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Abstract

Depth of invasion (DOI) and pattern of invasion (POI) indicate tumor invasiveness of oral squamous cell carcinoma (OSCC).
However, preoperative DOI evaluation is challenging, and the correlations between DOI and POI are unknown. We aimed to
assess DOI and worst pattern of invasion (WPOI) in early-stage OSCC, and evaluate the preoperative predictive ability of biopsy
pattern of invasion (BPOI) for WPOI and DOI. This retrospective study included n = 444 OSCC patients with pT1-2NOMO. The
prognostic value of DOI, WPOI, and BPOI and the predictive prognostic option for WPOI and DOI by BPOI were assessed.
WPOI (1-3 vs 4-5), but not BPOI, predicted the lowest survival rate and highest DOI. To evaluate the difference between WPOI
and BPOI, we conducted a POI type-matching analysis of patients with BPOI1-4 and WPOI1-5. Based on each WPOI type, the
false-prediction rates (FPR) of BPOI types 1 (n=23), 2 (n=89), 3 (n =252), and 4 (n = 80) were 52.17%, 52.81%, 36.90%, and
0%, respectively. BPOI4 perfectly predict WPOI 4-5. As the false-predicted BPOI 1-2 was almost WPOI2-3 (79.7%), regard-
less of the existed FPR, patients with BPOI1-2 have longer survival and lower DOI than those with BPOI 4. However, this
phenomenon was not observed in BPOI3, because all false-predicted BPOI3 were WPOI4—5 with a high DOIL. We provide an
alternative predictive prognostic option for WPOI and DOI by evaluating BPOI during OSCC surgical planning, with the
recommendation of conservative treatment in patients with BPOI 1-2.
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Introduction

Oral squamous cell carcinoma (OSCC) is the commonest ma-
lignancy of the oral cavity, and surgical excision is its primary
form of management. According to the National
Comprehensive Cancer Network guidelines [1], curative tu-
mor resection can be undertaken by using accepted criteria,

Yumei Pu and Liang Ding contributed equally to this work.

>< Yanhong Ni
niyanhong12@163.com

>4 Qingang Hu
qghu@nju.edu.cn

Department of Oral and Maxillofacial Surgery and Central
Laboratory, Stomatological Hospital, Medical School of Nanjing
University, 30 Zhongyang Road, Nanjing 210008, China

Central Laboratory, Nanjing Stomatological Hospital, Medical
School of Nanjing University, 22 Hankou Road,
Nanjing 210093, Jiangsu, China

such as margin status, for adequate excision and neck dissec-
tions, if needed [2—7]. The treatment plan for OSCC patients is
usually based on the TNM classification. The 8th American
Joint Committee on Cancer (AJCC) guidelines for oral cancer
have incorporated the depth of invasion (DOI) into the T stage
because it was a strong predictor for occult or late lymph node
metastasis, tumor recurrence, and lower survival [8, 9]. The
DOI is defined as the distance from the deepest level of inva-
sion to the adjacent normal mucosal surface [10]. Importantly,
the pattern of invasion (POI) has been regarded as a criterion
for the tumor invasiveness in OSCC patients. The worst pat-
tern of invasion (WPOI) refers to the worst manner of infiltra-
tion present at the tumor/host interface, and includes 5 types
[11]: WPOI1-3 indicate a relatively low invasiveness, and
WPOI of 4 and 5 indicated high invasiveness. There is evi-
dence to increasingly demonstrate that, when compared to
patients with WPOI1-3, patients with WPOI4 and 5 had
higher rates of mortality, locoregional recurrence, and occult
cervical metastasis [12—17], as well as decreased T cell infil-
tration [18]. Both DOI and WPOI reflect the invasiveness of
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Fig. 1 Flow diagram illustrating
the management of patients with
OSCC stratified by the grade of
BPOI and the prediction ability of
WPOI by BPOL OSCC, oral
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the tumor cell. We hypothesized that the WPOI reflects the
invasiveness of the tumor cell, whereas DOI may be a result of
the POI. Therefore, correlations between the invasion pattern
and invasion distance should be investigated, and could pro-
vide guidance for surgical planning.

At present, another obstacle is that the DOI and WPOI can
only be evaluated postoperatively, which would not provide
effective intraoperative guidance. A biopsy specimen can be
obtained preoperatively and comprises some valuable prog-
nostic indicators. Seki et al. found that the tumor budding
score in the biopsy specimen is effective in predicting the
prognosis in cNO early-stage OSCC [19]. The prognostic val-
ue in the biopsy and surgical specimen is not always consis-
tent, although the POI evaluation on a biopsy speci-
men—namely, the biopsy pattern of invasion (BPOI)—
may provide timely information for intraoperative guid-
ance, and may help surgeons preoperatively plan the
extent of resection. However, because of the small area
of the biopsy sample, the correlations between the DOI,
WPOI, and BPOI are currently unclear, and the efficacy
of prognosis prediction by BPOI needs to be investigat-
ed for improved surgical planning [15].

In this study, we aimed to analyze the correlation
between DOI, WPOI, and BPOI in OSCC patients with
pT1-2NOMO, and to evaluate the prognosis value of
BPOI. Moreover, we intended to determine the ratio of
false prediction of WPOI by BPOI, and to analyze
whether the false prediction rate of BPOI affects the
prognosis.
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Materials and methods
Patients and pathological examination

This retrospective study enrolled 496 patients who were diag-
nosed with primary OSCC of pT1-2NOMO at the Department
of Pathology, Nanjing Stomatology Hospital, (Nanjing,
China) from 2005 to 2014. We excluded 52 patients with
missing data on the follow-up, and the final study cohort com-
prised 444 patients. Data on age at diagnosis, sex, site of
lesion, TNM stage and tumor histologic grade, WPOI,
BPOI, status of the margins, etc., were collected to analyze
their prognostic value. The use of patient samples and data
retrieval were approved by the Research Ethics Committee of
Nanjing Stomatology Hospital, and informed consent was ob-
tained from the patients.

All pathological assessments were performed by two expe-
rienced pathologists, neither of whom was aware of the clin-
ical outcomes. The POI was examined at the host/tumor inter-
face according to the POI types 1 through 5 as previously
described by Bryne et al. [11, 20]. Briefly, POI Type 1 repre-
sents tumor invasion in a broad pushing manner with a smooth
outline; POI Type 2 represents tumor invasion with broad
pushing fingers or separate large tumor islands, with a stellate
appearance; POI Type 3 represents invasive islands that com-
prise more than 15 tumor cells/island; POI Type 4 represents
invasive tumor islands comprised of fewer than 15 tumor
cells/island; and POI Type 5 represents tumor satellites of
any size with 1 mm or more of intervening normal tissue
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Table 1 Clinical pathologic characteristics of OSCC patients
Characteristics n %
Total 444 100.0
Gender

Male 221 49.8
Female 223 50.2
Age

<60 200 45.0
>60 244 55.0
Smoking

No 127 28.6
Yes 317 714
Depth of invasion

<5 mm 267 60.1
>5mm 177 39.9
Differentiation

Well 239 53.8
Medium to poor 205 46.2
T stage

T1 197 444
T2 247 55.6
Margin status

Negative 357 80.4
Mild dysplasia 52 11.7
Moderate dysplasia 21 4.7
Severe dysplasia and positive margins 14 32
WPOI

WPOI1-3 257 579
WPOK4-5 187 42.1
BPOI

BPOI1-3 364 82.0
BPOI4 80 18.0

OSCC oral squamous cell carcinoma, WPOI worst pattern of invasion,
BPOI biopsy pattern of invasion

(not fibrosis) at the tumor/host interface (includes cordlike and
single cell invasion). The highest POI score identified was
noted as the WPOI, regardless of how focal. The worst pattern
of invasion observed in the biopsy sample was defined as the
BPOL

DOI is measured by first finding the “horizon” of the base-
ment membrane of the adjacent squamous mucosa. A perpen-
dicular “plumb line” is established from this horizon to the
deepest point of tumor invasion, which represents DOI.

Biopsy specimens were obtained in the margins of a typical
area that include normal appearing tissue and lesions of 5 mm
or more that appear malignant. Specimens should include hor-
izontal margins of 8 mm or more and vertical margins of 5 mm
or more to observe the front of the invasion.

Study design

The OSCC patients were stratified by the grade of BPOI and
the predictive ability of the WPOI by BPOI (Fig. 1). Firstly,
we divided the 444 OSCC patients into two groups, BPOI1-3
and BPOI4, to predict WPOI4-5 and indicate an advanced
prognosis and DOI in OSCC. However, BPOI 1-3 (n = 364)
could not predict the prognosis of OSCC. Second, we divided
the 364 OSCC patients into two groups, BPOI1-2 and BPOI3,
to evaluate whether the BPOI could predict the prognosis and
DOLI.

Statistical analysis

Correlations between the histopathological risk model and
relevant clinical and tumor variables were assessed by cross-
tabulation and the chi-square test. For the statistical analyses,
low and intermediate risk were grouped together and com-
pared with high risk. Survival curves were constructed based
on the Kaplan—Meier method and compared with the log-rank
test. For multivariate survival analysis, the Cox proportional
hazard model with a stepwise method that included all vari-
ables was employed. The level of significance was set at 5%
(p<0.05). Statistical analyses were conducted in SPSS 17.0
and Prism 5.0.

Results

The relevant clinicopathologic variables are shown in Table 1.
The median age at diagnosis was 59.6 years (range: 30-88
years), and the median duration of follow-up was 43.8 months
(range 7-126 months). Tumors were graded as well differen-
tiated (53.8%) or moderately and poorly differentiated
(46.2%). T1 tumors were diagnosed in 197 patients (44.4%)
and T2 in 247 (55.6%). With regard to the DOI, there were
267 (60.1%) patients with DOI <5 mm and 177 (39.9%) pa-
tients with DOI >5 mm. Margins with dysplasia, positive mar-
gins (invasive tumor at margins), or both were observed in
19.6% of patients (mild, 11.7%; moderate, 4.7%; severe dys-
plasia and positive margins, 3.2%). None of the patients
underwent pre- or postoperative chemotherapy and/or radio-
therapy before recurrence or metastasis. Biopsy specimens
included in the study had margins with normal-appearing tis-
sue and lesions >5 mm that appeared malignant on an obser-
vation of the pattern of invasion.

BPOI is not an independent indicator
for OSCC prognosis

We first investigated the prognostic value of WPOI, BPOI and
DOI in OSCC patients with pT1-2NOMO (n = 444). Kaplan—
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Table 2 Prognostic factors for overall survival

Factors oS
HR Univariate 95 % CI Sig. HR Multivariate 95 % CI Sig.
Sex 0.671 0.399-1.128 0.132
Men vs. Women
Age 1.326 0.788-2.234 0.288
<60 vs. >60
Smoke 0.790 0.432-1.662 0.574
No vs. Yes
Differentiation 1.995 1.372-3.399 0.011 1.381 0.806-2.365 0.240
Well vs. Medium to poor
DOI 2.787 1.661-4.676 0.0001 2.163 1.192-3.928 0.014
<5 mmvs>5 mm
Margin Status 4.744 1.429-15.740 0.011 1.969 0.883—4.394 0.098
Negative vs. positive
POI 3.425 2.011-5.833 < 0.0001 2.449 1.375-4.363 0.002
WPOI 1-3 vs. 4-5
POI 1.782 0.962-3.303 0.066
BPOI 1-3 vs. 4

Meier survival analysis revealed that WPOI4-5 and DOI
>5 mm were correlated with lower overall survival (OS),
recurrence-free survival (RFS), and disease-free survival
(DFS) (Fig. 2a—c and d—f). Cox regression analysis indicated
that the WPOI and DOI were an independent prognostic factor
for OS, RFS, and DFS of OSCC (Tables 2, 3, 4). We further
analyzed the correlation between WPOI and DOI. The results
indicated that patients with WPOI1-3 had low DOI value, and
WPOI4-5 predicted high DOI value; this indicated that pa-
tients with WPOI4-5 should be considered for radical surgery
when compared with patients who have a WPOI of 1-3 in the
same background (Table 5).

However, on Kaplan—Meier survival analysis, BPOI (1-3
vs 4) was unrelated to OS, RFS, or DFS (p=0.066, p=0.117,
and p=0.088, respectively; Fig. 2g—i), and it could not predict
the prognosis of OSCC patients (Tables 2, 3, 4).

BPOI types 1-3 could not efficiently predict
WPOI1-3

To uncover a potential explanation of the different prognostic
values of WPOI and BPOI, we sought to evaluate the false
prediction rate (FPR) of the BPOI for WPOI. We found that
patients were preoperatively diagnosed as BPOII, although

Table 3  Prognostic factors for recurrence-free survival
Factors RFS
HR Univariate 95 % CI Sig. HR Multivariate 95 % CI Sig.
Sex 0.913 0.560-1.489 0.715
Men vs. Women
Age 1.121 0.686-1.832 0.648
<60 vs. >60
Smoke 1.138 0.607-1.871 0.657
No vs. Yes
Differentiation 1.802 1.085-2.991 0.023 0.900 0.541-1.495 0.683
Well vs. Medium to poor
DOI 2.094 1.285-3.412 0.003 1.726 1.008-2.956 0.047
<5 mmvs>5 mm
Margin Status 8.165 2.848-23.41 < 0.0001 2.834 1.460-5.502 0.002
Negative vs. positive
POI 2.234 1.355-3.683 0.002 1.838 1.091-3.097 0.022
WPOI 1-3 vs. 4-5
POI 0.609 0.328-1.133 0.117
BPOI 1-3 vs. 4
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Table 4  Prognostic factors for disease-free survival

Factors DFS
HR Univariate 95 % CI Sig. HR Multivariate 95 % CI Sig.
Gender 0.834 0.0.534-1.305 0.427
Men vs. Women
Age 1.201 0.767-1.881 0.423
<60 vs. >60
Smoke 1.125 0.659-1.855 0.758
No vs. Yes
Differentiation 1.567 0.998-2.459 0.0511 1.149 0.723-1.826 0.558
Well vs. Medium to poor
DOI 2.155 1.380-3.367 0.0007 1.644 1.004-2.691 0.028
<5 mmvs>5 mm
Margin Status 9.253 3.447-24.84 < 0.0001 2.652 1.442-4.877 0.002
Negative vs. positive
POI 2.732 1.730-4.315 < 0.0001 2.153 1.327-3.493 0.002
WPOI 1-3 vs. 4-5
POI 0.598 0.335-1.079 0.088
BPOI 1-3 vs. 4

these results were inaccurate. Furthermore, the BPOI1 could
actually be WPOI 1, 2, and 3 when diagnosed by postopera-
tive pathology (Fig. 3a—c); BPOI2 could actually be WPOI 2,
3, and 4 (Fig. 4a—); BPOI3 could actually be WPOI3 and 4
(Fig. 5a-b). All of the BPOI4 were WPOI4, and this cohort
had the highest predictive efficacy (Fig. 5c). The results of
statistical analysis are shown in Table 6; of the 80 BPOI
Type 4 cases, the matching WPOI were all types 4 and 5,
whereas the FPR of the BPOI type for WPOI4-5 was 0%.
Among the BPOI Type 3 patients (n = 252), the FPR for
WPOI3 was 37.70% (n = 95), and all of the falsely predicted
BPOI3 were WPOI4 and 5.

Among BPOI Type 2 patients (n = 89), the FPR for WPOI3
and 4-5 was 52.81% (n = 47). Of the 47 OSCC patients, 35

Table 5 The correlation between WPOI, BPOI, and DOI
DOI(mm) Median P value
<Median >Median
WPOI 1-2 50 10 42 0.001
4-5 74 113
3 119 78 42 0.027
4-5 75 112
13 155 102 39 0.001
4-5 68 119
BPOI 1-2 69 44 345 0.001
4 28 52
3 131 121 43 0.444
4 37 43
1-3 46 175 39 0.161
4 34 189

were WPOI3 and 12 patients were WPOI4—-5. Among the BPOI1
cases (n = 23), five patients actually belonged to the WPOI3 type,
and seven belonged to WPOI2; the FPR for WPOI1 was 52.17%
(n = 12). These results demonstrated that the BPOI Type 4 could
perfectly predict WPOI4-5, whereas BPOI types 1-3 could not
efficiently predict the WPOI1-3, respectively.

Unexpectedly, patients with BPOI1-3 had a comparable
DOI value than those with BPOI4, and a favorable DOI could
not be predicted (Table 5).

BPOI types 1-2 sufficiently predict
the prognosis of OSCC patients

The inconsistency between the patient numbers of BPOI and
WPOI at each type was not simply taken to mean that the
BPOI had no potential prognostic value, because most of the
falsely predicted BPOI1-2 (n = 59) were WPOI2-3 (n = 47,
ratio: 79.7%), whose clinical outcomes were relatively better.
However, 95 patients with BPOI Type 3 classification actually
belonged to the WPOI4-5 type, whose clinical outcomes were
relatively poor (Table 6). Thus, we next aimed to determine
the DOI value and prognosis of BPOI types 1-2 and 3.

The results indicated that both patients with WPOI types 1—
2 or 3 showed relatively longer survival times than whose with
WPOI types 4-5 (Fig. 6). Interestingly, patients with BPOI
types 1-2 grading had longer OS, DFS, and RFS than patients
with BPOI Type 4. Interestingly, patients with BPOI1-2 had
low DOI value, and the BPOI4 predicted a high DOI value,
thereby indicating that patients with BPOI1-2 should be con-
sidered for conservative surgery as compared to patient with
BPOI4 in the same background (Table 5).
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Fig. 2 Kaplan—Meier plots of a overall survival of OSCC patients with
WPOI1-3 vs WPOI4-5, b recurrence-free survival of OSCC patients
with WPOI1-3 vs WPOI4-5, ¢ disease-free survival of OSCC patients
with WPOI1-3 vs WPOI4—-5; d overall survival of OSCC patients with
DOI <5 mm vs DOI >5 mm, e recurrence-free survival of OSCC patients
with DOI <5 mm vs DOI >5 mm, f disease-free survival of OSCC pa-
tients with DOI <5 mm vs DOI >5 mm, g overall survival of OSCC
patients with BPOI1-3 vs BPOI4, h recurrence-free survival of OSCC

However, patients with BPOI types 3 and 4 had compara-
ble DOI value and survival time, including the OS, DFS, and
RFS (Fig. 7), which could be explained by the fact that 95

Table 6 The patient numbers in each type of WPOI and BPOI

BPOI type WPOI type (n/%)

1 2 3 >4 Total
1 11(47.83) 7(30.43) 5(21.74) 0 (0.00) 23
2 0 (0.00) 42 (47.19) 35(39.33) 12(1348) 89
3 0 (0.00) 0 (0.00) 157 (62.30) 95(37.70) 252
4 0 (0.00) 0 (0.00) 0 (0.00) 80 (100.00) 80
Total 11 49 197 187 444

@ Springer

patients with BPOI1-3 vs BPOI4, i disease-free survival of OSCC pa-
tients with BPOI1-3 vs BPOI4. Patients with WPOI1-3 have better prog-
nosis than those with WPOI4-5 and showed longer survival time, patients
with DOI <5 mm have better prognosis than those with DOI >5 mm and
showed longer survival time. However, BPOI (1-3 vs. 4) was not signif-
icantly associated with OSCC prognosis. OSCC, oral squamous cell car-
cinoma; BPOI, biopsy pattern of invasion; WPOI, worst pattern of
invasion

patients with BPOI type 3 cases actually belonged to the
WPOI4-5 group, with a high DOI. These findings implied
that the false-predicted BPOI1-2 showed an influence on pa-
tient survival and could effectively predict the DOI preopera-
tively, although greater efforts should be devoted to improv-
ing the prognostic value of BPOI3 through the use of other
biomarkers (Table 5).

Thus, the 444 OSCC patients into two groups, BPOI1-3
and BPOI4, showed that BPOI4 (n = 80) could perfectly pre-
dict WPOI4-5 and indicate an advanced prognosis and DOI in
OSCC. However, BPOI1-3 (n = 364) could not predict the
prognosis of OSCC. We divided the 364 OSCC patients into
two groups: BPOI1-2 and BPOI3, and found that BPOI1-2
could predict the prognosis and DOI, whereas BPOI3 could
not predict the prognosis.
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Fig. 3 The grade of WPOI of
OSCC patients with BPOII. a
The BPOI1 of Patient 1 showed
concordance with the
corresponding resection
specimen, which also showed a
WPOI1; b the BPOI1 of Patient 2

(Buccal mucosa

Patinet #1

WPOI 1 (n) / BPOI 1 (n)
=48%

showed discordance and WPOI2;
¢ the BPOII of Patient 2 showed
discordance and WPOII. OSCC,
oral squamous cell carcinoma;
BPOI, biopsy pattern of invasion;
WPOI, worst pattern of invasion

T

Patinet #2

WPOI 2 (n) / BPOI 1 (n)
=30%

Patinet #3

Discussion

The DOI is a significant predictor of OSCC. Several studies
have shown a relationship between DOI and lymph node me-
tastasis in early-stage OSCC [21-23]. Faisal M and Chandler
K et al. found that the DOI is associated with significantly
increased risk of local recurrence [9, 24]. Therefore, the DOI

Fig. 4 The grade of WPOI of a
OSCC patients with BPOI2. a
The BPOI2 of Patient 4 showed
concordance with the
corresponding resection specimen
and a WPOI2; b The BPOI2 of
Patient 5 showed discordance and
a WPOI3. ¢ The BPOI2 of Patient
6 showed discordance and a
WPOI4. OSCC, oral squamous
cell carcinoma; BPOI, biopsy
pattern of invasion; WPOI, worst
pattern of invasion

Patinet#5 © Patinet #4

Patinet#6 ©

WPOI 3 (n) / BPOI 1 (n)
=22%

was incorporated as a modifier to the T category for the OSCC
in the AJCCS in 2017 [25]. Thus, the DOI can possibly guide
the treatment plan, including the extent of resection and neck
dissection. However, DOI can be postoperatively measured
on the pathological analysis. The results of preoperative B
ultrasound and MRI are inaccurate because of the small tumor
outgrowths at the front of the tumor, which might be attributed

WPOI 2 (n) / BPOI 2 (n)
=47%

| WPOI 3 (n) / BPOI 2 (n)
=39%

WPOI 4 (n) / BPOI 2 (n)
=13%
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Fig. 5 The grade of WPOI of
OSCC patients with BPOI3 and
BPOI4. a The BPOI3 of Patient 7
showed concordance with the
corresponding resection specimen
and a WPOI3; b the BPOI3 of
Patient 8 showed discordance and
a WPOI4; ¢ The BPOI4 of Patient
9 showed concordance with the
corresponding resection specimen
and a WPOI4. OSCC, oral
squamous cell carcinoma; BPOI,
biopsy pattern of invasion;
WPOI, worst pattern of invasion

Patinet #7

Patinet #8 ©

Patinet#9 ©
(Buccal mucosa

to an advanced pattern of invasion. However, the WPOI
can be observed in the invasive margin, regardless of
focal growth [11], and is considered to be another valu-
able predictor of OSCC prognosis as it can predict the
local recurrence and occult neck metastasis [14-17]. In
our recent research, we found that the invasiveness of
both tumor and stroma cells in WPOI4-5 was stronger
than that in WPOI1-3 (data not shown). In recent years,
some studies have suggested that OSCC patients with
WPOI4-5 need a wider resection to ensure a clear mar-
gin [26], as well as the need for neck dissection for
patients with clinically node-negative disease [27].
Therefore, the DOI seems to be the result of the
WPOI. In this study, we found that patients with
WPOI1-3 had low DOI value, and WPOI4-5 predicted
high DOI value, indicating that patients with WPOI4-5
should be considered for radical surgery when compared
with patients with WPOI1-3 in the same background.
However, the existing studies have focused mainly on
the WPOI of the surgical specimen, which could only
be evaluated postoperatively, thereby reducing the pre-
operative value of POI and DOI.

Biopsy specimens can be obtained preoperatively and
comprise some valuable prognostic factors. In colorectal
cancer, Parks suggested that the assessment of the TME
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| =63%
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is comparable in biopsy and surgically resected speci-
mens from patients, and biopsy-based assessment could
facilitate preoperative stratification or commencement of
therapy that targets the TME [28]. In endometrial carci-
noma, a high level of concordance was achieved be-
tween biopsy and hysterectomy specimens for mismatch
repair protein (MMR)-loss, microsatellite instability
(MSI)-high, P53-wild and abnormal types, superior to
that of grade and histologic subtype, providing earlier
and more reliable prognostic information for the clinical
management plan [29]. In cNO early-stage OSCC, Seki
et al found the tumor budding score in the biopsy sam-
ple can effectively predict the prognosis [19]. However,
the tumor budding was difficult to assess consistently in
different slides of a sample for the small nest (less than
5 cells) and the closed cut-off value (>5 buddings refers
to high budding score, 3—4 intermediate budding score,
>5 high budding score) [19]. While in our article, we
found that the pattern of invasion could also been eval-
uated in the biopsy sample, which we call BPOI. Differ
from tumor budding, the evaluation of BPOI was
reproducible.

However, the correlation between the invasion pattern of
the biopsy sample and WPOI and DOI in the surgical speci-
men has not yet been studied [15]. In the present study, we
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Fig. 6 Kaplan—Meier plots of a overall survival of OSCC patients with
WPOI1-2 vs WPOI4-5; b overall survival of OSCC patients with WPOI3
vs WPOI4-5; ¢ recurrence-free survival of OSCC patients with WPOI1—
2 vs WPOI4-5; d recurrence-free survival of OSCC patients with WPOI3
vs WPOI4-5; e disease-free survival of OSCC patients with WPOI1-2 vs

analyzed the relationship between WPOI and DOI and found
that, in early-stage OSCC, the DOI can vary according to the
POI. However, although the BPOI can be obtained from the
biopsy specimen, 93 patients with BPOI type 3 grading were
actually WPOI4-5, whose clinical outcomes were relatively
poor and were associated with a high DOI. Thus, in OSCC
patients, the BPOI3 can neither predict the prognosis nor the
DOI. However, in the remaining patients, BPOI4 could
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WPOI4-5; f disease-free survival of OSCC patients with WPOI3 vs
WPOI4-5. Patients with WPOI1-2 and WPOI3 have better prognosis
than those with WPOI4-5 and showed longer survival time. OSCC, oral
squamous cell carcinoma; BPOI, biopsy pattern of invasion; WPOI,
worst pattern of invasion

effectively predict WPOI4-5, and BPOI1-2 is associated with
better prognosis as well as a low DOI than BPOI4, indicating
that patients with BPOI1-2 should be considered for conser-
vative surgery in the same background.

To our knowledge, this study is the first to investigate the
clinical value of BPOI via the prediction of the WPOI and
DOIL. The results demonstrated that patients with BPOI1 and
2 have low DOI value and longer OS and DFS than those with
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Fig. 7 Kaplan—Meier plots of a a 100- b 100-
overall survival of OSCC patients -~ BPOI1-2 - BPOI3
with BPOI1-2 vs BPOI4; b X 90 - BPOI4 = 901 - BPOI4
overall survival of OSCC patients s 30 3 80
. > . 2> .
with BPOI3 vs BPOI4; ¢ s H
recurrence-free survival of OSCC @ 701 a 7
patients with BP01172. vs BPOI4; ? 604 i 604
d recurrence-free survival of g g
OSCC patients with BPOI3 vs o fg" p=0.023 o gg' p=0.159
BPOI4; e disease-free survival of cT . . . QT . . .
OSCC patients with BPOI1-2 vs 0 50 100 150 0 50 100 150
BPOI4; f disease-free survival of Time(months) Time(months)
OSCC patients with BPOI3 vs c d
BPOI4. Patients with BPOI1-2 = 100- = 100+
have better prognosis than those < - BPOI1-2 ; - BPOI3
with BPOI4; however, patients .g 90- -~ BPOI4 2 901 —— BPOI4
with BPOI 3 and 4 have compa- 5 gl ;:i) 80-
rable survival time, regardless of 2 P
overall survival time, disease-free 2 70 :’7 701
survival, and recurrence-free sur- é 60 3 60
vival. OSCC, oral squamous cell § §
car.cinorpa; BPOI, biopsy pattern ‘g ?gfr p=0.063 :=; fg:l_ p=0.118
of invasion; WPOI, worst pattern g o1 r . 1 & o . . )
of invasion 0 50 100 150 0 50 100 150
Time(months) Time(months)
e f
100+ . 100+
9 - BPOI1-2 ¢ -~ BPOI3
3 —— BPOI4 5 9 - BPOI4
g 80 g 80-
7] a
o 70 ® 704
® 2
- -
é 60 i 60
© ©
50- 501
g 0 p=0.037 g 10y p=0.209
0 50 100 150 0 50 100 150
Time(months) Time(months)

BPOI4, regardless of the FPR. In combination with imaging
investigations such as MRI and B ultrasound, BPOI1-2 and 4
can guide clinicians in developing the treatment plan of pa-
tients with OSCC. Further research should emphasize mech-
anisms to improve the predictive efficacy of BPOI3 in asso-
ciation with other diagnostic markers.

Authors’ contributions Yanhong Ni and Qingang Hu contributed to the
conception of the study, Yumei Pu and Liang Ding designed the study
and analyzed the data and were major contributors in writing the manu-
script, Yujia Wang and Yuxin Wang analyzed and interpreted the pa-
tients” data. Sheng Chen and Xiaofeng Huang performed the histological
examination of the OSCC, Zhifeng He helped perform the analysis with
constructive discussions, All authors read and approved the final
manuscript.

Funding This study was supported by National Natural Science
Foundation of China (No. 81902754, 81772880). China Postdoctoral
Science Foundation (No. 2019 M651789). Fundamental Research
Funds for the Central Universities (No. 021014380117). Natural
Science Foundation of Jiangsu Province (No. BK20190304). General
projects in the development of medical technology in Nanjing (No.
YKK16158). Nanjing Medical Science and technique Development
Foundation (No.QRX17174).

@ Springer

Data availability All data generated or analyzed during this study are
included in this published article.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethics approval Not applicable

Consent to participate (include appropriate statements) Not applicable

Consent for publication (include appropriate statements) Not

applicable

Code availability (software application or custom code) Not applicable

References

1. Pfister DG, Spencer S, Adelstein D, et al (2019) Head and Neck

Cancers, Version3.2019. J Natl Compr Canc Netw.



Virchows Arch (2021) 479:109-119

119

10.

11.

12.

13.

14.

15.

Gokavarapu S, Chander R, Parvataneni N, Puthamakula S (2014)
Close margins in oral cancers: implication of close margin status in
recurrence and survival of pTINO and pT2NO oral cancers. Int J
Surg Oncol 2014: 545372.

Anderson CR, Sisson K, Moncrieff M (2015) A meta-analysis of
margin size and local recurrence in oral squamous cell carcinoma.
Oral Oncol 51(5):464-469

Dik EA, Willems S M, Ipenburg NA, Adriaansens SO, Es RJJV
(2014) Resection of early oral squamous cell carcinoma with pos-
itive or close margins: relevance of adjuvant treatment in relation to
local recurrence: margins of 3 mm as safe as 5 mm. Oral Oncology
50(6): 611-615.

Weinstock YE, Alava I 3rd, Dierks EJ (2014) Pitfalls in determin-
ing head and neck surgical margins. Oral Maxillofac Surg Clin
North Am 26:151-162

Sopka DM, Li T, Lango MN et al (2013) Dysplasia at the margin?
Investigating the case for subsequent therapy in 'low-risk' squamous
cell carcinoma of the oral tongue. Oral Oncol 49:1083—1087
Kurita H, Nakanishi Y, Nishizawa R et al (2010) Impact of different
surgical margin conditions on local recurrence of oral squamous
cell carcinoma. Oral Oncol 46(11):814-817

Hanai N, Asakage T, Kiyota N, Hayashi R (2019) Controversies in
relation to neck management in NO early oral tongue cancer. Jpn J
Clin Oncol 49:297-305

Faisal M, Abu Bakar M, Sarwar A, et al (2018) Depth of invasion
(DOI) as a predictor of cervical nodal metastasis and local recur-
rence in early stage squamous cell carcinoma of oral tongue
(ESSCOT). Plos One 13(8): €0202632.

Pentenero M, Gandolfo S, Carrozzo M (2005) Importance of tumor
thickness and depth of invasion in nodal involvement and prognosis
of oral squamous cell carcinoma: a review of the literature. Head
Neck 27:1080-1091

Brandwein-Gensler M, Teixeira MS, Lewis CM, Lee B, Wang BY
(2005) Oral squamous cell carcinoma: histologic risk assessment,
but not margin status, is strongly predictive of local disease-free and
overall survival. Am J Surg Patho 29(2):167-178

Agar NJ, Kirton C, Patel RS, Martin RC, Angelo N, Emanuel PO
(2015) Predicting lymph node metastases in cutaneous squamous
cell carcinoma: use of a morphological scoring system. N Z Med J
128:59-67

Chatterjee D, Bansal V, Malik V, Bhagat R, Dass A (2019) Tumor
budding and worse pattern of invasion can predict nodal metastasis
in oral cancers and associated with poor survival in early-stage
tumors. Ear Nose Throat J 98:e112—119

Almangush A, Bello 10, Keski-Santti H et al (2014) Depth of in-
vasion, tumor budding, and worst pattern of invasion: prognostic
indicators in early-stage oral tongue cancer. Head Neck 36(6):811—
818

Almangush A, Bello 10, Coletta RD et al (2015) For early-stage
oral tongue cancer, depth of invasion and worst pattern of invasion
are the strongest pathological predictors for locoregional recurrence
and mortality. Virchows Arch 467(1):39-46

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Manjula BV, Augustine S, Selvam S, Mohan AM (2015)
Prognostic and predictive factors in gingivo buccal complex squa-
mous cell carcinoma: role of tumor budding and pattern of inva-
sion. Indian J Otolaryngol Head Neck Surg 67:98-104

Alaeddini M, Etemad-Moghadam S (2016) Correlation between
invasion mode and the histologic risk assessment model in oral
squamous cell carcinoma. Oral Maxillofac Surg 20(4):353-358
Wolf GT, Winter W, Bellile E et al (2018) Histologic pattern of
invasion and epithelial-mesenchymal phenotype predict prognosis
in squamous carcinoma of the head and neck. Oral Oncol 87:29-35
Seki M, Sano T, Yokoo S, Oyama T (2017) Tumour budding eval-
uated in biopsy specimens is a useful predictor of prognosis in
patients with cNO early stage oral squamous cell carcinoma.
Histopathology 70:869-879

Bryne M, Jenssen N, Boysen M (1995) Histological grading in the
deep invasive front of T1 and T2 glottic squamous-cell carcinomas
has high prognostic value. Virchows Arch 427:277-281

Ebrahimi A, Gil Z, Amit M et al (2014) Primary tumor staging for
oral cancer and a proposed modification incorporating depth of
invasion: an international multicenter retrospective study. JAMA
Otolaryngol Head Neck Surg 140:1138-1148

Shinn JR, Wood CB, Colazo JM, Harrell FE Jr, Rohde SL,
Mannion K (2018) Cumulative incidence of neck recurrence with
increasing depth of invasion. Oral Oncol 87:36-42

Imai T, Satoh I, Matsumoto K et al (2017) Retrospective observa-
tional study of occult cervical lymph-node metastasis in TINO
tongue cancer. Jpn J Clin Oncol 47:130-136

Chandler K, Vance C, Budnick S, Muller S (2011) Muscle invasion
in oral tongue squamous cell carcinoma as a predictor of nodal
status and local recurrence: just as effective as depth of invasion?
Head Neck Pathol 5(4): 359-363.

Amin MB, Edge SB, Greene LF et al (2017) AJCC Cancer Staging
Manual 8th Edition. Springer, New York, NY

Shimizu S, Miyazaki A, Sonoda T et al (2018) Tumor budding is an
independent prognostic marker in early stage oral squamous cell
carcinoma: With special reference to the mode of invasion and
worst pattern of invasion. PLos One 13:¢0195451

Wu K, Wei J, Liu Z et al (2019) Can pattern and depth of invasion
predict lymph node relapse and prognosis in tongue squamous cell
carcinoma. BMC Cancer 19(1):714

Park JH, van Wyk H, McMillan DC et al (2020) Pre-operative,
biopsy-based assessment of the tumour microenvironment in pa-
tients with primary operable colorectal cancer. J Pathol Clin Res
6(1):30-39

Abdulfatah E, Wakeling E, Sakr S et al (2019) Molecular classifi-
cation of endometrial carcinoma applied to endometrial biopsy
specimens: towards early personalized patient management.
Gynecol Oncol 154(3):467-474

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

@ Springer



	Biopsy pattern of invasion type to determine the surgical approach in early-stage oral squamous cell carcinoma
	Abstract
	Introduction
	Materials and methods
	Patients and pathological examination
	Study design
	Statistical analysis

	Results
	BPOI is not an independent indicator for OSCC prognosis
	BPOI types 1–3 could not efficiently predict WPOI1–3
	BPOI types 1–2 sufficiently predict the prognosis of OSCC patients
	Discussion
	References


