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Association of Survival With Shorter Time

to Radiation Therapy After Surgery for US Patients

With Head and Neck Cancer

Jeremy P. Harris, MD, MPhil; Michelle M Chen, MD; Ryan K. Orosco, MD; Davud Sirjani, MD;
Vasu Divi, MD; Wendy Hara, MD

IMPORTANCE Shortening the time from surgery to the start of radiation (T_gy) is a
consideration for physicians and patients. Although the National Comprehensive Cancer
Network recommends radiation to start within 6 weeks, a survival benefit with this metric
remains controversial.

OBJECTIVE To determine the association of delayed T _; with overall survival (OS) using a
large cancer registry.

DESIGN, SETTING, AND PARTICIPANTS In this observational cohort study, 25 216 patients with
nonmetastatic stages Il to IV head and neck cancer were identified from the National Cancer
Database (NCDB).

EXPOSURES Patients received definitive surgery followed by adjuvant radiation therapy, with
an interval duration defined as T¢ g1

MAIN OUTCOMES AND MEASURES Overall survival as a function of Tq g and the effect of
clinicopathologic risk factors and accelerated fractionation.

RESULTS We identified 25 216 patients with nonmetastatic squamous cell carcinoma of the
head and neck. There were 18 968 (75%) men and 6248 (25%) women and the mean (SD)
age of the cohort was 59 (10.9) years. Of the 25 216 patients, 9765 (39%) had a 42-days or
less Tg_ g and 4735 (19%) had a 43- to 49-day T _gr. Median OS was 10.5 years (95% Cl,
10.0-11.1 years) for patients with a 42-days or less T gt 8.2 years (95% Cl, 7.4-8.6 years;
absolute difference, -2.4 years, 95% Cl, -1.5 to -3.2 years) for patients with a 43- to 49-day
Ts.rr. and 6.5 years (95% Cl, 6.1-6.8 years; absolute difference, -4.1 years, 95% Cl, -3.4 to
-4.7 years) for those with a 50-days or more T 7. Multivariable analysis found that
compared with a 42-days or less T¢_ g1, there was not a significant increase in mortality with
a43- to 49-day Tg gy (HR, 0.98; 95% Cl, 0.93-1.04), although there was for a Ts_ of 50 days
or more (HR, 1.07; 95% Cl, 1.02-1.12). A significant interaction was identified between Tg gt
and disease site. Subgroup effect modeling found that a delayed T _; of 7 days resulted in
significantly worse OS for patients with tonsil tumors (HR, 1.22; 95% Cl, 1.05-1.43) though not
other tumor subtypes. Accelerated fractionation of 5.2 fractions or more per week was
associated with improved survival (HR, 0.93; 95% Cl, 0.87-0.99) compared with standard
fractionation.

CONCLUSIONS AND RELEVANCE Delayed T r of 50 days or more was associated with worse
overall survival. The multidisciplinary care team should focus on shortening T g1 to improve
survival. Unavoidable delays may be an indication for accelerated fractionation or other dose
intensification strategies.
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djuvant radiation and chemoradiation therapy are well

known to improve outcomes for certain groups of pa-

tients with head and neck cancer."® The ideal time to
start postoperative radiation therapy (PORT) has been an is-
sue of debate and study for decades.® In the United States, the
National Comprehensive Cancer Network (NCCN) recom-
mends initiating radiotherapy within 6 weeks from surgery.°
The time from surgery to radiation therapy (Ts.r) has not been
tested in a randomized fashion, and although many studies
have shown improved oncologic outcomes with shorter
Tg.rr, 221118 the issue remains controversial.’*2* We sought
to determine whether a delayed Ty impacted survival using
the National Cancer Database (NCDB) registry, how clinico-
pathologic risk factors were associated with the Ty effect,
and if accelerated radiation was associated with improved mor-
tality rates.

Methods

Data Source

The NCDB is a hospital-based registry and is a combined pro-
gram of the Commission on Cancer of the American College
of Surgeons and the American Cancer Society that captures
over 70% of cancer cases in the United States.?® Hospitals in-
cluded in the registry are Commission on Cancer-accredited.
This study was granted an exemption from the institutional
review board of Stanford University owing to the deidenti-
fied, publically available nature of the data source.

Study Population and Covariates

We identified patients from the NCDB from 2004 to 2013 who
had nonmetastatic stages III to IV head and neck squamous cell
carcinoma treated with surgical resection and adjuvant radia-
tion. Definitive surgical resection was required as indicated by
codes 30 to 80 for the site-specific Surgical Procedure of the
Primary Site variable, which represents the cumulative effect
of all surgeries to the primary site. Cancer subsites included:
tonsil, nontonsil oropharynx, oral cavity, larynx, and hypo-
pharynx. The Tg.zr was defined as the days between primary
surgical resection and the first day of radiation therapy. Tore-
flect real world practice patterns, patients were included if they
received 45 to 76 Gy and had a T4 gy of 21 to 90 days.® Inten-
sity modulated (IMRT) and 3-dimensional conformal (3DCRT)
radiation techniques were included.

Patient clinical and demographic variables included age,
sex, race, and Charlson/Deyo comorbidity index.?® Median
household income and percent of adults without a high school
education by zip code of residence were classified by quartile
of the US population. Primary health insurance coverage was
grouped as Medicaid, Medicare, none, other (private care/
managed care/governmental insurance), or unknown. The
NCCN collectively defines high-risk factors as an oral cavity
tumor, T3 to T4 or N2 to N3 disease, positive surgical mar-
gins, extracapsular extension (ECE), lymphovascular inva-
sion (LVI), and perineural invasion.'° Perineural invasion sta-
tusisnot collected by the NCDB, but all other high-risk factors
were included for analysis. Lymphovascular invasion status
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Key Points

Question Is there a survival benefit to a shorter time from surgery
to the start of radiation (T ;) for patients with head and neck
squamous cell carcinoma?

Finding In this observational cohort study of 25 216 patients from
the National Cancer Database, a T x; of 42 days or less was
associated with improved survival compared with 50 days or
longer; a delay of 1 week resulted in inferior outcomes for patients
with tonsil tumors. Accelerated fractionation was associated with
improved survival compared with standard fractionation.

Meaning Efforts should be made to prevent delays in T ¢, and
there may be a role for intensifying therapy when delays are
unavoidable.

was collected starting in 2010. Stage was according to the AJCC
Cancer Staging Manual (6th and 7th Editions) depending on the
year of diagnosis.

Surgical center was defined as academic, Commission on
Cancer designated Comprehensive Community Cancer Pro-
gram (CCCP), community, or other. Radiation was delivered
either at the same center as surgery or one different from the
reporting facility, and this distinction was included in the treat-
ing facility classification. The distance from the patient’s resi-
dence to the reporting hospital was categorized as distance trav-
eled. The time from diagnosis to surgery (Ty,_s) was categorized
with a 68-day cutoff, and although there is no threshold for
tumor growth prior to treatment,?” this cutoff has previously
correlated with outcomes with NCDB data.?® To better char-
acterize the delay prior to radiation treatment we included the
length of hospital stay from surgery and 30-day unplanned re-
admission status. Chemotherapy status was categorized as
none, adjuvant, neoadjuvant, neoadjuvant plus adjuvant, or
unknown.

Statistical Analyses

The recommended 42-days or less Tg_gr Was compared with a
43- to 49-day Ts_zr and a 50-days or more Tq i to determine
the relative importance of an additional week or more of de-
lay. Differences between covariates were tested with x? tests.
The primary endpoint was overall survival (OS) from the date
of diagnosis and was estimated with the Kaplan-Meier method.
Differences in OS were tested with log-rank tests, and confi-
dence intervals (CI) in differences between median OS were
established using resampling methods. A multivariate Cox re-
gression was performed with Tg zr modeled as a continuous
variable using a restricted cubic spline with 3 knots with a 42-
day Tg_rras the reference. Hazard ratios (HR) for mortality were
determined using Cox multivariable regression models. Ad-
justments in multivariable models were made for socioeco-
nomic variables, comorbidity, risk factors, type of facility, dis-
tance traveled, Tp_g, length of hospital stay after surgery,
unplanned hospital readmission, chemotherapy, radiation
dose, and use of IMRT. The proportional hazards assumption
was tested using Schoenfeld residuals. Covariates represent-
ing higher risk for recurrence were tested for interaction with
Ts_rr, including site of disease, stage, ECE, margin status, LVI,
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and receipt of chemotherapy. A complete case analysis was per-
formed for patients with complete information on pathologic
high-risk factors (disease site, stage, ECE, margin status, and
LVI data).

Fractionation data were available for a subset of patients
and were categorized as standard (<5.2 fractions per week) or
accelerated (=5.2 fractions per week). The relative impor-
tance of altered fractionation was tested using univariate
Kaplan-Meier estimates and a log-rank test. A multivariable Cox
regression model tested the survival impact of accelerated frac-
tionation and was adjusted for Tq i as well as the same con-
founders used in the other multivariable models. An interac-
tion term between Tg_zand fractionation schedule was tested.

Significance threshold was set at P<.05, and all tests were
2 sided. Effect size estimates with 95% CIs were preferen-
tially reported over P values to express precision.?® A clini-
cally meaningful difference in median survival was set at 3
months from that of the T4 i of 42-days or less group. This
difference corresponded to an HR of 1.02 or more when sur-
vival times were fitted using a Weibull distribution. Analyses
were performed with SAS statistical software (version 9.4; SAS
Institute Inc) and R (version 3.3.3, R Foundation).

. |
Results

From the 234 861 patients identified from the NCDB with non-
metastatic squamous cell carcinoma of the head and neck,
99901 did not have stages III to IV disease, 81116 did not re-
ceive definitive surgery, 23995 did not receive adjuvant ex-
ternal beam radiation, and 4633 did not have a 21- to 90-day
Ts.grr> Which resulted in a final cohort of 25 216 patients. There
were 9318 patients (37%) who died by the end of this study.
Of'the 25 216 patients, 9765 (39%) had a Tg_r 0f 42 days or less,
4735 (19%) patients had a 43- to 49-day Tg_gr, and 10 716 (42%)
patients had a Tg_r of 50 days or more. Characteristics were
compared between patients with a 42-days or less Tg gy VS @
43- to 49-day and a 50-days or longer Tq_ gy (Table 1). To high-
light a few significant differences, patients in the 42-days or
less T g cohort were more likely to have been white and from
higher education and income areas, and these patients were
more likely to have private/managed care/government insur-
ance, fewer comorbidities, tonsil or nontonsil oropharynx can-
cers, stage Il disease, residences closer to the reporting facil-
ity, a shorter postsurgery hospital stay, higher radiation doses,
and adjuvant chemotherapy. Compared with those witha Tq gy
of 42 days or less, more patients with a 43- to 49-day Tg_gy OF
a T4 gpof 50 days or more had all treatment at an academic fa-
cility (difference, 2%; 95% CI, 1% to 4%; and difference, 1%;
95% CI, 1% to 2%, respectively) or surgery at an academic site
with radiation delivered elsewhere (difference, 5%; 95% CI, 3%
to 6%; and difference, 6%; 95% CI, 5% to 7%, respectively). In
addition, delays longer than 42 days increased over the study
time period.

The median follow-up time for surviving patients was 49
months (range, 2-143 months). Of 9765 patients, 3026 (31%)
witha Tg_gr0f42 days or less, 1770 (37%) of 4735 patients with
a43-to49-day Tg g, and 4522 (42%) of 10 716 patients with a
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Ts.gr0f 50 days or more had died by the end of the study. There
was a median OS of 10.5 years (95% CI, 10.0-11.1 years) for pa-
tients with a Tg_gp 0f 42 days or less, 8.2 years (95% CI, 7.4-8.6
years; absolute difference,-2.4 years; 95% CI, -1.5 to —3.2 years)
for patients with a 43-49-day Ts_ir, and 6.5 years (95% CIL, 6.1-
6.8 years; absolute difference, -4.1 years; 95% CI, -3.4 to -4.7
years) for those with a T4y 0of 50 days or more (Figure 1). Mul-
tivariable Cox regression for mortality was performed with Tg gt
modeled as a continuous variable (Figure 1). Compared with
a42-day Tg iy, there was a statistically significant but not clini-
cally meaningful association between worse OS and a longer
Tq.grr; fOr example, at 49 days the HR was 1.02 (95% CI, 1.00-
1.04). The HR became clinically meaningful when Tg_zrreached
61days (HR, 1.05; 95% CI, 1.02-1.09). Conversely, there was nei-
ther a statistically significant nor clinically meaningful asso-
ciation between OS and a shorter Tg i ; for example, at 35 days
the HR was 0.98 (95% CI, 0.96-1.00).

The Tg_zr Was then tested with a multivariable Cox regres-
sion model (Table 2). Compared with a Tq.zr 0f 42 days or less,
a Tg_grof 50 days or more resulted in inferior OS (HR, 1.07; 95%
CI, 1.02-1.12). No clinically meaningful association was seen
with a 43- to 49-day T gy (HR, 0.98; 95% CI, 0.93-1.04). Other
covariates with both a statistically significant and clinically
meaningful association with worse OS included a hospital stay
longer than 7 days (HR, 1.24; 95% CI, 1.18-1.30), radiation doses
higher or lower than 60 to 66 Gy, and not receiving chemo-
therapy (HR, 1.10; 95% CI, 1.05-1.15). Having private/
managed care/governmental insurance was associated with im-
proved OS compared with Medicare insurance (HR, 0.73; 95%
CI, 0.69-0.77). Compared with patients receiving all care at an
academic center, patients who transferred care after surgery
at an academic center had worse OS (HR, 1.11; 95% CI, 1.04-
1.19), and patients receiving all care at a CCCP also had com-
paratively inferior outcomes (HR, 1.06; 95% CI, 1.01-1.12).

A complete case analysis for patients with complete LVI,
margin, and ECE data was performed. This cohort consisted
of 7859 patients, who were diagnosed after 2010 when LVI
status became available. After adjusting for confounding
covariates, estimates for the risk of mortality with a 43- to 49-
day Tg_gr (HR, 1.03; 95% CI, 0.91-1.16) and a Tg.g of 50 days
or more (HR, 1.10; 95% CI, 0.99-1.21) were similar in direction
and magnitude to those from the initial model (eTable 1in the
Supplement).

Subgroup effects of interactions between T and covar-
iates coding for high-risk factors were tested with multivari-
able Cox regressions. There was a significant interaction be-
tween Tg_gr group and site of disease, but not disease stage,
LVI, margin status, ECE, or chemotherapy use. The multivari-
able regression model that included this interaction term dem-
onstrated that, compared with a Tg_zy of 42 days or less, hav-
inga Tg.grof 50 days or more resulted in inferior OS for patients
with hypopharynx (HR, 1.27; 95% CI, 1.02-1.59), tonsil (HR,
1.20; 95% CI, 1.05-1.36), and nontonsil oropharynx cancers
(HR, 1.38; 95% CI, 1.19-1.59) (Figure 2). A 43- to 49-day Ts gr
was significantly associated with worse OS for patients with
tonsil cancer (HR, 1.22; 95% CI, 1.05-1.43). The effect of de-
layed Tg_gr Was neither statistically significant nor clinically
meaningful for patients with oral cavity or larynx cancers.
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Table 1. Baseline Characteristics of Patients According to the Duration of Time From Surgery to Radiation (T ;1)

Ts gt
No. (%) % (95% Cl)
Difference Between Difference Between

Characteristic <42d 43-49d 250d 43-49dand <42d 250dand <42d
Sex

Male 7585 (78) 3537 (75) 7846 (73) -3.0 (-4.5to -1.5) -4.5 (-5.6 to -3.3)

Female 2180 (22) 1198 (25) 2870 (27) 3.0 (1.5 to 4.5) 4.5 (3.3t05.6)
Age, y

<50 2389 (24) 972 (21) 2186 (20) -3.9 (5.4 to -2.5) -4.1(-5.2t0 -2.9)

51-60 3628 (37) 1746 (37) 3793 (35) -0.3 (-2.0to 1.4) -1.8(-3.1t0-0.4)

61-70 2544 (26) 1320 (28) 2959 (28) 1.8 (0.3 to 3.4) 1.6 (0.3 to 2.8)

271 1204 (12) 697 (15) 1778 (17) 2.4(1.2t03.6) 43(3.3t05.2)
Race

White 8788 (90) 4147 (88) 9239 (86) -2.4 (-3.5t0 -1.3) -3.8 (4.7 t0 -2.9)

Black 657 (7) 405 (9) 1079 (10) 1.8 (0.9 to 2.8) 3.3(2.6t04.1)

Other 320 (3) 183 (4) 398 (4) 0.6 (-0.1t0 1.2) 0.4 (-0.1t0 0.9)
Education®

221% 1365 (14) 744 (16) 2005 (19) 1.7 (0.5 to 3.0) 4.7 (3.7t05.7)

13%-20.9% 2534 (26) 1231 (26) 2961 (28) 0.1 (-1.5t01.6) 1.7 (0.5 to 2.9)

7%-12.9% 3224 (33) 1670 (35) 3468 (32) 2.3 (0.6 to 3.9) -0.7 (-1.9 to 0.6)

<7% 2540 (26) 1032 (22) 2158 (20) -4.2 (-5.7 to -2.8) -5.9 (-7.0 to -4.7)

Unknown 102 (1) 58 (1) 124 (1) 0.2 (-0.2 to 0.6) 0.1(-0.2to0 0.4)
Income, $°

<38,000 1575 (16) 847 (18) 2109 (20) 1.8 (0.4 to 3.1) 3.6 (2.5 t0 4.6)

38000-47 999 2292 (23) 1183 (25) 2758 (26) 1.5 (0 to 3.0) 23 (1.1t03.4)

48000-62 999 2678 (27) 1288 (27) 2834 (26) -0.2 (-1.8t01.3) -1.0(-2.2t00.2)

263000 3114 (32) 1359 (29) 2886 (27) -3.2(-4.8 t0 -1.6) -5.0 (-6.2 to -3.7)

Unknown 106 (1) 58 (1) 129 (1) 0.1 (-0.2 to 0.5) 0.1 (-0.2 t0 0.4)
Insurance

Medicare 2534 (26) 1426 (30) 3478 (32) 4.2 (2.6t05.7) 6.5 (5.3t07.7)

Medicaid 754 (8) 491 (10) 1448 (14) 2.6 (1.6t03.7) 5.8 (5.0 t0 6.6)

Private/managed 5861 (60) 2510 (53) 4952 (46) -7.0 (-8.7 to =5.3) -13.8 (-15.2 to -12.5)

care/other government

None 456 (5) 257 (5) 680 (6) 0.8 (-0to 1.5) 1.7 (1.1t02.3)

Unknown 160 (2) 51 (1) 158 (1) -0.6 (-0.9 to -0.2) -0.2 (-0.5t0 0.2)
Charlson/Deyo score

0 7976 (82) 3744 (79) 8246 (77) -2.6 (-4.0t0 -1.2) -4.7 (-5.8 to -3.6)

1 1471 (15) 783 (17) 1946 (18) 1.5 (0.2 to 2.7) 3.1(2.1to4.1)

22 318 (3) 208 (4) 524 (5) 1.1 (0.5t0 1.8) 1.6 (1.1t02.2)
Disease site

Tonsil 4353 (45) 1344 (28) 2383 (22) -16.2 (-17.8 to -14.6) -22.3(-23.6to -21.1)

Nontonsil oropharynx 1202 (12) 527 (11) 1094 (10) -1.2 (-2.3t0-0.1) -2.1(-3.0to-1.2)

Oral cavity 2635 (27) 1895 (40) 4769 (45) 13.0 (11.4 to 14.7) 17.5 (16.2 to 18.8)

Larynx 1360 (14) 825 (17) 2034 (19) 3.5(2.2t04.8) 5.1 (4.0t06.1)

Hypopharynx 215 (2) 144 (3) 436 (4) 0.8 (0.3t0 1.4) 1.9 (1.4 to 2.3)
Stage

1] 2469 (25) 1086 (23) 2240 (21) -2.3(-3.8t0 -0.9) -4.4 (-5.5t0 -3.2)

IV 7296 (75) 3649 (77) 8476 (79) 2.3(0.9t03.8) 4.4(3.2t05.5)
Extracapsular extension

No 4563 (47) 2056 (43) 4393 (41) -3.3(-5.0to -1.6) -5.7 (-7.1 to -4.4)

Yes 2513 (26) 1370 (29) 2955 (28) 3.2 (1.6 t0 4.8) 1.8 (0.6 to 3.1)
Node negative 1383 (14) 893 (19) 2396 (22) 4.7 (3.4 t0 6.0) 8.2 (7.1t09.2)

Unknown 1306 (13) 416 (9) 972 (9) -4.6 (-5.6 to -3.5) -4.3 (-5.2t0 -3.4)
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Table 1. Baseline Characteristics of Patients According to the Duration of Time From Surgery to Radiation (T ;) (continued)

Tsrr
No. (%) % (95% Cl)
Difference Between Difference Between

Characteristic <42d 43-49d 250d 43-49dand<42d 250dand <42d
Margin status

Negative 6349 (65) 3438 (73) 7886 (74) 7.6 (6.0t09.2) 8.6 (7.3t09.8)

Positive 1019 (10) 423 (9) 899 (8) -1.5 (-2.5 to -0.5) -2.0(-2.8t0-1.2)

Unknown 2397 (25) 874 (18) 1931 (18) -6.1 (-7.5to -4.7) -6.5 (-7.6 to -5.4)
Lymphovascular invasion

Absent 2578 (26) 1336 (28) 3002 (28) 1.8 (0.3 to 3.4) 1.6 (0.4 to 2.8)

Present 1119 (11) 650 (14) 1486 (14) 23(1.1t03.4) 2.4 (1.5t02.7)

Unknown 6068 (62) 2749 (58) 6228 (58) -4.1(-5.8to -2.4) -4.0 (-5.4to -2.7)
Year of diagnosis

2004-2006 2377 (24) 1089 (23) 2378 (22) -1.3(-2.8t00.1) -2.2(-3.3t0 -1.0)

2007-2009 2505 (26) 1254 (26) 2870 (27) 0.8 (-0.7 to 2.4) 1.1 (-0.1to 2.3)

2010-2013 4883 (50) 2392 (51) 5468 (51) 0.5(-1.2t02.2) 1.0 (-0.3 to 2.4)
Tp.s, d

<68 9221 (94) 4368 (92) 9661 (90) -2.2(-3.1to-1.3) -4.3 (-5.0 to -3.5)

268 544 (6) 367 (8) 1055 (10) 2.2(1.3t03.1) 4.3 (3.5t05.0)
Treating facilities

Academic 3509 (36) 1810 (38) 3932 (37) 2.3 (0.6 to 4.0) 0.8 (-0.6 to 2.1)

(surgery and radiation)

Academic (surgery) 877 (9) 640 (14) 1602 (15) 45(3.4t05.7) 6.0 (5.1t06.9)

Comprehensive 2730 (28) 1159 (24) 2594 (24) -3.5(-5.0to -2.0) -3.8 (-5.0to -2.5)

community (surgery

and radiation)

Comprehensive 655 (7) 256 (5) 581 (5) -1.3(-2.1to -0.5) -1.3(-1.9 to -0.6)

community (surgery)

Community 539 (6) 244 (5) 551 (5) -0.4 (-1.1t0 0.4) -0.4 (-1.0 t0 0.2)

(surgery and radiation)

Community (surgery) 198 (2) 70 (1) 151 (1) -0.5 (-1.0to -0.1) -0.6 (-1.0 to -0.3)

Other 989 (10) 423 (9) 995 (9) -1.2(-2.2t0 -0.2) -0.8 (-1.7 to 0)

(surgery and radiation)

Other (surgery) 268 (3) 133 (3) 310 (3) 0.1 (-0.5 to 0.6) 0.1 (-0.3t0 0.6)
Distance to facility, miles

<10 4275 (44) 1942 (41) 4585 (43) -2.8 (-4.5t0-1.1) -1.0 (-2.4t0 0.4)

11-20 2119 (22) 1008 (21) 2224 (21) -0.4 (-1.8 to 1.0) -0.9(-2.1t00.2)

21-50 1943 (20) 1019 (22) 2232 (21) 1.6 (0.2 to 3.0) 0.9 (-0.2 to 2.0)

51-100 820 (8) 466 (10) 1036 (10) 1.4 (0.4 to 2.5) 1.3 (0.5t02.1)

>100 608 (6) 300 (6) 639 (6) 0.1 (-0.7 to 1.0) -0.3 (-0.9 to 0.4)
Hospital length of stay, d

0-7 6420 (66) 2506 (53) 4968 (46) -12.8 (-14.5 to -11.1) -19.4 (-20.7 to -18.1)

>7 1250 (13) 1074 (23) 3084 (29) 9.9 (8.5t011.2) 16.0 (14.9 to 17.1)

Unknown 2095 (21) 1155 (24) 2664 (25) 2.9 (1.5t04.4) 3.4 (2.3 t04.6)
30-Day unplanned
readmission status

No 9067 (93) 4362 (92) 9692 (90) -0.7 (-1.7 t0 0.2) -2.4(-3.2t0 -1.7)

Yes 262 (3) 140 (3) 414 (4) 0.3(-0.3t00.9) 1.2 (0.7 to 1.7)

Unknown 436 (4) 233 (5) 610 (6) 0.5(-0.3t01.2) 1.2 (0.6 to 1.8)
Radiation dose, Gy

45.00-49.99 87 (1) 56 (1) 165 (2) 0.3(-0.1t00.7) 0.6 (0.4 t0 0.9)

50.00-53.99 321 (3) 171 (4) 392 (4) 0.3 (-0.3 to 1.0) 0.4 (-0.1t00.9)

54.00-59.99 687 (7) 427 (9) 1047 (10) 2.0(1.0t02.9) 2.7 (2.0to0 3.5)

60.00-65.99 3746 (38) 2193 (46) 4893 (46) 8.0(6.2t09.7) 7.3 (6.0 to 8.6)

66.00-69.99 2570 (26) 1262 (27) 2768 (26) 0.3 (-1.2t0 1.9) -0.5(-1.7t0 0.7)

70.00-76.00 2354 (24) 626 (13) 1451 (14) -10.9 (-12.2 to -9.6) -10.6 (-11.6 to -9.5)

(continued)
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Table 1. Baseline Characteristics of Patients According to the Duration of Time From Surgery to Radiation (T ;) (continued)

TS-RT
No. (%) % (95% Cl)
Difference Between Difference Between
Characteristic <42d 43-49d 250d 43-49dand <42d 250d and <42d
Radiation modality
3-D Conformal 242 (2) 108 (2) 295 (3) -0.2 (-0.7 t0 0.3) 0.3(-0.2t00.7)
IMRT 5634 (58) 2751 (58) 6104 (57) 0.4 (-1.3t02.1) -0.7 (-2.1t0 0.6)
Unknown 3889 (40) 1876 (40) 4317 (40) -0.2 (-1.9 to 1.5) 0.5 (-0.9 to 1.8)
Chemotherapy
Not given 3314 (34) 1956 (41) 4618 (43) 7.4 (5.7 0 9.1) 9.2 (7.8 t0 10.5)
Adjuvant 6148 (63) 2630 (56) 5679 (53) -7.4 (-9.1to0 -5.7) -10.0 (-11.3 to -8.6)
Neoadjuvant 102 (1) 39 (1) 124 (1) -0.2 (-0.5t0 0.1) 0.1 (-0.2t0 0.4)
Adjuvant and neoadjuvant 51 (1) 37 (1) 79 (1) 0.3 (0to 0.5) 0.2 (0to 0.4)
Unknown 150 (2) 73 (2) 216 (2) 0(-0.4t00.4) 0.5(0.1t00.8)

Abbreviations: 3-D, 3-dimensional; IMRT, intensity modulated radiation therapy;
Tpb.s. time from diagnosis to surgery.

2 Education indicates the percent of people with no high school degree in the

patient’s zip code of residence.

®Income indicates the median household income in the patient's zip code of
residence.

Figure 1. Association of Delay From Surgery to Radiation (T x;) With Overall Survival

E Overall survival

Adjusted HR for mortality
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250 day vs <42 day Tg py
Difference in median OS, 4.1 years (95% Cl, 3.4-4.7 years) 0.904
Adjusted HR, 1.07 (95% Cl, 1.02-1.12)
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Years Surgery to Radiation, d
No. at risk, d
<42 9765 5376 2242 675
43-49 4735 2376 964 285
=50 10716 5038 1930 509

A, Kaplan-Meier estimates of overall survival according to a Ts_ gy of 42 days or
less, 43 to 49 days, or 50 days or more. The adjusted hazard ratio (HR) was
determined from a Cox multivariable regression model with a Ts g of 42 days

or less as the reference. B, Adjusted HR for mortality by Ts_gr modeled as a
continuous variable with a restricted cubic spline with 3 knots. A 42-day Tg gt
was used as the reference. Shading indicates the 95% ClI for HR estimates.

A total of 22 689 patients had radiation fractionation data
available. Patients receiving accelerated fractionation (5.2
fractions per week) had a median OS of 9.5 years (95% CI, 8.7-
10.4 years), and those receiving standard fractionation had a
median OS of 8.3 years (95% CI, 8.0-8.6 years; absolute dif-
ference, -1.1 years; 95% CI, 0.4 to —2.1 years) (Figure 3). In a
multivariable Cox regression an interaction term between frac-
tionation schedule and Tq_yr group was not significant. After
adjusting for confounders, accelerated fractionation re-

JAMA Otolaryngology-Head & Neck Surgery April 2018 Volume 144, Number 4

mained associated with improved survival (HR, 0.93; 95% CI,
0.87-0.99) (eTable 2 in the Supplement).

|
Discussion

We found that for patients with head and neck squamous
cell carcinoma treated with definitive surgical resection fol-
lowed by adjuvant radiation, improved survival was associ-
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Table 2. Multivariable Cox Regression for All-Cause Mortality

Table 2. Multivariable Cox Regression for All-Cause Mortality (continued)

Variable Hazard Ratio (95% CI)? Variable Hazard Ratio (95% CI)?
Tsgr d Node negative 0.75 (0.71-0.79)
<42 1 [Reference] Unknown 1.02 (0.94-1.10)
43-49 0.98 (0.93-1.04) Margin status
>50 1.07 (1.02-1.12) Negative 1 [Reference]
Sex Positive 1.36 (1.27-1.46)
Male 1 [Reference] Unknown 1.25(1.18-1.32)
Female 0.90 (0.86-0.94) Lymphovascular invasion
Age, y Absent 1 [Reference]
<50 1 [Reference] Present 1.36 (1.26-1.47)
51-60 1.20(1.13-1.28) Unknown 1.02 (0.93-1.13)
61-70 1.29 (1.20-1.38) Year of diagnosis
>71 1.76 (1.62-1.91) 2004-2006 1 [Reference]
Race 2007-2009 0.92 (0.88-0.98)
White 1 [Reference] 2010-2013 0.84 (0.76-0.92)
Black 1.03 (0.96-1.10) Tp.s, d
Other 0.98 (0.88-1.10) <68 1 [Reference]
Education® 268 1.02 (0.95-1.10)
221% 1.06 (0.97-1.15) Treating facilities

13%-20.9%
7%-12.9%

1.07 (0.99-1.15)
1.05 (0.98-1.12)

Academic (surgery and
radiation)

Academic (surgery)

1 [Reference]

1.11 (1.04-1.19)

<7% 1 [Reference]
Comprehensive community 1.06 (1.01-1.12)
Unknown 1.78 (0.44-7.19) (surgery and radiation)
Income, $¢ Comprehensive community 1.06 (0.97-1.17)
<38,000 1.18 (1.09-1.28) (surgery)

38000-47 999
48 000-62 999

1.09 (1.02-1.17)
1.06 (1.00-1.13)

Community (surgery and
radiation)

Community (surgery)

1.06 (0.96-1.16)

1.16 (0.98-1.37)

263000 1 [Reference] Other (surgery and radiation) 0.99 (0.91-1.07)
Unknown 1.07 (0.27-4.29) Other (surgery) 1.07 (0.94-1.22)
Insurance Distance to facility, mile

Medicare 1 [Reference] <10 1 [Reference]

Medicaid 1.02 (0.95-1.10) 11-20 0.96 (0.90-1.01)
Private/managed care/other government 0.73 (0.69-0.77) 21-50 0.93 (0.88-0.98)
None 0.90 (0.82-0.99) 51-100 0.87 (0.80-0.94)
Unknown 0.85 (0.71-1.01) >100 0.87 (0.79-0.95)

Charlson/Deyo score

Hospital length of stay, d

0 1 [Reference] 0-7 1 [Reference]
1 1.11 (1.05-1.17) >7 1.24 (1.18-1.30)
>2 1.52 (1.40-1.66) Unknown 1.11 (1.05-1.17)
Disease site 30-Day u'nplanned
Tonsil 0.44 (0.41-0.49) readmission status
= No 1 [Reference]
Nontonsil oropharynx 1 [Reference]
: Yes 1.06 (0.95-1.18)
Oral cavity 1.91 (1.77-2.05)
Unknown 1.06 (0.97-1.16)
Larynx 1.53 (1.41-1.66)
Radiation dose, Gy
Hypopharynx 1.62 (1.45-1.82)
45.00-49.99 1.68 (1.43-1.97)
Stage
50.00-53.99 1.16 (1.04-1.28)
1 1 [Reference]
54.00-59.99 1.13 (1.05-1.21)
v 1.26 (1.20-1.33)
= 60.00-65.99 1 [Reference]
Extracapsular extension
66.00-69.99 1.08 (1.02-1.13)
No 1 [Reference]
70.00-76.00 1.26 (1.18-1.34)
Yes 1.39 (1.32-1.46)

(continued)

(continued)
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Table 2. Multivariable Cox Regression for All-Cause Mortality (continued)

Variable Hazard Ratio (95% Cl)?

Radiation modality

3-D Conformal 1 [Reference]

IMRT 0.92 (0.82-1.03)

Unknown 0.94 (0.83-1.05)
Chemotherapy

Not given 1.10 (1.05-1.15)

Adjuvant 1 [Reference]

Neoadjuvant 1.16 (0.97-1.39)

Adjuvant and neoadjuvant 1.02 (0.80-1.31)

Unknown 0.86 (0.73-1.01)

Abbreviations: 3-D, 3-dimensional; IMRT, intensity modulated radiation therapy;
Tp.s. time from diagnosis to surgery; Ts_ g, time from surgery to radiation.

2 Multivariable model included Tq gy, SeX, age, race, education, income,
insurance type, Charlson/Deyo score, disease site, stage, extracapsular
extension, margin status, lymphovascular invasion, year of diagnosis, Tp_s.
facility type, distance to facility, hospital length of stay, readmission status,
radiation dose, radiation modality, and chemotherapy use.

b Education indicates the percent of people with no high school degree in the
patient’s zip code of residence.

€ Income indicates the median household income in the patient’s zip code
of residence.

Figure 2. Subgroup Effects of Covariates
With Significant Interactions With T

W Tonsil Oral cavity

Nontonsil Larynx
oropharynx M Hypopharynx

Favors : Favors
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Adjusted hazard ratio for mortality according to a T_gy of 43 to 49 days or
50 days or more compared with 42 days or less varied by disease site.
Ts.gr indicates time from surgery to the start of radiation.

ated with a shorter interval from the date of surgery to the
start of radiation (shorter Tq gr). A Tg gy within 42 days
resulted in improved survival compared with greater than
50 days on multivariable analysis. For patients with tonsil
tumors, even a 1-week delay resulted in comparatively infe-
rior survival, although for other patients this additional
week was not a significant factor.

Patients with head and neck cancer and high-risk patho-
logic features have well-established indications for adjuvant
radiation or chemoradiation.!"® However, many are not
receiving the recommended adjuvant therapy, resulting in

JAMA Otolaryngology-Head & Neck Surgery April 2018 Volume 144, Number 4

Figure 3. Association of Accelerated Fractionation
With Overall Survival (OS)
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Kaplan-Meier estimates of OS according to standard (<5.2 average fractions per
week) or accelerated (=5.2 average fractions per week) fractionation. The
adjusted hazard ratio was determined from a Cox multivariable regression
model with standard fractionation as the reference.

increased mortality.>° When adjuvant radiation is indicated,
efforts should be made to start as quickly as reasonably pos-
sible. We found that radiation started within 42 days of sur-
gery for 39% of patients, and compared with those with a
longer delay, a greater proportion of these patients were
treated at nonacademic centers. Other previously identified
factors associated with delayed Tq .y include patient socio-
economic status, medical comorbidities, and a longer post-
surgical hospital stay.>!

The 6-week cutoff originated from an analysis of
patients treated at Memorial Sloan Kettering in the 1970s.°
Interestingly, a follow-up study with more patients found
that the 6 week Ty cutoff predicted outcomes only for a
subset of patients receiving doses under 60 Gy.2° However,
the importance of the 6-week cutoff for locoregional control
was demonstrated in other retrospective studies,'!* as
well as in a meta-analysis.!” Other groups have studied the
benefit using shorter cutoffs,'*'> longer cutoffs,'® and
no specific cutoff when Tg_ g is modeled as a continuous
variable.!® Studies of prospective trials have similarly dem-
onstrated a benefit to starting radiation therapy within 4 or
6 weeks after surgery.>* However, the issue remains contro-
versial because there was not always a demonstrable benefit
to a shorter Tg gp.1924

Prior to treatment initiation, head and neck cancers
grow rapidly.?” Models of oropharynx cancer have shown a
decreased probability of local control with a longer delay for
intact tumors.3? Additional time between surgery and the
start of radiation (longer Ts_r) allows residual tumor clono-
gens to repopulate, increasing the risk of local failure.>?
Some models of clonogenic doubling time would suggest
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that there may be a time period of accelerated repopulation
immediately after surgery owing to the response from cellu-
lar depopulation.®* Accelerated repopulation during defini-
tive radiation has been well established.**>¢ In the postop-
erative setting, one could suggest that the decrease in the
tumor mass results in a relative increased availability of
nutrients for residual tumor cells,?® arguing for as short a
Ts_rr @s can be achieved reasonably.

Patients in our study with a shorter Tq_ g were less likely
to receive treatment at an academic center than those with a
more delayed Tg_rr. However, in a multivariable Cox regres-
sion model adjusting for T 1, patients receiving surgery and
radiation at an academic center had better outcomes com-
pared with those who left the academic center for radiation
elsewhere or had all treatment at a Comprehensive Commu-
nity Cancer Program. Similar results were seen in a cancer reg-
istry study from the Netherlands, which found that initiation
of treatment of head and neck cancer patients was longer for
patients referred to 1 of 8 national head and neck oncology cen-
ters, but despite the delay these patients had better overall sur-
vival compared with those treated elsewhere.” In addition,
after surgery at the University of California, San Francisco, post-
operative radiation received at nonacademic centers was as-
sociated with inferior radiation quality metrics: lower dose,
lower fractional dose, longer Tq_ g, increased radiation breaks,
and higher rates of early termination of the radiation course.>®
For a cohort of patients with oral cavity cancer, radiation treat-
ment at the academic site translated into a survival benefit.>°
Although the national pattern identified in our study and an-
other registry study is that treatment at academic centers is
associated with longer delays to starting radiation,>! it is reas-
suring that shorter T i at academic sites can be achieved. In
addition, when controlling for T rr, we found that there was
improved survival with treatment at academic sites, suggest-
ing a benefit to specialized care for head and neck cancer
patients.

Together Ty grand the duration of radiation therapy are de-
fined as the overall package time. Retrospective studies have
demonstrated the total package should be delivered within 87
to100 days,*°-2 and analysis from a prospective trial found bet-
ter outcomes for those with package times under 77 to 91 days.®
Often, the duration of Tg_ g is out of the hands of the radiation
oncologist and medical team. From a radiation perspective, op-
tions to improve tumor control after a delayed Ty include
escalated total radiation dose or accelerated fractionation
schedules.*®

In the definitive setting, accelerated fractionation has
been associated with improved progression-free survival
in a meta-analysis of randomized trials,** and overall sur-
vival in an NCDB study.*® In the postoperative setting,
improved outcomes can also be attained with accelerated
fractionation.?* With regard to the interaction of Tg gy with
altered fractionation, studies have noted a decrease in the
negative effect from delayed Tz with dose intensification
or altered fractionation.®!® Similarly, a randomized trial of
fractionation schedules in PORT found a trend for improved
local control with accelerated fractionation for those
patients with a Tg_gy of more than 48 days.*® Additional

jamaotolaryngology.com
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detrimental delays during radiation therapy are introduced
with any breaks!®47:48 or a split-course fractionation
schedule.*°->°° We found that there was improved survival
when accelerated fractionation was used. Thus, this
study supports considering accelerated fractionation for
patients at high risk for locoregional failure, and supportive
measures during treatment should be employed to prevent
breaks.

We found a significant interaction between Tq g and tu-
mor site, but not stage, ECE, margin status, or presence of LVI.
Patients with oropharynx and hypopharynx tumors had a more
pronounced response to delayed Tq . In contrast, some stud-
ies have shown that the association between shorter treat-
ment time and locoregional control and survival can depend
on the presence of high-risk features, although the strength
of the relationship is not well established.*°%! Hypotheti-
cally those with larger or more aggressive tumors might have
a greater chance for larger deposits of residual tumor cells af-
ter surgery, making local control more challenging after a lon-
ger T rr delay. However, this relationship warrants further
exploration.

Limitations

The benefit of using the NCDB to address the effect of Tg_zr was
the large patient cohort. However, owing to the observa-
tional nature of the study there may be unmeasured confound-
ersassociated with delayed radiation and worse outcomes. One
example would be patients with serious postoperative com-
plications, and although we accounted for length of hospital
stay and hospital readmissions in the multivariable models,
there may be residual confounding. In addition, retrospec-
tive studies inherently may have unavoidable selection bias,
and registry studies may have problems from errors in regis-
trar coding or reporting. Another limitation was that al-
though radiation dose was accounted for in multivariable mod-
els, data were unavailable for specific doses to the surgical
cavityornodalregionsaswellasnormaltissuedosimetricparam-
eters. These parameters may account for the benefit seen with
treatment at academic centers. The database also lacks recur-
rence and toxic effects data, so future nonregistry studies are
certainly warranted.

. |
Conclusions

To our knowledge, there has never been a randomized trial to
test the effect of T4 r;. However, given the preponderance of
evidence from retrospective and prospective studies, as well
as the plausible biological model that shorter Tg r results in
improved outcomes, we believe it would be unethical to carry
out such a trial. This study supports the use of adjuvant ra-
diation therapy and current national guidelines to prevent de-
lays over 50 days. A multitude of factors contribute to de-
layed radiation, so multidisciplinary teams and patients must
be educated about the importance of timing, with all efforts
made to avoid unnecessary delays. Measures to intensify
therapy including with accelerated fractionation should be con-
sidered when delays are unavoidable.
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