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Abstract: The aim of this study was to explore the incidence and

outcomes of patients with oral cavity squamous cell carcinoma (OSCC)

and fourth primary tumors (PTs) in a betel-chewing endemic area.

We retrospectively examined the records of 1836 OSCC patients

who underwent radical tumor resection between 1996 and 2014. The

outcome measures included the incidence and number of multiple PTs,

the main risk factors, and their associations with overall survival (OS).

Of the 1836 patients, 1400 (76.3%) had a single PT, 344 (18.7%) a

second PT, 67 (3.6%) a third PT, and 25 (1.4%) a fourth PT. Univariate

analyses (log-rank test) identified the following factors as significantly

associated with a fourth PT: simultaneous first and second PTs, betel

quid chewing, buccal subsite, and pT3–4 status. After allowance for

the potential confounding effect of other risk factors, all of these

factors retained their independent prognostic significance in stepwise

multivariate analyses, the only exception being betel chewing. The

incidences of second, third, and fourth PTs at 5 and 10 years were

20.2%/34.6%, 4.0%/8.6%, and 1.0%/2.3%, respectively. The 5 and
ing Chang, MD, P Fang, MD,
zu-Chen Yen, MD, PhD

Among patients with a fourth PT, those who underwent radical surgery

showed a significantly higher 3-year OS than those who did not (57%

vs 13%; P¼ 0.0442).

Fourth PTs are rarely observed in OSCC patients in a betel quid-

chewing endemic area. Long-term survival rates of patients treated

with radical surgery seems acceptable, being 4-fold higher than their

counterparts.

(Medicine 95(12):e2950)

Abbreviations: AJCC = American Joint Committee on Cancer,

CCRT = concurrent chemoradiation, MVA = multivariate analysis,

OS = overall survival, OSCC = oral cavity squamous cell

carcinoma, PTs = primary tumors, RT = radiotherapy, UVA =

univariate analysis.

INTRODUCTION

S tudies examining the occurrence of multiple primary tumors
(PTs) in the same patient can contribute toward earlier

diagnosis, better therapy, and improved follow-up care, ulti-
mately resulting in survival benefits.1 In general, the main risk
factors for multiple PTs include an increased surveillance of
cancer survivors, inherited genetic predisposition to cancer,
specific environmental factors and/or cancer-promoting aspects
of lifestyle, and treatment of the initial primary cancer with
radiotherapy (RT) and/or chemotherapy.2 In patients with head
and neck neoplasms, most studies of multiple cancers have been
limited to second PTs. In this scenario, data on the incidence and
clinical outcomes of subjects with more than 2 PTs remain
scarce, particularly on fourth PTs.3–7

Since field cancerization was initially described in the
upper gastrointestinal tract in 1953, the occurrence of multifocal
precancerous changes surrounding the PT have been reported in
several organs (including the head and neck area).8–11 Early
field cancerized areas represent genetically abnormal, but not
yet histologically detectable, altered cells. Field cancerization
in oral cavity squamous cell carcinoma (OSCC) is generally
secondary to long-term exposure to certain carcinogens.11 In
this regard, south Asia is well-recognized as being a unique
environment in terms of practice of betel quid chewing.9 Areca
nut (Areca catechu), the major constituent of a betel quid, is an
addictive substance and a well-known carcinogenic to
humans.12–14 OSCC has a high incidence in Taiwan and
ly 4% to 5% of all malignancies occur-
Notably, the prevalence of betel quid

ese population is as high as 16.9% (31%
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in men and 2.4% in women, respectively),16 and approximately
85% of OSCC patients are habitual betel quid chewers.17

Interestingly, betel quid chewing is also the major etiologic
agent in the development of oral submucous fibrosis,18–20 a
precancerous condition characterized by epithelial atrophy and
fibrosis of the subepithelial connective tissue.21 Arecoline and
arecaidine—the most abundant alkaloids of betel quid—play a
pivotal role in the process of oral carcinogenesis, being able to
deregulate mitotic spindle, promote genomic instability, and
induce inflammatory events in keratinocytes.22–24

The high prevalence of betel quid chewing in Taiwan
provides an opportunity to investigate the incidence of multiple
PTs in OSCC patients, thus addressing the question as to
whether multiple PTs can also be related to betel quid chewing.
In this study, multiple PTs were defined as the occurrence of any
malignancy arising in the head and neck region or in any other
site of the body (Warrens and Gates criteria25) after an initial
diagnosis of OSCC. We also examined the clinical outcomes of
OSCC patients with multiple PTs according to the number of
primary malignancies, with special emphasis on fourth PTs.

METHODS

Patients
The study was conducted from January 1996 to April 2014.

Consecutive patients (n¼ 1836) with a diagnosis of first
primary OSCC who were previously untreated were considered
for inclusion. Radical surgery was planned in all participants,
whereas neck dissection was performed when indicated. Pre-
operative work-up and staging were performed as described
previously,9 including the use of panendoscopy (after 2002) and
whole-body 2-deoxy-2[(18)F]fluoro-D-glucose–positron emis-
sion tomography (FDG-PET, after 2001). The seventh edition of
the American Joint Committee on Cancer (AJCC) staging
manual was used.26 Tumors that appeared anatomically separ-
ated from the first PT (ie, �2 cm of normal tissue identifiable
between distinct lesions) were considered as second (or
multiple) PTs. When �2 malignancies were simultaneously
evident in the oral cavity, the index tumor was defined as the
neoplasm with the most advanced stage. We carefully ruled out
the presence of metastases and local relapses. Malignancies that
developed at the same site were not classified as second (or
multiple) PTs, independent from the time elapsed between the
date of analysis and first definitive treatment. The surgical
principles and the approach used for postoperative adjuvant
therapy have been previously described in detail.9,27 Ethical
approval was granted by the Institutional Review Board of the
Chang Gung Memorial Hospital. Because of the retrospective
nature of the study, the need for informed consent was waived.

Data Analysis
The closing date for follow-up was April 2015. At least 1

year of follow-up after primary definitive treatment was avail-
able for all patients who were not death-censored. The study
endpoints consisted of the 5, 10, and 15-year overall survival
(OS) rates. OS was defined as the time elapsed from surgery to
the date of death or the censoring date. Kaplan–Meier curves
were constructed that evaluated OS using the log-rank test for
comparison. We developed univariate and multivariate Cox
regression models to identify the significant predictors of a

Adel et al
fourth primary malignancy (Table 1) and OS (Supplement
Table, http://links.lww.com/MD/A842) in the entire study
cohort (n¼ 1836). All variables were examined as potential
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predictors and entered in both univariate analysis (UVA) and
multivariate analysis (MVA). MVA was conducted using a
stepwise forward selection procedure. The statistical compu-
tations were performed with the Statistical Package for Social
Sciences, version 17.0 (SPSS Inc., Chicago, IL). The alpha error
was set at 0.05 (2-tailed).

RESULTS

General Characteristics of OSCC Patients
According to the Number of Second Primary
Tumors

Of the 1836 patients, 1400 (76.3%) had a single PT, 344
(18.7%) a second PT, 67 (3.6%) a third PT, and 25 (1.4%) a
fourth PT. The incidences of second, third, and fourth PTs for all
patients (n¼ 1836) at 5 and 10 years were 20.2%/34.6%, 4.0%/
8.6%, and 1.0%/2.3%, respectively (Figure 1A). The time
intervals between the first and the second, the second
and the third, and the third and the fourth PTs were 0 to 203
months (median: 36 months, mean: 47 months), 0 to 121 months
(median: 26 months, mean: 28 months), and 0 to 82 months
(median: 22 months, mean: 25 months), respectively. Table 2
summarizes the general characteristics of the study patients who
presented with a single, second, third, and fourth PTs. Com-
pared with other groups (single PT, second PT, or third PT),
patients with a fourth PT were found to differ in terms of the
following risk factors: sex (P¼ 0.005), preoperative betel quid
chewing (P¼ 0.001), tumor subsite (P< 0.001), pathological
N-status (P¼ 0.001), tumor differentiation (P¼ 0.002), and
perineural invasion (P¼ 0.009).

Factors Associated With Fourth Primary
Malignancies

The UVA (log-rank test) identified the following factors as
significantly associated with the development of a fourth PT:
simultaneous first and second PTs (P< 0.0001), betel quid
chewing (P¼ 0.0055), buccal subsite (P¼ 0.0116), and pT3–
4 status (P¼ 0.0097; Table 1 and Figure 1B–E). After allow-
ance for the potential confounding effect of other risk factors, all
of these variables retained their independent prognostic signifi-
cance in stepwise MVA, the only exception being betel quid
chewing (Table 1).

Factors Associated With Overall Survival
Univariate Cox regression analysis identified the following

factors as significantly associated with OS: second PT (com-
pared with a single PT; P¼ 0.024), age at onset >40 years
(P¼ 0.008), preoperative alcohol drinking (P¼ 0.011), mouth
floor subsite (as compared with tongue subsite; P¼ 0.019),
buccal subsite (as compared with tongue subsite; P¼ 0.041),
alveolar ridge subsite (as compared with tongue subsite;
P¼ 0.001), hard palate subsite (as compared with tongue sub-
site; P< 0.001), retromolar subsite (as compared with tongue
subsite; P¼ 0.044), pT3–4 tumor (P< 0.001), pN1–2 status
(P< 0.001), pathological stage III–IV (P< 0.001), nodal extra-
capsular spread (P< 0.001), poor differentiation (P< 0.001),
tumor depth �10 mm (P< 0.001), margin status �4 mm
(P¼ 0.003), perineural invasion (P< 0.001), lymphatic inva-
sion (P< 0.001), vascular invasion (P< 0.001), and surgery

Medicine � Volume 95, Number 12, March 2016
alone (P< 0.001). After allowance for potential confounders in
MVA, the following factors were found to retain their inde-
pendent prognostic significance: age at onset >40 years
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TABLE 1. Univariate and Multivariate Analyses of Factors Predicting a Fourth Primary Malignancy in OSCC Patients

Univariate Analysis Stepwise Multivariate Analysis

Characteristics

(n, %)

5-year %

(n, Events)

Log-rank

P

HR

(95% CI) P

HR

(95% CI) P

Simultaneous first and second

primary tumors

<0.0001 <0.001 <0.001

No (1757, 95.7) 0.5 (15) Reference Reference

Yes (79, 4.3), simultaneously 16.4 (10) 22.830 (10.233–50.937) 19.046 (7.774–46.661)

Sex 0.1623 0.361

Male (1715, 93.4) 1.1 (25) Reference

Female (121, 6.6) 0 (0) 0.044 (0.000–35.355)

Age at onset (years) 0.4993 0.502

�40 (334, 18.2) 1.0 (4) Reference

>40 (1502, 81.8) 1.0 (21) 1.443 (0.495–4.209)

Preoperative alcohol drinking 0.1084 0.116

No (628, 34.2) 1.0 (7) Reference

Yes (1208, 65.8) 1.0 (18) 2.027 (0.841–4.887)

Preoperative betel quid chewing 0.0055 0.089

No (369, 20.1) 0 (0) Reference

Yes (1467, 79.9) 1.3 (25) 30.743 (0.592–1596.589)

Preoperative cigarette smoking 0.5930 0.595

No (278, 15.1) 0.6 (3) Reference

Yes (1558, 84.9) 1.1 (22) 1.388 (0.415–4.636)

Tumor subsite 0.0646

Tongue (691, 37.6) 0.3 (3) Reference

Mouth floor (65, 3.5) 2.5 (1) 4.464 (0.463–43.046) 0.196

Lip (60, 3.3) 2.7 (2) 7.647 (1.277–45.810) 0.026

Buccal (638, 34.7) 1.5 (14) 5.986 (1.714–20.904) 0.005

Alveolar ridge (238, 13.0) 0.7 (3) 3.282 (0.661–16.282) 0.146

Hard palate (37, 2.0) 0 (0) 0.000 (0.000-.) 0.979

Retromolar trigone (107, 5.8) 1.5 (2) 5.423 (0.903–32.571) 0.065

Tumor subsite 0.0116 0.015 0.011

Others (1198, 65.3) 0.7 (11) Reference Reference

Buccal (638, 34.7) 1.5 (14) 2.669 (1.208–5.896) 3.303 (1.311–8.321)

Pathological T-status 0.0097 0.013 0.020

pT1–2 (1102, 60.0) 0.8 (11) Reference Reference

pT3–4 (734, 40.0) 1.4 (14) 2.719 (1.234–5.992) 3.144 (1.194–8.278)

Pathological N-status 0.8044 0.805

pN0 (1050, 61.4) 0.7 (15) Reference

pN1–2 (661, 38.6) 1.1 (5) 0.880 (0.302–2.422)

Pathological stage
�

0.0623 0.069

I–II (803, 43.7) 0.7 (9) Reference

III–IV (1033, 56.3) 1.4 (16) 2.135 (0.943–4.833)

Extracapsular spread 0.4941 0.497

No (1449, 79.1) 0.8 (21) Reference

Yes (384, 20.9) 2.4 (4) 1.449 (0.497–4.225)

Differentiation 0.3901 0.398

Well/moderate (1675, 91.2) 1.0 (23) Reference

Poor (161, 8.8) 1.7 (2) 1.869 (0.438–7.971)

Tumor depth, mm 0.1234 0.129

<10 (945, 51.6) 1.1 (11) Reference

�10 (887, 48.4) 0.9 (14) 1.843 (0.836–4.062)

Margin status, mm 0.4136 0.418

>4 (1628, 89.5) 1.0 (22) Reference

�4 (192, 10.5) 1.3 (3) 1.646 (0.492–5.504)

Perineural invasion 0.0653 0.072

No (1269, 69.2) 1.0 (16) Reference

Yes (566, 30.8) 1.2 (9) 2.125 (0.936–4.825)

Lymphatic invasion 0.6047 0.609

No (1740, 94.9) 0.9 (24) Reference
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Univariate Analysis Stepwise Multivariate Analysis

Characteristics

(n, %)

5-year %

(n, Events)

Log-rank

P

HR

(95% CI) P

HR

(95% CI) P

Yes (94, 5.1) 4.3 (1) 1.686 (0.228–12.475)

Vascular invasion 0.5907 0.720

No (1790, 97.6) 1.0 (25) Reference

Yes (44, 2.4) 0 (0) 0.049 (0.000–714652.665)

Treatment modality 0.0980 0.104

Surgery (891, 48.5) 0.8 (11) Reference

Surgery plus RT/CCRT (945, 51.5) 1.3 (14) 1.933 (0.873–4.281)

haza
N0

TABLE 1. (Continued )
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(P¼ 0.003), pT3–4 tumor (P< 0.001), pN1–2 status
(P< 0.001), nodal extracapsular spread (P< 0.001), poor
differentiation (P¼ 0.001), tumor depth �10 mm (P¼ 0.005),
margin status �4 mm (P¼ 0.031), and lymphatic invasion
(P¼ 0.003; Supplement Table, http://links.lww.com/MD/
A842).

Characteristics of OSCC Patients Who Developed
Fourth Primary Malignancies

Table 3 depicts the characteristics of the 25 OSCC patients
who developed fourth PTs. Notably, 3 of these 25 cases also
developed a fifth PT. Among the OSCC patients who developed
fourth PTs, we identified a total of 103 different primary
cancers, as follows: 88 oral cavity tumors (location: tongue
cancer, n¼ 22; alveolar ridge cancer, n¼ 21; buccal cancer,
n¼ 20; lip cancer, n¼ 13; retromolar trigone cancer, n¼ 5; hard
palate cancer, n¼ 4; and mouth floor cancer; n¼ 3); 11 oro-
pharyngeal tumors (location: tongue base cancer, n¼ 4; soft
palate cancer, n¼ 3; tonsil cancer, n¼ 3, and anterior pillar
cancer, n¼ 1), 1 nasal cavity cancer, and 3 malignancies located
outside the head and neck area (1 colorectal adenocarcinoma as
a third PT, 1 inguinal sarcoma as a third PT, and 1 prostatic
adenocarcinoma as a fourth PT). Fourteen of the 25 patients
presented simultaneous PTs at different stages, as follows:
7 patients presented with simultaneous first and second PTs
(patients #5, 9, 12, 13, 15, 18, and 25); 3 patients presented with
simultaneous second and third PTs (patients #6, 14, and 17), 1
patient presented with simultaneous third and fourth PTs
(patient #4), 1 patient presented with 3 simultaneous PTs (ie,
simultaneous first, second, and third PTs; malignancies located
at mouth floor, tongue, and lip; patient #20); and 2 patients
presented with simultaneous primary/secondary and third/
fourth PTs (patients #23 and 24). Therefore, a total of 10
patients had simultaneous first and second PTs (patients #5,
9, 12, 13, 15, 18, 25, 20, 23, and 24). Regarding the treatment
modality offered to the 25 patients with fourth PTs, 12 (44%)
were treated with surgery alone, 2 with surgery plus RT/con-
current chemoradiation (CCRT), 1 with surgery plus hormone
therapy (for prostate cancer, patient #18), 6 with RT/CCRT, and
4 with best supportive care. Ten of the 25 patients underwent
reirradiation (patients #2, 9, 10, 11, 13, 14, 16, 17, 18, and 24).

Survival of OSCC Patients Who Developed

CCRT¼ concurrent chemoradiation, CI¼ confidence interval, HR¼�
Patients who did not undergo neck dissection were considered as p
Fourth Primary Malignancies
The 5-year disease-free, disease-specific, and OS rates in

the entire cohort were 73%, 81%, and 68%, respectively
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(Figure 2A). The 5, 10, 15-year OS rates (calculated from
the date of surgery) for patients with single, second, third,
and fourth PTs were 68%/61%/57%, 67%/47%/36%, 75%/
57%/41%, and 87%/58%/32%, respectively (Figure 2B). At
5 years, patients with fourth PTs had acceptable OS rates.
Patients who developed second, third, and fourth PTs showed
a tendency toward lower OS rates after 10 years compared with
those with a single primary malignancy. The 5 and 10-year OS
rates (calculated from the diagnosis of single and multiple PTs)
for patients with a single, second, third, and fourth PTs were
68%/61%, 43%/37%, 45%/39%, and 30%/30%, respectively
(P< 0.0001; Figure 2C). Among patients with a fourth PT
(n¼ 25), those who underwent radical surgical removal showed
a significantly higher 3-year OS than those who did not (57% vs
13%, respectively; P¼ 0.0442; Figure 2D).

DISCUSSION
Despite recent declines in the use of risky oral habits, the

incidence of OSCC in Taiwan continues to increase.9,28 This
paradoxical observation can be explained by the long-term (10–
15 years) carcinogenic effects of betel quid chewing, either with
or without the concomitant detrimental action of alcohol drink-
ing and cigarette smoking.9 In the current study, we have shown
that OSCC patients can continue to develop multiple subsequent
PTs despite aggressive surgical and adjuvant treatment. All of
our patients who developed a fourth PT had a history of betel
quid chewing, although 99% of them quit chewing after their
initial OSCC diagnosis. These findings are comparable with the
results of Qaisi et al29 who showed that patients who quit
smoking after treatment of a first primary malignancy continue
to be at high risk of developing multiple PTs. Conversely, other
studies demonstrated that avoidance of alcohol drinking and
cigarette smoking can reduce the risk of developing a second PT
in the head and neck region.30–33 Based on our observations, we
believe that quitting betel quid chewing can be effective in the
primary but not secondary prevention of oral cancers among
subjects living in endemic areas.

The results of UVA (log-rank test) indicated that simul-
taneous first and second PTs, betel quid chewing, buccal
subsite, and pT3–4 status were significantly associated with
the development of a fourth PT in OSCC patients. After
allowance for other potential confounding factors, all of the
above-mentioned variables (the only exception being betel quid

rd ratio, RT¼ radiotherapy.
.

chewing) retained their independent prognostic significance in
stepwise MVA. We have previously reported similar risk
factors in studies focusing on the development of second
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FIGURE 1. Kaplan–Meier plots of the incidence of second, third, and fourth primary tumors in OSCC patients (A), and 5-year incidence of
pr

oral

Medicine � Volume 95, Number 12, March 2016 OSCC With Fourth Primary Tumors
PTs.9,27 Notably, the simultaneous presence of both a first and a
second PT was the strongest predictor of a fourth PT (hazard
ratio 19.046; Table 1). Consequently, such high-risk patients are
ideal candidates for inclusion in future prospective multimod-

fourth primary tumors in OSCC patients stratified according to the
quid chewing (C), buccal subsite (D), and pT status (E). OSCC¼
ality clinical trials aimed at reducing the burden of multiple PTs.
In areas where betel quid chewing is not endemic, lower

oral cavity subsites (ie, tongue, floor of mouth, and lower

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
alveolar ridge) are the most common areas for the development
of second PTs in patients with a history of heavy smoking.30 In
the current study, the most common site of second PTs was the
tongue (followed by the buccal mucosa and the alveolar ridge),

esence of simultaneous first and second primary tumors (B), betel
cavity squamous cell carcinoma.
whereas the buccal cavity was the main site of development for
both third and fourth PTs (Table 2). Notably, 56% (n¼ 14) of all
patients who developed a fourth PT had an index OSCC located
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TABLE 2. General Characteristics of OSCC Patients Who Presented With a Single, Second, Third, and Fourth Primary Malignancy

Characteristics of the Index
OSCC (n, %)

Single Primary
(n¼ 1400) (n, %)

Second Primary
(n¼ 344) (n, %)

Third Primary
(n¼ 67) (n, %)

Fourth Primary
(n¼ 25) (n, %) P

Sex 0.005
Male (1715, 93.4) 1292 (92.3) 332 (96.5) 66 (98.5) 25 (100.0)
Female (121, 6.6) 108 (7.7) 12 (3.5) 1 (1.5) 0

Age at onset (years) 0.297
�40 (334, 18.2) 267 (19.1) 55 (16.0) 8 (11.9) 4 (16.0)
>40 (1502, 81.8) 1133 (80.9) 289 (84.0) 59 (88.1) 21 (84.0)

Preoperative alcohol drinking 0.156
No (628, 34.2) 498 (35.6) 101 (29.4) 22 (32.8) 7 (28.0)
Yes (1208, 65.8) 902 (64.4) 243 (70.6) 45 (67.2) 18 (72.0)

Preoperative betel quid chewing 0.001
No (369, 20.1) 307 (21.9) 55 (16.0) 7 (10.4) 0
Yes (1467, 79.9) 1093 (78.1) 289 (84.0) 60 (89.6) 25 (100.0)

Preoperative cigarette smoking 0.640
No (278, 15.1) 220 (15.7) 45 (13.1) 10 (14.9) 3 (12.0)
Yes (1558, 84.9) 1180 (84.3) 299 (86.9) 57 (85.1) 22 (88.0)

Tumor subsite <0.001
Tongue (691, 37.6) 545 (38.9) 129 (37.5) 14 (20.9) 3 (12.0)
Mouth floor (65, 3.5) 49 (3.5) 13 (3.8) 2 (3.0) 1 (4.0)
Lip (60, 3.3) 37 (2.6) 18 (5.2) 3 (4.5) 2 (8.0)
Buccal (638, 34.7) 503 (35.9) 102 (29.7) 19 (28.4) 14 (56.0)
Alveolar ridge (238, 13.0) 170 (12.1) 49 (14.2) 16 (23.9) 3 (12.0)
Hard palate (37, 2.0) 22 (1.6) 11 (3.2) 4 (6.0) 0
Retromolar trigone (107, 5.8) 74 (5.3) 22 (6.4) 9 (13.4) 2 (8.0)

Pathological T-status 0.312
pT1–2 (1102, 60.0) 849 (60.6) 205 (59.6) 37 (55.2) 11 (44.0)
pT3–4 (734, 40.0) 551 (39.4) 139 (40.4) 30 (44.8) 14 (56.0)

Pathological N-status 0.001
pN0 (1050, 61.4) 772 (58.8) 219 (69.1) 44 (72.1) 15 (75.0)
pN1–2 (661, 38.6) 541 (41.2) 98 (30.9) 17 (27.9) 5 (25.0)

Pathological stage
�

0.647
I–II (803, 43.7) 605 (43.2) 159 (46.2) 30 (44.8) 9 (36.0)
III–IV (1033, 56.3) 795 (56.8) 185 (53.8) 37 (55.2) 16 (64.0)

Extracapsular spready 0.052
No (1449, 79.1) 1085 (77.6) 286 (83.1) 57 (86.4) 21 (84.0)
Yes (384, 20.9) 313 (22.4) 58 (16.9) 9 (13.6) 4 (16.0)

Differentiation 0.002
Well/moderate (1675, 91.2) 1258 (89.9) 328 (95.3) 66 (98.5) 23 (92.0)
Poor (161, 8.8) 142 (10.1) 16 (4.7) 1 (1.5) 2 (8 .0)

Tumor depth, mmy 0.536
<10 (945, 51.6) 714 (51.1) 187 (54.7) 33 (49.3) 11 (44.0)
�10 (887, 48.4) 684 (48.9) 155 (45.3) 34 (50.7) 14 (56.0)

Margin status, mmy 0.495
�4 (192, 10.5) 138 (10.0) 44 (12.8) 7 (10.6) 3 (12.0)
>4 (1628, 89.5) 1247 (90.0) 300 (87.2) 59 (89.4) 22 (88.0)

Perineural invasiony 0.009
No (1269, 69.2) 941 (67.3) 260 (75.6) 52 (77.6) 16 (64.0)
Yes (566, 30.8) 458 (32.7) 84 (24.4) 15 (22.4) 9 (36.0)

Lymphatic invasiony 0.559
No (1740, 94.9) 1324 (94.6) 326 (95.0) 66 (98.5) 24 (96.0)
Yes (94, 5.1) 75 (5.4) 17 (5.0) 1 (1.5) 1 (4.0)

Vascular invasiony 0.061
No (1790, 97.6) 1358 (97.1) 340 (99.1) 67 (100.0) 25 (100.0)
Yes (44, 2.4) 41 (2.9) 3 (0.9) 0 0

Treatment modality 0.771
Surgery (891, 48.5) 674 (48.1) 170 (49.4) 36 (53.7) 11 (44.0)
Surgery plus RT/CCRT (945, 51.5) 726 (51.9) 174 (50.6) 31 (46.3) 14 (56.0)

CCRT¼ concurrent chemoradiation, n¼ number of patients, RT¼ radiotherapy.�
Patients who did not undergo neck dissection were considered as pN0.
yUnavailable data: extracapsular spread (n¼ 3), tumor depth (n¼ 4), margin status (n¼ 16), perineural invasion (n¼ 1), lymphatic invasion (n¼ 2),

and vascular invasion (n¼ 2).
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FIGURE 2. Kaplan–Meier plots of 5-year disease-free survival, disease-specific survival, and overall survival in all patients (A). Kaplan–
Meier plots of 5-year overall survival in OSCC patients with a single, second, third, and fourth primary tumors calculated from date of

ea
t tr

Adel et al Medicine � Volume 95, Number 12, March 2016
in the buccal mucosa. In nonbetel-chewing areas, the lower
alveolar ridge and the tongue are the most common sites from
which multiple PTs originate.29 In contrast, the tongue (fol-
lowed by the alveolar ridge, the buccal mucosa, and the lips)
was the most common site of development of multiple PTs in
the current study (Table 3). We believe that such differences
may be at least in part explained by a specific effect of betel
quid chewing.

Our current data are in line with previous studies con-
ducted in patients with oral cavity cancer showing that most
multiple PTs arise from the oral cavity, the oropharynx, and the
nasal cavities.30–33 One intriguing finding of our study is the
unexpectedly high 5-year OS rate in OSCC patients who
developed a fourth PT, even though this observation cannot
be easily explained. Our patients with fourth PTs tended to have
a high pT status (pT3�4 tumors; Table 1) despite a low nodal
status (pN0; Table 2). Of note, the outcomes of pT4N0 disease
were in line with those previously observed in our study for
patients with p-stage III disease.34 Here, the stage of the index
OSCC was not a significant risk factor for the development of a
fourth PT.30,35

treatment for the index OSCC (B), and from the data of diagnosis of
in OSCC patients with a fourth primary malignancy with and withou
carcinoma.
In the current study, the incidence of second PTs was 3%
per year, being in accordance with previously reported rates
(1.5%�3.7%).30,31,36 However, we have shown for the first time

8 | www.md-journal.com
that the development of a fourth PT in OSCC patients is a rare
event (incidence of 2.3% at 10 years). Subsequent PTs have a
detrimental prognostic impact,37, resulting in a 10% to 30%
reduction of 5-year OS rates compared with patients who have a
single malignancy.27,36,38,39 In the current study, we found that
the presence of multiple PTs resulted in an approximately 25%
reduction of 5-year OS compared with participants with a single
neoplasm (Figure 2C). Leon et al38 have shown that survival
decreased progressively with every new second PT after the
initial index head and neck tumor (the majority of neoplasms
[51.6%] arising from the larynx), with their 5-year survival rates
after a first, second, third, and fourth malignancies being 67.6%,
56.1%, 45.0%, and 32.1%, respectively. In the present study, the
observed 5-year OS rates of OSCC patients with a single,
second, third, and fourth PTs were similar, being 68%, 43%,
45%, and 30%, respectively (Figure 2C), with the exception of
lower OS rates after a second tumor and a loss of the progress-
ively decreasing survival trend.38 The potential reasons that
might explain the different clinical outcomes in our study as
compared with that of Leon et al may reflect the different study
populations. Specifically, the following points should be noted:

ch primary tumor (C). Kaplan–Meier plots of 5-year overall survival
eatment with radical surgery (D). OSCC¼oral cavity squamous cell
betel quid chewing can play a role in tumor etiology in our
current study, but not in the Leon et al’s study; higher rates of
second, third, and fourth PTs in our current study as compared

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 4. Comparison of Outcomes in OSCC Patients Presenting With Third and Fourth Primary Malignancies (Summary of
Published Studies)

Third Primary Fourth Primary

Authors
Year

(Number of Patients) No.
Dead/
Alive

5-Year
OS

5-Year
DSS

10-Year
DSS No

Dead/
Alive

5-Year
OS

10-Year
OS

Liao et al
(current study)

2015 (1836) 67 32/35 75%z/45%§ 25 14/11 87%z/30%§ 58%z

Qaisi et al29 2014 (1478) 20 11/9
Mochizuki et al40 2015 (1015) 11 100% 90%
Suzuki et al41 2002 (329) 2 0/2

�

Leon et al38 2012 (4298)y 45%§ (n¼ 60) 32%§ (n¼ 13)

DSS¼ disease-specific survival, OS¼ overall survival.�
DSS and OS of 1 and 13 months, respectively, after the diagnosis of the third primary tumor.
yHead and neck index tumors (larynx, 51.6%; oropharynx, 17.5%, oral cavity, 11.6%; others, 19.3%).
z

tu

Medicine � Volume 95, Number 12, March 2016 OSCC With Fourth Primary Tumors
with the Leon et al’s study (18.7%, 3.6%, and 1.4% vs 8.1%,
1.4%, and 0.3%, respectively); higher prevalence of patients
with oral cavity subsite in our current study as compared with
the Leon et al’s study (100% vs 11.6%, respectively); and higher
rates of initial radical surgery with or without adjuvant therapy
(100% vs 29.3%, respectively). Table 4 summarizes the avail-
able literature focusing on the outcomes of OSCC patients who
developed third or fourth PTs.29,38,40,41

Surgery remains the mainstay of treatment for OSCC (both
for the index malignancy and subsequent multiple PTs).42

Because multiple PTs are expected to portend a poor prognosis,
a more aggressive surgical approach is warranted.43 In line with
our previously described approach for second PTs,27 fourth and
fifth PTs arising from the oral cavity/soft palate were treated as
the first OSCC. In general, radical surgery aimed at obtaining
adequate safety margins was the approach of choice for all
operable patients (according to their performance status).
Among the subgroup of patients who developed a fourth PT,
subjects who underwent radical surgery showed a significantly
higher 3-year OS than those who did not (57% vs 13%,
respectively; P¼ 0.0442). Obviously, the surgical strategy
needs to be carefully weighted in each patient against potential
cosmetic and functional complications. For example, some

Calculated from the date of surgery for the index OSCC.
§ Calculated from the date of diagnosis of the third or fourth primary
patients in the current study underwent a total or subtotal
replacement of the normal oral mucosa by multiple tissue flaps
(used for reconstruction) after removal of each newly diagnosed

FIGURE 3. Postoperative images (from left to right: from the oral c
underwent 3 free flap reconstructions after removal of 4 primary malign
squamous carcinomas of the retromolar trigone, hard palate, and up

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
PT. Figure 3 shows the current status of a patient (#14; Table 3)
who underwent surgery from a fourth primary malignancy and 3
consecutive free flap reconstructions (after removal of tumors
located in the central tongue, left retromolar trigone, hard
palate, and right upper gum). In this specific case, the anterior
part of the upper gum was the only portion of the native oral
cavity that was actually preserved. Serial demolitions
and reconstructions may significantly affect the patient’s com-
munication and swallowing abilities, ultimately requiring, in
some cases, the insertion of a nasogastric tube or a
permanent tracheostomy.

Three main limitations of our study need to be acknowl-
edged. First, the single-center nature of our work and its
retrospective design limit the generalizability of the findings.
Nonetheless, this is the largest study to date focusing on OSCC
patients who developed a fourth PT, a population for which
available data remain scanty (Table 4). Second, all of the study
patients were recruited in a betel quid-chewing endemic area.
Consequently, the extent to which our data are applicable to
other geographic locations remains unknown. Finally, this study
was specifically focused on OSCC patients who developed
multiple PTs in a betel-chewing endemic area. Consequently,
we should keep in mind that the predictors of long-term OS rates

mors.
identified in the current study may differ from those identified
in OSCC patients in general. Consistent with the current study,
we have previously shown a univariate association between

avity to the oropharynx) of a representative OSCC patient who
ancies (squamous cell carcinoma of the central tongue followed by
per gum). OSCC¼oral cavity squamous cell carcinoma.

www.md-journal.com | 9



35. Licciardello JT, Spitz MR, Hong WK. Multiple primary cancer in
alcohol drinking and survival.44 Betel quid chewing has been
previously associated with poor 5-year disease-free and disease-
specific survival rates.9 Similarly, an univariate association
with OS was observed in this study. Future ad hoc studies
should specifically compare the prognostic factors for OSCC in
general with those OSCC patients who developed multiple PTs.

In summary, the results of our study indicate that fourth
PTs are rarely observed in OSCC patients living in a betel quid-
chewing endemic area. Long-term survival rates of patients
treated with radical surgery seems acceptable, being 4-fold
higher than their counterpart.
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