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to staging of human papillomavirus associated carcinoma 
of the oropharynx and in pathological nodal staging. Patho-
logic staging of oral cavity tumors was also changed to 
incorporate depth of invasion (DOI) and remove invasion 
of extrinsic tongue muscles as a criterion for pT4. Tumor 
thickness (TT) had long been noted as a potential prog-
nostic indicator for oral cavity carcinoma [3, 4], but more 
recent evidence suggests DOI may be a better predictor of 
outcome. Specifically, DOI was shown to be a strong pre-
dictor of local recurrence and nodal metastasis [5–7]. As a 
result of such data, DOI was incorporated into the patho-
logic tumor (pT) staging of carcinomas of the lip and oral 
cavity in AJCC8 [2].

Prior to AJCC8, the precise definition of DOI was not 
clear and frequently confused with TT. In incorporating the 

Introduction

The eighth edition of the American Joint Committee on 
Cancer Staging Manual (AJCC8) was published in 2017 
and contained significant changes for staging head and neck 
cancers [1, 2]. Considerable changes were made in relation 
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Abstract
Depth of invasion (DOI) was added to the staging criteria for carcinoma of the lip and oral cavity in the 8th edition of 
the American Joint Committee on Cancer Staging Manual (AJCC8). However, there are multiple practical challenges 
to obtaining an accurate DOI measurement with limited data regarding interobserver variability in DOI measurement. 
The aim of this study was to investigate interobserver variability in DOI measurement and its effect on tumor stage. We 
performed an electronic medical record search for excisions of squamous cell carcinoma of the oral cavity between Janu-
ary 1, 2010 and December 25, 2017. All slides containing significant tumor were selected for independent blinded DOI 
measurement by four head and neck pathologists per AJCC8 guidelines. Pathologic stage was assigned in conjunction 
with reported tumor greatest dimension. Observers recorded the slide used for measurement and potential issues limiting 
assessment of DOI. Results were compared for reproducibility in DOI and tumor stage using intraclass correlation coef-
ficient (ICC) analysis. A total of 167 cases of oral squamous cell carcinoma with available slides were included. The ICC 
score for DOI between observers was 0.91339 (> 0.9 considered excellent). Only 7.2% of cases had uniform DOI amongst 
observers. Increasing overall tumor size and average DOI correlated with increasing range in DOI amongst observers. 
Differences in DOI resulted in differences in pathologic tumor staging (pT) for 15% of tumors. Use of different slides for 
DOI measurements was significantly associated with different pT staging. In contrast, ulceration and exophytic growth did 
not correlate with higher DOI or pT variability. Despite the excellent ICC score, differences in DOI measurement resulted 
in variable pT staging for a considerable number of cases. We therefore recommend consensus for DOI in at least some 
cases in which potential differences in DOI could alter pT stage assignment.
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tumor dimension to assign a pathologic T stage. The specific 
slide used by each pathologist for measurement and factors 
potentially impeding DOI assessment were also noted.

Two pathologists (#1 and #4) did not provide DOI mea-
surements in four cases each as they felt DOI could not be 
measured on the available slides accurately. In these cases, 
the statistical analysis was performed using only provided 
DOI measurements. For purposes of statistical analysis, 
individual cases were grouped based on the “range in DOI” 
between different pathologists. These “range in DOI” cat-
egories were “uniform” (all DOI measurements were identi-
cal), “0.5 to < 5 mm” (at least one DOI was different and the 
overall range in DOI was less than 5 mm), “5 to less than 
10 mm” (DOI differences ranged from 5 mm to less than 
10 mm) and “≥10mm” (DOI measurements varied more 
than 10 mm between observers). Various comparisons were 
made between “range in DOI” groups, average size, average 
DOI and pT differences. Average DOI was calculated as the 
average DOI measurements provided by all observers for a 
particular case.

Statistical Methods

Study data was analyzed using a variety of different statisti-
cal tests. Analysis of variance (ANOVA) was done to deter-
mine if there were significant differences in DOI among 
pathologists. The intraclass correlation coefficient (ICC) 
was used to assess concordance in DOI measurements for 
each case reviewed among all four pathologists. ANOVA 
was also used to determine if there were differences in 
tumor size or DOI by “range in DOI”. The chi-square test 
for trend was used to determine if there were differences in 
the likelihood of tumors being classified as ulcerated or with 
exophytic growth based on “range in DOI” and if “range in 
DOI” varied based on whether the same slide was reviewed 
by different pathologists. The unpaired t-test was done to 
determine if there was a differences in pT stage by tumor 
size or DOI. Fisher’s exact test was used to determine if pT 
stage differed based on whether pathologists reviewed the 
same slide or if tumors were noted to be ulcerated or exo-
phytic. All statistical analyses were preformed using SAS 
v9.4 (SAS Institute, Cary, NC).

Results

A total of 167 cases with available slides of invasive carci-
noma were identified. 128 (76.6%) were from oral tongue, 24 
from gingiva and 15 from floor of mouth. Overall tumor size 
was available for 165 cases with an average size of 2.75 cm 
(median 2.5 cm). Table 1 summarizes DOI measurements by 
each pathologist. All pathologists had the same median DOI 

use of DOI in oral cavity cancer staging, AJCC8 provided 
a precise definition for DOI as the deepest extent of tumor 
measured from the basement membrane of the most adja-
cent normal surface epithelium. To make this measurement, 
a horizontal line should be made between adjacent normal 
epithelial basement membrane and a perpendicular “plumb 
line” dropped to the tumor’s deepest point of invasion. The 
differences in TT and DOI measurements are expected to 
more accurately reflect tumor aggressiveness in that thicker, 
exophytic tumors have lower DOI while thinner ulcerated 
tumors have greater DOI. In other words, DOI will be less 
than TT in exophytic tumors with less extensive invasion 
and greater than TT in at least some ulcerated tumors. 
Despite the potential for DOI to better predict disease out-
comes, a number of practical challenges arise in accurately 
and consistently determining DOI. [8, 9]

The aim of this study was to investigate interobserver 
variability in DOI measurement and the effect on pT stag-
ing. Potential sources of discrepancy in staging were also 
examined. Finally, we offer recommendations with the goal 
of reducing clinically significant changes in patient care as 
a result of variability in DOI measurements and pT stage.

Methods

Our institution’s laboratory information system (CoPath) 
was searched for excisions of squamous cell carcinoma 
of the oral tongue, gingiva, and floor of mouth performed 
between January 1, 2010 and December 25, 2017. All 
glass slides containing significant tumor were selected for 
independent review by four head and neck pathologists. 
These four pathologists all practiced in the same institu-
tion. One was the current head and neck pathology fellow. 
The three staff pathologists included two formally trained 
head and neck pathologists with fellowship training at dif-
ferent institutions. The third staff pathologist did not do a 
formal head and neck pathology fellowship but had prac-
ticed with a focus in this area. Any prior markings on slides 
were removed. DOI was determined independently by each 
pathologist following the guidelines provided in AJCC8. 
Specifically, a line from the basement membrane of the 
adjacent uninvolved epithelium was used as the surface and 
DOI was measured with a “plumb line” to the tumor’s great-
est depth of invasion [2]. DOI measurements for all observ-
ers were obtained by placing a transparent ruler on the glass 
slide and observed through the microscope. In some cases, 
the deepest extent of tumor extended to the margin and/
or the section edge. In these cases, observers measure the 
deepest extend of invasion possible and provided this as the 
DOI for the study. Each observer’s DOI measurement was 
recorded and used in conjunction with the reported greatest 
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influence the level of agreement in DOI between observ-
ers but, these differences were not statistically significant. 
Cases with a narrower range in DOI measurements were 
also significantly more likely to have had observers all mea-
sure from the same slide.

In total, 25 of 167 (15%) cases had difference in pT stage 
based on the individual observer DOI measurements. Not 
surprisingly, the rate of cases with differing pT stages was 
greater in those cases that had wider ranges in individual 
observer DOI. Differences in pT did not show significant 
association with overall tumor size, average DOI or growth 
pattern (ulcerated or exophytic). Similarly to the ranges in 
DOI, cases with uniform pT between all observers were 
associated with a higher rate of all observers choosing the 
same slide to measure DOI. The figure demonstrates dif-
ferent DOI measurements obtained from several slides for 
the same case (Figure 1). The variable DOI measurements 
in this case resulted in differences in pT stage between pT1 
and pT2. Table 3 provides additional details on those cases 
with different pT staging between observers. In most cases 
(21 of 25), three of the four observers provided the same pT 
despite differences in DOI with only a single observer con-
cluding a different pT stage. Only 4 of the 25 cases had an 
even split of 2 vs. 2 for disagreements in pT. Most (21 of 25) 
of the differences in pT were a result of the DOI differences 
spanning the staging cut-point of 10 mm. These differences 
in pT were only a single step different and most commonly 
resulted in differences between pT2 and pT3.

Despite the differences in DOI and pT detailed above, the 
ICC analysis showed overall excellent agreement in DOI 
measurements between observers by case with an ICC of 
0.91339 (Table 4). Given the significance of using the same 

of 8 mm. Although pathologist 3 trended toward a lower 
mean and max DOI, ANOVA analysis showed no significant 
difference (p-value = 0.6503) in overall DOI measurements 
by individual pathologists. Differences in oral subsites (e.g. 
oral tongue, gingiva, buccal) could not be determined in this 
study due to insufficient numbers of non-oral tongue pri-
mary lesions.

Table 2 summarizes cases by “range in DOI” group based 
on overall differences in DOI measurements by patholo-
gists. 12 of 167 (7.2%) had uniform DOI measurements 
and these represented tumors with an average overall size 
of 1.68 cm. The majority of cases, 124 of 167 (74.3%) had 
range of DOI between 0.5 and less than 5 mm and these 
tumors averaged 2.43 cm in overall tumor size. A range of 
DOI of 5 mm or more was observed in a total of 31 of 167 
(18.6%) of cases, and these tumors had average overall size 
greater than 4 cm. When correlating tumor size with ranges 
of DOI, larger tumors and those with a higher average DOI 
were significantly more likely to have a wider range in DOI 
measurements. Ulceration or exophytic growth appeared to 

Table 1 Overview of depth of invasion by observer
N Median Mean Max p-value

Tumor size (cm) 165 2.5 2.75 7.5
DOI 0.6503*
DOI Path 1 (mm) 163 8 8.5 27
DOI Path 2 (mm) 167 8 9.0 26
DOI Path 3 (mm) 167 8 8.2 22
DOI Path 4 (mm) 163 8 8.4 25
DOI Average (mm) 167 7.88 8.514 23
Abbreviations: DOI – Depth of invasion, N – Number
*p-value from ANOVA, there were no significant p-values when 
comparing DOI between pathologists

Table 2 Summary of tumor characteristics by depth of invasion range and pT stage
N (%) Average tumor 

size (cm)
Average DOI 
(mm)

Ulcerated, N (%) Exophytic, N (%) Same slide 
measured, 
N (%)

DOI range Uniform 12 (7.2) 1.68 4.75 8/12 (66.7) 3/12 (25) 4/12 (33.3)
0.5 to < 5 mm 124 (74.3) 2.43 7.38 64/124 (51.6) 13/124 (10.5) 61/124 

(49.2)
5 to < 10 mm 25 (15.0) 4.30 13.81 15/25 (60) 0/25 (0) 5/25 (20.0)
≥ 10 mm 6 (3.6) 5.02 17.46 4/6 (66.7) 1/6 (16.7) 0/6 (0)

p-value < 0.0001**** < 0.0001**** 0.7147* 0.1213* 0.0111*
pT Same pT 142 (85.0) 2.66 8.31 74/142 (52.1) 15/142 (10.6) 66/142 

(46.5)
Different pT 25 (15.0) 3.30 9.66 17/25 (68) 2/25 (8) 4/25 (16.0)

p-value 0.1004*** 0.2659*** 0.1914** > 0.9999** 0.0012**
All cases 167 2.8 8.53 91/167(54.5) 17/167 (10.2) 69/167 (41.3)

*p-value from Chi-square test for trend
**p-value from Fisher’s exact test
***p-value from unpaired t-test
****p-value from ANOVA, comparisons between pair ‘Uniform and 0.5 to < 5 mm’ and pair ‘5 to < 10 mm and ≥ 10 mm’ were not significant, 
comparisons between other pairs were significant
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Discussion

The 2017 release of AJCC8 was notable for, among other 
things, recognizing the importance of DOI as a prognostic 
indicator for carcinomas of the oral cavity by incorporating 
this as a parameter for pT staging. Multiple studies have 
provided evidence to support the correlation between tumor 
depth (i.e. DOI) and risk of nodal metastasis, local recur-
rence, and survival but the methods for how to best obtain 
the DOI measurement have been varied [6, 7, 11]. In addi-
tion to the importance of DOI in tumor staging, DOI is also 
touted by some authors as a useful feature in deciding to 
perform elective neck dissection and/or the extent of nodal 
dissection [12, 13]. These prognostic features of DOI high-
light the importance in accurate and reliable DOI measure-
ments amongst individual pathologists.

In an attempt to standardize DOI measurement, and thus 
improve interobserver reproducibility in staging, AJCC8 
included a detailed definition of DOI. AJCC8 defined DOI 
as the deepest depth of tumor measured from the nearest 
adjacent uninvolved epithelial basement membrane. From 
this surface reference point, a perpendicular plumb line 
is dropped to the tumor’s deepest point of invasion. This 

slide in measuring DOI, ICC was compared between cases 
in which the same slide was used and those in which dif-
ferent slides were used. These calculations demonstrated 
higher ICC (0.98277) when the same slide was used com-
pared to those with different slides (0.87415).

Table 3 Summary of cases with differences in pT
Observers 2 vs. 2 4

1 vs. 3 21
Cut-point of disagreement 5 mm 4

10 mm 21
pT stage difference pT1-pT2 5

pT2-pT3 14
pT3-pT4 6

Explanatory notes: Observers refers to the number of observers with 
disagreement in pT stage (i.e. 2 vs. 2 indicates an even split with 2 
providing one pT stage and the other 2 providing another pT stage
Cut-point of disagreement refers to the nearest 5 or 10 mm measure-
ment that resulted in different pT stages being provided by various 
observers
pT stage difference indicates the stages that various observers deter-
mined on cases. No case had more than a single pT stage descrepency

Fig. 1 Case with variable depth 
of invasion measurements using 
different slides and resulting in 
different pathologic T stag-
ing. Two observers used slide 
A4 (top panel) and provided 
DOI measurements of 4 mm 
(blue) and 5 mm (yellow). 
One observer used slide A5 
(bottom panel) to obtain a 
measurement of 6 mm (green). 
A fourth observer also provided 
a measurement of 4 mm but 
from slide A3 (not shown). This 
tumor had an overall dimen-
sion of 1.2 cm and therefore 
the 6 mm depth measurement 
resulted in pT2 staging while 
the other measurements resulted 
in pT1.
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DOI or pT staging. Interestingly, the observer’s choice of 
slide for DOI measurement was important in DOI variabil-
ity. We found significantly higher variability in DOI and pT 
when each observer used different slides compared to cases 
in which the same slide was used by all observers. This 
study provided all tumor slides to the observers and allowed 
each to select the slide they felt provided the most accurate 
DOI as would be the situation when reporting a case in prac-
tice. This finding suggests that the choice of slide used for 
DOI measurement is an important factor in variable DOI 
and is an important point to resolve when attempting con-
sensus in a group.

The challenges in determining DOI have been high-
lighted by various authors and some have suggested that 
measurements of TT are more straightforward. A recent 
study by Salama et al. found close correlation in DOI and 
TT overall but also suggests that TT may be a better predic-
tor of tumor behavior [14]. Future studies could examine 
variability in TT as well and if there is less variability, TT 
may in fact make for a better measure in tumor staging and 
for predicting behavior.

In summary, our findings show that despite the overall 
high correlation in DOI, differences resulted in potential 
changes to pT in 15% of cases. Given the importance of 
pathologic T staging, we therefore recommend that cases be 
shared and discussed within a group to reduce this variabil-
ity and to develop consensus in these measurements. This 
is particularly true for cases in which the DOI is close to a 
cut-point that might change the pT stage (i.e. 5 or 10 mm). 
Consensus on the slide used for the most accurate DOI mea-
surement likely represents an important step in this process.
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measurement is used in conjunction with the tumor’s great-
est overall dimension, usually measured grossly, to assign a 
pathologic tumor stage.

Although the process for DOI measurement seems straight 
forward, several authors have noted challenges in determin-
ing accurate DOI. Berdugo et al. detail several difficulties in 
determining DOI including a lack of residual carcinoma on 
the resection, carcinoma extending to the deep margin and 
extratumoral perineural invasion/angiolymphatic invasion 
[8]. Another study on archival samples by Kukreja et al. also 
noted challenges in determining the proper starting point 
for measuring DOI (the so called “horizon” in their article) 
[9]. Difficulty in determining the horizon was seen in the 
majority of cases (78.9%) and was related to an absence of 
adjacent normal mucosa, the rounded or angulated nature of 
the mucosal surface and/or convoluted nature of endophytic 
tumors. We informally encountered many of the same issues 
in the present study, with curved, ulcerated, and irregular 
surfaces. Of note, extratumor foci of perineural invasion 
and angiolymphatic invasion were not noted in our series. 
Despite these challenges and the potential ambiguity of DOI 
measurements, Kukreja et al. confirmed that DOI greater 
than 5 mm predicted worse disease free survival while TT 
did not.

The current study did not aim to identify all the challenges 
in measuring DOI but rather to determine the reliability and 
correlation of these measurements between observers. Our 
data show that despite a high level of overall correlation in 
DOI measurements (i.e. excellent ICC), individual observer 
DOI differences have the potential to influence pT staging, 
particularly when the measurement is near the 5 or 10 mm 
thresholds. AJCC8 guidelines utilize depths of 5 and 10 mm 
as breakpoints in staging and disagreements in DOI around 
these values has the potential to lead to different pT stag-
ing. As larger tumors had higher variability in DOI, it is not 
surprising that most cases (21 of 25) with pT disagreement 
were due to differences in DOI measurements surrounding 
the 10 mm cut-off important for staging of tumors greater 
than 2 cm in overall dimension.

Our data indicate that DOI and pT differences were more 
common with larger tumors and those with higher average 
DOI. In contrast, ulceration and exophytic tumor growth 
were not significantly correlated with greater differences in 

Table 4 Intraclass correlation coefficient scores for comparison of out-
comes among 4 pathologists

ICC 
score

ICC group 
[10]

DOI for all subsites (n = 660 observations) 0.91339 Excellent
DOI for all subsites when same slide used 
for DOI (n = 274 observations)

0.98277 Excellent

DOI for all subsites when different slide used 
for DOI (n = 386 observations)

0.87415 Good
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