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Abstract

Trans-oral robotic surgery for head and neck cancers can be performed using rigid, multi-port robots with linear access but
the Medrobotics Flex® system offers an alternative as it is endo-luminal, single-port, and uses flexible instruments. To assess
the utility of the Medrobotics Flex® system for head and neck cancer (HNC) resections. A retrospective review of all HNC
resections done over a 2.5-year period (Jan 2017-July 2019) at the Memorial Hospital, using the Flex® system. Data col-
lected include patient demographics, tumour site, tumour stage, p16 status, smoking history, surgery performed, histologic
margins, complications, overall survival, recurrence, and adjuvant treatments received. There were 49 head and neck cancer
cases in total done using the Medrobotics Flex® system. Median age 60 years, with M:F ratio 3.5:1. Outcomes: oropharyn-
geal cancers (82%), p16 positive (89%), overall survival (94%), local recurrence (6%), and adjuvant treatment (84%). Cancer
procedures done included lateral oropharyngectomy (43%), tongue base mucosectomy (27%), tongue base resection (18%),
and others (12%) which include a single case each of supraglottic laryngectomy, hypopharyngeal tumour resection, partial
pharyngectomy, partial glossectomy, and vocal cord tumour resection. Clear margins were related to tumour T stage and
achieved for T1 tonsil cancer (75%), T2 tonsil cancer (70%), T3 tonsil cancer (50%), T1 tongue base cancer (80%), and T2
tongue base cancer (66.7%). Median operating time with neck dissection was 2 h 40 min, whilst median length of hospital
stay was 1 day (IQR 1-7 days). Complications included a single case each of secondary haemorrhage (managed conserva-
tively), oro-cervical fistula, wound infection, tongue numbness, and a medical event. There was no primary haemorrhage
and no mortality. The Medrobotics Flex® system is a safe and reliable tool for head and neck cancer surgery.
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Introduction

Trans-oral robotic surgery (TORS) has been shown to be an
effective approach in treating cancers of the head and neck
area including oropharynx, posterior oral cavity, hypophar-
ynx, and larynx. TORS was first approved by the FDA in
America for small-volume oropharyngeal cancer resections
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following the landmark work done by Weinstein et al. [1]
using the first commercially available robot (Da Vinci, Intui-
tive Surgical, Inc,. Sunnyvale, CA). The Da Vinci robot is a
multi-port, linear system using 3-D endoscopes and endo-
wristed robotic arms. It allows high-definition visualisation
of the operating field with good oncologic outcomes pub-
lished worldwide for appropriately selected oropharyngeal
cancers, comparable with chemo-radiation. There has been
an evolution in TORS in recent years with newer robots
now commercially available including both rigid and flex-
ible systems.

The Flex® robotic system (Medrobotics Corp., Raynham,
MA) is the first flexible system specifically designed for use
in head and neck surgery and has received FDA clearance
for trans-oral surgery. It is a novel single-port platform that
is available as an alternative to rigid multi-port robotic tech-
nology. It is endo-luminal and, given its flexible construct, is
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readily deployed round the contours of the upper aerodigestive
tract. It has been utilised effectively by TORS surgeons in the
USA and Europe for cancer surgery.

The head and neck surgeons in Adelaide have extensive
experience in TORS as the department was the first to adopt
its use in Australia, with our first TORS performed in August
2008. TORS is now employed in the treatment of oropharyn-
geal cancers across Australia. The unit was the first in Aus-
tralia to publish its results on the use of the Flex® robotic
system on 20 head and neck cases which included 11 pro-
cedures for cancers [2]. We demonstrated this to be a safe,
reliable tool for TORS. The aim of this paper is to evaluate
the utility of the Flex® robotic system for cancer resections
with presentation of the Adelaide surgical experience and
oncologic outcomes.

Methods

All trans-oral surgery procedures were performed using the
Flex® robotic system (Medrobotics Corp., Raynham, MA).
Standard operating procedures were employed as described
in our previous paper [2]. Pre-operative assessments were
carried out to establish suitability for TORS including
tumour stage, pre-operative scans, mouth opening, mal-
lampatti classification, retrognathia, neck extension, and
medical co-morbidities. Every patient also had a pre-TORS
panendoscopy under general anaesthetic to fully assess
clinical tumour characteristics, extent, mouth access, and
nodal disease. Intra-operatively, either the FLEX retractor or
Boyle-Davis gag was used for stabilisation and hemostasis
achieved using vessel ligaclips or electrocautery. A hemo-
static agent (Purastat® 3-D Matrix Medical Technology; or
SURGIFLO® Hemostatic matrix Ethicon) was applied topi-
cally to the surgical bed at the end.

Data were prospectively collected on all consecutive
cases including demographic data, co-morbidities, anatomic
site of tumour, TNM tumour stage, p16 status, type of TORS
procedure, peri-operative complications, length of hospital
stay, any requirement for post-operative adjuvant treatment,
cancer recurrence, and disease-free survival. Data were
entered into an Excel spreadsheet and variables analysed.
The analysis was separated into benign and cancer groups.
Consent was obtained from all patients prior to their TORS
and ethical approval from the CALHN research ethics com-
mittee to analyse data (Ref 13,407).

Medrobotics Flex® set-up experience

Intra-operative set-up was straightforward with assistance
from the company representatives who were present for all
cases. The Flex® robot was easy to move and transfer easily
between theatres as required. It therefore does not need to be
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stationed permanently in a single theatre or take up space.
The Flex® is positioned next to the operating theatre couch,
with the flexible trans-oral component perpendicular to the
oral cavity and supported using the Flex® retractor and rigid
instrument supports. The Boyle-Davis gag was used as an
alternative retraction system, stabilised on Draffin rods, in a
similar fashion to a tonsillectomy set-up. The Flex® retractor
is advantageous in achieving optimal positioning and tumour
access as it has unique mobility in both the longitudinal and
axial rotational planes (Fig. 1). It also has a range of different
tongue retractor sizes with some shaped to allow controlled
tongue base prolapse and visibility. Docking is complete
once the robot is satisfactorily positioned in the oropharynx
with high-definition 3-D views and magnification optimal
for surgery achieved using the Flex® console. Instruments
are passed through the ports on both sides of the rigid sup-
ports and allow for triangulation, wristed articulation, con-
tinuous rotation, static locking in fixed positions, and some
tactile feedback (Fig. 2). The main operating surgeon sits at
the patient’s head end and operates using the wristed Flex®
instruments in a laparoscopic fashion (Fig. 2). The surgeon’s
assistant helps with retraction and suctioning of the opera-
tive field as required. In an emergency the Flex® robot is
easily withdrawn from the operative field. The instruments
are retrieved from the ports, and the control lever on the
robot is pulled unlocking the flexible cart from suspension
and removed quickly.

Fig.1 FLEX retractor system with multi-adjustment feature
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Fig.2 TORS surgeon located
at patient head end with HD
magnification of oropharynx

Average set-up time of the FLEX system just before sur-
gery was 30 min during which the system was adequately
positioned next to the operating table after anaesthetic pro-
cedures and intubation was complete. In this time, the FLEX
console is draped with sterile drapes, the FLEX retractor
is inserted, and the FLEX cart is gently lowered into the
oral cavity and secured on stabilisation. The average time
for FLEX resections is 2 h 40 min which includes the time
taken for neck dissections. Trans-oral resections alone of the
oropharynx plus hemostasis take 45 min. The neck dissec-
tions done in the traditional open fashion without robotics,
usually take an average of 1.5-2.5 h depending on the extent
of nodal disease.

In terms of peri-operative complications, there was
no primary haemorrhage in our Adelaide cohort. Within
30 days of TORS, there was a single case each of second-
ary haemorrhage (managed conservatively), wound infec-
tion, oro-cervical fistula, and numbness at the tip of tongue
from retraction (Table 2). There was one cardio-respiratory
reversible event, and in one case of a vocal cord resection,
the TORS was converted to a laser resection. There are strat-
egies employed in our unit to reduce the risk of bleeding or
fistula formation [3] in oropharyngectomies for malignancy.
Selective arterial ligation of the facial, lingual, and ascend-
ing pharyngeal arteries occurs in all cases undergoing a neck
dissection. At the end of every TORS, we apply hemostatic
agents like purastat or surgiflow topically to the oropharyn-
gectomy bed. A digastric flap is also routinely used after the

neck dissection to seal the commonest site of fistulisation
in level Ib.

Post-resection, meticulous review of the resected speci-
men by all the TORS surgeons is undertaken to check com-
pleteness of cancer resection macroscopically and deter-
mine if any further margins should be taken (Fig. 3). The
resected specimen is properly orientated with stitches placed
on labelled margins as appropriate on a background of the
anatomic picture (Fig. 4). This is then reviewed with the
head and neck pathologist in a quality-assured process and
subsequently discussed at the head and neck multidiscipli-
nary cancer board meeting.

Results

There were 49 head and neck cancer cases performed using
the Medrobotics Flex® system between January 2017 and
August 2019. Age range was 38—85 years. Median age was
60.5 years (IQR 51-66 years). There were 38 males and 11
females with M:F ratio 3.5:1.

The range of oncologic procedures is listed in Table 1.
This included lateral oropharyngectomy (43%), tongue base
mucosectomy (27%), tongue base resection (18%), and oth-
ers (12%) which include a single case each of supraglottic
laryngectomy, hypopharyngeal tumour resection, partial
pharyngectomy, partial glossectomy, and vocal cord tumour
resection (Table 1).
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Fig.3 Meticulous assessment
of the resected cancer specimen
for macroscopic clearance

Table 1 Surgical procedures performed using the FLEX robot

TORS procedure Number
of cases
Cancer surgery  Lateral oropharyngectomy 21
Tongue base mucosectomy 13
Tongue base resection 9
Supraglottic laryngectomy 1
Hypopharyngeal cancer resection 1
Partial pharyngectomy 1
Vocal cord tumour resection 1
Partial glossectomy 1
Retropharyngeal lymph-node excision 1
Benign Surgery  Lingual tonsillectomy 10
Tonsillectomy 6
Uvulopalatoplasty 4
Vallecular cyst excision 3
Epiglottic cyst excision 1
Vocal process lesion excision 1
Adenoidectomy 1

Median operating time was 2 h 40 min (IQR 75 min—4 h
18 min). Simultaneous neck dissections were performed in
30 cancer cases which are included in the operating time.
Trans-oral resections alone of the oropharynx plus hemosta-
sis take 45 min. The neck dissections done in the traditional
open fashion without robotics usually take an average of
1.5-2.5 h depending on the extent of nodal disease.
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Median length of hospital stay was 1 day (IQR 1-7 days)
and range was 1-18 days. TNM classification and margin
clearance is shown in Tables 2, 3.

Outcomes

The majority of head and neck cancers that had oncologic
resection using the Medrobotics Flex® system were oro-
pharyngeal cancers (82%) with p16 positivity shown in
89% of cases. Overall survival in this cohort of patients
was 94% calculated from date of cancer diagnosis to either
death or if they were still alive at the fixed date for analysis
(25/11/2019).

6% of patients had local cancer recurrence and 84% of all
patients required adjuvant treatment (Table 4).

Neck dissections

As part of the cancer management protocols, standard neck
dissections were performed in 30/47 cases (64%) that had
simultaneous resection of their primary tumours using the
FLEX system. The neck dissections were performed open
with utility neck incisions and clearance of levels 1-4 neck
nodes. These were performed for both NO and N + neck
status. A level 5 neck dissection was added if there was
evidence of nodal disease extending beyond the posterior
border of the sternocleidomastoid muscle or muscle inva-
sion. Modified radical neck dissections with resection of
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Table2 Tumour T stage and

. . TORS with FLEX Tumour TNM8 Frequency Margin status
margin clearance using the T-staging Clear—N (%)
FLEX system

Lateral Oropharyngectomy T1 8 6 (75%)
(N-21) T2 10 7 (70%)
T3 2 1 (50%)
T4 1 0(0%)
Tongue base resection T1 5 4 (80%)
(N-9) T2 3 2 (66.7%)
T3 0 -
T4 1 0 (0%)
Tongue base mucosectomy TO 12 5/12 (42%)
(N-12) cancer primary
found
3/5 (60%) clear
margin
Supraglottic laryngectomy (debulking) T4 1 0 (0%)
Hypopharyngeal cancer resection T2 1 1 (100%)
Partial pharyngectomy T2 1 0 (0%)
Vocal cord tumour resection T1 1 1 (100%)
Partial glossectomy T2 1 1 (100%)

the sternocleidomastoid muscle, spinal accessory nerve, or
internal jugular vein were undertaken if there was tumour
involvement of any of these structures. The FLEX system
was not used for any neck dissections. Our group does not
use the daVinci robot for neck dissections either.

Routine intra-operative ligation of relevant blood ves-
sels in the neck was performed to reduce the risk of post-
operative bleeding. Ligaclips were applied to lingual, facial,
and ascending pharyngeal arteries during the neck dissec-
tion phase which was done immediately after the trans-oral
cancer resections under the same general anaesthetic. In
appropriate small-volume cases, a modified submandibular
gland resection with preservation of the deep lobe was done
to reduce communication with the oropharynx. We also rou-
tinely performed a digastric muscle flap to reduce the risk of
oro-cervical fistula formation. The anterior belly of digastric
muscle is released from its attachment at the undersurface
of the anterior mandible, and reversed on its sling to cover
the level 1b neck area. The edges of the muscle are stitched
with vicryl 3.0 stitches to surrounding tissue including the
posterior belly of digastric. Tissel glue is then applied topi-
cally to provide a durable seal.

Tumour staging and margin clearance

The majority of cancer cases in this cohort were oropharyn-
geal cancers. Of the 47 cancer resections performed with the
FLEX system, there were 21 lateral oropharyngectomy, 11
tongue base mucosectomy, 10 tongue base resections, and 5
other non-oropharyngeal cases.

Every cancer case was reviewed by the multidisci-
plinary cancer team prior to treatment. To increase the
chances of oncologic clearance, endoscopic appearance,
cross-sectional imaging with MRI scans were assessed
to check the volume of disease, extension to tongue base
midline, invasion of surrounding structures like the medial
pterygoid muscle, prevertebral fascia, and mandible. The
majority of tumours selected for TORS were therefore
small-volume cancers T1 and T2 which were HPV posi-
tive with a view to avoiding triple modality treatment if
no adverse histologic factors such as extracapsular spread
were identified on histology.

Tumour size as recorded using T stage showed that
margin clearance was more likely with small-volume
tumours T1 and T2 when compared to T3 and T4 tumours
(although limited numbers) (Tables 2, 3). Clear margins
were achieved in lateral oropharyngectomy for tonsil can-
cers in 75% (T1), 70% (T2), 50% (T3), and 0% (single T4).
Similarly, for tongue base resections, margin clearance
was achieved in 80% (T1), 66.7% (T2), and 0% (single T4).

The FLEX system was also used to perform non-oro-
pharyngeal resections and achieved clear margins in the
single T1/2 cases done in subsites including hypopharyn-
geal cancer resection, vocal cord tumour resection, and
partial glossectomy. (Tables 2, 3). There was a single
supraglottic laryngectomy performed on a bulky T4
tumour with the aim of debulking. Resection was difficult
due to access and tumour bulk but beneficial as it defined
the narrow base and allowed a smaller field of radiation.
Proceeding with immediate treatment with chemoradio-
therapy would have run the risk of precipitating airway
obstruction.
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Table 3 TNM classification

of tonsil cancers, p16 Tonsil cancers—Ilateral TNM 8 stage p16 status Margin status Age Gender
status, and margi’n outcome oropharyngectomy
following TORS lateral 1 TINOMO Negative Clear 55 F
oropharyngectomy using the 2 TINOMO Positive Clear 63 F
FLEX system
3 TINOMO Negative Clear 65 M
4 TINOMO Negative Clear 76 F
5 TINIMO Positive Clear 51 M
6 TINIMO Positive Clear 62 M
7 TINIMO Positive Involved 58 M
8 TINIMO Positive Involved 72 M
9 T2NOMO Positive Clear 58 F
10 T2NOMO Positive Clear 74 M
11 T2N1MO Positive Involved 38 M
12 T2N1MO Positive Clear 43 M
13 T2N1MO Positive Involved 78 M
14 T2N1MO Positive Clear 64 M
15 T2N1MO Positive Clear 61 M
16 T2N1MO Positive Clear 67 M
17 T2N1MO Positive Involved 72 M
18 T2N2MO Positive Clear 85 F
19 T3NIMO Positive Clear 67 M
20 T3N1IM1 Positive Involved 59 M
21 T4N2M1 Positive Involved 58 M
Tongue base resections
1 TINOMO Negative Clear 55 F
2 TINOMO Negative Clear 65 M
3 TINOMO Negative Clear 76 F
4 TINIMO Positive Clear 63 F
5 TINIMO Positive Involved 50 M
6 T2N1MO Positive Clear 64 M
7 T2N1MO Positive Clear 57 M
8 T2N1MO Positive Involved 78 M
9 T4N2M1 Positive Involved 58 M

Table 4 Post-operative complications within 30 days of TORS with Management of unknown primary cancers

FLEX and outcomes (N-49)

and tongue base mucosectomy

Complication

Primary haemorrhage

Secondary haemorrhage
Oro-cervical fistula

Wound infection

Numbness at tip of tongue

Medical event

Transferred to laser resection (vocal cord)
Outcomes

Oropharyngeal cancers

p 16 positive Oropharyngeal cancers
Overall survival at 2 years

Local cancer recurrence

Adjuvant treatment

Frequency

Tongue base mucosectomies were performed using the
0 FLEX system in the management of 12 unknown primary
! cancers in cases where there were no clinically obvious
! lesions and no radiologic abnormality identified on MRI
! or PETCT scans. In the 12 cases of unknown primary can-
! cers, there was identification of the cancer primary in 5/12
! cases (42%) using FLEX robotic tongue base mucosec-
! tomies. 3 out of the 5 positive mucosectomies had clear
% margins. Both cases with involved mucosectomy margins
82% . . .

had adjuvant radiotherapy, but one patient had a comple-
zzz tion oropharyngectomy prior to radiotherapy.

0

6%
84%
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Complications

There was no primary haemorrhage and no mortality fol-
lowing use of the FLEX system for head and neck can-
cers. Complications included a single case of secondary
haemorrhage which occurred over 48 h after surgery and
was managed conservatively. This is a 1/49 (2%) post-
operative secondary bleed rate. There was also a case of
oro-cervical fistula managed over 2 weeks with antibiotics,
nil by mouth (nasogastric feeding), and wound dressings.
There was a case of wound infection following a neck dis-
section managed with antibiotics and dressings within the
first week of surgery. Tongue numbness was reported by a
patient and it resolved within 5 days of surgery. There was
a medical event which was a reversible cardio-respiratory
event in the first few hours following TORS due to pre-
existing co-morbidities. (Table 4).

84% of patients in this cohort had adjuvant treatment
following surgery with radiation + chemotherapy as per
standard of care. If there were clear margins obtained for
small-volume cancers and no adverse histologic features
like extracapsular spread in the neck dissection specimens,
then conservative surveillance was adopted. However, if
there were any concerning histologic features, the patients
proceeded to radiotherapy + chemotherapy. Two patients
declined any adjuvant treatment.

Second primary malignancies were recorded in 4/49
patients (8%) during the 2.5 years of follow-up. These
included large cell carcinoma of the lung, squamous cell
carcinoma of the lung, parotid squamous cell carcinoma,
and renal cell carcinoma.

Discussion

Trans-oral robotic surgery (TORS) now has a defined
and evolving role in head and neck cancer surgery. The
improvements in robotic technology and the advancements
in our understanding of tumour biology, diagnostic imag-
ing, and algorithms for patient selection have translated to
better outcomes for our patients with head and neck can-
cers. TORS is superior to standard procedures requiring
mandibulotomy (jaw split) for access to the oropharynx
as it utilises the natural oral cavity orifice. TORS reduces
the inherent morbidity associated with open surgery for
cancers, reduces length of hospital stay, and improves
the quality of life outcomes. High-risk human papilloma-
viruses (HPV) are causal for a subset of oropharyngeal
squamous cell carcinomas (OPSCC) as shown by strong
laboratory and epidemiologic literature [4, 5]. HPV con-
fers a prognostic value in OPSCC, with improved survival

documented in HPV-OPSCC compared to HPV negative
OPSCC [6]. Surgically, TORS has been demonstrated
in recent literature since its FDA approval for T1-2 oro-
pharyngeal cancers, and comparable oncologic outcomes
to chemo-radiation [1]. TORS has the potential to reduce
the recognised toxicity of chemo-radiation for head and
neck cancer patients especially in patients with small-vol-
ume disease and non-aggressive tumour biology. There are
on-going surgical clinical trials examining the potential
for de-intensification treatments in human papillomavi-
rus-associated oropharyngeal cancers. The PATHOS UK
multicentre trial will assess unimodality TORS, as well as
cases requiring adjuvant treatment in varying de-intensi-
fication protocols. TORS wherever available should now
form part of the repertoire for the management of oro-
pharyngeal cancers by multidisciplinary teams.

The newer robotic platforms that address the limita-
tions to surgery have added a spectrum of capability
that enhance access, anatomic visualisation, instrument
manoeuvrability, and tissue handling. The rigid, multi-
port robotic systems like the pioneering Da Vinci platform
(Intuitive Surgical, Inc., Sunnyvale, CA), with an estab-
lished record for head and neck cancers, have now been
joined by the Vesius® robot (Cambridge Medical Robots)
with a multi-port, linear, rigid system with limited expe-
rience in head and neck. These all grapple with the line
of sight and access issues especially along the trajectory
towards the hypopharynx and larynx.

The Flex® system (Medrobotics Corp., Raynham, MA)
is the first FDA approved and commercially available flex-
ible robot specifically for head and neck cancer surgery. The
unique features of the Flex® robot include the flexible system
that allows access along the contours of the upper aerodiges-
tive tract. It provides access to the oropharynx and difficult-
to-reach anatomic subsites like the hypopharynx and larynx.
Whereas trismus or reduced cervical movements have been
relative contra-indications to robotic surgery, the single-port
flexible construct means that these cases are now viable.
It provides an endo-luminal, high-definition 3-D view of
the operating field. It provides some gross and minute tac-
tile feedback to the surgeon. It is less expensive than the
leading multi-port rigid system. It has also been adopted by
other surgical specialities such as gynaecology and general
surgery.

In our cohort in Adelaide, we used the Flex® robot to
perform both benign and cancer surgery in the head and
neck area. Cancer surgery was mainly for oropharyngeal
squamous cell carcinomas and included lateral oropharyn-
gectomy, tongue base cancer resections, and tongue base
mucosectomy for cancers of unknown primary, as shown
in Table 1. We also explored operating on different ana-
tomic subsites aside the oropharynx and performed one case
each of supraglottic laryngectomy, partial pharyngectomy,
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hypopharyngeal cancer resection, partial glossectomy, and
resection of a vocal cord tumour.

The Essen surgical group who are a regional training cen-
tre for Europe have demonstrated the utility of the FLEX
system in hypopharyngeal and laryngeal tumour resections
[7] and recently presented their outcomes at the World
Conference of Robotic Surgery (2020) on 157 patients,
including supraglottic (61), glottis (26), hypopharynx (21),
oropharynx (49), and oral cavity (1). The FLEX system pro-
vided adequate access to these difficult-to-reach areas using
direct vision or rigid robots. They used the C02 laser fibre
(Lumenis® Acupulse® DUO, Lumenis Ltd, Yokneam, Israel)
and reported post-operative bleeding in 3 cancer cases (2%)
and a single intra-operative bleed requiring a lateral pharyn-
gotomy for hemostasis. Our Adelaide post-operative bleed
rate of 1/49 cases (2%) is comparable.

Cancer outcomes

The majority of cancer cases treated in our cohort (89%)
were HPV-positive oropharyngeal squamous cell carcino-
mas (HPV-OPSCC). These were treated with TORS lateral
oropharyngectomy using the Flex® robot, neck dissections
and adjuvant treatment as required, based on histopatho-
logic findings of primary tumour and neck disease. Patients
with HPV-OPSCC constitute a unique group of patients who
are often younger than HPV negative OPSCC, without sig-
nificant smoking history and who respond better to current
treatments. There are on-going clinical trials to assess de-
escalating treatment doses in HPV-OPSCC without impact-
ing on the good survival outcomes. There is a subset of these
patients who will benefit from surgery alone and avoid toxic
side-effects of chemo-radiation altogether. These are small-
volume tumours with no aggressive pathologic features like
extracapsular spread, perineural, or lymphovascular invasion
in nodal disease. This is the subject of clinical trials like the
PATHOS UK trial [8] and the Flex® robot offers another
surgical option alongside rigid robots and trans-oral laser
in these cases.

Immediately following TORS, our surgeons carefully
examine the resected specimen for any macroscopic evi-
dence of margin involvement of both the mucosa and
stroma (Fig. 3). We find this a very important step in ensur-
ing surgical clearance. Margin status is a significant fac-
tor in determining disease-specific survival and cancer
recurrence. Extra margins are therefore taken at the time
of surgery for any margins considered close by our team of
surgeons. For oropharyngectomy, we utilise the pathologic
categories of surgical clearance from tumour edge: >2 mm
(clear), <2 mm (close), and tumour abutting margin
(involved). In our cancer cohort, the resected specimens are
appropriately labelled, with silk stitches placed at margins in
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relation to the relevant anatomy and sent for histopathologic
examination in formalin.

In our cancer series, we achieved clear margins in 75%
of T1 tonsil and 70% of T2 tonsil cancer resections with lat-
eral oropharyngectomy done with the FLEX system. Simi-
larly, in tongue base resections, we had clear margins in the
early stage tumours with 80% clear margins in T1 tongue
base cancers and 66.7% in T2 tongue base cancers. We had
limited numbers of advanced oropharyngeal cancers T3/4;
however, margin control was less with increasing tumour T
stage. Patients who had involved resection margins had a re-
resection with TORS and then adjuvant radiotherapy. This
approach ensured that these patients avoided chemotherapy.
84% of our cohort required post-operative adjuvant treat-
ment with radiotherapy + chemotherapy depending on the
pathologic features discussed by the cancer multidisciplinary
team. Some patients with either unknown primary cancers
or early stage disease and no adverse histologic features had
only TORS and neck dissections as their single modality
of treatment. The small group of patients who had triple
modality treatment with TORS and chemo-radiation had
large volume tumours with aggressive pathologic features
including extracapsular spread in the neck nodes. Overall
survival of 94% at 2 years was documented in our cohort.
Local cancer recurrence rate was 6%. These oncologic out-
comes are comparable with results achieved using rigid
robotic systems for TORS as well as the Flex® robot [9].
TORS tongue base mucosectomy has also been shown to be
a useful diagnostic surgery for unknown primary cancers as
shown in our series and corroborated in the literature [10].
In this study, the FLEX achieved 42% identification of the
unknown primary cancer on tongue base mucosectomy and
60% clear margins.

Limitations and challenges

There is a learning curve for surgeons using the Flex®
robot for trans-oral cancer surgery. This is not dissimilar
to the expected learning on rigid systems. Our surgeons in
Adelaide are established trans-oral surgeons who are experi-
enced in using the da Vinci robot which facilitated the transi-
tion to oncologic surgery using the Flex® robot. Medrobotics
have addressed the training needs by establishing a cadaveric
course for registrars and fellows. Our unit is the regional
training centre for Pan-Asia. The head and neck fellowship
at the RAH also incorporated clinical exposure to the Flex®
robot and accreditation on a cadaveric course specific for
fellows and Consultants new to the flexible system.

At present, the high-definition optics for head and neck
surgery are achieved with magnification on the Flex® robot
and the use of 3-D glasses [11]. These optics are con-
stantly being improved with each robot revision, as well
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Fig.4 Post-TORS tumour
orientation and assessment of
a left oropharyngectomy for
clearance or macroscopically
close margins

as reducing the occasional interference observed on the
monitor when cautery occurs in close proximity to the
retractor.

Difficulties with distal access have driven the develop-
ment of a Flex® laryngeal drive with smaller, larynx-spe-
cific endo-wristed instruments. This will facilitate laryn-
geal and hypopharyngeal surgery. The challenge though is
in developing shared airway management strategies with
the anaesthetists whilst maintaining the balance for surgi-
cal exposure, manoeuvrability, and preventing airway fires.

A laryngeal procedure was converted to a trans-oral
laser case due to space and manoeuvrability issues. The
supraglottic laryngectomy was equally challenging as this
was a debulking procedure in a large volume tumour with
limited oral access. The tumour could not be treated with
chemo-radiation upfront as there was a significant risk of
developing airway obstruction from oedema. The FLEX-
assisted debulking ensured expedient and safe treatment
with chemo-radiation, without the need for a tracheostomy
tube.

The limitation that mouth opening presents is also
important. Every TORS cases is assessed under general
anaesthetic before the planned procedure to ensure that
adequate access to the tumour can be achieved. A lack
of good oral cavity access contributed to abandoning a
planned TORS case using the Flex® robot in our series.
The use of the multi-directional Flex® retractor has been
excellent for manipulating tissues to achieve good access
in our experience.

wlﬂmum_‘]imuuy\ iy

Comparison with linear rigid robotic
platforms

The FLEX system when compared with the daVinci robot
(aside consumables) is cheaper to procure at a cost approxi-
mately £650,000 as opposed to £1.5—£2.5million depending
on the make of the daVinci robot (Si, Xi or single-port).
The required theatre operating sets are similar and consist of
tonsillectomy instruments and hemostatic equipment. Set-up
time is the same for both systems consisting of patient posi-
tioning and robot deployment but with the FLEX operating
arms requiring stabilisation. Retraction can be achieved by
simply using the Boyle—Davis gag stabilised on Draffin rods
as is usually done for tonsillectomy. Alternatively, the cus-
tom-designed FLEX retractor can be purchased separately or
the FK retractors used in most TORS centres. Draping and
theatre consumables are similar. Both the FLEX system and
daVinci provide 3-D visualisation; however, the FLEX relies
on 3-D goggles and the optics are not as sharp as the daVinci
robot console. The FLEX system provides tactile and haptic
feedback during procedures given the laparoscopic nature
of trans-oral surgery using the system compared to daVinci
which provides much less haptic feedback given the separa-
tion of the console from the operating field. Manoeuvrability
is equally effective in both the FLEX and daVinci systems,
and tissue dissection and hemostasis can be achieved with
either diathermy or hand-held ligaclips. Both the flexible
and rigid trans-oral robotic systems provide good access to
the oropharynx with completeness of resections especially
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of small-volume tumours. Cancers of the larynx, hypophar-
ynx, and more distal tongue base remain challenging, but
the FLEX system is able to reach further than the daVinci in
these areas as it can contour itself around the anatomy and
can be deployed in patients with relatively limited mouth
opening.

The future of head and neck cancer surgery is promis-
ing with the additional use of the Flex® robot in our reper-
toire for trans-oral surgery. There will be greater scope for
more complex laryngeal and hypopharyngeal surgery with
the new flexible laryngeal drive, optics, and laser utility.
Increasingly, there are extended gastroenterology applica-
tions being developed for the Flex® robot. This extends its
multispecialty appeal to head and neck, gynaecology, and
gastroenterology. We have demonstrated that the Flex® robot
can be used for head and neck cancer surgery and is a safe,
flexible system for trans-oral surgery.

Conclusions

The Medrobotics Flex® robot is uniquely endo-luminal,
flexible, and well adapted to the upper aerodigestive tract.
It is FDA approved and we have shown in our Adelaide
cohort that it can be used to perform head and neck cancer
procedures safely with good oncologic and post-operative
outcomes.
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