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Abstract

Background and Objectives—Primary surgical treatment of patients with early T-
classification (T1-T2) oropharyngeal squamous cell carcinoma (OPSCC) has increased. We sought
to determine how often these patients receive postoperative chemoradiation (CRT).

Methods—~Patients with T1-T2 OPSCC in the National Cancer Database who underwent primary
surgery were evaluated for receipt of postoperative CRT. Postoperative CRT use was examined
among patients with high risk factors (positive margins and/or extracapsular spread (ECS)),
intermediate risk factors (negative margins, no ECS, and either pT3—4 and/or N2-N3), and no
apparent risk factors.

Results—Of 4,833 patients with T1-T2 OPSCC who underwent primary surgery, 43% had high
risk pathologic factors, of whom only 63% received postoperative CRT. Another 31% had no
apparent risk factors, of whom 16% nonetheless received postoperative CRT. On multivariable
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analysis, in addition to tumor and demographic factors, patients treated at community hospitals
were more likely to receive postoperative CRT (O.R. 1.41 C.1. 1.18-1.87, p=0.001).

Conclusions—\Variation in postoperative CRT use indicates a lack of consensus and/or
knowledge about its benefits and indications. Usage of postoperative CRT regardless of pathologic
risk factors suggests an area where future efforts at implementation of best practices may be
targeted.

Keywords

HPV-related oropharyngeal squamous cell carcinoma (OPSCC); adjuvant chemoradiation
(postoperative CRT); pathologic risk factors; National Comprehensive Cancer Network (NCCN)
guidelines; hospital-level variation

INTRODUCTION

We have recently shown that the choice of primary surgical treatment for patients with T1-
T2 oropharyngeal squamous cell carcinoma (OPSCC) increased from 56% of patients in
2004 to 82% of patients by 2013.1 This trend paralleled growing enthusiasm for transoral
robotic surgery (TORS) and other means of transoral endoscopic head and neck surgery.2—>
In this same time period, there has also been an emerging appreciation that patients with
HPV-related OPSCC, who typically present with low T-classification (T1-T2) disease, have
better survival outcomes than patients with non-HPV-related OPSCC regardless of treatment
choice,87 raising the potential to de-escalate therapy in these patients. One rationale for a
primary surgical approach in early T-classification OPSCC is the opportunity to avoid acute
and long-term toxicities associated with adjuvant treatment.

However, little is known about the current use of adjuvant treatments in surgically managed
T1 and T2 OPSCC. Since 2005, National Comprehensive Cancer Network (NCCN)
guidelines have defined risk factor groups based on pathologic features prognostic for
survival and/or locoregional recurrence, and made recommendations about adjuvant
treatment based on these groups. Patients at highest risk are those with positive margins
and/or extracapsular spread (ECS) outside of lymph nodes.® In this group, use of
postoperative chemoradiation therapy (postoperative CRT) has been a Category 1 (highest
level) recommendation until 2016 based on prospective RTOG and EORTC data and a
subsequent combined analysis published in 2004-2005.%-11 Of note, tumor HPV status was
not a variable in these analyses. Patients at intermediate risk include those with advanced
pathologic T-stage, advanced N-stage, nodal disease in levels IV/V, perineural invasion, and
vascular embolism. The recommendation (Category 2A or 2B over the years) for this group
has been for postoperative radiation (RT) alone or “consider” CRT. Patients at low risk have
no adverse pathologic features and are considered adequately treated with surgery alone.

The goal of this study was to identify national trends in the use of postoperative adjuvant
treatment for surgically treated T1 and T2 OPSCC. Specifically, we sought to understand
how often postoperative CRT is recommended based on guideline risk factor groups, as well
as how often and to whom it is actually given.
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MATERIALS AND METHODS

Data Source

The data source for this study was the National Cancer Database (NCDB), which is a joint
program of the Commission on Cancer (CoC) and the American College of Surgeons
(ACS).12 The NCDB is a hospital-based registry that collects data from over 70% of new
cancer cases in the United States each year, and over 80% of cases from the oral cavity and
pharynx.13 It is best used for assessing processes of care such as treatment trends.14 The
source files were used in accordance with the NCDB Participant User Files (PUF) data use
agreement. This study was given IRB waiver by Memorial Sloan Kettering Cancer Center.

Study Cohort

Outcomes

We identified all patients with clinically staged T1 and T2 OPSCC diagnosed between
2004-2013 who were = 18 years old. We included /nternational Classification of Disease for
Oncology (ICD-0) codes for the oropharynx (ICDO C019, C090, C091, C098, C099, C100,
C101, C102, C103, C104, C108, C109, C142). We included only patients with histologically
proven SCC tissue examined by microscope rather than cytology alone; the tissue could be
examined from biopsy or surgical pathology specimens. We excluded patients who had
received part or all of their treatment outside of the NCDB reporting facility, whose
treatment information was missing or for whom the sequence of treatments was not clear,
and whose staging information was inconsistent with treatment information or could not be
assessed (Figure 1).

We then selected patients who underwent a primary surgical approach as initial treatment.
Primary surgical patients were those who underwent more than a “local tumor excision”
before any radiation or chemotherapy. For tonsil and other oropharynx all categories of
“pharyngectomy” were used. Base of tongue tumors (ICD C019) are listed with other tongue
tumors; primary surgical patients were those who underwent at least “glossectomy.” After
selecting primary surgical patients we excluded those who had incomplete information on
margin status and ECS (Figure 1).

The outcome variable of interest was the use of postoperative CRT among patients
undergoing primary surgery for T1-T2 OPSCC. Radiation was determined to be given if
patients were labeled as receiving external beam radiation but no other types of treatment
within 120 days of surgery. Postoperative CRT was determined to be given if patients had
radiation and were labeled as receiving any type of cytotoxic chemotherapy or immunologic
agent (such as cetuximab) within 120 days of surgery. We included patients who were
recommended chemotherapy but refused, because the analysis aims to capture primary
surgical patients who were intended to have adjuvant therapy. We also evaluated the use of
postoperative CRT stratified by guideline risk factor groups: we defined a “high risk” group
as patients with either positive margins and/or ECS, an “intermediate risk” group as patients
with negative margins, no ECS, and either pT3-4 and/or N2-N3; and a “low risk” group as
patients with negative margins, no ECS, pT1-T2, and NO-N1. Of note, other intermediate

J Surg Oncol. Author manuscript; available in PMC 2018 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Roman et al.

Page 4

risk factors such as perineural spread and lymphovascular invasion were not available from
the NCDB.

Tumor -Related Variables

We used pathologic T-classification in analyzing outcomes since all patients in the cohort
underwent surgery and it is the pathologic stage that may influence the decision regarding
adjuvant therapy. Similarly, we used “N-stage overall” which we defined as pathologic
staging (if neck dissection performed) or clinical staging otherwise. ECS is defined in the
NCDB as either negative, microscopic, macroscopic, or unknown; for this analysis ECS was
determined to be positive if microscopically or macroscopically positive. Margins were
defined as positive if there was microscopic or macroscopic “residual tumor.” Close margins
are not recorded in the NCDB and would be considered negative by coding rules.

Additional Covariates

Analysis

RESULTS

Patient sociodemographic factors included age, sex, race, insurance status, and comorbidities
(Charlson-Deyo Comorbidity index%). Hospital volume was defined as the total number of
new OPSCC cases seen over all years from 2004-2013 regardless of primary treatment, with
hospitals divided into quartiles by volume for analysis. Hospital type was defined as either
“academic,” which included Academic/Research programs as well as National Cancer
Institute (NCI)-designated Comprehensive Cancer Centers, or “community,” which included
Community Cancer Programs, Comprehensive Community Cancer Programs, Integrated
Network Cancer Programs, and other specified types of programs. Less than 3% of the
hospital type variable was missing; we imputed this information based on a given hospital’s
designated type (academic or community) available from other patients at that hospital, by
year of the missing data.

We used descriptive and chi-square statistics to compare tumor, patient sociodemographic,
and hospital factors among patients who underwent postoperative CRT versus those who did
not, and to compare hospital provision of postoperative CRT according to risk factor groups.
For multivariable analysis, we used hierarchical generalized linear models with a logit link
to account for clustering of patients within hospitals while evaluating the influence of tumor,
patient sociodemographic, and hospital factors on the binary outcome of receipt of
postoperative CRT. Because the large sample size allowed us to include all variables of
interest in the multivariable model, no model selection was necessary. P-values <0.05 were
considered significant. Analyses were conducted using Stata Statistical Software (Release
12.1; Stata Inc., College Station, TX).

Characteristics of the cohort

We identified 4,833 patients who presented with T1-T2 OPSCC between 2004-2013,
underwent primary surgical therapy, and had complete pathologic information for analysis
(Table 1). The majority were male (78%), age 50-64 (56%), and were white (92%). The
majority had private insurance (69%) and zero comorbidities on the Charlson-Deyo index
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(81%). More than half (59%) were treated at academic cancer programs. While 31% were
treated at high volume hospitals that saw >50 patients with OPSCC, 28% were treated at
very low volume hospitals where only 10 or fewer patients with OPSCC were treated over
the study period. Regarding tumor factors, 25% of patients treated with primary surgery had
positive margins, and 24% had ECS.

Postoperative CRT

Overall 44% (2120) of patients had postoperative CRT. In 2004, 34% of patients received
postoperative CRT, which rose to 59% in 2008 and then dropped to 31% by 2013 (Figure 2).
Patients were more likely to receive postoperative CRT if they had ECS, positive margins,
advanced nodal stage, or advanced pathologic T stage (p>0.0001 for all except T-stage
p=0.013; Table 1 Column 2). Patients were more likely to receive postoperative CRT if they
were younger, male, white, had private or no insurance compared to government insurance,
and had fewer comorbidities (p<0.0001 for all; Table 1 Column 2). Patients were more likely
to receive postoperative CRT if they were treated at community hospitals compared to
academic hospitals (52% vs. 38%, p<0.0001), and at the lowest volume hospitals compared
to the highest volume hospitals (52% vs. 40%, p<0.0001; Table 1 Column 2).

Tumor risk factor groups

Of the total of 2120 patients who received postoperative CRT, 62% (1304) had high risk
pathologic factors (ECS and/or positive margins), 28% (583) had intermediate risk factors
without high risk factors, and 11% (233) had no apparent risk factors.

Patients in different risk factor groups received variable amounts of postoperative CRT. A
total of 43% (2074) of patients undergoing primary surgery had high risk pathologic factors
(Table 2); of these, 63% received postoperative CRT. Another 27% (1280) of patients
undergoing primary surgery had intermediate risk factors (N2-N3 and/or pT3-T4 but no
ECS, negative margins); of these, 46% received postoperative CRT. An additional 31%
(1479) of patients undergoing primary surgery had no apparent pathologic risk factors (no
ECS, negative margins, pT1-T2, and NO-N1); of these, 16% received postoperative CRT.

Hospital level variation

When examined according to risk factor group and the hospital where they were treated,
patients were more likely to receive postoperative CRT if they went to community hospitals
or very low volume hospitals, regardless of whether they had high risk pathologic factors or
no apparent risk factors (Figure 3). Wide variation can be seen across hospital types in
hospitals’ provision of postoperative CRT among all patients (Figure 4A), and among
patients with high risk factors or no apparent risk factors (Figures 4B, 4C).

Factors associated with postoperative CRT

On multivariable analysis, both tumor and non-tumor factors predicted the use of
postoperative CRT (Table 1 Column 3). Tumor factors associated with receipt of
postoperative CRT were ECS (O.R. 2.75, C.1. 2.31-3.27, p<0.0001), positive margins (O.R.
1.96, C.1. 1.66-2.32, p<0.0001), and any nodal stage higher than NO (strongest correlation
N3: O.R. 11.85, C.I. 7.47-18.80, p<0.0001). Pathologic T stage was not correlated with the
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receipt of postoperative CRT. Treatment at a community hospital was associated with receipt
of postoperative CRT (O.R. 1.49, C.1. 1.18-1.87, p=0.001), while hospital volume was not
associated with postoperative CRT on multivariable analysis.

DISCUSSION AND CONCLUSION

Primary surgical therapy for patients with T1-T2 OPSCC has increased in recent years. One
theoretical benefit of primary surgical treatment in appropriately selected patients is the
potential to avoid toxicities related to adjuvant chemotherapy and radiation. While the
NCCN has explicit guidelines regarding the use of adjuvant CRT after primary surgical
treatment in OPSCC, little is currently known about the frequency and predictors of its use
after primary surgery: specifically, how many of these patients actually receive it? Do
characteristics other than tumor risk factor indications make patients more or less likely to
receive postoperative CRT?

In this national cohort of patients undergoing primary surgery for T1-T2 OPSCC, a total of
44% of patients received postoperative CRT, of whom 65% had high risk pathologic factors
(ECS and/or positive margins). Patients who had positive margins, ECS, or higher N-
classification disease were more likely to receive postoperative CRT. Among all primary
surgical patients, 43% had high risk pathologic factors, and 63% of these patients received
postoperative CRT. Regardless of whether patients had high risk factors or no apparent risk
factors, they were more likely to receive postoperative CRT at community hospitals
compared to academic, and at the lowest volume hospitals compared to the highest.

Strengths of this analysis include wide representation of U.S. national treatment patterns
given the broad range of hospitals in the NCDB database, robust hospital-level analysis of
treatment patterns, and a time frame for analysis that covers a period of increased use of
primary surgery for T1-T2 OPSCC and the emergence of level 1 data in support of adjuvant
CRT.

This study has important limitations: First, many patients were excluded because of missing
or poor quality data, which decreases the generalizeability of our data. Second, HPV status
was only routinely recorded in the NCDB after 2010 and so we could not account for this in
the analysis. Third, retrospective analyses of large secondary databases have inherent
limitations related to missing variables. Specific to this study, information on perineural
invasion and lymphovascular invasion are not recorded in the NCDB. This may be important
because they are potential intermediate risk pathologic factors that can affect the selection of
patients for postoperative CRT.

Although receipt of postoperative CRT in the present study was related to pathologic risk
factors, we found that variation in use was also dependent upon hospital characteristics even
after controlling for pertinent pathologic risk factors. Very low volume and community
hospitals tended to give more postoperative CRT, regardless of whether patients had high
risk pathologic factors or no apparent risk factors. This raises the possibility that certain
institutions are more likely to be “chemo-givers” despite indications to the contrary. On
bivariate analyses these institutions were more likely to be community and very low volume
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ones; but it is apparent that specific hospitals of both types give variable amounts of
postoperative CRT. It is therefore possible that unknown hospital characteristics besides
volume and type account for much of the variation. These hypotheses deserve further
inquiry, but relate to the recent finding using the NCDB that high volume and academic
hospitals were less likely to give adjuvant therapies to all comers with head and neck
cancers.16

When wide variation is seen in the use of a medical service, and when guideline
recommendations are not well adhered to, one explanation is that the indications—the
balance of benefits and harms, remain uncertain to some practitioners.1” The present
analysis demonstrated a significant proportion of patients who did not receive postoperative
CRT despite pathologic risk factors of positive margins and/or ECS. Although these risk
factors were a category 1 indication during the study period in NCCN guidelines for patients
to receive postoperative CRT, the significance of these factors for patients with HPV-
associated disease has been brought into question.”-18-20 A prospective study attempts to
determine the importance of ECS in this population.2! One feature of postoperative CRT that
is generally agreed upon is that patients who receive all three modalities of therapy at
maximal intensity tend to suffer worse functional outcomes.?2:23 The wide variation in use
may therefore be related to lack of consensus on the benefits of and indications for
postoperative CRT, specifically in HPV positive disease, and/or concern about the harms
involved with tri-modal treatment.

Conversely, some practitioners may believe that there is benefit to a primary surgical
approach followed by liberal provision of postoperative CRT, on the basis that this approach
might improve survival outcomes. This might be the explanation for the use of postoperative
CRT seen in the present cohort in patients with either intermediate risk factors or no
apparent risk factors. Explicit escalation of therapy to three modalities was the subject of
another prospective study in patients with HPV negative disease (RTOG 1221), but the study
was closed due to lack of accrual.24

The ECOG 3311 and other trials are currently investigating whether primary surgical
therapy may be beneficial in tailoring multi-modality therapy for patients with early stage
OPC based on pathologic staging factors. This approach remains experimental.2> Until these
trials are finished, if a stated goal of choosing a primary surgical approach remains the
possibility of avoiding the toxicities of postoperative CRT, primary treatment choice should
consider pre-operative prediction of the possibility of pathologic risk factors. While a certain
proportion of patients will have occult or microscopic ECS not predictable on preoperative
imaging, and of unclear prognostic importance, a primary surgical approach is probably
suboptimal in cases with clear evidence of gross ECS. Similarly, a low rate of margin-
positive resections is anticipated for any type of operation, but when positive margins are
expected at a higher rate due to size or anatomy of the tumor, a primary surgical approach is
probably suboptimal. Postoperative CRT might be predicted in these cases and could have
been avoided by utilizing a primary non-surgical approach.

The findings of this study have important implications, especially in an era of both increased
rates of HPV-related OPSCC and increased use of primary transoral endoscopic head and
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neck surgery. In summary, the finding that factors other than pathology and medical
comorbidities predict the use of postoperative CRT and that some variation remains
unexplained by the variables included in our analysis points to potential uncertainty about
the benefits, indications, and harms of postoperative CRT. If the goal of treatment is both
optimal survival but also optimized patient-reported outcomes and quality of life, better data
is needed to understand a) who the most appropriate candidates are for primary surgical or
primary radiation treatments, with the goal of deescalation to avoid functional morbidity,
and b) who should receive postoperative CRT after a primary surgical treatment approach.
Wide hospital level variation in the use of postoperative CRT suggests that when new data
becomes available, efforts at implementation of guideline recommendations can be bolstered
to ensure that practice patterns are aligned to achieve appropriate outcomes.28
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Synopsis

Primary surgical treatment of patients with early T-classification (T1-T2) oropharyngeal
squamous cell carcinoma (OPSCC) has increased. We sought to determine how often and
why these patients receive postoperative chemoradiation (CRT). We analyzed patients
who received postoperative CRT with T1-T2 OPSCC in the National Cancer Database
who underwent primary surgery. On our multivariable analysis, in addition to tumor
factors and some demographic factors, patients treated at community hospitals were more
likely to receive postoperative CRT, but there was no difference by hospital volume. We
concluded that the variation in the use of postoperative CRT indicates a lack of consensus
and/or knowledge about its benefits and indications.

J Surg Oncol. Author manuscript; available in PMC 2018 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Roman et al.

49,636
Histologically confirmed clinical T1-
T2 OPSCC, 2004-2013

\J

5,967
Treated with a primary surgical
approach

.

l

4,833
Analyzed for receipt of post-operative
adjuvant therapies

Figure 1.
Flow diagram of patient inclusion/exclusion
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-Treatment outside of the NCDB
reporting facility (10,460)
-Treatment information missing or
sequence not clear (6,095)
-Staging information inconsistent
with treatment information (1,149)
-Staging incomplete or cannot be
assessed (23,164)

-Treated with a primary radiation
approach (2,801)

Missing ECS and/or margin status
(1,134)
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Figure 2.
Adjuvant treatments for patients with T1-T2 OPSCC undergoing primary surgical approach,

for whom ECS and margin status are known. N= 4833 including 1528 (32%) receiving
surgery alone, 1185 (25%) receiving surgery and post-operative radiation (RT), and 2120
(44%) receiving postoperative CRT.
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Figure 3.

Hospitals’ provision of postoperative CRT based on pathologic risk factor groups. A) High
Risk Factors Group; on the left, provision of postoperative CRT according to hospital type;
on the right, provision according to hospital volume B) No Risk Factors Group; on the left,
provision of postoperative CRT according to hospital type; on the right, provision according
to hospital volume. P-values represent chi-square statistics.
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Variation in the proportion of chemotherapy given by hospitals. Note: for visual purposes,
these graphs exclude hospitals seeing fewer than 6 patients over the study period, as these
proportions are more likely to be at extremes of 0% or 100%. A) Hospitals’ proportion of all
patients receiving postoperative CRT; B) Hospitals’ proportion of patients with high risk
factors (positive margins and/or ECS) receiving postoperative CRT; C) Hospitals’ proportion
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of patients with no apparent risk factors (no ECS, negative margins, pT1-T2, and NO-N1)
receiving postoperative CRT.
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Table 2

Pathologic Guideline Indication Groups and Receipt of Postoperative CRT

Total N (Column %)

Received Postoper ative CRT N (Row %)

Patients 4833 2120 (43.9%)
High Risk 2074 (42.9) 1304 (62.9)
(positive margins and/or ECS)

Intermediate Risk 1280 (26.5) 583 (45.6)
(N2-N3, pT3-T4, negative margins, no ECS)

Low Risk 1479 (30.6) 233(15.8)

(negative margins, no ECS, NO-N1, pT1-T2)
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