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Abstract: The aim of this study was to compare the effect of using depth of invasion (DOI) versus
tumor thickness (TT) as a prognostic factor for early-stage oral squamous cell carcinoma (OSCC).
A total of 57 patients with early-stage OSCC treated surgically from 2009 to 2014 at our institution
were reviewed retrospectively. Histopathological measurement of DOI and TT was performed. The
validation of DOI and TT as prognostic factors was conducted using a Kaplan–Meier survival analysis.
TT had no association with disease-specific survival (DSS) or progression-free survival (PFS) in this
cohort; however, increased DOI was significantly associated with decreased DSS but not correlated to
decreased PFS. The T category of the 7th edition of AJCC was statistically associated with both DSS
and PFS; however, the T category of the 8th edition of the AJCC was only associated with DSS. In
this study group, TT could not be used as a prognostic factor, and DOI was not by itself sufficient to
predict prognosis for early-stage OSCC. The T category in AJCC 8th Edition cannot be considered the
sole prognostic factor for early OSCC, so additional prognostic factors may need to be considered.

Keywords: early-stage oral squamous cell carcinoma (OSCC); depth of invasion (DOI);
tumor thickness (TT); T category; disease-specific survival (DSS); progression-free survival (PFS)

1. Introduction

The 4th edition of the World Health Organization (WHO) Classification of Tumors
of the Head and Neck has adopted the 7th edition of the American Joint Committee on
Cancer (AJCC) Staging Manual to evaluate oral cancer patients and their prognosis [1,2].
The tumor (T) category of the 7th edition of the AJCC Staging Manual focuses on the size
and extent of the primary tumor. However, the 8th edition of the AJCC Staging Manual,
released in 2017, included depth of invasion (DOI) of the primary tumor into the T category
for oral cancer.

Previously, DOI and tumor thickness (TT) have been used interchangeably [3,4].
After the most recent revision of the AJCC Staging Manual was published, the differences
between DOI and TT were emphasized, and the precise definitions of each were regarded as
important. DOI is measured from the adjacent normal basement membrane to the deepest
point of the tumor in millimeters, whereas TT is measured from the highest point of the
tumor surface to the deepest point of the tumor in millimeters [5–10]. Depending on its
morphology, TT can either overvalue or undervalue tumor invasiveness. Therefore, only
DOI was taken into account in the 8th edition of the AJCC as tumor invasiveness could
predict aggressiveness more precisely [11].

The primary aim of this study was to compare the value of using DOI versus TT as
a prognostic factor for patients with early-stage oral squamous cell carcinoma (OSCC).
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We also demonstrated whether the T category from the 8th edition of AJCC can perform as
a predictor for the prognosis of early-stage OSCC.

2. Materials and Methods
2.1. Study Population

Clinicopathological data were selected retrospectively from patients with early-stage
OSCC from 2009 to 2014 at the Department of Oral and Maxillofacial Surgery, Kyungpook
National University Hospital, Daegu, South Korea. Data for a total of 105 patients were
available, but we only chose those patients who were surgically treated. We applied the
following inclusion criteria for early-stage OSCC:

(1) Absence of positive lymph nodes, lymphovascular invasion, or perineural invasion.
(2) Primary OSCC was limited only to soft tissue (absence of bone invasion).
(3) Tumor size greater than 4 cm was excluded as it was considered a more progressed state.

Moreover, patients with positive margins were excluded as it was difficult to confirm
the tumor sizes. A total of 57 patients with clinical or pathological T1-2N0 were reviewed
in our final analysis. This increased the homogeneity of the patient population, and DOI or
TT was evaluated as a sole variable. All subsites of the oral cavity were included. Initially,
cancer staging was based on the 7th edition of the AJCC system.

Multiple sections of pathology slides were examined with a digital microscope to iden-
tify the deepest part of tumor invasion. The histopathological measurement of DOI and TT
was conducted using iSolution Lite software (2003–2015, IMT i-solution Inc., Vancouver,
BC, Canada). All measurements were repeated three times for each slide, where the average
was ultimately used as the final value (Figure 1). A double board-certified pathologist con-
firmed the results. Patients were divided into three groups for each part: (1) classification
according to DOI: group A = DOI ≤ 5 mm, group B = 5 mm < DOI ≤ 10 mm, and group
C = DOI > 10 mm; and (2) classification according to TT: group A = TT ≤ 5 mm, group
B = 5 mm < TT ≤ 10 mm, and group C = TT > 10 mm.
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Figure 1. Measurement of depth of invasion (DOI) and tumor thickness (TT), using iSolution Lite
software (2003–2015, IMT i-solution Inc., Vancouver, BC, Canada). Measuring was repeated three
times for each slide, and the mean value was used as the final value. (×40, Blue line; tumor thickness,
Red line; depth of invasion).
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The collection and use of data for this study were approved by the Institutional Ethics
Review Board of the ethics committee at our institution.

2.2. Statistical Analysis

A descriptive analysis was performed for categorical and continuous variables with
summary measures. For continuous variables, mean values were reported, whereas percent-
ages were used for categorical variables. The validation of DOI and TT as prognostic factors
was visualized using Kaplan–Meier survival curves. Only disease-specific survival (DSS)
was calculated as there were no patients who died from other reasons than OSCC in the
cohort. The time period for DSS began at the time of the first visit and ended at the time of
death. Progression-free survival (PFS), the period between primary treatment and relapse,
was also visualized using Kaplan–Meier survival curves to determine recurrence for the
patients in this study. The differences in survival rates were compared by the log-rank
test. A p-value < 0.05 was considered statistically significant. All statistical analyses were
performed using SPSS software (version 22.0; SPSS, Chicago, IL, USA).

3. Results
3.1. Patient Characteristics

A total of 57 patients with early-stage OSCC were included in the study. The clin-
icopathological characteristics of the population are shown in Table 1. The median age
was 59 years (range: 25–85), and the median follow-up period was 4.85 years (range:
0.72–10.50 years). In addition, 61.4% of the patients (n = 35) were male, and 49.1% (n = 22)
had primary oral tongue cancer. The median DOI for all oral subsites was 4.59 mm (range:
0.30–23.20), and the medial TT was 6.95 mm (range: 1.00–21.73). All patients had surgical
excision of the primary tumor. The majority of patients (66.7%, n = 38) had elective neck
dissection (END), but only 15.8% (n = 9) received postoperative treatment. Of these patients,
22 had a locoregional recurrence.

The classification of the pathological T category according to the 7th and 8th editions
of the AJCC Staging Manual is shown in Table 1. Based on DOI as a T category modifier, of
35 patients with AJCC 7 T1 stage, 12 were upstaged to T2 and 1 to T3. Of 22 patients with
AJCC 7 T2 stage, 8 were upstaged to T3.

3.2. Disease-Specific Survival and Progression-Free Survival

A total of 13 patients (22.8%) died. Of them, 9 patients had tumors on the tongue,
one had on the gingiva, one had on buccal mucosa and the other had on the mouth floor.
Elective neck dissection (END) had not been performed on 4 of them (tongue; 3, mouth
floor; 1). All of them died from disease progression with locoregional recurrence, and the
median DOI was 9.42 mm. Increasing DOI was associated with decreased DSS as shown
in Figure 2A (p = 0.028). When comparing groups A, B, and C of DOI with their five-year
DSS, group C exhibited a significantly worse five-year DSS (66.7%). However, DOI had no
significant association with PFS (p = 0.113) among the three groups (Figure 2B).
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(PFS) stratified by depth of invasion (DOI): (A) DSS curves stratified by DOI. (A [DOI ≤ 5 mm],
n = 30, B [5 mm < DOI ≤ 10 mm], n = 18, C [DOI > 10 mm], n = 9); (B) PFS curves stratified by DOI.
(A [DOI ≤ 5 mm], n = 30, B [5 mm < DOI ≤ 10 mm], n = 18, C [DOI > 10 mm], n = 9).

Table 1. Clinicopathological characteristics of the 57 patients in the study.

Variables N (%)

Age (yrs) 59 (25–85)

Sex
Male 35 (61.4)

Female 22 (38.6)

Oral subsites

Tongue 28 (49.1)
Palate 3 (5.3)

Retromolar trigone 2 (3.5)
Gingiva 11 (19.3)

Buccal mucosa 9 (15.8)
Mouth floor 4 (7.0)

pT (AJCC 7th) pT1 35 (61.4)
pT2 22 (38.6)

pT (AJCC 8th/DOI)
pT1 22 (38.6)
pT2 26 (45.6)
pT3 9 (15.8)

pT (AJCC 8th/TT)
pT1 14 (24.6)
pT2 35 (56.1)
pT3 11 (19.3)

Tumor thickness (mm) * 6.95 (1.00–21.73)

Depth of invasion (mm) * 4.59 (0.30–23.20)

Neck dissection
No ND 19 (33.3)

Elective ND 38 (66.7)

Overall treatment
Surgery only 48 (84.2)

Surgery + adjuvant treatment 9 (15.8)

Recurrence 22 (38.6)
* Median (range) given for continuous variables. In this study, pN classification of entire cases was the same in the
7th and 8th editions of the AJCC manuals.

The validation of TT was also performed by analyzing DSS and PFS. The median
TT of dead patients was 9.14 mm. However, as shown in Figure 3, TT had no significant
correlation with either DSS (p = 0.332) or PFS (p = 0.154).
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Figure 3. Kaplan–Meier curves showing disease-specific survival (DSS) and progression-free sur-
vival (PFS) stratified by tumor thickness (TT): (A) DSS curves stratified by TT. (A [TT ≤ 5 mm],
n = 19, B [5 mm < TT ≤ 10 mm], n = 28, C [TT > 10 mm], n = 10); (B) PFS curves stratified by TT.
(A [TT ≤ 5 mm], n = 19, B [5 mm < TT ≤ 10 mm], n = 28, C [TT > 10 mm], n = 10).
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Based on the 7th edition of the AJCC, an increase in the T category was significantly
associated with both decreased DSS (p = 0.019) and PFS (p = 0.038) (Figure 4). However,
based on the 8th edition, an increase in the T category was only associated with decreased
DSS (p = 0.028) (Figure 5).
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Figure 4. Kaplan–Meier curves showing disease-specific survival (DSS) and progression-free survival
(PFS) stratified by the T category of the 7th edition of the AJCC system: (A) DSS curves stratified by
the T category based on the 7th edition of the AJCC. (T1, n = 35, T2, n = 22); (B) PFS curves stratified
by T category based on the 7th edition of AJCC. (T1, n = 35, T2, n = 22).
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Figure 5. Kaplan–Meier curves showing disease-specific survival (DSS) and progression-free survival
(PFS) stratified by T category of the 8th edition of the AJCC system: (A) DSS curves stratified by
T category (DOI) based on the 8th edition of the AJCC. (T1, n = 22, T2, n = 26, T3, n = 9); (B) PFS
stratified by T category based on criteria of the 8th edition of the AJCC. (T1, n = 22, T2, n = 26, T3,
n = 9).

4. Discussion

Previously, the terminology for DOI and TT has been used interchangeably [3,4].
However, the precise definition of each term was considered important, and DOI, not tumor
thickness (TT), was considered appropriate as a prognostic factor for OSCC [4,9,11,12].
The 8th edition of the AJCC Staging Manual adopted the DOI of the primary tumor into
the T category in 2017 to improve prognosis and establish a protocol for the treatment of
oral cancer. In this study, we compared DOI and TT as prognostic factors for patients with
early-stage OSCC. Moreover, we evaluated whether the T category of the 8th edition of
AJCC can be a prognostic factor for early-stage OSCC.

In this study, we evaluated a unique patient group, early-stage OSCC, to determine
whether the T category is a sole prognostic factor while excluding the high-risk pathological
features. First, the patients were stratified by the T category of the 7th edition of AJCC.
Using the DOI or TT as a T category modifier in the 8th edition of AJCC, the patients
were more stratified. A total of 21 patients were upstaged using DOI as a modifier, and
29 patients were upstaged using TT. We attempted to measure DOI and TT according to
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previous studies [7,11]; however, we had difficulty in determining the precise reference
points in the pathology slides and anatomical differences on each oral subsite. Additionally,
it was difficult to determine the total size or features of the tumor mass as this study
utilized retrospective characteristics. To overcome these limitations and measure DOI
and TT more precisely, we referred to the study of Kukreja et al. (2020), who made an
effort to not make soft tissue deformation and selected the pathology slides with definite
normal adjacent mucosa [13]. In addition, we used a digital microscope and iSolution Lite
software (2003–2015, IMT i-solution Inc., Vancouver, BC, Canada) for the measurements.
All measurements were repeated three times, and the final value was determined by a
mean value. A double board-certified pathologist reviewed the results.

Unlike the previous studies [3,7,14], we concluded that TT had no efficacy as a prog-
nostic factor for patients with early-stage OSCC. This may have resulted from confusion on
the use of DOI and TT in previous studies or an insufficient number of subjects. Although
the study of Faisal et al. (2018) reported that DOI is a sole prognostic factor for patients
with early-stage OSCC and verified that DOI is associated with DSS and locoregional
recurrence [8], the present study concluded that increasing DOI is only associated with de-
creasing DSS and does not influence the time-to-relapse or recurrence rate. Our results are
consistent with that of Kozak et al. (2018) and Tam et al. (2019) and suggested the possibility
of a cofactor affecting recurrence time regardless of DOI [10,15]. Other studies [6,16,17] de-
scribed adverse pathological factors, such as deep positive margin, perineural invasion, and
worst pattern of invasion, as cofactors. However, this study was limited by patient selection,
and it was not possible to identify the correlation between prognosis and these factors.

Kano et al. (2018) suggested that the possibility of nodal metastasis in patients with
T1-2N0 was not different for the criteria in the 7th and 8th editions [18]. Therefore, the
same management is needed for patients with N0 disease. According to the results of this
study, it was demonstrated that the T category of the 7th edition of the AJCC was more
robust than that of the 8th edition. There was no significant evidence that the T category of
the 8th edition is a better prognostic factor compared with the 7th edition.

Piazza et al. (2019) and Bjerkli et al. (2020) suggested that the 8th edition of the AJCC
staging system improved the prognostic value of the T category than the previous one in
early-stage oral tongue SCC [19,20]. Contrary to Piazza et al. (2019) and Bjerkli et al. (2020),
our results are more relevant to Kano et al. (2018) As this study included a relatively small
number of patients and all oral cavity subsites, additional studies using a larger patient
population are needed.

This study was performed using all oral cavity subsites to reach a general conclusion.
The previous studies also included all subsites, such as tongue, mouth floor, retromolar
trigone, gingiva, buccal mucosa, hard palate, and even lip [7,15]. However, many studies
performed analyses only on oral tongue cancer [6,8,10,12,14,16,18] or the buccal cheek [5].
As the tongue is the most common subsite of oral squamous cell carcinoma (OSCC) and
has a higher risk of cervical lymph node metastasis than other subsites with regard to its
abundant lymphatics and mouth floor [8], lots of studies analyzed the pathology of oral
tongue squamous cell carcinoma (OTSCC). As shown in the study by Brockhoff et al. (2017),
each oral subsite has different considerations, and the cut-off point for each treatment plan
may be different [21]. A sufficient population size for each subsite is needed to analyze the
site-specific characteristics and design a more specific treatment plan.

There are several limitations in this study including its relatively small cohort size,
retrospective nature, and possible bias for sample selection. Because the study was con-
ducted at a single institution, the results may not be suitable for generalization to a large
population. This study represented a retrospective cohort analysis, and therefore, the
postoperative adjuvant treatment was performed according to the pathological character-
istics of the disease rather than being randomly selected. In addition, 19 patients did not
undergo END. Although lymph node metastasis was not detected during the preoperative
imaging diagnosis, it is not possible to identify node metastasis of the patients who did not
have the END. This could result in biased sample selection and analysis. In addition, we
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excluded the patients with more progressive disease, and these results may underestimate
and exclude the true prognostic factors for OSCC.

5. Conclusions

Based on the analysis of this study cohort, TT was not a significant prognostic factor for
early-stage OSCC. Depth of invasion was associated with the DSS rate of early-stage OSCC
but was not associated with time to recur. This study showed that DOI is not sufficient
as a prognostic factor in patients with early-stage OSCC, so consideration of additional
prognostic factors in patients with early-stage OSCC may be necessary.
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