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IMPORTANCE The American Joint Committee on Cancer staging system (Cancer Staging
Manual, 8th Edition) for head and neck squamous cell carcinoma (HNSCC) now categorizes
human papillomavirus (HPV)–negative HNSCC in a single positive lymph node smaller than 3
cm with pathologic extranodal extension (ENE) as N2a. The standard of care for pathologic
ENE is adjuvant chemoradiation therapy (CRT). Whether adding chemotherapy concurrent
with adjuvant radiation therapy improves survival in this clinical scenario is unknown.

OBJECTIVE To assess whether adjuvant CRT relative to radiation therapy alone is associated
with improved survival among patients with pN2a HPV-negative HNSCC with ENE.

DESIGN, SETTING, AND PARTICIPANTS This retrospective cohort study included 504 patients
with pN2a HPV-negative HNSCC with ENE who had undergone margin-negative surgery and
adjuvant therapy. The patients were identified from the National Cancer Database from
January 1, 2004, to December 31, 2015. Statistical analyses were conducted from September
1, 2019, to April 16, 2020.

MAIN OUTCOMES AND MEASURES The primary end point was overall survival. The association
of adjuvant CRT with overall survival was analyzed using univariate and multivariate Cox
proportional hazards regression analyses. Planned subset analyses were conducted in
patients younger than 70 years with no comorbidities (the subset most likely to be eligible for
a clinical trial of cisplatin-based chemoradiation) and in patients with pT3/T4 disease
classification.

RESULTS Of 504 patients (mean [SD] age, 60.5 [12.7] years; 319 [63.3%] men; 434 [86.1%]
White) with pN2a HPV-negative HNSCC with ENE who had undergone margin-negative
surgery and adjuvant therapy, 298 patients (59.1%) received adjuvant CRT. For the overall
cohort of patients with pN2a ENE, adjuvant CRT was not associated with improved overall
survival relative to adjuvant radiation therapy alone in a multivariate analysis (adjusted hazard
ratio, 0.98; 95% CI, 0.74-1.30). Adjuvant CRT was still not associated with improved overall
survival in a subset analysis of 304 patients younger than 70 years with no comorbidities
(adjusted hazard ratio, 0.98; 95% CI, 0.66-1.45) nor in a subset of 220 patients with pT3/T4
disease classification (adjusted hazard ratio, 1.03; 95% CI, 0.70-1.54).

CONCLUSIONS AND RELEVANCE This study found that for patients with pN2a HPV-negative
HNSCC with ENE who underwent margin-negative surgery and adjuvant therapy, adding
chemotherapy concurrent with adjuvant radiation therapy was not associated with improved
overall survival. Additional research is necessary to identify the optimal treatment paradigm
for this clinical scenario.
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H ead and neck squamous cell carcinoma (HNSCC)
represents a malignant neoplasm that has seen rela-
tively modest improvements in survival during the

last few decades, especially for human papillomavirus
(HPV)–negative and smoking-related cancers. Patients with
HNSCC commonly receive this diagnosis at late stages, thus
requiring multimodality therapy as the standard of care.1

This multimodality therapy often includes surgery followed
by adjuvant radiation therapy (RT) or adjuvant chemoradia-
tion therapy (CRT).2 Standard of care per National Compre-
hensive Cancer Network guidelines for pathologic extrano-
dal extension (ENE)–positive HNSCC, based on 2 landmark
randomized clinical trials (RCTs),3,4 is adjuvant CRT.2

Although adding chemotherapy concurrent with adjuvant
RT improved disease-free survival (DFS) in Radiation
Therapy Oncology Group (RTOG) 9501 and overall survival
(OS) in European Organization for Research and Treatment
of Cancer Trial (EORTC) 22931, it also significantly increased
short- and long-term morbidity and contributed to
decreased functional outcomes.3-5

The American Joint Committee on Cancer Staging
Manual, 8th Edition (AJCC8), introduced pathologic ENE
into the staging criteria for HPV-negative HNSCC.6,7 This led
to the creation of 2 new nodal classifications for patients
with HPV-negative HNSCC: pN2a for those with a single
positive lymph node (LN) smaller than 3 cm with pathologic
ENE, and pN3b for those with pathologic ENE in a single LN
larger than 3 cm or in multiple LNs. Human papillomavirus–
negative, ENE-positive tumors with a single LN metastasis
smaller than 3 cm (pN2a) represent a subset of ENE-positive
tumors that have not been previously examined. Whether
adding chemotherapy improves patient survival in this clini-
cal situation is unknown.

Therefore, the aim of this study was to evaluate whether
adding chemotherapy concurrent with adjuvant RT is associ-
ated with improved OS relative to adjuvant RT for patients with
pN2a HPV-negative HNSCC with ENE.

Methods
Database
Deidentified patient data from the National Cancer Database
(NCDB) were used for this study. The NCDB is a hospital-
based cancer registry that is a joint program of the American
College of Surgeons Commission on Cancer and the Ameri-
can Cancer Society. The NCDB annually collects data from more
than 1500 Commission on Cancer–accredited hospitals in the
US, capturing more than 70% of newly diagnosed cancer cases
annually in the US.8 Although the NCDB is not a population-
based database, such as the Surveillance, Epidemiology, and
End Results database, it reflects characteristics of population-
based data in terms of demographic characteristics, staging,
and treatment for patients with HNSCC.9 This study was
deemed exempt from review by the institutional review board
at the Medical University of South Carolina. No one received
compensation or was offered any incentive for participating
in this study.

Study Cohort
Patients with pathologically confirmed HPV-negative HNSCC
with a single LN metastasis smaller than 3 cm showing ENE
(ie, pN2A per AJCC8) undergoing margin-negative primary re-
section and adjuvant therapy from 2004 to 2015 were identi-
fied in the NCDB. The HNSCC diagnosis was based on the In-
ternational Classification of Disease for Oncology, 3rd Edition,
classification of oral cavity, oropharynx, hypopharynx, and lar-
ynx subsites and squamous cell carcinoma histology (eTable 1
in the Supplement).10 All HPV-positive oropharyngeal squa-
mous cell carcinoma (OPSCC) tumors were excluded to avoid
potential confounding by ENE status and because the effect
of adjuvant CRT on oncologic outcomes for patients with ENE
in this population is an area of clinical uncertainty and ongo-
ing research.11,12 Because HPV status was not incorporated into
the NCDB until 2010, we excluded all OPSCC cases prior to 2010
and HPV-positive or HPV-unknown OPSCC cases from 2010 to
2015. Primary surgical resection was defined by NCDB codes
20 to 80.13 We excluded patients with margin-positive or
unknown margin status to remove this potential confound-
ing variable. Only patients with pathologic ENE were in-
cluded in the study. These cases were identified in the NCDB
using Collaborative Stage Site-Specific factor 2 for cases diag-
nosed prior to 2010 (coded as present or absent) and factor 9
from 2010 onward (coded as microscopic [≤2 mm], macro-
scopic [>2 mm], or without further specification).14 Owing to
the amount of missing data regarding the extent of ENE, it was
impossible to further subdivide pathologic ENE into micro-
scopic or macroscopic ENE. To identify patients with a single
nodal metastasis, we included patients with pathologic N1 stage
tumors (based on AJCC6 and AJCC7) and confirmed that these
patients were also coded as having a single metastatic LN ac-
cording to the participant user file variable, Regional Lymph
Nodes Positive.13

We identified 673 patients with pN2a HPV-negative
HNSCC with ENE in a single LN smaller than 3 cm who had
undergone primary margin-negative resection and adjuvant
radiation therapy. We then excluded patients with missing vi-
tal status (n = 104), receipt of palliative care (n = 3), meta-

Key Points
Question Is the addition of chemotherapy to adjuvant radiation
therapy associated with improved survival among patients with
human papillomavirus–negative head and neck squamous cell
carcinoma with extranodal extension in a single lymph node
smaller than 3 cm (American Joint Committee on Cancer Staging
Manual, 8th Edition, category pN2a)?

Findings In this cohort study of 504 patients from the National
Cancer Database with pN2a human papillomavirus–negative head
and neck squamous cell carcinoma who underwent
margin-negative resection, adjuvant chemoradiation therapy was
not associated with improved overall survival relative to adjuvant
radiation therapy alone.

Meaning Adding chemotherapy to adjuvant radiation therapy was
not associated with improved survival in this study, suggesting the
need for additional research to identify optimal treatment
paradigms for these patients.
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static disease at diagnosis (n = 5), or receipt of chemotherapy
not concurrent with RT (defined by >14 days; n = 57), produc-
ing a final cohort of 504 patients.15

Study Variables
The primary end point was OS. The primary independent vari-
able of interest was type of adjuvant therapy (RT vs CRT).
Socioeconomic and demographic variables included sex, age,
race/ethnicity, severity of comorbidity as measured by the
Charlson-Deyo comorbidity score, insurance status, income
level, educational level, metropolitan status, and geographic
region; treatment-related variables included facility type, num-
ber of Commission on Cancer–accredited facilities involved in
care, and RT type; and oncologic variables included primary
tumor site and pathologic staging based on AJCC6 or AJCC7
guidelines, depending on the year of diagnosis. All patients re-
ceived a form of external beam radiation therapy; this was cat-
egorized as 3-dimensional conformal or external beam radia-
tion therapy not otherwise specified or intensity-modulated
RT. The specific chemotherapeutic agent is not available within
the NCDB,13 but the number of agents (none, single, or mul-
tiple) is reported.

Statistical Analysis
Statistical analysis was conducted from September 1, 2019, to
April 16, 2020. We used χ2 or 2-sided Fisher exact tests to as-
sess differences in categorical variables between groups (re-
ceived adjuvant RT or CRT), depending on the pertinent sample
size. Kaplan-Meier analysis was used to estimate the OS prob-
ability. Survival curves were compared between groups using
log-rank tests. Cox proportional hazards regression models
were used to identify variables associated with OS. The pro-
portional hazards assumption was met (P > .05). We first fit uni-
variate Cox proportional hazards models to investigate the un-
adjusted associations between potential risk factors and OS,
for which the above-mentioned study variables were used 1
at a time. A P ≤ .15 was used as the initial variable selection cri-
terion. Next, a multivariable Cox proportional hazards model
with forward variable selection was used with variables that
were significantly associated with OS from the univariate
model. The final model included risk factors that were signifi-
cantly associated with OS (P < .05 was the statistical signifi-
cance level) as well as pertinent demographic variables (age,
sex, race/ethnicity, and Charlson-Deyo comorbidity score). Risk
of death attributed to the associated variables was expressed
as hazard ratios (HRs) and corresponding 95% CIs.

To identify whether there were specific subpopulations
that would differentially benefit from adjuvant CRT, we per-
formed 2 planned subset analyses. First, to evaluate the effi-
cacy of CRT among patients who would likely be candidates
for cisplatin-based chemotherapy (and would most closely re-
semble participants in a clinical trial), we defined a subset based
on age lower than 70 years and lack of comorbidity (Charlson-
Deyo comorbidity score, 0). Second, to evaluate whether the
efficacy signal for adjuvant CRT was only present in a rela-
tively higher-risk group (ie, pT3/T4), we performed another
subset analysis examining patients with AJCC7 pT3/T4 tu-
mors. Finally, to ensure that our results were not due to un-

intended confounding by HPV-positive OPSCC cases that were
classified as HPV-negative, we performed a sensitivity analy-
sis excluding all cases of OPSCC. Subset and sensitivity analy-
ses were performed using the same approach as the overall co-
hort. All statistical analyses were performed using SAS
statistical software, version 9.4 (SAS Institute Inc).

Results
Patient Characteristics
Of 504 patients with pN2a HPV-negative HNSCC with ENE who
were treated with margin-negative surgery and adjuvant
therapy, the mean age was 60.5 years (SD, 12.7 years); 319
(63.3%) were men, 185 (36.7%) were women, and 434 (86.1%)
were White (Table 1). In total, 206 patients (40.9%) received
adjuvant RT and 298 patients (59.1%) received adjuvant CRT.
Relative to patients who received adjuvant CRT, patients who
received adjuvant RT were more likely to be older than 70 years
(35.4% vs 15.8%) and less likely to receive intensity-
modulated RT (51.9% vs 62.4%). The 5-year OS of the overall
cohort was 49.0%.

Adjuvant CRT vs RT in the Overall Cohort
The 5-year OS was similar for ENE-positive pN2a patients
treated with adjuvant CRT and adjuvant RT on unadjusted
Kaplan-Meier estimates (51% vs 47%; log-rank P = .17) (Figure).
For the entire cohort, the results of univariate and multivari-
ate Cox regression analyses are given in Table 2. On univari-
ate analysis, adjuvant CRT was not associated with improved
OS relative to adjuvant RT (HR, 0.83; 95% CI, 0.64-1.08). Using
Cox multivariate regression analysis, adjuvant CRT was also
not associated with improved OS relative to adjuvant RT
(adjusted HR, 0.98; 95% CI, 0.74-1.30). The results were
unchanged after sensitivity analysis excluded 28 patients with
HPV-negative OPSCC on univariate (HR, 0.88; 95% CI, 0.68-
1.15) and multivariate (adjusted HR, 0.93; 95% CI, 0.70-1.25)
analyses (eTable 2 in the Supplement).

Adjuvant CRT vs RT in Subset Analyses
Planned subset analyses to identify whether specific subpopu-
lations differentially benefited from adjuvant CRT showed that
adjuvant CRT remained unassociated with improved OS. In the
subset of 304 patients younger than 70 years with a Charlson-
Deyo comorbidity score of 0, adjuvant CRT was not associ-
ated with improved OS relative to adjuvant RT on univariate
analysis (HR, 1.08; 95% CI, 0.74-1.58) or multivariate analysis
(adjusted HR, 0.98; 95% CI, 0.66-1.45) (Table 3). In the subset
of 220 patients with AJCC7 pT3/T4 disease, adjuvant CRT was
still not associated with improved OS relative to adjuvant RT
on univariate analysis (HR, 0.87; 95% CI, 0.60-1.27) or multi-
variate analysis (adjusted HR, 1.03; 95% CI, 0.70-1.54).

Discussion
In this study, we used a robust national database with a pre-
cisely defined cohort of patients to show that for patients with
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Table 1. Clinical and Demographic Characteristics of Included Patients

Characteristic

No. (%) of patients

P value
Total patients
(n = 504)

Adjuvant RT
(n = 206)

Adjuvant CRT
(n = 298)

Age, y

<50 90 (17.9) 22 (10.7) 68 (22.8)

<.001
50-59 143 (28.4) 41 (19.9) 102 (34.2)

60-69 151 (30.0) 70 (34.0) 81 (27.2)

≥70 120 (23.8) 73 (35.4) 47 (15.8)

Sex

Men 319 (63.3) 133 (64.6) 186 (62.4)
.62

Women 185 (36.7) 73 (35.4) 112 (37.6)

Race

White 434 (86.1) 177 (85.9) 257 (86.2)

.38Black 39 (7.7) 19 (9.2) 20 (6.7)

Other or unknown 31 (6.2) 10 (4.9) 21 (7.0)

Insurance type

Private 220 (43.7) 63 (30.6) 157 (52.7)

<.001

Medicaid 57 (11.3) 20 (9.7) 37 (12.4)

Medicare 182 (36.1) 100 (48.5) 82 (27.5)

Uninsured 23 (4.6) 11 (5.3) 12 (4.0)

Other government or unknown 22 (4.4) 12 (5.8) 10 (3.4)

Charlson-Deyo comorbidity score

0 380 (75.4) 145 (70.4) 235 (78.9)

.081 95 (18.8) 48 (23.3) 47 (15.8)

≥2 29 (5.8) 13 (6.3) 16 (5.4)

Educational levela

Highest quartile 113 (22.6) 42 (20.8) 71 (23.9)

.60
Second-highest quartile 157 (31.5) 60 (29.7) 97 (32.7)

Second-lowest quartile 135 (27.1) 58 (28.7) 77 (25.9)

Lowest quartile 9 4 (18.8) 42 (20.8) 52 (17.5)

Median household incomea

Highest quartile 138 (27.7) 46 (22.8) 92 (31.0)

.18
Second-highest quartile 130 (26.1) 55 (27.2) 75 (25.3)

Second-lowest quartile 133 (26.7) 55 (27.2) 78 (26.3)

Lowest quartile 98 (19.6) 46 (22.8) 52 (17.5)

Facility typea

Community cancer program or
integrated network

74 (15.5) 26 (12.7) 48 (17.6)

.28Comprehensive community 122 (25.6) 57 (27.9) 65 (23.8)

Academic or research 281 (58.9) 121 (59.3) 160 (58.6)

No. of COC facilities

1 382 (75.8) 158 (76.7) 224 (75.2)
.69

>1 122 (24.2) 48 (23.3) 74 (24.8)

Regiona

Northeast 91 (19.1) 32 (15.7) 59 (21.6)

.43
South 142 (29.8) 64 (31.4) 78 (28.6)

Midwest 183 (38.4) 80 (39.2) 103 (37.7)

West 61 (12.8) 28 (13.7) 33 (12.1)

Geography

Metropolitan 378 (77.5) 143 (72.6) 235 (80.8)
.03

Nonmetropolitan 110 (22.5) 54 (27.4) 56 (19.2)

Radiation type

EBRT or 3-D conformal 211 (41.9) 99 (48.1) 112 (37.6)
.02

IMRT 293 (58.1) 107 (51.9) 186 (62.4)

(continued)
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HPV-negative HNSCC who had ENE in a single LN smaller than
3 cm (ie, AJCC8-defined pN2a disease) and who underwent
margin-negative surgical resection, adding chemotherapy con-
current with adjuvant RT was not associated with improved
OS. To our knowledge, this is the first study to examine the on-
cologic association of concurrent CRT in this clinical situa-
tion. The recommendation to add chemotherapy concurrent
with adjuvant RT in patients with ENE is based on the results
of 2 landmark RCTs (EORTC 22931 and ROTG 9501).3,4 Since
the publication of these trials, further precision and risk strati-
fication within ENE-positive disease has occurred based on the
number of ENE-positive LNs,16-18 extent of ENE (ie, macro-
scopic vs microscopic),16,19-23 and HPV status.11,24-26 Because
adding chemotherapy to adjuvant RT is associated with sig-
nificant increases in acute- and late-treatment toxicity, it is im-
portant to precisely define which groups of patients benefit.3-5

By showing that the addition of adjuvant chemotherapy in pa-
tients with pN2a HPV-negative HNSCC who had ENE and un-
derwent margin-negative resection was not associated with im-
proved OS, our study provides hypothesis-generating data that
can be used to inform future investigation to help develop
therapeutic protocols that maximize oncologic outcomes while
minimizing treatment-related morbidity.

Our precisely defined cohort was chosen to identify a
lower-risk ENE-positive HNSCC subgroup. First, there is grow-
ing evidence that the quantitative nodal burden of ENE-
positive disease is associated with survival. Greenberg et al16

showed that among patients with ENE, those with multiple
positive lymph nodes have decreased disease-specific sur-
vival and OS relative to those with ENE who have only a single
positive node. Other studies have found that single-node, ENE-
positive disease has similar survival outcomes relative to single-
node, ENE-negative disease.17,18 Second, EORTC 22931 and
RTOG 9501 did not separately examine the role of ENE on sur-
vival from other negative prognosticators, such as positive
margins.3,4 Therefore, we chose to include only patients re-
ceiving margin-negative surgery in our analysis. Finally, we fur-
ther included a size criterion of LN disease to be smaller than
3 cm to examine a population that corresponds to the new stag-
ing criteria for pN2a disease. From these criteria, we identi-

fied a select population of patients with ENE-positive HNSCC
who may not benefit from the addition of adjuvant chemo-
therapy to RT.

The association between the extent of ENE and benefit
from adjuvant CRT is unknown and is not addressed in the pre-
sent study. Numerous studies have shown that more exten-
sive, macroscopic ENE, defined as more than a 2-mm exten-
sion beyond the lymph node capsule,6,27 confers a worse
prognosis than microscopic ENE.16,20,21 However, the prog-
nostic significance of microscopic ENE remains contentious
in both HPV-positive and HPV-negative HNSCC.20,28 Unfortu-
nately, we were unable to evaluate the role of the extent of ENE
on survival. It is possible that patients with ENE-positive pN2a
disease may disproportionately have microscopic ENE, con-
founding the association between the number of nodes with
ENE and survival in this population. Future studies should ex-
plore the independent and conjoined effects of the number of
nodes with ENE and the extent of ENE on prognosis and op-
timal adjuvant therapy.

Figure. Kaplan-Meier Analysis of Overall Survival of Study Patients
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All patients had human papillomavirus–negative head and neck squamous cell
carcinoma, pathologic nodal category N2a with extranodal extension, and
underwent adjuvant therapy with either chemoradiation (CRT) or radiation
(RT).

Table 1. Clinical and Demographic Characteristics of Included Patients (continued)

Characteristic

No. (%) of patients

P value
Total patients
(n = 504)

Adjuvant RT
(n = 206)

Adjuvant CRT
(n = 298)

No. of chemotherapy agents

None 206 (40.9) 206 (100) 0

<.001
Single agent 227 (45.0) 0 227 (76.2)

Multiagent 53 (10.5) 0 53 (17.8)

Unknown 18 (3.6) 0 18 (6.0)

Cancer primary site

Oral cavity 370 (73.4) 143 (69.4) 227 (76.2)

.02Oropharynx (HPV negative) 28 (5.6) 8 (3.9) 20 (6.7)

Hypopharynx or larynx 106 (21.0) 55 (26.7) 51 (17.1)

AJCC6/7 pathologic T categorya

T1 or T2 282 (56.2) 108 (52.7) 174 (58.6)
.19

T3 or T4 220 (43.8) 97 (47.3) 123 (41.4)

Abbreviations: 3-D, 3-dimensional;
AJCC6/7, American Joint Committee
on Cancer Staging Manual, edition 6
or 7; COC, Commission on Cancer;
CRT, chemoradiation therapy;
EBRT, external beam radiation
therapy; HPV, human papillomavirus;
IMRT, intensity-modulated radiation
therapy; RT, radiation therapy.
a May not sum to total patient

number owing to missing data.
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Table 2. Association of Adjuvant CRT With Overall Survivala

Variable

Univariate analysis Multivariate analysis

HR (95% CI) P value Adjusted HR (95% CI) P value

Adjuvant chemotherapy

No (RT) 1 [Reference] 1 [Reference]

Yes (CRT) 0.83 (0.64-1.08) .17 0.98 (0.74-1.30) .87

Age, y

<50 1 [Reference] 1 [Reference]

50-59 1.15 (0.75-1.76) .52 1.07 (0.66-1.72) .79

60-69 1.38 (0.91-2.07) .13 1.20 (0.73-1.99) .47

≥70 1.86 (1.23-2.81) .003 1.53 (0.87-2.69) .14

Sex

Men 1 [Reference] 1 [Reference]

Women 0.92 (0.70-1.21) .54 0.86 (0.64-1.15) .31

Race

White 1 [Reference] 1 [Reference]

Black 0.80 (0.47-1.34) .39 0.64 (0.36-1.13) .13

Other or unknown 0.86 (0.48-1.53) .60 0.88 (0.49-1.61) .69

Charlson-Deyo comorbidity score

0 1 [Reference] 1 [Reference]

1 1.25 (0.91-1.73) .17 1.20 (0.85-1.69) .30

≥2 1.60 (1.00-2.58) .05 1.52 (0.91-2.55) .11

Insurance type

Private 1 [Reference] 1 [Reference]

Medicaid 1.66 (1.09-2.52) .02 1.97 (1.25-3.09) .003

Medicare 1.78 (1.32-2.39) <.001 1.32 (0.90-1.93) .16

Uninsured 1.33 (0.69-2.57) .39 1.41 (0.71-2.78) .32

Other government or unknown 1.66 (0.89-3.12) .11 1.31 (0.64-2.67) .46

Educational level

Highest quartile 1 [Reference]

Dropped outb NA
Second-highest quartile 0.95 (0.67-1.35) .79

Second-lowest quartile 0.75 (0.52-1.09) .14

Lowest quartile 0.84 (0.56-1.26) .41

Median household income

Highest quartile 1 [Reference]

Dropped outb NA
Second-highest quartile 1.14 (0.80-1.63) .46

Second-lowest quartile 1.06 (0.74-1.53) .74

Lowest quartile 1.09 (0.74-1.61) .67

Facility type

Community cancer program or integrated 1 [Reference]

Dropped outb NAComprehensive community 1.14 (0.75-1.73) .54

Academic/research 0.94 (0.65-1.38) .76

Region

Northeast 1 [Reference]

Dropped outb NA
South 1.58 (1.05-2.37) .03

Midwest 1.27 (0.85-1.89) .24

West 1.42 (0.86-2.34) .17

(continued)
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Because patients with several comorbidities or advanced
age may be medically unfit for treatment intensification,29,30

will likely not qualify for landmark RCTs,3,4 and may be
less likely to benefit from adjuvant CRT (particularly
cisplatin-based),31 we performed a subset analysis examining
adjuvant CRT in patients younger than 70 years and with no
comorbidities. Even in this subset of younger, healthier pa-
tients who would most likely tolerate cisplatin-based adju-
vant CRT, we still found no benefit to adjuvant CRT over ad-
juvant RT associated with OS.

A second subgroup analysis was conducted in patients with
pT3/T4 to evaluate whether the efficacy signal for adjuvant CRT
might have been diluted by patients with pT1/T2 disease but still
exists in this higher-risk, locally advanced disease group. How-
ever, the lack of survival benefit of CRT over RT in the higher-
risk subset of patients with ENE-positive single LN smaller than
3 cm disease still held. To keep study findings concordant with
current staging criteria (AJCC8), we attempted to reclassify the
T category using criteria from the AJCC8 category strata for oral
cavity (inclusion of depth of invasion, removal of extrinsic
tongue muscle invasion from T4a). However, incomplete data
about the depth of invasion and extent of soft tissue invasion
for tumors of the oral cavity prevented us from accurately re-
staging these tumors. Although our findings suggest that even
patients with an advanced T category may not benefit from treat-
ment-intensification adjuvant CRT relative to adjuvant RT, fu-
ture studies should confirm these findings in patients staged
using the T categories based on AJCC8.

Given the clinical focus of this research, it is imperative to
consider the practical question of how to apply our findings
to clinical practice. Although our study did not find an OS ben-
efit associated with adding chemotherapy concurrent with ad-
juvant RT for patients with ENE in a single LN, we believe that
it is premature to suggest a change to clinical practice (ie, with-
holding chemotherapy) based on the results of this single study.
As the de-escalation attempts for HPV-related oropharyngeal
cancer treatment (on and off clinical protocol) have so clearly

illustrated,32-35 changing the standard of care is a multistep pro-
cess fraught with method issues that require a convergence of
evidence from numerous avenues (RCTs with tightly con-
trolled, internally valid efficacy data and large-scale real-
world studies outside of tightly controlled clinical trials show-
ing clinical effectiveness).

Our preliminary findings, which are hypothesis-
generating in nature, do suggest that additional research is a
necessary and logical next step before clinical practice can be
safely and ethically changed. The most definitive way to an-
swer this clinical question would be through a multicenter RCT;
however, an RCT targeting our cohort of interest may be nei-
ther feasible nor an optimal use of resources. Additional ways
to investigate this clinical question include post hoc analyses
of prior RCTs involving HNSCC treated with surgery and ad-
juvant therapy (eg, RTOG 9501, RTOG 0234, ROTG 0024, and
EORTC 22931) that did not analyze this specific subgroup. Fur-
thermore, because the AJCC now recognizes a separate stag-
ing category for pN2a disease based on a single node with ENE,
future additional large-scale administrative studies should fa-
cilitate collection of key data for future analysis to corrobo-
rate these findings.

Finally, because OS remains poor for these patients, we
should continue to seek alternative treatment paradigms that
might intensify therapy beyond adjuvant radiation while avoid-
ing the toxicity of cytotoxic chemotherapy that may not add
a survival benefit. There are a number of ongoing clinical trials
exploring the efficacy and tolerability of adjuvant radioim-
munotherapy for patients with intermediate-risk HNSCC
(NCT03700905 and NCT03383094).36,37 Whether patients with
ENE in a single LN would benefit from alternative noncytotoxic
systemic therapies (such as adjuvant radioimmunotherapy)
relative to adjuvant RT is thus an important question. Future
intermediate-risk clinical trials might consider specifically
enrolling patients with ENE in a single LN to identify whether
they benefit from intensific ation with an adjuvant
radioimmunotherapy paradigm.

Table 2. Association of Adjuvant CRT With Overall Survivala (continued)

Variable

Univariate analysis Multivariate analysis

HR (95% CI) P value Adjusted HR (95% CI) P value

Geography

Metropolitan 1 [Reference]
Dropped outb NA

Nonmetropolitan 1.13 (0.83-1.54) .44

Type of RT

EBRT or 3-D conformal 1 [Reference]
Dropped outb NA

IMRT 0.99 (0.76-1.29) .94

Cancer primary site

Oral cavity 1 [Reference] 1 [Reference]

Oropharynx (HPV negative) 0.43 (0.19-0.97) .04 0.51 (0.22-1.18) .12

Hypopharynx or larynx 1.08 (0.80-1.46) .61 0.74 (0.52-1.06) .10

AJCC6/7 pathologic T category

T1 or T2 1 [Reference] 1 [Reference]

T3 or T4 1.50 (1.15-1.94) .002 1.46 (1.08-1.97) .01

Abbreviations: 3-D, 3-dimensional;
AJCC6/7, American Joint Committee
on Cancer Staging Manual, edition 6
or 7; CRT, chemoradiation therapy;
EBRT, external beam radiation
therapy; HPV, human papillomavirus;
HR, hazard ratio;
IMRT, intensity-modulated radiation
therapy; NA, not applicable;
RT, radiation therapy.
a Assessed by univariate and

multivariate Cox proportional
hazards models.

b Dropped out of final multivariate
model.
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Table 3. Association of Adjuvant Chemoradiation Therapy With Overall Survival Among 304 Patients Younger
Than 70 Years With No Comorbidities and 220 Patients With pT3/T4 Disease Assessed by Multivariate Cox
Proportional Hazards Model for Subset Analyses

Variable

Patients <70 y with no comorbidities Patients with pT3/T4 disease

Adjusted HR (95% CI) P value Adjusted HR (95% CI) P value

Adjuvant chemotherapy

No (RT) 1 [Reference] 1 [Reference]

Yes (CRT) 0.98 (0.66-1.45) .91 1.03 (0.70-1.54) .87

Age, y

<50 1 [Reference] 1 [Reference]

50-59 0.98 (0.58-1.66) .94 1.12 (0.52-2.39) .77

60-69 1.15 (0.68-1.93) .61 1.55 (0.75-3.21) .24

≥70 1.78 (0.83-3.84) .14

Sex

Men 1 [Reference] 1 [Reference]

Women 1.00 (0.68-1.49) .97 0.80 (0.52-1.21) .29

Race

White 1 [Reference] 1 [Reference]

Black 1.02 (0.46-2.24) .96 1.02 (0.54-1.93) .96

Other or unknown 1.80 (0.89-3.64) .10 0.78 (0.34-1.81) .57

Charlson-Deyo comorbidity score

0

Dropped outa NA

1 [Reference]

1 0.99 (0.62-1.58) .96

≥2 1.59 (0.80-3.15) .18

Insurance type

Private

Dropped outa NA Dropped outa NA

Medicaid

Medicare

Uninsured

Other government or unknown

Educational level

Highest quartile

Dropped outa NA Dropped outa NA
Second-highest quartile

Second-lowest quartile

Lowest quartile

Median household income

Highest quartile

Dropped outa NA Dropped outa NA
Second-highest quartile

Second-lowest quartile

Lowest quartile

Facility type

Community cancer program or
integrated

Dropped outa NA Dropped outa NAComprehensive community

Academic or research

Region

Northeast

Dropped outa NA Dropped outa NA
South

Midwest

West

Geography

Metropolitan
Dropped outa NA Dropped outa NA

Nonmetropolitan

(continued)
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Limitations
Although this was a methodologically rigorous study using a
precisely defined cohort in a national sample of patients to ad-
dress an ongoing area of clinical uncertainty, it has important
limitations. In our final cohort of patients with pN2a HPV-
negative HNSCC with ENE in a single LN smaller than 3 cm who
had undergone primary margin-negative resection and adju-
vant RT, 15% of potentially eligible cases were excluded ow-
ing to missing vital status. Although this is not uncommon for
studies using the NCDB, incomplete data are often not miss-
ing at random; exclusion of these cases can lead to selection
bias and affect study results and conclusions.38-40 In addi-
tion, the reasons some patients received adjuvant CRT and oth-
ers received adjuvant RT are unclear. Although we attempted
to control for potential allocation bias through multivariable
regression modeling, there is potential residual unmeasured
confounding that could account for the lack of improved OS
in the adjuvant CRT arm. In addition, it is possible that the lack
of improved OS with adjuvant CRT is due to the use of less ef-
ficacious systemic agents (particularly cetuximab-based
therapy).34,41,42 We attempted to control for this potential con-
founding through the subset analysis restricted to patients
younger than 70 years and with no comorbidities who would
most likely have received standard of care, cisplatin-based
therapy. Additional associated variables, such as smoking sta-
tus, may influence outcomes but were not analyzed because
they are not available in the NCDB. End points associated with
recurrence or DFS are not available in the NDCB. The RTOG
95014 showed that adjuvant CRT improves locoregional con-
trol and DFS relative to adjuvant RT. Further investigation of
whether the addition of chemotherapy concurrent with adju-

vant RT may improve locoregional control or DFS in this pa-
tient population is therefore warranted. Furthermore, it is pos-
sible that we did not find a benefit from the addition of
chemotherapy to RT because our study was underpowered.
However, a post hoc power calculation using the effect size for
DFS observed in RTOG 95014 yielded a sample size estimate
of 518. Thus, our sample size of 504 patients suggests that our
findings of the lack of benefit of adjuvant CRT are not likely
due to a type II error. Finally, it is possible that the extent of
ENE may moderate the association between chemotherapy and
survival for patients with pN2a HNSCC. Unfortunately, the ex-
tent of ENE (microscopic vs macroscopic) was missing or
unknown for the majority of patients in the current study, pre-
venting us from analyzing whether the association of CRT with
survival is moderated by the extent of ENE. Future research
should seek to clarify whether the role of adjuvant CRT for HPV-
negative disease varies depending on whether the ENE is mac-
roscopic or microscopic.

Conclusions
In summary, for patients with HPV-negative HNSCC who un-
derwent margin-negative surgical resection and had ENE in a
single LN smaller than 3 cm (ie, AJCC8-defined pN2A dis-
ease), adding chemotherapy concurrent with adjuvant radia-
tion was not associated with improved OS in this study. Over-
all survival remains poor in this patient population. As a result,
additional research is needed to identify the optimal thera-
peutic paradigm to minimize treatment toxicity while opti-
mizing oncologic outcomes.
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