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Abstract
We examined the bene�ts of adjuvant radiotherapy (aRT) for patients with tongue squamous cell carcinoma (SCC). The
Surveillance, Epidemiology, and End Results database was applied to identify patients treated with or without aRT for tongue
SCC. The Kaplan–Meier method and log-rank test assessed survival curves for SCC stages strati�ed by aRT. Hazard ratios
were estimated for stage and aRT concerning overall survival (OS) and disease-speci�c survival (DSS). Propensity-score
matching was performed to assess differences in baseline characteristics. We included 3322 cases. The total number of
deaths and disease-speci�c deaths were 1234 (37.15%) and 938 (28.24%), respectively. The Kaplan–Meier curves for 5-year
OS and DSS showed that patients receiving aRT had lower and higher survival probabilities during Stages I and IV, respectively
(P<0.0001). On Cox regression analysis, aRT and 5-year OS and DSS were positively and negatively associated with Stage I
and Stage IV patients, respectively. Sensitivity analysis results were consistent before and after PSM. OS and DSS of Stage II
and III patients in the aRT and non-aRT groups were not signi�cantly different (P<0.05). aRT WAS signi�cantly associated with
survival bene�ts and worse survival for Stage IV and I tongue SCC cases, respectively.

Introduction
Annually, squamous cell carcinoma (SCC) affects more than 650,000 people worldwide, and 330,000 people die from the
disease each year [1–3]. Several factors may contribute to the development of oral and oropharyngeal SCC, including tobacco
use, alcohol consumption, and human papillomavirus infection [4–6]. In response to the national health campaign and public
health awareness, the incidence of oral cancer has declined in general [5, 7]. However, several studies have reported that head
and neck cancer is becoming more common among young people and women, indicating an epidemiological shift from older
adults and men to younger adults and women [5, 8–10]. Moreover, public health concerns remain signi�cant because of the
disease burden. Cancers affecting the anterior two-thirds of the tongue are referred to as carcinomas of the tongue, whereas
those affecting the posterior one-third are referred to as base of tongue cancers [6]. In SCC of the body of the tongue, the
malignant clinical characteristics include rapid local invasion and lymph node metastasis, which can result in impaired speech
and chewing and, ultimately, affect the patients’ quality of life [11, 12]. Although diagnostic techniques and modalities have
advanced dramatically in recent years, the overall survival (OS) rate for tongue SCC has been reduced owing to its
clinicopathological features [13–16].

Over the past few decades, the therapeutic regimen for SCC has not changed signi�cantly. Various treatments are currently
used, including radiotherapy alone or in combination with adjuvant chemotherapy, resection of the primary tumor with or
without adjuvant radiotherapy (aRT), and neck dissection [1, 17]. Previous studies have found that head and neck cancer
patients with high-risk features bene�t from postoperative chemotherapy in terms of local-regional control and disease-free
survival [18, 19]. In contrast, short- and long-term radiation therapies are frequently associated with toxic side effects,
including dysgeusia, dysphagia, aspiration, mucositis, soft tissue necrosis, carotid atherosclerosis, stroke, radiation �brosis,
osteoradionecrosis, and cranial neuropathy [4, 20]. Radiation therapy regimens are currently topics of controversy. According
to some evidence, aRT does not appear have considerable bene�ts for oral SCC at the early stage [21–24]. Other reports have
suggested that aRT is effective, even during the early stages of head and neck SCC [25–29]. However, these studies have
limitations. Sandhya et al. and Shim et al. conducted their studies with a limited number of patients [21, 22] and Luryi et al.
and Sowder et al. did not evaluate the bene�ts of radiotherapy for each subsite [23, 24]. Therefore, there is a need to
investigate appropriate groups for postoperative radiotherapy, which can alleviate the side effects of therapeutic regimens and
provide patients with a better quality of life.

The National Comprehensive Cancer Network treatment guidelines recommend a combination of surgery and radiotherapy as
the primary treatment for early-stage oral SCC; however, reports on its effectiveness are limited [30]. Therefore, we extracted
data from the Surveillance, Epidemiology, and End Results (SEER) database, funded by the National Cancer Institute, to
address this knowledge gap regarding the effect of radiotherapy on survival in patients with entire tongue SCC. This study was
designed to examine the effects of aRT on patients by using the SEER database with different stages of SCC involving the



Page 3/16

entire tongue body (including the frontal two-thirds of the tongue and base of the tongue), identify the most suitable group of
patients for aRT, and reduce unnecessary therapeutic procedures.

Results

Patient characteristics
Initially, the data of 13379 SCC patients were retrieved from the SEER database between 2004 and 2015. After excluding 6659
cases coded with surg prim site code 0 (none, no surgery of primary site; autopsy only), 446 patients with Tx, 29 patients with
Nx, 36 patients with Mx, 17 patients with surg prim site code 99 (unknown if surgery was performed; death certi�cate only),
2749 patients with a follow-up duration < 5 years, and 121 cases recorded with missing data, a total of 3322 patients were
enrolled for the �nal analysis (Fig. 1). Among them, 3322 cases had 5-year OS data and 3026 cases had 5-year disease-free
survival (DSS) data. These patients were predominantly men (63.73%); 36.27% of the patients were women. The total number
of deaths and disease-speci�c deaths (DSDs) were 1234 (37.15%) and 938 (28.24%), respectively.

Based on the therapeutic regimens, we classi�ed the included patients into two groups, surgery with and without aRT, and
compared the baseline characteristics of the two groups. The differences in age, sex, race, primary site, grade, chemotherapy,
stage, and TN classi�cation were signi�cant (P < 0.05) of aRT and non-aRT receivers, but not M classi�cation (P > 0.05), in the
initial data (Table 1). 
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Table 1
Baseline characteristics of aRT receivers and non-aRT receivers (2004–2015)

  aRT P-value

No (n = 1709) Yes (n = 1613)

Age     < 0.001

30–49 years 373 (21.83%) 352 (21.82%)  

50–59 years 446 (26.10%) 570 (35.34%)  

60–69 years 420 (24.58%) 446 (27.65%)  

≥ 70 years 470 (27.50%) 245 (15.19%)  

Sex     < 0.001

Female 717 (41.95%) 488 (30.25%)  

Male 992 (58.05%) 1125 (69.75%)  

Race     0.004

White 1468 (85.90%) 1370 (84.93%)  

Black 74 (4.33%) 109 (6.76%)  

others 167 (9.77%) 134 (8.31%)  

Primary site     < 0.001

Base of tongue 266 (15.56%) 708 (43.89%)  

Dorsal surface of tongue 108 (6.32%) 68 (4.22%)  

Border of tongue 544 (31.83%) 338 (20.95%)  

Ventral surface of tongue 325 (19.02%) 164 (10.17%)  

Anterior 2/3 of tongue 466 (27.27%) 335 (20.77%)  

Grade     < 0.001

I-Well differentiated 543 (31.77%) 134 (8.31%)  

II-Moderately differentiated 887 (51.90%) 847 (52.51%)  

III-Poorly differentiated 271 (15.86%) 613 (38.00%)  

IV-Undifferentiated 8 (0.47%) 19 (1.18%)  

Chemotherapy     < 0.001

Yes 42 (2.46%) 855 (53.01%)  

No/Unknown 1667 (97.54%) 758 (46.99%)  

Stage     < 0.001

I 1096 (64.13%) 181 (11.22%)  

II 272 (15.92%) 212 (13.14%)  

III 174 (10.18%) 393 (24.36%)  

aRT, adjuvant radiotherapy; NOS, not otherwise speci�ed
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  aRT P-value

No (n = 1709) Yes (n = 1613)

IV 167 (9.78%) 827 (51.27%)  

T-classi�cation     < 0.001

T1 1203 (70.39%) 508 (31.49%)  

T2 355 (20.77%) 691 (42.84%)  

T3 95 (5.56%) 208 (12.90%)  

T4a 52 (3.04%) 189 (11.72%)  

T4b 4 (0.23%) 15 (0.93%)  

T4NOS 0 (0.00%) 2 (0.12%)  

N-classi�cation     < 0.001

N0 1442 (84.38%) 492 (30.50%)  

N1 144 (8.43%) 380 (23.56%)  

N2a 24 (1.40%) 108 (6.70%)  

N2b 71 (4.15%) 465 (28.83%)  

N2c 18 (1.05%) 120 (7.44%)  

N2NOS 3 (0.18%) 12 (0.74%)  

N3 7 (0.41%) 36 (2.23%)  

M-classi�cation     0.138

M0 1694 (99.12%) 1590 (98.57%)  

M1 15 (0.88%) 23 (1.43%)  

aRT, adjuvant radiotherapy; NOS, not otherwise speci�ed

Kaplan–Meier survival curves for 5-year OS and DSS
Kaplan–Meier survival analysis revealed that among Stage I patients, 14.27% received aRT, while 85.83% did not, compared
with 16.8% non-aRT receivers and 83.2% aRT receivers among those with Stage IV disease (Table 1). Stage I patients
undergoing aRT had a lower 5-year survival probability for both OS and DSS than non-aRT receivers. (P < 0.0001) (Fig. 2a, e) In
contrast, aRT showed signi�cant bene�ts for the treatment of Stage IV tumors, with a 10–20% improvement in the OS and
DSS survival probabilities (P < 0.0001) (Fig. 2d, h). In addition, there were no signi�cant survival bene�ts of aRT for aRT and
non-aRT receivers with Stage II and III tumors (Fig. 2b, c, f, g) (P > 0.05).

Impact of aRT on 5-year overall death and disease-speci�c death in patients with different tumor stages

Cox regression analysis showed that among Stage I patients, the 5-year overall death (OD) risk in aRT receivers increased by
105% (Hazard ratio [HR], 2.05; 95% con�dence interval [CI], 1.57–2.67) and the 5-year DSD risk in aRT receivers increased by
171% (HR, 2.71, 95% CI, 1.97–3.72) in contrast with those in non-aRT receivers in the non-adjusted model. Among Stage IV
patients, the 5-year OD risk in aRT receivers decreased by 48% (HR, 0.52; 95% CI, 0.42–0.6), and the 5-year DSD risk in aRT
receivers decreased by 49% (HR, 0.51; 95% CI, 0.41–0.6) compared to those in non-aRT receivers in the non-adjusted model.
Stage II and III patients receiving aRT and those not receiving aRT did not differ signi�cantly. Similar results were observed for
the adjusted model (Table 2). 
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Table 2
Impact of aRT on OD and DSD in patients with different tumor stages

  Stage I

HR (95%CI)

Stage II

HR (95%CI)

Stage III

HR (95%CI)

Stage IV

HR (95%CI)

OD

(305/1277)

DSD

(187/1159)

OD

(181/484)

DSD

(121/424)

OD

(235/567)

DSD

(187/519)

OD

(513/994)

DSD

(443/924)

Non-
adjusted

               

aRT No Reference Reference Reference Reference Reference Reference Reference Reference

Yes 2.05 (1.57,
2.67) *

2.71 (1.97,
3.72) *

1.21
(0.90,
1.61)

1.22
(0.85,
1.74)

0.84
(0.64,
1.09)

0.84
(0.62,
1.15)

0.52
(0.42,
0.64) *

0.51
(0.41,
0.64) *

Adjusted a                

aRT No Reference Reference Reference Reference Reference Reference Reference Reference

Yes 1.72 (1.28,
2.33) *

2.07 (1.43,
2.98) *

1.18
(0.85,
1.63)

1.13
(0.75,
1.68)

1.00
(0.74,
1.36)

1.01
(0.72,
1.42)

0.58
(0.45,
0.74) *

0.59
(0.45,
0.77) *

*indicates P < 0.05

aadjusted for age, sex, race, primary site, grade, and chemotherapy.

aRT, adjuvant radiotherapy; CI, con�dence interval; DSD, disease-speci�c death; HR, hazard ratio; OD, overall death

Sensitivity analysis
We matched 1502 cases in the aRT (n = 751) and non-aRT (n = 751) groups by propensity-score matching (PSM) totally. We
failed to detect signi�cant differences in age, sex, race, grade, and chemotherapy for these matched cases, except for the
primary site (P < 0.05) (Table 3). In the Kaplan–Meier survival analysis, we obtained the same results as those before PSM;
aRT showed a bene�t for both 5-year OS and DSS in patients diagnosed with Stage IV tumors but a negative effect in those
with Stage I tumors (P < 0.001) (Fig. 3a, e, d, h). The difference between Stage II and III disease was not signi�cant (P > 0.05)
(Fig. 3b, c, f, g).
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Table 3
Baseline characteristics of aRT receivers and non-aRT receivers after propensity score matching

Variables aRT Standardized diff. P value

Yes(n = 751) No (n = 751)

Age       0.0517

30–49 years 164 (21.8) 170 (22.6) 0.02  

50–59 years 230 (30.6) 221 (29.4) 0.03  

60–69 years 199 (26.5) 164 (21.8) 0.11  

≥ 70 years 158 (21) 196 (26.1) 0.12  

Sex     0.02 0.7486

Female 275 (36.6) 282 (37.5)    

Male 476 (63.4) 469 (62.5)    

Race       0.8567

White 626 (83.4) 633 (84.3) 0.03  

Black 53 (7.1) 52 (6.9) 0.01  

Others 72 (9.6) 66 (8.8) 0.03  

Primary site       < 0.0001

Base of tongue 222 (29.6) 172 (22.9) 0.15  

Dorsal surface of tongue 36 (4.8) 69 (9.2) 0.17  

Border of tongue 190 (25.3) 296 (39.4) 0.31  

Ventral surface of tongue 103 (13.7) 94 (12.5) 0.04  

Anterior 2/3 of tongue 200 (26.6) 120 (16) 0.26  

Grade       0.4739

I-Well differentiated 90 (12) 107 (14.2) 0.07  

II-Moderately differentiated 451 (60.1) 434 (57.8) 0.05  

III-Poorly differentiated 202 (26.9) 205 (27.3) 0.01  

IV-Undifferentiated 8 (1.1) 5 (0.7) 0.04  

Chemotherapy     0 1.0000

Yes 42 (5.6) 42 (5.6)    

No/Unknown 709 (94.4) 709 (94.4)    

aRT, adjuvant radiotherapy

To eliminate bias from the primary site, we adjusted this variable in the HR analysis (Table 4). The Cox regression analysis
showed that aRT was positively correlated with both 5-year OD (HR, 2.51; 95% CI, 1.77–3.55) and DSD (HR, 2.76l 95% CI, 1.82–
4.19) in Stage I patients. aRT was negatively associated with both 5-year OD (HR, 0.55; 95% CI, 0.41–0.74) and DSD (HR, 0.55;
95% CI, 0.40–0.76) in Stage IV patients (Table 4). Similar results were observed for the adjusted model. The results before and
after PSM were consistent.
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Discussion
This study revealed that aRT is signi�cantly associated with survival bene�ts in patients with Stage IV SCC of the tongue. aRT
is commonly used after surgery in cases of unfavorable histological �ndings. For large tumors, several oncologists
recommend aRT if the surgical margins are close to the tumor or involved or if several positive nodes persist after neck
dissection. Previous studies have indicated that early tongue cancers are associated with 5-year survival rates of at least 80%
[21,31,32], although cancers of the tongue have a worse prognosis than those affecting other oral areas. Rusthoven et al.
revealed that Stage I and II tongue cancers have 60.9% and 83.5% 5-year OS and cause-speci�c survival rates, respectively;
other oral subsites had rates of 64.7% and 94.1%, respectively, according to the SEER database [33]. Shim et al. attributed the
high survival rate of tongue cancer to appropriate radiotherapy [21]. Thus, feasible and reasonable radiation therapy regimens
are important for the survival status of patients. In this study, we analyzed the survival of patients with SCC of the tongue and
sought to determine the impact of aRT use on survival. We discovered that aRT confers advanced survival in Stage IV SCC
of the tongue, whereas it failed to improve survival status in Stage I to Stage III SCC patients. Furthermore, aRT for Stage I
cancers has a negative impact on patient survival. To unequivocally establish the association between the tumor stage and
aRT, we veri�ed the results in the original and PSM cohorts and obtained the same conclusion. Our results contribute to the
growing body of knowledge related to tongue SCC-related outcomes and reveal that survival and response to aRT vary with
tumor stage. In this article, we report a number of observational associations that can provide motivation and set the stage for
future mechanistic studies investigating the biological mechanisms that may underlie the observed differences in tongue body
SCC prognosis and response to treatment.

Table 4
Impact of aRT on OD and DSD in patients with different tumor stages in the matched cohort

  Stage I

HR (95%CI)

Stage II

HR (95%CI)

Stage III

HR (95%CI)

Stage IV

HR (95%CI)

OD

(130/585)

DSD

(90/545)

OD

(105/280)

DSD

(77/252)

OD

(113/300)

DSD

(95/282)

OD

(190/337)

DSD

(164/311)

Non-
adjusted

               

aRT No Reference Reference Reference Reference Reference Reference Reference Reference

Yes 2.51 (1.77,
3.55) *

2.76 (1.82,
4.19) *

1.34
(0.90,
1.99)

1.08
(0.69,
1.70)

1.29
(0.85,
1.97)

1.23
(0.78,
1.93)

0.55 (0.41,
0.74) *

0.55 (0.40,
0.76) *

Adjusted a                

aRT No Reference Reference Reference Reference Reference Reference Reference Reference

Yes 2.55 (1.78,
3.67) *

2.86 (1.85,
4.42) *

1.28
(0.85,
1.92)

1.01
(0.63,
1.60)

1.24
(0.81,
1.90)

1.17
(0.74,
1.84)

0.52 (0.39,
0.70) *

0.53 (0.38,
0.72) *

*indicates P < 0.05

aadjusted for primary site.

aRT, adjuvant radiotherapy; CI, con�dence interval; DSD, disease-speci�c death; HR, hazard ratio; OD, overall death

Ethical approval

The SEER research data �les were downloaded using the account number 20161-Nov2020. The account is approved to access
to the 1975-2018 SEER Research Plus Data (November 2020 Submission). The data released by the SEER database do not
require informed patient consent. All experiments were performed in accordance with relevant guidelines and regulations. 
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In our original data analysis, aRT served as a risk factor for patients with Stage I tumors in 5-year OS and DSS. In addition, it is
worth noting that we could not detect any signi�cant bene�ts of aRT for Stage II and Stage III patients. These results suggest
that these early-stage patients do not bene�t from aRT. There are reports [21–24] of �ndings similar to those of our study.
Sandhya et al. analyzed a cohort of 103 cases and suggested that postoperative radiation therapy had no signi�cant impact
on the survival of patients with Stage I and II deep tongue cancers, with no less than a 4-mm tumor invasion depth [22].
According to Shim et al., 86 patients with early-stage tongue cancer were enrolled in the study, but no signi�cant differences
were observed in the OS rate after surgery alone and a combination of surgery and postoperative radiation therapy [21].
However, these studies included only a few patients, and it was di�cult to adjust baselines. Focusing on oral cavity cancers
generally, Luryi et al. and Sowder et al. analyzed the data from the SEER database with a large number of cases and revealed
that treatment with adjuvants led to signi�cantly worse OS and DSS than surgery alone for early-stage oral cancers [23,24].
However, they did not determine whether postoperative radiation therapy was bene�cial for each subsite. Our results are
consistent with those of previous studies that suggested that early-stage patients should not receive aRT after surgery. This
would increase the cost of treatment and reduce the quality of life of these patients, and the radiation exposure to the oral
cavity and oropharynx may lead to unfavorable complications.

In contrast, some other reports have suggested that aRT is bene�cial for early-stage head and neck SCC. Tsai et al. con�rmed
that aRT could improve neck control and survival status in patients with early oral cancers with a single nodal status in the
Taiwan Cancer Registry database [25]. Furthermore, Schiff et al. suggested that aRT could improve regional failure in patients
with pN1 tongue cancers, although the results were not signi�cant (P=0.32) [26]. Torrecillas et al. con�rmed signi�cant
survival bene�t of aRT for patients with T1N1 and T2N2 oral cavity SCC [27]. Qian et al. suggested that aRT resulted in better
survival in patients with pN0 [28]. Shrime et al. suggested that aRT was associated with the most signi�cant improvements in
cancers of the tongue after verifying its effects on T1N1 or T2N1 oral SCCs [29]. Several factors were responsible for these
divergent conclusions: �rst, the sources of their data were variable, and the characteristics of patients and aRT modalities
could be different; second, some studies have focused on the oral cavity or head and neck rather than a speci�c subsite, which
may in�uence the survival status of patients; third, some early-stage patients may suffer from occult node metastases. We
speculate that advanced bene�ts of aRT may be identi�ed in larger cohorts with occult metastases. 

Compared with these studies, we conducted a more accurate study based on a large number of patients in the SEER database
and included SCCs of the entire tongue body (anterior 2/3 and base of tongue). We also included various patient
characteristics and treatment options. Considering that patients with different tumor stages could have different
characteristics, we made some adjustments to the basic characteristics of the patients to reduce bias. We performed a
subgroup analysis and conducted PSM based on baseline variables. For both the original and PSM groups, we explored the
effects of postoperative radiation therapy on OS and DSS. After adjustment, we did not detect any signi�cant changes in the
results compared to the original data. We used PSM to match all variables at a 1:1 ratio between aRT and non-aRT receivers;
1502 cases were included. We discovered that aRT could worsen the survival of patients with Stage I SCC, even after
adjustment and matching. In addition, we found that aRT could not always extend the duration of survival for late-stage
tumors. aRT can only improve the survival of patients with Stage IV SCC of the tongue and is not signi�cantly associated with
survival bene�ts in the original and propensity-score matching populations. Our PSM and adjusted results provide dual
authentication that patients with different stages of SCC cannot always bene�t from aRT after surgery. The provision of
appropriate therapeutic regimens is of great importance. This should be based on several factors, including patient
characteristics, disease progression, and quality of life following surgery. 

Because of its retrospective nature, this study inevitably had several limitations. Due to the lack of therapeutic parameters of
radiation (including de�nitive versus palliative intent, dose/fractionation) in the SEER database, we could not evaluate the
effects of these factors on survival and prognosis. The list of variables included in our analysis was not exhaustive, and some
potentially important factors (e.g., smoking status, alcohol drinking, and vascular invasion) were not available in the SEER
database. Additionally, we do not have access to the information on various patient characteristics in the SEER database,
including quality of life, complications, tumor resection margins, recurrence, and treatment of recurrence, all of which may
have affected our aRT analysis. Advances have been made in radiotherapy technology; however, as a result of differences in
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selection criteria, techniques, and equipment, toxicity and quality of life within a given period of time can be compromised
more than survival outcomes [34].

In conclusion, we suggested that there were signi�cant survival bene�ts associated with aRT for Stage IV SCC of the tongue
and that patients with Stage I SCC of the tongue cannot bene�t from aRT. Thus, survival and other bene�ts of aRT for early-
stage SCC need some further justi�cation, especially for Stage I patients. Otherwise, these patients may not be subjected to
unnecessary radiation and morbidity. Our results provide an orientation for research interest in the biological mechanism, and
future researchers can provide reasonable explanations and feasible methods of improvements for aRT.

Patients And Methods
Data collection

We retrieved the data of cases with SCC involving the anterior two-thirds of the tongue and base of the tongue from the SEER
Stat 8.3.9. The data were part of the SEER 18 Regs Custom Data (with additional treatment �elds), Nov 2018 Sub (1975–2016
varying). Relevant patient information in the SEER database includes demographic characteristics, histology, malignancy,
therapeutic regimen, and survival duration, among others. Based on histology recode and the WHO de�nition of squamous cell
tumors (8050–8089 squamous cell tumors), we ran the research modality in a cast-listing session. The selected neoplasms
exhibited malignant behavior. The site and morphology (primary site-labeled) included C01.9-base of the tongue, not otherwise
speci�ed (NOS); C02.0-dorsal surface of tongue, NOS; C02.1-border of tongue; C02,2-ventral surface of tongue, NOS; and
C02.3-anterior two-thirds of the tongue, NOS. 

These data were retrieved and analyzed as follows: age (30–49; 50–59; 60–69; ≥70 years); sex (male, female); race (white,
black, American Indian/Alaska Native, Asian, or Paci�c Islander); year of diagnosis; grade (I, II, III, IV); SEER Combined
Summary Stage 2000 (2004+) (regional lymph nodes involved only, regional by direct extension only, regional by both direct
extension and lymph node involvement, localized only, distant site(s)/node(s) involved); anatomic site (C01.9-base of the
tongue, NOS; C02.0-dorsal surface of the tongue, NOS; C02.1-border of tongue; C02,2-ventral surface of the tongue, NOS;
C02.3-anterior two-thirds of the tongue, NOS); derived American Joint Committee on Cancer (AJCC) TNM stage, 6th edition
(2004-2015); surgery; aRT; and DSS and OS, both measured in months. SCCs were staged based on the AJCC 6th edition,
effective 2004 and onward. The analysis did not include patients without surgery. We only included patients who underwent
surgery alone or post-surgery radiotherapy. A 5-year OS and DSS were the study's endpoints. Based on months from the date
of initial pathological diagnosis to the date of death or the end of 60 months, OS or DSS was calculated.

Statistical analysis
The Kaplan–Meier method and log-rank test were applied to calculate and assess the survival curves of patients diagnosed
with different stages strati�ed by aRT. We estimated the association between the stage and aRT and OS and DSS using HRs
and the corresponding 95% CIs was calculated via Cox regression models. Patients with similar baseline characteristics were
identi�ed via PSM. Based on a series of baseline covariates including age, sex, race, primary site, grade, and chemotherapy, a
propensity score is calculated as the conditional probability of being exposed to a given exposure (aRT yes versus no). The 1:1
matching protocol was employed without replacement (greedy-matching algorithm); the caliper width was estimated to be
equal to 0.01 of the standard deviation of the propensity score. For all baseline covariates, standardized differences were
estimated before and after matching to assess the pre-match and post-match balance. Standardized differences <10.0% for a
given covariate indicate a relatively small imbalance. Using the Kaplan–Meier method and a log-rank test, we could generate
and compare survival curves of patients strati�ed by aRT in the matched cohort. The association between aRT, OS, and DSS of
patients with different stages of cancer was also studied using a Cox proportional hazards regression model.

All analyses were performed using the statistical software packages R (R Foundation for Statistical Computing, Vienna,
Austria) and Empower Stats (X&Y Solutions, Inc., Boston, MA, USA). The signi�cance level was determined by the two-tailed P-
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value of 0.05.

Abbreviations
aRT, adjuvant radiotherapy
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Figure 1

Flowchart of selection and exclusion of patients with squamous cell carcinoma from the Surveillance, Epidemiology, and End
Results (SEER) database (2004–2015).



Page 15/16

Figure 2

Kaplan–Meier survival curves of patients for 5-year overall survival (a: Stage I, b: Stage II, c: Stage III, d: Stage IV) and disease-
speci�c survival (e: Stage I, f: Stage II, g: Stage III, h: Stage IV).

Figure 3



Page 16/16

Kaplan–Meier survival curves of patients for 5-year overall survival (a: Stage I, b: Stage II, c: Stage III, d: Stage IV) and disease-
speci�c survival (e: Stage I, f: Stage II, g: Stage III, h: Stage IV) in the matched cohort.


