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Abstract

Background: The prognosis of advanced oral cancer remains dismal. While multimodal therapy is beneficial,
maintaining the quality of life of long-term survivors is important. Therefore, risk-adapted treatment regimens need
to be designed. We herein investigated whether pathological responses in oral cancer patients treated with
preoperative chemoradiotherapy predict locoregional recurrence.

Methods: We retrospectively reviewed the data of 51 oral cancer patients who received preoperative radiotherapy
and concurrent pepleomycin, followed by curative surgery at our institution between January 2009 and June 2018.
Each patient received preoperative external beam irradiation to the primary tumor and lymphatics (2 Gy per day for
approximately 3 weeks) concurrent with pepleomycin (2.5 mg/day). Surgery was performed approximately 3-4
weeks after the completion of preoperative chemoradiotherapy. Pathological responses were defined based on the
grading system of Oboshi and Shimosato.

Results: Eight, 22, 16, and 5 patients had Oboshi and Shimosato grades 2a, 2b, 3, and 4, respectively. Favorable
pathological responses (grades 3 and 4) were observed in 41.2% of patients (21 out of 51 patients). The
pathological response and number of pathological lymph node metastases were identified as significant prognostic
factors for locoregional control in the univariate analysis. Three-year locoregional control rates were 100 and 56.6%
in patients with favorable and unfavorable pathological responses, respectively.

Conclusions: The present study demonstrated that pathological tumor responses to preoperative
chemoradiotherapy are a useful predictive factor for locoregional control.
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Background

The prognosis of advanced oral squamous cell carcin-
oma (OSCC) remains dismal, but may be improved by
multimodal therapy. Advanced OSCC is typically treated
by surgery with or without postoperative radiotherapy or
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chemoradiotherapy based on pathological findings [1].
Preoperative chemoradiotherapy has been conducted in
some centers, and a literature-based meta-analysis indi-
cated no significant differences in survival between pre-
and postoperative adjuvant radiotherapy; however, data
from prospective randomized studies comparing these
two therapies for OSCC remain limited [2]. The
Japanese oral cancer guidelines state that preoperative
chemoradiotherapy may be beneficial for locoregional
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control and overall survival (OS), and increase the po-
tential for limited surgery on primary sites in patients
with resectable locally advanced OSCC [3].

Since the treatment outcomes of head and neck cancer
are improved by multidisciplinary therapy, efforts to
maintain the quality of life (QOL) of long-term survivors
are crucial. Adjuvant radiotherapy after surgery for head
and neck cancer is associated with late adverse events, in-
cluding xerostomia and dysphagia, which deteriorate
QOL [4]. Lower-dose irradiation to the parotid gland and
swallowing structures is associated with fewer and less se-
vere late adverse events, resulting in better QOL [5, 6].
However, less intensive therapy, such as lower-dose ir-
radiation, may increase the risk of recurrence, and oral
cancer patients with recurrence, regardless of an initially
early stage, have a poor prognosis [7]. Therefore, risk-
adapted treatment regimens need to be designed. The dif-
ficulties associated with the selection of initial treatment
strategies, particularly adjuvant radiotherapy and less or
more intensive treatments, are attributed to the chal-
lenges of maintaining the balance between the preserva-
tion of function and cosmesis and locoregional control in
head and neck cancer. Therefore, the identification of
prognostic factors is crucial for predicting the prognosis
of each patient and selecting appropriate optimal therapy.

We performed preoperative chemoradiotherapy con-
sisting of low-dose irradiation and pepleomycin followed
by surgery for oral cancer patients with primary tumors
of 3 cm or larger or clinically positive lymph node (LN)
metastases in an attempt to improve curability and en-
able less invasive surgery. In the present study, we inves-
tigated whether pathological responses in oral cancer
patients treated with preoperative chemoradiotherapy
predict locoregional recurrence.

Methods
Patient eligibility
Between January 2009 and June 2018, 89 patients with
oral cancer were referred to the Department of Radi-
ation Oncology, Shizuoka City Shizuoka Hospital.
Among these patients, 7 who received palliative radio-
therapy, 6 curative radiotherapy without surgery for ei-
ther primary or recurrent disease, 14 postoperative
radiotherapy with or without preoperative radiotherapy,
and 10 preoperative radiotherapy and concurrent sys-
tematic therapy other than pepleomycin were excluded.
The remaining 51 patients treated with preoperative
radiotherapy and concurrent pepleomycin followed by
curative surgery were examined in the present study.
The pretreatment work-up included a physical exam-
ination, contrast-enhanced computed tomography
(CECT) unless contraindicated and/or magnetic reson-
ance imaging (MRI) to assess the tumor extent, and/or
2-deoxy-2[F-18] fluoro-D-glucose positron emission
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tomography (FDG-PET) to detect LN metastases and
distant metastases. Patient staging was revised according
to the 7th UICC clinical staging system. All tumors were
diagnosed as squamous cell carcinoma by a histopatho-
logical examination of biopsy specimens. This retro-
spective study was approved by the Institutional Review
Board, and written informed consent was waived be-
cause of its retrospective design.

Treatment

Radiotherapy was performed using EXL-15SP (Mitsu-
bishi) with energy of 6MVX before July 2016 and with
Clinac iX (Varian) with energy of 4 or 10 MVX after July
2016. Patients were treated with two- or three-
dimensional conformal radiotherapy. Each patient re-
ceived external beam irradiation to the primary tumor
and lymphatics (2Gy per day for approximately 3
weeks). The total dose was selected based on the degree
of acute mucositis and extent of shrinkage of the pri-
mary tumor at the discretion of the treating physician.
The elective nodal field was mainly decided based on the
primary site and extent of disease. Concurrent chemo-
therapy with low-dose pepleomycin (2.5 mg/day) was ad-
ministered subcutaneously in a 10-h continuous
injection daily to prevent interstitial pneumonia during
radiation [8]. Surgery was performed approximately 3
weeks after the completion of preoperative chemoradio-
therapy. Primary tumor surgery with or without neck
dissection was conducted. Limited surgery was per-
formed on patients with a favorable clinical response in
soft tissue organs, such as the tongue and buccal mu-
cosa. Neck dissection was conducted based on the risk
of nodal spread and discretion of the surgeon. Compre-
hensive or selective neck dissection was performed de-
pending on the extent of the primary tumor, primary
tumor thickness, number and site of clinical lymph node
metastasis, and presence/absence of extranodal exten-
sion. In reconstruction, a radial forearm flap, rectus ab-
dominis flap, scapula osteocutaneous flap, and latissimus
dorsi flap were used where necessary. The safety margins
of the primary lesion were 10-20 mm from palpable
margins. Frozen sections obtained during surgery were
examined to confirm adequate margins.

Histopathological evaluation

All tumor specimens were fixed in 10% buffered forma-
lin, cut into 5-mm-thick sections, and then embedded in
paraffin. We took haematoxylin and eosin-stained slides
of all tumor sections and evaluated histopathological re-
sponse by all slides (the median number of slides were 8,
range: 1-23). Pathological responses were defined based
on the grading system of Oboshi and Shimosato [9, 10].
Grade 0 corresponds to no response. In grade 1 corre-
sponding to a minor response, cancer cells are damaged
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without the destruction of the tumor structure. In grades
2a and 2b, destruction of the tumor structure is ob-
served in addition to damaged cancer cells (in less than
75% of the analyzed tissue in grade 2a and more than
75% in grade 2b). In grade 3, non-viable cancer cells are
present. In grade 4, no cancer cells are found. A favor-
able pathological response is defined as the absence of
any viable tumor cells (grades 3 and 4), equivalent to a
complete response. An unfavorable pathological re-
sponse was defined as the presence of any viable tumor
cells (grades 0-2b). Two experienced pathologists (Y.E.
and T. M, our co-authors) performed pathological evalu-
ation of the tumors. Disagreement about pathological re-
sponse between the two pathologists were resolved by
consensus.

Follow-up

After the completion of surgery, patients were followed up
every month by a clinical examination and every 3 months
by computed tomography during the first 2 years, and
every 6 months thereafter until death or data censoring.
Clinical data on adverse events were retrospectively col-
lected from medical records and the grade was deter-
mined according to National Cancer Institute Common
Toxicity Criteria for Adverse Events (CTCAE) version 4.0.

Outcomes and statistical analysis
OS and disease-specific survival (DSS) were calculated
from the date of the start of chemoradiotherapy to the
date of death from any cause or from oral cancer, re-
spectively. Time to locoregional recurrence was calcu-
lated from the date of the start of chemoradiotherapy to
the date of first local or regional recurrence, respectively.
A survival analysis was conducted using the Kaplan-
Meier method and Log-rank test. Statistical analyses were
performed with Fisher’s exact test for categorical variables
or the Wilcoxon rank-sum test for numerical variables.
All tests were two-sided at a significance level of 0.05.
Analyses were performed using R version 352 (The R
Foundation for Statistical Computing, Vienna, Austria).

Results

Patients

Baseline clinical and treatment characteristics are shown
in Table 1. Median age was 68 years old (31-84). Ten
patients had cervical LN metastases after the initial
treatment. Clinical stage T3—4 primary tumors and clin-
ical stage N2 LN metastases were observed in 49.0 and
45.1% of patients, respectively. Radiotherapy was tar-
geted to the unilateral neck in 23.5% of patients and the
whole neck in 76.5%. The median total dose of radio-
therapy was 30 Gy (22-36 Gy). Surgery was performed
within 4 weeks of preoperative chemoradiotherapy (me-
dian, 21days) in 94.1% of patients (48 out of 51).

Table 1 Clinical and treatment characteristics
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n=>51

Sex

Male 27

Female 24
Age

Median 68

Range 31-84
Disease

Primary 38

Recurrent 13
Sites

Tongue 9

Maxillary gingiva 6

Mandibular gingiva 17

Buccal mucosa 2

Soft palate 1

Floor of the mouth 6

Occult cervical lymph node metastasis 10
Clinical T classification

Tx 10

T 0

12 16

T3 9

T4 16
Clinical N classification

NO 13

N1 15

N2a 2

N2b 17

N2c 4

N3 0
Treatment machine

EXL-15SP 43

Clinac iX 8
Radiation Field

Hemineck 12

Whole neck 39
Total dose

Median (range) 30 (22-36) Gy

<30Gy 20

>30Gy 31
Neck dissection

None 6

Ipsilateral neck 29

Bilateral neck 16
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Ipsilateral and bilateral neck dissection were performed
on 56.9 and 31.4% of patients, respectively.

Pathological responses to chemoradiotherapy
Pathological stages and tumor characteristics are shown
in Table 2. No patients showed grade 0-1 responses of
the Oboshi and Shimosato classification, while grades
2a, 2b, 3, and, 4 were observed in 8, 22, 16, and 5 pa-
tients, respectively. A favorable pathological response
(Oboshi and Shimosato grades 3 and 4) was noted in
41.2% of patients (21 out of 51 patients).

Locoregional control and OS

The median follow-up period was 52.1 months. At the
end of the follow-up, 13 patients had disease progression
and 11 had died. The cause of death was disease pro-
gression in 8 patients, sepsis due to other diseases in 2,
and colon cancer in 1. The sites of failure were locore-
gional recurrence in 13 patients and distant recurrence
in 6. All locoregional recurrence occurred as the first site
of recurrence. Three-year OS, 3-year DSS, and 3-year
locoregional control rates in all patients were 78.6, 84.7,
and 75.1%, respectively (Fig. 1). Besides the number of
pathological LN metastases, the pathological response
was identified as the only significant prognostic factor
for locoregional control in the univariate analysis
(Table 3). Three-year locoregional control rates were
100 and 56.6% in patients with favorable and unfavor-
able pathological responses, respectively. The locoregio-
nal control rate was significantly higher for patients with
favorable pathological responses than for those with un-
favorable responses (p < 0.05; Fig. 2). A favorable patho-
logical response correlated with DSS (p <0.05; Fig. 3)
and was associated with OS (p =0.05; Fig. 4). No other
relationships were observed between pathological re-
sponses and other clinicopathological factors, including
the number of pathological LN metastases or treatment-
related factors (Table 4). In 38 cases excluding recurrent

Table 2 Pathological characteristics at surgical resection

Number of pathological lymph node metastases
0-1 36
22 15
Site of pathological lymph node metastases
Level IV orV 3
Other level or no metastasis 48

Pathological response based on the Oboshi and Shimosato classification

Grade 0-1 0
Grade 2a 8
Grade 2b 22
Grade 3 16
Grade 4 5
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disease, 3-year locoregional control rates were 100 and
62.9% in patients with favorable and unfavorable patho-
logical responses, respectively (p <0.05). Similar trends
were observed for OS and DSS (p <0.05). In 25 cases of
clinically advanced-T-stage (T3—4) disease, 3-year OS, 3-
year DSS, and 3-year locoregional control rates were
77.3, 83.2, and 69.1%, respectively. The locoregional con-
trol rate was significantly higher for advanced-T-stage
patients with favorable pathological responses than for
those with unfavorable responses (100% compared with
42.7%; p =0.004). A favorable pathological response
showed marginally significant and no association with
DSS and OS (p = 0.06 and p = 0.2), respectively.

Adverse events

Grade 2/3 anemia, neutropenia, and thrombocytopenia
were observed in 14/2, 15/0, and 0/1 patients, respect-
ively. The patient with grade 3 thrombocytopenia had a
coexistent alcoholic liver cirrhosis. No patient showed
grade 4 myelosuppression. Thirteen and 5 patients
showed grade 1 and 2 late xerostomia, respectively.
Grade 3 aspiration, aspiration pneumonia requiring ad-
mission, was observed in 4 patients.

Discussion

In the present study, we demonstrated that pathological
responses to preoperative chemoradiotherapy predicted
locoregional control rates. Although our patients re-
ceived low-dose irradiation (median 30 Gy, range 22-36
Gy), locoregional recurrence was not detected in those
with favorable pathological responses. The present re-
sults indicate the potential of a favorable pathological re-
sponse as a good surrogate marker for controlling
microscopic and macroscopic tumors even with low-
dose irradiation in combination with chemotherapy and
surgery. Low-dose irradiation may result in fewer ad-
verse events and better QOL.

Previous studies reported a relationship between the
prognosis of patients with oral or oropharyngeal cancer and
responses to preoperative chemoradiotherapy [10, 11]. Pa-
tients with stage II-IV oral or oropharyngeal cancer were
treated with preoperative chemoradiotherapy (50 Gy in 25
daily fractions and concurrent chemotherapy with mitomy-
cin C and fluorouracil), followed by radical surgery. Two-
thirds of patients were responders, who were defined as
having no vital tumor or minimal tumor remnants encom-
passing less than 5%. Locoregional control was significantly
better for responders than for non-responders (2 years;
92.4-94.2% vs. 68.0-69.8%, p <0.001) [11]. Kirita et al. re-
ported a relationship between survival and pathological re-
sponses after preoperative chemoradiotherapy (40 Gy in 20
daily fractions, cisplatin- or carboplatin-based chemother-
apy) in patients with stage II-IV tongue cancer. Responders
were defined as grades 2b, 3, and 4 based on the Oboshi/
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Shimosato classification. Progression-free survival rates
were higher for responders than for non-responders (2
years; 95.7—-100 vs. 50%). Favorable pathological responses
(grades 3/4 in 25/5 patients, respectively) were observed in
30 patients (69.8%) based on our definition [10]. The
present study showed a favorable pathological response
based on the Oboshi/Shimosato classification in 41.2% of
patients, which was lower than that in previous studies.
This discrepancy may be attributed to lower-dose preopera-
tive irradiation and differences in chemotherapy regimens,
pathological response criteria, and patient backgrounds.
However, the prognosis of responders in the present study
was similar to that in previous studies, even though our pa-
tients received lower-dose irradiation. Therefore, lower-
dose irradiation may be sufficient for patients with favor-
able pathological responses. To the best of our knowledge,
few studies have investigated the relationship between the

prognosis of patients with oral cancer and responses to pre-
operative low-dose chemoradiotherapy.

Surgical resection may exert adverse effects on appear-
ance, swallowing, speech, and shoulder function, while
the addition of adjuvant radiotherapy may cause xerosto-
mia, altered taste, dental decay, and osteoradionecrosis
with deteriorating dysphagia [12]. Combined treatments
may provide the best chance of a cure at the cost of
more frequent and severe adverse events and lower
QOL. A systematic review of 26 retrospective studies on
QOL in head and neck cancer patients treated with sur-
gery alone or in combination with adjuvant radiotherapy
demonstrated that the addition of adjuvant radiation
worsened mouth dryness, thick saliva, and difficulty with
mouth opening [4]. The current National Comprehen-
sive Cancer Network guidelines recommend adjuvant
radiotherapy of at least 44 and 60 Gy at 2 Gy/fraction to
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Table 3 Log-rank analysis of locoregional control

n 3-year locoregional control  p-value
Disease
Primary 38 80.3% p=02
Recurrent 13 61.5%
Number of pathological LN metastases
0 23 90.2% p <005
21 28 634%
<1 36 82.1% p=0.1
22 15 593%
Treatment machine
EXL-155P 43 75.8% p =07
Clinac iX 8 75.0%
Total dose
<30Gy 20 77.9% p=09
230Gy 31 732%
Radiation field
Unilateral neck 12 75.0% p=10
Whole neck 39 754%
Neck dissection
None/Ipsilateral 35 81.7% p=0.1
Bilateral 16 614%

Pathological response based on the Oboshi Shimosato classification
> Grade 3 21 p <0.001
< Grade 2 30

100%
56.6%

lower and higher risk regions of the neck, respectively
[1]. Radiation dose-response relationships were previ-
ously reported between swallowing structures and late
dysphagia [13] and the parotid glands and late xerosto-
mia [5, 14]. Lee et al. demonstrated that the threshold
value of the parotid mean dose for the incidence of
LENT-SOMA grade 3 or higher xerostomia was 20 Gy
[5]; however, there was no threshold dose for RTOG/
EORTC grade 4 xerostomia in the study by Dijkema et al.
[14]. Severe late xerostomia was observed in 50% of
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patients with parotid mean doses of 39.9-43.6 Gy [5, 14].
A QUANTEC review recommended that the mean dose
to each parotid gland needs to be kept as low as possible,
consistent with desired clinical target volume coverage
[15]. Levendag et al. reported that the threshold value in
the superior constrictor muscle, one of the swallowing
structures, for the incidence of RTOG grade 3 or more
dysphagia was 21 Gy [13]. Intensity-modulated radiation
therapy (IMRT) is a useful technique for delivering a high
dose to the tumor and minimizing the dose to organs at
risk (OAR) by varying the beam intensity in the radiation
field. This technique was previously shown to reduce the
incidence and degree of late adverse events, including late
xerostomia and dysphagia, without decreasing locoregio-
nal tumor control [16, 17]. However, in a situation in
which parotid glands and swallowing structures are within
or near tumor tissues, IMRT cannot reduce the radiation
dose for these OAR sufficiently when standard high-dose
radiotherapy consisting of 70 Gy in curative settings or 60
to 66 Gy in adjuvant settings was delivered in 2-Gy frac-
tions. Previous studies demonstrated that the average
mean doses to pharyngeal constrictors and the ipsilateral/
contralateral parotid gland were 58 and 47.6/25.4 Gy, re-
spectively, in head and neck cancer patients treated with
standard curative radiotherapy, even with the IMRT tech-
nique [16, 17]. Therefore, lower-dose irradiation consist-
ing of 30Gy in 2-Gy fractions in the present study is
considered to offer the clinically meaningful benefit of al-
leviating late radiation toxicity. Ongoing clinical trials are
investigating whether dose de-escalations may be safely
performed without the worsening of treatment outcomes
in head and neck cancer patients, mainly human papil-
loma virus (HPV)-related oropharyngeal cancer patients,
in curative or adjuvant radiotherapy settings [18]. Al-
though the prognosis of HPV-related head and neck can-
cer patients is good [19], the low incidence of HPV-
related oral cancer (13.8% by pl6 positivity) suggests a
minor role in oncogenesis in Japanese oral cancer patients
[20]. Although the majority of our patients were consid-
ered to have HPV-unrelated oral cancer, preoperative
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lower-dose radiotherapy with chemotherapy and surgery
may be sufficient for tumor control in patients with favor-
able pathological responses.

The Japanese oral cancer guidelines recommend pre-
or postoperative chemoradiotherapy for better locoregio-
nal control and OS in patients with advanced oral cancer
[3]. The NCCN guidelines recommend postoperative
radiotherapy for oral cancer patients with adverse risk
features, including extranodal extension, a positive mar-
gin, pT3 or T4 primary tumors, N2 or N3 nodal disease,
nodal disease at level IV or V, perineural invasion, vas-
cular embolism, and lymphatic invasion, without de-
scribing  their recommendations on preoperative
radiotherapy for oral cancer. Since our patients were
treated with preoperative chemoradiotherapy and sur-
gery, the pathological data obtained cannot be compared
with those from patients undergoing upfront surgery. In
our study, about half of the patients (10 of 21 patients)
with clinically more than one positive neck node were
downstaged to no or one pathologically positive neck
node by preoperative chemoradiotherapy. Systematic re-
views on the diagnostic accuracy of oral cancer demon-
strated that CT and MRI were useful for evaluating the
extension of the primary tumor site, and FDG-PET may
contribute to the detection of metastatic cervical lymph
nodes [21]. Clinical staging by multi-modality imaging is

consistent with pathological staging in oral cancer. The
pretreatment work-up in the present study revealed that
76.5% of our patients had clinical T3-4 and/or clinical
N2-3 and/or recurrent disease, while the remaining 12
patients had clinical T2NO-1. Occult metastases have
been reported in 13-33% of T1 tumors and 37-53% of
T2 tumors at the time of diagnosis, even in clinical early
T-stage and node-negative oral cancer patients classified
by morphological imaging only [22]. Some of our pa-
tients with clinical T2NO-1 may have lymph node me-
tastases pathologically and be suitable for postoperative
radiotherapy. Therefore, many of our patients receiving
preoperative chemoradiotherapy and undergoing surgery
may be candidates for upfront surgery and postoperative
chemoradiotherapy, although there was a possibility of
overtreatment with preoperative chemoradiotherapy in
some of our early stage oral cancer patients. The Na-
tional Cancer Database study showed the patients with
clinical T34 oral cancer had a 3-year OS of 49.7% when
treated with surgery and postoperative radiotherapy
compared with 36.0% when treated with definitive che-
moradiotherapy [23]. A study by Zhong et al. demon-
strated that 2-year OS and 2-year progression-free
survival (PFS) were 90.1 and 79.9% in the clinical T3—4
oral cancer patients receiving induction chemotherapy
with docetaxel, cisplatin, and fluorouracil followed by

0.8
|

1

|

1

_i_'

T
-

(/2]
[0 11l 11 | 1l Il u
"é ] T T T T T T T L
g
S o]
3
w
I —— Unfavorable
o | ---- Favorable
© T T T T T T
0 20 40 60 80 100 120
months

Fig. 4 Overall survival rates in patients with favorable versus unfavorable pathological responses




Katagiri et al. BMC Cancer (2020) 20:1216

Table 4 Comparison of clinicopathological factors between
favorable and unfavorable pathological groups

<Grade 2 >Grade 3
n=30 n =21
Disease
Primary 21 17 p=0518
Recurrent 9 4
Clinical T classification
cTX-2 16 10 p=07793
cI3-4 14 "
Clinical N classification
cNO-1 18 10 p =04078
cN2a- 12 11
Number of pathological LN metastases
0 13 10 p =0.7828
21 17 "
<1 23 13 p =03514
22 7 8
Median (range) 1 (0-10) 1 (0-5) p =0.903
Total dose median (range) 30 (25-36) Gy 30 (22-36) Gy p =0.7271
Period from radiotherapy end to surgery
Median (range) 23 (12-33) days 20 (8-36) days p =0.2051
Treatment machine
EXL-15SP 25 18 p=10
Clinac iX 5 3
Radiation field
Unilateral neck 7 5 p=10
Whole neck 23 16
Neck dissection
None/ipsilateral 18 17 p=0.14
Bilateral 12 4

surgery and postoperative radiotherapy (about 95% of
the patients received at least 54Gy irradiation), respect-
ively [24]. Our clinical T3-4 patients had a 2-year OS
and 2-year PFS of 83.2 and 66.3%, respectively. Our
treatment outcomes might not be inferior to those in
the above-described studies.

The present study has several limitations. The sample
size in this single-institution study was small. Further-
more, it was a retrospective study that may have had a
selection bias. Several patients with locoregionally ad-
vanced disease underwent other treatments, including
curative radiotherapy or upfront surgery with postopera-
tive radiotherapy because they were older or had comor-
bidities. Therefore, the present results cannot be
generalized to locoregionally advanced oral cancer pa-
tients with an older age and comorbidities. In addition,
the definition of favorable pathological response was
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different among studies. Favorable pathological response
was defined as the absence of any viable tumor cells
(grades 3 and 4) in our study, whereas it was defined as
a few or no viable tumor cells (grades 2b-4) in a study of
Kirita et al. [10]. Judging whether viable tumor cells were
present (grades 0-2b) or absent (grades 3 and 4) seemed
more concordant between observers than calculating the
number of viable tumor cells, which was based on the
discrimination between grades 2a and 2b. However, the
overestimation bias of grade 3 response may exist if a
small number of tumor sections for evaluation leads to
overlooking viable tumor cells. This bias can be mini-
mized in our study because the number of tumor sec-
tions for evaluation was thought to be enough (median
7, range: 1-13). Furthermore, we selected pepleomycin,
a bleomycin derivative with less pulmonary toxicity than
bleomycin, as the radiation sensitizer because it was ex-
pected to be less myelotoxic than platinum-based
chemotherapy even though it has been associated with
an increased risk of pulmonary fibrosis and more severe
mucositis. Concurrent chemoradiotherapy with bleo-
mycin has been administered to patients with head and
neck cancer and esophageal cancer [25, 26]. Platinum-
based chemoradiotherapy is now the standard treatment
regimen for these cancers, partly because of the pulmon-
ary toxicity of bleomycin and clinical evidence support-
ing the utility of platinum-based chemoradiotherapy in
various cancers. None of the patients in the present
study developed pulmonary fibrosis, which may have
been due to the continuous injection of pepleomycin [8].
Another limitation is that the adverse events of radio-
therapy, including dry mouth and dysphagia, were not
systematically reported for patients in the present study,
although low-dose irradiation was expected to alleviate
toxicity. The frequency and severity of adverse events
might be underestimated in our study. Prospective QOL
survey will be needed to validate our results. Preclinical
studies previously demonstrated that the administration
of pepleomycin sensitized the effects of radiation on can-
cer cells, but not on normal oral mucosal or salivary
gland cells [27, 28]. The tumor specificity of this drug
may enable lower-dose irradiation to control oral cancer
with negligible damage to normal tissues. Further studies
are needed to confirm these results. In addition, surgical
and radiation techniques were non-uniform because they
were selected at the discretion of the surgeon and radi-
ation oncologist. However, no significant differences
were observed in surgical or radiation techniques be-
tween patients with favorable and unfavorable patho-
logical responses.

Conclusions
The present results demonstrated that pathological
tumor responses to preoperative chemoradiotherapy are
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useful predictive factors for locoregional control and
DSS in combination with chemotherapy and surgery.
Low-dose irradiation may be sufficient for patients with
good pathological responses; therefore, these patients
may avoid radiation-induced late toxicity associated with
higher doses of irradiation. On the other hand, patients
with unfavorable pathological responses need to receive
more aggressive treatments, such as more intensive
chemotherapy, higher doses of preoperative irradiation,
or the addition of adjuvant irradiation.

Abbreviations

OSCC: Oral squamous cell carcinoma; OS: Overall survival; QOL: Quality of life;
LN: Lymph node; CECT: Contrast-enhanced computed tomography;

MRI: Magnetic resonance imaging; FDG-PET: 2-Deoxy-2[F-18] fluoro-D-
glucose positron emission tomography; CTCAE: Common toxicity criteria for
adverse events; DSS: Disease-specific survival; IMRT: Intensity-modulated
radiation therapy; OAR: Organs at risk; HPV: Human papilloma virus;

PFS: Progression-free survival

Acknowledgments
None.

Authors’ contributions

All authors contributed to the study conception and design. TK analyzed the
data and wrote the manuscript. YO, HM, and KH collected the data and
wrote manuscript. YE and TM interpreted the data. All authors have read and
approved the final manuscript.

Funding
None.

Availability of data and materials

The datasets generated during the current study are not publicly available
since they will contain patient data and the informed consent agreement
does not include sharing data publicly. An anonymized form of the data
could be made available from the corresponding author upon reasonable
request.

Ethics approval and consent to participate

This retrospective study was approved by the Institutional Review Board of
Shizuoka City Shizuoka Hospital, and written informed consent was waived
because of its retrospective design. Approval was registered under local
number 20-04. The director of Shizuoka City Shizuoka Hospital provided
administrative permissions for access to the patient data used in our
research.

Consent for publication
Not applicable.

Competing interests
None.

Author details

'Department of Radiation Oncology, Shizuoka City Shizuoka Hospital, 10-93,
Ohtemachi, Shizuoka, Aoi-ku 420-8630, Japan. 2Departmem of Oral and
Maxillofacial Surgery, Shizuoka City Shizuoka Hospital, Shizuoka, Japan.
*Department of Diagnostic Pathology, Shizuoka City Shizuoka Hospital,
Shizuoka, Japan.

Received: 7 August 2020 Accepted: 1 December 2020
Published online: 10 December 2020

References

1. National Comprehensive Cancer Network Clinical Practice Guidelines in
Oncology. Head and Neck Cancers, Version 1. 2020. https://www.nccn.org/
professionals/physician_gls/pdf/head-and-neck pdf. Accessed 12 Feb 2020.

10.

Page 9 of 10

Klug C, Berzaczy D, Voracek M, Millesi W. Preoperative chemoradiotherapy
in the management of oral cancer: a review. J Craniomaxillofac Surg. 2008;
36(2):75-88. https://doi.org/10.1016/}.jcms.2007.06.007.

Tumors. JSFO, Surgeons. JSoOaM (2013) Evidence-based Oral Cancer
treatment guideline. Kanehara Shuppan, Tokyo.

Rathod S, Livergant J, Klein J, Witterick |, Ringash J. A systematic review of
quality of life in head and neck cancer treated with surgery with or without
adjuvant treatment. Oral Oncol. 2015;51(10):888-900. https.//doi.org/10.
1016/j.0raloncology.2015.07.002.

Lee TF, Chao PJ, Wang HY, Hsu HC, Chang P, Chen WC. Normal tissue
complication probability model parameter estimation for xerostomia in
head and neck cancer patients based on scintigraphy and quality of life
assessments. BMC Cancer. 2012;12:567. https//doi.org/10.1186/1471-2407-
12-567.

Dirix P, Abbeel S, Vanstraelen B, Hermans R, Nuyts S. Dysphagia after
chemoradiotherapy for head-and-neck squamous cell carcinoma: dose-
effect relationships for the swallowing structures. Int J Radiat Oncol Biol
Phys. 2009;75(2):385-92. https://doi.org/10.1016/jijrobp.2008.11.041.
Katsoulakis E, Leeman JE, Lok BH, Shi W, Zhang Z, Tsai JC, McBride SM,
Sherman EJ, Cohen M, Wong R, Ganly |, Lee NY, Riaz N. Long-term
outcomes in oral cavity squamous cell carcinoma with adjuvant and
salvage radiotherapy after surgery. Laryngoscope. 2018;128(11):2539-45.
https://doi.org/10.1002/lary.27191.

Kanazawa H, Takahashi K, Hanazawa Y, Uchiyama S, Takahara T, Takahara M,
Muto M, Kinehara M, Sato K. Continuous subcutaneous infusion of
peplomycin in oral squamous carcinoma. Gan To Kagaku Ryoho. 1989;16(4
Pt 1):775-80.

Shimosato Y, Oboshii S, Baba K. Histological evaluation of effects of
radiotherapy and chemotherapy for carcinomas. Jpn J Clin Oncol. 1971;1:
19-35.

Kirita T, Shimooka H, Yamanaka Y, Tatebayashi S, Yamamoto K, Nishimine M,
Sugimura M. Prognostic value of response to preoperative
chemoradiotherapy and residual tumor grades in tongue carcinoma. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod. 2001,91(3):293-300. https://
doi.org/10.1067/moe.2001.112686.

Klug C, Wutzl A, Kermer C, Ploder O, Sulzbacher |, Selzer E, Voracek M,
Oeckher M, Ewers R, Millesi W. Preoperative radiochemotherapy and radical
resection for stages Il to IV oral and oropharyngeal cancer: grade of
regression as crucial prognostic factor. Int J Oral Maxillofac Surg. 2005;34(3):
262-7. https://doi.org/10.1016/jijom.2004.04.004.

Fang FM, Chien CY, Kuo SC, Chiu HC, Wang CJ. Changes in quality of life of
head-and-neck cancer patients following postoperative radiotherapy. Acta
Oncol. 2004;43(6):571-8. https://doi.org/10.1080/02841860410018430.
Levendag PC, Teguh DN, Voet P, van der Est H, Noever |, de Kruijf WJ,
Kolkman-Deurloo IK, Prevost JB, Poll J, Schmitz PI, Heijmen BJ. Dysphagia
disorders in patients with cancer of the oropharynx are significantly affected
by the radiation therapy dose to the superior and middle constrictor
muscle: a dose-effect relationship. Radiother Oncol. 2007,85(1):64-73.
https://doi.org/10.1016/j.radonc.2007.07.009.

Dijkema T, Raaijmakers CP, Ten Haken RK, Roesink JM, Braam PM,
Houweling AC, Moerland MA, Eisbruch A, Terhaard CH. Parotid gland
function after radiotherapy: the combined Michigan and Utrecht
experience. Int J Radiat Oncol Biol Phys. 2010,78(2):449-53. https://doi.org/
10.1016/j.ijrobp.2009.07.1708.

Deasy JO, Moiseenko V, Marks L, Chao KS, Nam J, Eisbruch A. Radiotherapy
dose-volume effects on salivary gland function. Int J Radiat Oncol Biol Phys.
2010;76(3 Suppl):S58-63. https://doi.org/10.1016/}.ijrobp.2009.06.090.

Feng FY, Kim HM, Lyden TH, Haxer MJ, Worden FP, Feng M, Moyer JS,
Prince ME, Carey TE, Wolf GT, Bradford CR, Chepeha DB, Eisbruch A.
Intensity-modulated chemoradiotherapy aiming to reduce dysphagia in
patients with oropharyngeal cancer: clinical and functional results. J Clin
Oncol. 2010;28(16):2732-8. https://doi.org/10.1200/jc0.2009.24.6199.

Nutting CM, Morden JP, Harrington KJ, Urbano TG, Bhide SA, Clark C, Miles
EA, Miah AB, Newbold K, Tanay M, Adab F, Jefferies SJ, Scrase C, Yap BK,
A'Hern RP, Sydenham MA, Emson M, Hall E. Parotid-sparing intensity
modulated versus conventional radiotherapy in head and neck cancer
(PARSPORT): a phase 3 multicentre randomised controlled trial. Lancet
Oncol. 2011;12(2):127-36. https://doi.org/10.1016/51470-2045(10)70290-4.
Tam M, Hu K. Regional radiation therapy for Oropharyngeal Cancer in the
HPV era. Semin Radiat Oncol. 2019,29(2):126-36. https.//doi.org/10.1016/j.
semradonc.2018.11.011.


https://www.nccn.org/professionals/physician_gls/pdf/head-and-neck.pdf
https://www.nccn.org/professionals/physician_gls/pdf/head-and-neck.pdf
https://doi.org/10.1016/j.jcms.2007.06.007
https://doi.org/10.1016/j.oraloncology.2015.07.002
https://doi.org/10.1016/j.oraloncology.2015.07.002
https://doi.org/10.1186/1471-2407-12-567
https://doi.org/10.1186/1471-2407-12-567
https://doi.org/10.1016/j.ijrobp.2008.11.041
https://doi.org/10.1002/lary.27191
https://doi.org/10.1067/moe.2001.112686
https://doi.org/10.1067/moe.2001.112686
https://doi.org/10.1016/j.ijom.2004.04.004
https://doi.org/10.1080/02841860410018430
https://doi.org/10.1016/j.radonc.2007.07.009
https://doi.org/10.1016/j.ijrobp.2009.07.1708
https://doi.org/10.1016/j.ijrobp.2009.07.1708
https://doi.org/10.1016/j.ijrobp.2009.06.090
https://doi.org/10.1200/jco.2009.24.6199
https://doi.org/10.1016/s1470-2045(10)70290-4
https://doi.org/10.1016/j.semradonc.2018.11.011
https://doi.org/10.1016/j.semradonc.2018.11.011

Katagiri et al. BMC Cancer

20.

21.

22.

23.

24.

25.

26.

27.

28.

(2020) 20:1216

Kobayashi K, Hisamatsu K, Suzui N, Hara A, Tomita H, Miyazaki T. A review of
HPV-related head and neck Cancer. J Clin Med. 2018;7(9). https.//doi.org/10.
3390/jcm7090241.

Kouketsu A, Sato |, Abe S, Oikawa M, Shimizu Y, Takahashi T, Kumamoto H.
Detection of human papillomavirus infection in oral squamous cell
carcinoma: a cohort study of Japanese patients. J Oral Pathol Med. 2016;
45(8):565-72. https://doi.org/10.1111/jop.12416.

Blatt S, Ziebart T, Kriger M, Pabst AM. Diagnosing oral squamous cell
carcinoma: how much imaging do we really need? A review of the current
literature. J Craniomaxillofac Surg. 2016;44(5):538-49. https://doi.org/10.
1016/},jcms.2016.02.003.

Fasunla AJ, Greene BH, Timmesfeld N, Wiegand S, Werner JA, Sesterhenn
AM. A meta-analysis of the randomized controlled trials on elective neck
dissection versus therapeutic neck dissection in oral cavity cancers with
clinically node-negative neck. Oral Oncol. 2011;47(5):320-4. https.//doi.org/
10.1016/j.oraloncology.2011.03.009.

Spiotto MT, Jefferson G, Wenig B, Markiewicz M, Weichselbaum RR, Koshy
M. Differences in survival with surgery and postoperative radiotherapy
compared with definitive Chemoradiotherapy for Oral cavity Cancer: a
National Cancer Database Analysis. JAMA Otolaryngol Head Neck Surg.
2017;143(7):691-9. https://doi.org/10.1001/jamaoto.2017.0012.

Zhong L, Zhang C, Ren G, Guo W, William WN, Sun J, Zhu H, Tu W, Li J, Cai
Y, Wang L, Fan X, Wang Z, Hu Y, Ji T, Yang W, Ye W, Li J, He Y, Wang Y, Xu
L, Wang B, Kies MS, Lee JJ, Myers JN, Zhang Z (2013) Randomized phase Il
trial of induction chemotherapy with docetaxel, cisplatin, and fluorouracil
followed by surgery versus up-front surgery in locally advanced resectable
oral squamous cell carcinoma. J Clin Oncol 31 (6):744-751. doi:https://doi.
0rg/10.1200/jc0.2012.43.8820.

Kleinberg L, Gibson MK, Forastiere AA. Chemoradiotherapy for localized
esophageal cancer: regimen selection and molecular mechanisms of
radiosensitization. Nat Clin Pract Oncol. 2007;4(5):282-94. https://doi.org/10.
1038/ncponc0796.

Tobias JS, Monson K, Gupta N, Macdougall H, Glaholm J, Hutchison |,
Kadalayil L, Hackshaw A. Chemoradiotherapy for locally advanced head and
neck cancer: 10-year follow-up of the UK head and neck (UKHANT) trial.
Lancet Oncol. 2010;11(1):66-74. https.//doi.org/10.1016/51470-
2045(09)70306-7.

Liu Y, Sakagami H, Amano O, Kikuchi H, Nakamura Y, Ishihara M, Kanda Y,
Kunii S, Zhang W, Yu G. Tumor-specific cytotoxicity and type of cell death
induced by peplomycin in oral squamous cell carcinoma cell lines.
Anticancer Res. 2008;28(4B):2197-204.

Urade M, Sugi M, Igarashi T. Effect of filipin, a polyene antibiotic, on human
tumor cell killing in vitro by peplomycin. Gan To Kagaku Ryoho. 1986;13(11):
3244-50.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.3390/jcm7090241
https://doi.org/10.3390/jcm7090241
https://doi.org/10.1111/jop.12416
https://doi.org/10.1016/j.jcms.2016.02.003
https://doi.org/10.1016/j.jcms.2016.02.003
https://doi.org/10.1016/j.oraloncology.2011.03.009
https://doi.org/10.1016/j.oraloncology.2011.03.009
https://doi.org/10.1001/jamaoto.2017.0012
https://doi.org/10.1200/jco.2012.43.8820
https://doi.org/10.1200/jco.2012.43.8820
https://doi.org/10.1038/ncponc0796
https://doi.org/10.1038/ncponc0796
https://doi.org/10.1016/s1470-2045(09)70306-7
https://doi.org/10.1016/s1470-2045(09)70306-7

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patient eligibility
	Treatment
	Histopathological evaluation
	Follow-up
	Outcomes and statistical analysis

	Results
	Patients
	Pathological responses to chemoradiotherapy
	Locoregional control and OS
	Adverse events

	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

