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BACKGROUND Transoral robotic surgery (TORS) or transoral laser microsurgery (TLM) offer
excellent oncological outcomes for oropharyngeal squamous cell carcinoma caused
by human papillomavirus (HPV) infection. TORS may offer greater margin clearance around
tumors than TLM.

OBJECTIVE To determine whether the differing energy sources used and surgical technique
of TORS or TLM is associated with postoperative early swallowing function, feeding tube use,
and specific factors related to quality of life.

DESIGN, SETTING, AND PARTICIPANTS This prespecified cohort study was performed within
the Postoperative Adjuvant Treatment for HPV-Positive Tumours (PATHOS) randomized
clinical trial at 40 centers in the UK, Germany, France, the US, and Australia between
November 1, 2015, and August 31, 2023. PATHOS trial participants with HPV-positive
oropharyngeal carcinoma of stages T1to T3 and NO to N2b MO (TNM7) who underwent
TLM or TORS were eligible. Of 989 consecutively recruited patients on the PATHOS trial,
508 were eligible for this substudy.

EXPOSURES The exposure of interest was TORS or TLM.

MAIN OUTCOMES AND MEASURES Preplanned outcome measures included nasogastric tube
insertion rates within 4 weeks after surgery, length of in-hospital stay following surgery,
specific scales from the MD Anderson Dysphagia Inventory (MDADI), 35-item European
Organization for Research and Treatment of Cancer Head and Neck Questionnaire (H&N35),
and 30-item Quality of Life Questionnaire (QLQ C30), water swallow test results, and
videofluoroscopy scores.

RESULTS Of the 508 patients included in the analysis (390 [76.8%] male; median age, 58.3
[IQR, 52.8-63.6] years), 195 had TLM and 313 had TORS. Nasogastric tube insertion rates
were higher after TORS than TLM (85 of 189 [45.0%] vs 10 of 126 [7.9%]; adjusted odds ratio
[OR], 4.41[95% Cl, 1.01-19.32]). Mean scores favored TLM with small effect sizes in all MDADI
domains and the H&N35 swallowing item at 4 weeks after surgery; between-group difference
for the MDADI composite score was —4.89 (95% Cl, -8.27 to -1.50); for the MDADI physical
functioning score, -6.37 (95% Cl, -10.15 to -2.59); for the MDADI global score, -10.02 (95%
Cl, -16.50 to -3.54); and for H&N35 swallowing score, 7.24 (95% Cl, 2.17-12.30). No other
measures showed evidence of clinically meaningful differences.

CONCLUSIONS AND RELEVANCE In this cohort study, functional outcomes were moderately
less impaired 4 weeks following TLM compared with TORS. Once the longer-term outcomes
for these patients are known, these findings could aid the design and use of future head and
neck-specific surgical robots.
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ropharyngeal squamous cell carcinoma caused by

human papillomavirus infection (HPV-positive OPSCC)

is increasing in incidence in the UK and other high-
income countries.! It tends to affect younger patients and hasa
better prognosis than other head and neck cancers. Treatment
options include either radiotherapy with or without chemo-
therapy or surgery. Small- and intermediate-volume primary
tumors (stages T1-T2 and some T3) can be resected using trans-
oral surgery. Both transoral laser microsurgery (TLM) and trans-
oral robotic surgery (TORS) offer excellent oncological out-
comes. Disease-specific survival rates in excess of 93% for HPV-
positive OPSCC have been reported by Dalton et al> and O’Hara
et al® in the UK. TLM became widely used in the 1990s and
2000s and uses a carbon dioxide laser to undertake a trans-
tumoral resection to remove a cancer in 2 or more planned
pieces,* with the aim of preserving as much adjacent normal
tissue as possible without compromising oncological safety.
Specifically, in performing an oropharyngectomy, the superior
constrictor is not removed in total or in part unless tumor
invasion dictates. The extent of resection is therefore deter-
mined by the size and anatomical orientation of the tumor.

TORS has become more widely used than TLM to treat HPV-
positive OPSCC, with arise in the number of institutions having
access to surgical robots.” In contrast to TLM, TORS uses mono-
polar diathermy (electrocautery energy) to remove cancersina
more standardized en blocresection where the tumor is removed
asawhole, including the superior constrictor muscle, as part of
a lateral oropharyngectomy (eFigure in Supplement 1).

The Postoperative Adjuvant Treatment for HPV-Positive
Tumours (PATHOS) study® is an international phase 3 trial
designed to assess surgical margin safety limits in the con-
text of deintensified adjuvant treatment. Participants re-
cruited to PATHOS can receive either TLM or TORS (clinician
choice), along with neck dissections if needed, before being
randomized into the trial’s adjuvant therapy treatment groups.”

A consequence of the differences in surgical techniques
means that TORS may offer greater margin clearance around
tumors than TLM. The practical implications of greater mar-
gin clearance, effect on the prescription of adjuvant therapy,
and ultimately oncological outcomes will be assessed when the
PATHOS trial matures in 2027.

In this PATHOS substudy, which has been conducted
independently of the defined trial objectives, we hypoth-
esize and subsequently explore whether the different energy
sources used and different surgical philosophy are associated
with postoperative early swallowing function, feeding tube use,
and specific factors related to quality of life. It is likely that ad-
ditional head and neck-specific robotic platforms will be de-
signed in the future. Any differences in functional outcomes
following TLM or TORS may help in the design of a specific
robot, given the unique anatomy and access constraints.

Methods

Study Design and Patients
The PATHOS trial is an international, randomized, controlled,
phase 3 clinical study of deintensified adjuvant treatment after
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Key Points

Question What are the differences in early postoperative
functional outcomes between transoral laser microsurgery (TLM)
and robotic surgery (TORS) for human papillomavirus-positive
oropharyngeal carcinoma?

Findings In this cohort substudy that included 508 patients
within a randomized clinical trial, nasogastric tube insertion rates
within 4 weeks after surgery were significantly higher after TORS
than TLM (85 of 189 [45%] vs 10 of 126 [8%]). Mean scores

on patient-reported outcome measures indicated significantly less
impairment at 4 weeks following TLM.

Meaning These findings could influence the design and use
of future head and neck-specific surgical robots.

transoral surgery in patients with HPV-positive OPSCC and has
been described elsewhere (Figure 1).” This study was ap-
proved by a UK ethics committee. Written informed consent was
obtained from all participants prior to surgery. This study fol-
lowed the Strengthening the Reporting of Observational Stud-
ies in Epidemiology (STROBE) guideline.

The analysis described herein is a planned substudy con-
ducted prior to the end of full recruitment and focusing on
prospectively collected data at the presurgical and 4-week post-
surgical points, before the start of the randomized adjuvant
treatment. The substudy protocol and statistical analysis
plan were approved by the PATHOS Trial Management Group,
including patient representatives.

Patients are eligible for the PATHOS trial if they have HPV-
positive OPSCC, tested with pl6 immunohistochemistry and
confirmed by high-risk HPV in-situ hybridization, have un-
dergone clinical staging with T1 to T3 NO to N2b MO (TNM7)
results, and their primary tumor is considered resectable
by transoral surgery by the local multidisciplinary team. This
substudy was designed to use only data routinely collected in
the PATHOS trial. No additional data were sought or col-
lected. It aimed to compare the functional outcomes for the
4-week postoperative period following either TLM or TORS in
the management of HPV-positive OPSCC by (1) describing the
patient populations treated by TORS and TLM; (2) analyzing
the length of in-hospital stay following surgery between pa-
tients treated with TORS and with TLM; (3) analyzing the use
of and duration of nasogastric tube (NGT) feeding 4 weeks
after surgery between patients treated with TORS and TLM;
and (4) analyzing the patient-reported outcome measures, wa-
ter swallow test results, and videofluoroscopy results at 4
weeks after surgery to assess pain and swallowing function be-
tween patients treated with TORS and with TLM.

In this substudy we only included patients in the PATHOS
trial who underwent either TLM or TORS. Choice of TLM or
TORS was at the discretion of the treating clinician. Neck dis-
section was undertaken as per standard protocols. Although
permitted in the PATHOS protocol, we excluded patients who
had a neck dissection after the primary surgery or who had a
repeated resection of the primary tumor, to try to reduce fac-
tors other than surgical technique that may affect the out-
comes in which we were interested. For our analyses of NGT
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Figure 1. Postoperative Adjuvant Treatment for Human Papillomavirus (HPV)-Positive Tumours (PATHOS) Randomized Clinical Trial Schema

HPV-positive oropharyngeal carcinoma (T1 -T3, NO-N2b)

Presurgery assessments: water swallow
test, MDADI, QLQ C30, H&N35, VFSS

Transoral surgery and neck dissection

v

4-wk Postsurgery assessments: water swallow test,
MDADI, QLQ C30, H&N35, VFSS

Pathology-defined treatment group stratification
]
v v v
Group A Group B Group C
(low risk) (intermediate risk) (high risk)
No adverse pathological features T3, N2a or N2b, perinerual invasion, vascular Positive margins (<1 mm) with negative marginal

invasion, close margins (1-5 mm)

biopsy results and/or extracapsular spread

1004

Randomized

Randomized

Arm B1
(control arm)
Radiotherapy 60 Gy/30#

No adjuvant treatment

Arm B2 Arm C1 Arm C1

(research arm) (control arm) (research arm)
Radiotherapy 50 Gy/25# Radiotherapy Radiotherapy
60 Gy/30# + cisplatin 60 Gy/30# - cisplatin

‘ 4-wk Posttreatment 6-, 12-, and 24-mo assessments: wate

r swallow test, MDADI, QLQ C30, H&N35, VFSS (12 mo only) ‘

‘ Clinical follow-up to 5y ‘

HN&35 indicates 35-item European Organization for Research and Treatment
of Cancer Head and Neck Questionnaire; MDADI, MD Anderson Dysphagia
Inventory; QLQ CL30, 30-item European Organization for Research and

Treatment of Cancer Quality of Life Questionnaire; and VFSS, videofluoroscopic
swallow study. Number signs represent fractions of radiotherapy.

use, we further excluded patients who had an NGT inserted
prior to surgery.

Patients were clinically assessed with a timed 100-mL wa-
ter swallow test and a videofluoroscopic swallow study (VFSS)
(patients in the UK only), and completed patient-reported out-
come measures (European Organization for Research and Treat-
ment of Cancer [EORTC] 30-item Quality of Life Question-
naire [QLQ C30],%2 EORTC 35-item Head and Neck questionnaire
[H&N35],° and the MD Anderson Dysphagia Inventory
[MDADI]') prior to and 4 weeks after surgery. Postoperative
hemorrhage rates were also collected. Prior to performing the
analysis, we defined the items within the QLQ C30 and H&N35
of clinical relevance to the study aims regarding function. These
were the QLQ C30 global score, constipation subdomain (we
hypothesized that this may reflect opiate analgesia use), and
asummary score and the H&N35 swallowing, opening mouth,
use of pain killers, and weight loss (participants’ weight mea-
surements were not available before treatment) subdomains
and a summary score. Minimum clinically important differ-
ences (MCID) of 5 to 10 points have been defined for the QLQ
C30," although it is acknowledged that this may be too sim-
plistic, does not differentiate between scales, and may not be
achievable in all settings.'? For the H&N35, MCIDs range from
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10 to 14 for the entire questionnaire,'® but the MCID for indi-
vidual items has not been defined. The MDADI is a patient-
reported swallowing outcome measure, specifically de-
signed and psychometrically validated for the population with
head and neck cancer, that reports global score, physical func-
tioning, and composite score. The 19-item composite MDADI
score at 1 year after treatment is included as a co-primary end
point in PATHOS. The MCID for the MDADI questionnaire is
often set at 10 points on the composite scale and was first de-
scribed in a cross-sectional study of 1136 patients with head
and neck cancer attending a modified barium swallow
evaluation.!* The mean composite MDADI score was 64, and
a10-point difference differentiated patients who depended on
feeding tubes from those who did not, and patients observed
to aspirate from those who did not. Some observers have ques-
tioned whether 10 points represents the smallest difference that
may be clinically important for high-functioning patients with
HPV-positive OPSCC." The water swallow test measures swal-
low performance over time by measuring swallow capacity
(milliliters per swallow) and volume (milliliters per second).'®
An MCID of 4 mL/s on the water swallow test has been de-
fined when applied to individual patients’ deterioration over
12 months.!” The VFSS was conducted by a speech and language
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therapist with the required level of competency as set out by
the Royal College of Speech and Language Therapist guide-
lines and involved swallowing liquids and solids to a detailed
assessment protocol specified in the PATHOS protocol. Video
recordings of the VFSS were scored centrally by trained speech
and language therapists (from the UK and US) who were
blind to patient, treatment, and time point. This involved a
Penetration-Aspiration Scale score (an 8-point, ordinal rating
with >6 representing aspiration)'® and the Dynamic Imaging
Grade of Swallowing Toxicity, version 2 criteria, a 5-point, or-
dinal rating of pharyngeal dysphagia with 2 or greater repre-
senting high-grade or moderate to severe dysphagia.'-2°

Statistical Analysis

All analyses were conducted using STATA, version 17 (Stata-
Corp LLC), according to a statistical analysis plan written be-
fore any data were analyzed. The sample size was opportunis-
tic based on recruitment into the PATHOS trial at the time the
study was conceived, given the exploratory nature of the analy-
sis. Length of hospital stay was calculated from date of surgery
to date of discharge and compared between surgical tech-
niques using univariable and multivariable Cox proportional
hazards regression and including age, sex, smoking status, ana-
tomical site, and T stage and treating center as a shared frailty.
Rates of NGT insertion were compared between surgical tech-
niques using univariable and multivariable logistic regression
models (including age, sex, smoking status, anatomical site, and
T stage) and a multilevel mixed model that also included treat-
ing center. For those who had an NGT inserted, length of tube
insertion was compared between surgical techniques using the
same methods as for length of hospital stay. Quality of life scores
and water swallow test measures between baseline and 4 weeks
after surgery were compared between surgical types using
linear regression including baseline score only and multilevel
mixed-effects linear regression including surgery type, base-
line score, age, anatomical site, pathological T stage, sex, and
smoking status and center as a second level. The 4-week post-
surgical rates of aspiration and high-grade dysphagia from VFSS
scores were compared between surgical types using multi-
level mixed-effects logistic regression, including surgery type,
age, anatomical site, pathological T stage, sex, and smoking sta-
tus and center as a second level. Two-tailed P < .05 was taken
as significant statistical evidence.

. |
Results

Participants

Figure 2 shows the flow of patients through the analyses. A total
of 989 patients were recruited into the PATHOS trial from 40
centers in the UK, Germany, France, the US, and Australia be-
tween November 1, 2015, and August 31, 2023, when the data
for this substudy were extracted. Of these, 794 patients had
either TLM or TORS, and 508 (195 [38.4%] receiving TLM and
313 [61.6%] receiving TORS) were eligible and had complete
data for the length of hospital stay analysis (118 [23.2%]
female and 390 [76.8%] male; median age, 58.3 [IQR, 52.8-
63.6] years). Fewer patients were available for the NGT analysis
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largely due to these data being collected at a later time (see
Figure 2). Fewer patients were also available for the patient-
reported outcome measures and water swallow analyses largely
due to patients declining these nonroutine assessments.

Baseline, surgical procedure, and postoperative pathol-
ogy data (Table 1) show very similar distributions for both TLM
and TORS groups. There were more participants in the TORS
group who received bilateral neck dissections than in the TLM
group (54 of 313 [17.3%] vs 6 0of 195 [3.1%]).

Length of Hospitalization

On univariable analysis, length of hospital stay appeared to be
longer after TORS (median, 5[95% CI, 5-6] days) than TLM (me-
dian, 3 [95% CI, 2-4] days) (median difference, 2.6 [95% CI,
1.8-3.5] days; hazard ratio [HR], 0.66 [95% CI, 0.55-0.79])
(eTable 1in Supplement 1). This effect was maintained on mul-
tivariable analysis including age, sex, smoking status, ana-
tomical site, and T stage but not when treating center was also
included (HR, 0.89 [95% CI, 0.69-1.16]). In fact, no variables
showed evidence of association with length of hospital stay
once we accounted for treating center.

Use of Feeding Tubes

On univariable analysis, NGT insertion rates were signifi-
cantly higher after TORS (85 of 189 [45.0%]) than TLM (10 of
126 [7.9%]) (odds ratio [OR], 9.48 [95% CI, 4.68-19.22])
(Table 2). This association was maintained on multivariable
analysis (same variables as above) and after treating center was
alsoincluded (OR, 4.41[95% CI, 1.01-19.32]). Those who were
65 years or older, female, and former smokers also showed
higher odds of NGT insertion but only in the multivariable
model that included center. For those who had an NGT, there
was no difference in duration of NGT insertion (median, 5
[95% CI, 0.5-12] days for TLM vs 6 [95% CI, 4-6] days for TORS;
multivariable HR, 1.05[95% CI, 0.52-2.12]) (eTable 2 in Supple-
ment 1).

Patient-Reported Outcomes and Water Swallow Test

Mean scores favored TLM (relative to TORS) with small effects
in all investigated MDADI domains and the H&N35 swallowing
item at 4 weeks after surgery (Table 3). Between-group differ-
ence was —-4.89 (95% CI, -8.27 to —-1.50) for MDADI composite
score; -6.37 (95% CI, -10.15 to -2.59) for MDADI physical func-
tioning score; -10.02 (95% CI, -16.50 to -3.54) for MDADI global
score; and 7.24 (95% CI, 2.17-12.30) for H&N35 swallowing score.
There were no clinically meaningful differences for QLQ C30
global, constipation, or summary scores and H&N35 pain, op-
ening mouth, pain killers, or weight loss scores between the
TORS and TLM groups. Water swallow test scores also favored
TLM, but differences were not clinically significant.

Videofluoroscopy

We analyzed 167 VFSSs (85 in the TLM group and 82 in the TORS
group) conducted 4 weeks after surgery. There were large dif-
ferencesin rates of aspiration and high-grade dysphagia, with
higher rates among the TORS group for aspiration (4 of 85
[4.7%] after TLM vs 11 of 82 [13.4%] after TORS; multivariable
OR, 3.29[95% CI, 0.95-11.40]) and high-grade dysphagia (7 of
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Figure 2. Flow Diagram for Substudy Analysis

988 Recruited to PATHOS

200 Excluded
69 Did not have/withdrew prior to surgery
27 Not due surgery data yet
34 Endoscopic assist
49 Huet procedure
21 Unknown surgery type

788 Participants who underwent
TLM or TORS

233 Excluded
20 Had neck dissection after primary surgery
93 Had re-resection
120 Withdrew before 4-wk postsurgery data due

555 Participants w

4-wk postsurg

neck dissection after primary
surgery or re-resection and had

ho did not undergo

ery data

47 Excluded
28 Missing date of discharge
3 Died within 30 d postsurgery
12 Missing T stage
4 Missing anatomical site

‘ 508 Eligible participants ‘
69 Excluded i i 124 Excluded
2 Tube inserted prior 11 Tube inserted prior
to surgery 195 TLM eligible for length of hospital 313 TORS eligible for the length of to surgery

31 No 12-mo data yet
26 Died or withdrew <12 mo
10 Missing data

stay analysis

126 TLM eligible for feeding
tube analysis

72 Not 12-mo data yet
18 Died or withdrew <12 mo
23 Missing data

hospital stay analysis

189 TORS eligible for feeding
tube analysis

195 TLM eligible for secondary
analyses (all exclusions due to
missing data)
175 MDADI composite score
175 MDADI physical functioning score
176 MDADI global score
173 QLQ C30 global score
173 QLQ C30 constipation score
166 QLQ C30 summary score
173 H&N35 pain score
173 H&N35 swallowing score
173 H&N35 opening mouth score
174 H&N35 painkillers score
172 H&N35 weight loss score
134 Water swallow test-swallow volume
134 Water swallow test-swallow capacity
85 VFSS (aspiration)
85 VFSS (high-grade dysphagia)

313 TORS eligible for secondary
analyses (all exclusions due to
missing data)

269 MDADI composite score

270 MDADI physical functioning score

275 MDADI global score

273 QLQ C30 global score

273 QLQ C30 constipation score

265 QLQ C30 summary score

272 H&N35 pain score

271 H&N35 swallowing score

272 H&N35 opening mouth score

270 H&N35 painkillers score

264 H&N35 weight loss score

245 Water swallow test-swallow volume

246 Water swallow test-swallow capacity

82 VFSS (aspiration)
82 VFSS (high-grade dysphagia)

H&N35 indicates 35-item European Organization for Research and Treatment
of Cancer Head and Neck Questionnaire; MDADI, MD Anderson Dysphagia
Inventory; PATHOS, Postoperative Adjuvant Treatment for HPV (Human
Papillomavirus)-Positive Tumours; QLQ CL30, 30-item European Organization

for Research and Treatment of Cancer Quality of Life Questionnaire;
TLM, transoral laser microsurgery; TORS, transoral robotic surgery; and
VFSS, videofluoroscopic swallow study.

85[8.2%] after TLM vs 15 of 82 [18.3%] after TORS; multivari-
able OR, 3.32[95% CI, 0.81-13.56]), but these differences were
not significant; the 95% CIs were wide due to the smaller
sample size for these outcome measures, and no definitive
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conclusion can be made. The amount of missing data was high
for these end points because VFSS is only conducted in the UK
and not internationally in PATHOS. In addition, there is a sub-
stantial time lag between the conduct of the assessment and
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Table 1. Demographic and Disease Data

Treatment group, No. (%) of patients

Characteristic TLM (n = 195) TORS (n = 313)
Age at registration, median (IQR), y 57.7 (52.1-63.9) 58.8(53.2-63.5)
Ratio of male to female 155:40 235:78
Smoking history
Current 9 (4.6) 10 (3.2)
Former 92 (47.2) 127 (40.6)
Never 94 (48.2) 176 (56.2)
Surgical anatomical site
Tonsil only 119 (61.0) 198 (63.3)
Base of tongue only 28 (14.4) 65 (20.8)
Posterior pharyngeal wall only 1(0.5) 1(0.3)
Tonsil and soft palate 11 (5.6) 6(1.9)
Tonsil and vallecula 0 1(0.3)
Tonsil and tongue 21(10.8) 27 (8.6)
Tonsil and posterior pharyngeal wall 0 2 (0.6)
Vallecula and tongue 2(1.0) 2 (0.6)
Tongue and posterior pharyngeal wall 1(0.5) 1(0.3)
Tonsil, soft palate, and tongue 6(3.1) 3(1.0)
Tonsil, soft palate, and posterior pharyngeal wall 1(0.5) 0
Tonsil, vallecula, and tongue 2(1.0) 1(0.3)
Tonsil, vallecula, and posterior pharyngeal wall 0 1(0.3)
Vallecula, tongue, and posterior pharyngeal wall 0 1(0.3)
Tonsil, soft palate, tongue, and posterior pharyngeal wall 2(1.0) 2(0.6)
All above sites 1(0.5) 2(0.6)
Surgical anatomical site
Lateral (tonsil and/or soft palate only) 130 (66.7) 204 (65.2)
Nonlateral 65 (33.3) 109 (34.8)
Surgery performed after diagnostic tonsillectomy
Yes 45(23.1) 81 (25.9)
No 150 (76.9) 232(74.1)
Neck dissection
Left only 86 (44.1) 123 (39.3)
Right only 101 (51.8) 136 (43.5)
Left and right 6(3.1) 54 (17.3)
None 2(1.0) 0
Pathological T stage
T1 89 (45.6) 149 (47.6)
T2 92 (47.2) 153 (48.9)
T3 14(7.2) 7(2.2)
T4a 0 3(1.0)
T4b 0 1(0.3)
Pathological N stage
NO 22 (11.3) 32(10.2)
N1 45 (23.1) 87 (27.8)
N2a 48 (24.6) 80 (25.6)
N2b 76 (39.0) 112 (35.8)
N3 3(1.5) 1(0.3) Abbreviations: TLM, transoral laser
s 1(0.5) 1(0.3) microsurgery; TORS, transoral robotic

surgery.

central review to obtain scores, and reviews remain ongoing  Sensitivity Analysis

for the main trial outcomes. However, baseline variables were  After finding an imbalance in the neck dissection variable at
well balanced between those patients with and without miss-  baseline, we conducted sensitivity analyses that additionally
ing data (eTable 3 in Supplement 1). included the neck dissection variable in the multivariable
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Table 2. Factors Associated With Feeding Tube Inserted Within 4 Weeks After Surgery

No. (%) of patients OR (95% Cl)

Total included Total with Univariable

Multilevel model with
center as random effect

Multivariable model
without center

Factor in analysis feeding tube fit model
Surgery type
TLM 126 (40.0) 10(7.9) 1 [Reference]
TORS 189 (60.0) 85 (45.0) 9.48 (4.68-19.22)
Age,y
<55 106 (33.7) 30(28.3) 1 [Reference]
55-65 145 (46.0) 42 (29.0) 1.03 (0.59-1.80)
265 64 (20.3) 23(35.9) 1.42 (0.73-2.76)
Sex
Female 78 (24.7) 30(38.5) 1.65 (0.97-2.83)
Male 237 (75.2) 65 (27.4) 1 [Reference]
Smoking status
Never 173 (54.9) 54 (31.2) 1 [Reference]
Former 134 (42.5) 40 (29.9) 0.94 (0.57-1.53)
Current 8(2.5) 1(12.5) 0.31(0.04-2.62)
Anatomical site
Lateral 218 (69.2) 67 (30.7) 1 [Reference]
Nonlateral 97 (30.8) 28(28.9) 0.91 (0.54-1.55)
T stage
T1 140 (44.4) 44 (31.4) 1 [Reference]
T2+ 175 (55.6) 51(29.1) 0.90 (0.55-1.46

1 [Reference]
9.90 (4.83-20.29)

1 [Reference]
0.85 (0.46-1.58)
1.55(0.73-3.28)

1.50 (0.82-2.74)
1 [Reference]

1 [Reference]
1.01(0.58-1.76)
0.29 (0.03-2.59)

1 [Reference]
0.81 (0.45-1.46)

1 [Reference]
0.94 (0.55-1.61)

1 [Reference]
4.41(1.01-19.32)

1 [Reference]
1.63 (0.61-4.36)
4.85(1.25-18.85)

5.74 (1.83-18.04)
1 [Reference]

1 [Reference]
2.99(1.11-8.09)
0.43(0.01-33.16)

1 [Reference]
1.21(0.45-3.30)

1 [Reference]
1.40 (0.57-3.44)

Abbreviations: NA, not applicable; OR, odds ratio; TLM, transoral laser microsurgery; TORS, transoral robotic surgery.

models (eTable 4 in Supplement 1). The magnitude of the dif-
ference in outcomes between the 2 surgical types was broadly
unaffected, apart from the effect on aspiration rate, which al-
though still favoring TLM, became smaller (OR, 2.69 [95%
CI, 0.72-10.10]), with the width of the 95% CI still preventing
definitive conclusions about the true effect.

Postoperative Hemorrhage Rates
Major (life threatening) postoperative hemorrhage occurred in
2 0f195 patients (1.0%) after TLM and 5 of 313 (1.6%) after TORS.

|
Discussion

The PATHOS trial has presented a unique opportunity to com-
pare 2 different transoral surgical techniques used in the man-
agement of HPV-positive OPSCC. In this cohort study, TORS was
potentially associated with higher rates of NGT use and mod-
erately worse H&N35 swallowing and MDADI scores at 4 weeks
after surgery compared with TLM. Rates of aspiration and high-
grade dysphagia favored TLM, but 95% CI were wide due to
smaller sample sizes for those outcomes. The consistent trend
across the range of patient-reported outcomes and VFSS and
NGT use suggest a harmonized clinical picture that early post-
operative functional outcomes were less impaired following
TLM than TORS, although differences were relatively small and
clinical relevance was uncertain. These findings could be of
interest to colleagues considering the design of head and neck-
specific robotic platforms.
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Comparative studies of TLM and TORS for OPSCC are
scarce. Sievert et al*! compared outcomes, primarily oncologi-
cal outcomes, between 2003 and 2012 (30 patients with TLM
and 24 with TORS). There were no clear differences observed
between the 2 groups in terms of postoperative outcome mea-
sures. Parimbelli et al?? performed a cost utility analysis of
TORS compared with TLM for OPSCC in 2 Swiss institutions.
They concluded that TLM was more cost-effective than TORS
to treat OPSCC. However, the analysis had an emphasis on sur-
gical margins and how the techniques may then determine the
need for radiotherapy and/or chemotherapy.

The results presented in this report suggest potential
benefits of using laser energy and/or applying the trans-
tumoral surgical philosophy adopted in a TLM approach as
head and neck transoral-specific surgical robots are devel-
oped in the future. The lower rate of NGT use and reduced
impairment of swallowing observed in participants treated with
TLM may reflect the greater energy dispersion into soft tis-
sues with TORS (electrocautery vs laser) and/or the routine
resection of the superior constrictor muscle with TORS.

The observed difference in MDADI scores represents a
small effect size with uncertain clinical meaning. It is pos-
sible that even a small difference in postsurgical function could
result in better recovery prior to the start of adjuvant treat-
ment and may translate into a larger effect after adjuvant
therapy is delivered to the surgical bed. This remains specu-
lative, and the long-term implications of the small functional
difference seen acutely after treatment require further
study.

jamaotolaryngology.com


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoto.2024.3371?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2024.3371
http://www.jamaotolaryngology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2024.3371

Original Investigation Research

Transoral Laser or Robotic Surgery Outcomes for Oropharyngeal Carcinoma

"3)is |edILWoleue ‘33e ‘2100s Buljaseq "adAy A198.1ns Suipn|oul uoissa.83.1 213s130)/1eaUl| S198443-PaXIW [SAS-IINA o

"SwoldwiAs Jo [2A3] (3s10M) 1331y B S1udsaIdal 31035 JaySiy B ‘00| 03 O WOy 35Uel 31005 |

*8ujuonouny Jo [9As)] (49119q) JayB1y e syussaldal 9103s 1aysiy e 0L 01 O Wouy d3uel S2100S

*(Butuonouny ysiy) 0L 03 (Suluoiouny moj AlpWa11xs) O Woly a3uel s31035
‘UaAIS B.e SOI1BI SPPO a1aYM Sa1el 10§ 1dadx® JUBID1J20 UoIssaISal Jeaul] ,
‘[oA9] pUOIaS B SE 193U pue ‘sniels Supjows ‘xas ‘a8e3s-} [eaiSojoyied

'9102s auleseq pue adA3 A1a81ns Suipnjoul uoissaldal 213s|80|/1eaulT .

‘K1981ns

21300 [eJoSUBI} 'SYQ ‘A1981NS0I0IW Jase| [elosuel} ‘AL ‘DJIeuuonsang aji7 Jo AlenD Jaoue) Jo Juawieal|
pue yd.easay Joy uoneziuegiQ ueadoing wWaM-0€ ‘'0E1D OO ‘sinown| aAIHSOd-(SnJinewo|jided uewnH) AdH
104 Jusweal] JueAn(py aAneladolsod 'SOH LV ‘A1oiusau eideydsAg uosispuy QI ‘1IQVAIA @41euuonssnp yoaN
pue peaH 190U JO JUsLLIedI] pUE Ud1easay 1o} uoneziuesiQ ueadoing Way-GE S91edIpUl GEN'RH :SUOReIARIqqY

(95°¢tT (8%°9 (%) ON
0T 0118°0) ZE'€ 90 0196'0) 6%'C (€'81) 6T (TD1 8 (T8) L 0 8 ‘a3e. e1beydsAp apedb ybiH
(ov'11 (62°0T
90 0}56°0) 6C°€ 90° 0196°0) ¥T°€ (ren) 11 0 8 (V27204 (TD1 8 (%) "ON ‘@38 UoneJIdsy
(ot0 (200 [(£91036°S) T'TT] [(00z 03 T'TT) £'9T] [(£9103£72) G T] [(00z 03 T'TT) £+1]
L0 01 TT°€-) IS T- 90"  03gLT-)TET- (0'8)o0zt (oor) £LT 9T (s9)0°€T (€'8) 59T vET s/7w ‘Aydeded mojjems
(880 (€5°0- [(00z 03 T'TT) £4T] [(0'5z 03 £'9T) 07] [(0'sz035°2T) £°9T] [(0'5z 03 £'91) 07] mojems/u ‘[(¥0I) uelpaw]
1T 01T0%-) 95 T- 100 0¥ CT¥-) LET- (6'01) 69T (ee1) TTe 74 (T'6) T'6T (8'01) L'CC ¥ET  (QS) ueaw ‘awnjon mojjems
(90°% (zo't [(g°€€030) 0] [(0030) 0] [(g°€€030)0] [(g°€€030) 0]
96° 01€8°¢-)IT0 8y 0 EEy-)ST'T- (7'91) G'€T (TeD 9 ¥9¢ (9'91) T'ST (s'sT) S°0T Ut ;21025 550] JyBIOM GENBH
(9s°¢ (zr'e [(e'ec010) £€€] [(g°€€030) 0] [(g'cc030) £¢€] [(£'€£010) 0] 421005
€8’ 018T°¢€-) TE0- 9/ 0 IE'E-) v 0- (r's1T)Tee (£'91) €91 0LT (zs1)9€e (£'91) £'ST vLT SI3N|p| uted 4o asn GEN'RH
(vzor (LSt [(e'cg010) £€¢€] [(0030) 0] [(e'cc010) £¢€] [(0030) 0]
9¢” 019/°¢€-) ¥T'€ 85" 012C¥-) L9'T (e1€) Tee r'L1) L9 e (£'1€) 8°0¢ (991) 9'¥ €/T 424025 yynow bujuado GENBH
(ot (18 [(ere€01€'8) £'9T] [(£°8030) 0] [(0°5Z 03 0) £°8] [(£°8030) 0]
S00° 0} /T VT L €0’ 01€€°0) ST (6T v'1C (£s1) 89 14T (9'81) £'9T (0en)9's €LT 49105 Buimo)jems GEN'gH
(966 (L8's [(0°05017°6T) €€] [(0°5z 03 0) €8] [(0'05 03 £'9T) £7€€] [(0°57 03 0) £°8]
o1 0106'0-) 85t 15 0116°C-) 87T (0°€2) 5'9¢ (£61)S°LT (A4 (9°50) 0°'v€ (0'81) 9'%T €LT ,210s uted GEN'BH
(o' (1€°€ [(z06038°0L) 18] [(0'£6 03 T'¥8) 1°6] [(9°06039°02) +°18] [(5°86 03 5°58) 0°t6]
08 0119'C-) 6£°0 LS 01€8'T-) ¥£°0 (5°ST) €'8L (sz1) 788 S9¢ 9L1)8LL (Tv1)9'88 991 594025 Alewiwins 0€J 010
(s8'8 (6t'S [(eec010) £€€] [(0030) 0] [(g°€€030) 0] [(0010) 0]
45 019%'%-) 6T°C 86"  0399°G-) 60°0- (¥'87) §'¥¢ (T10 €6 €11 (918) T'vT (181)69 €/T 2405 uonediysuod €I DTO
(so'v (65°€ [(£°€8030°05) £99] [(£1603£799) £°€8] [(£°€8030°05) £99] [(£1603£799) £€8]
68 0159'%-) 0£°0- 06° 0}/T°€-)TT0 (T'02) 8'%9 (s'81) €82 €11 (#°02) £'%9 (€'81) 6’82 €1 »210351eq016 0£) D10
(e~ (6€°¢- [(5£0350) 5/] [(00T 03 5£) 00T] [(00T 0305) §/] [(00T 03 5£) 00T]
700" 030S$°9T-) 200T- S00° 03G9°ET-) Z0'8- (€18 €19 (s'zo)ss SLT (0'620) T'0L (8'LT)T'16 9/1 p21035 1eqo16 |aYaIN
(652~ (68°C- [(0°08030°55) §°£9] [(00T 03 08) 00T] [(06 03 09) /] [(00T 03 5°£8) 00T] p240s
100° 01GT°0T-) LE9- 100>  0381°6-) ¥0'9- (£91) 219 (6'%1) £'68 0T (8°4T1)9¥L (521) ¥'26 G/T  BuluondunyedisAyd |avaw
(05°1- (€T e- [(zeg0or1'19) £7€/] [(00T 03 0°T8) 8'56] [(9716 03 #'89) 89/] [(00T 03 #°88) 8'56]
S00° 01/7'8-) 68~ 100>  039/°/-)00°S- (6'sT)v'eL (6'T1) £'68 69T rv1) T'8L (ToT) €16 SLT 24025 33150dWo |QVAIN
anjen d 5(1D%S6)  @nead 512 %56) [(401) uerpaw] [(4O1) uepaw]  sjudiged 31035 2I6INSISOH M-1 al00s dulseg  spuated
UIRYIP UIRYIP (@s) ueaw (@s) ueaw 40 "ON J0 "ON
dnoJb-uaamiaq dnoJb-usamiaq ‘9103s 1e216.1NSIS0d M- ‘91035 duljeseg
‘f196.4nS J0 123443 ‘A196.4nS J0 129443
dnotb sY01 dnoJb 7L

glqeleAnw 1ing

<Alqereanuw a)dwis

[(401) ueipaw] (as) uesy

aInseay

adA] A1981ns Aq A1981nS 191y P9 + pue auijasegq e eiSeydsAqg speln-ySiH pue uonelidsy jo sa1ey Adodso1on|JOdPIA PUE ‘SRINSEII 1S9 MO||EMS 191BAA 'S.10S 9417 Jo AjjenD "€ 9|qel

1009

JAMA Otolaryngology-Head & Neck Surgery November 2024 Volume 150, Number 11

jamaotolaryngology.com

Downloaded from jamanetwork.com by guest on 11/25/2024


http://www.jamaotolaryngology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2024.3371

1010

Research Original Investigation

Strengths and Limitations

This is a large comparative study of functional outcomes
following TORS vs TLM for HPV-positive OPSCC. The
recruiting institutions’ practices clearly affected the length
of hospital stay and NGT use and have been accounted for in
the analysis. Data on individual clinicians’ practice were not
available and may influence NGT use beyond that of the
institutional practices, and the rationale for use was not
documented or factored in. The data represent a nonran-
domized analysis with multiple end point comparisons not
adjusted for multiplicity. As such, the results should be seen
as hypothesis generating rather than definitive. The
unblinded nature of the study means that quality of life out-
comes may be biased. Additionally, there is a lack of clarity
as to the optimal MCID for the quality of life measures and
water swallow tests that we used, especially given the par-
ticular patient context and fact that we were looking for
between-group rather than within-patient differences. Fur-
thermore, the study has focused solely on the early postop-
erative recovery period, at 4 weeks following surgery. It can-
not comment on the effect of surgical philosophy (TORS vs
TLM) on margins and how this may relate to the allocation
of patients to the different adjuvant treatment after surgery.
Furthermore, it cannot comment on the longer-term effects
of TLM and TORS, in combination with adjuvant treatment,

Transoral Laser or Robotic Surgery Outcomes for Oropharyngeal Carcinoma

on function and quality of life outcomes. We plan to analyze
longer-term effects when the PATHOS trial matures.

Due to the nature of the end points, some missing data are
inevitable. This is particularly true for the VFSS scores, which
were only obtained in the UK and for which there is a lag be-
tween the time of assessment and scoring as video record-
ings are collected and disseminated for review. However, our
data show that the distribution of baseline characteristics was
similar for those with and without scores, suggesting that bias
may be minimal.

|
Conclusions

The datain this cohort substudy of the PATHOS trial suggest that
a TLM approach to HPV-positive OPSCC may cause moderately
less impairment to swallowing and quality of life over the first
4 weeks following surgery when compared with a TORS ap-
proach. In most high-income countries of the world, many sur-
geons now choose to use TORS rather than TLM for the resection
of HPV-positive OPSCC. This makes sense, as robots confer ben-
efits with respect to tumor visualization, access, and training as
well as ergonomic benefits to reduce tremor and enhance sur-
geon comfort. These findings may be of interest in the design and
development of future head and neck-specific robotic platforms.
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