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Abstract

Background: Postoperative mortality for oropharynx squamous cell carcinoma (OPSCC) with
transoral robotic surgery (TORS) varies from 0.2% to 6.5% on trials; the real-world rate is
unknown.

Methods: NCDB study from 2010 to 2017 for patients with cT1-2N0-2MO0 OPSCC with
Charleson—Deyo score 0-1. Ninety-day mortality assessed from start and end of treatment at
Commission on Cancer-accredited facilities.

Results: 3639 patients were treated with TORS and 1937 with radiotherapy. TORS cohort had
more women and higher income, was younger, more often treated at academic centers, and more
likely to have private insurance (all p < 0.05). Ninety-day mortality was 1.3% with TORS and
0.7% or 1.4% from start or end of radiotherapy, respectively. From end of therapy, there was no
significant difference on MVA between treatment modality.
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Conclusions: There is minimal difference between 90-day mortality in patients treated with
TORS or radiotherapy for early-stage OPSCC. While overall rates are low, for patients with
expectation of cure, work is needed to identify optimal treatment.

Keywords

90-day mortality; organ preservation; oropharynx cancer; postoperative mortality; radiotherapy;
transoral robotic surgery

1| INTRODUCTION

Traditionally, curative management of oropharynx squamous cell carcinoma (OPSCC)
involved definitive radiotherapy (RT) with or without chemotherapy.! After FDA approval

of transoral robotic surgery (TORS) in 2009 for patients with T classification 1-2

disease, upfront surgery rates for OPSCC increased.2 ECOG-ACRIN 3311 (EA3311) has
established the safety of TORS among rigorously credentialed surgeons, with a 0.2% rate

of postoperative mortality.3# This study also established the curative potential of TORS.

The only randomized trials directly comparing TORS to RT are the ORATOR trials. The
first ORATOR trial showed a statistically, though not clinically, significant detriment in
swallowing function with TORS and reported a 2.9% rate of postoperative mortality.®
ORATOR-2 closed early due to excess morbidity of TORS with 6.5% of patients having
surgery-related deaths.8.” The national rate, outside of a clinical trial setting, of postoperative
mortality for OPSCC is unknown, yet of critical importance given that modern treatments
may confer >90% cure rates for patients with early-stage disease.3>6 We assessed 90-day
mortality for patients with OPSCC treated at centers credentialed with the American College
of Surgeons and the American Cancer Society in the United States.

2| MATERIALS AND METHODS

2.1| Cohort derivation

The National Cancer Database (NCDB) provides deidentified data from over 1500 hospitals
representing approximately 70% of new cancer diagnoses in the United States.® Since
identifiable patient information was not used, this study was exempt from institutional
approval and informed consent. We queried the NCDB for patients treated from 2010

to 2017 with AJCC 7th Edition Stage clinical T-classification 1-2, N classification 0-2,

M classification 0 OPSCC, and Charlson—-Deyo composite comorbidity score 0-1. We
excluded patients with missing vital status, and patients with systemic therapy delivered
prior to surgery. TORS cohort included patients with definitive intent robotic surgery to the
primary site. We only included patients with known neck dissection status. Patient selection
criteria as well as NCDB codes are detailed in Table S1, Supporting Information. RT cohort
included patients receiving at least 45 Gy cumulative dose without surgery (Table S2). RT
cohort was evaluated both using treatment start and treatment end as time zero for separate
analyses.
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2.2 | Covariates

We evaluated patient factors (age, sex, race, insurance, median income, Charlson-Deyo
score) as well as tumor factors (lymphovascular space invasion [LVSI], HPV status,
extracapsular extension [ECE], and number of lymph nodes involved [0, 1-4, vs. 5+]),
and treatment factors (facility type, surgical margins, number of lymph nodes examined
[0, 1-6, 7-15, 16-25, vs. 25+], and year of treatment). Concurrent chemotherapy use was
defined as chemotherapy start within 2 weeks of radiation start. Facility treatment volume
was evaluated based upon patients included in this study.

2.3| Outcomes

Ninety-day mortality was assessed using vital status 90-days from TORS or from first day
of radiation as a binary variable. We evaluated the associations of covariates on 90-day
mortality following TORS. We then compared differences in distribution of covariates
between TORS and RT cohorts. Finally, we evaluated associations between covariates
(including TORS vs. RT) on 90-day mortality for the combined TORS and RT cohort as
well as between the highest and lowest quartile of facility treatment volume stratified by
treatment modality.

2.4 | Statistical methods

Data analyses were done in SAS® 9.4 (Cary, NC) by SAS® macros developed by the
Biostatistics Shared Resource at the Winship Cancer Institute as well as R (R Core Team,
2020), RStudio (Rstudio Team, 2020).° The significance level was set a priori at p< 0.05.
Associations with 90-day mortality were evaluated in univariate and multivariable (MVA)
logistic regression models using backward elimination with an alpha level of removal of
0.2. Balance of distributions of factors between the cohorts was assessed with chi-square or
ANOVA as appropriate. Cumulative incidence plots were created for 0-90-day survival for
TORS and radiotherapy cohorts using the R package “survimer” with comparison of groups
using Fine-Gray p-value.

3| RESULTS

There were 3639 patients in the TORS cohort and the 90-day mortality rate was 1.3% (7

= 49). Table 1 shows baseline demographic features and covariates associated with 90-day
mortality. On multivariable analysis (MVA), 90-day mortality was significantly higher with
older age (OR 1.07, 95%Cl: 1.04-1.11, p< 0.001), higher Charlson-Deyo comorbidity
score (OR for 0 vs. 1+: 0.49, 95%CI: 0.27-0.90, p=0.021), LVSI present (OR 2.09,
95%Cl: 1.10-3.97, p=0.025), and positive surgical margins (OR 2.35, 95%CI: 1.26-4.38,
p=0.007). There was no significant difference in odds of 90-day mortality between tonsil
and base of tongue primary (OR 1.19, 95%Cl: 0.64- 2.21, p= 0.590), but on univariate
analysis there was significantly higher odds of 90-day mortality with posterior pharyngeal
wall primary compared to tonsil (OR 3.71, 95%ClI: 1.64-8.40, p=0.002).

There were 1937 patients in the RT cohort and the 90-day mortality rate was 0.7% (n =
14) when assessed from start of treatment and 1.4% (= 26) when assessed from end of
treatment (Fine-Gray p = 0.035). Figure 1 shows cumulative incidence of death in first 90
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days for TORS and RT cohorts both from start and completion of therapy. Table 2 compares
baseline demographic features between the TORS and RT cohorts. The TORS cohort was
significantly younger (p = 0.015) and had significantly higher proportion of women (p <
0.001). Notably, while patients treated at academic centers were more than three times as
likely to be treated with TORS, patients treated at nonacademic centers were more likely to
be treated with definitive radiotherapy (p < 0.001). Of the 1527 patients treated with RT with
available data on concurrent systemic therapy use, 1373 received concurrent chemotherapy
(89.9%), 154 did not receive chemotherapy (10.1%). Of the 1937 patients treated with RT,
410 had missing data about concurrent systemic therapy use.

When assessed from treatment start, higher 90-day mortality was significantly associated
on MVA with TORS compared to RT (OR 1.98; 95%CI: 1.09-3.60, p= 0.026) and age

(OR 1.09; 95%Cl: 1.06-1.11, p< 0.001). When assessed from treatment end, higher 90-day
mortality was significantly associated on MVVA with age (OR 1.08; 95%Cl: 1.05-1.11, p

< 0.001) and lower 90-day mortality was associated with HPV-positive disease compared

to HPV-negative (OR 0.50; 95%CIl: 0.27-0.93, p= 0.028), Medicare insurance compared

to uninsured or Medicaid (OR 0.46; 95%CI: 0.22-0.94, p= 0.033), and Private insurance
compared to uninsured or Medicaid (OR 0.42; 95%CI: 0.21-0.83, p=0.013). Table S3
describes both univariate and multivariable analyses for 90-day mortality in the combined
cohort of TORS and RT patients for both time from treatment start and treatment end.

By institutional treatment volume, the 90-day mortality rate after TORS was 1.1% (n7=

10 of 872) and 2.0% (7= 19 of 940) at institutions in the highest and lowest quartile of
treatment volume, respectively. The 90-day mortality rate from start of RT was 0.3% (n=1
of 397) and 1.6% (n = 8 of 488) at institutions in the highest and lowest quartile of treatment
volume, respectively. There was no significant difference in 90-day mortality after TORS
based on treatment at high compared to low volume institution (2-tailed p= 0.138), but
there was significantly higher 90-day mortality after RT when patients were treated at a low
volume institution (2-tailed p=0.041).

4| DISCUSSION

Ninety-day mortality for patients with OPSCC treated with TORS or RT in the United States
is 1%-2% likely without clinically meaningful difference between modality. Controversy
over the different rates of Grade 5 toxicity on ORATOR2 (6.5%) and EA3311 (0.2%)
centers on surgical technique.3 Critics of ORATOR argue that 1 cm margins and routine
tracheostomy use led to worse outcomes.19 Additionally, the small study size meant that

one or two events explained the 2.9% and 6.5% Grade 5 toxicity rates on ORATOR and
ORATOR?2, respectively.>/

Surgeons on EA3311 underwent far more rigorous credentialing beyond AHNS certification
requirements.1 Surgeons were required to have =20 documented cases, =1 mm margins

in >90% of prior cases, and meet secondary criteria based on adjuvant therapies, lymph
nodes dissected, and postoperative bleeding rates.* Among 359 eligible patients, only 1
Grade 5 toxicity was attributed to TORS (0.2%).3 However, not all patients have access to
such highly specialized surgeons. Notably though, we observed no statistically significant
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difference between 90-day mortality at high- and low-volume institutions (1.1% vs. 2.0%, p
= 0.14). Our observations more accurately convey the risks and outcomes for patients treated
by a broader spectrum of surgeons at hospitals credentialed with the American College of
Surgeons including a 1.3% postoperative mortality rate and 14.7% rate of positive margins.
We can only speculate that outcomes at non-credentialed centers are unlikely to be superior.

In the modern era of HPV and TORS for OPSCC, Dr Blake Cady’s wisdom remains

true: “Biology is King, selection of cases is Queen.”12 High cure rates and potential

for high burden of treatment toxicity have motivated deescalation approaches. As such,
patient selection for upfront management remains a source of vigorous debate. Retrospective
data initially suggested superiority of TORS,13 but in light of ORATOR, those results

could have been confounded by eligibility criteria. Furthermore, for patients treated with
definitive radiotherapy, favorable candidates for TORS have better outcomes than similarly
staged patients who are unfavorable TORS candidates.* Whereas prospective trials are
limited by highly controlled clinical environments, the NCDB provides real world evidence
highlighting the experience of a more generalized population.

Study limitations include missing data and biases. Notably, cause of death or disease-
specific survival are not coded in the NCDB. As such we cannot report details about whether
or not deaths were related to treatment. While radiotherapy is a noninvasive treatment,
possible early causes of death for patients could include failure to thrive secondary to
mucositis or complications for urgent parenteral feeding tube placement, infection from
high-grade skin desquamation, or unrelated causes. While this study only analyzed patients
with Charleson—Deyo scores of 0-1, that could include patients with prior myocardial
infarction or stroke, congestive heart failure, or COPD. Additionally, poor recovery after
surgery confounds associations with pathologic features (e.g., a patient planned for staged
neck dissection that dies peri-operatively will be coded as 0 lymph nodes dissected).
Assessing institutional practice patterns such as upfront management preferences, adjuvant
therapy use, and time to adjuvant therapy initiation are subject to multiple confounding
variables, and are beyond the scope of this analysis. Our assessment of treatment volume
does not capture the full breadth of surgical expertise such as non-TORS operative volume
or individual provider metrics such as rate of negative margins, adequacy of lymph node
dissections, and postoperative bleeding rates that were assessed for surgeons credentialed on
EA3311.

Using the NCDB, which captures 70% of all cancer diagnoses in the United States,

we showed that the rate of 90-day mortality following TORS is 1.3% for patients with
OPSCC and 0.7%-1.4% for RT. Cure rates for early-stage patients exceed 90% underscoring
importance of patient selection and informed consent about nontrivial risks of surgical
mortality, even with TORS.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
Cumulative incidence function curves for mortality during first 90-days from start and

completion of treatment for transoral robotic surgery (TORS) and radiotherapy cohorts
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