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Abstract
Background: A primary goal in transoral robotic surgery (TORS) for oropharyn-
geal squamous cell cancer (OPSCC) survivors is to optimize swallowing func-
tion. However, the uncertainty in the outcomes of TORS including postoperative 
residual positive margin (PM) and extranodal extension (ENE), may necessitate 
adjuvant therapy, which may cause significant swallowing toxicity to survivors.
Methods: A secondary analysis was performed on a prospective registry data 
with low- to intermediate-risk human papillomavirus–related OPSCC possibly 
resectable by TORS. Decision trees were developed to model the uncertainties 
in TORS compared with definitive radiation therapy (RT) and chemoradiation 
therapy (CRT). Swallowing toxicities were measured by Dynamic Imaging Grade 
of Swallowing Toxicity (DIGEST), MD Anderson Dysphagia Inventory (MDADI), 
and the MD Anderson Symptom Inventory–Head and Neck (MDASI-HN) in-
struments. The likelihoods of PM/ENE were varied to determine the thresholds 
within which each therapy remains optimal.
Results: Compared with RT, TORS resulted in inferior swallowing function 
for moderate likelihoods of PM/ENE (>60% in short term for all instruments, 
>75% in long term for DIGEST and MDASI) leaving RT as the optimal treatment. 
Compared with CRT, TORS remained the optimal therapy based on MDADI 
and MDASI but showed inferior swallowing outcomes based on DIGEST for 
moderate-to-high likelihoods of PM/ENE (>75% for short-term and >40% for 
long-term outcomes).
Conclusion: In the absence of reliable estimation of postoperative PM/ENE con-
current with significant postoperative PM, the overall toxicity level in OPSCC 
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1   |   INTRODUCTION

Recent studies indicate that the incidence of human 
papillomavirus–associated (HPV+) head-and-neck 
(HNC) cancer has been on a sharp rise, and the inci-
dence of this malignancy is projected to nearly double 
by the year 2030.1,2 With a yearly incidence of 600,000 
cases worldwide, there are 62,000 HNC cases annually 
in the United States with an estimated 13,000 deaths,3,4 
driven by the endemic rise of oropharyngeal squamous 
cell cancer (OPSCC).5 Historical OPSCC surgical treat-
ment for OPSCC involved surgical procedures including 
transmandibular and transcervical pharyngotomy, which 
are associated with significant functional morbidity, no-
tably dysphagia.6–8 To reduce postoperative morbidity, 
high-dose radiation therapy (RT) in combination with 
chemotherapy became the standard organ-preserving 
approach, offering comparable locoregional control and 
survival. However, nonsurgical chemoradiation therapy 
(CRT) treatments also put the patient at risk for multiple 
posttreatment toxicities, including radiation-associated 
dysphagia.

Transoral robotic surgery (TORS) is a surgical approach 
that was approved by FDA in 2009 and involves minimal 
disturbance to critical nerves and swallow musculature of 
the laryngopharynx, thus promising superior acute post-
operative swallowing outcomes compared with traditional 
open surgical approaches9 and therapeutic nonsurgical 
organ-preserving regimens in OPSCC10 as reported in pro-
spective cohort studies.11–14 Proponents of a primary TORS 
approach further cite potential for de-escalation protocols 
or avoidance of adjuvant therapies, altogether as a major 
functional advantage of TORS.10 Despite TORS promise, it 
is reported that only 9%–27% of patients treated with front-
line TORS avoid postoperative adjuvant RT, and 34%–45% 
avoid adjuvant CRT.10 As probabilistic outcomes of TORS, 
postoperative positive margins (PMs) or pathological ex-
tranodal extensions (ENEs) indicate increased risk of re-
currence, and necessitate adjuvant (C)RT (Figure 1 [Top]) 
with resultant short- and long-term radiation associated 
toxicities.14,15 In a recent study on a cohort of low- and 
intermediate-risk OPSCC patients receiving definitive (C)
RT and TORS (possibly followed by adjuvant therapy), 
swallowing outcomes (at 3–6 months posttreatment) were 

reported to be similar regardless of the primary treatment 
modality.14 This suggests that patients undergoing TORS, 
when followed by adjuvant therapy, may not incur less se-
vere dysphagia compared with receiving definitive CRT as 
the primary treatment modality.

At present, the relative selection criteria for surgery are 
primarily qualitative and based on subjective assessment 
by the physician. Studies suggest that, at least in current 
practices, physicians are quite poor at predicting the ne-
cessity of adjuvant therapy based on presurgical or im-
aging risk features. This leaves the provider and patient 
with an upfront pretherapy choice: choose definitive (C)
RT with known quantized patient-specific toxicity risk 
probability OR choose an a priori quantifiable toxicity risk 
of surgery and an undefined probability of the risk tox-
icity of adjuvant therapy. The premise of this study is to 
define the proportional likelihood of surgical risk features 
(and resultant indication for adjuvant therapy-associated 
toxicity) and determine mathematically optimal decision 
between primary therapies: (chemo)RT or TORS. Put sim-
ply, we address the question of how numerically confident 
the surgeon and radiation oncologist must be in the risk 
of pretreatment pathologic margin positivity or ENE be to 
rationally select TORS for the purposes of minimizing tox-
icity assuming equivalent locoregional control.

The primary focus of the present study was to develop 
a decision support tool that aids in selecting the best pri-
mary treatment protocol by incorporating the likelihood 
of postoperative PM and/or ENE to quantify both overall 
therapy-related burden level and swallowing function im-
pairment based on short- and long-term toxicities, using 
an existing prospective data set. The aims of this study 
were as follows: (i) to quantify the swallowing-related 
toxicity levels of definitive therapies and TORS based on 
subjective and objective instruments using short-term and 
long-term assessments of toxicities and (ii) to determine 
the required confidence level of likelihood of ENE/PM to 
determine the optimal primary therapy and its' associated 
risk level. To achieve these aims, we incorporate the quan-
tified expected swallowing-related toxicity burden of each 
primary treatment based on probabilistic postoperative PM 
and/or ENE events. This is the first application of decision 
analysis, a widely established tool for decision-making in 
uncertain environments. We use this tool to quantify the 

patients undergoing TORS with adjuvant therapy may become more severe com-
pared with patients receiving nonsurgical treatments thus advocating definitive 
(C)RT protocols.

K E Y W O R D S

decision analysis, definitive (chemo)radiation therapy, head-and-neck cancer, oropharyngeal 
squamous cell cancer, posttreatment toxicity, transoral robotic surgery
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risk of postoperative swallowing-related toxicities and the 
impact on quality of life, measured using highly reliable 
functional endpoints frequently used in OPSCC.

2   |   METHODS

2.1  |  Study design

This secondary analysis was conducted using prospective 
registry data from the MD Anderson Oropharynx Cancer 
Registry (PA14-0947) Patient-Reported Outcomes and 
Function (PROF) Core. The PROF registry enrolls all con-
senting OPSCC/HNC patients at the University of Texas 
MD Anderson Cancer Center (MDACC). The sample 
for this secondary analysis included patients enrolled on 
PA14-0914 from March 2015 to February 2018 with the fol-
lowing eligibility criteria: (i) cancer of the oropharynx and 
(ii) TORS, RT, or CRT as primary treatment approaches 
at MDACC. All primary treatment was determined by 
Multidisciplinary Tumor Board. Data analysis occurred 
under approval of the Institutional Review Board (proto-
col PA11-0809).14

2.2  |  Demographics

Demographics and treatment characteristics of the cohort 
are listed in Table 1.14

2.3  |  Toxicity instruments

Prospective collection of clinician- and patient-graded 
outcome measures occurred at routine timepoints. The 

F I G U R E  1   (Top) The underlying 
process for determining the eligibility of 
the patient for TORS and its probabilistic 
outcomes; (Bottom) General decision 
Tree for TORS decision-making; scenario 
1: definitive RT versus TORS; scenario 2: 
CRT versus TORS; p+

M

(

p−
M

)

: probability 
of having (not having) positive margins 
after surgery; p+

N

(

p−
N

)

: probability of 
having (not having) extranodal extension 
after surgery; p+

TM

(

p−
TM

)

: probability of 
having tumor resection margin of more 
(less) than 2 mm after surgery; CRT, 
chemoradiation therapy; RT, radiation 
therapy; TORS, transoral robotic surgery

T A B L E  1   Characteristics of the 257 patients with low- to 
intermediate-risk oropharyngeal cancer included in the study14

Characteristic
All 
patients Primary TORS

Primary 
(C)RT

Enrollment (n = 257) No adjuvant 
therapy, n = 38

RT Alone, 
n = 30 
CRT, 
n = 152

With adjuvant RT 
(TORS+RT), 
n = 22

With adjuvant CRT 
(TORS + CRT), 
n = 15

Total 257 75 182

Age at primary 
treatment start, 
mean (SD), y

59.54 
(9.07)

58.70 (9.60) 59.89 
(8.84)

Sex

Female 35 (13.6) 10 (13.3) 25 (13.7)

Male 222 (86.4) 65 (86.7) 157 (86.3)

Primary tumor site

Tonsil 135 (52.5) 38 (50.7) 97 (53.3)

BOT 116 (45.1) 34 (45.3) 82 (45.0)

GPS 6 (2.3) 3 (4.0) 3 (1.6)
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MD Anderson Dysphagia Inventory (MDADI) is a patient-
administered 20-item questionnaire that evaluates the im-
pact of dysphagia on quality of life. The MDADI includes 
one question regarding global function and 19 items that 
focus on the physical, emotional and functional aspects 
of swallowing, which are pooled and averaged to obtain 
a composite score (varying from 20 (poor swallowing-
related quality of life) to 100 (optimal swallowing-related 
quality of life)).16 The MD Anderson Symptom Inventory–
Head and Neck Module (MDASI-HN) is a validated multi-
symptom inventory of patient-reported swallowing and 
chewing difficulties based on scores varying from 0 (symp-
tom not present) to 10 (highest imaginable severity of the 
symptom) and represents a generalizable pan-symptom 
toxicity metric.17 Lastly, the Dynamic Imaging Grade of 
Swallowing Toxicity (DIGEST) is a validated and reliable 
objective tool that measures the presence and severity of 
pharyngeal dysphagia. The DIGEST conforms to CTCAE 
criteria for toxicity reporting with a 4-point grading scale, 
0 (no pharyngeal dysphagia), 1 (mild), 2 (moderate), 3 (se-
vere), to 4 (life-threatening dysphagia).14,18 The study was 
conducted using multiple instruments to avoid risk/deci-
sion calibration predicated only based on a subset of the 

patient toxicity profile, thus accounting for inter-therapy 
differential toxicity.

2.4  |  Measures

A total of six measures were developed for this study. 
Each instrument was assessed for all treatment cohorts 
(TORS, RT alone, CRT alone, TORS with adjuvant RT 
(TORS+RT), TORS with adjuvant CRT (TORS+CRT)) 
pretherapy (baseline), 3–6 months and 18–24 months after 
primary treatment (Table  2). For each cohort, MDADI-
based and MDASI-based absolute short-term deterioration 
in swallowing function (ΔMDADI

S
 and ΔMDASI

S
) were de-

fined as the reduction in MDADI baseline score and the 
increment in MDASI baseline score, respectively, within 
3–6  months. MDADI-based and MDASI-based absolute 
long-term deterioration in swallowing function (ΔMDADI

L
 

and ΔMDASI
L

) were defined analogously with respect to 18–
24 months scores. For each treatment cohort, DIGEST-
based short- and long-term deteriorations in swallowing 
functions (DDIGEST and RDIGEST) were calculated as the 
fraction of baseline population whose DIGEST baseline 

T A B L E  2   MDADI, MDASI, and DIGEST pre- and post-bootstrapping scores pretherapy (baseline), within 3–6 months, and within 
18–24 months posttherapy; for DIGEST, total number of cases (bold) and total number of cases whose baseline grades have evolved into 
inferior grades

Instrument CRT RT TORS+CRT TORS+RT TORS

MDADI

Baseline (mean) 93.26 87.17 94.04 90.18 88.69

3–6 months 81.14 82.02 82.89 83.80 82.55

18–24 months 86.56 81.98 85.16 88.28 86.05

Absolute short-term deterioration ΔMDADI
S

 (bootstrapped) 12.1a,b 5.34 11.27a,b 6.43 6.3

Absolute long-term deterioration ΔMDADI
L

 (bootstrapped) 6.71 5.25 8.81 2.05 2.57

MDASI

Baseline (mean) 0.47 0.99 0.59 0.32 0.81

3–6 months 1.43 1.37 1.09 0.91 1.20

18–24 months 0.99 1.35 0.62 0.54 0.93

Absolute short-term deterioration ΔMDADI
S

 (bootstrapped) 0.95 0.38 0.51 0.59 0.39

Absolute long-term deterioration ΔMDADI
L

 (bootstrapped) 0.51 0.36 0.05 0.22 0.12

DIGEST

3–6 months incidence with worsen grade 60 (120) 10 (23) 4 (10) 11 (16) 5 (24)

18–24 months incidence with worsen grade 23 (66) 3 (11) 3 (6) 7 (7) 1 (14)

Absolute short-term deterioration DDIGEST (bootstrapped) 0.5 0.44 0.4 0.69 0.21

Absolute long-term deterioration RDIGEST (bootstrapped) 0.35 0.27 0.5 1.00 0.07

Note: ΔMDADI
S

, ΔMDADI
L

, MDADI-based absolute short- and long-term deterioration; ΔMDASI
S

, ΔMDASI
L

, MDASI-based absolute short- and long-term deterioration; 
DDIGEST,RDIGEST, DIGEST-based absolute short- and long-term deterioration in swallowing function.
aIndicates where the measure passes the minimum clinically relevant difference.
bIndicates number of patients with worsen condition out of all patients.
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grades evolved into any worse grade within 3–6 and 18–
24 months after receiving therapy, respectively (Appendix 
A [A1-A3]).

2.5  |  Statistical analysis

This study was based on a published analysis conducted 
by Hutcheson et al.14 using the same patient cohort. 
Bootstrapping-based resampling19,20 was applied to miti-
gate the effects of unequal sample sizes across treatment 
cohorts (n =  10,000) as well as reducing the variability 
among of the constructed measures. For MDADI and 
MDASI scores, bootstrapping was employed based on the 
empirical distribution computed from the frequency of 
observed scores. The values of ΔMDADI

S
 , ΔMDADI

L
, ΔMDASI

S
,  

and ΔMDASI
L

 were calculated using bootstrapped data sets 
for each treatment cohort. For DIGEST grades, bootstrap-
ping was employed based on the assumption that the 
evolution of baseline grades into 3–6  months and 18–
24 months grades follows multinomial distribution based 
on the reported incidence (Appendix C). Next, the values 
of RDIGEST and DDIGEST were calculated using the boot-
strapped data set (Table 2).

2.6  |  Decision tree analysis

The aim of this study is to seek the required confidence 
level with respect to the likelihoods of postoperative ENE/
PM for TORS to become the optimal treatment, that is, to 
outperform definitive (C)RT's expected swallowing-related 
toxicity burden. An expected-value decision tree was con-
structed following the clinical flow depicted in Figure  1 
(Top) allowing the measure-based comparison of definitive 
(C)RT with deterministic outcomes and TORS with proba-
bilistic outcomes (Figure  1 [Bottom]). Decision trees are 
extremely efficient for implementing medical guidelines 
for scenarios with probabilistic outcomes to determine the 
optimal decision based on expected values of decisions.21

The decision tree model was constructed under two 
distinct scenarios: (i) TORS versus definitive RT and (ii) 
TORS versus definitive CRT, based on the assumption 
that the patients studied under each scenario are eligible 
for both surgical and definitive therapy with comparable 
locoregional control and survival. For each scenario, the 
decision model was analyzed for each measure: using the 
collected measure values (Table 2), the expected toxicity 
burden of TORS was calculated as a function of postop-
erative ENE and PM likelihoods (p+

N
 and p+

M
, respectively, 

ranging from 0 to 1) based on the assumption that when 
an adjuvant therapy is required, it is equally likely that 
the patient will undergo adjuvant RT or adjuvant CRT. 

(Sensitivity analysis was performed to study the effects of 
this assumption as reported in Appendix B.)

In each scenario, the optimal choice between TORS and 
the definitive therapy was made based on the observation 
that for both short- and long-term swallowing-related tox-
icity levels, the treatment protocol having lower expected 
toxicity burden is more favorable. For each scenario and 
for each short-or long-term measure, the cut-off value for 
TORS (cS , cL) was computed as the highest expected toxic-
ity burden of TORS under which TORS remains the opti-
mal treatment.

The results of decision tree analysis were demonstrated 
as 2D heatmaps, for each measure, revealing the combi-
nation of likelihoods of postoperative ENE and PM for 
which TORS swallowing toxicity burden is lower than the 
definitive therapy. The heatmaps were also employed to 
derive individual postoperative ENE and PM likelihoods 
for which definitive therapy becomes the optimal treat-
ment having lower swallowing toxicity level. Finally, to ac-
count for the inherent difficulty in pretherapy estimation 
of postoperative ENE/PM likelihoods, measure-based risk 
associated with TORS (r) were developed as the fraction of 
possible combinations of postoperative ENE and PM like-
lihoods for which definitive therapy offers lower toxicity 
burden compared with TORS.

3   |   RESULTS

3.1  |  TORS versus definitive RT  
(Scenario 1)

Figure 2 shows how expected deterioration in swallowing 
function, computed through six measures (see “Methods” 
section), can be used to determine the likelihood regions 
in which either TORS or definitive RT remains the opti-
mal treatment selection. For each of the three short-term 
measures, the blue region in Figure  2A indicates the 
ranges of likelihoods associated with postoperative events 
(i.e., PM and ENE) for which TORS outperforms defini-
tive RT in terms of swallowing outcomes. The red region, 
on the other hand, indicate combination of postoperative 
likelihoods for which TORS results in higher swallowing-
related injuries compared with definitive RT, thus leav-
ing the latter treatment as the optimal choice. Figure 2B 
provides similar results based on the three long-term 
measures.

3.1.1  |  Short-term (3–6 month) outcomes

The decision tree analysis using both MDADI and MDASI 
instruments implied that definitive RT remained the 
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optimal treatment for any postoperative ENE and PM 
likelihoods (Figure  2A). This is justified based on the 
observation that the short-term MDADI- and MDASI-
based swallowing-related toxicities of TORS (ΔMDADI

S
 and 

Δ
MDASI
S

, respectively) were always more severe compared 
with definitive RT (Table  2). According to the DIGEST-
measure (presence and severity of dysphagia), if the likeli-
hood associated with either ENE or PM is, at least, 75%, 
definitive RT remained the optimal treatment. For the 
cases in which the likelihood of neither ENE or PM is more 
than 40%, TORS was the optimal treatment. Furthermore, 
in the absence of pretherapy likelihood estimation of 
ENE or PM, TORS risk level was at least 65% (according 
to DIGEST), and definitive therapy outperformed TORS 
based on MDADI- and MDASI-based measures.

3.1.2  |  Long-term (18–24 month) outcomes

For long-term measures, TORS was the optimal treatment 
based on MDASI instrument for any confidence level 
regarding the likelihood of postoperative ENE and PM 
(Figure 2B). However, based on the MDADI instrument, 
definitive RT became the optimal treatment when either 
postoperative ENE or PM are extremely likely (>90%). 
TORS was the optimal treatment if the likelihood of both 
postoperative events remained less than 70%. According 

to the DIGEST instrument, however, definitive RT re-
mained the optimal treatment even if either of the events 
was likely, at least, 25%. In this case, TORS becomes the 
optimal treatment only if both events are extremely un-
likely (<10%). Finally, in the absence of pretherapy infor-
mation about ENE or PM likelihood, TORS risk level is at 
21% according to MDADI, and 97% according to DIGEST 
with TORS carrying no risk based on MDASI instrument.

Table 3 summarizes the confidence level of postopera-
tive events likelihoods required to ensure TORS (definitive 
RT) is the optimal treatment under the first scenario.

3.2  |  TORS versus definitive CRT 
(Scenario 2)

Figure 3 demonstrates the comparative analysis for TORS 
versus definitive CRT using each of the six measures in-
troduced in the “Methods” section. Analogous to Figure 2, 
for each measure, blue regions in Figure  3 demonstrate 
the combinations of postoperative events' likelihoods for 
which TORS is expected to have superior swallowing 
outcomes compared with definitive CRT. Red regions in 
Figure 3 indicate the ranges of likelihoods for which de-
finitive CRT is expected to outperform TORS in terms of 
swallowing injuries. Figure  3A,B provide the results for 
short-term and long-term measures, respectively.

F I G U R E  2   Expected deterioration in swallowing function for the first scenario based on (A) short-term measures and (B) long-term 
measures. cS, cut-off value for TORS; DDIGEST, DIGEST-based absolute short-term deterioration in swallowing function; RDIGEST , DIGEST-
based absolute long-term deterioration in swallowing function; ΔMDADI

L , MDADI-based absolute long-term deterioration; ΔMDASI
L , MDASI-

based absolute long-term deterioration; ΔMDADI
S

, MDADI-based absolute short-term deterioration; ΔMDASI
S , MDASI-based absolute short-term 

deterioration; r, risk associated with TORS; RT, radiation therapy; TORS, transoral robotic surgery
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T A B L E  3   Range of likelihoods required for TORS and definitive therapies to become the optimal treatment under the second scenario

Scenario I

Instrument/measure
Confidence level of postoperative events for 
which TORS is optimal

Confidence level of postoperative events for 
which definitive RT is optimal

MDADI
Short term (3–6 months) — Any likelihood associated with ENE and/or PM
Long term (18–24 months) When both ENE and PM have likelihood <70% If either of ENE or PM has a likelihood >90%

MDASI
Short term (3–6 months) — Any likelihood associated with ENE and/or PM
Long term (18–24 months) Any likelihood associated with ENE and/or PM —

DIGEST
Short term (3–6 months) When both ENE and PM have likelihood <40% If either of ENE or PM has a likelihood >75%
Long term (18–24 months) When both ENE and PM have likelihood <10% If either of ENE or PM has a likelihood >25%

Scenario II

Instrument/measure
Confidence level of postoperative events for 
which TORS is optimal

Confidence level of postoperative events for 
which definitive CRT is optimal

MDADI
Short term (3–6 months) Any likelihood associated with ENE and/or PM —
Long term (18–24 months) Any likelihood associated with ENE and/or PM —

MDASI
Short term (3–6 months) Any likelihood associated with ENE and/or PM —
Long term (18–24 months) Any likelihood associated with ENE and/or PM —

DIGEST
Short term (3–6 months) When both ENE and PM have likelihood <55% If either of ENE or PM has a likelihood >80%
Long term (18–24 months) When both ENE and PM have likelihood <20% If either of ENE or PM has a likelihood >40%

Abbreviations: ENE, postoperative extranodal extension; PM, postoperative positive margin.

F I G U R E  3   Expected deterioration in swallowing function for the second scenario based on (A) short-term measures and (B) long-term 
measures. cS, cut-off value for TORS; DDIGEST, DIGEST-based absolute short-term deterioration in swallowing function; RDIGEST, DIGEST-
based absolute long-term deterioration in swallowing function; ΔMDADI

L , MDADI-based absolute long-term deterioration; ΔMDASI
L , MDASI-

based absolute long-term deterioration; ΔMDADI
S , MDADI-based absolute short-term deterioration; ΔMDASI

S , MDASI-based absolute short-term 
deterioration; CRT, chemoradiation therapy; r, risk associated with TORS; TORS, transoral robotic surgery
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3.2.1  |  Short-term (3–6 month) outcomes

When comparing TORS with definitive CRT using short-
term measures, TORS remained the optimal treatment 
based on both MDADI and MDASI instruments for any 
likelihoods associated with postoperative ENE and/or 
PM (Figure  3A). This observation was evident from the 
related measure values reported in Table 2. Based on the 
DIGEST instrument, the swallowing toxicity burden of 
TORS remained higher compared with definitive CRT if 
the likelihood for any of the postoperative events is more 
than 80%, thus making definitive CRT the optimal treat-
ment. TORS remained the optimal treatment when both 
postoperative events have a likelihood of, at most, 55%. 
Furthermore, in the absence of pretherapy estimation of 
ENE or PM likelihoods, TORS risk level is at most 45% 
according to DIGEST, while it carries no risk according to 
the other instruments.

3.2.2  |  Long-term (18–24 month) outcomes

For this scenario, the results of decision tree analysis for 
long-term measures were almost similar to those for the 
first scenario (Figure  3B). TORS remained the optimal 
treatment based on both MDADI and MDASI instruments 
being insensitive to the likelihood of postoperative ENE 
or PM. However, according to the DIGEST instrument, 
even moderate likelihood (>40%) for either of postopera-
tive events implies the superiority of definitive CRT over 
TORS. The latter becomes the optimal treatment when 
both postoperative events have a small likelihood (<20%). 
Furthermore, when no pretherapy information about the 
likelihoods is available, TORS carried a risk of level of 91% 
based on DIGEST, while MDASI and MDASI indicate that 
there is no risk for TORS (Figure 3B).

A summary of the confidence level of postoperative 
events likelihoods required for the optimality of TORS 
(definitive CRT) is given in Table 3.

4   |   DISCUSSION

Since the approval of TORS by FDA as a minimally inva-
sive surgical treatment protocol for HNC patients, there 
have been several studies reporting on the success of 
TORS as an option for treatment of early-stage oropharyn-
geal carcinomas due to its favorable oncologic outcomes 
and its potential to mitigate the toxicities incurred by pa-
tients in other surgical techniques or primary CRT.22–25 
Consequently, TORS has been increasingly used for low- 
to intermediate-risk OPSCC patients having small-volume 
primary tumor and near-normal baseline function.14 

However, studies suggest a considerable percentage of 
patients have undergone postoperative adjuvant CRT,26–28 
despite being theoretically believed to be candidates for 
surgical therapy alone. The current data suggest that 
surgeons and radiation oncologists are decidedly poor at 
predicting whether a patient will require adjuvant treat-
ment from pretherapy exam, and thus many patients of-
fered surgical resection are in fact being offered not TORS 
alone, but rather some unquantified probability of double- 
or triple-modality therapy (and the concomitant additional 
toxicities therefrom). This is primarily due to absence 
of extreme presurgical certitude regarding of post-TORS 
histopathological features, which makes it a challenging 
decision-making problem to choose between initial TORS 
or definitive nonsurgical treatment protocols.

Decision analysis provides an integrated framework 
to study decision-making scenarios that involve uncer-
tain outcomes. The decision analysis model developed in 
this study incorporates the imputed pretherapy physic-
assessed statistical likelihood of the two major postop-
erative indicator events that trigger adjuvant therapy: 
pretherapy physician-estimated probability of margin 
positivity and ENE. Through quantifying posttherapy 
swallowing-related toxicities using well-established 
patient-reported and objective instruments, the model in 
this study captures the probabilistic outcomes of TORS 
which in comparison with the definitive (C)RT's outcome 
can aid the clinical team in choosing the optimal treat-
ment protocol. While objective instruments are devel-
oped based on standard test results, hence providing more 
concrete results in comparing the change in the patient's 
quality of life, they might be less indicative of the patient's 
lived experience. The developed decision support tool in 
this study is developed under the premise that the phy-
sician will include both objective and patient-reported 
measures when deciding about the optimal therapy. The 
results of this model can also be utilized to compute the 
risk level associated with TORS in developing higher 
swallowing-related toxicity burden compared with de-
finitive (C)RT in the absence of pretherapy estimation of 
the likelihood of postoperative events that can trigger the 
need for adjuvant therapy.

Three observations are notable from the current analy-
sis: (i) there are distinctly different optimal choices based 
on the probability of postoperative events that differ 
whether radiotherapy-alone or chemoradiotherapy is the 
comparator for surgical treatment; (ii) there are divergent 
optimal choice of therapy regarding subjective multisymp-
tom (MDASI), subjective swallowing (MDADI) or objec-
tive swallowing (DIGEST) is the toxicity metric of interest; 
and (iii) the choice of therapy based on early (3–6 month) 
swallowing outcomes may not reflect the optimal therapy 
selection for later time-points (18–24 months).
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The decision analysis model in this work has its own 
limitations. It currently relies on a single institutional data-
base with a cohort of 257 patients. Bootstrapping was used 
to mitigate the effects of small-size population allowing 
the model to make assumptions as “real-life” as possible. 
Furthermore, expected-value decision analysis has its own 
disadvantages, namely the sensitivity to the probability val-
ues as well as measures. Sensitivity analysis was performed 
to determine the variation of TORS risk level as a function 
of the likelihood of postoperative events as well as associ-
ated quantified short- and long-term toxicity of all treat-
ment protocols. We would like to emphasize that while our 
model has been constructed based on single-institutional 
data, it can be easily instantiated using validated possibly 
multi-institutional data or even from randomized trials.

Ultimately, the aim of this effort is to quantize decision-
making for HNC/OPSCC patients eligible for alternative 
treatment protocols. The vast majority of cases selected 
for definitive or surgical therapy (potentially followed by 
adjuvant radiotherapy) are typically made using heuris-
tic physician-decision processes, which appear to be spe-
ciously high estimates of the potential for single-modality 
surgery. However, advanced approaches such as improved 
standardized radiologic assessment,29 AI-assisted imag-
ing analysis, or risk-models30 could improve outcomes by 
bringing quantitative decision support to surgeons and 
radiation oncologists. Furthermore, these data serve to de-
fine preoperative assessment tools for decision support for 
future explorations.

5   |   CONCLUSION

Our models demonstrated optimal decision thresholds for 
selection of surgical possibly with adjuvant therapy or organ 
preservation with (chemo)radiotherapy based on clinically-
representative subjective and objective toxicity outcomes. 
The resultant thresholds for physician certainty for predic-
tion of clinical risk features necessitating adjuvant therapy 
should be considered with these decision tools as a compo-
nent of multidisciplinary patient-centric therapy selection 
for early-stage oropharyngeal cancer patients.
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