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Abstract. Background/Aim: Neck management in patients
with early-stage tongue cancer remains controversial. The
worst pattern of invasion (WPOI) of the primary tumor has
been associated with the incidence of regional metastasis.
We investigated the prognostic role of WPOI, especially in
relation to regional lymph node recurrence and disease-
specific survival (DSS). Patients and Methods: We
retrospectively reviewed medical records and evaluated
tumor specimens of 38 patients with early-stage tongue
cancer who underwent primary tumor resection without
elective neck dissection. Results: Regional lymph node
recurrence rates were significantly higher in patients with
WPOI-4/5 compared with WPOI-1 to -3. The 5-year DSS
rates were significantly higher for WPOI-1 to -3 than for
WPOI-4/5. Notably, patients with WPOI-1 to -3 achieved a
100% 5-year DSS rate with salvage neck dissection and
postoperative treatment, even those with cervical lymph node
recurrence, whereas patients with WPOI-4/5 had a poorer
prognosis. Conclusion: Patients with WPOI-1 to -3 tumors
can be followed up without neck dissection until regional
lymph node recurrence is detected, with a good course after
salvage treatment. In contrast, patients with WPOI-4/5
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tumors who are followed up until the appearance of regional
lymph node recurrence have a poor prognosis, even with
adequate treatment for recurrent disease.

Cancers of the lip and oral cavity represent the 16™ most
common neoplasm worldwide. The optimal neck-
management strategy in patients with early-stage cT1-T2 and
clinically node-negative (cNO) oral tongue squamous cell
carcinoma (OTSCC) remains controversial. The occult
metastasis rate of early-stage OTSCC is reported to be
around 20%-40% (1-3), with the presence of nodal
metastasis being the main prognostic factor. According to the
“watchful-waiting” approach, neck dissection should not be
performed in patients with early-stage OTSCC. Alternatively,
elective neck dissection (END) may be conducted at the time
of surgery for the primary tongue lesion to reduce the risk of
regional failure due to subclinical occult lymph node
metastasis. Although carrying out END for all patients has
been shown to be associated with a higher survival rate,
60%-80% of patients without potential metastases may
undergo unnecessary surgery, potentially resulting in
neurological complications, dysphagia, and other problems.
However, adopting a watchful-waiting policy, in which neck
dissection is limited to those patients who develop regional
recurrence, means that lymph node metastasis may be
uncontrollable by the time the recurrence is detected.

A prospective randomized controlled trial in patients with
c¢T1-T2NOMO oral cancer revealed that END resulted in
higher overall and disease-free survival rates compared with
a watchful-waiting approach (4). However, the trial was
designed based on the previous 7" TNM staging system,
which only considered tumor diameter and not tumor
thickness or depth of invasion (DOI). Tumor thickness and
DOI of the primary oral cancer have been associated with
the incidence of regional metastasis (5). The 8th edition of
the American Joint Committee on Cancer (AJCC)/Union for
International Cancer Control (UICC) staging system added
DOI to the criteria for T classification in patients with oral
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Table 1. Clinicopathological features.

(n=38)

Males, n (%) 25 (66)
Age, years

Median 61

Range 34-82
Follow-up, months

Median 70

QI1-Q3 56-80
pT Stage UICC (8th), n (%)

pTl 19 (50)

pT2 19 (50)
WPOI, n (%)

WPOI-1 3(7.9)

WPOI-2 7 (18)

WPOI-3 19 (50)

WPOI-4 8 (21)

WPOI-5 1(2.6)

UICC: Union for International Cancer Control; WPOI: worst pattern of
invasion.

cancer. However, the survival benefit of END in patients
with revised early-stage OTSCC are still under investigation
including a randomized multicenter phase III study (6).

In addition to DOI, various histopathological prognostic
factors, including invasive tumor front (7) where the laminin
2 chain is highly expressed in tumor cells (8), tumor budding
(9), mode of invasion (10), and worst pattern of invasion
(WPOI) (11) have been evaluated. WPOI was proposed by
Brandwein-Gensler et al. (11) by modifying and expanding
the concept of pattern of invasion (12). The WPOI is the
highest score of the pattern of invasion present in the
surgical specimen, no matter how focal. This grading system
was added to the International Collaboration on Cancer
Reporting dataset as a mandatory pathology reporting
element for oral cavity squamous cell carcinoma (13). The
AJCC staging manual 8th edition indicates that WPOI type
5 is an important prognosticator in patients with oral cancer
(14). The five patterns of invasion are as follows: Type 1,
pushing borders; Type 2, finger-like growth; Type 3, large
separate islands, >15 cells per island; Type 4, small tumor
islands, <15 cells per island; and Type 5, tumor satellites, >1
mm from the main tumor or next closest satellite (15).

In this study, we aimed to investigate the prognostic role
of WPOI, especially in relation to regional lymph node
recurrence and disease-specific survival (DSS).

Patients and Methods

Study cohort. We conducted a retrospective study of consecutive
patients with early-stage OTSCC who underwent transoral resection
without END. We reviewed medical records and evaluated tumor
specimens. The cases were re-staged according to the AJCC/UICC
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Table I1. Five-year regional lymph node recurrence and disease-specific
survival.

n=38 LN recurrence, n (%) DSS, n (%)
pT stage
pT1 (n=19) 6 (32) 17 (89)
pT2 (n=19) 11 (58) 17 (89)
WPOI
WPOL-1 (n=3) 0 3 (100)
WPOI-2 (n=7) 1(14) 7 (100)
WPOI-3 (n=19) 9 (47) 19 (100)
WPOL-4 (n=8) 6 (75) 5(63)
WPOI-5 (n=1) 1 (100) 0
WPOI-1 to -3 (n=29) 10 (34) 29 (100)
WPOL-4/5 (n=9) 7(78) 5 (56)

WPOI: Worst pattern of invasion; LN: lymph node; DSS: disease-
specific survival.

classification 8th edition. The inclusion criteria were: 1) patients
who underwent primary surgery by transoral approach without END
at our institution between January 2005 and December 2017, 2) a
diagnosis of pT1-T2, cNOMO OTSCC, and 3) availability of slides
of primary resection for pathologic review. The primary lesion was
treated by a transoral approach, unless the safety margin of 1.5 cm
from the macroscopic tumor involved the mylohyoid muscle, which
required pull-through resection. The exclusion criteria were: 1) prior
treatment of the reference carcinoma, 2) adjuvant radiotherapy for
the primary surgery, and 3) patients who dropped out before their
36-month follow-up visit. Patients who developed regional lymph
node recurrence underwent either salvage surgery followed by
adjuvant chemoradiotherapy in the case of extranodal extension, or
chemoradiotherapy when the patient refused to undergo surgical
treatment. Thirty-eight patients were included in this study. This
study was approved by the Institutional Review Board of Saga
University (approval number 2021-11-R-05).

Pathologic review. A pathologic review was conducted by a head
and neck pathologist (AM) without access to the individual clinical
data. WPOI was assessed according to previous descriptions of
sections stained using hematoxylin-eosin (11, 15).

Statistical analysis. Survival analyses were performed using the
Kaplan-Meier method and compared using the log-rank test for each
group, and p<0.05 was considered statistically significant. All
statistical analyses were carried out using JMP Pro 17.0.0 (JMP
Statistical Discovery LLC, Cary, NC, USA).

Results

Clinicopathological characteristics. The study included 38
patients with pT1-T2, cNOMO OTSCC (Table I). The median
patient age was 61 years (range=34-82 years), and there were
25 male and 13 female patients. The median duration of
follow-up was 70 (Q1-Q3=56-80) months. The pT stage was
pT1l in 19 cases (50%) and pT2 in 19 cases (50%). The
distribution of WPOI among our cohort was as follows:
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WPOI-1 in three (7.9%), WPOI-2 in seven (18%), WPOI-3
in 19 (50%), WPOI-4 in eight (21%), and WPOI-5 in one
(2.6%) case. All WPOI-1 and -5 cases were pT1, and WPOI-
2 to -4 cases were either pT1 or pT2 (data not shown).

Risk of regional recurrence according to pT stage and
WPOI. Seventeen patients (45%) had regional lymph node
recurrence at the time of last follow-up. The regional lymph
node recurrence rates for patients with pT1 and pT2 were
32% and 58%, respectively, and increased with progressive
pT stage (Table II). Interestingly, while the WPOI varied
from WPOI-1 to -5, 16 of 17 patients (94%) with regional
lymph node recurrence had =WPOI-3, and seven of nine
cases (78%) with highly invasive type of WPOI-4 or -5
developed regional lymph node recurrence. The Kaplan-
Meier curve for regional lymph node recurrence-free survival
is shown in Figure 1A-C. Although the survival rate
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Figure 1. Kaplan-Meier estimates for regional lymph node recurrence-free
survival according to pT stage or worst pattern of invasion (WPOI). (A)
Survival rate decreased with pT stage progression, but there was no
significant difference (p=0.0753). (B) Survival rate decreased with WPOI
progression. (C) The increase in recurrence rates with progression of
WPOI was more evident than with pT stage (WPOI 1-3 vs. 4-5, p=0.0065).

appeared to decrease with pT stage progression, the
difference was not significant (p=0.0753) (Figure 1A).
However, in line with WPOI, the increase in regional lymph
node recurrence rates was more evident than that for pT
stage (Figure 1B), with lymph node recurrence rates of 34%
and 78% for WPOI-1 to -3 and -4/5 respectively (Figure 1C).
Regional lymph node recurrence rates were significantly
higher for WPOI-4/5 than for WPOI-1 to -3 (p=0.0065), and
correlated more strongly with WPOI than with pT staging.

Survival risks according to pT stage and WPOI. We examined
DSS rates in relation to pT stage and WPOI (Figure 2A-C).
Of the 38 cases, four patients died from the disease, with a
5-year DSS of 89%. The survival rates for pT1 and pT2 were
comparable (p=0.9208) (Figure 2A). The survival rate
decreased with WPOI progression (Figure 2B). The 5-year
DSS rates for WPOI-1 to -3 and -4/5 were 100% and 56%,
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respectively, with significantly lower 5-year survival rates for
WPOI-4/5 compared with WOPI-1 to -3 (p=0.0001) (Figure
2C). Notably, salvage treatment for regional lymph node
recurrence resulted in 100% 5-year DSS in patients with
WPOI-1 to -3. Thus, WPOI-4/5 was associated with a poorer
prognosis after treatment for recurrent disease.

Discussion

The present study of 38 patients with early-stage OTSCC
showed that WPOI correlated more strongly with prognosis
than pT stage. Notably, highly invasive WPOI-4/5 tumors
had a high rate of regional lymph node metastasis after initial
transoral resection, and developed uncontrollable recurrence
even after neck dissection and postoperative treatment for
recurrent disease, indicating a poor prognosis. The regional
lymph node recurrence rates appeared to increase in line with
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Figure 2. Kaplan-Meier estimates for disease-specific survival according
to pT stage or worst pattern of invasion (WPOI). (A) Survival rates for
pT1 and pT2 were comparable (p=0.9208). (B) Survival rate decreased
with WPOI progression. (C) Patients with WPOI-4 or -5 had significantly
lower 5-year survival rates compared with those with WOPI-1 to -3
(p=0.0001).

pT stage progression, but the differences were not
significant, possibly due to the small number of cases.
However, even with this limited number of cases, the
correlation between WPOI progression and regional lymph
node recurrence rate was stronger than that for pT stage.
There was no difference in 5-year DSS rate between pT1 and
pT2 tumors. In contrast, in relation to WPOI, the 5-year DSS
rate for WPOI-1 to -3 was 100%, which was significantly
higher than 56% for highly invasive tumors with WPOI-4/5.
Notably, the 5-year DSS rate for the 29 patients with WPOI-
1 to -3 was 100%, although one WPOI-2 and nine WPOI-3
cases had regional lymph node recurrence. Therefore, in the
case of the watchful-waiting policy for early-stage OTSCC,
neck dissection can be limited to cases with regional lymph
node recurrence up to WPOI-3, and a high survival rate can
be expected with a good course after salvage treatment of
recurrent disease. In contrast, the prognosis for highly
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invasive OTSCC with WPOI-4/5 is poor with this watchful-
waiting policy, and a change in treatment strategy is required
to improve the prognosis. Regional lymph node recurrence
occurred in seven cases with WPOI-4/5 disease, and four
patients died from recurrent disease. These results suggest
that a policy of no treatment until regional lymph node
recurrence appears is inappropriate in case of WPOI-4/5
disease. When adopting a watchful-waiting policy, patients
with WPOI-4/5 tumors might need to undergo neck
dissection as soon as possible, without waiting for the
appearance of regional lymph node metastasis to improve
prognosis. When the tumor was preoperatively suspected
highly invasive disease, such as WPOI-4/5, the patient
should undergo pull-through resection and prophylactic neck
dissection, which may also improve survival. Although
preoperative evaluation of invasiveness at the invasion front
would help in establishing a treatment strategy for early-
stage OTSCC, there is currently no established method.
Further studies are needed to examine the relationship
between invasion-front patterns and the results of imaging
techniques, such as magnetic resonance imaging and positron
emission-computed tomography, as well as the development
of new diagnostic techniques.

This study has some limitations. It is a retrospective study
with a small sample size, performed at a single institution.
The results of this study should be evaluated in a sub-analysis
of the ongoing randomized study (6). Despite these
limitations, the results presented in this study may contribute
to the development of new treatment strategy for proactive
cervical control depending on the pathologic findings after
transoral resection of the primary lesion, and thus add a new
dimension to the controversy of END for early-stage OTSCC.

The use of transoral resection as initial treatment for early-
stage OTSCC allows the histopathological evaluation of the
invasive potential at the invasion front of the resected cancer
tissue. Patients with mild-to-moderately invasive tumors,
such as WPOI-1 to -3, can be followed up without neck
dissection until regional lymph node recurrence is detected,
with a good course after salvage treatment. In contrast,
patients with highly invasive tumors such as WPOI-4/5 who
are followed up until the appearance of regional lymph node
recurrence have a poor prognosis, even with adequate
treatment for recurrent disease. These patients should thus
undergo intensified treatment, including neck dissection as
early as possible after transoral resection in the case of
highly invasive OTSCC, or pull-through surgery and
prophylactic neck dissection if highly invasive OTSCC is
suspected preoperatively.

Conflicts of Interest

The Authors have no conflicts of interest to disclose with respect to
the publication of this paper.

461

Authors’ Contributions

All Authors contributed to the study conceptualization. Tomoya
Ishida and Moriyasu Yamauchi contributed to data curation.
Akimichi Minesaki and Moriyasu Yamauchi contributed to formal
analysis and investigation. Yuichiro Kuratomi and Moriyasu
Yamauchi contributed to methodology, project administration,
supervision and validation. Moriyasu Yamauchi contributed to
funding acquisition. The first draft of the manuscript was written by
Moriyasu Yamauchi and all Authors commented on previous
versions of the manuscript. All Authors read and approved the final
manuscript.

Acknowledgements

This work was supported by JSPS Grant-in-Aid for Scientific
Research (C) [grant number 20K09734]. The Authors thank Susan
Furness, PhD, from Edanz (https://jp.edanz.com/ac) for editing a
draft of this manuscript.

References

1 Waushou A, Yibulayin F, Sheng L, Luo Y and Yang ZC: Elective
neck dissection improves the survival of patients with T2ZNOMO
oral squamous cell carcinoma: a study of the SEER database.
BMC Cancer 21(1): 1309, 2021. PMID: 34876079. DOI:
10.1186/512885-021-09053-3

2 Chinn SB and Myers JN: Oral cavity carcinoma: current
management, controversies, and future directions. J Clin Oncol
33(29): 3269-3276, 2015. PMID: 26351335. DOI: 10.1200/
JCO.2015.61.2929

3 Haddadin KJ, Soutar DS, Oliver RJ, Webster MH, Robertson AG
and MacDonald DG: Improved survival for patients with
clinically T1/T2, NO tongue tumors undergoing a prophylactic
neck dissection. Head Neck 2/(6): 517-525, 1999. PMID:
10449667. DOI: 10.1002/(sici)1097-0347(199909)21:6<517::
aid-hed4>3.0.co;2-c

4 D’Cruz AK, Vaish R, Kapre N, Dandekar M, Gupta S, Hawaldar
R, Agarwal JP, Pantvaidya G, Chaukar D, Deshmukh A, Kane
S, Arya S, Ghosh-Laskar S, Chaturvedi P, Pai P, Nair S, Nair D,
Badwe R and Head and Neck Disease Management Group:
Elective versus therapeutic neck dissection in node-negative oral
cancer. N Engl J Med 373(6): 521-529,2015. PMID: 26027881.
DOI: 10.1056/NEJMoal506007

5 Fukano H, Matsuura H, Hasegawa Y and Nakamura S: Depth of
invasion as a predictive factor for cervical lymph node
metastasis in tongue carcinoma. Head Neck 79(3): 205-210,
1997. PMID: 9142520. DOI: 10.1002/(sici)1097-0347(199705)
19:3<205::aid-hed7>3.0.c0;2-6

6 Tanaka K, Hanai N, Eba J, Mizusawa J, Asakage T, Homma A,
Kiyota N, Fukuda H, Hayashi R and Head and Neck Cancer Study
Group of the Japan Clinical Oncology Group: Randomized phase
IIT study to evaluate the value of omission of prophylactic neck
dissection for stage I/II tongue cancer: Japan Clinical Oncology
Group study (JCOG1601, RESPOND). Jpn J Clin Oncol 48(12):
1105-1108, 2018. PMID: 30346569. DOI: 10.1093/jjco/hyy125

7 Bankfalvi A and Piffko J: Prognostic and predictive factors in
oral cancer: the role of the invasive tumour front. J Oral Pathol
Med 29(7): 291-298, 2000. PMID: 10947243. DOI: 10.1034/
j-1600-0714.2000.290701 .x



CANCER DIAGNOSIS & PROGNOSIS 3: 457-462 (2023)

8 Kuratomi Y, Kumamoto M, Kidera K, Toh S, Masuda M,
Nakashima T and Inokuchi A: Diffuse expression of laminin
gamma2 chain in disseminating and infiltrating cancer cells
indicates a highly malignant state in advanced tongue cancer.
Oral Oncol 42(1): 73-76,2006. PMID: 16143562. DOI: 10.1016/
j.oraloncology.2005.06.013

9 Wang C, Huang H, Huang Z, Wang A, Chen X, Huang L, Zhou
X and Liu X: Tumor budding correlates with poor prognosis and
epithelial-mesenchymal transition in tongue squamous cell
carcinoma. J Oral Pathol Med 40(7): 545-551, 2011. PMID:
21481005. DOI: 10.1111/j.1600-0714.2011.01041 x

10 Yamamoto E, Kohama G, Sunakawa H, Iwai M and Hiratsuka

H: Mode of invasion, bleomycin sensitivity, and clinical course

in squamous cell carcinoma of the oral cavity. Cancer 5/(12):

2175-2180, 1983. PMID: 6189571. DOI: 10.1002/1097-

0142(19830615)51:12<2175::aid-cncr2820511205>3.0.co;2-m

Brandwein-Gensler M, Teixeira MS, Lewis CM, Lee B,

Rolnitzky L, Hille JJ, Genden E, Urken ML and Wang BY: Oral

squamous cell carcinoma: histologic risk assessment, but not

margin status, is strongly predictive of local disease-free and
overall survival. Am J Surg Pathol 29(2): 167-178, 2005. PMID:

15644773. DOIL: 10.1097/01.pas.0000149687.90710.21

12 Bryne M, Koppang HS, Lilleng R and Kjaerheim A: Malignancy
grading of the deep invasive margins of oral squamous cell
carcinomas has high prognostic value. J Pathol 166(4): 375-381,
1992. PMID: 1517891. DOI: 10.1002/path.1711660409

1

—

462

13 Miiller S, Boy SC, Day TA, Magliocca KR, Richardson MS,

Sloan P, Tilakaratne WM, Zain RB and Thompson LDR: Data
set for the reporting of oral cavity carcinomas: Explanations and
recommendations of the guidelines from the International
Collaboration of Cancer Reporting. Arch Pathol Lab Med
143(4): 439-446, 2019. PMID: 30500296. DOI: 10.5858/arpa.
2018-0411-SA

14 American Joint Committee on Cancer and Amin MB: AJCC

cancer staging manual. 8th ed edn. Springer, 2017.

15 LiY, Bai S, Carroll W, Dayan D, Dort JC, Heller K, Jour G, Lau

H, Penner C, Prystowsky M, Rosenthal E, Schlecht NF, Smith
RV, Urken M, Vered M, Wang B, Wenig B, Negassa A and
Brandwein-Gensler M: Validation of the risk model: high-risk
classification and tumor pattern of invasion predict outcome for
patients with low-stage oral cavity squamous cell carcinoma.
Head Neck Pathol 7(3): 211-223, 2013. PMID: 23250819. DOI:
10.1007/s12105-012-0412-1

Received March 26, 2023
Revised April 4, 2023
Accepted April 5, 2023



