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Abstract

Background

The survival rate of head and neck squamous cell carcinoma (HNSCC) patients with sec-
ondary primary malignancy (SPM) showed no significant improvement for decades, how-
ever, the impact of advances in diagnostic tools is rarely mentioned. This study investigated
the clinical characteristic of HNSCC with SPM over a 27-year period especially from the per-
spective of diagnostic tools.

Methods

This study evaluated 157 HNSCC patients with SPM. The patients were divided into two
groups according to the time of SPM diagnosis (Group A:1992—2003; Group B: 2004—
2014). Age, gender, stage of first primary malignancy (FPM), SPM interval, overall survival,
and disease-free survival were compared between groups.

Results

Group B had significantly more SPM developed rate (p = 0.002), more SPM patients with
advanced stage of FPM (p = 0.001), synchronous SPM (p = 0.006), and shorter SPM inter-
val (p<0.001) compared to Group A. The survival rate in Group B was not significantly better
than Group A.

Conclusion

Among patients diagnosed with HNSCC recently, more SPMs are diagnosed in a shorter
time interval and in a more advanced stage. The overall advances in diagnostic tools cannot
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significantly improve SPM survival, however, it enables more patients to receive corre-
sponding treatment.

Introduction

Head and neck squamous cell carcinoma (HNSCC) is the ninth most common malignancy in
the world [1]. Patients with HNSCC have a high risk of second primary malignancy (SPM).
SPM was defined by Warren and Gates in 1932 [2] and modified by Hong in 1990 [3]: 1)
exclusion of the possibility that a tumor is a metastasis of another, 2) the time interval between
SPM diagnosed at the same or an adjacent anatomical site of FPM should be at least 3 years 3)
within three years of FPM diagnosis, SPM of the same histologic type as the FPM should be
separated from the FPM by more than 2 cm of normal epithelium. The most common SPM
sites are the head and neck region, the esophagus and the lungs [4-6]. An SPM is also an
important negative prognostic factor in cancer survivors, which may lead to a decrease in the
survival rate of HNSCC patients, one-third of deaths in HNSCC patients are attributable to
SPM [7-9]. An international epidemiologic analysis reported that the cumulative incidence of
SPM in HNSCC patients can reach 36% during the 20-year follow-up period [10].

The “field cancerization” hypothesis proposed by Slaughter et al. in 1953 provides a biologi-
cal explanation of the occurrence of SPM [11]. That is, environmental carcinogens such as
tobacco, alcohol and betel quid may induce field carcinogenesis, cause precancerous diseases,
and increase epithelial cancer risk throughout the upper aerodigestive tract [12]. Other possi-
ble causes of SPM proposed in recent years include shared environmental or genetic risks and
previous HNSCC treatment [13].

Although the modern treatment modalities do not significantly improve outcomes in the
literature, the potentially large impact of advances in diagnostic tools has not been discussed
extensively. To address this issue, this study analyzed 932 HNSCC cases treated and followed
up by a single surgeon over a 27-year period in a medical center located in area of south Tai-
wan known to have a high incidence of HNSCC. The HNSCC cases that developed SPM were
categorized into two groups (Group A:1992-2003; Group B: 2004-2014) according to the time
of SPM diagnosis. The aim of this study was to compare the characteristics related to the
advances in diagnostic tools, for example, diagnosis interval, cancer stage, patterns of FPM/
SPM and survival rate, in two different time periods.

Materials and methods

This retrospective study enrolled 932 consecutive patients who had primary HNSCC originat-
ing in the oral cavity, oropharynx, larynx and hypopharynx diagnosed by a single surgeon
(K-W, Lee) at Kaohsiung Medical University Hospital, Taiwan, from September, 1992, to
August, 2014, and who had updated cancer registry information. As in previous studies of
SPM, patients who had nasopharyngeal carcinoma (NPC) were excluded because of its distinct
biologic behaviors and SPM patterns [14, 15]. In all HNSCC patients, organs that were the
main sites of metastasis were regularly surveyed for 3 months after update of the cancer regis-
try information, and all surveys were performed at least once annually thereafter. Routine sur-
veys for metastasis and SPM for HNSCC patients included chest X-ray, abdominal
sonography, esophagogastroduodenoscopy (EGD), and bone scintigraphy. Adjunct diagnostic
tools including chest and abdominal computer tomography (CT) scans, and whole-body
'8E-Fluorodeoxyglucose positron emission tomography (FDG-PET) scans were performed as
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HNSCC registration updated during 1992
Sep — 2014 Aug
(n=932, NPC excluded)

Patients did not undergo complete
metastasis & SPM survey were excluded
(n=901)

Patients with SPM developed
(=157, 17.4 %)

/

Group A Group B
1992 Sep — 2003 Aug 2003 Sep- 2014 Aug
(n=403) (n=498)
Patients with SPM developed Patients with SPM developed
(n=53, 13.2% ) (n=104, 20.9% )

Fig 1. Flowchart of inclusion and exclusion procedure in each group.

https://doi.org/10.1371/journal.pone.0263773.9001

needed, besides, FDG-PET had been available in our institution since Aug 2005. After exclud-
ing patients who did not undergo a complete survey, the analysis included 901 patients. Of
these patients, 157 (17.4%) had developed SPM confirmed by pathology report. The SPM
interval was defined as the time from the primary HNSCC diagnosis to the time of SPM diag-
nosis. All of the 157 patients treated in our institution had received SPM treatment and follow
up. Follow up continued until loss of contact with the patient or until death. The last patient
included in the analysis completed 5 years of follow up on August, 2019. Since September
2003, the institution had full adoption of the TCR (Taiwan Cancer Registry) reporting criteria,
and a multidisciplinary committee was established. Fig 1 shows that the 157 SPM patients
were also categorized into two groups according to time of SPM diagnosis: Group A included
patients diagnosed from September, 1992, to August, 2003, and Group B included those diag-
nosed September, 2003, to August, 2014. Patient data collected in this study included age, gen-
der, FPM subsites, and SPM sites. All methods were carried out in accordance with relevant
guidelines and regulations. Ethical approval of this study was obtained from the Kaohsiung
Medical University Hospital Institutional Review Board (KMUHIRB-E(I)-20200083).

This study defined SPM according to criteria proposed by Warren and Gates in 1932 [2]
and modified by Hong in 1990 [3] mentioned in introduction section. A SPM that developed
more than 6 months after an FPM diagnosis was classified as "metachronous"; one that devel-
oped within 6 months or less was classified as "synchronous" [2].

Staging was performed is according to American Joint Committee on Cancer (AJCC)
guidelines. The 5th edition was used during 1997 to 2003, the 6th edition was used during
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2003 to 2009, and the 7th edition was used during 2010 to 2017. Overall survival (OS) was
defined as the length of time that the patient survived after the date of SPM diagnosis. Disease-
free survival (DFS) was defined as the length of time that the patient survived without cancer
signs or symptoms after the end of treatment for SPM.

To analyze the variables, independent t test and Pearson chi-square test were performed
using SPSS (Version 18.0 for windows; SPSS Inc., Chicago, IL, USA). The Kaplan-Meier esti-
mator, a standard non-parametric statistic used to estimate survival function of time-to-event
data, was applied to measure the survival rate. A log-rank test was used to examine the differ-
ence in survival curves among different subpopulations. Both survival analyses were per-
formed using R software (version-3.4). A two-tailed p value less than 0.05 was considered
statistically significant.

Results

Table 1 presents the characteristics of the patients. The 157 HNSCC patients with SPM
included 152 (96.8%) men and 5 (3.2%) women with a mean age of 55.8 £ 9.7 years. According
to AJCC criteria, 51, 32, 37 and 37 patients were in stages L, IL, IIl and IV, respectively, at the
time of primary HNSCC diagnosis. The average SPM interval was 46.5 + 43.5 months. The
mean 5-year OS and DFS rates were 39.6% and 35.4%, respectively.

The patients were then subdivided according to the time of SPM diagnosis: 53 (13.2%) of
403 patients in Group A, and 104 (20.9%) of 498 patients in Group B. The proportion of
patients diagnosed with SPM was significantly larger in Group B compared to Group A
(p = 0.002), but age and gender did not significantly differ.

Comparison of FPM subsites between groups, in each subsite, the percentage of patients
with FPM was significantly larger in Group B compared to Group A. Group B also had signifi-
cantly more FPMs located in the oropharynx (p = 0.031) and in the hypopharynx (p = 0.004)
compared to Group A.

Comparison of FPM stages between groups, Group A also had significantly more cases in
early FPM stages (I and II) compared to Group B whereas Group B had significantly more
cases in advanced FPM stages (III and IV) compared to Group A (p = 0.001).

Comparison of SPM sites between groups, Group B had a larger percentage of patients with
SPM in each site compared to Group A. The difference was statistically significant in patients
who had SPM in the esophagus (p = 0.008) and in the lungs (p = 0.028).

The SPM interval was significantly (p<0.001) longer in Group A (72.8 £ 49.0 months) than
in Group B (33.2 + 33.4 months). Group A had 4 synchronous and 49 metachronous SPMs
whereas Group B had 27 synchronous and 77 metachronous SPMs. Thus, Group B had signifi-
cantly (p = 0.006) more proportion of synchronous SPMs compared to Group A. The 5-year
OS rate did not significantly (p = 0.674) differ between Group A (37.3%) and Group B
(40.9%). Additionally, the 5-year DFS rate did not significantly (p = 0.699) differ between
Group A (33.3%) and Group B (36.6%).

The treatment of HNSCC patients showed significant difference (p = 0.008) between
groups, especially in the patients received CCRT (13.2% in Group A vs. 40.4% in Group B).

Fig 2 shows the 5-year OS rates for each FPM subsite. The 5-year OS rates significantly
(p = 0.03) differed in each subsite: 57.8% for oral cavity, 32.1% for oropharynx, 40.0% for lar-
ynx, and 25.0% for hypopharynx.

Fig 3 compares survival by SPM sites. The 5-year OS rates for SPM in the head and neck
region, esophagus, liver, lung and colon, were 39.5%, 29.2%, 50.0%, 42.9% and 50.0%, respec-
tively. Comparison of data for all SPM sites revealed that OS was lowest for SPM in the esopha-
gus, but the difference did not reach statistical significance (p = 0.61).
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Table 1. Demographic and clinical characteristics in HNSCC patients of Group A and Group B.

Total Group A Group B p value

SPM developed (%) 157/901 (17.4) 53/403 (13.2) 104/498 (20.9) 0.002
Age® (mean+SD) 55.8+£9.7 54.6 £9.5 56.3+9.7 0.281
Gender (Male/Female) 152/5 53/0 99/5 0.254
Subsite of FPM"

Oral cavity (%) 53/901 (5.9) 23/403 (5.7) 30/498 (6.0) 0.841

Oropharynx (%) 31/901 (3.4) 8/403 (2.0) 23/498 (4.6) 0.031

Larynx (%) 32/901 (3.6) 12/403 (3.0) 20/498 (4.0) 0.402

Hypopharynx (%) 40/901 (4.4) 9/403 (2.2) 31/498 (6.2) 0.004
Stage of FPM*® 0.001

Early stages I / I 51/32 22/16 29/16

Advanced stages III / IV 37/37 7/8 30/29
Site of SPM“

Head and Neck (%) 86/901 (9.5) 36/403 (8.9) 50/498 (10.0) 0.574

Esophagus (%) 26/901 (2.9) 5/403 (1.2) 21/498 (4.2) 0.008

Liver (%) 10/901 (1.1) 1/403 (0.2) 9/498 (1.8) 0.057

Lung (%) 8/901 (0.9) 0/403 (0.0) 8/498 (1.6) 0.028

Colon (%) 8/901 (0.9) 3/403 (0.7) 5/498 (1.0) 0.955
SPM interval® (months, mean+SD) 46.5 £ 43.5 72.8 £49.0 33.2+334 <0.001
SPM interval type 0.006

Synchronous (%) 31(19.7) 4(7.5) 27 (26.0)

Metachronous (%) 126 (80.3) 49 (92.5) 77 (74.0)
Five-year OS rate (%) 57/144 (39.6) 19/51 (37.3) 38/93 (40.9) 0.674
Five-year DFS rate (%) 51/144 (35.4) 17/51 (33.3) 34/93 (36.6) 0.699
Survey for SPMs

PET-CT (%) 20/157 (12.7) 0/53 (0.0) 20/104 (19.2)

Serial surveys 137 patients 53 patients 84 patients

CXR or Chest CT 137/137(100.0) 53/53(100.0) 84/84(100.0)

Abd echo 129/137(94.2) 48/53(90.1) 81/84(96.4)

Bone scan 126/137(92.0) 46/53(86.8) 80/84(95.2)

EGD 81/137(59.1) 17/53 (32.1) 64/84 (76.2)
Treatment 0.008

OP (-ND) 24 (15.3) 11 (20.8) 13 (12.5)

OP (+ND) 31(19.7) 15 (28.3) 16 (15.4)

OP +RT' 34 (21.7) 14 (26.4) 20 (19.2)

OP + CCRT# 19 (12.1) 6(11.3) 13 (12.5)

CCRT# 49 (31.2) 7 (13.2) 42 (40.4)

HNSCC = head and neck squamous cell carcinoma; FPM = first primary malignancy; SPM = second primary malignancy; SD = standard deviation; OS = overall
survival; DFS = disease free survival; OP = operation; ND = neck dissection; RT = radiotherapy; CCRT = concurrent chemoradiotherapy; PET-CT = Positron emission
tomography-Computed tomography; CXR = Chest X-ray; Chest CT = Chest computed tomography; Abd echo = Abdominal echography;

EGD = esophagogastroduodenoscopy

* Age at diagnosis of SPM

® One patient in Group A had FPM located in nasal cavity

© Staging according to the version of American Joint Committee on Cancer (AJCC) guidelines at the time of diagnosis

42,3,2,and 1 patients in Group A developed SPM in the stomach, nasopharynx, bladder, and prostate, respectively; 4, 1,2, 1, 1, 1, and 1 patients in Group B developed
SPM in the stomach, nasopharynx, bladder, prostate, parotid gland, pancreas, and thyroid, respectively.

¢ Time interval from FPM diagnosis to SPM diagnosis

fThe dose of RT was 66-70 Gy

& The dose of cisplatin was applied mostly 75 mg/m” every 3 weeks (2-3 cycles) or 30 mg/m” weekly (6-8 weeks), followed by concurrent RT (dose: 66-70 Gy).

https://doi.org/10.1371/journal.pone.0263773.t001
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Fig 2. Kaplan-Meier survival curves for first primary malignancy subsites in cases who developed secondary primary malignancy.

https://doi.org/10.1371/journal.pone.0263773.9002

In Fig 4, survival of patients with synchronous SPM and metachronous SPM is compared
between Group A and Group B. In Group A, the 5-year OS was 50.0% and 36.2% in synchro-
nous and metachronous SPM, respectively; in Group B, the 5-year OS was 37.0% and 42.4%
synchronous and metachronous SPM, respectively. The differences in 5-year OS did not reach
statistical significance (p = 0.78).

Discussion

The HNSCC cases in this study were categorized into two groups according to time of SPM
diagnosis. Compared to Group A, Group B had significantly more SPM developed rate
(p = 0.002), more SPM patients with advanced stage of FPM (p = 0.001), synchronous SPM
(p = 0.006), and shorter SPM interval (p<0.001). Compared to Group A, Group B had more
FPMs in the oropharynx (p = 0.031) and in the hypopharynx (p = 0.004) and had more SPMs
in the esophagus (p = 0.008) and in the lungs (p = 0.028). Finally, Group B had slightly better
5-year OS and DFS rates compared to Group A, but the differences were not statistically
significant.

In recent decades, several major improvements in diagnostic tools have been widely
accepted for clinical use. Examples include whole-body FDG-PET scan [16, 17] and lugol
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Fig 3. Kaplan-Meier survival curves for different second primary malignancy (SPM) sites in 157 SPM patients.

https://doi.org/10.1

371/journal.pone.0263773.9g003

chromo-EGD combined with narrow band imaging (NBI) [18, 19]. For SPM out of the head
and neck region, these imaging technologies offer more functional features for detecting SPM
in the early stage; for SPM in the head and neck region, these images have advantages to differ-
entiate SPM from post-treatment changes [20, 21]. For detecting lung metastases or lung
SPMs, chest CT is more accurate than chest X-ray [22]. For maximum cost effectiveness and
minimal radiation exposure, recent international guidelines recommend the use of regular
low-dose lung CT scans for lung malignancy screening [23, 24].

Comparisons of SPM sites in each group in this study indicated that the improved accessi-
bility and lower cost of chest CT scans may explain why the number of secondary primary
lung cancer diagnoses was significantly (p = 0.028) larger in Group B compared to Group A.
Improving sensitivity of abdominal sonography has also increased accuracy in detection of
secondary primary liver cancer and further confirmation by abdominal CT or magnetic reso-
nance imaging scans. However, the percentage increase in diagnoses of secondary primary
esophageal cancer was significantly larger in Group B (p = 0.008) compared to other SPM
sites. The “field cancerization” concept which emphasizes the relationship between HNSCC
and esophageal cancer, has resulted in the preferential use of EGD for HNSCC survey, and the
use of its adjuncts (i.e., lugol, NBI) has also increased [25]. This phenomenon may explain why
the number of SPM diagnoses was significantly higher in patients with FPM in the oropharynx
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Fig 4. Kaplan-Meier survival curves for synchronous and metachronous second primary malignancy (SPM) in Group A and Group

B.

https://doi.org/10.1371/journal.pone.0263773.9004

(p =0.031) or in the hypopharynx (0.004) compared to patients with FPM in the larynx

(p = 0.402). Local examinations for head and neck cancer are still mainly performed by visual
inspection, palpation, fiberlaryngoscopy, and head and neck CT scan. Slow implementation of
new optical technologies (i.e., NBI and optical coherence tomography) may explain why the
rate of second primary head and neck cancer has not significantly increased. Finally, colonos-
copy is not routinely used for HNSCC survey. Considering the annual increases in the preva-
lence of colorectal cancer, the existing data does not show a clear advantage of PET scan for
SPM diagnosis.

Comparisons revealed that Group B had a significantly shorter SPM interval and signifi-
cantly more synchronous SPM cases compared to Group A. Advances in diagnostic tools now
enable more accurate detection of SPM at an earlier SPM stage, which might improve survival
rates. However, some studies have reported that survival is poorer in synchronous SPM than
in metachronous SPM [26-28]. A possible explanation for the poorer survival in synchronous
SPM is that, because of the toxicity of FPM treatment and the decreased nutritional intake dur-
ing FPM treatment, synchronous SPM cannot be treated as aggressively as metachronous SPM
[29]. Additionally, the proportion of patients in this study with an advanced stage of FPM was
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Table 2. Demographic and clinical characteristics in HNSCC patients with metachronous SPM of Group A and Group B.

Age® (mean+SD)
Gender (Male/Female)
Subsite of FPM
Oral cavity
Oropharynx
Larynx
Hypopharynx
Other
Stage of FPM*®
Early stages I/ IT
Advanced stages III / IV
Site of SPM
Head and Neck
Esophagus
Liver
Lung
Colon
Other

SPM interval® (months, mean+SD)

Five-year OS rate (%)
Five-year DFS rate (%)

NS = not significant
* Age at diagnosis of SPM

® Staging according to the version of American Joint Committee on Cancer (AJCC) guidelines at the time of diagnosis

Metachronous SPM of Group A (N = 49)

54.2+9.7
49/0

20/ 15
717

33
5
1
0
3
8
78.7 +46.2

17/47 (36.2)
15/47 (31.9)

¢ Time interval from FPM diagnosis to SPM diagnosis.

https://doi.org/10.1371/journal.pone.0263773.t1002

Metachronous SPM of Group B (N = 77)

56.2 +10.4
72/5

25
20
14
18
0

23/12
22/20

44
11

4

11
44.1 +£32.3
28/66 (42.4)
26/66 (39.4)

p value
NS
NS
NS

0.004

NS

<0.001
NS
NS

larger in Group B compared to Group A, and Parry et al. [30] reported similar results. The
increasing proportion of SPM patients with an advanced stage of FPM may negatively affect
the survival rate. In this study, the 5-year OS did not significantly differ by synchronous or

metachronous SPM in both groups (p = 0.78).

In this study, the proportion of synchronous SPM in Group B is significantly higher than
Group A (p = 0.006). Among them, there are 10 cases of synchronous SPM in Group B that
occurs in the esophagus, which is highly associated with the advancement of EGD (lugol and

NBI). In order to analyze the impact of diagnostic tools during the follow-up period, Table 2

shows the characteristics in metachronous SPM of groups. In this table, there are still signifi-
cant differences in stage of FPM (p = 0.004) and interval of SPM (78.7+46.2 months in Group
A, 44.1+32.3 months in Group B, p<0.001). While survival improvement is still limited, indi-
cating the advancement of overall diagnostic tools also plays an important role in detecting
more SPM during the follow-up period of metachronous SPMs.

Studies suggest that a multidisciplinary approach to treatment and supportive care for
HNSCC patients improves their life expectancy and quality of life as well as their awareness of
the importance of early detection of the disease [31]. Our institution implemented a multidis-
ciplinary approach to treating HNSCC in 2003 and established a multidisciplinary HNSCC
treatment committee in 2008. However, the 5-year OS and DFS of SPM in Group B was not
significantly better than those in Group A, which is consistent with the overall results of sur-

vival studies performed in different decades [32, 33].
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The SPM survival rate is related to the prognostic characteristics of FPM. The results of this
study indicate that the FPM subsite is a significant predictor of survival (p = 0.03). In the litera-
ture, whether the SPM site predicts survival is controversial. Some studies have reported that
patients with SPM in the head and neck have a better prognosis compared to those with SPM in
the lungs or esophagus [10, 26, 34]. In our study, patients with a secondary primary esophageal
cancer had worse outcomes compared to patients with other SPM types, but the difference was
not statistically significant (p = 0.61). Although SPM is a strong negative prognostic indicator in
HNSCGC, the survival impact of SPM site may not be as large as the survival impact of FPM site.

A superior diagnostic tool for SPM screening is required. Some universalized and readily
accessible biomarker assessments have been developed, e.g., molecular analysis, markers such as
loss of heterozygosity (LOH), microsatellite alterations, chromosomal instability, mutations in
the TP53 gene, DNA amplification techniques and immunohistochemistry [35]. Targeted ther-
apy, immunotherapy, cellular therapy and cancer gene therapy may have important roles in
SPM treatment. Also the advanced computational imaging analysis and artificial intelligence
application to predict treatment outcome in patients with HNSCC is an emerging field in oncol-
ogy [36, 37]. Use of these therapies individually or in combination may offer advantages such as
decreased toxicity, increased tolerance, and increased compliance. Further research is needed to
develop novel diagnostic and treatment methods specifically for treating SPM.

This study had some limitations. First, the case number in this study was much smaller
compared to that in the Taiwan Cancer Registry (TCR) or in other meta-analysis studies.
However, the TCR does not contain complete and detailed staging and treatment data for
FPM patients treated before year 2002. Since all SPM patients in our study were followed up
by a single surgeon in a single medical center over a 27-year period, our study collected infor-
mation that is unavailable in the TCR. Second, although this study excluded NPC, it did not
exclude another virus-related HNSCC, which is an HPV-positive oropharyngeal cancer,
because routine p16 testing for all oropharyngeal cancers has only been available in the past 3
years. This study did not investigate the impact of diagnosis and treatment of HPV-positive
oropharyngeal cancer. Third, this study did not include patients with non-HNSCC as FPM
and HNSCC as SPM. This study design may affect the SPM diagnosis and survival rates com-
pared with other literature, however, the design is necessary to evaluate the differences resulted
from advances in diagnostic tools of SPM between groups. Fourth, the impact of different
treatment method, medical habits change and accessibility of examinations were difficult to
quantitatively compared between groups. The consistent strategy of routine metastasis and
SPM surveys cannot completely avoid this bias. Finally, changes in staging guidelines during
this long-term 27-year study may have biased the results. Nevertheless, criteria for distinguish-
ing early and advanced stage cancers have been relatively consistent during this period.

Conclusion

Among patients diagnosed with HNSCC recently, more SPMs are diagnosed in a shorter time
interval and in a more advanced stage. The overall advances in diagnostic tools cannot signifi-
cantly improve SPM survival, however, it enables more patients to receive corresponding treat-
ment. Further research in HNSCC patients with SPM is needed to establish better and more
cost-effective diagnostic tools and treatment modalities.
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