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Abstract

Objective: The laryngopharynx is an anatomically complex structure that plays an important role in eating and breathing. Transoral
robotic surgery (TORS) has recently emerged as a surgical technique for oro- and laryngopharyngeal cancer. We performed a system-

atic review to investigate the clinical safety and effectiveness of robotic surgery in head and neck cancer.

Methods: A literature search was conducted using the English-language databases Ovid-MEDLINE, Ovid-Embase, and the Cochrane
Library, as well as domestic databases containing publications through July 2015. The outcomes included demographic characteris-

tics, adverse events, and complications, as well as oncologic, functional, and surgical outcomes.

Results: Six papers met the inclusion criteria. Primary TORS compared with open surgery (four studies, 199 patients) was associated
with lower risks of perioperative outcomes including free flap reconstruction (relative risk [RR]: 0.15, 95% confidence interval [CI]:
0.03. 0.81) and tracheostomy (RR: 0.20, 95% CI: 0.08, 0.05). Salvage TORS showed higher two-year disease-free (74% vs. 43%, p =
0.01) and overall survival rates (74% vs. 43%, p = 0.02), and lower positive-margin rates (RR: 0.32, 95% CI: 0.14, 0.73) than open

surgery.

Conclusions: The findings of this systematic review suggest that TORS resulted in lower risks of free flap reconstruction and lower

tracheotomy rates.
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Introduction (Level 1 heading)

The laryngopharynx is an anatomically complex structure that plays an important role in speaking, eating, and breathing; com-
bined, these activities are essential for maintaining quality of life. Open surgery has been the traditional primary therapy for pharyngeal
squamous cell carcinoma (PSCC). However, open surgery by mandibulotomy or mandibulectomy results in complications in 10%-60%
of cases, including difficulty with speech and swallowing, malocclusion, temporomandibular joint pain, and cosmetic deformities. [1]
Although pharyngotomy avoids many complications of mandibulotomy and mandibulectomy, access to nasopharyngeal lesion is sig-
nificantly limited and pharyngocutaneous fistulas and severe dysphasia may develop. [1] Therefore, the main treatment of choice for

pharyngeal cancers are radiation therapy and chemotherapy, rather than open surgery.

New interest in operative approaches for management of PSCC led to the introduction of transoral laser microsurgery (TLM). Ac-
cording to Steiner researching system, TLM was developed as a minimally invasive organ preservation surgery, with comparable medical

outcomes compared with open surgery. [14]

A retrospective review of 166 patients who underwent TLM for tonsillar SCC reported an 85% five-year local control rate. [2] TLM
has several limitations, including limited exposure and reduced depth perception with binocular vision, which have contributed to its
limited clinical use. [3] However, the most significant weakpoint of TLM is that the laser is located outside the oral cavity, which leads
to distant transoral approaches to cancerous lesions in the larynx and pharynx. In particular, the “line of sight” limitation, in which the

laser is not flexible with refraction and is limited to a linear line, makes safe three-dimensional en bloc tumor resection very difficult.

Transoral robotic surgery (TORS), first introduced in 2005, [1] offered improved visualization of the operating field and preservation
of organs. TORS performed using the da Vinci Robot System (Intuitive Surgical, Inc., California, USA) has been reported to have better
clinical results than open surgery. [3-4, 11-13, 15]

This method allows surgeons to overcome the limitations of oral surgery and TLM by proving three-dimensional visualization,
greater than 10xvisual magnification, hand-tremor stabilization, and fine control of robotic arms [9] (Figure 1). However, research and
reviews comparing TORS to open surgery remain insufficient, and, to our knowledge, systematic reviews and meta-analyses compar-
ing outcomes between TORS and open surgery have not been performed. Therefore, this study aimed to investigate the clinical safety
and effectiveness of robotic surgery in oro- and laryngopharyngeal cancer to provide scientific data for the decision-making process of

patients and public health workers.

Figure 1: Transoral robotic surgery (TORS) process.
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Materials and Methods

Search strategy

A systematic review was conducted to assess the safety and effectiveness outcomes of robotic surgery compared to conventional
surgical methods for treatment of oro- and laryngopharyngeal cancer. Studies published through July 2015 were identified by search-
ing three international (Ovid-MEDLINE, Ovid-Embase, and the Cochrane Library) and five domestic databases (KoreaMed, KMbase, the
Korean Studies Information Service System[KISS], Research Information Service System [RISS], and the Korean Institute of Science and

”u

Technology Information [KisTi]) using the terms “mouth neoplasm,” “otorhinolaryngologic neoplasms,

» ”u » o«

oropharyn,” “pharynx,” “mouth,”

“tonsil,” “palate,” “cancer,” “malignancy,” “TORS,” “transoral,” and “robot”. The search strategies were established after consultation with

clinical experts to ensure the adequacy and the sensitivity of this search strategy.

There was no language restriction, and no filters of any kind were applied. The bibliographies of relevant published articles were also
reviewed to identify additional publications. After removing duplications, a total of 1,291 references were imported for initial screening

based on title and abstract.

Inclusion and exclusion criteria

According to pre-determined study selection criteria, two reviewers independently screened the titles and abstracts to exclude irrel-
evant studies, and full-text review was subsequently performed for all potentially relevant articles. The inclusion criteria were: (1) stud-
ies that focused only on patients with pharyngeal cancer, (2) comparative studies between TORS and open surgery, and (3) studies that

reported at least one proper patient outcome. Studies were excluded if they were (1) not original articles and (2) not human populations.

Data extraction and quality assessment

The reviewers extracted the following variables to a data extraction form and double-checked all entries. Disagreements between
reviewers were discussed and resolved by consensus. An assessment for risk of bias in the selected studies was performed using Risk of
Bias for Nonrandomized Studies (RoBANS) version 2.0.

The data included rates of adverse events and complications, survival, positive resection margins, free flap reconstruction, and tra-
cheostomy as well as time to decannulation, length of hospital stay (LOS), and operation time. These data were used to compare the

effectiveness of TORS and open surgery.

Statistical analysis

Relative risks (RRs) and weighted mean differences (WMDs) were used to assess dichotomous and continuous variables, respec-
tively, and reported with 95% confidence intervals (CIs). The Chi square test with significance set at p < 0.10 was used to assess statistical
heterogeneity among studies, including this meta-analysis, and I [2] statistics were used to quantify heterogeneity. A fixed-effect model
was applied for all variables with I [2] < 50%, which was defined as in significant heterogeneity among the studies. A random-effect
model was used for variables with I [2] 2 50%. We conducted all meta-analyses with Review Manager, version 5.3 (RevMan, Copenhagen:

The Nordic Cochrane Center, The Cochrane Collaboration, 2014), with a two-tailed test of significance (p < 0.05).

Results and Discussion
After abstract review, 20 articles were identified as potentially relevant for inclusion in this study. We excluded 14 of these publica-
tions because they were not original articles or did not compare TORS and open surgery. Two additional publications were identified

during our manual review of relevant bibliographies; finally, a total of six publications were included in the meta-analysis (Figure 2).
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Figure 2: Flow diagram of the study selection process.
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Table 1 shows the characteristics of the six included studies (388 patients) that reported the effectiveness of TORS compared with

open surgery. Three of the six studies were conducted in Korea; the others were performed in the USA and France. All studies were

published during the last five years, from 2010 to 2014. There were no randomized controlled trials (RCTs), and two of the six studies

prospectively collected data. Four studies included primary cancer patients, while two studies included cases of recurrent cancer. There

were significant differences in the mean patient age betw een the RT and OT groups in the six studies (Table 1).

First | Cancer | Coun- Data No. of patients | Clinical | Patho- | Sites Age Gender, | Follow-up | Type
author, | Type try co.llec- TORS Open stage logic (years), | rate of | (months), sur-
year of tion stage mean male TORS/ gery,

publica- (TNM) (%) Open, TORS/
tion mean or Open

median

Park, PC Korea Retro 17 17 T1-2 [-IT (V): | Phar- 65.7 88.2 27.3 OPG/

2013a 3) 47.1% | ynx SGLG

[12] 79.4%

Park, PC Korea Retro 30 26 T1-2 I-1I (V): | Larynx | 64.7 98.2 21.4 HPG/

2013b “4) 25.0% PT

[13] 69.6%

Lee, PC Korea Pro 27 30 T1-2 NR Larynx | 51.8 80.7 20.3 OPG/

2013 3) TT

[11] 66.7%
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Ham- PC France | Retro 26 26 T1-2 NR Phar- 61.5 69.2 19/56 | OPG, SGLG,
moudi, 3) ynx, PLG/ OPG,
2014 [4] 84.6% Larynx TMBPG,
PLG, SGLG
Dean, RC USA Retro 7 14 T1-2 I-11 Larynx | 61.9 85.7 NR NR/NR
2010 [3] 100% (1):
66.6%
White, RC USA Pro 64 64 T1-2 I-11: Larynx | 61.0 78.9 NR NR/NR
2013 [15] 4) 44.5%
86.7%

PC: primary cancer, RC: Recurrent cancer, Retro: retrospective study, Pro: prospective study, TORS: transoral robotic surgery, Open: open

surgery, NR: not reported, ND: Neck dissection, OPG: oropharyngectomy, HPG: hypopharyngectomy, SGLG: supraglotticlaryngectomy,

PLG: pharyngolaryngectomy, PT: pharyngotomy, TT: Tonsillectomy

Table 1: Characteristics of the included studies.

Adverse events and complication rates

Pharyngocutaneous fistulas were reported in three studies; these three studies also reported lower risk of pharyngocutaneous
fistulas with TORS compared to open surgery [4,5,9] (RR 0.24, CI: 0.05, 1.10, P = 0.07), [12-13, 15] although this trend was margin-
ally significant. Two studies reported the rate of wound infection in TORS and open surgery, resulting in a RR of 0.34(CI 0.49, 0.77), a

statistically significant difference. [3,12]

The incidences of other complications, including postoperative bleeding (RR = 0.98, 95%CI 0.40, 2.43), [13, 15] aspiration pneumo-
nia (RR =0.20,95% CI: 0.01, 3.88) [12], laryngeal stenosis (RR =3.00,95% CI: 0.13, 68.84) [12], airway edema (RR = 1.08,95% CI: 0.43,
2.19) [15], neck abscess (RR = 0.63,95% CI: 0.03, 13.65) [3] and hematoma (RR =0.38,95% C1 0.02, 6.90) [3], did not differ significantly
between the TORS and open surgery groups (Table 2, Figure 3).

Complication No. of Reference | Cancer No. of events RR 95% CI P value
Studies Numbers type TORS (n/N) | Open (n/N)
Pharyngocutaneous fistula 3 [12-13,15] | PC+RC 1/111 7/107 0.24 0.05,1.10 0.07
-PC 2 [12,13] 3/47 3/43 0.40 | 0.06,2.53 0.18
-RC 1 [15] 0/64 4/64 0.11 0.34, 2.27 0.14
Postoperative bleeding 2 [3,13] PC+RC 8/94 8/90 0.98 0.40,2.43 0.97
-PC 1 [12] 1/30 0/26 2.61 | 0.11,61.51 0.55
-RC 1 [3] 7/64 8/64 0.88 | 0.54,2.19 0.78
Wound infection 2 [13,15] PC + RC 0/24 3/31 0.36 | 0.04,3.00 0.34
-PC 1 [12] 0/17 1/17 0.33 0.01,7.65 0.49
-RC 1 [15] 0/7 1/14 0.36 | 0.01,2.02 0.77
Aspiration pneumonia 1 [12] PC 0/17 2/17 0.20 0.01, 3.88 0.29
Laryngeal stenosis 1 [12] PC 1/17 0/17 3.00 | 0.13,68.84 0.49
Airway edema 1 [15] RC 13/64 12/64 1.08 | 0.54,2.19 0.82
Neck abscess 1 [3] RC 0/7 1/14 0.63 | 0.03,13.65 0.77
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Hematoma 1 [3] ‘ RC ‘ 0/7

| 2/14 | 038 | 002,690 0.51

patients, RR: risk ratio, Cl: confidence interval, NA: not applicable

PC: primary cancer, RC: Recurrent cancer, TORS: transoral robotic surgery, Open: open surgery, n:number of events, N: number of

Table 2: Complication rates comparing Transoral robotic surgery with open surgery.
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Figure 3: Meta-analysis: safety (A: Pharyngocutaneous fistula; B: Postoperative bleeding; C: Wound infection;

D: Aspiration pneumonia; E: Laryngeal stenosis; F: Airway edema; G: Neck abscess; H: Hematoma).
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Survival rates and positive resection margin rates
Salvage TORS showed higher two-year disease-free (74% vs. 43%, p = 0.01) and overall survival rates (74% vs. 43%, p = 0.02) [15],
as well as lower positive margin rates (RR: 0.32, 95% CI: 0.14, 0.73) compared with open surgery [3,15].

Free flap reconstruction rate

Compared with open surgery, primary TORS (four studies, 165 patients) was associated with lower risks of perioperative outcomes
including free flap reconstruction (RR: 0.15, 95% CI: 0.03. 0.81), and there was no significant heterogeneity between these two groups
[4,11,13]. In open surgery, free flap reconstruction is required to fill in through-and-through defects or to cover the exposed carotid
artery. However, in TORS, the normal structures are maximally preserved; through-and-through defects are rare, and the structures
covering the carotid artery are typically preserved. Thus, the reduced requirement for free flap reconstruction is one of most significant
advantages of TORS.

Tracheostomy rates and times to decannulation

Primary TORS (one study, 90 patients) was associated with lower risks of tracheostomy (RR: 0.21, 95% CI: 0.08, 0.51) [4]; salvage
TORS also showed a lower tracheostomy rate (RR: 0.24, 95% CI: 0.15, 0.40) [3, 15]. The time to decannulation was shorter in primary
TORS by 6.4 days in concurrent studies (mean difference [MD]: -6.4 days, 95% CI -10.05, -2.81,1[2] = 78%) [11, 12].

Feeding tube rates, dependence, and the duration of feeding tube use

The rates of feeding tube use at the time of surgery (RR 0.52,95% CI 0.38, 0.72) [3,15] and feeding tube dependence six months after
surgery (RR 0.27,95% CI 0.12, 0.61) [3,15] were also lower than those rates for open surgery in patients with recurrent laryngopha-
ryngeal cancer. The feeding tube dependence (= 6 months) for primary TORS was less than open surgery (RR: 0.30, 95% CI: 0.05, 1.83).
[12,13] Prospective studies of TORS in primary laryngopharyngeal cancer showed significant reduction in the duration of feeding tube
use (MD: -10.2 days, 95% CI: -13.40, -7.00). [11]

Hospital stay

Three studies assessed the length of hospital stays after surgery; the pooled data showed that TORS resulted in significantly shorter
hospital stays (8.5 days, MD -8.5, 95% CI -10.79, -6.11) compared to open surgery in patients with primary laryngopharyngeal cancer
[4,11,12].

Operating time
Only one study reported operating time. TORS was associated with a shorter operation time of 135.9 minutes compared with open

surgery (MD -135.9,95% CI -222.39, -49.41) during treatment of primary laryngopharyngeal cancer [12] (Table 3, Figure 4).

Quality appraisal

No randomized clinical trials were included in the present analysis. Investigation of methodological quality revealed that the in-
cluded studies had high risk of selection bias and perturbed variables. Statistical evaluative components especially important in ob-
servational research, including comparison of two groups, selection of object groups, and correction of perturbed variables have been

reported to increase the risk of bias, resulting in an overall low quality of research (Figure 5).
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Outcomes Variables No. of | Reference | Cancer No. of events WMD/RR | 95% CI P value
studies | numbers type TORS Open
(n/N) (n/N)
Oncologic Mortality [4,11-12] PC 6/100 7/99 0.81 0.30,2.20 0.68
outcomes Recurrent rate [4,11-12] PC 6/100 | 11799 0.55 0.22,1.40 0.21
Disease-free [4,11-13, 137/164 | 112/163 1.14 0.94,1.38 0.18
Survival rate 15]
-PC 4 [4,11-13] 90/100 85/99 1.05 0.96,1.14 0.32
-RC [15] 47/64 27/64 1/74 1.26,2.40 0.0008
Positive margin 6 [3-4, 17/171 | 32/177 0.55 0.32,0.95 0.03
rate 11-13,15]
-PC 4 [4,11-13] 11/100 11/99 0.98 0.45,2.16 0.96
-RC [3,15] 6/71 21/78 0.32 0.14,0.73 0.006
Perioperative | Free flap recon- 4 [4,11,13, 0/147 15/146 0.12 0.03,0.48 0.003
outcomes struction rate 15]
-PC 3 [4,11,13] 0/83 8/82 0.15 0.03,0.81 0.03
-RC 1 [15] 0/64 7/64 0.07 0.00,1.14 0.06
Tracheostomy tube 3 [3-4, 15] 18/97 | 112/142 0.23 0.15,0.36 | <0.00001
rate
-PC 1 [4] 4/26 48/64 0.21 0.08,0.51 0.0007
-RC 2 [3,15] 14/71 64/78 0.24 0.15,0.40 | <0.00001
Feeding tube rate 2 [3,15] RC 27/71 57/78 0.52 0.38,0.72 | <0.00001
Functional Feeding tube de- 4 [3,12-13, 7/118 30/121 0.28 0.13,0.58 0.0007
outcomes pendence 15]
-PC 2 [12,13] 1/47 4/43 0.30 0.05,1.83 0.19
-RC [3,15] 6/71 26/78 0.27 0.12,0.61 0.002
Time to decannula- 3 [4,11,12] PC 70 73 -3.56 -9.75, 2.62 0.26
tion (days)
Time to oral diet 2 [4,12] PC 53 40 -4.19 -16.14, 0.49
(days) 7.77
Others Operative time 1 [12] PC 17 17 -135.90 -222.39, 0.0002
(mins) -49.41
Length of stay 3 [4,11,12] PC 87 74 -8.45 -10.79, <0.00001
(days) -6.11

TORS: transoral robotic surgery, Open: open surgery, n:number of events, N: number of patients, RR: risk ratio, CI: confidence inter-
val, NA: not applicable, WMD: weighted mean difference, PC: primary cancer, RC: Recurrent cancer

Table 3: Other outcomes comparing Transoral robotic surgery with open surgery.
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Figure 4: Meta-analysis: Effectiveness (A: Mortality; B: Recurrent rate; C: Disease-free survival rate; D: Posi-
tive margin rate, E: Free flap reconstruction rate; F: Trachostomy tube rate; G: Feeding tube rate; H: Feeding

tube dependence; I: Time to decannulation; J: Time to oral diet; K: Operation time; L: Length of stay)
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Figure 5: Quality of included studies.

Discussion
The laryngopharynx is an anatomically complex structure that plays an important role in eating and breathing. Resection of cancer-

ous lesions in this area by invasive open surgery could cause functional disabilities, including dysphasia and phonation problems.

Consequently, minimally invasive surgical techniques were developed, which shortened recovery periods and maximally preserved

anatomical structures that minimized loss of function.

TORS was developed to supplement these short comings and has been thought to have many clinical advantages. However, due to the

lack of objective comparisons, this study investigated and verified this hypothesis based on evidence reported in the literature.

This study systematically reviewed studies published since 2010 in order to compare the safety and effectiveness between TORS and
conventional open surgery for treatment of patients with oro- and laryngopharyngeal cancer. Although several meta-analyses have been
recently been published (Jackson.,, et al.; Lang,, et al. Sun, Peress and Pynnonen) to our knowledge, it is the first to include the greatest
number of relevant publications and compare the latest surgical results between TORS and open surgery; previous studies only com-
pared results between TORS and radiotherapy or showed only the single effectiveness of TORS. In the present systematic review and
meta-analysis of comparative studies, we found that primary TORS significantly reduced the free flap reconstruction rate, feeding tube
rate, and LOS.

Salvage TORS showed higher two-year disease-free and overall survival rates and lower positive margin rates compared with open

surgery.

The results of our meta-analysis showed that primary TORS reduced the risk of free flap reconstruction compared with open surgery.
In open surgery, free flap reconstruction is required to fill in surgical defects or to cover the exposed carotid artery. However, in TORS,
normal structures are mostly preserved, leading to rare through-and-through defects and preservation of the structures over the carotid
artery. This subsequently reduces the requirement for free flap reconstruction, an important advantage of TORS that is well reported in

the current meta-analysis.

The rate of positive resection margins in patients with recurrent larynx or pharynx cancer was significantly lower for TORS than for
open surgery: 250 studies published after 2005 reported that resection margin-positive rates were not significantly higher than those

of open surgery. In addition, the 10xmagnification of the surgical view offers outstanding advantages for the evaluation of resection
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margins. However, well-designed prospective RCTs are necessary to corroborate this observation, as selection bias in the current study

could have influenced the findings.

Our meta-analysis revealed higher two-year disease-free and overall survival rates in salvage TORS compared to rates in open sur-
gery. [15] The first Asian study on five-year survival also showed similar results, with 5%-10% higher survival outcomes for TORS
compared to those of open surgery. However, many factors may contribute to differences in survival; therefore, these results should be

interpreted with caution.

The factors associated with improved survival rates include reduced suicidal rate and increased quality of life due to functional pres-
ervation of breathing, eating, and phonation. In addition, determination of appropriate treatment plans based on accurate identification
tumor biology is possible with TORS. Finally, TORS offers advantages in accurately evaluating resection tissue margins, especially in

anatomically complicated head and neck salvage surgeries that are more difficult than primary surgeries.

Researches on breathing and swallowing function have reported differences in functional outcomes, including the period to starting
oral diets and tube removal. However, prospective and concurrent cohort studies have demonstrated the significant advantages of TORS,

including the minimal functional loss compared with open surgeries.

Finally, TORS tended to have lower risks of pharyngocutaneous fistulas compared to open surgery, although the difference was mar-

ginally significant.

Two studies compared wound infection in TORS and open surgery, reporting a statistically significant RR of 0.34 (CI 0.49, 0.77).
Compared with open surgery, TORS rarely requires mandibulectomy or skin graft, which contributes to its decreased postoperative

pharyngocutaneous fistula formation.

Two studies compared wound infection in TORS and open surgery, reporting a statistically significant RR of 0.34 (CI 0.49, 0.77).
Compared with open surgery, TORS rarely requires mandibulectomy or skin graft, which contributes to its decreased postoperative

pharyngocutaneous fistula formation.

Additionally, the expanded surgical vision offered by TORS can allow protection of the carotid artery, in addition to other advantages

not possible in open surgery.

Unfortunately TORS also has several limitations, including high costs and bulky equipment. In addition, individual differences be-
tween patients, such as obesity, short neck, and small jaw could make limit the surgical exposure. In these cases, excessive neck extension

could cause pain, and dental injuries could result from application of the retractors. [5]

Nevertheless, TORS is a promising new surgical approach that offers minimally invasive tumor removal and functional preservation
of breathing, phonation, and swallowing, factors important to human quality of life. Despite these encouraging findings, this systematic
review and meta-analysis has some limitations. First, this review involved a small number of studies, including two prospective and
four retrospective studies. Nevertheless, our outcomes led to statistically significant results with low heterogeneity. Second, most of the
studies enrolled in this meta-analysis were not of high quality due to observational study design with insufficient controls of group com-
parability and confounding factors. Therefore, the results should be interpreted with caution. Third, most of the included studies were
conducted in Korea (n = 3) and the USA (n = 2; thus, regional factors could have affected the results. Additional multi-national clinical

trials on this topic are necessary to overcome these limitations.
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Conclusion

In conclusion, the results of this meta-analysis suggest that primary TORS significantly reduces free flap reconstruction, feeding
tube rates, and length of hospital stay; similarly, salvage TORS significantly lowered the positive margin rates compared to conventional
open surgery in patients with oro- and laryngopharyngeal cancer. However, there was not enough evidence to draw a definite conclusion
regarding safety and effectiveness between TORS and open surgery. TORS is a promising technique for larynx and pharynx cancer, but

well-designed prospective studies are required to clearly elucidate the clinical effects of robotic surgery.
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