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A B S T R A C T

Purpose
To estimate the overall survival (OS) impact from increasing time to treatment initiation (TTI) for
patients with head and neck squamous cell carcinoma (HNSCC).

Methods
Using theNationalCancerDataBase (NCDB),weexaminedpatientswhoreceivedcurative therapy for
thefollowingsites:oral tongue,oropharynx, larynx,andhypopharynx.TTIwasthenumberofdaysfrom
diagnosis to initiation of curative treatment. The effect of TTI on OS was determined by using Cox
regression models (MVA). Recursive partitioning analysis (RPA) identified TTI thresholds via condi-
tional inference trees to estimate the greatest differences in OS on the basis of randomly selected
training and validation sets, and repeated this 1,000 times to ensure robustness of TTI thresholds.

Results
A total of 51,655 patients were included. On MVA, TTI of 61 to 90 days versus less than 30 days
(hazard ratio [HR], 1.13; 95% CI, 1.08 to 1.19) independently increased mortality risk. TTI of 67 days
appeared as the optimal threshold on the training RPA, statistical significance was confirmed in the
validation set (P , .001), and the 67-day TTI was the optimal threshold in 54% of repeated sim-
ulations. Overall, 96% of simulations validated two optimal TTI thresholds, with ranges of 46 to
52 days and 62 to 67 days. The median OS for TTI of 46 to 52 days or fewer versus 53 to 67 days
versus greater than 67 dayswas 71.9months (95%CI, 70.3 to 73.5months) versus 61months (95%
CI, 57 to 66.1 months) versus 46.6 months (95%CI, 42.8 to 50.7months), respectively (P, .001). In
the most recent year with available data (2011), 25% of patients had TTI of greater than 46 days.

Conclusion
TTI independently affects survival. One in four patients experienced treatment delay. TTI of greater
than 46 to 52 days introduced an increased risk of death that was most consistently detrimental
beyond 60 days. Prolonged TTI is currently affecting survival.

J Clin Oncol 34:169-178. © 2015 by American Society of Clinical Oncology

INTRODUCTION

The interval from diagnosis to the time of curative
treatment initiation (TTI) is increasing in theUnited
States for head and neck squamous cell carcinoma
(HNSCC).1 Rising TTI reflects increased use of
sophisticated diagnostic and therapeutic techniques,
increasing transitions in care, andperhaps a provider
shortage.2-4 Because the Institute of Medicine cites
timeliness of care as a quality indicator5 to serve
as a surrogate for the availability of resources and
health system efficiency,6 the clinical ramifications
of increasing TTI warrant investigation.

HNSCC serves well for an investigation of
the clinical effects of TTI. Tumors proliferate
rapidly, and deferred treatment can result in stage

progression7,8 and worsen survival.9 Although
increasing TTI to permit sophisticated and per-
sonalized therapy may improve efficacy, it is
unknown whether a threshold exists beyond
which increasing TTI adversely affects outcomes.
This study analyzed a large national registry to
estimate the impact of increasing TTI on survival
for patients with HNSCC in the United States.

METHODS

The National Cancer Data Base (NCDB), a joint pro-
gram of the Commission on Cancer (CoC) and the
American Cancer Society, is a nationwide oncology
database that contains information about patterns of
cancer care and treatment outcomes. The NCDB has
collected data on newly diagnosed cancers since 1985
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and includes information about more than 29 million cancers from greater
than 1,500 hospitals with CoC-accredited programs in the United States
and Puerto Rico. Approximately 70% of new cancer occurrences in the
United States diagnosed and treated each year are reported to the NCDB.10

Patient Selection
Access was granted to the NCDB for the following disease sites from

1998 to 2011: oral tongue, oropharynx, larynx, and hypopharynx. Patients
with HNSCC were identified on the basis of International Classification of
Diseases for Oncology, 3rd edition (ICD-O-3) site codes (8000, 8053, 8070,
8071, 8072, 8076, 8082, 8083, 8084, 8052, 8074, 8023, 8430, and 8560). We
included patients with HNSCC who were treated with curative intent by
surgery, radiation therapy (RT), chemoradiation (CRT), or a combination
of these modalities. TTI was defined as time from date of diagnosis to date
when curative therapy began. The date of diagnosis is coded as that of the
most definitive method of diagnostic confirmation on the basis of his-
tologic, cytologic, or immunohistochemical confirmation from biopsy
specimens in the patient’s record. Surgical codes from the Facility
Oncology Registry Data Standards manual identified definitive therapeutic
surgical procedures for each subsite. Surgical procedures that were not
designed to extirpate tumor (eg, gastrostomy tube placement, trache-
ostomy) were excluded, as were the following: distant metastatic disease
(stage IVC), TTI greater than 365 days from diagnosis date, nonsquamous
histology, unknown stage, therapywith palliative intent (specifically coded in
the NCDB by treating institution), treatment with chemotherapy alone, and
incomplete data about days fromdiagnosis to treatment (Fig 1).We excluded
patients with TTI of greater than 365 days because of concerns surrounding
miscoding; their records were unlikely to reflect true upfront definitive
therapy. The NCDB documents whether diagnosis and first course of
definitive treatment were performed at different hospitals. A care transition
was defined as a change in facility from diagnosis to definitive treatment.

The primary outcome was overall survival (OS). NCDB does not
collect information on recurrence or cancer-specific survival. Because of
competing risks of death for patients with HNSCC,11 examination of OS
without adjustment for comorbidity may confound results. Charlson/Deyo
comorbidity scores together with survival status are available only for a
limited period of 2003 to 2005. We therefore limited this survival analysis
to 2003 to 2005 to control for non-HNSCC death. To avoid survivorship
bias, survival time was defined as time from initiation of last modality of
definitive initial treatment until death or loss to follow up.12 Baseline

demographic information is available for all patients from 1998 through
2011.

Statistical Methods
Covariates available for adjustment include race, Hispanic ethnicity,

age, insurance, urban/rural status, median income, education level
(defined as estimated number of adults in a patient’s zip code who did not
graduate from high school), comorbidity score, tumor site, cancer stage,
treatment modality, care transitions, facility type, distance from facility,
and TTI. The Charlson/Deyo score was truncated to 0 (no comorbid
conditions reported), 1, or 2 (greater than 1 comorbid conditions
reported). Each reporting facility was classified as one of four types:
community, comprehensive community, academic/research program
(includes National Cancer Institute–designated Comprehensive Cancer
Centers), or other. Facilities categorized as other included Veterans Affairs,
hospital associate cancer program (fewer than 100 newly diagnosed
occurrences/year), and nonhospital–based free-standing cancer center
programs that offer at least one cancer-related treatment modality. Dis-
crimination between facility types categorized as other was not possible.

We categorized TTI into four prespecified groups: 0 to 30 days, 31 to
60 days, 61 to 90 days, and greater than 90 days, and tested differences
according to covariates by using x2 tests. Kaplan-Meier methods estimated
OS and were compared by using log-rank tests. Cox proportional hazards
regression was used to account for the effects of patient, tumor, and
treatment factors; all available covariates were included in the model. We
tested proportional hazards assumption by using Schoenfeld residuals and
models with time-varying hazards. We explored interactions between TTI
and stage, facility type, treatment modality, cancer subsite, and care
transitions. These interactions were included in a combined-effects sub-
group model if they showed overall significance by using the multivariable
Wald test. Significant interactions were subsequently added individually to
the full model to assess individual moderation effects.

Two separate recursive partitioning analyses (RPAs) were performed
to identify optimal TTI thresholds at which OS differences were greatest by
using exponential scaling.13 In the first RPA, a training set from a random
sampling of 50% of the cohort served to identify an optimal threshold to
estimate the impact of TTI on OS. These thresholds were applied to an
independent validation cohort (the remaining randomly sampled 50% of
the cohort) to assess reproducibility in estimating OS. To test additional
robustness of these thresholds, a second RPA was repeated with 1,000

Primary head and neck cancer of the
larynx, oropharynx, hypopharynx or oral

tongue cancer in NCDB from 1998 to 2011
(N = 338,305)

Included in survival analysis
(n = 51,655)

(n = 286,650)
(n = 12,205)
(n = 9,690)
(n = 2,552)

(n = 31,858)
(n = 7,060)

(n = 310)
(n = 278)

(n = 222,697)

  Nonsquamous histology
  Stage IVC or M1
  Treated with palliative intent
  No therapy or therapy with chemotherapy alone
  TTI unknown
  TTI > 365 d
  Undefined survival time
  Unavailable comorbidity score

Excluded

Fig 1. Diagram of analytic cohort for
survival analysis. NCDB, National Cancer
Data Base; TTI, time to treatment initiation.
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simulated conditional inference trees, which each were based on random
sampling of 50% of the cohort. Significant thresholds were identified on
the basis of the most common first two TTI splits of the partitioned data.
All analyses were performed in SAS (version 9.3, SAS Institute, Cary, NC)
and STATA (version 12.1, College Station, TX).

RESULTS

Baseline Population Demographics
A total of 51,655 patients with HNSCC from 2003 through

2005 met inclusion criteria, and their characteristics are sum-
marized in 30-day intervals (Table 1). Median follow-up time was
84 months (range, 0 to 120.5 months). TTI varied significantly
with stage (median TTI, 20 days, 26 days, 27 days, and 28 days for
stages I, II, III, and IV, respectively; P , .001), treatment modality
(median TTI, 17 days, 31 days, and 34 days for surgery alone, RT,
and CRT, respectively; P , .001), and primary site (median TTI,
23 days, 26 days, 28 days, 29 days, and 30 days for larynx, tonsil,
oral tongue, hypopharynx, and nontonsil oropharynx, respectively;
P , .001). Academic facilities had significantly higher median TTI
(28 days) compared with comprehensive community and com-
munity programs, (23 days and 22 days, respectively; P, .001) and
the highest percentage of patients transitioning care, a factor
independently associated with increasing TTI.1 Additional ele-
ments that demonstrated significant variation included age,
insurance status, race, Hispanic ethnicity, income, and education.
TTI did not vary by comorbidity (P = .131).

The TTI distribution for 274,630 patients with HNSCC
treated from 1998 through 2011 revealed that 11.4% of all patients
and 20% of those who received CRT at academic facilities (n =
6,340) had TTI of greater than 60 days. In 2011, the median TTI for
treatment with CRT at academic facilities was 42 days.

Increasing TTI and Survival
Table 2 reports Cox proportional hazard model results. After

analysis was adjusted for all measured factors, a TTI of 61 to
90 days (hazard ratio [HR], 1.13; 95% CI, 1.08 to 1.19) and of
greater than 90 days (HR, 1.29; 95% CI, 1.21 to 1.38) significantly
predicted higher risk of death compared with a TTI of 0 to 30 days,
whereas a TTI of 31 to 60 days did not. After TTI was established as
an independent risk factor for mortality via the Cox model, TTI
thresholds to predict the largest differences in OSwere identified by
using RPA. RPAwas performed on a randomly selected training set
that consisted of 50% (n = 25,864 patients) of the survival cohort
partitioned according to TTI. The optimal nonzero threshold in
the training set was 67 days or fewer versus greater than 67 days
(median OS, 70 months v 44 months; P , .001), which was
maintained in the validation set (n = 25,791) for TTI of 67 days or
fewer versus greater than 67 days (median OS, 71 months v
49 months; P , .001).

One thousand repeated RPA simulations demonstrated that
TTI partitioning was bimodal; greater than 96% of partitions
identified two optimal TTI thresholds with ranges of 46 to 52 days
and 62 to 67 days. As a sensitivity analysis to investigate our
thresholds, we entered TTI into the full Cox regression by using
restricted cubic splines to allow for a nonlinear relationship
between TTI and mortality.14 This model estimated the risk of

death according to TTI as a continuous variable and confirmed that
this risk rises substantially after 67 days; the risk was lowest at
30 days (Fig 2). With these RPA thresholds, median OS for TTI of
46 to 52 days or fewer versus 53 to 67 days versus greater than
67 days was 71.9 months (95% CI, 70.3 to 73.5 months) versus
61 months (95% CI, 57 to 66.1 months) versus 46.6 months (42.8
to 50.7 months), respectively (P,.001). Kaplan-Meier estimates of
OS according to TTI thresholds are shown in Fig 3. In 2011, 9.6%
of all patients had TTI of greater than 67 days, 25% had TTI
of greater than 46 days; 29.1% of patients treated at academic
centers had a TTI of greater than 46 days. Of patients who received
primary CRT at academic centers, 40% had a TTI of greater than
46 days.

Interaction Effects of TTI With Other Covariates
By using a Cox regression with prespecified TTI groups,

interaction effects were examined for stage (categorized as stage I to
II or III to IV), care transitions, treatment modality (surgery, RT, or
CRT), primary site, and facility type. Significant interaction was
found with stage (P, .001), primary site (P, .001), and treatment
modality (P = .0019), but not with transitions (P = .73) or facility
type (P = .76). The final subgroup effects model (Fig 4) therefore
tested effect of TTI with stage, primary site, and treatment
modality. Each HR represents the combined effect of a covariate
and TTI compared with TTI less than 30 days within each sub-
group. (Appendix Table A1, online only). Fig 4A demonstrates that
the effect of TTI on mortality risk is more pronounced in early-
stage (ie, stage I to II) disease than advanced (ie, stage III to IV)
disease. For a given TTI interval, treatment with primary RT and
surgery were associated with increased mortality risk compared
with treatment with definitive CRT (Fig 4B). Patients with oro-
pharyngeal tumors had increased mortality risk compared with
oral tongue and larynx/hypopharynx tumors (Fig 4C).

Other Factors That Affect Overall Survival
Treatment at academic facilities and comprehensive com-

munity centers was associated with improved OS compared with
community hospitals (HR, 0.97 [95% CI, 0.92 to 1.01] and 0.96
[95% CI, 0.92 to 0.99], respectively; Table 2). Care transitions were
associated with improved OS (P,.001). The respective unadjusted
2- and 5-year OS rates according to facility type were as follows:
community, 70.4% (95%CI, 69.1% to 71.5%) and 51.6% (95%CI,
50.2% to 52.9%); comprehensive community, 72.1% (95% CI,
71.6% to 72.7%) and 54.7% (95% CI, 54.1% to 55.4%); academic,
71.7% (95% CI, 71.1% to 72.3%) and 55.5% (95% CI, 54.8% to
56.2%); and other facilities, 66.7% (95% CI, 62.0% to 70.0%)
and 48.4% (95% CI, 42.7% to 53.8%; log-rank P, .001; Appendix
Fig A1).

Patients with tonsil cancer had significantly better OS than
patients with cancer other sites (Table 2). Treatment with com-
paratively rare treatment regimens (adjuvant chemotherapy, pre-
operative RT, and induction chemotherapy) demonstrated poor
survival compared with surgery alone (Table 2). Additional pre-
dictors of OS listed in Table 2 included insurance, race, Hispanic
ethnicity, education and income levels, Charlson/Deyo comor-
bidity score, and an orderly progression in risk from stage I to stage
IV disease.
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DISCUSSION

Increasing TTI is an insidious phenomenon, caused in large part
by the pursuit of improved care.1 Advances in pretreatment
evaluations,3,15 therapy16,17 and referral to high-volume centers18-20

improve outcome but increase TTI. This analysis of greater
than 50,000 patients, with comorbidity assessments, establishes a
consistent relationship between prolonged TTI as an independent
predictor of worse mortality that is most consistent beyond
60 days. This analysis also identifies two benchmarks for detri-
mental effects of increasing TTI: 62 to 67 days and 46 to 52 days.
TTI of 67 days was the optimal threshold on the initial RPA and was
confirmed via simulation, which provides strong evidence that TTI
greater than 67 days is too long and should be considered
unacceptable. Treatment must begin more expeditiously. An
additional TTI threshold of 46 to 52 days combined to appear on
96% of the random repeat simulations. Shortening the package
time of cancer therapy has long been valued by head and neck
oncologists.21 Reduction of TTI to fewer than 46 days could
similarly affect survival.

Current State of TTI According to Proposed Benchmarks
Although a TTI of greater than 2 months may seem long to

any oncologist, 9.6% of all patients in 2011 had TTI of greater than
67 days. By contrast, TTI greater than 46 days is of more concern,
because 25% of patients treated in 2011 had TTI of greater than
46 days, which indicates that such a delay is common. An even
higher percentage (29%) of patients treated at academic facilities
(a situation associated with increased TTI) in 2011 had TTI of

Table 2. Multivariable Analysis With Cox Proportional Hazard Model Adjusted
for Covariates to Estimate the Risk of Overall Mortality

Covariate
Adjusted Hazard
Ratio (95% CI) P

Time to treatment initiation, days , .001
0-30 Reference
31-60 0.99 (0.96 to 1.02) .584
61-90 1.08 (1.03 to 1.13) .001
$ 91 1.23 (1.15 to 1.32) , .001

Age, years , .001
# 30 0.37 (0.29 to 0.47) , .001
31-40 0.36 (0.33 to 0.41) , .001
41-50 0.45 (0.43 to 0.47) , .001
51-60 0.53 (0.51 to 0.55) , .001
61-70 0.65 (0.62 to 0.67) , .001
. 70 Reference

Sex
Male 1.01 (0.98 to 1.04) .448
Female Reference

Race , .001
White Reference
African American 1.14 (1.09 to 1.18) , .001
Asian 0.87 (0.77 to 0.99) .025
Other 0.87 (0.79 to 0.97) .009

Hispanic ethnicity , .001
Non-Hispanic Reference
Hispanic 0.87 (0.81 to 0.94) , .001
Other 0.99 (0.95 to 1.04) .876

Insurance status , .001
Private insurance Reference
Medicare 1.47 (1.42 to 1.52) , .001
Medicaid 1.86 (1.78 to 1.95) , .001
Uninsured 1.58 (1.49 to 1.67) , .001
Other government 1.57 (1.43 to 1.72) , .001

Facility type .011
Community Reference
Comprehensive community 0.96 (0.92 to 1.00) .038
Academic 0.97 (0.92 to 1.01) .128
Other 1.15 (1.01 to 1.31) .044

Transition to academic facility , .001
Yes 0.91 (0.88 to 0.95) , .001
No Reference

Cancer primary site , .001
Oropharynx, tonsil Reference
Oropharynx, nontonsil 1.74 (1.64 to 1.86) , .001
Oral tongue 1.39 (1.33 to 1.39) , .001
Larynx 1.37 (1.32 to 1.43) , .001
Hypopharynx 2.04 (1.94 to 2.15) , .001

Overall AJCC stage group , .001
I Reference
II 1.61 (1.59 to 1.64) , .001
II 1.97 (1.95 to 1.99) , .001
IV 2.63 (2.61 to 2.64) , .001

Treatment , .001
Surgery alone Reference
RT alone 1.19 (1.14 to 1.23) , .001
CRT 0.93 (0.91 to 0.98) .001
Adjuvant RT 0.83 (0.78 to 0.87) , .001
Adjuvant CRT 0.75 (0.71 to 0.80) , .001
Adjuvant chemotherapy 1.30 (1.09 to 1.55) .001
Preoperative RT 1.34 (1.13 to 1.58) .001
Preoperative CRT 0.94 (0.85 to 1.05) .277
Induction chemotherapy 1.25 (0.93 to 1.68) .144

Treatment year .432
2003 1.02 (0.99 to 1.05) .203
2004 1.01 (0.98 to 1.04) .636
2005 Reference

(continued in next column)

Table 2. Multivariable Analysis With Cox Proportional Hazard Model
Adjusted for Covariates to Estimate the Risk of Overall Mortality (continued)

Covariate
Adjusted Hazard
Ratio (95% CI) P

Charlson/Deyo comorbidity score , .001
0 Reference
1 1.34 (1.29 to 1.38) , .001
$ 2 1.76 (1.66 to 1.85) , .001

Zip-code level education, % , .001
$ 29 1.14 (1.09 to 1.20) , .001
20-28.9 1.09 (1.05 to 1.14) , .001
14-19.9 1.05 (1.01 to 1.09) , .001
, 14 Reference
Unknown 1.74 (0.24 to 12.36) .581

Zip-code level income, $ , .001
, 30,000 1.14 (1.09 to 1.20) , .001
30,000-35,000 1.11 (1.06 to 1.15) , .001
35,000-45,999 1.05 (1.01 to 1.09) .018
$ 46,000 Reference
Unknown 0.62 (0.09 to 4.44) .636

Distance from treatment facility, miles , .001
# 10 Reference
11-20 0.95 (0.92 to 0.98) .004
21-50 0.93 (0.90 to 0.96) , .001
51-100 0.87 (0.83 to 0.92) , .001
. 100 0.78 (0.73 to 0.84) , .001

Abbreviations: AJCC, American Joint Committee on Cancer; CRT, chemo-
radiation; RT, radiation therapy.
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greater than 46 days, likely because of care transitions that dis-
proportionately affect academic centers (48% of patients treated at
academic facilities transitioned from another facility). Trends
suggest that in 2015 more patients will be treated at academic
centers and their resultant TTI will be even higher.1 In 2011, 40%
of patients treated with CRTat academic centers had TTI of greater

than 46 days. The current analysis suggests that increasing TTI
beyond the threshold established in this monograph alters HNSCC
survival and represents a public health issue.

Precedent exists to shorten TTI. The Danish health system
reported TTI for HNSCC greater than that in the United States. A
bundled multidisciplinary approach to diagnosis, evaluation, and
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treatment was introduced to remedy prolonged TTI.22-25 Such an
endeavor requires considerable coordination among providers,
and it mandates expedited appointments for patients with a new
cancer diagnosis. Recently piloted programs offering next-day
appointments with cancer specialists address this reversible pre-
dictor of mortality26 and may partially alleviate increasing TTI.
Without such reforms, it is conceivable that outcomes will con-
tinue to worsen because of prolonged TTI.

Early-Stage Disease
Interaction testing demonstrated that mortality risk according

to TTI was greater for patients with stage I to II disease than for
those with stage III to IV disease. Patients with stage I to II disease
have no lymph node involvement, but lymph node dissemination
advances a patient to at least stage III. The development of nodal
disease is a significant prognostic factor27-29 that persists in the
human papillomavirus era.30,31 The demonstrable impact of
increasing TTI on early-stage tumors may be associated with stage
progression, a risk factor for mortality from HNSCC.7,8,32 Cur-
rent practice patterns potentially exacerbate this issue; surgical
wait times are generally longest for patients with early-stage
disease,6,33-35 and priority is given to patients with advanced-
stage disease in an effort to commence therapy before their
tumors become formally unresectable or before they develop
distant metastases. It is unclear whether such practice patterns
actually benefit patients with advanced-stage disease, but this
report suggests that the practice may adversely affect patients with
early-stage disease.

Benefits of Specialization
The relative rarity of HNSCC36 and complexity of therapy

encourages centralization of care at high volume centers.37 Care
transitions to academic facilities are rising1 and are accompanied
by an inherent increase in TTI, introducing immediate conflict
with the survival findings of this analysis. However, the data should
not be misinterpreted to suggest that increased TTI to pursue a
second opinion is detrimental—the improved survival at academic
and comprehensive facilities suggests the opposite. It appears that
treatment at high volume facilities mitigates some portion of
mortality risk of prolonged TTI, but transitions should be
structured to avoid detrimental delays.

Patient Delay and Professional Delay
Longer TTI has two components: patient delay (typically

defined as the time from the patient’s first awareness of symptoms
to first consultation with a health professional) and professional
delay (time from the patient’s first consultation through final
histologic diagnosis and evaluation to treatment). Addressing
unique aspects of patient delay may involve not just primary care
physicians, otolaryngologists, and oncologists but also the help of
psychiatrists, addiction specialists, and counseling and social work
specialists.38-41 Professional delay includes TTI as defined in this
study and delay in diagnosis itself, which is influenced by many
factors, including symptoms, location, and size of primary tumor,
stage, and comorbidity.42-45 A meta-analysis to assess the effect of
patient delay (relative risk of mortality, 1.54; 95% CI, 1.21 to 1.94)
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176 © 2015 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Murphy et al



or professional delay (relative risk of mortality, 1.34; 95% CI, 1.00
to 1.78) found that referral delay (time between first symptom and
date of referral letter to secondary specialist provider) was asso-
ciated with a three-fold mortality risk.46 The findings are limited by
the varied definitions of delay and heterogeneous populations, but
they demonstrate that many reasons for prolonged times affect
outcome.

Several other variables demonstrated statistically significant
associations with mortality risk, including race, Hispanic ethnicity,
distance from treatment facility, and income and education levels.
The extent and magnitude of these effects related to their clinical
relevance have been previously investigated and act as potential
barriers to care.47-49 Although the authors acknowledge the
importance of these factors, the level of detail required for addi-
tional investigation of these factors is beyond the scope of the
current analysis.

Additional investigation into the effect of delay on cancer-
specific outcomes is warranted, because this end point is not
recorded in the NCDB. The NCDB cannot account for diagnostic
delay (measuring only time after diagnosis). It is possible that both
patient and professional factors similarly extend TTI, but ascribing
the proportion of increase in TTI discreetly to either is beyond the
capability of the NCDB. Although rigorous internal validation was
used to test our proposed benchmarks for TTI, additional vali-
dation with external data should be undertaken. Additional lim-
itations include those surrounding use of tumor registry data:
unmeasured confounding, selection bias, incomplete data, and
coding errors. The data presented here are restricted to hospitals
that report to the NCDB and may not reflect practice patterns in

outpatient community facilities, because these occurrences are not
reported to this database.

In conclusion, through the use of a large national tumor
registry, this study demonstrated that patients with TTI of greater
than 46 to 52 days have increased risk of mortality that is greatest
for patients with early-stage disease. Risk associated with increasing
TTI currently affects a substantial percentage of patients with
HNSCC (25%) in the United States. These results suggest that
efforts should be made to ensure that patients with HNSCC initiate
appropriate treatment in a timely manner to avoid potentially
detrimental deferral of treatment. Patients undergoing a transition
in care may require greater coordination to reduce TTI.
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Fig A1. Overall survival by facility type. Comm, community; Comp comm,
comprehensive community.

Table A1. Subgroup Interaction Effects Model

Covariate

Combined Effect Subgroup Model According to TTI, Hazard Ratio (95% CI)

# 30 d 31-60 d 61-90 d . 90 d

Overall AJCC stage group
I-II Reference 1.17 (1.12 to 1.23) 1.54 (1.41 to 1.68) 1.52 (1.33 to 1.72)
III-IV Reference 1.02 (0.99 to 1.07) 1..08 (1.02 to 1.14) 1.29 (1.20 to 1.40)

Primary tumor site
Oral tongue Reference 0.88 (0.84 to 0.93) 0.95 (0.88 to 1.04) 1.09 (0.98 to 1.23)
Larynx/hypopharynx Reference 1.04 (1.01 to 1.09) 1.16 (1.09 to 1.24) 1.35 (1.23 to 1.48)
Oropharynx Reference 1.39 (1.32 to 1.46) 1.24 (1.12 to 1.38) 1.34 (1.16 to 1.56)

Treatment modality
CRT Reference 0.93 (0.89 to 0.97) 0.94 (0.88 to 1.01) 1.22 (1.11 to 1.35)
RT Reference 1.07 (1.02 to 1.13) 1.28 (1.17 to 1.40) 1.30 (1.16 to 1.46)
Surgery Reference 1.06 (1.01 to 1.12) 1.25 (1.14 to 1.37) 1.24 (1.08 to 1.43)

NOTE. Subgroup effects derived from interaction testing between covariates and time to treatment initiation (TTI). Each hazard ratio represents the combined effect of a
covariate and TTI comparedwith TTI# 30 dayswithin each subgroup. Only covariates identifiedwith significant interaction were included in the combined effectsmodel,
which include stage (I-II or III-IV), primary tumor site (tongue, larynx/hypopharynx, or oropharynx), and treatment modality (chemoradiation [CRT], radiation [RT], or surgery
alone).
Abbreviation: AJCC, American Joint Committee on Cancer.
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