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A B S T R A C T

Purpose
National Comprehensive Cancer Network guidelines recommend patients with head and neck
cancer (HNC) receive treatment at centers with expertise, but whether provider experience affects
survival is unknown.

Patients and Methods
The effect of institutional experience on overall survival (OS) in patients with stage III or IV HNC
was investigated within a randomized trial of the Radiation Therapy Oncology Group (RTOG 0129),
which compared cisplatin concurrent with standard versus accelerated fractionation radiotherapy.
As a surrogate for experience, institutions were classified as historically low- (HLACs) or
high-accruing centers (HHACs) based on accrual to 21 RTOG HNC trials (1997 to 2002). The effect
of accrual volume on OS was estimated by Cox proportional hazards models.

Results
Median RTOG accrual (1997 to 2002) at HLACs was four versus 65 patients at HHACs. Analysis
included 471 patients in RTOG 0129 (2002 to 2005) with known human papillomavirus and
smoking status. Patients at HLACs versus HHACs had better performance status (0: 62% v 52%;
P � .04) and lower T stage (T4: 26.5% v 35.3%; P � .002) but were otherwise similar.
Radiotherapy protocol deviations were higher at HLACs versus HHACs (18% v 6%; P � .001).
When compared with HHACs, patients at HLACs had worse OS (5 years: 51.0% v 69.1%; P �
.002). Treatment at HLACs was associated with increased death risk of 91% (hazard ratio [HR],
1.91; 95% CI, 1.37 to 2.65) after adjustment for prognostic factors and 72% (HR, 1.72; 95% CI,
1.23 to 2.40) after radiotherapy compliance adjustment.

Conclusion
OS is worse for patients with HNC treated at HLACs versus HHACs to cooperative group trials
after accounting for radiotherapy protocol deviations. Institutional experience substantially influ-
ences survival in locally advanced HNC.

J Clin Oncol 33:156-164. © 2014 by American Society of Clinical Oncology

INTRODUCTION

Overall survival (OS) is improved for patients with
cancer who undergo specialized surgical resection at
hospitals that perform a large number of procedures
(eg, pancreaticoduodenectomy or lung cancer
resection).1-6 Individual physician volume may also
contribute to in-hospital mortality after cancer re-
section.7 In a manner analogous to surgery, radia-
tion therapy is a local modality with a high degree of
user dependence. Treatment planning and patient
care techniques can vary considerably among radia-
tion oncologists. Because of its complexity, radiation

therapy treatment planning for head and neck can-
cer (HNC) in particular has considerable interinsti-
tutional and interphysician variation.8,9

In addition to complex treatment planning,
HNC radiotherapy is frequently complicated by
acute and chronic toxicities.10 Therefore, robust
multidisciplinary coordination of care may be par-
ticularly important in HNC. Indeed, current Na-
tional Comprehensive Cancer Network (NCCN)
guidelines recommend that all patients with HNC
“need access to the full range of support services and
specialists with expertise in the management of
patients with HNC for optimal treatment and
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follow-up.”11 The inference is that suboptimal outcomes may be more
likely to occur for patients with HNC when high-volume specializa-
tion is not employed.

Therefore, we investigated whether institutional patient accrual
volume was associated with OS or progression-free survival (PFS) for
patients with HNC enrolled onto a prospective, multicenter, random-
ized controlled trial conducted by the Radiation Therapy Oncology
Group (RTOG; protocol 0129).

PATIENTS AND METHODS

Study Population

RTOG 0129 was a phase III clinical trial conducted from 2002 to 2005
designed to evaluate whether accelerated fractionation (AFX) in comparison
with standard fractionation (SFX) radiotherapy could improve OS of patients
with HNC treated with concurrent high-dose cisplatin. The experimental
design and primary results of the RTOG 0129 trial were published in 201012

and revealed similar 3-year OS in patients receiving AFX and SFX radiother-
apy. RTOG 0129 was registered with the National Cancer Institute and ap-
proved by the institutional review boards at participating centers. All patients
provided written informed consent. This retrospective analysis was not in-
cluded in the original protocol.

Briefly, eligible patients for RTOG 0129 had untreated, pathologically
confirmed, American Joint Committee on Cancer stage III or IV13 squamous
cell carcinoma of the oral cavity, oropharynx, hypopharynx, or larynx; had
Zubrod performance status 0 to 1; were age � 18 years; and had adequate bone
marrow, hepatic, and renal function. Patients were randomly assigned to
cisplatin concurrent with AFX by concomitant boost radiotherapy (72 Gy
delivered in 42 fractions over 6 weeks, inclusive of twice-per-day irradiation for
12 treatment days) or SFX radiotherapy (70 Gy in 35 fractions over 7 weeks).
Chemotherapy consisted of intravenous cisplatin 100 mg/m2 of body-surface
area on days 1 and 22 for patients assigned to AFX and on days 1, 22, and 43 for
patients assigned to SFX.

Prior cigarette smoking in pack-years was obtained at enrollment by
interviewer-administered questionnaire. To assess tumor status and late tox-
icity, follow-up examination and imaging studies were performed every 3
months for 2 years, every 6 months through year 5, and then annually.

Tumor Human Papillomavirus Status

Formalin-fixed, paraffin-embedded tumor specimens were evaluated
for human papillomavirus (HPV) type 16 and 12 additional HPV types (types

18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68) using the in situ hybridization–
catalyzed signal amplification method for biotinylated probes (Dako Gen-
Point, Carpinteria, CA) as previously described.14

Radiation Therapy Compliance

Radiotherapy plans were reviewed for protocol compliance and catego-
rized as per protocol (PP), acceptable variation (AV), or unacceptable devia-
tion (UD) for total dose delivered, elapsed days, AFX completed, spinal cord
dose, and field borders (Appendix Table A1, online only). Field borders were
also scored based on adherence to protocol instructions by the principal
investigator on primary tumor coverage, coverage of lymphatic space poste-
rior to the spinal cord (right and left), and spinal cord and supraclavicular
lymph node coverage.

Statistical Methods

Our principal outcome was the effect of institutional expertise on OS. As
a surrogate for institutional expertise, we used institutional accrual volume to
21 HNC clinical trials conducted by the RTOG during the 5-year period (July
30, 1997, to July 29, 2002) immediately before the activation of RTOG 0129.
To do so, 3,007 patients enrolled from 303 centers were divided into three
approximately equally sized cohorts: high (1,017 patients, 15 centers, � 42
patients per center), middle (1,016 patients, 44 centers, 13 to 41 patients per
center), and low (974 patients, 244 centers, one to 12 patients per center).
RTOG 0129 outcomes in the middle and low cohorts were similar and com-
bined. The final cohorts were denoted historically low (HLACs) and high
accruing centers (HHACs).

OS was defined as time from random assignment to death resulting from
any cause. Secondary end points were PFS, locoregional failure (LRF), and
acute and chronic toxicities. PFS was defined as time from random assignment
to local, regional, or distant progression or death resulting from any cause. LRF
was defined as time from random assignment to local or regional disease
progression; distant metastasis and death unrelated to the index cancer were
competing risks. OS and PFS rates were estimated by the Kaplan-Meier
method15 and compared by log-rank test.16 LRF rates were estimated by the
cumulative incidence method17 and compared by Gray’s test.18 Acute toxicity
was evaluated weekly during the period of therapy according to the Common
Toxicity Criteria for Adverse Events (version 2.0).19 Late toxicities were re-
corded at each follow-up visit, with attention to soft tissue changes, bony
necrosis, changes in central or peripheral nervous system function, and con-
dition of the mucosa.

Analysis was restricted to patients with known HPV status (if orophar-
ynx primary site) and known cigarette pack-years. To evaluate study popula-
tion bias, pretreatment characteristics and survival outcomes were compared

Randomly assigned within RTOG 0129
(N = 743)

Treated at low-accruing center (n = 500)
Excluded
  Missing HPV status and pack-years (n = 17)
  Missing HPV status only (n = 61)
  Missing pack-years only (n = 101)

Treated at high-accruing center (n = 221)
Excluded
  Missing HPV status and pack-years (n = 6)
  Missing HPV status only (n = 26)
  Missing pack-years only (n = 39)

Analyzed
(n = 321)

Analyzed
(n = 150)

Included in protocol analysis (n = 721)
Excluded
  Did not meet inclusion criteria (n = 17)

)4 = n( tnesnoc werdhtiW  
  No data after random assignment (n = 1)

Fig 1. CONSORT diagram. HPV, human
papillomavirus; RTOG, Radiation Therapy
Oncology Group.
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for patients with complete versus missing data. Patient characteristics were
compared by Pearson �2 or Fisher’s exact test for categorical variables or
Wilcoxon rank sum test18 for ordinal and continuous variables. Cox pro-
portional hazards models were used to evaluate the independent effect of
accrual volume after accounting for treatment assignment and known
prognostic factors: age, T stage, and N stage, Zubrod performance status,
cigarette pack-years, and tumor HPV status. A second model including
radiotherapy compliance estimated the percentage of the effect of accrual
volume resulting from radiotherapy deviations. Sensitivity analysis was
performed by: one, imputing missing values for HPV status (oropharynx
only) and pack-years using the Markov chain Monte Carlo algorithm (with
20 imputations) to minimize potential bias from excluding patients from
the analysis; two, lowering the HHAC threshold from 42 (top 5% of
centers) to 25 patients (top 10% of centers); and three, considering histor-
ical accrual as a continuous variable.

RESULTS

Study Population

A total of 743 patients were enrolled, and 721 were eligible for
protocol-specified end points (Fig 1). Of these 721, 250 (34.7%) had
missing data for tumor HPV status (n � 110; oropharynx only)
and/or cigarette smoking pack-years (n � 163). The remaining 471
patients were included. No statistically significant differences in pa-
tient or tumor characteristics or survival outcomes were observed for
patients with complete versus missing data (Appendix Table A2; Ap-
pendix Figs A1 and A2, online only).

Median age of the analysis population was 56 years, and me-
dian number of smoking pack-years was 30. Thirty-eight percent
of patients had HPV-positive oropharyngeal cancers, 19% had
HPV-negative oropharyngeal cancers, and 44% had nonoropha-
ryngeal primary cancers. Disease was staged as IVA for a majority
of patients (77%).

Of the 471 patients, 321 were treated at one of 88 HLACs and 150
at one of 13 HHACs. Median accrual to RTOG 0129 from HLACs was
two patients (range, one to 20), and median accrual to RTOG 0129
from HHACs was six patients (range, one to 44). Patient characteris-
tics are listed in Table 1. Patients treated at HLACs and HHACs had
similar distributions of treatment assignment, age, cigarette pack-
years, tumor HPV status, and N stage. However, patients at HLACs
had better performance status (Zubrod of 0: 62% v 52%; P � .04) and
lower T stage (T4: 26.5% v 35.3%; P � .002).

Survival and Treatment Efficacy Analyses

Median follow-up among surviving patients was 4.8 years (range,
1.1 to 6.5). There were 202 deaths among the cohort of 471 patients:
153 among patients treated at HLACs and 49 at HHACs. Patients
treated at HLACs had significantly worse OS when compared with
patients treated at HHACs (5 years: 51.0%; 95% CI, 45.1 to 56.8 v
69.1%; 95% CI, 61.6 to 76.7; P � .002; hazard ratio [HR], 1.67; 95%
CI, 1.21 to 2.31). Patients treated at HLACs also had significantly
worse PFS (5 years: 42.7%; 95% CI, 37.0 to 48.4 v 61.8%; 95% CI, 53.8
to 69.7; P � .001; HR, 1.64; 95% CI, 1.22 to 2.20). Kaplan-Meier
curves for OS and PFS stratified by institutional accrual are shown in
Figures 2A and 2B.

LRF rates were higher among patients treated at HLACs than
HHACs (5 years: 36.4%; 95% CI, 30.9 to 41.9 v 20.8%; 95% CI, 14.1 to
27.5; P � .001). Among PFS events, the first failure event was locore-
gional in 43.3% of patients at HLACs compared with 33.9% at

HHACs, distant in 25.0% and 30.5%, and death without documented
progression in 31.7% and 35.6% (P � .43), respectively.

Treatment at an HLAC was associated with a 91% increased risk
of death (HR, 1.91; 95% CI, 1.37 to 2.65; P � .001) and an 89%
increase in progression or death (PFS: HR, 1.89; 95% CI, 1.39 to 2.56;
P � .001) when compared with an HHAC (Table 2), after adjustment
for age, T and N stages, performance status, smoking pack-years,
tumor HPV status, and treatment assignment. Sensitivity analysis
(adjusted for prognostic variables) confirmed the increase in risk of
failure for both OS and PFS in patients treated at HLACs in all 721
patients (OS: HR, 1.57; 95% CI, 1.20 to 2.04; P � .001; PFS: HR, 1.56;
95% CI, 1.23 to 1.98; P � .001), when lowering the HHAC threshold
to 25 patients (OS: HR, 1.53; 95% CI, 1.14 to 2.04; P � .004; PFS: HR,
1.69; 95% CI, 1.29 to 2.21; P � .001), and when historical accrual
volume was considered a continuous variable (for every 10 patients;
OS: HR, 0.93; 95% CI, 0.88 to 0.97; P � .001; PFS: HR, 0.92; 95% CI,
0.88 to 0.96; P � .001).

Table 1. Patient and Tumor Characteristics by Accrual Volume

Characteristic

HHAC
(n � 150)

HLAC
(n � 321)

PNo. % No. %

Assigned treatment .83�

SFX plus cisplatin 75 50.0 164 51.1
AFX-C plus cisplatin 75 50.0 157 48.9

Age, years .61†
Median 56 55
Range 33-82 31-79
Q1 to Q3 50-60 50-61

Zubrod performance status .04�

0 78 52.0 199 62.0
1 72 48.0 122 38.0

Cigarette pack-years .75†
Median 30.5 30
Range 0-152 0-137.5
Q1 to Q3 1.5-50.4 6-49

Primary site .43�

HPV-positive oropharynx 62 41.3 116 36.1
HPV-negative oropharynx 29 19.3 59 18.4
Nonoropharynx 59 39.3 146 45.5

T stage .002†
T2 23 15.3 94 29.3
T3 74 49.3 142 44.2
T4 53 35.3 85 26.5

N stage .10†
N0 34 22.7 54 16.8
N1 26 17.3 52 16.2
N2a 11 7.3 31 9.7
N2b 41 27.3 81 25.2
N2c 27 18.0 73 22.7
N3 11 7.3 30 9.3

AJCC stage .28�

III 40 26.7 71 22.1
IV 110 73.3 250 77.9

Abbreviations: AFX-C, accelerated fractionation with concomitant boost; AJCC,
American Joint Committee on Cancer (ed 5); HHAC, historically high-accruing
center; HLAC, historically low-accruing center; HPV, human papillomavirus; Q1,
first quartile; Q3, third quartile; SFX, standard fractionation.

�Pearson �2 test.
†Wilcoxon rank sum test.
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Patient Population Analysis

Sociodemographic characteristics and medical comorbidities
were compared for patients at HLACs versus HHACs to evaluate the
possible contribution of these factors to observed survival differences
(Table 3). HLACs had a higher proportion of uninsured patients
(either self-pay or no means of payment) than HHACs (12.3% v 4.3%;
P � .009), but no other differences were noted. Patients at HLACs and
HHACs were also similar with regard to history of cardiovascular,
respiratory, hepatic, renal, thromboembolic, hormonal, neurologic,
and infectious illnesses.

Toxicity and Protocol Compliance Analysis

Incidences of grade � 3 acute toxicity (any), acute mucositis, and
late toxicity were similar between the groups (Table 4). Incidence of
late mucositis was higher at HHACs but low in both groups (HHACs,
6.8%; HLACs, 2.9%; P � .08).

Patients treated at HLACs and HHACs received similar cisplatin
doses and cycles and radiation doses and numbers of fractions, but
duration of therapy was longer at HLACs (range, 0 to 120 v 30 to 71
days; first to third quartile, 44 to 52 v 43 to 50; median, 49 v 47 days;
P � .004; Table 4). The overall radiotherapy plan score at HLACs was
more likely than at HHACs to deviate from protocol (inclusive of AV
and UD; 18.1% v 6%; P � .001). In general, there were more cases of
protocol variation (considered within acceptable range) in the HLAC
group for total dose, field border, fractionation, and elapsed days. At
least one component of the treatment plan or delivery was scored as
UD more often at HLACs versus HHACs (11% v 5%; P � .04).
Common causes of UD included an excess of elapsed days of treat-
ment (HLAC v HHAC, 3%; n � 10 v 0.7%; n � 1) and field borders
not PP (HLAC v HHAC, 8%; n � 26 v 5%; n � 7).

An analysis of the effect of treatment compliance on outcome
revealed OS and PFS to be significantly lower among patients with AV
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Fig 2. Kaplan-Meier estimates by (A, B) accrual volume and (C, D) radiotherapy (RT) compliance of (A, C) overall (OS) and (B, D) progression-free survival (PFS).
Patients treated at historically low-accruing centers (HLACs) had significantly worse OS (P � .002) and PFS (P � .001) than patients treated at historically high-accruing
centers (HHACs). (A) Five-year rates of OS were 51.0% (95% CI, 45.1 to 56.8) in HLAC group and 69.1% (95% CI, 61.6 to 76.7) in HHAC group. (B) Five-year rates
of PFS were 42.7% (95% CI, 37.0 to 48.4) in HLAC group and 61.8% (95% CI, 53.8 to 69.7) in HHAC group. Patients with � one RT compliance score of acceptable
variation (AV) or with � one RT compliance score of unacceptable deviation (UD) had significantly worse OS (P � .007 and P � .001) and PFS (P � .01 and P � .001)
than patients treated per protocol (PP). (C) Five-year rates of OS were 63.0% (95% CI, 57.4 to 68.6) in PP group, 51.1% (95% CI, 40.1 to 62.3) in AV group, and 41.1%
(95% CI, 26.6 to 55.6) in UD group. (D) Five-year rates of PFS were 55.6% (95% CI, 50.0 to 61.2) in PP group, 39.3% (95% CI, 28.0 to 50.7) in AV group, and 33.0%
(95% CI, 19.2 to 46.8) in UD group.
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or UD when compared with patients treated PP (Figs 2C and 2D).
Effect of historical accrual volume did not differ by fractionation arm.
Therefore, we evaluated whether the differences in OS and PFS for
patients treated at HLACs versus HHACs could be explained by ra-
diotherapy compliance.

Accrual volume remained independently associated with OS and
PFS in multivariable analysis after consideration of treatment compli-
ance effect (OS: HR, 1.72; 95% CI, 1.23 to 2.40; PFS: HR, 1.73; 95% CI,
1.28 to 2.36). UD (but not AD) from radiotherapy protocol indepen-
dently increased the risk of death (OS: HR, 2.56; 95% CI, 1.75 to 3.74)
and progression or death (PFS: HR, 2.31; 95% CI, 1.62 to 3.30) when
compared with PP radiation therapy. By comparing the HR for ac-
crual volume before and after the addition of radiotherapy compli-
ance with the multivariable model, we estimated that only 21% and
18% of the effect of accrual volume on OS and PFS, respectively,
resulted from radiotherapy protocol noncompliance.

DISCUSSION

In a secondary analysis of RTOG 0129, we observed significantly worse
OS and PFS among patients with HNC treated at institutions with
historically low- as compared with historically high-volume accrual to
RTOG trials. Risk of death or progression was 90% greater for patients
at HLACs. There were higher locoregional recurrence rates at HLACs
compared with HHACs. Deviations from protocol therapy were more
common at HLACs than HHACs and independently increased risk of
death but did not entirely explain the survival benefit from HHAC
treatment. These findings suggest that experienced providers likely
execute superior treatment plans and may better support patients
through treatment.

Prior publications have associated patient volume with HNC
survival outcome. Population-based data from the National Can-
cer Data Base demonstrated that treatment at high-volume re-
search facilities was associated with higher 90-day, 1-year, and
4-year survival for patients with locally advanced laryngeal can-
cer.20 Furthermore, an analysis of HNC outcomes in a SEER-
Medicare database demonstrated that patients treated at high-
volume hospitals had a trend toward better survival compared with
patients treated at low-volume hospitals, even though they were
not more likely to receive NCCN guideline therapy.21 This growing
body of evidence suggests patients with HNC who are treated at
high-volume centers have better outcomes.

Our results are also supported by a prior report from the Trans
Tasman Radiation Oncology Group (TROG 02.02), in which major
radiation plan deficiencies in HNC treatment were strongly associated
with institutional enrollment volume. Major deficiencies were re-
ported for 5.4% of patients at sites contributing � 20 patients versus
29.8% of patients at sites contributing � five patients.22 Furthermore,
patients treated with major radiation plan deficiencies had an absolute
OS reduction of 20% (50% v 70%; P � .001) and locoregional control
reduction of 24% (54% v 78%; P � .001) at 2 years. The RTOG 0129
protocol included several predefined quality measures for radio-
therapy (eg, total dose delivered, elapsed days, hyperfractionation
completed, spinal cord dose, and boost field borders) but did not
include minimal dose to the gross and planning target volumes,
which were analyzed in the TROG 02.02 study. Therefore, we were
unable to use identical metrics. These or other unmeasured quality
indices may account for some of the outcome differences between
HLACs and HHACs not explained by the available compliance
measures in RTOG 0129.

Table 2. Multivariable Analysis

End Point

Patients With Complete Data (n � 471) All Patients With Data Imputed (n � 721)

HR 95% CI P HR 95% CI P

OS
Accrual volume (HLAC v HHAC) 1.91 1.37 to 2.65 � .001 1.57 1.20 to 2.04 � .001
Assigned treatment (SFX v AFX-C) 0.94 0.71 to 1.25 .69 1.07 0.85 to 1.35 .56
Age, years (continuous) 1.03 1.01 to 1.04 .002 1.02 1.01 to 1.03 .002
Zubrod performance status (1 v 0) 1.53 1.16 to 2.04 .003 1.65 1.30 to 2.09 � .001
Cigarette pack-years (continuous) 1.01 1.00 to 1.01 .01 1.01 1.00 to 1.01 .008
T stage (T4 v T2-3) 2.08 1.55 to 2.79 � .001 1.84 1.45 to 2.34 � .001
N stage (N2b-N3 v N0-N2a) 1.59 1.18 to 2.12 .002 1.64 1.29 to 2.09 � .001
HPV status (HPV-negative OP v HPV-positive OP) 2.34 1.52 to 3.61 � .001 2.22 1.48 to 3.33 � .001
HPV status (non-OP v HPV-positive OP) 2.46 1.68 to 3.60 � .001 2.48 1.78 to 3.46 � .001

PFS
Accrual volume (HLAC v HHAC) 1.89 1.39 to 2.56 � .001 1.56 1.23 to 1.98 � .001
Assigned treatment (SFX v AFX-C) 0.87 0.67 to 1.13 .30 0.98 0.79 to 1.20 .83
Age, years (continuous) 1.02 1.01 to 1.04 .003 1.02 1.00 to 1.03 .006
Zubrod performance status (1 v 0) 1.62 1.24 to 2.10 � .001 1.63 1.31 to 2.02 � .001
Cigarette pack-years (continuous) 1.01 1.00 to 1.01 .001 1.01 1.00 to 1.01 .005
T stage (T4 v T2-3) 1.75 1.33 to 2.31 � .001 1.54 1.23 to 1.92 � .001
N stage (N2b-N3 v N0-N2a) 1.59 1.21 to 2.07 � .001 1.55 1.25 to 1.93 � .001
HPV status (HPV-negative OP v HPV-positive OP) 2.09 1.42 to 3.08 � .001 2.05 1.46 to 2.87 � .001
HPV status (non-OP v HPV-positive OP) 2.06 1.46 to 2.89 � .001 2.14 1.60 to 2.86 � .001

Abbreviations: AFX-C, accelerated fractionation with concomitant boost; HHAC, historically high-accruing center; HLAC, historically low-accruing center; HPV,
human papillomavirus; HR, hazard ratio; OP, oropharynx; OS, overall survival; PFS, progression-free survival; SFX, standard fractionation.
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All patients treated in RTOG 0129 received three-dimensional
conformal radiotherapy. Because modern intensity-modulated ra-
diation therapy (IMRT) requires a higher level of expertise than
three-dimensional conformal radiotherapy, our analysis may have
underestimated the impact of provider expertise in the IMRT era.
IMRT allows for a substantial reduction in parotid dose and there-
fore subjective and objective improvements in xerostomia without
loss of efficacy.23-25 However, IMRT substantially increases the
complexity of contouring and treatment planning. In fact, target
delineation is often nonuniform; Hong et al26 observed major
differences in delineated clinical target volumes from a predefined
gross tumor volume, even among recognized experts in HNC.
Furthermore, the first RTOG study to evaluate the feasibility of
IMRT for early-stage oropharyngeal carcinoma (RTOG 0022) ob-
served higher treatment failure rates among patients treated with
major dosimetric protocol deviations.27 Given that target delinea-
tion deviations were observed more frequently at HLACs than
HHACs with three-dimensional conformal therapy, the increased
complexity of target delineation associated with IMRT may exac-
erbate outcome differences. However, RTOG currently collects
more dose-volume histogram data on individual plans, a factor
that may reduce variation in treatment planning.

In our analysis, measured deviations from protocol therapy
did not entirely explain differences in OS and PFS by accrual
volume. Only approximately 20% of the effect of accrual volume
on OS and PFS could be explained by poor compliance with
protocol-specified radiotherapy. HHACs were frequently synony-
mous with academic tertiary care centers, including members of
NCCN and National Cancer Institute– designated cancer centers.
A myriad of additional institution-specific factors that may con-
tribute to outcomes were not assessed, including presence of tumor
board, number of colleagues, years of practice, presence of a resi-
dency training program, and ancillary support services such as
speech and swallowing therapists, dietetics and nutritional sup-
port, and specialized nursing—all of which may be more robust at
HHACs compared with HLACs. Such support services may limit

Table 3. Socioeconomic and Comorbidity Status by
Accrual Volume

Factor

HHAC
(n � 150)

HLAC
(n � 321)

PNo. % No. %

Highest educational level completed .11�

Grade 1 to 8 1 0.7 22 6.9
Grade 9 to 11 22 14.7 46 14.3
High school graduate or GED 54 36.0 123 38.3
Vocational school 10 6.7 20 6.2
Associate’s degree or some college 17 11.3 46 14.3
Bachelor’s degree 18 12.0 30 9.3
Advanced degree 9 6.0 14 4.4
Other 2 1.3 6 1.9
Unknown/prefer not to answer 17 11.3 14 4.4

Insurance status .009†
Other 30 20.0 44 13.7
Private insurance 78 52.0 135 42.1
Medicare 12 8.0 21 6.5
Medicare and private insurance 5 3.3 8 2.5
Medicaid 4 2.7 25 7.8
Medicaid and Medicare 1 0.7 3 0.9
Military or VA 2 1.3 35 10.9
Self-pay 1 0.7 11 3.4
No means of payment 5 3.3 27 8.4
Unknown 12 8.0 12 3.7

History of heart problems .75‡
No 135 90.0 284 88.5
Yes 15 10.0 37 11.5

History of lung problems .36‡
No 136 90.7 299 93.1
Yes 14 9.3 22 6.9

History of high blood pressure .83‡
No 106 70.7 222 69.2
Yes 44 29.3 99 30.8

History of bleeding problems .45‡
No 149 99.3 314 97.8
Yes 1 0.7 7 2.2

History of circulation problems .56‡
No 138 92.0 301 93.8
Yes 12 8.0 20 6.2

History of liver problems .60‡
No 146 97.3 308 96.0
Yes 4 2.7 13 4.0

History of diabetes or sugar in urine .13‡
No 135 90.0 302 94.1
Yes 15 10.0 19 5.9

History of kidney or urine problems 1.00‡
No 147 98.0 314 97.8
Yes 3 2.0 7 2.2

History of stroke .77‡
No 145 96.7 312 97.2
Yes 5 3.3 9 2.8

History of thyroid problems .24‡
No 148 98.7 310 96.6
Yes 2 1.3 11 3.4

History of seizure .41‡
No 147 98.0 309 96.3
Yes 3 2.0 12 3.7

History of HIV/AIDS .32‡
No 149 99.3 321 100.0
Yes 1 0.7 0 0.0

(contineud in next column)

Table 3. Socioeconomic and Comorbidity Status by
Accrual Volume (continued)

Factor

HHAC
(n � 150)

HLAC
(n � 321)

PNo. % No. %

History of frequent infections 1.00‡
No 149 99.3 318 99.1
Yes 1 0.7 3 0.9

History of psychological problems 1.00‡
No 144 96.0 308 96.0
Yes 6 4.0 13 4.0

History of other illness .08‡
No 142 94.7 287 89.4
Yes 8 5.3 34 10.6

Abbreviations: GED, General Educational Development; HHAC, histori-
cally high-accruing center; HLAC, historically low-accruing center; VA,
Veterans Affairs.

�Wilcoxon rank sum test; other and unknown were excluded.
†Fisher’s exact test of self-pay and no means of payment versus all others;

unknown was excluded.
‡Fisher’s exact test.
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treatment interruptions through advanced management of toxici-
ties. Indeed, a slight but significant increase in treatment duration
was observed at HLACs versus HHACs. However, the reported
acute toxicities did not differ.

We cannot entirely exclude a possible contribution of referral
bias leading to differences in patient populations treated at HLACs
versus HHACs and hence differences in outcomes. However, we note
that the higher numbers of individuals with poor performance status
and T4 tumors at HHACs versus HLACs would bias toward poorer
survival. In contrast, patients treated at HLACs were more likely to be
uninsured, and socioeconomic status28-31 and uninsured status32 has
been associated with less favorable outcomes in HNC. However, in-
surance status had no effect on PFS or OS (data not shown). We
observed no differences in the prevalence of comorbidities or deaths
resulting from unknown causes at HLACs versus HHACs. A limita-
tion to our analysis is that accrual to RTOG clinical trials may not be an
entirely accurate measure of overall treatment volume at some centers,
because of competing institutional protocols and/or treatment vol-
ume off protocol.

Nevertheless, our comparative effectiveness research data pro-
vide direction toward improvements in research and treatment for
patients with HNC. First, cancer centers and training programs should
prioritize specialization, particularly in HNC management. Second,
clinical trialists should consider the possible contribution of accrual

volume on outcome through stratification or other means. Third,
clinicians and patient advocates should take steps to improve access
of patients with HNC to oncologists who specialize in HNC and
who treat patients at high volume centers. Additional alterna-
tives to mitigate this disparity in outcomes include: increased
access to and use of contouring atlases to reduce differences in
target delineation and normal tissue contouring, validation and
implementation of autocontouring software, and continuing
medical education focused on target delineation and treatment
planning in HNC.
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GLOSSARY TERMS

accelerated fractionation: radiation dose fractionation
schedule with an effective rate of dose accumulation exceeding
the traditional 10 Gy delivered in five fractions per week.

comparative effectiveness research: the generation and
synthesis of evidence that compares the benefits and harms of
alternative methods to prevent, diagnose, treat, and monitor a
clinical condition or to improve the delivery of care. The purpose
of comparative effectiveness research is to assist consumers, clini-
cians, purchasers, and policy makers to make informed decisions
that will improve health care at the individual and population
levels.

conformal radiation therapy: an irradiation technique
developed to limit the highest radiation dose to volumes at risk
for tumors while sparing surrounding normal tissues. Treatment
planning is based on three-dimensional reconstructions of indi-
vidual patient anatomy.

multivariate proportional hazards model: a general method
in medical statistics used to analyze the influence of several (patient-
specific) covariates on time-to-event end points. No assumption is made
concerning the form of the underlying time-to-event curve. The only
assumption made is that the effect of the covariates on the hazard rate in
the study population is multiplicative and does not change over time.

planning target volume (PTV): volume encompassing the clini-
cal target volume that is introduced for radiation treatment planning
and evaluation to ensure that the prescribed absorbed dose will actually
be delivered to all parts of the clinical target volume with a clinically
acceptable probability. It takes into account uncertainties and variations
in set-up, positioning, and target motion.

Encourage Your Patients to Read the Cancer.Net Blog

In an effort to share the most timely cancer information with patients and their families, Cancer.Net includes a patient
information blog that covers current events, breaking news about cancer advances, and other items of patient interest.
Penned by ASCO experts and staff, patients, and patient advocates, the Cancer.Net Blog is conversational in tone and
authoritative in content. Tell your patients about the Cancer.Net Blog at www.cancer.net/blog.
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Appendix

Table A1. Radiation Therapy Scoring Criteria

Parameter PP AV UD

Total dose � 4% variation � 4% to 9% variation � 9% variation
Elapsed days

SFX 46-52 53-60 � 60
AFX-C 39-49 50-57 � 57

Hyperfractionation � 2 days missed 3-5 days missed � 5 days missed
Spinal cord dose, Gy � 47 47-50 � 50

Abbreviations: AFX-C, accelerated fractionation with concomitant boost; AV, acceptable variation; PP, per protocol; SFX, standard fractionation; UD,
unacceptable deviation.
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Table A2. Missing Data Analysis

Factor

Complete Data
(n � 471)

Missing HPV Status� and/or
Cigarette Pack-Years

(n � 250)

PNo. % No. %

Assigned treatment .62†
SFX plus cisplatin 239 50.7 122 48.8
AFX-C plus cisplatin 232 49.3 128 51.2

Age, years .31‡
Median 56 56
Range 31-82 26-82
Q1 to Q3 50-61 49-63

Zubrod performance status .47†
0 277 58.8 140 56.0
1 194 41.2 110 44.0

T stage .08‡
T2 117 24.8 51 20.4
T3 216 45.9 112 44.8
T4 138 29.3 87 34.8

N stage .28‡
N0 88 18.7 48 19.2
N1 78 16.6 29 11.6
N2a 42 8.9 18 7.2
N2b 122 25.9 67 26.8
N2c 100 21.2 73 29.2
N3 41 8.7 15 6.0

AJCC stage .14†
III 111 23.6 47 18.8
IV 360 76.4 203 81.2

Accrual volume .34†
HHAC 150 31.8 71 28.4
HLAC 321 68.2 179 71.6

OS .76§
5-year estimate, % 56.9 57.9

95% CI 52.2 to 61.6 51.3 to 64.4
HR Reference 0.96

95% CI 0.76 to 1.22
PFS .96§

5-year estimate, % 48.8 47.1
95% CI 44.1 to 53.5 40.4 to 53.8

HR Reference 0.99
95% CI 0.80 to 1.23

Abbreviations: AFX-C, accelerated fractionation with concomitant boost; AJCC, American Joint Committee on Cancer; HHAC, historically high-accruing center;
HLAC, historically low-accruing center; HPV, human papillomavirus; HR, hazard ratio; OS, overall survival; PFS, progression-free survival; Q, quartile; SFX, standard
fractionation.

�Oropharynx only.
†Pearson �2 test.
‡Wilcoxon rank sum test.
§Log-rank test.

Institutional Volume and Survival in Head and Neck Cancer

www.jco.org © 2014 by American Society of Clinical Oncology



0
Ov

er
al

l S
ur

vi
va

l (
%

)
Time Since Random Assignment (years)

100

80

60

40

20

1 2 3 4 5

Complete
Missing

No. at risk
Complete 471 402 349 308 251 115
Missing 250 208 180 162 127 54

Fig A1. Kaplan-Meier estimates of overall survival for patients with complete data versus missing data.

No. at risk
Complete 471 331 288 259 213 97
Missing 250 180 154 135 108 43
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Fig A2. Kaplan-Meier estimates of progression-free survival for patients with complete data versus missing data.
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