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Abstract

Purpose  Distant metastasis (DM) of head and neck squa-
mous cell carcinoma (HNSCC) is not common but remains
a substantial problem. Here, we evaluated factors predictive
of long-term survival in HNSCC patients presenting with
DM after initial definitive treatment.

Methods The medical records of patients with HNSCC
who underwent definitive treatment between 2006 and
2011 were reviewed. Univariate and multivariate analy-
ses were performed to identify clinicopathological factors
associated with long-term survival after DM.
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Results Of 779 HNSCC patients, 98 (12.6 %) had DM
after completion of definitive treatment, with a median time
to DM of 15 months (range 1-87 months). Overall survival
(OS) rates at 1 and 2 years after DM were 43.1 and 20.5 %,
respectively. In multivariate analysis, hypoalbuminemia
(P < 0.001, hazard ratio [HR] 3.45, 95 % confidence inter-
val [CI] 2.01-5.92), prior or simultaneous locoregional fail-
ure events (P < 0.001, HR 2.36, 95 % CI 1.47-3.79), mul-
tisite DM (P = 0.001, HR 2.30, 95 % CI 1.42-3.72), and
no salvage treatment for DM (P = 0.003, HR 2.19, 95 %
CI 1.32-3.64) were independent predictors of OS after the
development of DM. Seventeen (18 %) patients survived
>2 years. Patients who did not have any of these risk fac-
tors had the most favorable outcomes, with a 2-year sur-
vival of 100 %.

Conclusions 1In the absence of risk factors, long-term sur-
vival can be achieved despite the development of DM after
definitive treatment.

Keywords Head and neck - Squamous cell carcinoma -
Distant metastasis - Risk factors - Long-term survival

Introduction

Head and neck cancer is a group of tumors arising in the
oral cavity, pharynx, larynx, nasal cavity, and paranasal
sinus, and squamous cell carcinoma is the predominant
histological type. Head and neck squamous cell carcinoma
(HNSCC) is the eighth most common cancer worldwide,
with more than half a million patients diagnosed each
year (Jemal et al. 2011). Approximately 55,070 estimated
new HNSCC cases and 12,000 estimated HNSCC-related
deaths were reported in the USA in 2014 (Siegel et al.
2014). At the time of diagnosis, approximately two-thirds
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of HNSCC patients have advanced-stage disease, including
regional lymph node metastasis, and they are commonly
treated by a multidisciplinary approach involving surgery,
radiotherapy (RT), and chemotherapy (Argiris et al. 2008;
Haddad and Shin 2008). Despite the aggressive multimodal
approach, the locoregional recurrence rate remains high in
up to 54 % of patients with advanced HNSCC, and distant
metastasis (DM), which is less frequent, occurs at a rate
of 10 % at 3 years and 13 % at 5 years (Ang et al. 2001;
Kramer et al. 1986; Xu et al. 2011).

Many studies have investigated the risk factors of DM
development. Advanced tumor (T) and lymph node involve-
ment (N) stages are independent factors predictive of DM
(Chen et al. 2013; Dragovic et al. 2013; Leon et al. 2000;
Yao et al. 2012). Patients with contralateral neck metas-
tasis or locoregional failure (LRF) have reduced DM-free
survival (Dragovic et al. 2013). DM is difficult to detect
early because of the lack of specific symptoms or systemic
markers; however, regular imaging surveillance in patients
with locoregionally advanced HNSCC has improved the
detection of DM (Kim et al. 2013; Yi et al. 2012). Despite
improvements in the early diagnosis of DM through the
identification of prognostic factors and advances in imag-
ing surveillance, DM from HNSCC remains highly lethal,
with most patients dying within 3—6 months after the diag-
nosis of DM (Liao et al. 2007; Vermorken et al. 2008).

A number of studies have prospectively evaluated
prognostic factors in patients with recurrent HNSCC,
including those with both locoregional and distant fail-
ure. A few studies have focused on examining clini-
cal outcomes after distant failure in patients with DM
(Huang et al. 2013; McBride et al. 2014). In a recent
study that investigated the factors predictive of long-
term survival in patients with DM after definitive treat-
ment for oropharyngeal cancer, Karnofsky performance
status score and limited, single-organ disease were pre-
dictors of increased survival (McBride et al. 2014). How-
ever, the outcomes of post-treatment DM in patients with
HNSCC arising in other anatomical sites have not been
analyzed in detail. Therefore, in the present study, we
evaluated the factors predictive of long-term survival in
HNSCC patients who developed DM after initial defini-
tive treatment.

Materials and methods

Patients

A total of 779 patients who underwent definitive treatment
for HNSCC at our tertiary referral center between 2006

and 2011 were analyzed. The inclusion criteria were previ-
ously untreated HNSCC without DM, definitive treatment,
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and adequate clinical follow-up of >1 year (Fig. 1). Finally,
779 patients were included in analysis. All patients were
treated with curative intent at initial diagnosis with either
surgery alone (n = 272), surgery plus postoperative radio-
therapy (PORT)/concurrent chemoradiation therapy (CRT,
n = 268), radiotherapy (RT) alone (n = 93), or definitive
CRT (n = 141). Fifty-nine patients received salvage sur-
gery after RT or CRT. Tumor stage was determined accord-
ing to the American Joint Committee on Cancer (AJCC)
tumor node metastasis (TNM) staging system (7th ed. Edge
et al. 2010). This study was reviewed and approved by the
Institutional Review Board of our institute, and the require-
ment for informed consent from each patient was waived.

The flowchart showed the inclusion and exclusion of
patients, and the patients with development of post-treat-
ment DM and their survival outcomes (Fig. 1). At the time
of initial diagnosis, the characteristics of patients with and
without DM are shown in Supplementary Table S1. The
779 study patients diagnosed included 641 men and 138
women with a median age of 60 years (range 20-88 years)
and a median Karnofsky performance score of 90 (range
70-100). The most common primary site was the larynx
(n = 273, 35.0 %) followed by the oral cavity (n = 199,
22.5 %), oropharynx (n = 143, 18.3 %), hypophar-
ynx (n = 87, 11.2 %), and others (n = 77, 9 %). Of 779
patients, 245 (32.6 %) were in advanced T3—4 classifica-
tion; 359 were in N1-3 classification; and 450 (55.8 %)
were in advanced overall III-1V stage.

Variables and assessments

The data obtained from the medical records included
patient age and gender, the site and TNM stage of the pri-
mary tumor, the underlying comorbidities and Karnofsky
performance score, smoking status, alcohol consumption,
body mass index (BMI, kg/m?) at the time of diagnosis of
DM, educational level and marital status, serum albumin
and hemoglobin concentrations, histological differentiation,
TNM stage, prior or simultaneous events of local, regional
or locoregional failure, metastatic sites and extents, and the
modalities of definitive and failure treatments. Co-existing
morbidities were categorized according to the Charlson
comorbidity index (CCI) (Charlson et al. 1987).

The primary end-point was overall survival (OS) from
DM after completion of definitive treatment. Time to DM
was defined as the time from completion of definitive treat-
ment to the first radiographic evidence of distant metastatic
disease (McBride et al. 2014). OS from DM was defined
as the time from the first radiographic evidence of distant
failure to death or the last follow-up. Evidence of DM was
obtained by radiological studies and confirmed by biopsy
or serial imaging follow-up. All images showing evidence
of DM were re-reviewed for the purposes of this study.



J Cancer Res Clin Oncol (2016) 142:295-304

297

Fig. 1 Diagram of selecting
study population

Patients with head and neck squamous cell
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Statistical analyses

The Kaplan—-Meier method was used for cumulative OS
curve estimation. Prognostic factors for survival outcomes
were analyzed, including the categorized variables men-
tioned above. The log-rank test and Cox-proportional haz-
ards model were used to examine the significance of dif-
ferences in survival outcomes from DM according to the
categorized values of the tested variables. Variables with P
values <0.1 on univariate analysis were analyzed by multi-
variate Cox-proportional hazard regression with backward
elimination. In addition, when the long-term survival after
the development of DM was defined as 2 years (Huang
et al. 2013; McBride et al. 2014), the Chi-square test was
used to compare patients who survived >2 and <2 years
after detection of post-treatment DM. A two-sided P value
of <0.05 was considered statistically significant. All sta-
tistical analyses were performed using SPSS version 21.0
(IBM, Armonk, NY, USA).

Results

Characteristics of patients with post-treatment distant
metastasis

Of 779 patients, 98 (12.6 %) had no DM at initial diagnosis,
but developed DM after completion of definitive treatment
(Fig. 1). The characteristics of patients with DM are shown
in Table 1. The 98 patients diagnosed with post-treatment
DM included 81 men and 17 women with a median age
of 62 years (range 30-79 years) and a median Karnofsky
performance score of 70 (range 20-90). The most common
primary site was the oral cavity (31 %) followed by the
hypopharynx (26 %), larynx (19 %), oropharynx (15 %),
and others (9 %). At the time of DM detection, anemia
(hemoglobin <11.0 g/dL) and hypoalbuminemia (<3.5 g/
dL) were found in 51 (52 %) and 59 (60 %) patients,
respectively.
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Table 1 Characteristics of
patients with distant metastasis
after definitive treatment
(n=98)
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N (%)
Median age (range) at diagnosis of DM (years) 62 (30-79)
Gender, male/female 81/17 83/17
Smoking, pack-years
Never or <20/>20 44/54 45/55
Active smoking at DM 4 4
Alcohol drinking
Never or social/heavy 70/28 71/29
Active drinking at DM 6 6

Median BMI (range) (kg/m?)

Marital status at detection of DM
Single or divorced

Married

Educational level

High school or less

College or more

Hemoglobin concentration at DM < 11.0 g/dL.
Serum albumin at DM < 3.5 g/dL.
KPS at distant failure, median (range)
Tumor location

Oral cavity

Oropharynx

Larynx

Hypopharynx

Other sites?

Histological differentiation
G1/G2/G3/G0

TNM stage

T1/T2/T3/T4

NO/N1/N2/N3

Overall /II/II/IV

Initial definitive treatments

Surgery alone

Surgery + PORT/CRT

RT alone

CRT

Induction chemotherapy

Salvage surgery after RT or CRT
Distant metastasis

Lesions involved, single limited/multiple
Median time to DM (range)b(months)
Prior or simultaneous events of LF/RF/LRF

Salvage treatments for DM, no/CTx/S + CTx/others®

Follow-up after DM
Last status, NED/AD/DOD/DOC

21.4 (13.5-32.1)

3 3

95 97

78 80

20 20

51 52

59 60

70 (20-90)

30 31

15 15

19 19

25 26

9 9
24/51/13/10 25/52/13/10
19/24/20/35 19/25/20/36
25/14/55/4 26/14/56/4
10/6/13/69 10/6/14/70
17 17

53 54

10 10

18 19

26 27

10 10

68/30 69/31

15 (range 1-87)

8/27/14 8/28/14
23/49/8/18 24/50/8/18
5/12/81/0 5/12/83/0
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N (%)
Median time to last follow-up (range), months 14 (1-70)
No. alive >12 months 43 44
No. alive >24 months 17 18

AD alive with disease, BMI body mass index, CCI Charlson comorbidity index, CRT concurrent chemo-
radiotherapy, CTx chemotherapy, DM distant metastasis, DOC died of other causes, DOD died of disease,
G1/G2/G3/G0 well/moderate/poorly/undetermined, KPS Karnofsky performance status, LF local failure,
LRF locoregional failure, NED no evidence of disease, PORT postoperative radiotherapy, RF regional fail-
ure, RT radiotherapy, TNM clinical tumor node metastasis stage (AJCC, 7th ed.)

# Include the nasopharynx (n = 6), nasal cavity (n = 1), and paranasal sinus (n = 2)

® Defined as the time from completion of definitive treatment to the first radiographic evidence of distant

metastasis

¢ Surgery indicates metastasectomy, and others include surgery or radiotherapy alone

During a median follow-up of 56 months (range
5-149 months), the 3- and 5-year actuarial OS rates of all 779
study patients were 79.1 and 69.6 %, respectively, and the 3-
and 5-year DM-free survival rates for all patients were 88.0
and 85.9 %, respectively. The median follow-up period of the
98 patients with post-treatment DM was 26 months (range
5-99 months). The median time to DM after completion of
definitive treatment was 15 months (range 1-87 months). The
3- and 5-year DM rates of all study patients were 12.0 and
14.1 %, respectively. Eighty of 98 (81 %) patients developed
DM within 2 years after definitive treatment.

Patterns and treatments of distant metastasis

Of these 98 patients, 68 (69 %) had single, limited DM at
the time of detection and 30 (31 %) had metastases to mul-
tiple organs. Forty-nine (50 %) patients had prior or syn-
chronous locoregional recurrences. The first sites of single
DM were the lung in 50 (76 %), bone in six (8 %), medi-
astinum in three (4 %), skin in three (4 %), liver in two
(3 %), brain in two (3 %), pleura in one (1 %), and heart
in one (1 %) patient (Supplementary Table S2). Of the 30
patients with multiple distant failure, 24 (80 %) had lung
metastasis and 17 (57 %) had bone metastasis.

Seventy-five (76 %) patients underwent treatment for
DM, including chemotherapy (n = 49), metastasectomy plus
chemotherapy (n = 8), or metastasectomy or radiotherapy
alone (n = 18). The last status of patients was no evidence
of disease in five (5 %), alive with diseases in 12 (12 %),
and died of disease in 81 (83 %) patients (Table 1). Surgical
intervention included wedge resection for pulmonary metas-
tases in 13 patients, and pericardiectomy in one patient.

Risk factors for development of distant metastasis
The comparison of characteristics between patients with

(n = 98) and without (n = 681) DM is shown in Supple-
mentary Table S1. Distribution of anemia, tumor location,

T and N classification, overall TNM stage, median follow-
up, last status, and LRF between patients with and with-
out DM significantly differ (P < 0.05). The univariate and
multivariate analyses of risk factors for the development
of DM are shown in Supplementary Table S3. On univari-
ate analysis, anemia (P = 0.004), Karnofsky performance
score (P = 0.046), tumor location (P < 0.001), T and N
classification (P < 0.001), overall TNM stage (P < 0.001),
chemotherapy (P = 0.004), and prior or simultaneous
events of LRF (P < 0.001) were significant risk factors for
DM-free survival in the 779 patients analyzed. On multi-
variate analysis, tumor location (P = 0.001), overall TNM
stage (P < 0.001), and prior or simultaneous LRF events
(P < 0.001, hazard ratio [HR] 3.24, 95 % confidence inter-
val [CI] 2.16-5.86) were independent risk factors for DM-
free survival. Of tumor location, the oral cavity (P = 0.039,
HR 1.97, 95 % CI 1.03-3.74) and hypopharyngeal cancer
(P = 0.001, HR 3.03, 95 % CI 1.59-5.79) showed higher
risk of the development of DM than oropharyngeal cancer.
Patients with overall stage III (P = 0.033, HR 2.26, 95 %
CI 1.07-4.79) and IV (P < 0.001, HR 3.90, 95 % CI 2.16-
7.05) tumors had more post-treatment DM than those with
stage [-II tumors.

Survival after distant metastasis

The median OS after DM was 14 months (range,
1-70 months). Survival at 1 and 2 years after distant fail-
ure was 43.1 and 20.5 %, respectively. Of 98 patients
with DM, six were survivors who were followed up for
<2 years. After exclusion of these patients, 17 of 92 (18 %)
patients survived >2 years. At last follow-up, five (5 %)
patients were alive without disease; 12 (12 %) patients
were alive with disease; and the remaining 81 (83 %)
patients were died of disease. In univariate analysis, BMI
(P = 0.008), hemoglobin (P < 0.001), hypoalbuminemia
(P < 0.001), performance status (P = 0.001), tumor loca-
tion (P = 0.005), prior LRF events (P < 0.001), median
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Table 2 Univariate and

i Characteristics 2-year OS* (%) Univariate Multivariate
multivariate analyses of factors
for overall survival after distant HR 95 % CI P HR 95 % CI P°
metastasis
Age (years)
<60 26.5 1
>60 years 16.7 1.30  0.82-2.05 0.265
Gender, male/female
Male 224 1
Female 11.8 1.32 0.76-2.29 0.323
Smoking, pack-years
<20 18.3 1
>20 224 0.80  0.52-1.24 0.315
Alcohol drinking
Never or social 21.3 1
Heavy 17.9 1.14  0.71-1.82 0.599
BMI (kg/m?)
>23 37.5 1
<23 12.2 1.95 1.19-3.19 0.008
Marital status at detection of DM
Married 19.2 1
Single or divorced 66.7 0.23 0.03-1.63 0.140
Educational level
High school or less 16.5 1
College or more 394 0.82  0.46-1.46 0.490
Hemoglobin (g/dL)
>11.0 36.1 1
<11.0 6.3 2.39 1.52-3.78  <0.001
Hypoalbuminemia, 3.5 g/dL
>3.5 48.8 1 1
<3.5 35 3.26 1.93-5.50  <0.001 345  201-592  <0.001
KPS at DM
>80 37.1 1
<80 9.2 2.23 1.40-3.53 0.001
Tumor location
Oropharynx 333 1 0.005
Oral cavity 8.9 3.02 1.47-6.17 0.003
Larynx 21.1 145  0.67-3.13 0.346
Hypopharynx 12.1 148  0.70-3.15 0.305
Others 533 0.89  0.33-241 0.814
Tumor differentiation
Well or moderately 16.7 1 0.167
Poorly 30.8 0.62  0.32-1.21 0.161
Not mentioned 35.0 0.56  0.26-1.23 0.151
T classification
T1-2 26.8 1
T34 15.7 1.32  0.85-2.06 0.222
N classification
NO 24.0 1 0.965
N1 21.6 091  042-1.94 0.798
N2-3 19.0 098  0.59-1.65 0.947
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Table2 continued Characteristics 2-year OS* (%)  Univariate Multivariate
HR 95 % CI P HR 95 % CI P°
Overall TNM stage
I-1I 18.8 1 0.765
I 23.1 1.05 0.45-2.46 0.909
1AY 21.0 0.85 0.47-1.56 0.599
Initial treatment
Surgery 17.1 1
Non-surgery 30.1 0.67  0.40-1.11 0.118
Prior or simultaneous events of LRF
No 36.7 1 1
L,R,or LR 2.8 2.87 1.79-4.61 <0.001 2.36 1.47-3.79  <0.001
Median time to DM® (years)
<2 19.0 1
>2 25.1 0.57  0.30-1.08 0.084
Sites of DM
Single limited 26.2 1 1
Multiple 7.1 2.18 1.38-3.47 0.001 2.30 1.42-3.72 0.001
Salvage treatments for DM
Yes 24.0 1 1
No 43 2.06 1.25-3.38 0.004  2.19 1.32-3.64 0.003

BMI body mass index, DM distant metastasis, KPS Karnofsky performance status, L local, LR locore-
gional, LRF locoregional failure, R regional

4 Qverall survival (OS) after detection of distant metastasis in patients who underwent definitive treatment

b Cox-proportional hazard regression analyses were performed with backward elimination from variables
with P values <0.1 on univariate analyses

¢ Time elapsed from the completion of definitive treatment to the detection of distant metastasis

time to DM (P = 0.084), sites of DM (P = 0.001), and
no salvage treatment for DM (P = 0.004) were signifi-
cant predictors of long-term survival (Table 2). Multivari-
ate Cox-proportional hazard regression analysis showed
that hypoalbuminemia (P < 0.001, hazard ratio [HR] 3.45,
95 % confidence interval [CI] 2.01-5.92), prior LRF events
(P < 0.001, HR 2.36, 95 % CI 1.47-3.79), sites of DM
(P = 0.001, HR 2.30, 95 % CI 1.42-3.72), and no salvage
treatment for DM (P = 0.003, HR 2.188, 95 % CI 1.32-
3.64) were independent predictors of OS after the devel-
opment of DM (Fig. 2). When the dichotomized variables
were compared between patients who survived >2 and
<2 years after the detection of post-treatment DM, BMI,
anemia, hypoalbuminemia, performance status, tumor loca-
tion, and prior or simultaneous LRF events were significant
factors (P < 0.05) (Table 3).

Discussion
HNSCC has a high propensity for DM, which occurs with

an incidence ranging from 6.1 to 16.3 % and is becoming
the leading cause of treatment failure and death in patients

with HNSCC.® In the present study, the 3- and 5-year DM
rates were 12.0 and 14.1 %, respectively, which is within
the range reported in previous studies (Huang et al. 2013;
McBride et al. 2014; Vermorken et al. 2008). In addition,
we examined the risk factors for DM arising in differ-
ent anatomical sites of the upper aerodigestive tract after
definitive treatment for HNSCC. Tumor location, overall
TNM stage, and prior or simultaneous LRF events were
independent risk factors for DM-free survival. These find-
ings are consistent with the results of previous studies that
included patients with HNSCCs in overall or specific ana-
tomical sites who underwent RT- or surgery-based defini-
tive treatment with or without systemic chemotherapy
(Liao et al. 2007; Vermorken et al. 2008). This implies
that the improvement in locoregional control might lead to
a reduced incidence of DM, as suggested by a Halstedian
approach to patterns of failure (Hellman 1994). However,
the results of the present study suggest that chemotherapy
does not play a significant role in preventing post-treatment
DM in locoregionally limited HNSCCs, which differs from
prior findings (Adelstein and Leblanc 2006). This discrep-
ancy could be attributed to the limitations of our retrospec-
tive design. Advancements in modern treatment modalities
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Fig. 2 Kaplan—Meier estimates of overall survival in patients with
distant metastasis after definitive treatment according to the dichot-
omized variables of serum albumin concentration (g/dL, a), prior
or simultaneous locoregional failure events (b), distant metastatic

for HNSCC have resulted in improved locoregional con-
trol, and DM has become a frequently recognized cause of
treatment failure. Therefore, it might be useful to explore
the clinical or pathological risk factors for DM after cura-
tive treatment for locoregionally limited HNSCCs.

The present study focused on the survival of patients
who developed DM after the completion of definitive
treatment. Most patients died of distant failure, and few
patients (18 %) survived longer than 2 years after the
diagnosis of DM. The independent predictors of OS in
patients with post-treatment DM were hypoalbuminemia,
prior or simultaneous LRF events, multisite metastases,
and no salvage treatment for DM (P < 0.005). A recent
study describing the natural course of DM following RT
or CRT in oropharyngeal cancer reported that the survival
rates at 2 years after the development of DM were 11 % in
human papilloma virus (HPV)-positive tumors and 4 % in
HPV-negative tumors (P = 0.002) (Huang et al. 2013). A
small number of patients, e.g., five out of six patients with
lung oligo-metastasis, were stably alive beyond 2 years
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sites (c), and treatment for distant metastasis (d). The log-rank test,
P < 0.005. Overall survival from distant metastasis was defined as the
time from the first radiographic evidence of distant failure to death or
the last follow-up

after salvage procedure for DM. Another recent study
that investigated the factors predictive of long-term sur-
vival in 25 (7.1 %) patients who developed post-treatment
DM out of 353 patients who underwent definitive treat-
ment for non-metastatic oropharyngeal cancer reported
survival rates of 72.0 % at 1 year and 40.8 % at 2 years
after the development of DM (McBride et al. 2014). In that
study, the most significant factors associated with favora-
ble outcomes were DM to limited sites and good Karnof-
sky performance scores, as patients with both risk factors
survived for more than 2 years after the diagnosis of DM.
Both studies included only patients with oropharyngeal
cancer, suggesting that this type of HNSCC has a rela-
tively favorable prognosis compared with other head and
neck cancers.

In the present study, the predictive factors for DM were
analyzed in a large patient cohort, including HNSCCs aris-
ing in four major anatomical sites. Our results showed that
the oral cavity was associated with the worse prognosis
regarding the survival of patients with post-treatment DM,
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Table 3 Comparison of characteristics between patients who sur- Table 3 continued
vived >2 and <2 years after detection of post-treatment distant metas- . o 5
tasis (n = 92)° Characteristics <2 years >2 years P
(n=15) (n=17)

Characteristics <2 years® >2 years” P

(n="15) n=17) N (%) N (%)

N (%) N (%) N1 10 13 2 12

N2-3 46 61 10 59

Age (years) Overall TNM stage
<60 26 35 8 47 0.339 =1 13 17 2 12 0.913
>60 years 49 65 9 53 I 9 12 2 12
Gender, male/female v 33 71 13 76
Male 60 80 15 88 0.730 Initial treatment
Female 15 20 2 12 Surgery 58 77 11 65 0.353
Smoking, pack-years Non-surgery 17 23 6 35
<20 35 47 6 35 0.394 Prior or simultaneous events of LRF
=20 40 53 1 65 No 30 40 16 94 <0.001
Alcohol drinking L,R,orLR 45 60 1 6
Never or social 52 69 12 71 0.919 Median time to DME (years)
Heavy 23 31 5 29 <2 11 15 3 18 0.718
BMI (kg/m?) >2 64 85 14 8
>23 19 25 10 59 0.007  Sites of DM
<23 56 75 7 41 Single limited 48 64 15 88 0.052
Marital status at detection of DM Multiple 27 36 2 12
Married 74 99 16 94 0.337 Salvage treatments for DM
Single or divorced 1 1 1 6 Yes 33 71 16 94 0.061
Educational level No 22 29 1 6
High school or less 63 84 12 71 0.296 ] ] ]
Collgeorns 12 165 e K Ko
Hemoglobin (g/dL) regional
=11.0 29 39 14 82 0.001 # Exclude six patients who survived but followed for <2 year after
<11.0 46 61 3 18 detection of DM
Hypoalbuminemia, 3.5 g/dL ® Time survived after detection of distant metastasis in patients who
>335 19 25 15 88 <0.001 underwent definitive treatment
:3.5 56 75 2 12 ¢ Time elapsed from the completion of definitive treatment to detec-
KPS at DM tion of distant metastasis
>80 24 32 12 71 0.003
<80 51 68 5 29 although this was confirmed in univariate but not in mul-
Tumor location tivariate analyses. Furthermore, patients who did not have
Oral cavity 27 36 2 12 0.022 the risk factors for hypoalbuminemia, prior or simultaneous
Oropharynx 10 13 5 29 LRF events, multisite metastases, and no salvage treatment
Larynx 15 20 4 24 had the most favorable outcomes, with a 2-year survival
Hypopharynx 19 25 2 12 of 100 %. Studies have shown that resection of pulmo-
Others 4 5 4 24 nary metastases can prolong the survival of head and neck
Tumor differentiation cancer patients (Shiono et al. 2009; Wedman et al. 1996;
Well or moderately 60 0 10 59 0.147  Winter et al. 2008). In accordance with previous results,
Poorly 9 12 4 24 patients who developed post-treatment DM  survived
Not mentioned 6 8 3 18 longer than 2 years after aggressive local treatment of soli-
T classification tary metastasis in remote sites. These results indicate that
T1-2 30 40 9 53 0330  aggressive treatment should be recommended in patients
T34 45 60 3 47 with metastasis at distant sites.
N classification The present study had limitations inherent to its retro-
NO 19 25 5 29 0.926 spective design. We included cases with HNSCCs arising

at different anatomical sites, which could have different
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clinical behaviors and outcomes. However, our head and
neck oncology specialists used a team approach, which
included proper planning and multimodal treatments for
each HNSCC patient. In addition, p16 and HPV status were
obtained in a small fraction of patients, which led to diffi-
culties in the analysis according to these biomarkers. The
lack of subjective symptoms or makers, or false-negative
imaging results can make early detection of post-treatment
DM difficult, which might result in variation in the post-DM
periods. However, our team attempted to adhere to institu-
tional protocols in the follow-up of patients with head and
neck cancer, which included regular follow-up periods and
imaging check-ups (Kim et al. 2013). Another potential
limitation is that solitary metastases can be second primary
cancers, which may be associated with better outcomes than
systemic metastases (McBride et al. 2014). This effect was
minimized by the inclusion of supplementary diagnostic
examinations and biopsies of suspicious lesions as part of
the histopathological evaluation. Finally, these lesions were
diagnosed by discussion of our institutional tumor board.

This study may guide clinicians to predict the patients
who were at high risk of development of post-treatment
DM. Further, this leads to select the patients who require
aggressive salvage treatment and nutritional support, so as
to increase their survivals after detection of DM. Future
study will be required to eliminate the limitations of this
retrospective study and avoid discrepancy between this and
previous studies. The potential errors will be minimized
by prospective studies including careful enrollments and
follow-up of the patients according to different anatomical
tumor sites and treatment modalities.

In conclusion, long-term survival of patients without
the risk factors of hypoalbuminemia, LRF, and multisite
metastases can be expected and achieved despite the devel-
opment of DM after definitive treatment if these patients
undergo adequate salvage procedures for post-treatment
DM. Aggressive salvage treatment and proper nutritional
support is therefore recommended in these patients.
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