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Objectives: Black patients with head and neck cancer (HNC) have poorer survival and disease control
compared to non-black patients, but disparities in death from non-cancer causes (i.e., competing mortal-
ity) are less well-studied.
Materials and methods: We conducted an analysis of 538 patients (169 black, 369 non-black) with stage
III–IV HNC treated on one of six multi-institutional protocols between 1993 and 2004 involving multi-
agent chemoradiotherapy with or without surgery. Competing mortality was defined as death due to
intercurrent comorbid disease, treatment-related morbidity, or unknown cause in the absence of disease
recurrence, progression, or second malignancy. Cox proportional hazards and competing risks regression
were used to estimate the effect of black race on competing mortality.
Results: Black race was associated with increased rates of comorbidity, smoking, heavy alcohol use,
advanced tumor stage, and poorer performance status (p < .001 for all). Compared to non-black patients,
black HNC patients had a higher 5 year cumulative incidence of disease progression (31.4%; 95% CI, 24.4–
38.5% vs 23.4%; 95% CI, 19.1–28.1%) and competing mortality (28.1%; 95% CI, 21.2–35.3% vs 14.5%; 95% CI,
11.0–18.5%). When adjusting for age, male sex, body mass index, distance traveled, smoking and alcohol
use, performance status, comorbidity, and tumor stage, the black race was associated with death from
comorbid disease (Cox hazard ratio 2.13; 95% CI, 1.06–4.28, p = 0.033).
Conclusions: Black patients with advanced HNC are at increased risk of both disease progression and
death from competing non-cancer mortality, particularly death from comorbid disease. Improved strat-
egies to manage comorbid disease may increase the benefit of treatment intensification in black patients.

� 2013 Elsevier Ltd. All rights reserved.
Introduction

Racial disparities in treatment outcomes are a widely recog-
nized problem in head and neck cancer (HNC). Studies have shown
that black HNC patients have worse rates of overall survival, rela-
tive survival, HNC mortality, and disease recurrence compared to
non-black HNC patients [1–5]. A better understanding of modifi-
able risk factors contributing to survival disparities is needed to
design strategies to mitigate these disparities.

Previous studies have identified that lower socioeconomic sta-
tus (SES), poorer access to health care, higher rates of comorbidity,
later stage at presentation, and lower rates of surgical treatment
are associated with both black race and poorer survival in HNC
[3–8]. These studies have analyzed racial disparities in HNC using
composite endpoints, such as overall survival or disease-free sur-
vival, which are comprised of both cancer-specific (e.g., disease
recurrence) and non-cancer events (e.g., death from any cause). A
limitation of composite endpoints is that they can obscure whether
survival differences are due to cancer-specific events, non-cancer
events, or both [9].

In addition to being undesirable events in their own right,
deaths from competing causes diminish the clinical benefit of can-
cer therapies and reduce the efficiency of cancer clinical trials [9–
13]. We have previously shown that black race is associated with
increased risk of HNC specific mortality and non-cancer mortality
in a population-based analysis [12], though the study did not di-
rectly compare black and non-black patients and lacked important
prognostic data on tobacco and alcohol use, comorbidity, perfor-
mance status, and treatment techniques. Therefore, with the addi-
tion of these covariates, we sought to determine the effect of race
on competing mortality in advanced HNC using a multi-institu-
tional cohort.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.oraloncology.2013.09.012&domain=pdf
http://dx.doi.org/10.1016/j.oraloncology.2013.09.012
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Methods

Patients

The study design was a secondary analysis of 538 patients (168
black; 369 non-black) with American Joint Committee on Cancer
stage III–IV HNC, treated on a series of six multi-institutional pro-
tocols between August 1993 and November 2004. Patients were
treated at one of four institutions: University of Chicago, North-
western Memorial Hospital, University of Illinois Chicago, and
Weiss Memorial Hospital. Protocol treatment details have been
previously described (Appendix Table A1) [10,14–17].
Treatment techniques

All patients were treated with concurrent multi-agent chemora-
diotherapy (CRT). Select patients received induction chemotherapy
with paclitaxel and carboplatin preceding CRT. Limited initial or-
gan-sparing surgery was used in selected patients preceding CRT
and was used at the primary site for persistent or recurrent disease
after CRT. Neck dissection was recommended for patients with N2
or N3 disease.

CRT was given in five cycles on alternating weeks and RT was
given in 1.5 Gy fractions twice daily. Gross disease was treated to
total dose of 70–75 Gy, while postoperatively treated patients
received 60–66 Gy. High-risk areas of the neck were treated to
51–60 Gy and standard-risk areas were treated to 36–45 Gy.
Chemotherapy consisted of fluorouracil plus hydroxyurea concur-
rent with RT. Additional chemotherapy depended on the protocol
Table 1
Patient Characteristics.

Black (n = 169) No. (%)

Institution
University of Chicago 113 (66.9)
Northwestern Memorial Hospital 12 (7.1)
University of Illinois Chicago 44 (26.0)
Weiss Memorial Hospital 0
Missing 0

Age (mean) 56.1
Age > 65 37 (21.9)
Male sex 122 (72.2)
Body Mass Index (mean) 23.4
Smoking history > 20 pack years 134 (79.3)
Alcohol use > 1 drink per day 117 (69.2)
Distance traveled > 15 miles 30 (17.8)
Unknown 24 (14.2)

Charlson comorbidity index
0 100 (59.2)
1 16 (9.5)
2 23 (13.6)
P3 13 (7.7)
Unknown 62 (3.7)
ECOG performance status
0 53 (31.4)
1 86 (50.9)
2 30 (17.8)
T stage 3/4 138 (81.5)

Unknown 7 (4.1)

Nodal stage
N2c 36 (21.4)
N3 31 (18.5)
Unknown 7 (4.1)

Site
Hypopharynx 16 (9.5)
Larynx 42 (24.9)
Oropharynx 67 (39.6)

ECOG = Eastern Cooperative Oncology Group.
and consisted of cisplatin, paclitaxel, or oral ZD1839 (Iressa; Astra-
Zeneca, Wilmington, DE).

Patients were evaluated 1 month after the completion of CRT,
every 3 to 4 months in the first year, every 6 months in the second
and third year, and annually thereafter. Computed tomography of
the head, neck, and chest, was obtained at each follow-up evalua-
tion. All locoregional and distant recurrences were biopsy proven
whenever possible and clinically indicated. Follow-up continued
until November 2004.

Statistical analysis

Disease-free survival was defined as disease progression, sec-
ond malignancy, or death due to any cause. Competing mortality
was defined as death due to intercurrent comorbid disease, treat-
ment-related morbidity, or unknown cause in the absence of dis-
ease recurrence, progression, or second malignancy. Examples of
death from comorbid disease included stroke, myocardial infarc-
tion, arrhythmia, pneumonia, hepatic failure, and diabetic ketoaci-
dosis. Treatment-related mortality included death from any cause
within two months of treatment and death immediately after sur-
gery or late complications. Examples included surgical complica-
tions, sepsis, and pulmonary embolism within two months of
treatment, in accordance with previously described methods
[18]. As the patients in this study were treated at tertiary referral
centers on a set of multi-institutional protocols, cause of death
ascertainment was collectively reviewed and confirmed in multi-
disciplinary tumor boards [10].

Chi-squared and t-tests were used to test differences in covari-
ates for black and non-black patients. Cumulative incidence
Non-Black (n = 369) No. (%) P value

225 (61.0)
98 (26.6)
40 (10.8)
5 (1.4)

1

57.1 0.33
100 (27.1) 0.24
281 (76.2) 0.38
25.9 <.001
225 (61.0) <.001
196 (53.1) <.001
237 (64.2) <.001
35 (9.5)

233 (63.1) 0.016
37 (10.0)
29 (7.9)
8 (2.2)
17 (4.6)

<.001
196 (53.1)
156 (42.3)
17 (4.6)
216 (58.5) <.001
9 (2.4)

60 (16.3) 0.12
50 (13.6) 0.17
9 (2.4)

43 (11.7)
44 (11.9)
167 (45.3)



Table 2
Five year unadjusted cumulative incidence of disease-specific and competing events in black and non-black head and neck cancer patients.

| Cumulative incidence in blacks at 5 years (95% CI) Cumulative incidence in non-blacks at 5 years (95% CI)

Local failure 11.5% (7.2–17.0%) 10.5% (7.5–14.0%)
Distant failure 19.9% (14.2–26.3%) 13.0% (9.6–16.8%)
Death due to comorbidity 14.1% (9.1–20.1%) 5.5% (3.4–8.4%)
Death due to treatment toxicity 10.8% (6.7–16.1%) 5.9% (3.7–8.6%)
Secondary malignancy 3.0% (1.1–6.5%) 7.9% (5.1–11.6%)
Unknown death 3.2% (1.2–6.8%) 3.2% (1.7–5.5%)

CI = confidence interval.

Figure 1. Cumulative incidence of disease progression, competing mortality, and
secondary malignancies for black and non-black patients with head and neck cancer
during a 5-year period.
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functions were calculated to determine event probabilities [19,20].
For univariable and multivariable analysis of covariates, we used
the Cox proportional hazards model and the Fine-Gray semi-
parametric model for subdistribution hazards [21,22]. The cause-
Table 3
Univariable analysis.

Disease-free survival

SDHR (95% CI) P value CSHR (95% CI)

Black race 1.56 (1.22–1.99) <0.001 1.56 (1.22–1.99)
Age 1.03 (1.02–1.04) <0.001 1.03 (1.02–1.04)
Male sex 1.37 (1.06–1.79) 0.017 1.38 (1.06–1.79)
Body mass index (log) 0.22 (0.12–0.38) <0.001 0.21 (0.12–0.37)
Distance traveled > 15 milesa 0.66 (0.51–0.86) 0.0016 0.66 (0.51–0.85)
Smoke > 20 pack years 1.77 (1.35–2.33) <0.001 1.78 (1.35–2.36)
Alcohol use > 1 drink per day 1.16 (0.91–1.48) 0.22 1.17 (0.91–1.49)
Charlson comorbidity index 1.21 (1.10–1.33) <0.001 1.21 (1.09–1.33)
Performance status > 0 1.65 (1.37–1.99) <0.001 1.65 (1.38–1.98)
T stage 3/4 2.13 (1.60–2.83) <0.001 2.14 (1.60–2.88)

Death due to comorbidity

Black race 1.87 (1.06–3.29) 0.029 2.24 (1.27–3.96)
Age 1.02 (0.99–1.05) 0.17 1.04 (1.01–1.07)
Male sex 1.27 (0.70–2.31) 0.44 1.47 (0.80–2.72)
Body mass index (log) 0.80 (0.20–3.24) 0.75 0.34 (0.09–1.31)
Distance traveled > 15 milesa 0.93 (0.51–1.70) 0.80 0.71 (0.38–1.33)
Smoke > 20 pack years 0.91 (0.51–1.65) 0.76 1.04 (0.57–1.91)
Alcohol use > 1 drink per day 0.94 (0.54–1.66) 0.84 0.88 (0.49–1.58)
Charlson comorbidity index 1.30 (1.04–1.63) 0.023 1.41 (1.16–1.71)
Performance status > 0 1.53 (1.01–2.31) 0.044 1.88 (1.23–2.86)
T stage 3/4 1.07 (0.58–1.97) 0.83 1.41 (0.75–2.64)

SDHR = subdistribution hazard ratio, CSHR = cause-specific hazard ratio, CI = confidence
a Subset analysis of 479 patients for which these data were available.
specific hazard ratio (CSHR) was obtained from the Cox propor-
tional hazards model and was used to isolate the effect of black
race to the event of interest, without regard to how race is related
to the competing event. To determine the net effect of black race
on the cumulative probability of competing mortality, we used
the subdistribution hazard ratio (SDHR) from the Fine-Gray
cumulative incidence model [23,24]. The effect of race on
disease-free survival did not vary significantly between the six
protocols. Statistical analysis was conducted using the R software,
version 2.14.0.
Results

Median follow-up for surviving patients was 53 months. Over-
all, 110 competing mortality events and 135 local or distant fail-
ures were observed. Median disease-free survival in black
patients was 24 months compared to 37 months in non-black pa-
tients. Black race was associated with smoking and heavy alcohol
use, lower body mass index, higher comorbidities, poorer perfor-
mance status, and advanced tumor stage (Table 1). Black patients
were also less likely to travel greater than 15 miles for treatment.
There was no difference in nodal status or tumor grade between
blacks and non-blacks.

Black patients had higher 5 year cumulative incidence of distant
failures, death due to comorbidity, and death due to treatment tox-
icity compared to non-black patients (Table 2). Consequently, black
patients had a higher likelihood of both disease-progression and
competing mortality (Fig. 1). The imbalance in the incidence of
Competing mortality

P value SDHR (95% CI) P value CSHR (95% CI) P value

<0.001 1.65 (1.13–2.41) 0.009 1.82 (1.24–2.66) 0.0022
<0.001 1.02 (1.00–1.04) 0.025 1.03 (1.01–1.05) 0.0017
0.016 1.81 (1.23–2.66) 0.0025 1.85 (1.25–2.73) 0.0022
<0.001 0.37 (0.14–0.96) 0.04 0.23 (0.09–0.55) 0.0011
0.002 0.56 (0.37–0.83) 0.004 0.49 (0.32–0.74) 0.0007
<0.001 1.24 (0.82–1.87) 0.31 1.37 (0.90–2.09) 0.15
0.22 1.08 (0.74–1.58) 0.70 1.06 (0.72–1.57) 0.77
<0.001 1.29 (1.11–1.49) <0.001 1.33 (1.16–1.53) <0.001
<0.001 1.29 (0.98–1.68) 0.065 1.49 (1.12–1.98) 0.0056
<0.001 1.86 (1.18–2.93) 0.0075 2.18 (1.37–3.50) 0.0011

Disease-progression

0.0056 1.45 (1.03–2.05) 0.033 1.62 (1.15–2.29) 0.0063
0.021 1.02 (1.00–1.04) 0.015 1.03 (1.01–1.05) 0.0013
0.22 1.02 (0.69–1.51) 0.91 1.14 (0.78–1.69) 0.50
0.12 0.28 (0.13–0.61) 0.0013 0.22 (0.10–0.48) <0.001
0.29 0.72 (0.49–1.05) 0.089 0.66 (0.45–0.98) 0.0367
0.89 1.01 (1.32–3.04) 0.001 2.12 (1.40–3.22) <0.001
0.67 1.15 (0.81–1.62) 0.43 1.17 (0.83–1.66) 0.36
<0.001 1.08 (0.94–1.25) 0.28 1.12 (0.96–1.32) 0.15
0.0034 1.77 (1.37–2.28) <0.001 1.90 (1.48–2.45) <0.001
0.28 1.94 (1.28–2.94) 0.0019 2.14 (1.40–3.27) <0.001

interval.



Table 4
Multivariable analysis.

Disease-free survival Competing mortality

SDHR (95% CI) P value CSHR (95% CI) P value SDHR (95% CI) P value CSHR (95% CI) P value

Black race 1.08 (0.81–1.46) 0.60 1.09 (0.82–1.44) 0.57 1.18 (0.74–1.87) 0.49 1.19 (0.76–1.87) 0.46
Age 1.03 (1.01–1.04) <0.001 1.03 (1.01–1.04) <0.001 1.02 (1.00–1.04) 0.062 1.03 (1.01–1.05) 0.0072
Male sex 1.31 (1.01–1.70) 0.041 1.31 (1.01–1.72) 0.046 1.76 (1.18–2.63) 0.0061 1.76 (1.17–2.64) 0.0066
Body mass index (log) 0.40 (0.23–0.72) 0.0021 0.40 (0.23–0.73) 0.0024 0.49 (0.20–1.18) 0.11 0.40 (0.16–0.97) 0.044
Distance traveled > 15 miles 0.78 (0.59–1.03) 0.078 0.78 (0.59–1.03) 0.076 0.77 (0.50–1.18) 0.23 0.70 (0.44–1.10) 0.12
Smoke > 20 pack years 1.34 (1.01–1.77) 0.041 1.34 (1.00–1.80) 0.050 1.01 (0.66–1.52) 0.98 1.06 (0.68–1.65) 0.80
Alcohol use > 1 drink per day 0.97 (0.75–1.26) 0.83 0.98 (0.75–1.27) 0.85 1.13 (0.75–1.71) 0.56 1.02 (0.68–1.55) 0.91
Charlson comorbidity index 1.08 (0.96–1.22) 0.20 1.08 (0.97–1.20) 0.16 1.21 (1.02–1.44) 0.028 1.21 (1.03–1.41) 0.017
Performance status > 0 1.28 (1.06–1.56) 0.012 1.28 (1.06–1.56) 0.012 0.95 (0.70–1.29) 0.73 1.09 (0.80–1.50) 0.57
T stage 3/4 1.49 (1.11–2.00) 0.0074 1.50 (1.11–2.02) 0.0078 1.42 (0.91–2.24) 0.13 1.60 (0.99–2.58) 0.055

Death due to comorbidity Disease-progression

Black race 2.06 (1.03–4.10) 0.040 2.13 (1.06–4.28) 0.033 0.94 (0.63–1.41) 0.77 1.06 (0.71–1.59) 0.76
Age 1.02 (0.99–1.05) 0.20 1.04 (1.00–1.07) 0.025 1.02 (1.00–1.03) 0.079 1.02 (1.01–1.04) 0.0075
Male sex 1.15 (0.62–2.14) 0.65 1.24(0.64–2.41) 0.52 0.95 (0.64–1.41) 0.81 1.07 (0.72–1.59) 0.75
Body mass index (log) 0.89 (0.26–3.06) 0.85 0.57 (0.15–2.21) 0.42 0.57 (0.24–1.34) 0.20 0.49 (0.21–1.14) 0.10
Distance traveled > 15 miles 1.52 (0.79–2.95) 0.21 1.21 (0.61–2.40) 0.59 0.70 (0.46–1.05) 0.084 0.68 (0.46–1.01) 0.057
Smoke > 20 pack years 0.72 (0.36–1.42) 0.34 0.78 (0.40–1.47) 0.44 1.61 (1.03–2.50) 0.035 1.59 (1.03–2.46) 0.037
Alcohol use > 1 drink per day 0.95 (0.49–1.84) 0.88 0.82 (0.43–1.56) 0.55 0.89 (0.62–1.28) 0.53 0.87 (0.60–1.27) 0.46
Charlson comorbidity index 1.24 (0.97–1.57) 0.082 1.24 (0.99–1.55) 0.060 0.98 (0.84–1.15) 0.83 0.99 (0.83–1.16) 0.86
Performance status > 0 1.39 (0.84–2.32) 0.20 1.61 (1.01–2.56) 0.043 1.41 (1.07–1.86) 0.016 1.48(1.12–1.96) 0.0057
T stage 3/4 0.89 (0.48–1.65) 0.72 1.08 (0.55–2.11) 0.83 1.35 (0.88–2.06) 0.17 1.44 (0.94–2.20) 0.095

SDHR = subdistribution hazard ratio; CSHR = cause-specific hazard ratio; CI = confidence interval.
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competing mortality was largely mediated by a nearly 3-fold high-
er incidence of death due to comorbid disease in black patients.

In the univariable analysis, black race, age, male sex, smoking,
comorbidity, performance status, and T stage were all statistically
significant predictors of disease-free survival (Table 3). Body mass
index (BMI) and distance traveled greater than 15 miles were asso-
ciated with lower incidence of disease-free survival and competing
mortality. In the multivariable analysis, the effect of black race on
disease-free survival and competing mortality was not significant
(Table 4). However, black race had a significant effect on death
due to comorbid disease, even after adjusting for age, sex, body
mass index, distance traveled, smoking and alcohol use, perfor-
mance status, comorbidity, and T stage.

Discussion

This study contributes to the understanding of racial disparities
between black and non-black HNC patients. While previous studies
have focused specifically on disparities in cancer-specific events,
comparatively less attention has focused on disparities in death
from non-cancer causes. We found that the incidence of competing
mortality events, particularly death from comorbidities, were high-
er in black HNC patients and that consequently, these patients
have significantly worse survival. Deaths from competing causes
diminish the clinical benefit of cancer therapies and reduce the
efficiency of cancer clinical trials [12,13]. Thus, improved strategies
to manage comorbid disease would increase the benefit of inten-
sive treatment in black patients and help reduce the health dispar-
ity between blacks and non-blacks.

There are several reasons to suspect that rates of competing
mortality would be higher in black compared to non-black pa-
tients. Many studies have indicated that chronic disease is more
prevalent in the black community [24-27]. In addition, black pa-
tients with HNC have a higher likelihood of having multiple comor-
bidities [6]. Optimizing treatment of comorbidities in HNC patients
could be a potential strategy to prolong survival, but specific strat-
egies to achieve this goal have not yet been developed. In addition,
stratifying patients according to competing mortality risks may
help in (1) selecting patients for more intensive medical treatment,
(2) counseling of patients on their prognosis, and (3) designing
more effective as well as cost-efficient clinical trials for patients
with competing risks [12,13].

Strengths of this study include large sample size, homogeneity
of treatment techniques, high incidence of competing events, long
follow up, and detailed demographic data. Unique to this study
was information regarding the cause of competing mortality,
which allowed us to identify the large racial disparity in death
due to comorbid disease. Limitations include retrospective design
and lack of information on HPV status, which is an important prog-
nostic factor for head and neck cancer. Additionally, the study
lacked a direct measurement of socioeconomic status, though dis-
tance traveled is considered a surrogate and has been shown to
predict survival in oncology clinical trials [28].

In conclusion, black patients with advanced HNC are at in-
creased risk of death from competing non-cancer mortality, partic-
ularly death from comorbid disease. Improved strategies to
manage comorbid disease could increase the marginal benefit of
intensive treatment in black patients.
Conflict of Interest

None declared.
Appendix A. Supplementary material

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.oraloncology.
2013.09.012.
References

[1] American Cancer Society. Cancer facts & figures 2011. Atlanta: American
Cancer Society; 2011.

[2] Horner MJ, Ries LAG, Krapcho M, Neyman N, Aminou R, Howlader N, et al. SEER
cancer statistics review, 1975–2006. Bethesda, MD: National Cancer Institute;
2009.

[3] Du XL, Liu CC. Racial/ethnic disparities in socioeconomic status, diagnosis,
treatment and survival among Medicare-insured men and women with head
and neck cancer. J Health Care Poor Underserved 2010;21:913–30.

[4] Ragin CC, Langevin SM, Marzouk M, Grandis J, Taioli E. Determinants of head
and neck cancer survival by race. Head Neck 2011;33:1092–8.

http://dx.doi.org/10.1016/j.oraloncology.2013.09.012
http://dx.doi.org/10.1016/j.oraloncology.2013.09.012
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0010
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0010
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0010
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0015
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0015


44 K. Zakeri et al. / Oral Oncology 50 (2014) 40–44
[5] Dilling TJ, Bae K, Paulus R, Watkins-Bruner D, Garden AS, Forastiere A, et al.
Impact of gender, partner status, and race on locoregional failure and overall
survival in head and neck cancer patients in three radiation therapy oncology
group trials. Int J Radiat Oncol Biol Phys 2011;81:101–9.

[6] Shavers VL, Harlan LC, Winn D, Davis WW. Racial/ethnic patterns of care for
cancers of the oral cavity, pharynx, larynx, sinuses, and salivary glands. Cancer
Metastasis Rev 2003;22:25–38.

[7] Goodwin WJ, Thomas GR, Parker DF, Joseph D, Levis S, Franzmann E, et al.
Unequal burden of head and neck cancer in the United States. Head Neck
2008;30:358–71.

[8] Molina MA, Cheung MC, Perez EA, Byrne MM, Franceschi D, Moffat FL, et al.
African American and poor patients have a dramatically worse prognosis for
head and neck cancer: an examination of 20,915 patients. Cancer
2008;113:2797–806.

[9] Mell LK, Jeong JH. Pitfalls of using composite primary end points in the
presence of competing risks. J Clin Oncol 2010;28:4297–9.

[10] Mell LK, Dignam JJ, Salama JK, Cohen EE, Polite BN, Dandekar V, et al. Predictors
of competing mortality in advanced head and neck cancer. J Clin Oncol
2010;28:15–20.

[11] Mell LK, Weichselbaum RR. More on cetuximab in head and neck cancer. New
Engl J Med 2007;357:2201–2.

[12] Rose BS, Jeong JH, Nath SK, Lu SM, Mell LK. Population-based study
of competing mortality in head and neck cancer. J Clin Oncol 2011;29:
3503–9.

[13] Zakeri K, Rose BS, Gulaya S, D’Amico AV, Mell LK. Competing event risk
stratification may improve the design and efficiency of clinical trials:
secondary analysis of SWOG 8794. Contemp Clin Trials 2013;34:74–9.

[14] Brockstein B, Haraf DJ, Rademaker AW, Kies MS, Stenson KM, Rosen F, et al.
Patterns of failure, prognostic factors and survival in locoregionally advanced
head and neck cancer treated with concomitant chemoradiotherapy: A 9-year,
337-patient, multi-institutional experience. Ann Oncol 2004;15:1179–86.

[15] Vokes EE, Stenson K, Rosen FR, Kies MS, Rademaker AW, Witt ME, et al. Weekly
carboplatin and paclitaxel followed by concomitant paclitaxel, fluorouracil,
and hydroxyurea chemoradiotherapy: curative and organ-preserving therapy
for advanced head and neck cancer. J Clin Oncol 2003;21:320–6.
[16] Haraf DJ, Rosen FR, Stenson K, Argiris A, Mittal BB, Witt ME, et al. Induction
chemotherapy followed by concomitant TFHX chemoradiotherapy with
reduced dose radiation in advanced head and neck cancer. Clin Cancer Res
2003;9:5936–43.

[17] Brockstein B, Haraf DJ, Stenson K, Sulzen L, Witt ME, Weichselbaum RW, et al.
A phase I–II study of concomitant chemoradiotherapy with paclitaxel (one-
hour infusion), 5-fluorouracil and hydroxyurea with granulocyte colony
stimulating factor support for patients with poor prognosis head and neck
cancer. Ann Oncol 2000;11:721–8.

[18] Argiris A, Brockstein BE, Haraf DJ, Stenson KM, Mittal BB, Kies MS, et al.
Competing causes of death and second primary tumors in patients with
locoregionally advanced head and neck cancer treated with
chemoradiotherapy. Clin Cancer Res 2004;10:1956–62.

[19] Korn EL, Dorey FJ. Applications of crude incidence curves. Stat Med
1992;11:813–29.

[20] Gaynor JJ, Feuer EJ, Tan CC, Wu DH, Little CR, Straus DJ, et al. On the use of
cause-specific failure and conditional failure probabilities: examples from
clinical oncology data. J Am Stat Assoc 1993;88:400–9.

[21] Cox DR. Regression models and life tables. J R Stat Soc Series B Stat Methodol
1972;B34:187–220.

[22] Fine JP, Gray RJ. A proportional hazards model for the sub- distribution of a
competing risk. J Am Stat Assoc 1999;94:496–509.

[23] Dignam JJ, Zhang Q, Kocherginsky M. The use and interpretation of competing
risks regression models. Clin Cancer Res 2012;18:2301–8.

[24] Dignam JJ, Kocherginsky MN. Choice and interpretation of statistical tests used
when competing risks are present. J Clin Oncol 2008;26:4027–34.

[25] National Center for Health Statistics. Health, United States, 2009: With special
feature on medical technology. Hyattsville, MD; 2010. p. 258.

[26] Xu J, Kochanek KD, Murphy SL, Tejada-Vera B. National Vital Statistics Report,
vol. 58; 2010. p. 82.

[27] Heron M, Hoyert DL, Murphy SL, Xu J, Kochanek KD, Tejada-Vera B. Natl Vital
Stat Report 2009;57:81–8.

[28] Lamont EB, Hayreh D, Pickett KE, Dignam JJ, List MA, Stenson KM, et al. Is
patient travel distance associated with survival on phase II clinical trials in
oncology? J Natl Cancer Inst 2003;95:1370–5.

http://refhub.elsevier.com/S1368-8375(13)00695-7/h0020
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0020
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0020
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0020
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0025
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0025
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0025
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0030
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0030
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0030
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0035
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0035
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0035
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0035
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0040
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0040
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0045
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0045
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0045
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0050
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0050
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0055
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0055
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0055
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0060
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0060
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0060
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0065
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0065
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0065
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0065
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0070
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0070
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0070
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0070
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0075
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0075
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0075
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0075
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0080
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0080
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0080
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0080
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0080
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0085
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0085
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0085
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0085
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0090
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0090
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0095
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0095
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0095
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0130
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0130
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0100
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0100
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0105
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0105
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0110
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0110
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0120
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0120
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0125
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0125
http://refhub.elsevier.com/S1368-8375(13)00695-7/h0125

	Race and competing mortality in advanced head and neck cancer
	Introduction
	Methods
	Patients
	Treatment techniques
	Statistical analysis

	Results
	Discussion
	Conflict of Interest
	Appendix A Supplementary material
	References




