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Abstract: Distant metastasis is an important prognostic factor for oral squamous cell carcinoma (OSCC). It involves 
the direct spread of tumor cells through blood vessels or via lymph nodes; however, there are currently no well-es-
tablished treatments for its prevention in patients with OSCC. To investigate the impact of metronomic neoadjuvant 
chemotherapy on OSCC, we conducted a retrospective analysis of the efficacy of neoadjuvant chemotherapy with 
S-1 alone. Fifty-four patients underwent up-front surgery, while 106 received neoadjuvant chemotherapy with S-1 
alone. A serious adverse event occurred in one of patient treated with neoadjuvant chemotherapy (1%); however, 
all patients underwent resection. The 5-year overall survival rate was higher with S-1 than with up-front surgery 
(96% vs. 81%, P = 0.002). Moreover, neoadjuvant chemotherapy significantly increased the overall survival rate of 
patients with poorly or moderately differentiated tumors, but not those with well-differentiated tumors. By analyzing 
a cohort of 523 head and neck squamous cell carcinoma (HNSCC) patients in the Cancer Genome Atlas, we iden-
tified genetic variants associated with histological differentiation. The frequency of pathogenic/likely pathogenic 
variants or deletions in 5 genes associated with HNSCC correlated with histological differentiation, some of which 
indicated the activation of the Wnt/β-catenin pathway in well-differentiated HNSCC. The vessel marker CD31 was 
highly expressed in poorly differentiated OSCC, whereas the anti-angiogenic molecule, LCN2, which is induced by 
the activation of the Wnt pathway, was highly expressed in well-differentiated OSCC. The present study showed that 
overall survival rates were higher in patients with poorly or moderately differentiated OSCC who received metro-
nomic neoadjuvant chemotherapy, which was attributed to a difference in angiogenesis based on the characteristic 
landscape of pathogenic mutations according to histological differentiation.
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Introduction

The incidence of oral cancer is increasing 
worldwide [1, 2]. Oral squamous cell carcinoma 
(OSCC) accounts for more than 80% of oral  
cancers [3]. Among OSCC recurrences, distant 
metastasis, once it occurs, is difficult to cure 
completely [4]. It involves the direct spread of 
tumor cells through blood vessels or via lymph 
nodes [5]. A number of studies on neoadjuvant 
chemotherapy with cisplatin at maximum toler-
ated doses (MTD) failed to demonstrate surviv-

al benefits in OSCC patients [6]. Therefore, the 
development of treatments that prevent distant 
metastasis is needed to improve the survival of 
OSCC patients. 

In the past decade, the blockade of angiogene-
sis has emerged as an effective and promising 
therapeutic approach for a number of malig-
nancies. CD31 is expressed in tumor microves-
sels [7], and its expression negatively corre-
lates with prognosis and survival [8]. Me- 
tronomic chemotherapy (the continuous and 
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low-dose administration of chemotherapeutic 
agents) was found to exert anti-angiogenic 
effects by reducing the expression of CD31 in 
the nude mouse tumor-bearing model of the 
OSCC cell line, HSC2 [9]. Metronomic adju- 
vant chemotherapy was shown to significantly 
improve the overall survival of patients with 
advanced OSCC in a randomized study in China 
[10], but not that of patients with advanced 
OSCC in a randomized study in India [11]. 
Therefore, the benefits of metronomic che- 
motherapy for OSCC remain controversial. The 
stratification of patients to identify those who 
will benefit from metronomic chemotherapy is 
critical for the rational design of metronomic 
chemotherapy.

The neoadjuvant blockade of angiogenesis has 
been shown to markedly suppress distant me- 
tastasis in several tumor types and strongly 
correlated with improved survival [12]. Its sup-
pressive effects on distant metastasis may be 
attributed to synergy of a higher microvessel 
density with the inhibition of angiogenesis [13]. 
Furthermore, recent studies reported the pre-
dictive value of baseline serum LCN2 levels for 
progression-free survival following the block-
ade of angiogenesis in patients with advanced 
kidney cancer [14]. These findings suggest that 
serum LCN2 levels have the potential to moni-
tor outcomes in these patients after neoadju-
vant treatment to block angiogenesis. There- 
fore, predictive markers, a more detailed under-
standing of the mechanisms underlying indi-
vidual responses to the blockade of angiogen-
esis, and the rational design of neoadjuvant 
therapies are important.

Recent advances in oral fluoropyrimidine pro-
drugs have increased the application of metro-
nomic chemotherapy to the treatment of OSCC, 
with adjuvant settings being linked to survival 
improvements [15]. However, a consensus has 
not yet been reached on the use of neoadju-
vant metronomic chemotherapy with these pro-
drugs to treat OSCC [15]. Furthermore, insuffi-
cient clarification of metronomics with maxi- 
mum tolerated dose chemotherapy in previous 
studies has prevented the confirmation of 
effects of metronomic neoadjuvant chemother-
apy and identification of patients it is expected 
to benefit. Mutation biomarkers have gained 
attention for their potential to predict the prog-
nosis and treatment outcomes in OSCC [16]. 
Promisingly, integrated genomic analyses in 
OSCC samples have defined a new molecular 

subtype of OSCC [17]. Although, OSCC molecu-
lar subtypes are not associated with clinical 
staging systems, integrating molecular and 
genomic information plays an important role  
for developing new approaches for future the- 
rapeutic strategies [18]. However, the survival 
outcome of OSCC patients with S-1 monothera-
py has not been explored thoroughly. Given the 
widespread use of mutation check, we tried to 
identify mutation biomarker candidates appli-
cable within clinical settings for guiding the 
choice of metronomic neoadjuvant chemother-
apy with S-1. The present study investigated 
the effects of neoadjuvant chemotherapy with 
S-1 alone in patients with OSCC and examin- 
ed the genetic landscape of HNSCC to identify 
patients who will benefit from metronomic 
chemotherapy.

Methods

Patients

The Ethics Committee of Gunma University 
approved the present study (approval number 
HS2017-142), and all patients provided their 
written informed consent. Patients diagnosed 
with OSCC between 7 October 2009 and 10 
January 2017 were extracted from the data-
base of Gunma University Hospital. Eligible 
patients were ≥18 years and had previously 
untreated, histologically confirmed OSCC.

Exclusion criteria

1. Male or female >75 years at the first visit. 2. 
Hemoglobin ≤8.5 g dl-1. 3. Absolute neutrophil 
count (ANC) ≤1.5 × 109 L-1 (≤1,500 per mm3). 4. 
Platelet count ≤50 × 109 L-1 (≤500,000 per 
mm3). 5. ALT>3 × ULN. 6. Total bilirubin >2.5 
mg/dL.

Study design

We conducted a retrospective, single institu-
tional study to assess the efficacy and safety of 
neoadjuvant chemotherapy with S-1, an oral 
fluoropyrimidine anticancer agent, in patients 
with OSCC. In our institute, surgery without neo-
adjuvant chemotherapy is preferred for the 
treatment of OSCC; however, patients for whom 
surgery was not available because of a busy 
schedule received neoadjuvant chemotherapy 
with S-1 alone. Patients received 120 mg of S-1 
orally twice daily for 2 weeks or underwent up-
front surgery. This dose is consistent with that 
used in an efficacy trial for gastric cancer [19].
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Endpoints

The primary endpoint was overall survival, 
defined as the time to death from any cause in 
a 5-year period. Secondary efficacy endpoints 
during the 5-year period were disease-free sur-
vival, the time to first recurrence, local recur-
rence, regional recurrence, distant metastasis, 
and death from any cause. Survival endpoints 
were described using the Kaplan-Meier meth-
od. Data on patients who remained alive and 
free of disease were censored at the date of 
the last follow-up. Safety was assessed based 
on blood testing. Adverse events (AE) were 
recorded. The documented severity of AE was 
classified according to the Common Termino- 
logy Criteria for Adverse Events (grade 1 = mild; 
grade 2 = moderate; grade 3 = severe; grade 4 
= life-threatening; grade 5 = death). The base-
line clinical staging of primary tumors and 
lymph nodes was performed according to the 
7th edition of the AJCC Cancer Staging Manual. 

Cell culture 

The HSC4 (RIKEN), HSC3 (Japanese Collection 
of Research Bioresources: JCRB), SCC4 (JCRB), 
HO-1-u-1 (RIKEN), OSC19 (JCRB), and HSC2 
(JCRB) cell lines used for in vitro experiments in 
the present study were all derived from OSCC 
patients. Cells were cultured at 37°C and 5% 
CO2 and grown in DMEM (WAKO) or F-12 me- 
dium (WAKO) supplemented with 10% FBS 
(Biological Industries) and 1% penicillin-strepto-
mycin (WAKO).

Protein blotting

Cells were harvested and lysed in Laemmli 
sample buffer (Bio-Rad). Total protein in each 
sample was loaded onto an SDS-PAGE gel,  
separated, and transferred to a polyvinylidene 
fluoride membrane (Bio-Rad). The membrane 
was blocked and then incubated with a 
β-catenin antibody (1:1,000 dilution, Santa 
Cruz Biotechnology), LCN2 antibody (1:1,000 
dilution, Abcam), β-actin antibody (1:5,000 dilu-
tion, Sigma-Aldrich), and anti-mouse secondary 
antibody (1:5,000 dilution, ProteinTech). Mem- 
branes were scanned using LAS4010 (GE 
Healthcare). 

Immunohistochemistry

To evaluate LCN2 and ICAM1 protein expres-
sion according to histological differentiation, 
immunohistochemistry was performed using 

standard techniques as previously described 
[30]. Biopsies were fixed in paraformaldehyde 
and embedded in paraffin by the pathology lab-
oratory. Four-micron-thick slices were cut from 
FFPE tumor samples. Briefly, slides were depar-
affinized using ImmunoSaver at 95°C for 25 
min. After cooling, slides were washed in TBS 
twice for 5 min. Blocking of endogenous peroxi-
dase and non-specific antibody binding (in 1× 
PBS containing 0.1% Triton X-100 and 2% BSA) 
was performed. Tissue sections were then 
stained with a LCN2 antibody (1:50 dilution, 
R&D Systems) and an ICAM1 antibody (1:50 
dilution, Santa Cruz) at room temperature for 
30 min. Histofine Simple Stain MAX PO HRP 
polymers (424131, Nichirei) were added at 
room temperature for 15 min after washing 
twice. DAB (425011, Nichirei) was then added 
to samples for 5 min. After washing twice, 
slides were permanently mounted. Slides were 
scanned up to ×40 magnification.

Wnt inhibitor treatment

Wnt974 (Selleck) was added to the culture 
medium at a concentration of 0.01 mM and 
cells were harvested 48 hours later. Total RNA 
was extracted using ISOGEN reagent (NIPPON 
GENE) and then reverse transcribed to cDNA. 
Real-time PCR was performed using SYBR 
Green Supermix (Bio-Rad). LCN2 expression 
levels were normalized to the corresponding 
β-actin values and shown as a fold change  
from the value of the control sample (the ΔΔCt 
method). Sample analyses were performed in 
duplicate. In quantitative real-time PCR, we 
used the primers 5’-CAAGGAGCTGACTTCGGA- 
AC-3’ (sense) and 5’-TACACTGGTCGATTGGG- 
ACA-3’ (antisense) for LCN2 and 5’-CTGGA- 
ACGGTGAAGGTGACA-3’ (sense) and 5’-AAGG- 
GACTTCCTGTAACAACGC-3’ (antisense) for hu- 
man β-actin mRNA. Quantitative real-time PCR 
was conducted using the SYBR® Green PCR 
Master Mix (Applied Biosystems) and ABI Real-
Time PCR Step One Plus.

Statistical analysis

Fisher’s exact test was used to compare cate-
gorical variables. Survival curves were com-
pared using the Log-rank test. Survival and 
disease-free survival were measured from the 
first visit. An OSCC event analysis was per-
formed using death as a competing risk. A mul-
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tivariate logistic regression analysis was used 
to assess prognostic factors associated with 
regional recurrence and the development of 
distant metastasis. A multivariable Cox propor-
tional hazards model was employed to assess 
prognostic factors associated with overall  
survival. Relationships were assessed using 
Spearman’s correlation coefficient. P values 
<0.05 were considered to be significant. All 
analyses were performed using the statistical 
software JMP version 15. Box plots were gener-
ated using Microsoft excel.

Results

Patients

We extracted patients with OSCC between 
October 7, 2009 and January 14, 2017 from 
the database of the Gunma University Hospital. 
OSCC was diagnosed based on clinical and his-
topathological criteria. The clinical tumor node 
metastasis (cTNM) status of tumors was classi-
fied based on CT and neck ultrasonography. A 
total of 106 patients received neoadjuvant che-
motherapy with S-1 alone and 54 underwent 
up-front surgery (Table 1). Ten patients were 
lost to the follow-up. No significant differences 
were observed in the clinical characteristics of 
patients between the neoadjuvant and surgery 
groups (P>0.05, the χ-squared test; Table 1). 
Therefore, 160 patients underwent surgery or 
received neoadjuvant chemotherapy with S-1 
and were evaluable for safety as well as prima-
ry and secondary efficacy endpoints (Figure 1).

Primary and secondary endpoints 

Survival-related clinicopathological features, 
including tumor stage, poorly or moderately dif-
ferentiation and neoadjuvant chemotherapy 
with S-1, exhibited the significant associations 
with overall survival (OS) (Figure 2A). The 5-year 
overall survival rate (the primary endpoint) was 
96% in the S-1 group and 81% in the surgery 
group (P = 0.002) (Figure 2B), while the 5-year 
disease-free survival rate was 91% in the S-1 
group and 70% in the surgery group (P = 
0.0002) (Figure 2C). 

Safety

One safety concern (1%) was identified (Table 
2). 

Cumulative incidence of local recurrence, 
regional recurrence, and the development of 
distant metastasis

Among 160 patients, 3 (6%) in the surgery 
group and 4 (4%) in the S-1 group had local 
recurrence, while 9 patients (17%) in the sur-
gery group and 2 (2%) in the S-1 group had 
regional recurrence. Among all 160 patients, 
patients in the neoadjuvant chemotherapy with 
S-1 group had a significantly lower cumulative 
incidence of regional recurrence than those in 
the surgery group (P = 0.0004), and the cumu-
lative incidence of local recurrence was similar 
between the S-1 and surgery groups (P = 0.6) 
(Figure 3A, 3B). Seven of the 54 patients in the 
surgery group and 2 of the 106 patients in the 
S-1 group had distant metastasis. The cumula-
tive incidence of distant metastasis was signifi-
cantly lower in the S-1 group than in the surgery 
group (1.9% vs. 13.0%, P = 0.004) (Figure 3C). 

Clinical characteristics of patients with and 
without regional recurrence or distant metas-
tasis 

To examine the characteristics of patients with 
regional recurrence or distant metastasis, we 
compared the contribution rate of clinical char-
acteristics between patients with and with- 
out regional recurrence or distant metastasis. 
Twenty-five of the 149 patients without regional 
recurrence (16.8%) and 25 of the 151 patients 
without distant metastasis (16.6%) had poorly 
or moderately differentiated tumors (Tables 3 
and 4). Patients with regional recurrence or dis-
tant metastasis had a significantly higher con-
tribution of poorly or moderately differentiation 
(5/11, 45.5%) and (5/9, 55.6%), respectively. 
The frequency of poorly or moderately diffe- 
rentiated tumors was significantly higher in 
patients with than in those without regional 
recurrence or distant metastasis. Furthermore, 
in the multivariate analysis of regional recur-
rence and the incidence of distant metastasis 
in patients with stage I-III disease, only poor or 
moderate differentiation was identified as a 
significant prognostic factor for an increased 
risk of recurrence (Regional recurrence: HR 
5.82, 95% CI 1.46-23.24, P<0.05, Develop- 
ment of distant metastasis: HR 6.52, 95% CI 
1.39-30.43, P<0.05) (Tables 5, 6). Clinical risk 
factors traditionally used for staging and prog-
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Figure 1. Flowchart of patients 
included in this study.

Impact of histological differen-
tiation on endpoints

We examined the primary and 
secondary endpoints of neoad-
juvant chemotherapy with S-1 
according to histological differ-
entiation in order to confirm 
whether a relationship existed. 
In the multivariable analysis of 
OS in patients with poorly or 
moderately differentiated tu- 

Table 1. Baseline characteristics of patients*

Characteristics Neoadjuvant chemotherapy with S-1  
(N = 106)

Up-front surgery  
(N = 54) P

Age - yr 61±13 56±16 0.08
Female sex - no. (%) 41 (38.7) 20 (34.5) 0.9
Primary tumor site 0.4
    Tongue 69 (65.0) 38 (70.3)
    Gingiva 19 (17.9) 6 (11.1)
    Floor 5 (4.7) 5 (9.2)
    Other 13 (12.2) 5 (9.2)
Clinical T stage - no. (%) 0.2
    T1 33 (31.1) 17 (31.5)
    T2 60 (56.6) 35 (64.8)
    T3 13 (12.2) 2 (3.7)
Clinical N stage - no. (%) 0.7
    N0 97 (91.5) 51 (94.5)
    N1 9 (8.5) 3 (5.5)
AJCC clinical stage - no. (%) 0.1
    I 33 (31.1) 17 (31.5)
    II 53 (50.0) 33 (61.1)
    III 20 (18.9) 4 (7.4)
Histological differentiation - no. (%) 0.2
    Well 66 (62.3) 35 (64.8)
    Well to moderately 19 (17.9) 4 (7.4)
    Moderately 12 (11.3) 12 (22.2)
    Poorly to moderately 3 (2.8) 1 (1.9)
    Poorly 1 (1.0) 1 (1.9)
    Unknown 5 (4.7) 1 (1.9)
Body mass index$ 22±3 22±4 0.9
Adjuvant chemotherapy - no. (%) 36 (34.0) 11 (20.4) 0.1
AJCC, American Joint Committee on Cancer. *Plus-minus values are means ± SD. Percentages may not total 100 because of 
rounding. $Data were available for 106 patients in the chemotherapy group and 53 in the surgery group.

nostication were not significant. These results 
indicate that histological differentiation may 
affect the primary and secondary endpoints of 
neoadjuvant chemotherapy with S-1. 

mors, neoadjuvant chemotherapy with S-1 was 
identified as a significant prognostic factor for  
a decreased risk of death (HR 0.031, 95%  
CI 0.002-0.376, P = 6.4 × 10 -3) (Figure 4A). 



Impact of histological differentiation on metronomic neoadjuvant chemotherapy

1038 Am J Cancer Res 2024;14(3):1033-1051

Figure 2. Overall survival and disease-free survival rates. A. Multivariable Cox proportional hazards regression for 
overall survival rate. The graph shows the HR of the Cox proportional hazards model, with error bars indicating two-
sided 95% CIs (Cox regression multivariable analysis). P values were calculated using multivariable Cox proportional 
hazards regression. Two-sided P values were calculated. B. The primary endpoint was the 5-year overall survival 
rate. C. The secondary endpoint was the 5-year disease-free survival rate. Patients received neoadjuvant chemo-
therapy with S-1 orally or underwent up-front surgery.

Neoadjuvant chemotherapy was not significant 
in patients with well-differentiated tumors (data 
not shown). The results obtained showed that 
neoadjuvant chemotherapy with S-1 significant-
ly increased the overall survival rate of patients 
with poorly or moderately differentiated OSCC 
(93.8% in neoadjuvant chemotherapy versus 
50.0% in up-front surgery), whereas the overall 
survival rate of patients with well-differentiated 
OSCC was similar following neoadjuvant che-
motherapy and up-front surgery (95.4% in neo-
adjuvant chemotherapy versus 91.2% in up-
front surgery) (Figure 4B). Neoadjuvant che- 
motherapy with S-1 also significantly increas- 
ed the disease-free survival rate of patients 
with poorly or moderately differentiated OSCC 

(75.0% in neoadjuvant chemotherapy versus 
35.7% in up-front surgery) (Figure 4C), but not 
those with well-differentiated OSCC (data not 
shown). Patients with poorly or moderately dif-
ferentiated OSCC were previously reported to 
benefit from neoadjuvant chemotherapy [20]. 

Genetic characteristics of well-, moderately, 
and poorly differentiated HNSCC

HNSCC comprises a heterogeneous group of 
tumors, and its molecular etiology according to 
histological differentiation is unclear. To identi-
fy genetic variants associated with well-differ-
entiated HNSCC, we analyzed the whole-exome 
sequencing data of a cohort of 523 patients 
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with HNSCC in the Cancer Genome Atlas (TCGA) 
database. Variant pathogenicity in causative 
genes was evaluated by TCGA. Pathogenic (P) 
or likely pathogenic (LP) variants were identified 
across 43 known genes detected in more than 
five cases (Figure 5A). To examine the genetic 
features of histological differentiation, we com-
pared the contribution rate (defined as the per-
centage of cases) of P/LP variants between 
patients with well-, moderately and poorly dif-
ferentiated HNSCC. FAT1 had the second high-
est prevalence of pathogenic alleles, which was 
previously shown to be specifically mutated in 
well-differentiated cutaneous cell carcinoma 
[21]. FAT1, HRAS, CASP8, and FBXW7 emerged 
as specifically mutated genes in patients with 
well-differentiated HNSCC (19/63, 30%: 9/63, 
14%: 9/63, 14%: 7/63, 11% respectively) 
(Figure 5B), whereas none of pathogenic or 
likely pathogenic variants were significantly fre-
quently observed in patients with poorly differ-
entiated HNSCC. The combination of FAT1 and 
CASP8 mutations was previously shown to con-
sist of a distinct cluster in HNSCC [22]. Patients 
with well-differentiated HNSCC had a signifi-
cantly higher contribution rate of the CDKN2A 
deletion (28/63, 44%) than those with moder-
ately differentiated HNSCC (93/308, 30%) or 
poorly differentiated HNSCC (33/123, 27%) 
(Figure 5C), which resulted in an increase in the 
mRNA expression of CDKN2A in poorly or mod-
erately differentiated HNSCC (Figure 5D). 
Genes frequently mutated or deleted in well-
differentiated HNSCC were implicated in Wnt/
β-catenin signaling (Figure 5E). The expression 
of Wnt/β-catenin signaling-related genes, such 
as Wnt7A and Wnt4, was higher in patients  

with well-differentiated HNSCC 
enriched P/LP (HRAS) variants 
or with the CDKN2A deletion 
(Figure 4E). FAT1 and FBXW7 
have been implicated in the 
degradation of β-catenin [23]. 
The P/LP variants in FAT1, 
HRAS, CASP8, and FBXW7 or 
CDKN2A deletions were de- 
tected in 43 patients, yielding 
a 68% contribution to the  
incidence of well-differentiat-
ed HNSCC (Figure 5F). These 
results extended the pheno-
typic spectrum of genes known 
to cause HNSCC.

Identification of the timing of mutations in 
genes involved in the pathogenesis of HNSCC 

With the aim of identifying candidate biomark-
ers that guide the selection of metronomic che-
motherapy, we investigated the timing of muta-
tions in genes associated with the pathoge- 
nesis of well-differentiated HNSCC. Mutations 
that occur early are attractive candidate bio-
markers. We compared P/LP allele frequencies 
obtained from the TCGA database. In the tumor 
evolution model (clonal vs. subclonal variants), 
allele frequency was associated with the timing 
of mutations [24]. We examined differences in 
allele frequencies between mutated genes 
using the two-sided Student’s t-test. FBXW7 
had a significantly higher frequency of P/LP 
alleles in HNSCC (Figure 6A). The FBXW7 gene 
was not previously implicated in patients with 
early HNSCC. FBXW7 with higher allele fre-
quencies was predicted to be mutated early in 
the development of well-differentiated HNSCC. 
Taken together, the FBXW7 gene was identified 
as early driver genes in the tumorigenesis of 
well-differentiated HNSCC.

We also investigated their combinations using 
the two-sided Fisher’s exact test. The combina-
tion of P/LP variants across different genes  
is shown in Figure 6B. The loss of chromosome 
arm 9p (at which CDKN2A resides) occurs  
in the early stage of the tumorigenesis of 
HNSCC [25]. The co-occurrence of FAT1 P/LP 
variants with P/LP variants was significant  
in HRAS (1.90 × 10 -3), CASP8 (8.80 × 10-3),  
and FBXW7 (4.17 × 10 -2) (Figure 6B). FAT1 
encodes a cadherin-like protein, through which 

Table 2. Safety of S-1, number of subjects (%)
Neoadjuvant chemotherapy with S-1 

(N = 106)
Patients with any AE 78 (74)
AE leading to death 0 (0)
Any SAE 1 (1)
AE leading to discontinuation of S-1 20 (19)
White blood cell decrease 30 (28)
Anemia 27 (25)
Thrombocytopenia 26 (25)
Bilirubin increase 19 (18)
Pruritus 8 (8)
ALT increase 9 (8)
AE, adverse event; SAE, serious adverse event.
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Figure 3. Cumulative incidence of local recurrence, 
regional recurrence, and distant metastasis.

it interacts with β-catenin. All of the P/LP vari-
ants were predicted to disrupt the C-terminal 
intracellular domain of this protein, thereby 
impeding its ability to suppress Wnt/β-catenin 
signaling [26]. The knockout of FAT1 and  
CASP8 in OSCC cells was previously shown to 
increase terminal differentiation [27]. Other 
enriched genes in well-differentiated HNSCC, 
namely, HRAS, CASP8, CDKN2A, and FBXW7, 
have been implicated in Wnt ligand expression 
(Figure 5E) or β-catenin activation [28-31].

Enriched Wnt/β-catenin pathway-related 
genes in well-differentiated HNSCC

Wnt/β-catenin signaling plays an important 
role in the pathogenesis of HNSCC. β-catenin 
targets a crucial transcriptional regulator that  
is required for tumor development [32]. Wes- 

tern blotting revealed the high expression of 
β-catenin in well-differentiated OSCC cell lines 
and low expression in poorly differentiated 
OSCC cell lines (Figure 6C). 

In addition, the expression of Wnt/β-catenin- 
related genes (Wnt7A, Wnt4) was significantly 
enriched in well-differentiated HNSCC (Figure 
6D). Wnt7A and Wnt4 have been shown to trig-
ger the migration of OSCC and the transcrip-
tional activation of β-catenin-related genes 
[33, 34]. Some missense variants in Wnt7A and 
Wnt4 were found in the HNSCC TCGA database 
(data not shown), whereas no P/LP variants 
were identified. 

Data on 5 genes frequently mutated or delet- 
ed in well-differentiated HNSCC suggest their 
considerable relevance to well-differentiated 
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HNSCC development (Figure 6E). These results 
strongly suggest that these 5 genes are previ-
ously unrecognized causative genes of well-
differentiated HNSCC.

Angiogenesis-related gene expression accord-
ing to histological differentiation

Distant metastasis or chemotherapy resis-
tance correlated with tumor microvessel den-
sity. CD31 is expressed at high levels on endo-
thelial cells and is often used as a tumor 
neovascular endothelial marker [35]. CD31 
protein expression positively correlated with 
histological differentiation (Figure 7A), which 
revealed the higher microvessel densities of 
poorly or moderately differentiated tumors 
[36]. Immunohistochemistry staining of CD31+ 
cells from biopsy of well and poorly differenti-
ated OSCC, confirmed an increase of immature 

blood vessels lacking lumen in poorly differenti-
ated OSCC (Figure 7B). ICAM1, intercellular 
adhesion molecule 1, crucial for tumor cell-
endothelial cell adhesion in endothelial cells 
during distant metastasis [37], expression also 
positively correlated with histological differen-
tiation (P = 5.09 × 10-8) (Figure 7C). Immuno- 
histochemistry staining of ICAM1+ cells from 
biopsy of OSCC, confirmed mild increase of 
ICAM1 positive endothelial cells in core area of 
tumors according to histological differentiation 
(Figure 7D). We performed transcriptional and 
immunohistochemical analyses of a previously 
proposed biomarker of responses to chemo-
therapy and angiogenesis blockade therapy, 
Lcn2 [14, 38], which is associated with anti-
angiogenesis [39]. The expression of the poten-
tial predictive biomarker and angiogenesis sup-
pressor, LCN2 [39] negatively correlated with 

Table 3. Demographic and clinical characteristics of patients with regional recurrence

Patients Patients with regional recurrence
11

Patients without regional recurrence
149 P value

Age (y) 60±15 59±14 0.9
Sex, female/male 3/8 58/91 0.74
BMI (kg/m2) 22.3±4.6 22.1±3.2 0.88
AJCC stage 0.3
    I 5/11 (45.5) 45/149 (30.2)
    II 6/11 (54.5) 80/149 (53.7)
    III 0/11 (0) 24/149 (16.1)
Histological differentiation 0.03
    Poorly or moderately 5/11 (45.5) 25/149 (16.8)
    Other 6/11 (54.5) 124/149 (83.2) 
Adjuvant chemotherapy 2/11 (18.2) 45/149 (30.2) 0.5

Table 4. Demographic and clinical characteristics of patients with developing distant metastasis

Patients
Patients with developing distant  

metastasis
9

Patients without developing distant 
metastasis

151
P value

Age (y) 59±14 59±14 0.89
Sex, female/male 1/8 60/91 0.15
BMI (kg/m2) 22.9±3.7 22.1±3.3 0.47
AJCC stage 0.13
    I 1/9 (11.1) 49/151 (32.5)
    II 8/9 (88.9) 78/151 (51.7)
    III 0/9 (0) 24/151 (15.9)
Histological differentiation 0.012
    Poorly or moderately 5/9 (55.6) 21/151 (16.6)
    Other 4/9 (44.4) 126/151 (83.4) 
Adjuvant chemotherapy 5/9 (55.6) 42/151 (27.8) 0.13



Impact of histological differentiation on metronomic neoadjuvant chemotherapy

1042 Am J Cancer Res 2024;14(3):1033-1051

histological differentiation (Figure 7E). Immu- 
nohistological staining revealed higher LCN2 
protein expression levels in well-differentiated 
tumors than in poorly or moderately differenti-
ated tumors (Figure 7F), which was consistent 
with previous findings showing the specific 
expression of LCN2 in well-differentiated pan-
creatic cancer [39]. An immune infiltration anal-
ysis using the Timer 2.0 database revealed that 
the expression of LCN2 negatively correlated 
with the infiltration of endothelial cells (Figure 
7G), indicating its suppressive functions on 
angiogenesis and neovascularization around 
well-differentiated HNSCC. In addition, LCN2 
mRNA expression decreased after a treatment 
with the Wnt inhibitor, Wnt974 (Figure 7H) and 
LCN2 protein expression was reduced in 
Wnt974-treated OSC19 cells (Figure 7I), sug-
gesting that the activation of Wnt plays a role in 
the up-regulation of LCN2 and suppression of 
angiogenesis.

Gene sets associated with poorly differenti-
ated HNSCC

Even if none of the genes in poorly differentiat-
ed HNSCC had a significantly higher percent-
age of P/LP as in well-differentiated tumors, 

the cumulation of non-significant genes but 
having mild trends may still be informative 
when prioritizing candidate genes as relevant 
or increasing susceptibility to poorly differenti-
ated HNSCC. Among genes that were amplified, 
CCND1 (P = 0.123) emerged as a potentially 
relevant gene (Figure 8A). An analysis of vari-
ants of uncertain significance (VUSs) provides 
insights into the pathogenesis of poorly differ-
entiated HNSCC. Therefore, we analyzed VUSs 
that may be relevant to poorly differentiated 
HNSCC, and the results obtained are shown in 
Figure 8B, 8C. NAV3 and ASPM were specifi-
cally mutated in poorly differentiated HNSCC 
(Figure 8B). VUSs in NAV3 and ASPM had sig-
nificantly lower Wnt7A expression levels (P = 
4.0 × 10 -2 and P = 4.9 × 10 -2, respectively), indi-
cating Wnt inhibitory roles in poorly differenti-
ated HNSCC (Figure 8C) [40]. Moreover, aneu-
ploidy scores (P = 2.8 × 10-3) (Figure 8D) were 
significantly higher in poorly or moderately dif-
ferentiated HNSCC, suggesting a relationship 
between aneuploidy and sensitivity to metro-
nomic chemotherapy. This result indicates the 
benefits of a karyotype analysis of patients 
receiving metronomic neoadjuvant chemo- 
therapy. 

Table 5. A multivariate analysis of regional recurrence in patients with stage I-III OSCC

Risk factors
Univariate Analysis Multivariate Analysis

OR (95% CI) P value OR (95% CI) P value
Age (70≤) 1.17 (0.29-4.67) 0.81 1.07 (0.25-4.50) 0.92
Male gender 1.69 (0.43-6.66) 0.43 1.60 (0.39-6.59) 0.5
BMI (25≤) 2.41 (0.59-9.88) 0.21 2.77 (0.61-12.61) 0.18
AJCC stage (II-III) 0.51 (0.15-1.78) 0.29 0.72 (0.18-2.79) 0.64
Poorly or moderately differentiation 4.13 (1.16-14.60) 0.02 5.82 (1.46-23.24) 0.012
Adjuvant chemotherapy 0.51 (0.10-2.47) 0.37 0.33 (0.05-1.97) 0.22
Various prognostic factors and their relationship with regional recurrence, as indicated by OR, were analyzed across the cohort.

Table 6. A multivariate analysis of the development of distant metastasis in patients with stage I-III 
OSCC

Risk factors
Univariate Analysis Multivariate Analysis

OR (95% CI) P value OR (95% CI) P value
Age (70≤) 0.37 (0.01-2.12) 0.3 0.28 (0.03-2.54) 0.25
Male gender 5.27 (0.64-43.25) 0.12 7.11 (0.78-64.31) 0.08
BMI (25≤) 1.76 (0.34-9.09) 0.49 2.39 (0.36-15.83) 0.36
AJCC stage (II-III) 3.84 (0.46-31.59) 0.21 4.55 (0.44-47.00) 0.2
Poorly or moderately differentiation 6.30 (1.58-25.11) 0.009 6.52 (1.39-30.43) 0.01
Adjuvant chemotherapy 3.24 (0.83-12.66) 0.09 1.55 (0.31-7.53) 0.58
Various prognostic factors and their relationship with regional recurrence, as indicated by OR, were analyzed across the cohort.
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Figure 4. Primary outcome according to histologi-
cal differentiation. A. Multivariable Cox propor-
tional hazards regression for overall survival rate 
of patients with poorly or moderately differentiated 
OSCC. The graph shows the HR of the Cox propor-
tional hazards model, with error bars indicating 
two-sided 95% CIs (Cox regression multivariable 
analysis). P values were calculated using multi-
variable Cox proportional hazards regression. Two-
sided P values were calculated. B. Kaplan-Meier 
survival curves comparing OS between patients 
receiving neoadjuvant chemotherapy with S-1 and 
up-front surgery. Poorly or moderately differentia-
tion (left) and well-differentiation (right). P values 
were calculated using the log-rank test. C. Kaplan-
Meier survival curves comparing disease-free sur-
vival between poorly or moderately differentiated 
OSCC patients receiving neoadjuvant chemother-
apy with S-1 and up-front surgery. P values were 
calculated using the log-rank test.
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Figure 5. Overview of P/LP variants enriched in HNSCC genes. A. Allele counts of P/LP variants detected in 43 
known HNSCC genes. B. P/LP variants in 4 genes were enriched in well-differentiated HNSCC relative to other dif-
ferentiated HNSCC (well-differentiated cases n = 63; moderately differentiated cases n = 308; poorly differentiated 
cases n = 123). Genes with P<0.05 are shown. The graph shows the contribution rate of each P/LP variant in pa-
tients with different histological differentiation. P values for differences in the prevalence of P/LP variants between 
well-differentiated cases and other cases are generated by two-sided Fisher’s exact tests. C. The contribution rate 
of the CDKN2A deletion according to the histological differentiation of HNSCC. A deletion in the CDKN2A gene 
was enriched in well-differentiated HNSCC relative to other differentiated HNSCC (well-differentiated cases n = 63; 
moderately differentiated cases n = 308; poorly differentiated cases n = 123). Genes with P<0.05 are shown. The 
graph shows the contribution rate of each CDKN2A deletion in patients with different histological differentiation. P 
values for differences in the prevalence of the CDKN2A deletion between well-differentiated cases and other cases 
are generated by two-sided Fisher’s exact tests. D. Relationship between histological differentiation and CDKN2A 
expression in head and neck cancers. The RSEM values for CDKN2A are shown for head and neck cancers from the 
TCGA dataset. Data are shown as means ± s.e.m. CDKN2A expression positively correlated with histological differ-
entiation using Spearman’s rank-based correlation. E. Relationship between P/LP variants or deletions and Wnt/β-
catenin signaling-related gene expression in head and neck cancers. RNA-Seq by Expectation-Maximization (RSEM) 
values for Wnt7A and Wnt4 are shown for head and neck cancers from the TCGA dataset. Data are shown as means 
± s.e.m. A two-sided t-test was used to assess significance. Numbers indicate P-values. *P<0.05, ***P<0.001. F. 
The contribution of well-differentiation-specific genes in 63 well-differentiated cases.

Figure 6. Molecular mechanisms underlying the development of well-differentiated HNSCC. A. The graph shows the 
allele frequency of P/LP variants in each gene. P values for differences in the frequencies of P/LP variants between 
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genes were generated by the two-sided Student’s t-test. B. Pair relationships of genetic changes among P/LP vari-
ants or deletions in TCGA HNSCC. Genes with P<0.05 are shown. P values were generated by the two-sided Fisher’s 
exact tests. C. Western blots of β-catenin in OSCC cell lines. Band intensities were measured using the software Im-
ageJ. Fold changes relative to the control were calculated using the β-catenin:β-actin ratio. D. Relationship between 
histological differentiation and Wnt7A or Wnt4 expression in head and neck cancers. The RSEM values for Wnt7A 
and Wnt4 are shown for head and neck cancers from the TCGA dataset. Data are shown as means ± s.e.m. Wnt7A 
and Wnt4 expression negatively correlated with histological differentiation using Spearman’s rank-based correla-
tion. E. Overview of 5 genes with P/LP variants or deletions significantly enriched in well-differentiated HNSCC. 
The upper graph depicts the stage and molecular mechanisms throughout tumor development of 5 significantly 
enriched genes.

Discussion

To the best of our knowledge, this is the first 
comparative study of metronomic neoadjuvant 
chemotherapy with S-1 alone for OSCC. We 
characterized the genetic landscape of OSCC 
patients who benefit from this treatment. To 
examine the effectiveness of neoadjuvant che-
motherapy, we excluded patients with stage IV 
OSCC from the analysis. Following the adminis-
tration of metronomic neoadjuvant chemother-
apy with S-1, an increase was observed in the 
overall survival rate of patients with poorly or 
moderately differentiated OSCC (93.8% in neo-
adjuvant chemotherapy versus 50.0% in up-
front surgery). Additionally, some P/LP variants 
in the top-ranked genes were specifically de- 
tected in well-differentiated cases, highlighting 
its effectiveness as a tool for screening in 
future personalized medicine. 

The results showing the survival advantage of 
metronomic neoadjuvant chemotherapy with 
S-1 for OSCC will prompt a reconsideration of 
this treatment, which is not currently recom-
mended in the NCCN guidelines due to the lack 
of evidence for a survival advantage in ran- 
domized trials with neoadjuvant chemotherapy 
based on MTD [41]. The present results indi-
cate that at least patients with poorly or mo- 
derately differentiated OSCC obtain a survival 
advantage from metronomic neoadjuvant che-
motherapy, which supports the implementation 
of neoadjuvant chemotherapy with S-1 for 
poorly or moderately differentiated OSCC. 
Since the development of poorly or moderately 
differentiated OSCC might be a direct process, 
spanning occult (not detectable in clinical or 
imaging examinations) and overt (distant 
metastasis) stages, metronomic neoadjuvant 
chemotherapy is beneficial for these patients 
[42]. 

The relationship between histological differen-
tiation and chemotherapy or radiotherapy sen-
sitivity is well known. Retrospective studies 

revealed that patients with poorly or moderate-
ly differentiated OSCC were more likely to 
achieve a pathological complete response af- 
ter metronomic neoadjuvant chemotherapy 
[43], which partly explains the survival advan-
tage of poorly or moderately differentiated 
OSCC patients treated with metronomic neoad-
juvant chemotherapy with S-1 in the present 
study (Figure 4). Furthermore, previous studies 
indicated that patients with poorly or moder-
ately differentiated HNSCC were likely to  
have various cytokines associated with the 
immune environment. Metronomic chemother-
apy exerts its anti-tumor effects by using 
immune cells in the tumor microenvironment. 
The activation of the Wnt pathway in well-differ-
entiated HNSCC suggests that the immune 
exclusion process by the Wnt pathway [44] 
needs to be considered in the etiology of well-
differentiated HNSCC.

The genes described in the present study are 
involved in processes that were previously not 
recognized to play a role in the pathogenesis of 
well-differentiated HNSCC. The identification of 
well-differentiated HNSCC-enriched pathogen-
ic variants in FAT1 broadens the phenotypic 
spectrum of this gene beyond its currently 
understood role in Wnt/β-catenin activation 
[26]. The discovery of high β-catenin expres-
sion levels demonstrates that the pathophy- 
siology of well-differentiated HNSCC may begin 
as early as at the formation of cell adhesion. 
Additionally, decreases in angiogenesis based 
on CD31 expression have been reported in an 
orthotopic nude mouse pancreatic adenocarci-
noma (PDAC) model with the overexpression of 
LCN2 [38], and this study described their histo-
logical differentiation-dependent expression, 
implying that these anti-angiogenic expression 
patterns are shared in HNSCC and PDAC. 

Due to the limitations of a retrospective analy-
sis, the clinical characteristics of the neoadju-
vant chemotherapy and up-front surgery groups 
were not balanced. Beyond these limitations, 
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Figure 7. Increases in the angiogenesis suppressor LCN2 in well-differentiated HNSCC. A. Relationship between 
histological differentiation and CD31 protein expression in head and neck cancers. The Reverse Phase Protein 



Impact of histological differentiation on metronomic neoadjuvant chemotherapy

1048 Am J Cancer Res 2024;14(3):1033-1051

Array (RPPA) values for CD31 are shown for head and neck cancers from the TCGA dataset. Labels indicate the 
minimum, 25th percentile, median, 75th percentile and maximum. CD31 expression correlated with histological 
differentiation using Spearman’s rank-based correlation. B. Immunohistochemistry stain of CD31 expression on 
biopsy sample from a patient with well-differentiated OSCC (left) versus poorly differentiated OSCC (right). White and 
black arrows denote mature and immature vessel, respectively. C. ICAM1 mRNA expression correlated with histo-
logical differentiation using Spearman’s rank-based correlation. Data are shown as means ± s.e.m. D. Differences 
in ICAM1 protein expression in well-, moderately, and poorly differentiated OSCC. Representative histopathology 
from well-, moderately, and poorly differentiated OSCC stained for ICAM1 (left). Differences in mean ICAM1-positive 
endothelial cell counts in core area of well-, moderately, and poorly differentiated OSCC are shown (right). Graphs 
of ICAM1 show the percentages of positive endothelial cells in core of the OSCC at each histological differentiation. 
Data are shown as means ± s.e.m. The percentage of ICAM1-positive endothelial cells in core area of tumors had 
mild trends with histological differentiation using Spearman’s rank-based correlation. E. LCN2 mRNA expression 
negatively correlated with histological differentiation using Spearman’s rank-based correlation. Data are shown 
as means ± s.e.m. F. Differences in LCN2 protein expression in well-, moderately, and poorly differentiated OSCC. 
Representative histopathology from well-, moderately, and poorly differentiated OSCC stained for LCN2 (left). Dif-
ferences in mean LCN2-positive tumor cell counts in well-, moderately, and poorly differentiated OSCC are shown 
(right). Graphs of LCN2 show the percentages of positive tumor cells at each histological differentiation. Data are 
shown as means ± s.e.m. The percentage of LCN2-positive cells in tumors negatively correlated with histological 
differentiation using Spearman’s rank-based correlation. G. Scatterplots of the relationships between LCN2 expres-
sion, tumor purity, and the infiltration levels of endothelial cells. Scatterplots are calculated based on the TCGA data 
of 499 HNSCCs through the ‘Gene Module’ in Timer2.0. The line in each plot is the fitted linear model. H. Quantifica-
tion of LCN2 mRNA levels normalized to β-actin (n = 5). Data are shown as means ± s.e.m. The two-sided t-test was 
used to assess significance. ***P<0.001. OSC19 cells were pretreated with 10 μM Wnt974 for 48 h. I. A Western 
blot analysis of OSC19 cell lines treated with 10 μM Wnt974 for 2 days. Cell lysates were collected for a Western blot 
analysis of LCN2 and β-actin. Band intensities were measured using the software ImageJ. Fold changes relative to 
the control were calculated using the LCN2:β-actin ratio.

Figure 8. Gene sets associated with poorly differentiated HNSCC. A. The contribution rate of CCND1 amplification 
according to the histological differentiation of HNSCC. The rate of CCND1 amplification between the different types 
of histological differentiation was calculated from two-sided Fisher’s exact tests and generated P values. B. The con-
tribution rate of NAV3 and ASPM variants according to the histological differentiation of HNSCC. The rates of NVA3 
and ASPM variants between the different types of histological differentiation were calculated from the two-sided 
Fisher’s exact test and generated P values. C. Relationship between minor variants and Wnt7A expression in head 
and neck cancers. RSEM values for Wnt7A are shown for head and neck cancers from the TCGA dataset. Data are 
shown as means ± s.e.m. A two-sided t-test was used to assess significance. Numbers indicate P-values. *P<0.05. 
D. Aneuploidy scores in patients with well-, moderately, and poorly differentiated HNSCC. We used the Kruskal-
Wallis test for comparisons between the different types of histological differentiation. Labels indicate the minimum, 
25th percentile, median, 75th percentile, and maximum. N on the x-axis represents the number of patients.
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our sample size lacked sufficient statistical 
power to detect interactions between sub-
groups (well vs. poorly or moderately). Pros- 
pective and multi-institutional studies are cru-
cial for overcoming the limitations of this study 
and investigating the impact of “metronomic” 
neoadjuvant chemotherapy on OSCC. 

In summary, metronomic neoadjuvant chemo-
therapy with S-1 alone significantly increased 
the overall survival rate of patients with poorly 
or moderately differentiated OSCC, but not 
those with well-differentiated OSCC. In addi-
tion, this study characterized pathogenic vari-
ants in well-differentiated HNSCC, broadening 
the scope of known genes associated with 
HNSCC and depicting the genetic landscape  
of HNSCC according to histological differentia-
tion, which will provide insights into common 
genetic factors in metronomic chemotherapy 
sensitivity. 
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