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Introduction: Tumor budding (TB) refers to the presence of small clusters of
tumor cells at the invasive front of a malignant tumor. Single tumor cell invasion
(SCI) is an extreme variant of TB, in which individual loose tumor cells are present
at the invasive front. Both TB and SCI are important histomorphologic risk factors
postulated to indicate loss of cellular cohesion. In this study, we investigated the
influence of TB and SCI on different survival outcomes in patients with locally
advanced oral squamous cell carcinoma (OSCCQC).

Methods: We included 129 patients with locally advanced OSCC (pT3-4) from a
single-center, prospectively maintained cohort. We examined the association of
TB and SCI with the presence of occult lymph node metastasis using a logistic
regression model. Survival probabilities were estimated using the Kaplan-Meier
method and cumulative incidence functions. The association of TB and SCI on
overall survival (OS), oral cancer-specific survival (OCSS), and local recurrence-
free survival (LRFS) was investigated using Cox's proportional hazards
regression models.

Results: TB was detected in 98 (76%) of the tumors, while SCl was observed in 66
(51%) patients. There was a significant association between TB and the
occurrence of occult lymph node metastasis (OR=3.33, Cl: 1.21-10.0). On
multivariate analysis, TB had no detectable impact on survival outcomes.
However, SCI showed a higher risk for local recurrence (Hazards ratio (HR):
3.33, Cl: 1.19 - 9.27).
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Discussion: This study demonstrates that TB and SCI in locally advanced OSCC
function as an independent risk factor for occult lymph node metastases, as well
as local recurrences. Both histomorphologic risk factors could serve as an
additional parameter for stratifying therapy and escalating multimodal
treatment approaches.
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1 Introduction

Oral squamous cell carcinoma (OSCC) is the most common
malignancy of the head and neck region, with more than 300,000
new cases and 145,000 cancer-related deaths yearly (1, 2).

Still characterized by a poor prognosis, promising prognostic
markers are warranted to better stratify patients and treatment
recommendations. The inherent morphologic features and infiltration
pattern at the invasion front of OSCC may represent such a potential
marker to estimate the survival outcomes in these patients.

For instance, the effect of Depth Of Infiltration (DOI) as a
histologic feature on disease prognosis was evident in several
studies, which led to the incorporation of DOI in the T category
in the current 8™ edition of both UICC and AJCC TNM
classifications for oral cancer current TNM classification (3).

This DOI-based upgrade subsequently led to therapy escalation
in the sense of recommendation for adjuvant radiotherapy in
patients with the new T3 category.

Another emerging and promising prognostic histomorphological
marker for aggressive tumor invasion, metastasis, and poor prognosis
is tumor budding (TB) and its extreme variant, single-cell invasion
(SCI). TB is described as isolated tumor cells or in small clusters (<5
cells) present in the stroma, while SCI is defined as a single tumor cell
invasion along the invasive margin of the tumor (4). Both TB and SCI
are an expression of 2 distinct properties of malignancy: loss of
cellular cohesion and active invasive movement, and both are
morphologic correlates of the epithelial-mesenchymal transition
(EMT) and were recently found to be associated with poor
prognosis in tongue carcinoma (5, 6).

The role of TB has already been established as an independent
prognostic factor in several cancer entities. However, very few studies
highlighted its role in OSCC, only dealing with early-stage tumors
and trying to stratify the outcome and therapy according to a semi-
quantitative score comparable to that established for colorectal,
breast, and lung cancer (7-9). Still, none has evaluated its impact
on the survival outcomes in locally advanced III/IV stages of OSCC.

The most crucial aspect in addressing T3 and T4 tumors is the
regular recommendation for postoperative adjuvant radiotherapy. The
standard concurrent platin-based chemotherapy is mainly advised
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once additional risk factors are present (e.g., extranodal extension,
involved margin ... etc). Tumor budding and increased depth of
infiltration (DOI) are additional histologic risk factors that may
influence this recommendation, encouraging therapy escalation.

Therefore, to evaluate this aspect, we encountered all patients
with locally advanced stages of OSCC in a prospectively maintained
single-center cohort, investigated the histologic risk markers DOI,
TB, and SCI and analyzed their impact on the overall survival (OS),
oral cancer-specific survival (OCSS), and locoregional disease-free
survival (LRDFS) while adjusting to possible confounders such as
resection margin (R-status) and nodal status (N-status).

2 Material and methods
2.1 Study population

All cases with a primary OSCC without distant metastasis from
a cohort of 1088 patients were identified within the tumor data bank
of the Department of Maxillofacial Surgery at the University
Medical Centre of Liibeck, Germany. All patients underwent
primary diagnostic investigation and therapy between 1996 and
2019. This study only included curatively treated patients with
known T3/4 NO/+ and MO status. Patients with distant metastasis,
cancer of unknown primary, and a history of head and neck cancer
with or without irradiation were excluded. Figure 1 shows the
criteria for exclusion.

The treatment decision and the decision for adjuvant
radiochemotherapy (RCT) was made by the local head and neck
multidisciplinary team. Adjuvant RCT was recommended for patients
with T3/T4 and/or N+ tumors. Surgical treatment included radical
tumor resection controlled by intraoperative frozen sections, uni- or
bilateral selective or radical neck dissection, as well as individual, defect-
based reconstruction, mostly using microvascular free flaps.

Patients’ clinical data were obtained from a prospectively
maintained single-center cohort and included patients” demographics,
risk factors and clinical tumor characteristics. Treatment decisions were
available at the baseline and at each follow-up. We used the updated
version of the Charlson’s comorbidity index (CCI) to capture
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Whole cohort (n = 1088)

VVVYY

We excluded 959 patients for the following reasons:

Cancer sites other than oral cavity (n = 187)
Histological entities other than SCC (n = 131)
Early disease (pT1, pT2) (n = 727)

Metastatic disease at diagnosis (M1) (n = 41)
Not treated surgically, treatment refused or death
before treatment (n = 143)

Some patients had more than one reason of exclusion

Patients included in this study (n = 129)

FIGURE 1
Study design, exclusion criteria, and distribution of groups.

comorbidities and categorized CCI into no significant comorbidities
(score=0), and at least one score point (CCI score > 1) (10).

2.2 Histopathologic assessment

First, all histological sections were viewed using the light
microscope, and a representative specimen with maximum tumor
extension and relation to the healthy oral mucosa was selected for
each patient. These were then scanned and digitized. The Ventana
iScan HT scanner was used to visualize the slides (Ventana, Tuscon,
AZ, USA). The QuPath (University of Edinburgh, UK) image
analysis software was used for the digital evaluation of the slides.

Depth of Invasion (DOI), tumor budding (TB), and single-cell
invasion (SCI) were determined as follows. Depth of invasion was
measured from the basement membrane level of the cancer section
to the deepest point of the invasive tumor in the stroma of the
paraffin-embedded sections (11). The cutoff point to stratify the
patients with OSCC into the low-risk and high-risk tumors was set
at 10mm (12, 13).

Pathologists reported the shortest distance between the tumor
mass and the specimen border histologically to evaluate the
resection margin and stratified it as follows:
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N

Evident tumor budding
n = 98 (76.0%)

Evident single-cell invasion
n =66 (51.2%)

*  Free margin (R0): Complete excision with a clear margin of
25 mm.

* Close margin (ROcm): Complete excision with a clear
margin between 1-4 mm.

* High-risk margins: specimen with at least one involved
margin, but all frozen sections are clear (ROhr).

* Incomplete excision: Frozen sections with microscopical
tumor infiltration (R1) (14).

Tumor budding was defined as the presence of small cell
nests with less than five tumor cells. It is assessed within the
invasion front with a defined magnification. Magnification was
set at 300x, and buds were numerically recorded within the 795 x
960 pm field of view. The presence of at least one bud in the
invasion front justified the assignment to the TB group (15-18).
Values were expressed in a dichotomous manner, which means
TB = 1 buds.

Single-cell invasion (SCI) was defined as isolated tumor cells
segregated from the rest of the tumor (15, 16). Values were also
recorded dichotomously. (Figure 2).

The remaining features were reported in the prospectively
maintained cohort according to the 8" edition of the TNM
classification of malignant tumors (19).
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FIGURE 2

Representative HE-section of a specimen with OSCC in the overview
(A). (B) shows a magnification of the insert with manifest tumor budding
(black arrows) and single-cell invasion (white arrows).

All samples from the patient included were reviewed and re-
evaluated critically by two investigators (L.T. and J.J.). Both were
blinded to the clinical data at the time of the evaluation.

2.3 Follow-up and survival endpoints

All patients underwent routine recall and related clinical
investigations every three months in the first two years and every
six months for the last three years of the 5 years follow-up period.
This follow-up included clinical, sonographic, and radiologic
assessment and ended when patients either fulfilled 5 years of
complete disease-free follow-up, decided to drop out from the
regular aftercare, died, or the follow-up endpoint on the 31 of
March 2019 was reached. Patients who were alive at the end of
follow-up were censored. All survival durations were measured
from the time point of the initial diagnosis. The endpoint of overall
survival (OS) was death from any cause; the endpoint of oral
cancer-specific survival (OCSS) was death from oral cancer; the
endpoint of locoregional Disease-free survival (LRDES) was the
local or neck recurrence, while the endpoint of local recurrence-free
survival (LRFS) was the occurrence of local recurrence only.
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2.4 Statistical analysis

The baseline data was tabulated after calculating medians and
interquartile range (IQR) for skewed variables. The median and 5-year
survival probabilities, as well as 95% corresponding confidence intervals
(CI), were estimated using the Kaplan-Meier method for survival analysis
for OS and cumulative events for OCSS, LRES, and LRRFS. The
association between Tumor budding, DOI on one hand and resection
margins or occult lymph node metastasis on the other hand was
investigated using a logistic regression model after dichotomizing
resection margins and occult lymph node metastasis. Here, we report
the OR and its 95% confidence intervals. We estimated adjusted hazard
ratios (HR) and corresponding 95% CI for TB and associated risk factors
using Cox’s proportional hazards regression models. For OCSS, LRES
and LRDES, we estimated adjusted cause-specific HRs in competing risks
scenarios, which means that both outcomes had death from any cause
other than oral cancer as a competing risk (20). All statistical analyses
were performed using R Statistical Software (version 4.2.2; R Foundation
for Statistical Computing, Vienna, Austria).

2.5 Ethics

All participants signed consent forms allowing their data to be
collected and used anonymously for academic research on
admission. The study was approved by the ethics review
committee of the University of Liibeck.

3 Results
3.1 Patient demographics

A total of 129 patients were encountered and fulfilled the criteria
for study inclusion. In the specimens of 31(24%) patients, no budding
of tumor cells was detected. In 32 (25%) patients, tumor budding was
observed alone, while in 66 (51%) patients, an associated single-cell
invasion was assessed. SCI was never observed without budding.

Resection with clean margins was obtained in 27 patients (19% of
patients with TB and 23% of those with TB and SCI). Specimens of 33
(26%) patients showed close margin resection (Rem) (22% of patients
with TB and 26% of those with TB and SCI), 48 (37%) specimens had
only clean frozen sections, while the main specimen showed involved
margins (ROhr) (50% of patients with TB and 35% of those with TB
and SCI). Finally, 21 (16%) patients underwent R1 resection (9.4% of
patients with TB and 17% of those with TB and SCI).

Based on the related literature, the cutoft for DOI was set at 10
mm (21, 22). In 48% of patients, DOI amounted to more than 10
mm (55% of patients with TB and 53% of those with TB and SCI),
while in 52% of all cases, DOI was lower than10 mm (45% of
patients with TB and 47% of those with TB and SCI).

All baseline characteristics are given in Table 1, stratified by the
TB and SCI status.
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TABLE 1 Baseline characteristics and disease recurrence stratified by TABLE 1 Continued
tumor budding status and single-cell invasion.

Budding

. No . Budding
No Budding | g\ ding . Overall | budding = MUt | withsci
. without . Variable i SCI
Variable Overall budding scl with SCI N =129 N=31 N N=66
N =129t N=31 N=66 (24%)? 2 (51%)*
Y R PR &%)
° (25%)? . ) .
Resection margins
Median age (IQR) 62 (55-71) | 66 (55-72) = 64 (56-73) 60 (53-69)
RI 21 (16%) 7 (23%) 3 (9.4%) 11 (17%)

‘ Gender

Number of buds 4.0 - 3.0 9.5
Male 87 (67%) 24 (77%) 22 (69%) 41 (62%) (1.0-10.0) (2.0-4.0) (6.0-13.8)
Female 42 (33%) 7 (23%) 10 (31%) 25 (38%) Depth of invasion (mm)

‘ CCl score <10 67(52%) 22(71%) 14 (45%) 31 (47%)
0 88 (68%) 19 (61%) 25 (78%) 44 (67%) 10< 61 (48%) 9 (29%) 17 (55%) 35 (53%)
1< 41 (32%) 12 (39%) 7 (22%) 22 (33%) Missing 1 0 1 0

‘ Smoking Lymphatic invasion
Never 24 (19%) 10 (33%) 6 (19%) 8 (12%) Therapy
Former or current 103 (81%) 20 (67%) 25 (81%) 58 (88%) Surgery only 38 (29%) 11 (35%) 7 (22%) 20 (30%)
Missing 2 1 1 0 Adjuvant 59 (46%) 13 (42%) 14 (44%) 32 (48%)

- radiotherapy
Alcohol consumption
Adjuvant 32 (25%) 7 (23%) 11 (34%) 14 (21%)
None or moderate 42 (35%) 14 (50%) 10 (34%) 18 (29%) radiochemotherapy
Excessive 77 (65%) 14 (50%) 19 (66%) 44 (71%) Local recurrence in 5yr
Missing 10 3 3 4 Censored 93 (72%) 25 (81%) 25 (78%) 43 (65%)
Subsite Local recurrence 36 (28%) 6 (19%) 7 (22%) 23 (35%)
Floor of mouth 48 (37%) 11 (35%) 9 (28%) 28 (42%) Regional recurrence in 5yr
Anterior tongue 17 (13%) 3(9.7%) 3 (94%) 11 (17%) Censored 112 (87%) 30 (97%) 27 (84%) 55 (83%)
Gum 40 (31%) 7 (23%) 14 (44%) 19 (29%) Regional 17 (13%) 1 (3.2%) 5 (16%) 11 (17%)
recurrence
Cheek, Vestibule, 11 (8.5%) 6 (19%) 2 (6.3%) 3 (4.5%)
retromolar Locoregional recurrence in 5yr
Palate 13 (10%) 4 (13%) 4 (13%) 5 (7.6%) Censored 89 (69%) 24 (77%) 23 (72%) 42 (64%)
‘ Pathological tumor size (pT) Locoregional 40 (31%) 7 (23%) 9 (28%) 24 (36%)
recurrence
T3 50 (39%) 13 (42%) 12 (38%) 25 (38%)
Any disease recurrence in 5yr
T4 79 (61%) 18 (58%) 20 (63%) 41 (62%)
) Censored 77 (60%) 19 (61%) 22 (69%) 36 (55%)
‘ Nodal disease (pN)
Any disease 52 (40%) 12 (39%) 10 (31%) 30 (45%)
NO 69 (53%) 23 (74%) 15 (47%) 31 (47%) recurrence
NI 16 (12%) 3 (9.7%) 4 (13%) 9 (14%) Death from any cause
N2a/b 24 (19%) 3(9.7%) 9 (28%) 12 (18%) Alive or censored 46 (36%) 9 (29%) 14 (44%) 23 (35%)
N2¢/3 20 (16%) 2 (6.5%) 4 (13%) 14 (21%) Dead 83 (64%) 22 (71%) 18 (56%) 43 (65%)
Grade of differentiation Cause of death
Well 7 (54%) 4 (13%) 2 (6.3%) 1(1.5%) Alive or censored 46 (36%) 9 (29%) 14 (44%) | 23 (35%)
Moderate 88 (68%) 22 (71%) 20 (63%) 46 (70%) Death from 12 (33%) 10 (32%) 10 (31%) 22 (33%)
Poor 34 (26%) 5 (16%) 10 (31%) 19 (29%) oral cancer
0y 0, 0 0y
Resection margins Death from 29 (22%) 9 (29%) 6 (19%) 14 (21%)
other causes
RO 27 (21% 6 (19% 6 (19% 15 (23%
(21%) (19%) (19%) (23%) Unknown cause 12 (9.3%) 3 (9.7%) 2 (6.3%) 7 (11%)
ROcm 33 (26%) 9 (29%) 7 (22%) 17 (26%) of death
'Median (25%-75%); n (%).
ROK 48 (379 9 (29% 16 (509 23 (359 ’
! (37%) (29%) (50%) (35%) “Continous variables are presented using the median and inter-quartile range (25% - 75%).
(Continued)
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3.2 Distribution of buds and single-cell
invasion within the tumor specimens

Descriptive analysis was performed to investigate the distribution
of TB and SCI within the cohort. The median number of buds was 4
buds, while the mean reached 6.3. Figure 3 shows the median number
of buds within each group stratified by SCI.

The single-cell invasion was evident in the specimens of 66
patients (51%) correlated with the increased number of buds. In
most patients with more than 5 buds (57 patients, 90%) single-cell
invasion was evident, while SCI was assessed in only 9 patients
(26%) with less than 5 buds. In other words, the higher the number
of buds in the histological section, the higher the probability of
including SCI.

3.3 Association of tumor budding with
resection margins and occult lymph
node metastasis

A correlation analysis was performed to investigate any potential
interference between tumor budding and single-cell invasion on one
side and the ability to achieve a clear resection margin and the
occurrence of lymph node metastasis on the other side. Interestingly,
neither of the mentioned factors was associated with unsafe resection
margins. However, a strong association was seen between tumor
budding and the occurrence of occult lymph node metastasis at the
time of diagnosis (OR=3.33 CI: 1.21-10.0, p=0.02) (Table 2).

3.4 Impact of TB and SCI on the

survival outcomes

The follow-up ranged from 4 months to 12 years among
survivors, with a median OS time of 20 (15-43) months in the
whole cohort. In a cumulative follow-up duration of 326 person-

25

20

Proportion of observations (%)

10.3389/fonc.2024.1404361

years, 83 patients died, resulting in a death rate of 25.2 deaths per
100 person-years.

Within the 5 years of follow-up, 83 (64%) patients died, 42
(33%) patients died due to oral cancer, and 29 (22%) died from
other causes. The cause of death was unknown in 12 (9.3%)
patients. Additionally, 36 (28%) patients developed local
recurrences and 17 (13%) suffered from regional recurrence.

At 5 years, a clear trend to local and locoregional recurrence was
observed in patients with tumor budding (26% and 33%,
respectively) and especially in patients with single-cell invasion
(40% and 45%, respectively) in relation to patients without budding
(Table 3, Figure 4).

On multivariate analysis, and as expected, a significantly
increased hazard ratio for all investigated survival outcomes was
assessed in patients with primarily involved lymph nodes (N+
status) (HR: 2.05 - 8.65). HR for local recurrence was also
elevated significantly in patients with incomplete resection (R1)
or high-risk margins (ROhr) (HR: 4.66 and 4.93, respectively; both
with p<0.05).

While budding alone had no detectable impact on any survival
outcomes, budding with single-cell invasion increased the risk of
local recurrence significantly (HR: 3.33, p=0.021). Detailed values
are given in Table 4.

4 Discussion

Tumor budding (TB) and its extreme variant, single-cell
invasion (SCI) - a pendant of the high-risk WPOI - are
considered histomorphological markers for loss of cellular
adhesion and are closely associated with epithelial-mesenchymal
transition (EMT), the hallmark of invasion and metastasis (5, 17).

This histologic feature at the invasion front has thoroughly been
investigated and established as a risk factor in colorectal cancer (23,
24). Although both colorectal and oral cancer involve the
gastrointestinal tract and, therefore, tumor budding may appear

Tumor budding (TB)

With SCI (median)
Without SCI (median)

20 30 40

Number of buds

FIGURE 3

A density diagram showing the distribution of the number of buds in patients with TB stratified by SCI. This graph shows the strong correlation
between a higher number of buds and the presence of SCI. The solid lines represent the median values of the corresponding groups. The group

with no evidence of TB is not illustrated.
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relevant for the survival outcome OSCC as well, some crucial
A Overall survival differences might have to be considered critically. For instance, in
. view of histopathology, colorectal cancer is an adenocarcinoma,
mostly induced by malignant transformation of an adenoma
(adenoma-carcinoma-sequence). In contrast, oral cancer is a
squamous cell carcinoma and is induced by local noxae (alcohol
and smoking), HPV infection and chronic inflammation (25).
Therefore, transferring the impact of tumor budding on the

Survival probability (%)

° 12 24 % “© * survival outcomes from colorectal cancer into OSCC requires
B 100301 cancer death reliable data and solid evidence.
The current study was thus carried out to assess the prognostic
& significance of TB and SCI in locally advanced OSCC (stage II1/IV),
0 considering the confounders/biasing factors, such as N-status, R-

status, DOI, and resection margin.

Event probability (%)

» Recent studies showed a correlation of TB - evaluated as a

0 dichotomous or semi-quantitative variable — with the potential of

c ’ - recu:ence “ * ® ” loco.regio‘nal me.tastasi's in OSCC (26-28). We assessed similar
100 _ findings in the investigated cohort. However, the occurrence of
1m:,:,b:::;l::g occult lymph node metastasis and subsequent locoregional
275 T e sor recurrence was only observed in specimens with both TB and
5 % SCI. Although the underlying hypothesis of such an association
g may appear logical, the interval between the initial diagnosis and the
n manifestation of lymph node metastasis is very variable, mostly
0 - = = o = censored, and causality is hard to prove. In other words, a tumor
Foloup (montre) detected at an initial stage without evident lymph node involvement
FIGURE 4 may also show TB at the invasion front and vice versa.

Kaplan-Meier-curves for Overall Survival (A), Oral Cancer Death (B),
and local recurrence (C) in patients with no budding, budding with/
without single-cell invasion. Local recurrence was increased classifying colorectal cancer patients, the Worst Pattern of Invasion

significantly in patients with single-cell invasion. (WPOI) has drawn more attention to risk classification in oral

cancer. High-risk WPOI is marked by small tumor islands <15 cells

While the number of buds is recommended for the grading and

TABLE 2 The association of tumor budding with resection margins and occult lymph node metastasis (LNM). TB but not SCI tripled the risk of
occult LNM.

Resection margins Occult lymph node metastasis
(RO/ROcm vs. ROhr/R1) (PNO vs. pN+)

Variable 95% CI* p-value OR*! 95% CI* p-value

Tumor budding

No budding — — — —
Budding without SCI 1.57 0.51-4.95 0.4 3.27 1.02-11.3 0.05
Budding with SCI 0.87 0.33-2.29 0.8 3.33 1.21-10.0 0.02

'OR, Odds Ratio; CI, Confidence Interval.
Significant values are provided in bold font.

TABLE 3 Observed 5-year probabilities and 95% CI of death and other survival outcomes in the cohort.

Median Death by Death by

Local recurrence ol
survival (months) any cause oral cancer recurrence

Overall 20 (15-43) 70% (60%-77%) 38% (30%-48%) 34% (26%-45%) 37% (29%-48%)

Tumor budding

No budding ‘ 34 (17-54) 75% (52%-87%) 34% (21%-57%) 23% (11%-48%) 26% (14%-51%)
Budding 43 (12-76) 66% (42%-80%) 39% (25%-63%) 26% (14%-50%) 33% (19%-57%)
without SCI

Budding 15 (11-48) 69% (55%-79%) 40% (29%-54%) 44% (32%-60%) 45% (33%-61%)
with SCI
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TABLE 4 multivariate analysis for the different endpoints of the study.

oS OCSS LRFS LRDFS
Variable! HR? 95% CI? p-value HR? 95% CI? p-value HR? 95% CI? p-value HR? 95% CI? p-value
Age 1.04 1.02-1.06 <0.001
Gender
Male — _
Female 0.50 0.29-0.86 0.011

Depth of invasion (mm)

<10 — — — — — — — —

10< 1.22 0.76-1.96 0.4 0.82 0.54-1.25 0.4 0.67 0.30-1.51 0.3 1.12 0.51-2.47 0.8
Nodal disease (pN)

NO — — — — — —

NI 2.05 1.02-4.12 0.044 3.29 1.58-6.86 0.002 4.96 1.69-14.6 0.004

N2a/b 1.56 0.79-3.09 0.2 2.49 1.13-5.50 0.024 3.57 1.13-11.3 0.030

N2¢/3 5.22 2.60-10.5 <0.001 2.93 1.45-5.92 0.003 8.65 2.92-25.6 <0.001
Resection margins

RO — — — — — — — —

ROcm 1.64 0.82-3.26 0.2 127 0.46-3.53 0.6 3.52 0.90-13.7 0.070 2.29 0.59-8.97 0.2

ROhr 1.37 0.69-2.72 0.4 133 0.53-3.34 0.5 4.93 1.44-16.9 0.011 2.62 0.76-9.05 0.13

RI 3.32 1.55-7.12 0.002 1.12 0.48-2.61 0.8 4.66 1.11-19.6 0.036 3.40 0.73-15.9 0.12
Tumor budding

No budding — — — — — — — —

Budding 0.91 0.45-1.83 0.8 0.74 0.35-1.58 0.4 1.04 0.30-3.64 >0.9 0.57 0.14-2.28 0.4

without SCI

Budding 1.22 0.69-2.17 0.5 0.77 0.41-1.43 0.4 3.33 1.19-9.27 0.021 1.60 0.54-4.72 0.4

with SCI

(overall survival (OS), oral cancer-specific survival (OCSS), local recurrence-free survival (LRFS), and locoregional disease-free survival (LRDFS).
Significant values are provided in bold font.
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and satellite tumor(s) located at least 1 mm from the main tumor or
the nearest satellite (17, 29, 30). This histologic feature corresponds
with the term “Single-Cell Invasion (SCI)” applied in the present
study. With DOL, a risk score has been postulated by Almangush
et al. based on budding (cutoff = 5 buds) and WPOI to escalate
therapy in high-risk classified T1/2 oral tongue cancer. The cutoff of
DOI used to stratify the patients into the low-risk and high-risk
tumors in that study was set at 4 mm (22, 31, 32).

In the current investigation, however, we included T3/4 tumors
that require adjuvant treatment per se. Thus, many confounding
risk factors at primary diagnosis may be diminished and censored
by the therapeutic effect of the following radiation. This aspect
draws special attention when stratifying and assigning these
patients to later adjuvant treatment.

The cutoff used in the present study was set at 10 mm to stratify
for poor outcomes considering the subsequent treatment (radio- or
radiochemotherapy). Therefore, the apparent discrepancy between
our results and those of the literature given DOI-related stage and
prognosis can be explained by the endpoint of either investigation.
While the meta-analysis by Huang et al. aimed at detecting a
threshold of tumor thickness/DOI for primary lymph node
invasion (22), the endpoint applied in the present study was its
impact on the survival outcomes, including local recurrence and
disease-free survival.

DOI exceeding 10 mm brought no additional risk for any
survival outcome within the investigated cohort. The absence of
the effect of DOI on the survival outcome may be attributed to and
explained by two possible hypotheses.

First, DOI may represent a marginal or dependent risk factor
per se correlating with another factor, such as TB. These results
would be concordant with recent studies that confirmed the
correlation of TB with DOI (27, 33).

An alternative hypothesis may indicate the positive impact of
adjuvant therapy in diminishing the difference in the DOI in both
groups (10 mm <DOI< 10 mm). Studies addressing this aspect are
very limited since most research groups have focused on early-stage
OSCC to determine if a subgroup of these patients may profit from
a therapy escalation (e.g., radio(chemo)therapy), which is regularly
not recommended in T1/2 NO tumors (34). Nevertheless, this is a
new aspect to be addressed in future clinical investigations.

Studies evaluating the predictive and prognostic performance of
TB in locally advanced OSCC are inhomogeneous in view of the
included tumor stages, mostly investigated the correlation between
TB and DOI or TB with lymph node metastasis and/or extranodal
extension in early-stage disease, and rarely used multivariate
analysis considering confounding risk factors (35-39).

As far as we know, the present study is the first to address only
patients with locally advanced T3/4 NO-N+ tumors. Further, we
used a new cutoff of TB to stratify the patients into low- and high-
risk groups. Any TB manifestation was considered full-risk, and the
patient was assigned to the TB group. This strict classification
pattern is novel and has not been applied in previous studies yet
(34). The findings shown when investigating the association with
LNM indicate the crucial impact of this inherent histologic risk
factor on the potential involvement of cervical lymph nodes in this
patient group. Simultaneously, however, we observed a diminishing
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of this effect after adjuvant treatment in the long term since it didn’t
influence locoregional-free survival. Similar results were reported
by Bjerkli et al. and Manjula et al. (40) (41) once multivariate
analysis was applied.

Regarding survival outcomes, TB alone was not a significant
prognostic marker in the current investigation. SCI, in contrast,
influenced the local recurrence rates, and its presence reduced the
local recurrence-free survival in the cohort. This effect can be
explained by the failure to achieve a clear margin in the surgical
specimens, a feature observed obviously in the multivariate analysis.
Boxberg et al. showed comparable findings in the survival analysis
for oropharyngeal and laryngeal OSCC but failed to show any
impact on the hazard ratio to develop local or loco-regional
recurrence (16). A recently published study encountered similar
results in the univariate analysis for single-cell invasion; however, it
failed to confirm this in the multivariate Cox regression survival
analyses (42).

Some limitations in the present study must be mentioned.
While an experienced pathologist reviewed the histopathology
material, section preparation improved over time, and the
evaluation was optimized by immunohistology. This is especially
true and important for assessing single-cell invasion, which can be
performed more precisely using cytokeratin staining, especially
when using automated evaluation. However, TB and SCI have
been evaluated routinely by HE-staining, and the available data
on the survival effect are based on this technique. The
recommended staining by the ITBCC is the HE one and the vast
majority of related studies were carried out using HE-staining. To
provide a valid comparison HE-based evaluation by an experienced
pathologist has been favored in the present study.

It also has to be noticed that the status of budding and SCI may
change depending on the resection site and the evaluated section,
and therefore, a hidden bias may appear, especially in large tumors
with complex anatomical orientation.

Our study has several strengths and weaknesses. Including a
homogenous group of patients with advanced stage III/IV disease is
a strength and a limitation at the same time. Local cancer recurrence
is the most immediate consequence of treatment failure of TB and
SCI that we examined in our study, while death from oral cancer
and overall mortality are merely following consequences.
Independent of those three factors, this cohort of patients has by
nature a high risk of local and regional disease recurrence and,
consequently, a high rate of oral cancer death and overall mortality.
As such, the fact that we detected an association of SCI with local
recurrence but not for mortality is probably due to a high overall
mortality rate in the cohort.

In addition, some treatment factors can modify the effect of the
investigated histologic factors. Post-operative radiotherapy
(PORT), for example, is usually recommended in patients with
advanced OSCC. A modification of the effect of DOI and TB on the
examined survival outcomes is very probable. Logically, PORT
would weaken the measured effects of DOI, TB, and SCI and
reduce the risk of local recurrence, diminishing the effect on
overall and disease-specific mortality. Also, a higher risk of local
recurrences might occur, but this does not mean those recurrences
are not salvageable. A higher success rate of recurrence salvage
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surgery would also minimize the influence on overall and disease-
specific mortality. Addressing the interactions of PORT and salvage
surgery was beyond the scope of this research but may represent a
subject of future studies.

The present study has a prospective nature. The patients’
follow-up was centralized in the study site, and the vital status of
patients was acquired from the state’s cancer registry, allowing for
optimal assessment of the disease recurrence and overall mortality.
Together with the sound study design, addressing potential biases
and competing survival risks, the current investigation provides
solid data for upcoming clinical studies on this topic.

5 Conclusion

In conclusion, the aggravation of tumor budding in the sense of
SCI may provide a novel diagnostic and prognostic biomarker, as well
as a potential therapeutic tool for patients with locally advanced
OSCC. Our results show that TB may be observed alone at the
invasion front of locally advanced OSCC (stage II/IV), but SCI (WPOI
grade 5) was always associated with TB within the investigated cohort.

In the present study, TB was associated with occult LNM. SCI
did not increase the risk significantly. This indicates a higher risk for
regional metastasis at diagnosis and before treatment. SCI increases
the risk of local recurrence.

As closely addressed in recent studies and supported in the
present one, especially for locally advanced OSCC, tumor budding
and single-cell invasion are promising tissue-based biomarkers for
prognosis and should be reported routinely. With prospective
follow-up data, solid evidence can be provided to include TB and
SCI in decision-making and the therapy guidelines for patients with
oral cancer. Currently, both markers may be considered in surgical
planning to extend neck dissection and escalate postoperative
adjuvant therapy to include concurrent chemotherapy and/or
immune therapy.
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