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HNSCC diagnosis, and comorbidities were scored using the CCI. The

enrolled patients were categorized into Group 1 (curative-intent aggressive

treatments) and Group 2 (best supportive care or palliative treatments).
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Abstract: For locally advanced head and neck squamous cell carci-

noma (HNSCC), therapeutic decisions depend on comorbidity or age.

We estimated the treatment outcomes of patients with different Charl-

son comorbidity index (CCI) scores and ages to determine whether

aggressive treatment improves survival.

Data from the Taiwan National Health Insurance and cancer registry

databases were analyzed, and we included >20-year-old patients with

American Joint Committee on Cancer (AJCC) stage III or IV HNSCC

(International Classification of Diseases, Ninth Revision, Clinical Modi-

fication codes 140.0–148.9) undergoing surgery, chemotherapy (CT),

radiotherapy (RT), concurrent chemoradiotherapy (CCRT), sequential

CT and RT, or surgery with adjuvant treatment. The exclusion criteria

were a past cancer history, distant metastasis, AJCC stage I or II, missing

sex data, an age < 20 years, nasopharyngeal cancer, in situ carcinoma,

sarcoma, and HNSCC recurrence. The index date was the date of first
ia-Lun Chang, MD how, MD,
u-Yuan Wu, MD, MPH

We enrolled 21,174 stage III or IV HNSCC patients without distant

metastasis (median follow-up, 3.25 years). Groups 1 and 2 comprised

18,584 and 2232 patients, respectively. After adjustment for age, sex, and

clinical stage, adjusted hazard ratios (95% confidence intervals) of overall

death in Group 1 were 0.33 (0.31–0.35), 0.34 (0.31–0.36), and 0.37 (0.28–

0.49), and those of all-cause death among patients undergoing curative

surgical aggressive treatments were 1.13 (0.82–1.55), 0.67 (0.62–0.73),

and 0.49 (0.46–0.53) for CCI scores of�10, 5 to 9, and<5, respectively.

Aggressive treatments improve survival in elderly (�65 years) and

critically ill HNSCC patients. Curative nonsurgical aggressive treatments

including definitive RT or CCRT might be suitable for HNSCC patients

with CCI scores �10.

(Medicine 95(14):e3268)

Abbreviations: AJCC = American Joint Committee on Cancer,

BSC = best supportive care, CCHIA = Collaboration Center of

Health Information Application, CCI = Charlson comorbidity index,

CCRT = concurrent chemoradiotherapy, CI = confidence interval,

CT = chemotherapy, HNSCC = head and neck squamous cell

carcinoma, HR = hazard ratio, ICD = International Classification of

Diseases, NHI = National Health Insurance, RT = radiotherapy.

INTRODUCTION

C urative-intent aggressive treatments for locoregionally
advanced (stage III or IV) head and neck squamous cell

carcinoma (HNSCC) including combined modality approaches
(surgery, radiotherapy [RT], and/or chemotherapy [CT]) are
generally required to optimize the likelihood of long-term
control1,2 because HNSCC is associated with a high risk of
local recurrence and distant metastases. These aggressive com-
bined modality approaches include primary surgery, followed
by either postoperative RT or concurrent chemoradiotherapy
(CCRT),3–5 induction CT (CT before surgery and/or RT),6,7

CCRT without surgery, and sequential therapy (induction CT
followed by CCRT) without surgery. Decisions regarding the
optimal sequence and selection of surgery, RT, and CT are
made by a multidisciplinary team, which considers key factors
such as the primary tumor site, disease extent, individual patient
factors (age, comorbidity, and preferences regarding treatment
type), and the likely functional consequences and morbidity of
each approach. Curative aggressive treatment may not be
effective in elderly patients with HNSCC.8 For example, the
benefits of CCRT may not be noted in elderly patients, and
substituting CCRT for altered fractionation may be similarly
y ill or elderly patients.1,8,9

rbidities are common among patients
its etiology primarily includes smoking,
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alcohol use, and betel nut chewing.10 The Charlson comorbid-
ity index (CCI) is a scoring system in which medical illnesses
accompanying cancer (i.e., comorbidities) are weighted
according to the mortality risk.11 The effects of comorbidities
on the outcomes of patients with HNSCC have been exten-
sively established.12 The CCI is a valid prognostic indicator in
patients with HNSCC; it independently predicts survival when
used to score comorbidities and is easy to use and readily
applicable.12 Paleri and Wight demonstrated the applicability
of the CCI in comorbidity assessment in a cohort of patients
with HNSCC from the United Kingdom:13 comorbidities were
significantly associated with overall survival but not cancer-
specific survival.14,15

For locally advanced HNSCC (stage III or IV), the thera-
peutic decision always depends on the comorbidity or age.
Palliative treatments or best supportive care (BSC) may be
selected because of multiple comorbidities or old age. However,
the benefit of curative-intent aggressive treatments and the
optimal therapeutic decisions for elderly patients with locally
advanced HNSCC and those with multiple comorbidities
remain unclear. In this study, we explored the treatment out-
comes of a national cohort to determine whether aggressive
treatment improves survival in patients with different CCI
scores and ages. Furthermore, we compared survival rates in
HNSCC patients with multiple comorbidities who underwent
curative surgery or nonsurgical intervention.

PATIENTS AND METHODS
In this study, data from the Taiwan National Health

Insurance (NHI) and cancer registry databases—both covering
�99% of the entire population of Taiwan—were analyzed to
create 2 cohorts. Patients diagnosed with HNSCC from
January 1, 2002, to December 31, 2011, were enrolled. The
follow-up duration was from the index date to December 31,
2013. The Taiwan NHI Administration releases research-
oriented data sets through the Collaboration Center of Health
Information Application (CCHIA); these data sets include all
original claims data and registration files of beneficiaries
enrolled in the NHI program. Thus, researchers can use the
CCHIA data for tracing all medical services used for all patients
with HNSCC in Taiwan. The cancer registry database of the
CCHIA contains abundant cancer-related information, includ-
ing the clinical stage, treatment modalities, pathology, RT
doses, and regimens used—CT, CCRT, or sequential CT and
RT.16 Before accessing the data sets, researchers must sign an
agreement to protect patient privacy. Researchers are allowed
access to the CCHIA database for analyzing specific topics.
Patient identification numbers in the data sets are encrypted,
preventing specific patient identification.17 Here, the diagnoses
of enrolled patients were confirmed according to pathological
data, and patients with new HNSCC diagnoses had no other
cancers or distant metastasis. The inclusion criteria were
HNSCC (identified according to International Classification
of Diseases, Ninth Revision, Clinical Modification [ICD-9-
CM] codes 140.0–148.9), an age > 20 years, American Joint
Committee on Cancer (AJCC) clinical cancer stage III or IV
(locally advanced HNSCC without metastasis), and treatment
by using surgery, CT, RT, CCRT, sequential CT and RT, or
surgery with adjuvant treatment. The exclusion criteria were a
history of cancer before diagnosis of HNSCC, distant metas-
tasis, AJCC clinical cancer stage I or II, missing sex data, an age
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< 20 years, nasopharyngeal cancer, in situ carcinoma, sarcoma,
and HNSCC recurrence. The index date was the date of the first
diagnosis of HNSCC. In total, 21,174 patients with stage III or
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IV HNSCC were enrolled. To compare their outcomes, they
were categorized into groups on the basis of treatment modality:
Group 1 comprised those undergoing curative-intent aggressive
treatments (namely curative surgery, surgery with adjuvant
therapy, definitive RT, or CCRT [total irradiation dose
� 7000 cGy]); and Group 2 comprised those receiving BSC
or palliative treatments including short-course and large-frac-
tion RT (irradiation fraction size � 250 cGy and total dose
< 5000 cGy)18–20 or CTalone. Comorbidities were scored using
the CCI.11 The examined comorbidities are listed in Supple-
mental Table 1, http://links.lww.com/MD/A873. Only comor-
bidities observed 6 months before and after the index date were
included. Comorbidities were determined and included accord-
ing to the main ICD-9-CM diagnosis code for the first admission
or >2 repeated main diagnosis codes for visits to the outpatient
department. Age, sex, the CCI score, and the AJCC clinical
cancer stage were controlled for or stratified in the analysis. The
endpoint was the death rate among aggressive treatments, and
Group 2 functioned as the control arm.

The cumulative incidence of death was estimated using the
Kaplan–Meier method, and differences among treatment mod-
alities were determined using the log-rank test. After adjustment
for confounders, the Cox proportional method was used to model
the time from the index date to all-cause and HNSCC-related
death among patients undergoing the treatments. In multivariate
analysis, hazard ratios (HRs) were adjusted for age, sex, the CCI
score, and the clinical stage. Stratified analyses were performed to
evaluate the mortality risk associated with aggressive and pallia-
tive or BSC treatment modalities and that associated with curative
surgery or nonsurgical intervention among aggressive treatments
for different CCI scores and ages. All analyses were performed
using SAS Version 9.3 (SAS, Cary, NC). A 2-tailed P value <
0.05 was considered statistically significant.

RESULTS
We enrolled 21,174 stage III or IV HNSCC patients without

distant metastasis, with the median follow-up duration being 3.25
(interquartile range, 2.75) years. Group 1 (the aggressive treat-
ment group) and Group 2 (the palliative or BSC treatment group)
comprised 18,584 and 2590 patients, respectively (Table 1). In
both groups, a higher proportion of male patients selected aggres-
sive treatments (Group 1 vs Group 2: 17,450 [93.90%] vs 2338
[90.27%] patients), whereas a higher proportion of elderly patients
with stage IV HNSCC selected palliative treatments or BSC (2104
[81.24%] vs 13,305 [71.59%] patients). The most predominant
cancer site was the oral cavity (13,461 [72.43%] and 2041
[78.80%] patients in Groups 1 and 2, respectively).

A stratified analysis was performed to evaluate the
mortality risk among treatment modalities for different CCI
scores (<5, 5–9, and �10; Table 2). Group 2 functioned as the
control arm for investigating the mortality risk after treatments.
After adjustment for age, sex, and the clinical stage, adjusted
hazard ratios (aHRs; 95% confidence intervals [CIs]) of overall
death in Group 1 were 0.33 (0.31–0.35), 0.34 (0.31–0.36), and
0.37 (0.28–0.49) for CCI scores of <5, 5 to 9, and �10,
respectively (Table 2). Another stratified analysis was per-
formed to evaluate the mortality risk among treatment mod-
alities for patients aged �65 and <65 years: among patients
aged <65 years, aHRs (95% CIs) of overall death were 0.31
(0.29–0.33), 0.33 (0.30–0.36), and 0.28 (0.20–0.41) for CCI
scores of <5, 5 to 9, and �10, respectively, whereas they were
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0.42 (0.37–0.47), 0.40 (0.34–0.48), and 0.49 (0.30–0.80) for
CCI scores of <5, 5 to 9, and �10, respectively, among those
aged�65 years (Table 2). Figure 1A shows the overall survival
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�65 years (Group 1 vs Group 2: 26 [39.39%] vs 89 [23.99%]

TABLE 1. Characteristics of Patients With or Without Aggres-
sive Treatments

Therapy Group

Best Supportive
Care or Palliative

Treatments
(N¼ 2590)

Aggressive
Treatments
(N¼ 18,584)

Variable n (%) n (%)
P

Value
�

Sex <0.001
Male 2338 (90.27) 17,450 (93.90)
Female 252 (9.73) 1134 (6.10)

Age, mean (SD) 57.38 (13.65) 53.13 (11.18) <0.001
Age group <0.001

20–34 55 (2.12) 624 (3.36)
34–49 797 (30.77) 7253 (39.03)
50–64 1028 (39.69) 7901 (42.52)
�65 710 (27.41) 2806 (15.10)

CCI <0.001
0 843 (0.33) 6008 (0.32)
1–4 891 (0.34) 4914 (0.26)
5–9 790 (0.31) 7291 (0.39)
�10 66 (0.03) 371 (0.02)

Cancer site <0.001
Oral cavity 2041 (78.80) 13,461 (72.43)
Oropharynx 346 (13.36) 2067 (11.12)
Hypopharynx 190 (7.34) 2932 (15.78)
Salivary glands 13 (0.50) 124 (0.67)

Clinical Stage <0.001
III 486 (18.76) 5279 (28.41)
IV 2104 (81.24) 13,305 (71.59)

CCI¼Charlson comorbidity index, SD¼ standard deviation.�
P value was calculated using the chi-square test for categorical
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curves of patients in the 2 treatment arms with high and low CCI
scores (CCI �10 and <10, respectively). The highest overall
survival rate was observed in Group 1 patients with low CCI
scores (log-rank test, P<0.0001). The 5-year overall survival
rates were 50.37% and 24.53% for low and high CCI scores with
aggressive treatments, respectively, whereas they were 17.55%
and 9.09% for low and high CCI scores without aggressive
treatments, respectively (Figure 1A). Figure 1B shows the
overall survival curves of patients in the 2 treatment arms with
CCI scores of<5, 5 to 9, and�10. The survival rates of Group 1
patients were higher than those of Group 2 patients with the
same CCI scores (log-rank test, P<0.0001): the 5-year overall
survival rates were 56.95%, 40.52%, and 24.53% for CCI scores
of<5, 5 to 9, and�10 with aggressive treatments, respectively,
whereas they were 20.93%, 10.13%, and 9.09% for CCI scores
of <5, 5 to 9, and �10 without aggressive treatments, respect-
ively (Figure 1B). A stratified analysis was also performed to
evaluate the mortality risk associated with curative surgery or
curative nonsurgical intervention among the aggressive treat-
ments for different CCI scores (<5, 5–9, and �10). Table 3
shows that curative surgical aggressive treatments were

variables or t test for continuous variables.
superior to nonsurgical aggressive treatments in patients with
CCI scores of<5 or 5 to 9, but no improvement was observed in
any patient with CCI scores of �10. The 30-day perioperative

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
mortality in patients with CCI scores of �10 undergoing
surgery was only 0.64%. However, complications after surgery
were difficult to analyze. The aHRs (95% CIs) of all-cause
death among patients undergoing curative surgical aggressive
treatments were 1.13 (0.82–1.55), 0.67 (0.62–0.73), and 0.49
(0.46–0.53) for CCI scores of�10, 5 to 9, and<5, respectively.
An analysis stratified according to age was performed to
evaluate the mortality risk associated with curative surgery
or nonsurgical intervention among the aggressive treatments
for CCI scores of <5, 5 to 9, and �10. In HNSCC patients with
CCI scores of <5 or 5 to 9, curative surgery improved overall
survival, regardless of age, but no significant improvement was
observed in overall survival in patients with high CCI scores
(Table 3). Among patients with HNSCC aged<65 years under-
going curative surgery, the aHRs (95% CIs) of overall death
were 0.46 (0.43–0.50), 0.66 (0.60–0.73), and 1.06 (0.74–1.52)
for CCI scores of <5, 5 to 9, and �10, respectively, whereas
they were 0.68 (0.59–0.78), 0.72 (0.58–0.90), and 1.20 (0.62–
2.34) for CCI scores of<5, 5 to 9, and�10, respectively, among
patients with HNSCC aged �65 years undergoing curative
surgery. Figure 2A shows the overall survival curves of patients
undergoing aggressive treatments with or without curative
surgery and with high or low CCI scores. In Group 1, curative
surgery resulted in higher overall survival in HNSCC patients
with low CCI scores than in those with high CCI scores (log-
rank test, P<0.0001). The 5-year overall survival rates were
53.08% and 23.62% for low and high CCI scores with surgery,
respectively, whereas for low and high CCI scores without
surgery, they were 32.95% and 29.03%, respectively
(Figure 2A). The 5-year overall survival rates were 60.71%,
42.03%, and 23.62% for CCI scores of<5, 5 to 9, and�10 with
surgery, respectively, whereas for CCI scores of <5, 5 to 9, and
�10 without surgery, they were 35.04%, 29.02%, and 29.03%,
respectively (Figure 2B). However, in patients with high CCI
scores, the curves of aggressive treatments with and without
curative surgery overlapped. Figure 1B presents the overall
survival curves of aggressive treatments with and without
curative surgery for CCI scores of <5, 5 to 9, and �10. The
results showed a higher survival rate in patients undergoing
aggressive treatments with curative surgery who had CCI scores
of <5 and 5 to 9 (log-rank test, P<0.0001), and the curves of
aggressive treatments with and without curative surgery over-
lapped in patients with CCI scores of �10.

Among patients with high CCI scores, the 2 groups were
statistically similar in sex, mean age, and clinical stage
(Table 4). A higher proportion of Group 2 patients was aged

Aggressive Therapy for HNSCC With High CCI
patients). Moreover, a higher proportion of Group 2 patients had
cancers in the oral cavity and oropharynx.

DISCUSSION
The decisions regarding curative aggressive treatments for

managing locoregionally advanced HNSCC are made by a
multidisciplinary team including surgeons, medical oncologists,
radiation oncologists and dentists, speech and swallowing
pathologists, dieticians, and rehabilitation therapists, all with
adequate expertise, and surgery is generally preferred in Taiwan
because >70% of Taiwanese patients with HNSCC have oral
cavity cancer21,22 and �80% of the patients chew betel nut.22

HNSCC, an aggressive cancer, has high locoregional recurrence

and secondary primary cancer rates in Taiwan22; thus, post-
operative RT with or without CT is strongly recommended.3–5,23

Definitive RT, CCRT, and sequential therapy are typically
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TABLE 2. Effect of Aggressive Treatment on Overall Survival in Patients With Different CCI Scores

Overall Deaths

Therapy Group N No. of Deaths (%) Mortalityy Adjusted HRz (95% CI)

All
CCI � 10 Best supportive care or Palliative treatments 66 61 (92.42) 86.92 1.00 (Reference group)

Aggressive treatments 371 288 (77.63) 36.88 0.37 (0.28–0.49)
���

CCI¼ 5–9 Best supportive care or Palliative treatments 790 717 (90.76) 71.41 1.00 (Reference group)
Aggressive treatments 7291 4645 (63.71) 20.56 0.34 (0.31–0.36)

���

CCI < 5 Best supportive care or Palliative treatments 1734 1407 (81.14) 43.69 1.00 (Reference group)
Aggressive treatments 10,922 5166 (47.30) 12.56 0.33 (0.31–0.35)

���

Age <65
CCI � 10 Best supportive care or Palliative treatments 40 38 (95.00) 104.77 1.00 (Reference group)

Aggressive treatments 282 215 (76.24) 34.23 0.28 (0.20–0.41)
���

CCI¼ 5–9 Best supportive care or Palliative treatments 624 559 (89.58) 68.29 1.00 (Reference group)
Aggressive treatments 6404 3992 (62.34) 19.65 0.33 (0.30–0.36)

���

CCI < 5 Best supportive care or Palliative treatments 1216 953 (78.37) 38.69 1.00 (Reference group)
Aggressive treatments 9092 4049 (44.53) 11.45 0.31 (0.29–0.33)

���

Age �65
CCI � 10 Best supportive care or Palliative treatments 26 23 (88.46) 67.83 1.00 (Reference group)

Aggressive treatments 89 73 (82.02) 47.75 0.49 (0.30–0.80)
��

CCI¼ 5–9 Best supportive care or Palliative treatments 166 158 (95.18) 85.18 1.00 (Reference group)
Aggressive treatments 887 653 (73.62) 28.67 0.40 (0.34–0.48)

���

CCI < 5 Best supportive care or Palliative treatments 518 454 (87.64) 59.96 1.00 (Reference group)
Aggressive treatments 1830 1117 (61.04) 19.33 0.42 (0.37–0.47)

���

CCI¼Charlson comorbidity index, CI¼ confidence interval.
yMortality per 100 person-years.
zHazard ratios were adjusted for sex, age, and clinical stage.�
P value for HR<0.05.��
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reserved for patients with medically inoperable unresectable or
resectable cancers, where surgical resection cannot be accom-
plished with acceptable long-term functional consequences. The
conventional treatment regimen includes administering a total
radiation dose of 70 Gy over 7 weeks as a single fraction (2 Gy)
once daily 5 days per week, with 50 to 60 Gy of radiation targeting
elective areas; this treatment regimen is a feasible alternative to
hyperfractionation or accelerated treatment approaches.24 How-
ever, multimodality therapies are often applied to HNSCC
patients with considerably short survival. Elderly patients with
HNSCC (herein, those aged �65 years) often have an impaired
functional status that may hinder their ability to undergo and
tolerate aggressive treatments. They are often excluded from
clinical trials having defined standards of care, and they may
experience high toxicity, particularly with treatment intensifica-
tion.25 Therefore, the therapeutic decision for these patients can
be considerably challenging. In our study, old age (�65 years) did
not seem to be a significant factor predicting poor overall survival
for aggressive treatments (Table 2). These outcomes are consist-
ent with a review by Van der Walde revealing that elderly and
young patients have similar survival outcomes.25 Aggressive
treatments were beneficial for HNSCC patients with high CCI
scores, regardless of age; however, the aHRs tended to increase in
elderly HNSCC patients relative to those of young patients with
the same CCI scores (Table 2).

P value for HR<0.01.���
P value for HR<0.001.
With aging of the population worldwide, the proportion of
patients who are elderly at the time of HNSCC diagnosis will
increase, contributing to increased aging-related health

4 | www.md-journal.com
problems and comorbidities. Comorbidities are crucial not only
for clinical decision-making but also for adjusting outcome data
in retrospective analyses and for stratification in prospective
studies. Furthermore, comorbidities are crucial prognostic fac-
tors for overall survival. Several tools can be used to evaluate
comorbidity. The CCI26 is one of the most widely used tools for
evaluating the effect of comorbidity on various cancers and
noncancer conditions.16,27–29 Boje et al created a national
cohort of 9388 patients with HNSCC diagnosed during 1992
to 2008 undergoing curative-intent RT from the DAHANCA
database; data on comorbidity before HNSCC diagnosis were
obtained from the National Patient Registry and adapted to the
CCI. The authors reported that the performance of the CCI in
stratifying patients according to overall survival was high.15

The authors also developed a revised head and neck comorbid-
ity index (HN-CCI), and its performance in stratifying patients
according to survival was also high; the CCI score was a strong
independent prognostic factor for overall survival, with the HRs
(95% CIs) being 1.16 (1.08–1.25), 1.34 (1.22–1.46), and 1.63
(1.51–1.80) for patients with mild, moderate, and severe CCI
scores, respectively. Thus, the HN-CCI is highly recommended
for assessing the comorbidity and prognostic staging of RT-
treated patients with HNSCC.14 However, because the HN-CCI
was designed only for RT-treated patients with HNSCC, its
long-term validity requires further evaluation.
Comorbidities are common among patients with HNSCC
and have negative prognostic effects on overall survival.14,15 In
our study, aggressive treatments, namely curative surgery,

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



FIGURE 1. (A) Kaplan–Meier overall survival curves for head and

FIGURE 2. (A) Kaplan–Meier overall survival curves for head and
neck cancer patients with aggressive treatments, with or without
curative surgery, and with different CCI scores (high CCI�10).
(B) Kaplan–Meier overall survival curves for head and neck cancer
patients with aggressive treatment, with or without curative

Medicine � Volume 95, Number 14, April 2016 Aggressive Therapy for HNSCC With High CCI
surgery with adjuvant therapy, definitive RT, and CCRT (total
irradiation dose �7000 cGy), increased overall survival in
patients with HNSCC, regardless of age, and CCI score
(Table 2; Figure 1). Nevertheless, the increasing aHR trend
showed that survival decreased as CCI scores increased; this
trend was similar to that reported previously.14,15 Similarly,
survival decreased with increasing age (Table 2). Figure 1
shows the overall survival curves of the 2 treatment arms for
CCI scores of<5, 5 to 9, and�10. In patients with the same CCI
score, aggressive treatments resulted in a higher survival rate
compared with that of BSC or palliative treatments (log-rank
test, P<0.0001). In previous studies, cancer-specific death was
not affected by comorbidities, suggesting that comorbidities,
rather than cancer, cause the death;14,15 these findings are
similar to our outcomes. Our data also showed that aggressive
treatments do not reduce cancer-specific death in HNSCC
patients with high CCI scores (data not shown).

To the best of our knowledge, this is the first study
demonstrating that aggressive treatments can improve survival
even in elderly and critically ill patients with HNSCC (aHR,
0.49; 95% CI, 0.30–0.80) by using stratified analyses evaluat-
ing the mortality risk among treatment modalities for different
CCI scores and ages.

neck cancer patients with different treatments and CCI scores
(high CCI�10). (B) Kaplan–Meier overall survival curves for head
and neck cancer patients with different treatments and CCI scores.
CCI¼Charlson comorbidity index.
A randomized controlled trial compared aggressive treat-
ments with and without surgery and showed that surgery is a
superior treatment for advanced HNSCC (stage III or IV

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
nonmetastatic HNSCC);30 however, the trial included no
elderly patients or patients with multiple comorbidities, and
thus, the suitability of curative surgery for these patients
remained unclear. Our study showed no significant differences
between the overall survival rates of elderly (>65 years) and
younger HNSCC patients with high CCI scores after surgery
(Table 3) and demonstrated a consistent survival trend among
elderly and young HNSCC patients with the same CCI scores.
Therefore, extended surgical treatments should be offered to
both elderly and young patients with similar comorbidities.
These results are consistent with those of Sesterhenn and Peters,
who demonstrated that advanced age may not be a contra-
indication for major head and neck surgery.31,32 However,
Table 3 shows that curative surgical aggressive treatments were
superior to nonsurgical aggressive treatments in HNSCC
patients with low CCI scores, but no improvements were
observed in those with high CCI scores. Furthermore, for the
first time, our analyses of the mortality risk associated with
curative surgery or nonsurgical intervention among aggressive
treatments modalities for HNSCC patients with high or low CCI
scores stratified according to age indicated that surgery does not
improve the survival rate in HNSCC patients with high CCI
scores, regardless of age. In addition, many patients in the

surgery, and with different CCI scores. CCI¼Charlson comorbid-
ity index.
nonsurgical aggressive treatment group had medically inoper-
able or unresectable HNSCC, implying that Group 1 patients
had more advanced HNSCC. The harm caused by curative
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TABLE 3. Effect of Surgery on Overall Survival and the Risk of Overall Death in Patients With Different CCI Scores

Overall Deaths

Therapy Group N No. of Deaths (%) Mortalityy Adjusted HRz (95% CI)

All
CCI � 10 Aggressive treatments without surgery 62 46 (74.19) 34.74 1.00 (Reference group)

Surgery 309 242 (78.32) 37.32 1.13 (0.82–1.55)
CCI¼ 5–9 Aggressive treatments without surgery 851 621 (72.97) 33.25 1.00 (Reference group)

Surgery 6440 4024 (62.48) 19.41 0.67 (0.62–0.73)
���

CCI < 5 Aggressive treatments without surgery 1601 1091 (68.14) 26.11 1.00 (Reference group)
Surgery 9321 4075 (43.72) 11.03 0.49 (0.46–0.53)

���

Age <65
CCI � 10 Aggressive treatments without surgery 48 35 (72.92) 32.56 1.00 (Reference group)

Surgery 234 180 (76.92) 34.58 1.06 (0.74–1.52)
CCI¼ 5–9 Aggressive treatments without surgery 738 529 (71.68) 31.90 1.00 (Reference group)

Surgery 5666 3463 (61.12) 18.59 0.66 (0.60–0.73)
���

CCI < 5 Aggressive treatments without surgery 1245 24.69 1.00 (Reference group)
Surgery 7847 3227 (41.12) 10.08 0.46 (0.43–0.50)

���

Age �65
CCI � 10 Aggressive treatments without surgery 14 11 (78.57) 44.16 1.00 (Reference group)

Surgery 75 62 (82.67) 48.45 1.20 (0.62–2.34)
CCI¼ 5–9 Aggressive treatments without surgery 113 92 (81.42) 43.97 1.00 (Reference group)

Surgery 774 561 (72.48) 27.12 0.72 (0.58–0.90)
��

CCI < 5 Aggressive treatments without surgery 356 269 (75.56) 31.70 1.00 (Reference group)
Surgery 1474 848 (57.53) 17.20 0.68 (0.59–0.78)

���

CCI¼Charlson comorbidity index, CI¼ confidence interval.
yMortality per 100 person-years.
zHazard ratios were adjusted for sex, age, and clinical stage.�
P value for HR<0.05.��
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surgery (aHR, 1.13) in HNSCC patients with high CCI scores
may have been underestimated. Although age did not signifi-
cantly affect overall survival in patients with HNSCC, we
adjusted the analysis for age, regardless of whether surgery
was performed. However, the highest aHR (95% CI) of overall
death was 1.20 (0.62–2.34) in patients with HNSCC aged �65
years and in those with high CCI scores. Our results for HNSCC
patients with low CCI scores are consistent with those of the
randomized controlled trial by Soo, which indicated that
surgery results in the optimal overall survival.30

In clinical practice, aggressive treatments are extremely
beneficial for patients with HNSCC, even in elderly patients and
those with high CCI scores. Aggressive treatments reduced
overall death by >60% compared with BSC or palliative
treatments in patients with the same CCI scores. Even in elderly
patients with HNSCC and those with high CCI scores, aggres-
sive treatments reduced overall death by 51% (Table 2). Cura-
tive surgery was beneficial for HNSCC patients with low CCI
scores and was necessary for HNSCC patients with high CCI
scores. However, surgical aggressive treatments did not
improve overall survival in HNSCC patients with high CCI
scores (Table 3). Nevertheless, we recommend that elderly
patients with HNSCC and those with multiple comorbidities
undergo aggressive treatments rather than BSC or palliative
treatments. Nonsurgical aggressive treatments including defini-

P value for HR<0.01.���
P value for HR<0.001.
tive RT or CCRT (total irradiation dose � 7000 cGy) might be
more suitable for HNSCC patients with high CCI scores
(Table 3).
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The strength of this study is the large sample size. The
results suggested that aggressive treatments can reduce the
incidence of death in patients with HNSCC. This was also
the first study indicating the optimal therapeutic decisions for
patients with HNSCC according to age and comorbidity;
aggressive treatments are a more appropriate treatment
decision, and this should be considered in future clinical studies.
However, this study has limitations. First, the toxicity induced
by curative-intent aggressive treatments could not be deter-
mined; therefore, the treatment-related mortality estimates may
have been biased. Second, information regarding the human
papillomavirus (HPV) test is not recorded in the databases used
in this study; hence, the effect of different treatments on HPV-
positive or -negative patients could not be examined. Third, all
investigated patients with HNSCC were from an Asian popu-
lation, and racial susceptibility was unclear; hence, our results
should be cautiously extrapolated to non-Asian populations.
Fourth, the relatively small number of patients with high CCI
scores might limit the generalizability of the conclusions in this
study; a large-scale randomized trial, in which carefully
selected patients undergoing suitable aggressive treatments
and palliative or supportive care approaches are used for
comparison, is essential to obtain crucial information regarding
population specificity and disease occurrence. Fifth, diagnoses
of all comorbid conditions were completely dependent on ICD-

9-CM codes; nevertheless, the Taiwan NHI Administration
randomly reviews charts and interviews patients to verify the
accuracy of the diagnoses, and hospitals with outlier chargers or

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



TABLE 4. Characteristics of Patients With or Without Aggres-
sive Treatments Having High CCI Scores

Therapy Group

Patients
Without

Aggressive
Treatments

Having High
CCI Scores

(N¼ 66)

Patients With
Aggressive
Treatments

Having High
CCI Scores
(N¼ 371)

Variable n (%) n (%) P Value
�

Sex 0.225
Male 60 (90.91) 354 (95.42)
Female 6 (9.09) 17 (4.58)

Age, mean (SD) 60.18 (13.35) 57.28 (11.12) 0.100
Age group 0.028

20–49 16 (24.25) 100 (26.95)
50–64 24 (36.36) 182 (49.06)
�65 26 (39.39) 89 (23.99)

Cancer site 0.021
Oral cavity 42 (63.64) 205 (55.26)
Oropharynx 22 (24.24) 57 (15.36)
Hypopharynx 16 (12.12) 109 (29.38)

Clinical stage 0.909
III 12 (18.18) 73 (19.68)
IV 54 (81.82) 298 (80.32)

CCI¼Charlson comorbidity index, SD¼ standard deviation.�
P value was calculated using the chi-square test for categorical
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practices may undergo an audit and subsequently receive heavy
penalties if malpractice or discrepancies are identified. Finally,
the database contains no information on tobacco use, alcohol
consumption, dietary habits, socioeconomic status, or body
mass index, all of which may be mortality risk factors. Never-
theless, given the magnitude and statistical significance of the
observed effects in this study, these limitations are unlikely to
have affect the conclusions.

CONCLUSIONS
Aggressive treatments can be beneficial even for critically

ill and elderly patients with HNSCC, and they reduced overall
death by >60% compared with BSC or palliative treatments in
patients with the same CCI score. In elderly patients with
HNSCC and those with high CCI scores, aggressive treatments
reduced overall death by 51%. Nonsurgical aggressive treat-
ments including definitive RT and CCRT (total irradiation dose
�7000 cGy) might be suitable for HNSCC patients with high
CCI scores.
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