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Purpose

Previous studies reported an association between an increased risk of tongue cancer and
radiation treatment for nasopharyngeal carcinoma (NPC). This study compared the clinico-
pathologic characteristics and outcomes of tongue squamous cell carcinoma (TSCC) in
patients with and without a history of radiotherapy for NPC.

Materials and Methods

From 1965 to 2009, a total of 73 patients were diagnosed with TSCC with a history of radio-
therapy for NPC. The patients were matched in a 1:3 ratio with patients with sporadic TSCC
according to age, sex, and year of the TSCC diagnosis. The primary endpoint was the overall
survival.

Results

The median interval from NPC to TSCC was 82 months. The NPC survivors were more likely
to be diagnosed with a more advanced T classification, less likely to have lymph node
involvement, and more likely to have the tumor located in the dorsum of the tongue than
sporadic TSCC. Regarding the histologic characteristics, the NPC survivors were more likely
to have a weak lymphocytic host response, low tumor budding, and low risk of a worse pat-
tern of invasion. The sporadic TSCC patients had a better overall survival (hazard ratio,
0.690; p=0.033) than the NPC survivors. In competing risks analysis, the cumulative inci-
dence functions for the competing event (documented non-tongue cancer death) were sig-
nificantly higher in the NPC survivors (Gray’s test, p=0.001).

Conclusion

TSCC patients with a history of radiotherapy for NPC appear to have particular clinicopatho-
logic features, a poorer survival, and are more likely to die from non-tongue cancer causes
than those with sporadic TSCC.

Key words
Tongue neoplasms, Second primary cancer,
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Introduction

In southern China, nasopharyngeal carcinoma (NPC) is
endemic with an incidence ranging from 20 to 30 per 100 000

| http://www.e-crtorg |

[1]. Advances in technology, particularly intensity-modu-
lated radiotherapy, have brought revolutionary improve-
ments in the management of NPC, with 5-year overall
survival (OS) rates exceeding 80% [2,3]. Unfortunately, the
ionizing radiation and chemotherapy regimens of the treat-
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ment are themselves carcinogenic [4]. Several epidemiologi-
cal studies have reported an increased incidence of second
primary cancer in the NPC survival cohort [5-7]. Chen et al.
[5] conducted a population-based study including 23,639
NPC patients and reported the oral cavity and pharynx to be
the most common sites of a second primary cancer after
radiation for NPC. Previous studies have reported an asso-
ciation between an increased risk of tongue cancer and radi-
ation for NPC [6,8]. Most of this excess risk can be attributed
to radiation of the oral cavity [8]. A previous study reported
the tongue to be the most common site of second malignan-
cies after NPC [9]. On the other hand, the clinicopathologic
characteristics and outcomes of tongue cancer arising in NPC
patients have not been explored in detail.

This study analyzed a large series of consecutive patients
diagnosed with tongue squamous cell carcinoma (TSCC) at
a single institution and identified patients with a prior his-
tory of radiotherapy for NPC. The clinicopathologic charac-
teristics and survival were compared with a matched control
group of patients with sporadic TSCC.

Materials and Methods

1. Patient and disease characteristics

The inclusion criteria were (1) a prior history of radiother-
apy for NPC, (2) histological confirmation of TSCC, and (3)
a latency period of at least 3 years between the end of radio-
therapy and the diagnosis of TSCC. The criteria were
adapted from those described by Cahan et al. [10] and Arlen
etal. [11], who applied them to radiation-induced sarcomas.
Such cases were excluded from the study sample because of
the different treatment principles of tongue-base malignan-
cies owing to the anatomical position.

From January 1965 to December 2009, 56,127 patients with
NPC received radiotherapy at the Sun Yat-sen University
Cancer Center. Of these, a total of 73 patients fulfilled the
inclusion criteria. A total of 2,720 consecutive patients were
diagnosed with tongue cancer with no history of concomi-
tant or prior malignancy in the authors” institution. For each
NPC survivor, three matched patients (219 patients) with
sporadic tongue cancer were selected. The two groups were
matched according to the most relevant variables: sex, age at
tongue cancer diagnosis (within 5 years), and year of the
tongue cancer diagnosis (within 3 years). During the match-
ing process, the investigators were blinded to the clinical out-
comes of the TSCC. All patients underwent a regular
follow-up at the authors’ hospital. The date of the last fol-
low-up was September 2015. The institutional ethics commit-
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tees of Sun Yat-sen University Cancer Center approved this
study in accordance with the Declaration of Helsinki and
written informed consent was obtained from all surviving
patients or family members of the dead patients.

The radiation techniques for NPC are described in detail
elsewhere [12,13]. The majority of patients were treated with
conventional radiotherapy and the daily fraction was 2 Gy
delivered using Cobalt-60 or 6-MV X-rays. Briefly, the two-
dimensional radiation technique consisted of two phases. In
the first phase, 50 Gy was delivered to the nasopharyngeal
region with two lateral facial-cervical fields (Fig. 1A). In the
second phase, a total dose of 16-26 Gy was delivered to the
primary lesions in a smaller preauricular field (Fig. 1B). The
anterior and posterior split fields were used in the neck
region. The radiation dose to the cervical region was 50-54
Gy for NO stage and 60-66 Gy for any positive lymph nodes.

The clinicopathologic characteristics of the TSCC patients
and treatment modalities for TSCC were identified, includ-
ing radiotherapy, surgery, and multimodality therapy. All
patients diagnosed with TSCC were restaged according to
the seventh edition of the American Joint Committee on the
Cancer TNM staging system. Hematoxylin and eosin (H&E)-
stained slides have been available at the authors’ institution
since 1997. Of the 141 patients, including the NPC survivors
and the matched group from 1997 to 2009, 62 underwent
biopsies at other hospitals and received treatment without
surgery. Therefore, the H&E slides of only 79 patients were
available, which included 22 NPC survivors and 57 sporadic
TSCC patients. All slides were re-evaluated independently
by optical microscopy by experienced pathologists, and then
jointly for consensus. The investigators were blinded to the
clinical data at the time of the evaluation. The H&E-stained
slides were assessed with respect to the presence of the worst
pattern of invasion (WPQI), tumor budding, lymphocytic
host response (LHR), vascular invasion (VI) or perineural
invasion (PNI), and depth of tumor invasion.

The LHR pattern was classified as a three-tiered variable
(strong, intermediate, or weak) based on the presence of lym-
phoid nodules. Tumors with a strong LHR were identified
as showing the presence of at least one interface lymphoid
nodule per x4 objective lens on optical microscopy. Interme-
diate LHR was assigned when tumors with lymphoid
responses were below this threshold but with one or more
lymphoid nodules. Weak LHR was defined as a limited
response that lacked any lymphoid nodules [14]. High-risk
WPOI was defined as small tumor islands fewer than 15 cells
and satellite tumors, which were located = 1 mm away from
the main tumor or the nearest satellite. The presence of PNI
and limited or no LHR were also considered to be high-risk
WPOL Low-risk WPOI was assigned when the tumors
showed pushing borders, large cohesive invasion, or finger-
like growth [15]. Tumor budding was defined as the presence
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Fig. 1. The radiation field for nasopharyngeal carcinoma with conventional two-dimensional radiation techniques. (A) Phase

I. (B) Phase II.

of a single cancer cell or a cluster of fewer than five cancer
cells in the invasive frontal region [16]. The slides were ini-
tially scanned at a x4 magnification to select the areas with
the highest density of tumor budding. Tumor budding in the
selected areas was then counted at a x20 magnification; the
highest count per slide was identified as the number of
tumor buds. Tumor budding = 5 was considered to be high
risk. The presence of a large PNI and little or no LHR were
also considered to be high risk [17].

2. Statistical analysis

A Pearson chi-square test or Fisher exact test was used to
assess the associations between the patient’s characteristics
and cohort membership (NPC survivors vs. matched cohort).
The OS was the primary endpoint in this study and was cal-
culated from the time of the TSCC diagnosis until death or
the last follow-up. The disease-free survival (DFS) was
defined as the time from the TSCC diagnosis to the first evi-
dence of any treatment failure or death or the last follow-up.
Survival analysis was performed using the Kaplan-Meier
method; the log-rank test was used to evaluate the statistical
significance of the differences. To assess the unadjusted
impact of a history of radiotherapy for NPC, competing risks
analysis was applied to compare the different types of deaths
between the NPC survivors and matched cohort. The Gray’s
test was applied to compare the cumulative incidence func-
tions estimated in competing risks analysis [18]. A multivari-
ate Cox proportional hazards model was fitted to assess the

independent prognostic significance of the clinical and
pathologic characteristics and calculate the hazard ratios. A
p-value of < 0.05 was considered significant.

Results

1. NPC characteristics and treatment in the survivor cohort

The crude incidence of TSCC after receiving radiotherapy
for NPC was estimated to be approximately 0.13%. Table 1
lists the patient demographics for the NPC survivor cohort
at the time of the NPC diagnosis. The median age at the NPC
and TSCC diagnosis was 43 years (range, 23 to 66 years) and
52 years (range, 35 to 72 years), respectively. The majority of
NPC cases were diagnosed with stage IT and I1I (95.9%) can-
cers. The median cumulative radiation dose to the nasopha-
ryngeal and neck region was 68.0 Gy (range, 57.3 to 88.0 Gy)
and 52.0 Gy (range, 42.0 to 78.0 Gy), respectively. Fifteen
patients (20.5%) received chemotherapy with alkylating
agents as the treatment. The median interval from NPC to
TSCC diagnosis was 82 months (range, 37 to 308 months).
The second tongue cancer occurred within 5 years since the
end of radiotherapy for NPC in 37.0% of patients, within 10
years in 68.5% of patients, and within 15 years in 91.8% of
patients.
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Table 1. Demographic and clinical characteristics of NPC
in the survivor cohort

Year of NPC diagnosis

Before 1990 34 (46.6)

1990-1999 30 (41.1)

>2000 9 (12.3)
Sex

Male 54 (74.0)

Female 19 (26.0)
NPC stage at diagnosis

I 2(2.7)

I 40 (54.8)

11 30 (41.1)

v 1(1.4)
Radiation machine

Orthovoltage X-rays 5(6.9)

Cobalt-60 51 (69.9)

Megavoltage X-rays 17 (23.2)
Radiation technique

Conventional radiotherapy 70 (95.9)

3DCRT/IMRT 34.1)
Radiation course

Split 35 (47.9)

Continuous 38 (52.1)
Alkylating agents chemotherapy

Yes 15 (20.5)

No 58 (79.5)
Local or regional recurrence

Yes 9(12.3)

No 64 (87.7)
Radiation dose, median (range, Gy) 68.0 (57.3-88.0)
Age at NPC diagnosis, median (range, yr) 43 (23-66)
Age at TSCC diagnosis, median (range, y1) 52 (35-72)
Latency from NPC to TSCC, median 82.0 (37-308)

(range, mo)

NPC, nasopharyngeal carcinoma; 3DCRT, 3-dimensional
conformal radiotherapy; IMRT, intensity-modulated radio-
therapy; TSCC, tongue squamous cell carcinoma.

2. TSCC characteristics and treatment: NPC survivors in
comparison with the matched group

The median age of the sporadic TSCC cohort (2,720
patients: 1,796 male [66.0%] and 924 female [34.0%]) was 52
years (range, 20 to 94 years; mean, 51.7 years). The age of
onset of TSCC (p=0.433) and sex distribution (p=0.169) were
similar between the NPC survivors and the sporadic TSCC
cohort.

As shown in Table 2, the NPC survivors and matched
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cohort showed a similar TNM stage distribution of TSCC. On
the other hand, the NPC survivors were more likely to have
a more advanced T classification (T4 classification, 17.8% vs.
2.7%) and less likely to have lymph node involvement (15.1%
vs. 24.2%) than the matched cohort. The tumor location in
the NPC survivor cohort was more likely to be located in the
dorsum of the tongue than that observed in the matched
cohort (35.6% vs. 9.1%). In addition, the NPC survivors were
more likely to have a family history of cancer (16.4% vs.
8.7%).

The treatment modality used showed significant inter-
group differences with 67.1% of the NPC survivors receiving
surgery alone or multimodality therapy versus 89.0% in the
matched group (p < 0.001). A neck dissection was performed
in 21.9% of NPC survivors compared to 74.9% in the matched
group (p < 0.001). The rates of chemotherapy and radiother-
apy did not differ significantly between the two groups.

3. Histological comparison

A total of 79 patients were included for a histological com-
parison (Fig. 2). As shown in Table 2, there was no significant
difference between the NPC survivors and matched group
with respect to VI and PNI. A weak LHR was evident in the
18 NPC survivors (81.8%), whereas only 25 sporadic TSCC
patients (43.9%) had a weak LHR (p=0.003). In addition, a
significantly higher number (75.4%) of sporadic TSCC
patients had a high intensity of tumor budding (> 5), whereas
only 45.5% of NPC survivors had this risk (p=0.016). The
high risk of WPOI was significantly higher in the sporadic
TSCC patients (68.4%) than in the NPC survivors (40.9%)
(p=0.039).

4. Follow-up and survival analysis

The median follow-up time of the NPC survivors and the
matched group after the TSCC diagnosis who were alive was
90.0 months and 114.0 months, respectively. The OS was sig-
nificantly poorer in the NPC survivor group than the
matched group (5-year OS rates, 44.0% vs. 63.6%; p=0.006)
(Fig. 3A). A significant difference in the DFS was observed
between the 2 groups (5-year DFS, 39.0% vs. 53.4%; p=0.026)
(Fig. 3B). In competing risks analysis, the cumulative inci-
dence functions for the tongue cancer events were similar in
the two groups (Gray’s test, p=0.331), but the rates of the
competing event (documented non-tongue cancer death)
were significantly higher in the NPC survivors (Gray’s test,
p=0.001).

During the follow-up, four patients (5.5%) in the NPC sur-
vivor group developed a third primary cancer, namely dif-
fuse large B cell lymphoma, left breast cancer, thyroid cancer,
and basal-cell epithelioma in the neck, while five patients
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Table 2. Characteristics and treatment in NPC survivors and matched patients with sporadic TSCC

Characteristic NPC survivors Sporadic TSCC p-value
Stage
I 26 (35.6) 70 (32.0) 0.153
I 20 (27.4) 87 (39.7)
III 14 (19.2) 40 (18.3)
IVa 13 (17.8) 22 (10.0)
T classification
T1 27 (37.0) 85 (38.8) <0.001
T2 25 (34.2) 114 (52.1)
T3 8 (11.0) 14 (6.4)
T4 13 (17.8) 6(2.7)
N classification
NO 62 (84.9) 166 (75.8) 0.031
N1 11 (15.1) 37 (16.9)
N2 0 16 (7.3)
Site of primary tumor
Lateral 43 (58.9) 149 (68.0) <0.001
Ventral 4 (5.5) 50 (22.8)
Dorsal 26 (35.6) 20 (9.1)
Pathological grading
I 58 (79.5) 147 (67.1) 0.019
I 12 (16.4) 42 (19.2)
I 2(2.7) 4(1.8)
Unknown 1(1.4) 26 (11.9)
Family history of cancer
Yes 12 (16.4) 19 (8.7) 0.062
No 61 (83.6) 200 (91.3)
Alcohol consumption
Yes 10 (15.9) 66 (30.1) 0.006
No 63 (84.1) 153 (69.9)
Smoking
Yes 29 (39.7) 107 (48.9) 0.176
No 44 (60.3) 112 (51.1)
Treatment
Surgery alone 33 (45.2) 125 (57.0) <0.001
Chemotherapy alone 14 (19.2) 7(3.2)
Radiotherapy alone 10 (13.7) 17 (7.8)
Multimodality therapy 16 (21.9) 70 (32.0)
Neck dissection
Surgery with neck dissection 16 (21.9) 164 (74.9) <0.001
Surgery without neck dissection 27 (37.0) 23 (10.5)
No surgery 30 (41.1) 32 (14.6)
Any chemotherapy
Yes 29 (39.7) 63 (28.8) 0.081
No 44 (60.3) 156 (71.2)
Any radiotherapy
Yes 15 (20.5) 49 (22.4) 0.744
No 58 (79.5) 170 (77.6)
Vascular invasion
Present 2(9.1) 3(5.3) 0.614
Absent 20 (90.9) 54 (94.7)
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Table 2. Continued

Characteristic NPC survivors Sporadic TSCC p-value
Perineural invasion
Present 2(9.1) 1(1.8) 0.186
Absent 20(90.9) 56 (98.2)
LHR
Strong / Intermediate 4(18.2) 32 (56.1) 0.003
Weak 18 (81.8) 25 (43.9)
Tumor budding
High (=5) 10 (45.5) 43 (75.4) 0.016
Low (<5) 12 (54.5) 14 (24.6)
Worst pattern of invasion
High 9 (40.9) 39 (68.4) 0.039
Low 13 (59.1) 18 (31.6)

Values are presented as number (%). NPC, nasopharyngeal carcinoma; TSCC, tongue squamous cell carcinoma; LHR, lym-

phocytic host response.

Fig. 2. Histologic features of tongue squamous cell carcinoma, presence of vascular invasion (arrow) (A), presence of per-
ineural invasion (arrow) (B), strong lymphocytic host response (C), weak lymphocytic host response (D), presence of tumor
budding (arrow) (E), and presence of high risk of worst pattern of invasion (F) (H&E staining, x200).

(2.3%) in the matched group developed a second primary
cancer.

Table 3 lists the results of univariate analysis for the OS
and DFS. The statistically significant clinical factors in uni-
variate analysis (p < 0.10) were analyzed by multivariate
analysis (Table 4). The multivariate Cox proportional haz-
ards regression model yielded a hazard ratio (HR) of 0.690
(95% confidence interval [CI], 0.491 to 0.971; p=0.033) for the
matched group compared to the NPC survivor cohort, with
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the OS as the endpoint. Independent of the NPC history, the
risk of death due to any cause was also greater in male
patients, patients with a more advanced TNM stage, and
those who did not receive surgery or multimodality treat-
ment. On the other hand, the NPC history was not an inde-
pendent prognostic factor for the DFS (HR, 0.768; 95% CI,
0.554 to 1.063; p=0.112). The TNM stage (p <0.001) and treat-
ment modality (p=0.025) appeared to have independent
effects on the DFS.
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Fig. 3. (A) Overall survival for nasopharyngeal carcinoma (NPC) survivors and matched patients with sporadic tongue
squamous cell carcinoma (TSCC) (p=0.006). (B) Disease-free survival for NPC survivors and matched patients with sporadic

TSCC (p=0.026). TC, tongue cancer.

Discussion

The standardized incidence ratios of tongue cancer were
significantly higher in NPC patients, particularly in NPC
endemic areas [7]. In this study, 73 TSCC patients, who had
a history of radiotherapy for NPC, were compared with a
matched cohort of 219 sporadic TSCC cases. To the best of
the authors’ knowledge, this is the largest study to compare
TSCC patients with a history of radiotherapy for NPC and
sporadic TSCC cases. This study showed that the clinico-
pathologic characteristics and outcomes were significantly
different between the two groups.

Up to now, there is no definite conclusion regarding the
pathogenesis of radiation-related second primary tumors.
Teo et al. [8] suggested that the increasing incidence of
tongue cancer in NPC patients was more likely associated
with a history of oral cavity radiotherapy than the sharing of
common risk factors or mucosal field-cancerization. Wolden
et al. [19] reported the long-term monitoring results of 694
children and teenagers after treatment for Hodgkin's disease
and reported that 93% of second solid malignancies devel-
oped in regions that had received at least 35 Gy. Regarding
the radiation field of conventional radiotherapy in NPC, the
anterior half of the tongue was shielded routinely. On the
other hand, the posterior tongue dorsum and tongue base

were inevitably included in the medium- and high-dose
region of the radiation field. As reported by Qin et al. [20]
the mean radiation dose to the tongue tip, tongue body,
tongue base, and entire tongue was 11.2 Gy, 34.1 Gy, 57.0 Gy,
and 43.1 Gy, respectively, using a two-dimensional radiation
technique. In addition, the distribution of the tongue cancer
location between the NPC survivor group and sporadic
TSCC cohort is significantly different. TSCC in NPC sur-
vivors is more likely to be located in the dorsum of the
tongue but less likely in the ventral area. Therefore, the pur-
ported correlation between the radiation dose and the loca-
tion of second primary tumor was confirmed.

Compared to sporadic TSCC, TSCC in NPC survivors was
more likely to have a more advanced T classification, but less
likely to have lymph node involvement. The relatively higher
percentage of T4 classification in NPC survivors may be
because the tumor was more likely to be located in the dor-
sum of the tongue than the sporadic TSCC cohort (35.6% vs.
9.1%, p <0.001). The lesions located in the dorsum may more
easily involve the adjacent structures (e.g., deep muscle of
the tongue) and were almost imperceptible in the early stage.
On the other hand, TSCC in the NPC survivors was less
likely to have lymph node involvement, which may be due
to two reasons: a history of radiation to neck region causes
the lymphatic atresia and altered the lymphatic drainage;
and the significantly higher percentage of neck dissection in
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Table 3. Univariate analysis of OS and DFS in relation to clinical characteristics

(0] DFS
Variable No. (%)
5-Year OS PREING 5-Year DFS  p-value
Group
NPC survivor 73 (25.0) 44.0 0.006 39.0 0.026
Sporadic TSCC 219 (75.0) 63.6 53.4
Age (yr)
<52 154 (52.7) 62.0 0.159 53.5 0.139
>52 138 (47.3) 57.5 46.4
Sex
Male 198 (67.8) 53.5 0.007 457 0.029
Female 94 (32.2) 67.2 56.8
Family history of cancer
Yes 31(10.6) 52.9 0.833 43.8 0.624
No 261 (89.4) 58.5 50.4
Alcohol consumption
Yes 76 (26.0) 51.7 0.534 47.7 0.974
No 216 (74.0) 60.3 50.4
Smoking
Yes 136 (46.6) 56.0 0.331 45.8 0.356
No 156 (53.4) 61.8 54.0
TNM stage
-1 203 (69.5) 70.5 <0.001 60.6 <0.001
mI-1v 89 (30.5) 31.0 26.4
Pathological grading
I-1I 259 (88.7) 59.3 0.983 50.1 0.456
III/ Unknown 33 (11.3) 57.1 50.8
Tumor location
Lateral 192 (65.8) 60.9 0.160 52.3 0.148
Ventral 54 (18.5) 57.6 50.5
Dorsal 46 (15.8) 49.8 35.8
Treatment modality
Surgery alone 158 (54.1) 70.8 < 0.001 61.5 < 0.001
Chemotherapy alone 21(7.2) 4.8 0.0
Radiotherapy alone 27 (9.2) 58.3 43.3
Multimodality therapy 86 (29.5) 49.9 40.0
Neck dissection
Surgery with neck dissection 180 (61.6) 68.3 <0.001 60.0 <0.001
Surgery without neck dissection 50 (17.1) 55.3 44.8
No surgery 62 (21.3) 33.0 27.0

OS, overall survival; DFS, disease-free survival; NPC, nasopharyngeal carcinoma; TSCC, tongue squamous cell carcinoma.

the sporadic TSCC cohort (74.9% vs. 21.9%, p < 0.001) leads
to a relatively higher percentage of positive lymph node
detection.

A detailed histopathologic review showed that TSCC in
the NPC survivors was more likely to have weak LHR, low-
risk WPOI, and low tumor budding. Previous studies
reported that the increased risks of second primary malig-
nancies could be attributed to the compromised immune
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function in cancer survivors. The strong LHR suggested that
an adaptive cytotoxic T-cell immune response was concen-
trated significantly at the interface of the tumors and the
strong LHR has a protective effect in oral cancer patients [21].
Therefore, the weak LHR in NPC survivors indicated that
these patients may have an impaired immune surveillance
and adaptive immunity. Tumor budding represents two
additional aggressive and malignant features (active inva-
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Table 4. Multivariate analysis of OS and DFS in relation to clinical characteristics

Endpoint Characteristic

0s History of NPC
Sex
TNM stage
Treatment modality
Neck dissection
DFS History of NPC
Sex
TNM stage
Treatment modality
Neck dissection

HR 95% CI for HR p-value
0.690 0.491-0.971 0.033
0.686 0.476-0.988 0.043
2.146 1.553-2.964 <0.001
1.158 1.029-1.303 0.015
1.054 0.807-1.376 0.701
0.768 0.554-1.063 0.112
0.786 0.548-1.078 0.127
1.766 1.285-2.426 < 0.001
1.137 1.016-1.271 0.025
1.047 0.813-1.349 0.723

0S, overall survival; DFS, disease-free survival; HR, hazard ratio; CI, confidence interval; NPC, nasopharyngeal carcinoma.

sion and cellular discohesion). The presence of high intensity
tumor budding was associated with a poorer prognosis,
epithelialmesenchymal transition, and cervical lymph node
metastasis in TSCC [17,22]. In this study, the sporadic TSCC
patients were more likely to have lymph node involvement
than TSCC in the NPC survivors, which validated this patho-
logical feature. The high-risk WPOI, which is marked by
small tumor islands and satellite tumor, was also confirmed
as an independent predictor for a poor prognosis in TSCC
[15]. Overall, TSCC in NPC survivors appear to have less
aggressive histologic features (low tumor budding and low-
risk WPOI) but impaired immune surveillance (weak LHR).
The distinctive histological features in radiation-associated
TSCC patients should be validated in a further study.
There has been increasing concern as to whether a prior
history of cancer could impact the prognosis and therapeutic
management in patients with head and neck cancer [23]. A
major finding of this analysis was the negative prognostic
impact of a history of radiotherapy for NPC on the survival
of patients subsequently diagnosed with TSCC, which has
never been examined previously. On the other hand, death
as a result of tongue cancer was similar in the NPC survivors
and sporadic TSCC cohort. This is because NPC survivors
were more likely to die from non-tongue cancer causes. The
accumulation of genetic damage due to a history of radiation
and the differences in the immune status may help explain
this situation [24,25]. In addition, the prognosis of TSCC in
NPC survivors could be negatively influenced by the excess
mortality due to NPC and severe late complications. Similar
results were obtained in other second cancers, such as breast
cancer, among patients with a history of radiation for
Hodgkin’s lymphoma [26]. In particular, the cumulative
incidence functions for the tongue cancer events were similar
in the two groups (Gray’s test, p=0.331). Several possible
interpretations can be made. First, the potential survival

advantage of less aggressive histologic features in TSCC of
NPC survivors (low tumor budding and low-risk WPOI)
may be counteracted by the impaired immune surveillance
(weak LHR). Second, the TSCC in NPC survivors were more
likely to be limited to local disease without lymphatic nodal
metastases, which was correlated with better local control
and longer survival. Third, previous studies indicated that
TSCC in the NPC survivors and sporadic TSCC might have
different carcinogenesis [8]. The sporadic TSCC patients
were more likely to be accompanied by mucosal field-can-
cerization, which resulted in a difficulty of loco-regional con-
trol.

The main limitations of this study were its retrospective
nature and single-institutional data design. Although deaths
as a result of tongue cancer could be identified in this study,
there was limited information on the specific causes of non-
cancer deaths because of the unexplained loss to follow-up.
In addition, this study spanned more than 40 years, during
which radiotherapy technology for NPC has evolved
markedly. The majority of NPC patients in this study
received conventional radiotherapy owing to the relatively
short follow-up time for the patients who received modern
conformal radiotherapy. The relevance of the long-term
effects of outdated treatments to patients receiving modern
therapy is still questionable. The main strength of this analy-
sis was its very large sample size of radiation-associated
TSCC in the NPC survivor cohort. Considering the rarity of
radiation-associated TSCC, the generalizability of these
results will require further validation in multi-centric stud-
ies.
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Conclusion

Compared to sporadic TSCC, TSCCs with a history of NPC
radiation have specific clinicopathologic features. These
results also indicated that the history of radiation for NPC
was a poor prognostic factor. TSCC patients with a history
of radiotherapy for NPC are more likely to die from non-
tongue cancer causes than those with sporadic TSCC. These
results may impact cancer-screening strategies in patients
with NPC, and those with a high risk should be targeted for
more intensive surveillance.
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