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Abstract

Background: The purpose of the present study was to investigate the clini-
copathological characteristics and prognostic factors of second primary oral
squamous cell carcinoma after radiotherapy for head and neck cancer. Me-
thods: The clinicopathological characteristics of 27-second primary oral
squamous cell carcinoma patients with a history of radiotherapy for head and
neck cancer were retrospectively analyzed by Kaplan-Meier survival analysis
and Cox proportional hazards model, including gender, age, alcohol consump-
tion, smoking, clinical stage, margin status, regional lymph node status, tumor
differentiation and treatment mode. Results: The second primary oral squam-
ous cell carcinoma mostly occurred on the tongue (11/27), buccal (9/27) and
gingiva (7/27), and the 3- and 5-year overall survival (OS) was 60.3% and
39.4%, respectively. Margin status and extranodal extension were significantly
associated with OS, while only margin status was found to be an independent
prognostic factor of OS in the Cox proportional hazards model (P = 0.003,
HR = 3.976, 95% CI: 1.596 - 9.904). Conclusion: Oral squamous cell carci-
noma patients who underwent radiotherapy for head and neck cancer show
poor survival outcomes. Margin status is an independent prognostic factor of
second primary oral squamous cell carcinoma.
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1. Introduction

Radiotherapy is an essential treatment modality for various malignant head and
neck tumors such as nasopharyngeal carcinoma (NPC) and oral squamous cell
carcinoma (OSCC) [1] [2] [3] [4]. However, some patients who underwent radi-
otherapy may develop second malignant tumors in the oral and maxillofacial re-
gion, whose clinicopathological characteristics are quite different from that of
sporadic oral cancer [5] [6] [7] [8]. Although many organs are exposed to high-
or moderate-dose radiation in the radiotherapy for head and neck cancer, the
incidence of second malignant tumors varies substantially among different sites.
For example, few second tumors are derived from thyroid and salivary gland [1],
and the most common site is the oral cavity, in which squamous cell carcinoma
was the most common histologic type [1] [9]. A recent study has revealed that
NPC survivors with second OSCC had worse prognosis than those with sporadic
lesions [5]. The nasopharynx, oral cavity and oropharynx are particularly suscept-
ible to radiation-induced tumorigenesis. However, there are few studies on the
second primary OSCC in patients who underwent radiotherapy for head and neck
tumor, and its clinicopathological characteristics remain unclear.

The present study aims to analyze the clinicopathological characteristics and
prognostic factors of second primary OSCC after radiotherapy for head and neck

cancer.

2. Patients and Clinical Data

The present study was a retrospective study on second primary OSCC patients
with a history of radiotherapy involving oral cavity. The clinical, pathological
and therapeutic data of all OSCC patients with a history of radiotherapy for head
and neck tumor in the chu HASSAN II of FEZ from Dec 2017 to Jan 2022 were
retrospectively reviewed. In brief: 1) they previously underwent radiotherapy for
head and neck cancer; 2) the sites of secondary tumor were not adjacent to the
first primary OSCC; and 3) there was a period of at least 6 months from the sur-
gery to the diagnosis of the second primary tumor. All tumors were confirmed
as squamous cell carcinoma in pathology.

The clinicopathological characteristics of patients, including gender, age, alco-
hol consumption, smoking, clinical stage, margin status, regional lymph node sta-
tus, tumor differentiation and treatment mode, were analyzed by Kaplan-Meier
survival analysis (overall survival (OS) and disease-free survival (DFS)), and sig-
nificant prognostic factors of OS were determined by the Cox proportional ha-
zards model.

Cancer stage was determined according to the 8th criteria of the American
Joint Committee on Cancer (AJCC) [10]. The main therapy for the second pri-
mary tumor was surgery alone or comprehensive treatment based on surgery.
Alcohol consumption and smoking was reviewed in the history of clinical data.
Regional lymph node status and tumor differentiation was assessed by patholog-
ical diagnosis if neck dissection was performed. Microscopically clear margins were
obtained by surgery and assessed in real time. Positive margins were resected im-
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mediately until tumor-free margins were verified histologically. The margin sta-
tus was recorded as positive if there was an initial cut-through with an invasive
tumor at the surgical margin. Adjuvant therapy was administered to patients with

positive margins.

3. Outcome Analysis

Survival was measured from the date of pathologic diagnosis to the most recent
contact or death. Follow-up was carried out every 2 - 4 months for the first year,
every 4 - 6 months for the second year and then every 6 months. Computed to-
mography scans of craniomaxillofacial and neck regions and lungs were performed
every 6 months. Positron emission computed tomography was performed if there
was suspicion of distant metastasis. The patients were followed up until January
2022.

4. Results

A total of 27 patients (17 males and 10 females) with complete clinical data were
enrolled in the study. Their ages ranged from 32 to 81 years with a median of 61
years at diagnosis, and OSCC mostly occurred on the tongue (11/27), buccal
(9/27) and gingiva (7/27). Of these 27 patients, 07 were NPC survivors and 20
were non-NPC survivors, and the primary tumor was located in the head and
neck region and treated with radiotherapy. NPC survivors had higher, albeit not
statistically significant, DFS (P = 0.069, HR = 0.377, 95% CI: 0.132 - 1.080) and
OS (P =0.216, HR = 0.543, 95% CI: 0.207 - 1.428) than non-NPC survivors (Figure
1). The follow-up ranged from 4 to 116 months with a median of 40.5 months,
and two patients were lost in follow-up. 18 patients were dead during the fol-
low-up. The most frequent sites of the first primary tumor were the oral cavity,

than nasopharynx and oropharynx.
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Figure 1. OS and DFS of NPC survivors and non-NPC survivors. (A) OS of NPC survivors and non-NPC survivors showed no
significant difference. (B) NPC survivors showed a trend of better DFS than non-NPC survivors, but the difference showed no
significance (P = 0.055). OS: overall survival; NPC: nasopharyngeal carcinoma; DFS: disease free survival.
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5. Treatment

The second primary OSCC was treated primarily by surgery. Complete resection
was performed in all patients with initial cut-through with an invasive tumor at
the surgical margin (n = 9). Of these 27 patients, 16 received surgery alone and
11 received comprehensive treatment based on surgery, in which 10 received sur-
gery combined with chemotherapy and 1 received surgery combined with che-
moradiotherapy. There was no significant difference in OS (P = 0.908, HR =
0.948, 95% CI: 0.383 - 2.345) and DFS (P = 0.880, HR = 0.937, 95% CI: 0.405 -
2.170) between patients received surgery only and those patients received com-

prehensive treatment.

6. Prognostic Factors

The 3- and 5-year OS was 60.3% and 39.4%, and the 1-, 2-, 3- and 5-year DFS
was 75.0%, 38.3%, 35.8% and 30.4%, respectively. Margin status (P = 0.002, HR
=4.033, 95% CI: 1.643 - 9.899) and ENE (P = 0.050, HR = 2.765, 95% CI: 0.954 -
8.012) were significantly associated with OS; and margin status was also signifi-
cantly associated with DFS (P = 0.002, HR = 3.538, 95% CI: 1.608 - 7.782). How-
ever, age (P = 0.151, HR = 0.582, 95% CI: 0.274 - 1.234), gender (P = 0.519, HR =
0.783, 95% CI: 0.371 - 1.652), alcohol consumption (P = 0.388, HR = 1.886, 95%
CI: 0.447 - 7.962), smoking (P = 0.161, HR = 2.138, 95% CI: 0.740 - 6.183), clini-
cal stage (P = 0.497, HR = 1.345, 95% CI: 0.571 - 3.167), lymph node metastasis
(P = 0.866, HR = 1.071, 95% CI: 0.483 - 2.377) and tumor differentiation (P =
0.505, HR = 1.434, 95% CI: 0.497 - 4.141) were not significantly associated with
OS. The multivariate analysis showed that only margin status was a significant
independent prognostic factor of OS (P = 0.003, HR = 3.976, 95% CI: 1.596 -
9.904) (Figure 2).

7. Discussions

The present study has revealed that secondary OSCC patients underwent radio-
therapy for head and neck cancer show poor survival outcomes, and the prog-
nostic of squamous cell carcinoma in oral cavity with a history of radiotherapy
was not in accordance with its sporadic counterpart. Margin status is an indepen-
dent prognostic factor of second primary OSCC.

Complete resection with tumor-free margins is a key goal of oncologic sur-
gery. However, our clinical experience has suggested that it is difficult to identify
tumor border in OSCC patients with a history of radiotherapy due to changes in
the soft tissue and chronic oral mucosal inflammation after radiotherapy. Occa-
sionally, there is an initial cut-through of the invasive tumor at the surgical mar-
gin. Although additional adjacent tumor-free margins are achieved, the risk of lo-
cal relapse is still high [11]. In the present study, additional adjacent tumor-free
margins are achieved in all cases, and margin status is found to be an indepen-
dent prognostic factor of OS in patients developed second primary OSCC and

it is also significantly associated with DFS. Thus, it is important to determine
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Figure 2. Prognostic factors of second OSCC. Kaplan-Meier analysis of 27 patients with second OSCC by margin status ((A), (C)),
ENE (B) and clinical stage (D). The log-rank test showed that patients with positive margin had a worse OS (A) and DFS (C), and
patients with ENE+ had a worse OS (B). While clinical stage was not significantly associated with OS (D). OSCC: oral squamous

cell carcinoma; ENE: extranodal extension; OS: overall survival; DFS: disease free survival.

the border of the secondary tumor and achieve a clear margin in surgery in these
patients.

The presence or absence of ENE is used to assign N category in AJCC 8th edi-
tion in head and neck SCC. ENE is defined as tumor extension through the lymph
node capsule into surrounding connective tissues [12]. In our study, ENE is found
to be significantly associated with OS.

Lifestyle factors such as tobacco and alcohol abuse may have a negative impact
on OS [13] [14]. In this study, there is no significant association between lifestyle
factors (alcohol consumption and smoking) and the survival of patients. How-
ever, it is important to note that we could not obtain an accurate record of smok-
ing in pack-years and the number of alcohol consumption days per week or the
amount of drinking per day.

Ionizing radiation is a well-known risk factor of malignant tumors. Previous

studies on second primary tumors in the head and neck region induced by radi-
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otherapy have mainly focused on NPC survivors. However, we have also found
in clinical practice that patients underwent radiotherapy for head and neck can-
cer could have tumors in the oral cavity, major salivary gland, and nasal cavity.
Thus, non-NPC survivors should also be considered in investigating the out-
comes and clinicopathological characteristics of second primary OSCC. A recent
study including some non-NPC survivors in second primary tumor patients has
focused only on specific gingival squamous cell carcinoma [6]. To the best of our
knowledge, this is the first study on the prognosis of second primary OSCC in
both NPC and non-NPC survivors with a history of radiotherapy for head and
neck cancer.

It has been reported that the survival outcome is better in patients with spo-
radic oral cancer than in patients with a history of radiotherapy for head and
neck cancer. Zhang et al [7] and Sun et al [15] investigated the prognosis of
tongue squamous cell carcinoma with a history of radiotherapy for NPC. Dai et
al. [5] showed that second primary OSCC had a worse outcome than sporadic
OSCC in NPC survivors. In the present study, the 5-year OS of patients with
secondary OSCC is 39.4%, which is much worse than those with sporadic lesions
reported in literature.

It is also noted that the sites differ between sporadic oral cancer and second
primary tumor in patients with a history of radiotherapy. The most frequent sites
of second primary tumor are the tongue, gingiva and buccal, while those of spo-
radic lesions are the tongue, gingiva and hard plate [6].

We have found that the prognosis of second primary oral cancer is not in ac-
cordance with the clinical stage of AJCC staging system on OSCC. Patients with
stage II, IIT and IV lesions show similar OS. The patients with clinical stage I had
a trend of better prognosis than other stages (significance was reached compar-
ing stage I and III, P = 0.018). Fu et al [6] found that some clinicopathologic
characteristics, such as prominent sites and TNM stage, were significant prognos-
tic factors of second primary gingival squamous cell carcinoma after radiothera-
py. Thus, the prognostic factor of secondary OSCC may be different from that of
sporadic OSCC.

It is difficult to select the cases with secondary tumors caused by radiotherapy
and make critical distinction between tumors caused by radiotherapy and spo-
radic tumors arising after radiotherapy. In all of the previous investigations on
secondary malignant tumors, there was no exact method to distinguish second-
ary tumors from sporadic except by criteria based on reviewing the history of
radiation. Although it is difficult to make critical distinction of tumor caused by
radiotherapy and tumor can occur without radiotherapy involved, it is impor-
tant to investigate the difference between malignancy with and without a history
of radiotherapy in oral and maxillofacial region. In the present study, we ana-
lyzed the patients with a history of radiotherapy involving the region of second-
ary tumors, following the criteria established by previous investigators of select-

ing the secondary tumors with the greatest extent possible.
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The use of intensity-modulated radiation therapy (IMRT) for head and neck
tumor has been increasing in recent years, as it has the potential to deliver com-
plex dose distributions to avoid critical structures close to the target. However,
concerns exist about whether the risk of second cancer after radiotherapy could
be reduced. However, Ardenfors et al [16] investigated whether IMRT and
3-dimensional conformal radiotherapy (3D-CRT) could reduce the risk of second
tumors induced by radiotherapy for head and neck tumor. The results showed
that the redistribution of the dose characteristic to IMRT only leads to a redi-
stribution of risks in individual tissue, but no difference in total levels of risk was
found between the irradiation techniques considered.

The mechanism of the difference between secondary OSCC and sporadic SCC
remains unknown. The poor outcome may be attributed to Bmil upregulation in
the secondary lesions [17]. Patients often present with chronic oral mucosal in-
flammation after radiotherapy, but it remains unknown whether such inflamma-
tion could develop to carcinoma. The mechanism of second primary OSCC re-

quires further investigation.

8. Conclusion

Secondary OSCC patients who underwent radiotherapy for head and neck can-
cer show poor survival outcomes, and margin status is an independent prognos-

tic factor of second primary OSCC.
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