 3mo - Concordant if same diagnostic 

category 

- Categories: no, mild, moderate 

or severe dysplasia, CIS, SCC 

522/590 

(88%) 

307/609 

(50%) 

220/609 

(36%) 

82/609 

(13%) 

NR NR NR 

Abst, conference abstract; CIS, carcinoma-in-situ; mo, months; NR, not reported; SCC, squamous cell carcinoma; yr, years.    
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Reasons for discordance 

Reasons for discordance, as noted in the included studies, are outlined in Table 4. The USA study (Chen 

et al., 2016) [8] reported reasons for discordance: of the 30 discordant cases, 18 (60%) were due to 

sampling error where biopsy tissue was not representative of the whole lesion; 7 (23%) were due to 

pathologist discordance; 4 (13%) were due to insufficient tissue in the biopsy specimen; and 1 (3%) 

was due to obscuring inflammation. This study also reported that concordant cases had a larger 

average biopsy volume than discordant cases (1.53 vs. 0.42 cm3, p=0.063). Also, among the 12 lesions 

with multiple biopsies, overall concordance was 83% while both the under-diagnosis and over-

diagnosis rates were 0% (the nature of the remaining 17% is not clear, but potentially these cases had 

differing diagnosis of similar severity). 

 

The South Korean study (Jeong et al., 2012) [10] reported similar reasons for discordance; these 

included sampling error where biopsy tissue was not representative (for large lesions); superficial 

biopsy (frequently associated with punch biopsy); and errors in pathology specimen preparation due 

to small specimen size (resulting in tangential cutting affecting evaluation of the submucosal area). 

Numbers of discordant cases for each issue were not reported in this study. 

 

Table 4: Biopsy vs. full excision: Reasons for discordance 

Author, year 

Country 

Factors related to concordance Reasons for discordance 

Chen 2016 [8] 

 

USA 

* Volume of biopsy: 

Concordant cases larger average biopsy 

volume (1.53 vs. 0.42 cm3, p=0.063) 

 

*Multiple-site biopsies: 

Lesions with multiple biopsies (n = 12): 

overall concordance 83%, under-diagnosis 

0%, overdiagnosis 0% (note: if 1 site 

consistent then considered concordant) 

Reasons for discordance: 

* Sampling error (biopsy tissue not representative of 

whole lesion) 18/30 (60%)  

* Pathologist discordance 7/30 (23%) 

* Insufficient tissue in biopsy specimen 4/30 (13%) 

*Obscuring inflammation 1/30 (3%) 

Jeong 2012 [10] 

 

South Korea 

 Reasons for discordance: 

* Sampling error within large lesion 

* Superficial biopsy (frequently associated with 

punch biopsy) 

* Error in pathology specimen preparation due to 

small specimen size (resulting in tangential cutting 

affecting evaluation of submucosal area) 
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Discussion 

Overall, there was surprisingly little published evidence relating to the diagnostic accuracy of biopsy 

of potentially malignant and malignant oral lesions compared with full excision. Only six studies 

undertaken within developed countries were identified, with little consistency in measures of 

diagnostic accuracy between studies, making comparison difficult. 

 

The review findings can be summarized as follows: for identification of dysplasia or malignancy, 

sensitivity of biopsy (compared to excision) ranged from 42% to 86% and specificity from 75% to 100% 

in the two studies reporting this [5, 10], while measures of concordance varied from 27% to 89% across 

four studies [5, 8-10]. For identification of malignant-only lesions, sensitivity was 71% and 94% in the 

two studies where this was calculable, while specificity ranged from 17% to 100% across four studies 

[5-7]. 

 

While five articles reported data on concordance between biopsy and excision, definitions of 

concordance were not always clear and were not entirely consistent between articles, and these data 

could not be used to calculate sensitivity and specificity. Most of the articles defined concordance as 

the same grade of dysplasia, while one also assessed concordance defined as either the same grade 

or one grade different, and another used broader categories of no dysplasia, dysplasia or carcinoma. 

Whether one grade difference represents acceptable concordance may depend on the situation, for 

example whether the difference in grading means there is a missed opportunity for further treatment 

(such as excision). 

 

The differences in accuracy across studies may have been due to factors such as prevalence of 

dysplastic or malignant lesions in the study sample (which ranged from 26% to 100% across studies), 

prevalence of malignant lesions (which ranged from 7% to 85%), nature of the lesions included (in 

terms of visual appearance and location in the oral cavity), country and setting of the study, and the 

precise nature of the biopsy and excision procedures and histological analysis (which were not well 

reported).   

 

Possible reasons for discordance between biopsy and excision, as suggested within the reviewed 

studies, included: biopsy tissue not being representative of the whole lesion; insufficient tissue in the 

biopsy; superficial biopsy (often due to punch biopsy); errors in specimen preparation resulting in 

tangential cutting; and pathologist discordance [5, 8, 10]. It is also possible that some lesions did not 
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show dysplasia or carcinoma at the time of biopsy but had progressed by the time of excision [5], as 

time from biopsy to excision ranged from less than 1 month to a mean of 10.4 months across studies. 

There may also have been bias in the design of the included studies, in that patients were only included 

if they had undergone both biopsy and excision, thereby excluding patients undergoing biopsy only, 

who may not have been deemed to require full excision or whose disease may not have progressed 

following biopsy. In many cases, particularly in those with mild to moderate epithelial dysplasia, full 

excision would only rarely form part of routine clinical management, thus, the cohorts are biased 

towards those with higher grade dysplasia.  

 

In terms of implications for practice, the included studies make various suggestions for improving 

biopsy accuracy, including: ensuring uniform biopsy depth; multiple biopsies of large lesions; sampling 

of the full lesion in the case of encapsulated lesions; and liaising with pathologists regarding sampling, 

block thickness and tissue orientation [7, 8]. Other authors have also noted the importance of taking 

deeper levels of sections throughout the specimen [11], as well as the issue of pathologist 

concordance [12]. It is also suggested that patients should receive regular follow-up of the lesion 

following biopsy (e.g. every 3-6 months) irrespective of whether dysplasia was identified [5]. 

 

Further research would be valuable to assess the diagnostic accuracy of biopsy compared with full 

excision for different patient populations and lesion types and in different clinical settings. In addition, 

it would be useful to evaluate approaches which may improve biopsy accuracy (e.g. biopsy and 

histopathology techniques, including the potential use of digital pathology and artificial 

intelligence[13]) or compensate for imperfect accuracy (e.g. regular follow-up). 

 

Conclusions 

A systematic review of the diagnostic accuracy of biopsy versus full excision for diagnosis of oral cancer 

and potentially malignant disorders identified six studies. There was substantial variation both in the 

measures of diagnostic outcomes reported, and in the findings regarding accuracy of biopsy compared 

with excision. Suggestions for improving biopsy accuracy included ensuring adequate biopsy depth; 

multiple biopsies of large lesions; addressing discordance between pathologists; and regular follow-

up. This analysis highlights the lack of research in this area, and the wide variability in the few reported 

studies, which hinders firm conclusions.  There is a pressing need for further research to assess biopsy 

accuracy for different lesion types and settings, as well as to evaluate approaches to improve biopsy 

accuracy. 
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