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ABSTRACT

Background. According to the AJCC third to seventh
edition staging manuals (1988-2010), the presence of
through cortex and/or skin invasion in oral cavity squa-
mous cell carcinoma (OCSCC) identifies T4a tumors. The
AJCC eighth edition (2018) introduced a depth of invasion
(DOI) > 20 mm as a criterion for pT4a. Subsequently, a
revision maintained that tumors > 4 cm with a DOI > 10
mm should be classified as pT4a. We sought to analyze the
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prognostic impact of the three distinct criteria identifying
pT4a disease.

Methods. We examined 667 consecutive patients with
pT3-4 buccal/gum/hard palate/retromolar SCC who
underwent surgery between 1996 and 2016. pT1/pT2
(n = 108/359) disease were included for comparison
purposes.

Results. The 5-year outcomes of patients with pT1/pT2/
without (n = 406)/with  tumor > 4 cm/DOI > 10 mm
(n =261), pT1/pT2/DOI <20 mm (n = 510)/> 20 mm
(n = 157), and pT1/pT2/without (n = 305)/with through
cortex/skin invasion (n = 362) were as follows: disease-
specific survival (DSS), 98%/89%/79%/65%, p < 0.001,
98%/89%/78%/59%, p < 0.001, and 98%/89%79%/69%,
p < 0.001; overall survival (OS), 90%/79%/63%/51%,
p < 0.001, 90%/79%/63%/42%, p < 0.001, and 90%/79%/
65%/52%, p < 0.001. In pT3-4 disease, a tumor > 4 cm/
DOI > 10 mm was an independent adverse prognosticator
for 5-year DSS rate, DOI > 20 mm was an independent
adverse prognosticator for 5-year DSS and OS rates,
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whereas through cortex/skin invasion independently pre-
dicted 5-year OS rates.

Conclusions. All of the three criteria (tumor > 4 cm/
DOI > 10 mm, DOI > 20 mm, and through cortex/skin
invasion) identify high-risk patients, which should be
reflected in further revisions of pT4a classification in
OCSCC.

Compared with the previous third to seventh editions
(1988-2010), the eight edition (2017) of the American
Joint Committee on Cancer (AJCC) Staging Manual has
been updated with the goal of maximizing its utility for
clinical research and prognostic stratification.! Major
changes for oral cavity squamous cell carcinoma (OCSCC)
were as follows: (1) the presence of a depth of invasion
(DOI) > 5 mm but < 10 mm leads to a disease upstaging
to T2; (2) the presence of a DOI > 10 mm leads to a dis-
ease upstaging to T3; and (3) the presence of a
DOI > 20 mm identifies T4a status (a criterion introduced
in the first 2018 update).” Notably, the second 2018 update
maintained that the presence of tumor >4 cm with a

AJCC 8th, 2017, T-status upstaged by DOI

TI: Tumor <2 cm, DOI <5 mm
T2: Tumor <2 ¢cm, DOI >5 mm and <10 mm
or tumor >2 cm but <4 cm and DOI <10 mm
T3: Tumor >4 cm
or DOI >10 mm
T4a: Through cortex/Skin invasion

DOI > 10 mm should lead to a pT4a classification,
whereas a DOI > 20 mm did not longer identify a T4a
tumor. In addition to this newly defined criterion, the AJCC
third to seventh edition staging manuals indicated that
tumors showing through cortex (at the mandible, maxilla,
or maxillary sinus) and/or skin invasion should be con-
sidered as T4a (Fig. 1).

The reasons to upstage T2-3 tumors according to DOI
are to be found in the results of a large international col-
laborative study, which was nonetheless limited by the lack
of specific data on T4 tumors.’ Notably, the authors were
unable to determine how many patients were staged as pT4
based on DOI versus other criteria (e.g., evidence of
extrinsic muscle invasion or through cortex/skin inva-
sion).” Another point that merits consideration is that
tongue SCC is the most frequent oral cavity malignancy in
countries where betel quid chewing is uncommon. In
contrast, most patients with OCSCC in betel quid chewing
endemic areas are diagnosed with buccal, gum, hard palate,
and retromolar trigone neoplasms. Moreover, survival data
in support of tumor > 4 cm/DOI > 10 mm or DOI > 20
mm as criteria to classify a tumor as T4a have not yet been

Reference of DOI for pTI-T3
Ebrahimi A et.al JAMA Otolaryngol

AJCC 8th, 2018 (1*'revision)

T1: Tumor <2 cm, DOI <5 mm
T2: Tumor <2 ¢cm, DOI >5 mm and <10 mm
or tumor >2 cm, <4 cm, DOI <10 mm
T3: Tumor >4 cm
or DOI >10 mm but <20 mm
T4a: Through cortex/Skin invasion
or DOI >20 mm

Head Neck Surg 2014;140:1138-48
(international Consortium for
Outcome Research of OCSCC)

No reference for pT4a (DOI > 20 mm)

AJCC 8th, 2018 (2" revision)

T1: Tumor <2 cm, DOI <5 mm
T2: Tumor >2 cm, but <4 cm
or tumor<2 cm, DOI >5 mm
T3: Tumor >4 cm
or tumor >2 cm but <4 cm and DOI >10mm
T4a: Through cortex/Skin invasion
or tumor >4 cm and DOI >10 mm

No reference for pT4a (tumor>4 cm

pT3-4 tumor (n = 667) outcome analyses
Buccal/Gum/Hard palate/Retromolar SCC
Tumor >4 cm and DOI >10 mm vs. DOI > 20
mm vs.Through cortex/Skin invasion

(pT1-2 [n = 108/359] comparison purposes)

FIG. 1 Flow of patients through the study

and DOI > 10 mm)
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published. To address this knowledge gap, we designed the
current retrospective study of prospectively collected data
in a large cohort of patients with pT3-4 buccal/gum/hard
palate/retromolar SCC from a betel quid chewing endemic
area. We initially investigated the optimal cutoff values for
pathological DOI in relation to clinical outcomes of
patients with pT3-4 disease. We subsequently analyzed the
prognostic impact of the three criteria identifying pT4a
disease (tumor > 4 cm/DOI > 10 mm [AJCC 2018, sec-
ond revision], DOI > 20 mm [AJCC 2018, first revision]
according to the AJCC eight edition staging manual,
through cortex/skin invasion according to the AJCC sev-
enth edition staging manual). To further investigate the
discriminatory capacity of T classification according to the
three criteria identifying pT4a tumors, patients with pT1-2
disease also were included for comparison purposes.*

PATIENTS AND METHODS
Study Subjects

This study was designed as a retrospective analysis of
prospectively collected data. Consequently, data on DOI
and other variables of interest were collected in a blinded
fashion with respect to the study end points. We reviewed
the clinical records of consecutive patients with pT3-4
buccal/gum/hard palate/retromolar SCC (n = 667, accord-
ing to the AJCC 2018 second revision criteria) who
underwent surgery between January 1996 and November
2016. The application of the AJCC 2018 staging manual
(i.e., after the introduction of a tumor >4 cm and
DOI > 10 mm and the exclusion of DOI > 20 mm as
criteria for T4a) led to the following pT classification: 191
(28.6%) pT3 tumors and 476 (71.4%) pT4 tumors. We then
analyzed the prognostic impact of the three criteria iden-
tifying pT4a disease. To this aim, patients were divided
into the following groups: without a tumor > 4 cm/
DOI > 10 mm (n =406) versus with tumor > 4 cm/
DOI > 10 mm (rn =261), presence a DOI < 20 mm
(n =510) versus > 20 mm (n = 157), and absence of
through cortex (i.e., at the mandible, maxilla, or maxillary
sinus)/skin invasion (n = 305) versus its presence
(n = 362). Patients seen in the same study period and
harboring pT1/pT2 (n = 108/359) disease were included
for comparison purposes. Details on the presurgical eval-
uation and staging workup have been previously
described.”™ Ethical approval was granted by the local
Institutional Review Board (CGMH 101-4457B). Due to
the retrospective nature of the study, the need for informed
consent was waived.

Surgery and Adjuvant Therapy

Primary tumors were excised with > 1-cm safety mar-
gins (both peripheral and deep margins). Patients with
cN + disease were treated with level I-V neck dissections
(NDs), whereas cN- patients underwent level I-III NDs.
We offered postoperative radiotherapy (RT, 60 Gy) to
patients bearing pathological risk factors (RFs). RFs were
classified in accordance with the National Comprehensive
Cancer Network (NCCN) guidelines before 2008.'" Sub-
sequently, the CGMH guidelines were implemented as
described in our previous publications. RT was adminis-
tered to patients who carried the following RFs: pT4,
pT3N1, or pT1-2N1 disease (pN1 disease at level IV/V);
1-2 mm close margins (when a second surgical operation
was unfeasible); and poor differentiation with a DOI > 4
mm. RT was also offered to patients who harbored two
minor RFs (i.e., pN1, DOI > 10 mm, 3—4 mm close mar-
gins, poor differentiation, perineural invasion, lymphatic
invasion, and vascular invasion).9 The radiation field
included both the entire tumor bed area (with 1-2 cm
margins) and regional lymphatics. Concomitant chemora-
diotherapy (CCRT, 66 Gy) was used to treat patients
showing extranodal extension (ENE), multiple lymph node
metastases, or positive margins (when a second surgical
operation was unfeasible). CCRT was also administered to
patients carrying at least three of the above-mentioned
minor RFs (pT4 and 1-4 mm close margins were consid-
ered as one RF for the purpose of CCRT).''™ The
chemotherapy regimen consisted of intravenous cisplatin
50 mg/m?* biweekly plus daily oral tegafur 800 mg and
leucovorin 60 mg, cisplatin 40 mg/m? weekly, or cisplatin
100 mg/m? every 3 weeks.'?

Determination of the Optimal Cutoff Values
for Pathological DOI in pT3-4 Disease

The optimal cutoff values for tumor depth in pT3-4
disease were calculated as previously described.”™ In brief,
different values of tumor depth (1-30 mm) were tested
using the Kaplan—Meier method based on 5-year, disease-
specific survival (DSS) and overall survival (OS). A cutoff
point of 20 mm (> 20 mm vs. <20 mm) yielded the
highest significance in terms of survival rates, in keeping
with the value proposed by the first revision of AJCC eight
edition (2018) staging manual.

Statistical Analysis

Follow-up visits were continued until November 2018.
All of the patients received follow-up examinations for at
least 24 months or until death. Descriptive statistics are
summarized as frequencies, percentages, means, medians,
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ranges, and standard deviations (SDs). The 5-year DSS and
OS rates served as the main outcome measures. Survival
curves were plotted with the Kaplan—Meier method (log-
rank test). Univariate and multivariate Cox proportional
hazards regression analyses with a forward selection pro-
cedure were used to identify the independent predictors of
survival endpoints. In patients with pT3-4 disease, a total
of 17 covariates (tumor > 4 cm and DOI > 10 mm, DOI
[cutoff: 20 mm], through cortex/skin invasion, sex, age,
preoperative alcohol drinking, betel quid chewing, cigar-
ette smoking, pN, ENE, contralateral neck nodal
metastases, tumor differentiation, margin status, perineural
invasion, lymphatic invasion, vascular invasion, and
treatment modality) were entered into univariate and
multivariate models. The proportional hazards assumption
was tested and confirmed for each Cox regression model
(Supplement Fig. 1). Subjects with missing values (re-
gardless of the variable) were excluded from the analysis.
Two-tailed p values < 0.05 were considered statistically
significant.

RESULTS
Patients

Table 1 summarizes the general characteristics of
patients with pT3-4 disease. Compared with patients
without  tumor > 4 cm/DOI > 10 mm, those  with
tumor > 4 cm/DOI > 10 mm had a higher likelihood of
having preoperative betel quid chewing, bilateral NDs,
ENE, margin status of < 4 mm, perineural invasion, and
adjuvant CCRT. Compared with patients with a DOI
< 20 mm, those with a DOI > 20 mm had a higher like-
lihood of having preoperative betel quid chewing, bilateral
NDs, pN3b disease, ENE, margin status < 4 mm, per-
ineural invasion, and adjuvant CCRT. Compared with
patients without evidence of through cortex/skin invasion,
those who showed through cortex/skin invasion had a
higher likelihood of having bilateral NDs, ENE, pN2c,
perineural invasion, lymphatic invasion, and adjuvant
CCRT. Compared with patients who had tumor > 4 cm/
DOI > 10 mm and through cortex/skin invasion, those
with DOI > 20 mm had the highest frequency of preop-
erative betel quid chewing (93.0% vs. 91.2%, 86.5%,
respectively), bilateral NDs (17.3% vs. 15.1%, 14.2%,
respectively), pN3b disease (33.3% vs. 29.0%, 27.7%,
respectively), ENE (37.8% vs. 35.5%, 33.0%, respec-
tively), margin status < 4 mm (19.5% vs. 19.2%, 15.9%,
respectively), perineural invasion (43.9% vs. 42.5%,
39.5%, respectively), and CCRT (45.2% vs. 39.1%, 37.6%,
respectively).

Five-Year Outcomes

The median follow-up time in the entire study cohort
was 72 months (mean: 82 months; standard deviation
[SD]: 62 months; range: 1-261 months), whereas the
median follow-up in the subgroup of patients who survived
was 108 months (mean: 113 months; SD: 57 months;
range: 24-261 months). The 5-year outcomes of patients
with pT1-4 disease were as follows: DSS, 81% (pT3-4:
74%) and OS, 68% (pT3-4: 58%) respectively. The fol-
lowing 5-year DSS were observed in patients with pT1/
pT2/pT3-4 disease (without a tumor >4 cm/DOI > 10
mm [vs. with], DOI < 20 mm [vs. > 20 mm] and without
through cortex/skin invasion [vs. with]): 98%/89%/79%/
65%, p < 0.001 (without vs. with tumor > 4 ¢cm/DOI >

10 mm, p <0.001), 98%/89%/78%/59%, p < 0.001
(DOI < 20 mm vs. > 20 mm, p < 0.001), and 98%/89%/
79%169%, p < 0.001 (without vs. those with through cor-
tex/skin invasion, p = 0.005), respectively (Fig. 2a—c). The
following 5-year OS were observed in patients with pT1/
pT2/pT3-4 disease (without tumor > 4 cm/DOI > 10 mm
[vs. with], DOI < 20 mm [vs. > 20 mm] and without
through cortex/skin invasion [vs. with]) 90%/79%/63%/
51%, p <0.001 (without vs. with a tumor >4 cm/
DOI > 10 mm, p = 0.001), 90%/79%163%/42%,
p < 0.001 (DOI < 20 mm vs. > 20 mm, p < 0.001), and
90%/79%165%/52%, p < 0.001 (without vs. those with
through cortex/skin invasion, p < 0.001; Fig. 2d-f).

Univariate and Multivariate Analyses of 5-Year
Outcomes in Patients with pT3-4 Disease

The results of univariate analysis for 5-year DSS, and
OS rates in patients with pT3-4 disease are summarized in
Table 2, whereas Table 3 shows the results of multivariate
analysis (MVA). Besides tumor > 4 cm/DOI > 10 mm,
DOI > 20 mm, and the presence of through cortex/skin
invasion, the following variables were identified as sig-
nificant predictors of DSS and OS: pN2-3b disease, ENE,
contralateral neck nodal metastases, poor differentiation,
perineural invasion, lymphatic invasion, and vascular
invasion (Table 2). The results of MVA identified a
tumor > 4 cm/DOI > 10 mm as an independent adverse
prognosticator for 5-year DSS. A DOI > 20 mm was
identified as an independent adverse prognosticator for
S5-year DSS and OS rates. In contrast, the presence of
through cortex/skin invasion independently predicted
S-year OS rates.



3667

Tumor Depth in pT4a Buccal-Gum OCSCC

(0°€e) 811 (€50 ¥L (8°LE) 6§ (6'90) €1 (§°s¢) 26 ($°52) 001 (S°6T “T61) SPA
(0°L9) OtC (LvL) 61¢ (T29) L6 (I¢L) T9¢ (S'¥9) L91 (SvL) T6T (S'0L ‘6St) ON
8¢0°0 7100 LO00 LUOTSUAIX [epouEnXy
(L'LD) 66 (1'02) 65 (€¢e) s (+'12) 901 (062) SL (I'12) €8 (Tt ‘8S1) agNd
(9°01) 8¢ oS ¥ (Tzn 61 (Len €9 (Ten ¢ (TeD sy (971 “28) TNd
(€on Lg (son 1€ (€on 91 (son) s (L6) ST 601) € 01 ‘89) INd
F'19) $81 F¥S) 091 Tty 69 (¥'$S) SLT (¢8h) STl (Ls9) 61¢ (8CS ‘Pe) ONd
9800 €200 9110 LSTIEIS N [ed150[0YIed
Ty 18 (19) 81 (€LD) LT (s8) ¢ (I°s1) 6¢€ (9°L) 0g (9°01 ‘69) S9X
(8°68) LOE (6°¢6) 9LT (L28) 6Tl (S°16) ¥S¥ (6'¥8) 0TC (+'26) £9¢ (¥'68 ‘€8S) ON
1000 €000 #00°0 UOTIOBSSIP Joou [erajefig
(T98) Ti¢ (6'98) $9¢ (6°L8) 8€I (198) 6¢¥ (0°L8) LTT (T'98) 0S¢ (S'98 ‘LLS) SOX
(8¢1) 0 (Tren oy (1en 61 (6€D) 1L O°€D) ¢ (8€1) 95 (S°€T “06) ON
1280 96S°0 L1880 mc&ogw vﬁoumwﬂo ®>ﬁm‘~®m—om§m
($98) €1¢ (2°88) 69¢ 0°€6) 9v1 ($°68) 9¢¥ (T'16) 8¢C (L¥8) vhe (€°L8 “T8S) SPA
(S€D) 6¥ (8°11) 9¢ oL 11 (S¥D) ¥L (8'8) €T (€61 29 (LTI ‘68) ON
195°0 €100 LT00 Surmayd pmb [930q daneIdoald
(6'v9) sct (sTL) 12e (6°¢L) 911 (L99) Ove (F'TL) 681 (8°59) L9t (#°89 ‘9S+) soX
(1°s¢) LTI (S°LD) ¥8 (190) 1t (€€€) OLI 9L2) TL (T¥e) 6¢€1 (9°'1€ ‘112) ON
S¥0°0 9600 ¥L0°0 SupyuLp [oyoo[e danersdodld
6'v1) ¥S en v (Tren 61 6v1) 9L 6'11) 1€ (85D ¥9 (T¥1 °$6) §9 <
(1°68) 80¢ (9'98) ¥9¢ (6°L8) 8€I (1°68) vev (1°88) 0€C (T¥8) The (868 “TLS) §9 >
LS9°0 vevo VLT'O SIeA ‘)osuo oseasIp Jo ow<
09 81 096 61 ¢ (Ly) ¥ Lo L (6'%) 0T (0% ‘L7) orewag
(0°56) #t¢ (0°L6) 96€ (186) #S1 (€°56) 98% (€°L6) ¥ST (1°56) 98¢ (096 ‘0¥9) ATeN
0€1°0 91°0 S91°0 xog
Ot €Tl (I'1n ¥¢ (Tsh) 811 (9°6) 6¢ (§°€T “LST) Wt Og <
(0'99) 6£¢ (6'88) 1LT (8¥S) evl (+"06) L9€ (9L ‘016) wuwr O >
100°0 > 1000 > 10d
(%) u (%) u (%) u
(z9€¢ = u) (S0 = u) (%) u (90 = u)
uoISeAUL UOISBAUL (%) u (%) u (J9g=u)  ww Q] <10
UD{S/Xa}0d UD{S/Xa}0d (LS1 =u) 01§ = u) ww 0] < [Od pue pue wo 4 <
d ySnoxy) I ySnoxy) InoyIpn d ww ()7 < 10d ww )7 > 104 un 4 < Jown) PIp Jowny JNOYIIAM (95 ‘u) onsuRIdRIRYD)

(L99 = u) ewouroIed [[95 snowenbs Jejowonar pue ‘jered prey ‘wng ‘[eoonq yim sjuened $-¢1d Jo sonsuelovIRyd [RIOUSD) T ATIV.L



C.-T. Liao et al.

3668

(6 = u) sme)s uUISIewW ‘L)Ep UMOUNU[),

(ST = u ‘uonoassIp yoou ou) smels Nd :erep 9[qe[reaeu),

Aderayjorperowrayo

JuaLIou0d 1)) ‘Adersyorper gy ‘uonerado go ‘(rown) ayj jo uoniod isedeap oY) 0) BSOONW [BULIOU JY} JO AJBJINS dY) WOIJ SSAUNOIY) PAINSEAW 9y} st pauyap) uorseaur jo ydop j0q

(9°L€) 9€1 (6'L7) S8 (Tsy) 1L (+'62) 0ST (I'6¢) 201 (€60 611 (T'€€ “120) 190D + dO
(F6v) 6L1 (') Lol F'1¥) S9 (¢ev) 12C (I'vp) ST1 (T'ey) 1L1 (6'7F ‘987) L9 + dO
0€n) Ly OLg) €11 e 1 (€L7) 6€1 (691 v (9'80) 911 (0¥ ‘091) duore do
100°0 > 1000 > 100°0 Ayirepowr juswyear],
Ly L1 (CFIR (198 (€9 L1 Ty 11 e v1 (L€ *ST) saX
(€°56) S¥e ('L6) L6T (6'76) 611 (L'96) £6¥ (8'$6) 0ST (9'96) T6€ (€96 “T¥9) ON
61270 LEEO 8L9°0 UOISBAUL JR[NOSBA
(s'01) 8¢ (€¢) o1 (Tom 91 (€9) ¢ (6'9) 81 (¥'L) og (T'L *8%) soX
(S'68) e (L'96) S6T (8'68) 11 (L'€6) 8LY (I'€6) €¥¢C (9°26) 9L (8'26 “619) ON
100°0 > I11o 6L8°0 uotseaut oneydwg
(S'6€) evl (1'2e) 86 (6'¢v) 69 (Lee) TLl (STy) 111 (0Te) 01 (1°9€ ‘1¥7) SeA
(S'09) 61T (6'L9) LOT (1°95) 88 (€'99) 8¢¢ ('LS) 0ST (0'89) 9LT (6'€9 ‘9t¥) ON
7500 €200 900°0 UOISBAUL [BINSULID]
(1'¥8) 10€ (0'88) ¥9¢ ($°08) tTI (S'L8) T¥¥ (8°08) 90¢ (1°68) 65€ (6°S8 ‘59¢) W § <
(6'ST) LS 0T 9¢ ($'61) 0¢ (ST €9 (Te1) 61 (601) 1 (T'¥1 “¢6) W 7 >
8L1°0 ¥€0°0 ¥00°0 Sels uISIey
11 oF (S'6) 6T 9'6) S1 9°01) ¥ 001 92 901) €¥ (€01 ‘69) 1004
(0'68) TTE ($°06) 9L ¥06) Trl (¥'68) 9S¥ (0°06) S€T (¥'68) £9¢ (L'68 “86S) 21eIopou/[[op
LTS0 L9L0 968°0 uonenuapIg
(€9 61 000 Sy L (k4! oL Te (6'C ‘61) SoX
(L'¥6) 6€€ (0°001) ¥6T (S's6) 611 (9°'L6) ¥8¥ (€'L6) TST (6'96) 18¢ (T'L6 “€€9) ON
1000 > 081°0 000'1 »+Nd [emsre[EnUOD
(%) u (%) u (%) u
(z9€ = u) (s0g = u) () u 90t = u)
uorseAur uolseAul (%) u (%) u (19 = u) wur or < 10d
UD|S/X}10D UD|S/X}100 (LGT = u) 1S = u) ww O] < [0J pue pue wo § <
d y3noxy) yPIp y3noxy) noyip d ww ()7 < 10d ww )7 > 104 d wo $ < Jowny YPIA\ Jowm) INOYIIA\ (% ‘u) onsuIdRIRYD)

panunuos T HIdV.L



Tumor Depth in pT4a Buccal-Gum OCSCC

3669

104 Tumor >4 cm and 0] DOI>20 mm 1.04 Bone/Skin invasion
B i DOI > 10 mm ! T T P et < Cate s | oy
o o i N— e
— P — - ithout
£ 0381 J_‘xft:oul S 0.8 ﬁfzzgl‘:l‘:“ .g 0.8 +\\;i:h .
= i = iy 1 pT1-censoree
£ 07 pleensored £ 0.7 N censorea R p12-censored
< 0.6 przeesored o <20 mm-censored 5 0.6 |+ Without-censored
&£ - Without-censored & 0- 20 mmecensored 2 With-censored
5 051 ‘With-censored £ 054 2 0.54
@ @ (-9
?)-0.4. 2 04 7 04
@
03 g 03 g 031
2 2 2 2
2 0.2 & 0.2 a2 02
B -14°
0.1 p <0.001 (7.8 x 10"'7) 0.1 p <0.001 (3.8 x 10'%) 0.1 p <0.001 (6.0 x 1014
0.0 (without vs. with, p <0.001) 004 (DOI <20 vs.>20 mm, p <0.001) 00 (without vs. with, p = 0.005)
T T T
0 24 48 72 96 120 144 168 192 216 240 0 24 48 72 96 120 144 168 192 216 240 0 24 48 72 96 120 144 168 192 216 240
Months Months Months
Tumor >4 cm and Bone/Skin invasion
L0H 5 DOI > 10 mm 1.04 DOT >20 mm 1.04 =
_r1pT1 \ pT1
0.99 - pI; 0.94 pT2 0.9 pT2
P -~ TWithout
0.81 - Wit 0.8 S 0.81 With
= 0 o = |+ pT1-censored = oqd ~pT1-censored
.‘g 0.7 +p_;;-censm: .g 0.7 T2-comored £ 0.7 pT2-censored
| pT2-censore -censore i —+Without- d
5 ¢ [ Wihoucensrd 5 07 ] visiie B R - e
2 5 With-censored @ 0.5 = 0.59
E E £
g 04 5 0.4 5 0.4
> > >
S 034 © 0.3 © 0.3
0.2 0.2 0.21
0.1 p <0.001 (3.5 x 10%) 0.1 p <0.001 (1.8 x 102) 0.1 p <0.001 (1.3 x 10%)
0.0 (without vs. with, p = 0.001) 0.01(DOI <20 vs. >20 mm, p <0.001) 0.0 (without vs. with, p <0.001)

T T T T T T T T T T T
0 24 48 72 96 120 144 168 192 216 240

Months Months

FIG. 2 Kaplan-Meier plots of 5-year, disease-specific survival and
overall survival in patients with pT1-4 buccal/gum/hard palate/
retromolar cancer stratified according to the presence (vs. absence) of

Discriminatory Capability of T Classification
According to the Three Criteria Identifying pT4a
Tumors

Although the p values for pT1-4 disease were all <
0.001 for 5-year DSS and OS according to the three cri-
teria identifying pT4a disease, the detailed p values were as
follows: DSS, p=7.8 x 107" (Fig. 2a, criterion:
tumor > 4 ¢cm/DOI > 10 mm), p = 3.8 x 10~'® (Fig. 2b,
criterion: DOI > 20 mm), and p = 6.0 x 10~'* (Fig. 2c,

criterion: through  cortex/skin ~ invasion); OS,
p=35x 10" (Fig. 2d, criterion: tumor > 4 cm/
DOI > 10 mm), p =18 x 107% (Fig. 2e, criterion:

DOI > 20 mm), and p = 1.3 x 1072° (Fig. 2f, criterion:
through cortex/skin invasion). The T classification of pT1/
pT2/DOI < 20 mm/> 20 mm showed the highest dis-
criminatory capability.

DISCUSSION

Buccal, gum, hard palate, and retromolar trigone
malignancies are the most common form of OCSCC in
betel quid chewing endemic areas. These neoplasms have a
high tendency to spread through the cortical bone (i.e.,
reaching the marrow) and/or facial skin. We have

T T T T T T T T T T T
0 24 48 72 96 120 144 168 192 216 240

T T T T T T T T T
0 24 48 72 96 120 144 168 192 216 240
Months

tumor > 4 cm and depth of invasion > 10 mm (a, d), depth of
invasion > 20 mm (vs. < 20 mm) (b, e), and presence (vs. absence)
of through cortex/skin invasion (c, f)

previously shown that buccal SCC has a higher tendency
toward distant metastases compared with tongue SCC.'*
Although through cortex/skin invasion is a criterion for
T4a tumors, it is conceivable that the DOI may influence
prognosis as well. Based on the findings by Piazza et al.,
the first update of 2018 AJCC eight edition staging manual
maintained that the presence of a DOI > 20 mm identifies
T4a status.”> Of note, the eight edition introduced
tumor > 4 cm and a DOI > 10 mm as a new criterion for
classifying tumors as pT4a. Three caveats inherent in this
new criterion merit comment. First, DOI data are not
invariably present in all pathological reports of other head
and neck teams, making the transition between different
staging systems potentially problematic. Second, patients
with pT4 OCSCC should at least receive adjuvant RT
according to NCCN treatment guidelines. However, it is
reasonable to hypothesize that most patients diagnosed
with a DOI > 20 mm or tumor >4 cm/DOI > 10 mm
before the implementation of the AJCC eight edition
staging manual would not have received such adjuvant
therapies. Consequently, a concern exists that the proposed
staging revision would lead to an unnecessary use of
adjuvant therapies. Third, the impact of DOI > 20 mm or
tumor > 4 cm/DOI > 10 mm remains unclear. All of these
controversial points prompted us to conduct the current
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TABLE 2 Five-year rates of disease-
specific survival and overall survival in
pT3-4 patients with buccal, gum, hard
palate, and retromolar squamous cell
carcinoma (n = 667)

Characteristics (n, %) 5-year disease-specific p 5-year overall P
survival % (n event) survival % (n event)

Tumor > 4 cm and DOI > 10 mm < 0.001 0.001
Without (406, 60.9) 79 (81) 63 (148)
With (261, 39.1) 65 (83) 51 (126)

DOI < 0.001 < 0.001
< 20 mm (510, 76.5) 78 (106) 63 (186)
> 20 mm (157, 23.5) 59 (58) 42 (88)

Through cortex/skin invasion 0.005 < 0.001
Without (305, 45.7) 79 (60) 65 (104)
With (362, 54.3) 69 (104) 52 (170)

Sex 0.576 0.259
Male (640, 96.0) 74 (156) 58 (261)
Female (27, 4.0) 65 (8) 48 (13)

Age of disease onset, years 0.227 0.205
< 65 (572, 85.8) 73 (147) 59 (232)
> 65 (95, 14.2) 80 (17) 54 (42)

Preoperative alcohol drinking 0.005 0.241
No (211, 31.6) 82 (35) 64 (75)
Yes (456, 68.4) 70 (129) 55 (199)

Preoperative betel quid chewing 0.052 0.709
No (85, 12.7) 83 (13) 57 (35)
Yes (582, 87.3) 72 (151) 58 (239)

Preoperative cigarette smoking 0.256 0.971
No (90, 13.5) 78 (17) 59 (35)
Yes (577, 86.5) 73 (147) 58 (239)

Pathological N status® < 0.001 < 0.001
pNO-1 (412, 63.2) 87 (49) 72 (112)
pN2-3b (240, 36.8) 48 (112) 33 (157)

Extranodal extension® < 0.001 < 0.001
No (459, 70.5) 85 (67) 69 (138)
Yes (192, 29.5) 44 (94) 31 (131)

Contralateral pN+* 0.001 < 0.001
No (633, 97.1) 74 (151) 59 (254)
Yes (19, 2.9) 39 (10) 21 (15)

Differentiation < 0.001 < 0.001
Well/moderate (598, 89.7) 76 (135) 60 (233)
Poor (69, 10.3) 53 (29) 40 (41)

Margin status® 0.042 0.112
<4 mm (93, 14.1) 65 (30) 49 (45)
> 4 mm (565, 85.9) 76 (125) 60 (220)

Perineural invasion < 0.001 < 0.001
No (426, 63.9) 81 (76) 64 (149)
Yes (241, 36.1) 60 (88) 47 (125)

Lymphatic invasion < 0.001 < 0.001
No (619, 92.8) 76 (140) 61 (238)
Yes (48, 7.2) 37 (24) 25 (36)

Vascular invasion 0.001 0.032
No (642, 96.3) 75 (152) 59 (259)
Yes (25, 3.7) 47 (12) 40 (15)

Treatment modality < 0.001 < 0.001
OP alone (160, 24.0) 89 (17) 75 (39)
OP + RT/CCRT (507, 76.0) 69 (147) 53 (235)

DOI depth of invasion (defined as the measured thickness from the surface of the normal mucosa to the deepest portion of the
tumor), OP operation, RT radiotherapy, CCRT concurrent chemoradiotherapy

“Unavailable data: pN status (no neck dissection, n = 15)

"Unknown data: margin status (7 = 9)
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TABLE 3 Multivariate analyses of 5-year disease-specific and overall survival rates in pT3-4 patients with buccal, gum, hard palate, and

retromolar squamous cell carcinoma (n = 667)

Risk factor (n)*

Disease-specific survival

Overall survival

HR (95% CI) P HR (95% CI) p
Tumor > 4 cm and DOI > 10 mm (n = 261) 1.477 (1.044-2.089) 0.027 ns
DOI > 20 mm (n = 157) 1.487 (1.033-2.140) 0.033 1.529 (1.191-1.963) 0.001
Through cortex/skin invasion (n = 362) ns 1.301 (1.028-1.646) 0.029
Pathological N2-3b (n = 240) 3.995 (2.788-5.725) < 0.001 2.501 (1.975-3.168) < 0.001
Poor differentiation (n = 69) 1.736 (1.149-2.623) 0.009 1.499 (1.079-2.082) 0.016
Lymphatic invasion (n = 48) 1.599 (1.017-2.513) 0.042 1.491 (1.039-2.140) 0.030
Perineural invasion (n = 241) 1.451 (1.048-2.009) 0.025 ns

DOI depth of invasion, HR hazard ratio, CI confidence interval, ns not significant

4All of the factors identified in univariate analysis were entered into multivariate analyses. Only significant factors are presented in the table

study. Owing to the prospective collection of data on DOI
and through cortex/skin invasion, we were able to reclas-
sify all patients according to the new AJCC eight edition
staging manual. We identified a tumor > 4 cm/DOI > 10
mm and DOI > 20 mm as independent RFs for 5-year
DSS. We also identified DOI > 20 mm and through cor-
tex/skin invasion as independent RFs for 5-year OS.
Because the number of patients with a DOI > 20 mm was
lower (n = 157) than that of those showing tumor > 4 cm/
DOI > 10 mm (n = 261) and through cortex/skin invasion
(n = 362), the adverse survival impact of DOI > 20 mm
was clearly stronger than that of tumor > 4 cm/DOI > 10
mm and through cortex/skin invasion (Table 2; Fig. 2).
This may be explained by the fact that patients with
DOI > 20 mm more frequently had pN3b disease (33.3%
vs. 29.0% and 27.7%), ENE (37.8% vs. 35.5% and 33.0%),
and perineural invasion (43.9% vs. 42.5% and 39.5%)
compared with those with tumor > 4 cm/DOI > 10 mm
and cortex/skin invasion. These observations also may
explain the higher use of adjuvant CCRT (45.2% vs. 39.1%
and 37.6%) in the former group.

Notably, the optimal cutoff point for DOI in this study
(> 20 mm vs. < 20 mm) was identical to that suggested in
the first revision of AJCC eight edition (2018) staging
manual. Our analyses revealed that a DOI > 20 mm was a
stronger prognosticator than the other two criteria used for
identifying a tumor as pT4a. First, a DOI > 20 mm was an
independent prognosticator for both DSS and OS rates,
whereas a tumor > 4 cm/DOI > 10 mm showed an inde-
pendent prognostic significance for DSS only. Similarly,
through cortex/skin invasion independently predicted OS
rates only (Table 3). We then examined the discriminatory
capability of the three criteria used to identify pT4a dis-
ease. Although the visual discriminatory ability for 5-year
DSS was appropriate for all of the three criteria, the lowest
p value (3.8 x 107'®) was observed for pT1/pT2/DOI
< 20 mm/DOI > 20 mm (Fig. 2a—c). As far as 5-year OS

is concerned, the visual discriminatory ability of DOI >
20 mm and through cortex/skin invasion criteria was
higher than that of tumor > 4 cm/DOI > 10 mm criterion.
Notably, pT1/pT2/DOI < 20 mm/DOI > 20 mm showed
the  highest discriminatory  capacity as  well
(p value = 1.8 x 10™%; Fig. 2d—f). Altogether, these data
indicate that tumors with a DOI > 20 mm should be
classified as T4a, notwithstanding that the second revision
of the AJCC eight edition (2018) staging manual removed
this criterion.

Although our report benefits from a large sample size,
all of the patients had first primary OCSCC and were
uniformly treated with surgery (either with or without
adjuvant therapy). Therefore, the generalizability of our
data needs to be confirmed in international multicenter
studies.

All of the three criteria (tumor > 4 ¢cm/DOI > 10 mm,
DOI > 20 mm, and through cortex/skin invasion) identify
high-risk patients, which should be reflected in further
revisions of pT4a classification in OCSCC.
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