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Epidemiology and risk factors for head and neck 
cancer

Cancer is  currently a health problem worldwide. 
Considering all ages, it is the second largest cause of 
death in the population, falling behind only cardiovascular 

diseases. Approximately two-thirds of cancer deaths occur 
in less developed countries, such as the South American 
countries. The lower chance of long term survival after 
diagnosis observed in these countries is mainly related to 
the combination of lack of knowledge, late diagnosis, and 
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limited access to timely and standardized treatment (1).
Around the world, more than 600,000 new cases of head 

and neck cancer are diagnosed each year, most of them 
located in the mouth, pharynx, or larynx. In recent years, 
there has been a significant increase in the incidence of well 
differentiated thyroid cancer. Upper aerodigestive cancers 
are more common in men, at the rate of 2–4 cases in men 
for each case in woman (1-3). Unfortunately, most of the 
cases are still diagnosed late, when the disease presents at 
an advanced stage (4), and therefore requires treatment 
in highly specialized centers. There is great social and 
economic impact (5), prolonged withdrawal from work, and 
a lower quality of life of patients and their families. Delayed 
diagnosis can be attributed to a lack of symptomatic 
progression in the early stages of the disease, lack of 
knowledge about cancer, difficulties in accessing the health 
system, and unprepared health professionals (6,7). 

In Brazil, excluding non-melanoma skin cancer (180,000 
cases per year), almost 420,000 new cases of cancer were 
predicted in 2016. The most common locations in the head 
and neck are: oral cavity, with 11,140 new cases (5.2% of 
all malignancies diagnosed and 5th most common site in 
men); larynx, responsible for 6,360 new cases (3.0% of the 
total and 8th most common site in men); and thyroid gland, 
with 5,870 new cases (2.9% of the total and the 8th most 
common site in women) (8).

A.C. Camargo Cancer Center is a tertiary reference 
center for cancer treatment located in Brazil's largest 
city, São Paulo, receiving patients from all over the 
country. The Department of Head and Neck Surgery and 
Otorhinolaryngology is responsible for approximately 18% 
of its surgical volume, with more than 2,000 procedures 
a year, being one of the busiest head and neck services of 
South America.

Technical evolution literature that motivated the 
start of head and neck robotic surgery

Robotic surgery was introduced in head and neck oncology 
approximately 7 years ago, after consolidation of the 
technique in other areas such as gynecology, cardiothoracic 
surgery, and, mainly, urology. For some procedures, such 
as prostatectomy, robotic surgery has become the standard 
approach. Today, most prostatectomies in the United States 
are performed by using this technique (9).

Within the last few decades, otolaryngology and head 
and neck oncologic surgery have shown remarkable 
progress with the development of several modalities of 

minimally invasive video assisted surgical procedures 
(mainly, endonasal, microlaryngoscopic) and improvements 
in reconstruction techniques. These procedures have 
resulted in a significant increase in survival and quality of 
life of the selected treated patients (10). However, extensive 
approaches and resections are still needed, frequently 
resulting in aesthetic and functional sequelae with important 
psychosocial repercussions (11).

Head and neck oncologic surgery is characterized by the 
manipulation of a highly complex layered anatomy with 
multiple important (some vital) and delicate structures 
confined in tight spaces. In addition, it has cavities difficult 
to access because they are surrounded by bones and 
cartilage. The traditional surgical approach uses large 
incisions in visible areas of the human body, frequently 
resulting in significant aesthetical and functional morbidity. 
Minimally invasive approaches were not considered an 
option until a few years ago, because there was concern 
about visualization and adequate exposure of the tumor. 
Furthermore, the surgical instruments that facilitate such 
approaches were rudimentary, not precise, and not readily 
available (12).

Tumor control and long-term survival are no longer the 
only major objective of oncological treatment. There has 
been an increasing concern to reduce morbidity (without 
jeopardizing oncological safety) and to improve quality 
of life and patient satisfaction. In recent years, there has 
been notable progress in minimally invasive video-assisted 
surgeries associated or not with technological equipment, 
such as laser and motorized instruments, which could 
facilitate these procedures (13-15).

Among the most recent advances in head and neck 
oncology, the use of the Da Vinci system was initiated in 
2005 by McLeod and Melder. They performed a resection 
of a vallecula cyst using the robotic technique. Since then, 
the evolution of the transoral approach using robotic 
systems (transoral robotic surgery, TORS) made it eligible 
for treatment of selected cases of oropharyngeal tumors. 
In South America, the first TORS was performed by Arap 
et al. (16). With the use of this technique, a less morbid 
surgical approach replaced, in selected cases, the need for 
extensive labial and large transcervical incisions, as well 
as mandibulotomies, with better functional and aesthetic 
results, and an acceptable complication rate and comparable 
oncologic outcomes (15). 

It is always important to compare new surgical 
approaches to the previously reported outcomes from 
standardized techniques (conventional open technique 
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or endoscopic). The robot offers the surgeon a three-
dimensional view and a magnification of the operative field, 
with several angles of vision. The visualization of depth 
and the clear discernment of planes and tissues allow small 
anatomical structures to be distinguished and consequently 
it reduces the risk of damage (17).

O’Malley et al. reported just a few years ago that enhanced 
visualization using the robot allowed them to obtain 
better resections with adequate cancer margins, excellent 
hemostasis, and easier conservation of important neural 
structures in resections of tongue tumors via TORS (18).  
At this point, it is important to make a parallel with the 
endoscopic technique, which, in spite of also providing 
smaller and less morbid accesses, requires support points 
in addition to robust training regarding hand and eye 
coordination, since the hand goes in the opposite direction of 
the movement. Robotic surgery allows a better coordination 
in this aspect, since it accurately portrays the movement 
performed by the hands. Other important advantages of 
robotic surgery in the visualization aspect are that there is 
no need for someone to hold the camera and the surgeon’s 
autonomy regarding the position of the camera (19).  
The robot provides camera stability and allows a better 
range of motion than normal endoscopic surgery (12).

An important aspect concerns the devices and motion 
delivered by the arms of the robot, especially the precision. 
The robot’s arms are able to filter out any tremors while 
transforming large-scale movements into low-amplitude 
motions. Thus, the dexterity, the motion, and the precision 
are enhanced. In addition, the arms can carry several 
instruments that may facilitate certain surgical procedures 
in anatomical sites difficult to access, such as the use of a 
laser to treat pharynx and larynx tumors (20). Moreover, 
the technique is usually comfortable, allowing the surgeon 
to operate with proper ergonomics. In this way, stress and 
physical fatigue are minimized and performance is also 
enhanced (21). Another interesting and promising aspect 
of the robotic technique concerns the possibility of remote 
use. Some robots have been created for this purpose, for 
example for astronauts and soldiers (22). Some studies 
indicate the potential of robotic surgery to offer the 
possibility of a physician and patient being geographically 
separated, in addition to the potential of performing 
virtual training including training of new surgeons in real 
situations, treatment planning, and surgical strategies from 
specific reconstruction software (23).

The use of the Da Vinci robotic surgery system has 
promoted the development of several surgical approaches 

with less morbidity and better cosmetic results, including 
the transaxillary and retroauricular approaches for 
thyroidectomies, neck dissections, and benign tumor 
resections (24-32). These tumors have a high incidence 
worldwide but surgical procedures continue to be 
performed using only conventional techniques by the 
majority of head and neck surgeons. Few centers in the 
western world have significant experience with cervical 
robotic surgeries, not for lack of equipment, but because of 
the lack of surgeons trained to use them. Currently, these 
techniques are more widespread in Asian countries such 
as Japan, South Korea, and China, because the Asian races 
have a greater propensity to develop hypertrophic scarring, 
and consequently the patients are more motivated to avoid 
a visible neck incision.

Kim et al. in 2014 reported the results of a series of 
patients with cervical metastases of thyroid neoplasia 
undergoing neck dissection. The study evaluated 47 
patients and compared the open technique with robot-
assisted techniques. The results showed a longer operative 
time for patients undergoing the robotic technique but the 
degree of aesthetic satisfaction was higher in the robotic 
surgery group. There was no difference in the number of 
retrieved lymph nodes or in the incidence of complications. 
These results suggest that this is a safe technique, with 
a superior aesthetic result and with similar oncological 
results. Obviously there is a need for further analysis with 
a comparison of long-term survival results to actually 
conclude that it is oncologically adequate, but preliminary 
results suggest that it is adequate (33).

A recent systematic review evaluating 11 studies 
demonstrated  that  as  compared to  convent ional 
thyroidectomy, robotic thyroidectomy is safe, with similar 
complication rates (although there is a risk of new and 
different complications) and better aesthetic results (34). 
Recent studies demonstrate that thyroidectomy with neck 
dissection through transaxillary access using the Da Vinci 
system has similar oncological results compared with 
classic procedures, with lower rates of postoperative pain, 
sensory changes in the neck, and swallowing discomfort, 
and in addition aesthetically more favorable results with no 
visible cervical scar (29,34). It is important to mention that 
during the development of minimally invasive transaxillary 
thyroidectomy, some cases of brachial plexus injury were 
described, which discouraged some services from initiating 
such an approach (35). 

The reported complications of the transaxillary approach, 
although infrequent, led to the development of a new 
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modified retroauricular approach, which is a more familiar 
anatomical area for head and neck surgeons because neck 
dissection is one of the most common surgical procedures 
performed by these specialists. Neck dissections can be 
selective or radical and generally are performed through 
large cervical incisions that result in significant aesthetic and 
functional sequels. However, using robotic surgery, these 
procedures can be performed by retroauricular access with 
similar results regarding the number of retrieved lymph 
nodes (oncological safety), but with fewer complications and 
more favorable cosmetic results (28,29,32,36,37).

Among the advantages of the retroauricular approach, 
besides the aesthetics, is the greater safety of this incision 
in comparison to the classic neck dissection incisions in 
the event of complications such as cutaneous flap necrosis 
or dehiscence, since the retroauricular incision is not in 
an area usually included in the radiotherapy fields and its 
dehiscence or partial loss of the skin flap does not cause 
exposure of the large cervical vessels and consequently does 
not increase the risk of bleeding (28). Further follow-up 
analyzes are necessary to determine oncologic efficacy and 
to evaluate functional outcomes of these procedures.

In regards to the postoperative complications of neck 
dissection through the retroauricular approach, some studies 
are emerging with encouraging results. In 2014, Tae et al. 
evaluated the feasibility and efficacy of assisted robot neck 
dissection when compared to the conventional technique in 
patients with upper aerodigestive tract epidermoid carcinoma 
(UATEC). Thirty patients with UATEC with clinically 
negative neck (cN0) underwent selective neck dissection. 
Eleven patients underwent a retroauricular approach assisted 
by the robot and 19 patients underwent conventional neck 
dissection. The mean age was lower in the robotic group 
(P=0.03); however, sex and TNM stage distribution did not 
differ between the two groups. Selective neck dissection 
assisted by the robot was successfully completed in all cases. 
The mean surgical time was longer in the robotic group 
(215±56 min) than in the conventional group (144±43 min) 
(P<0.001). The mean number of lymph nodes removed 
were 25.0±7.4 and 28.9±8.2 in the robotic and conventional 
groups, respectively (P=0.192), and the number of resected 
lymph nodes at each level also did not differ between the 
two groups. In addition, there was no significant difference 
in the incidence of postoperative complications between the 
two groups, but the aesthetic satisfaction was higher in the 
robot group (P=0.002). Thus, the conclusion is that neck 
dissection assisted by a robot is comparable to conventional 
methods in selected patients (32).

Similarly, another Korean group in 2012 published 
results of an analysis of selective neck dissection. Twenty-
six patients with clinically negative neck with oral cavity 
squamous cell carcinoma were divided into two groups: 
robot-assisted neck dissection and conventional neck 
dissection via cervical incision. The results showed that the 
operation time, amount and duration of drainage, length 
of hospitalization, complications, and number of dissected 
lymph nodes were comparable and did not present statistical 
differences. The mean length of operation was higher in the 
robot-assisted group (157±22 min) when compared to the 
conventional group (78±16 min) (P<0.001). However, the 
degree of satisfaction was significantly higher in the robot-
assisted group (P<0.001) (26). 

Another type of approach that has been carried out is the 
treatment of parotid tumors. Resection of parotid tumors 
with neck dissection can also be performed using the Da 
Vinci system by retroauricular access with preauricular 
extension, avoiding a cervical incision. However, the 
accumulated experience is still limited and there is a need 
for a greater number of publications to assess the safety of 
this procedure (30). Benign cervical tumor resection and 
tumors of the submandibular gland can also be performed 
with the robotic system through retroauricular access, with 
similar safety and better aesthetic and functional results (36).

Clearly, the role of robotic surgery in head and neck 
oncology has been growing and consolidating in recent 
years, opening up new surgical alternatives to be offered 
to patients with cancer in these topographies. This process 
is ongoing with the diffusion of these techniques and 
technologies in different parts of the world with different 
degrees of enthusiasm. It will probably increase with the 
development of robots with systems better adapted to the 
anatomical peculiarities of the upper aerodigestive tract, 
base of the skull, and the neck. In the near future, these 
technologies will be increasingly used in cancer treatment at 
tertiary referral centers and one of the biggest challenges to 
be faced is the preparation of a new generation of surgeons 
better adapted to the technologies to come.

Difficulties for technology adoption in South 
America

The first major difficulty faced by South American countries 
is the political-monetary issue. Most of the countries in 
this large area have fragile public health systems that are 
lacking in even some basic aspects, so the implementation 
of expensive technologies to be used in a very selected 
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group of patients is regarded as difficult and not considered 
to be a priority. In Brazil, there is a mixed system, where 
most of the country’s population depends entirely on the 
public system, which cannot keep up with the technological 
advances made over the years. For the implementation of a 
new technology, it is necessary to have an adequate financial 
structure to invest not only in equipment but also in the 
training and incentives to professionals. Unfortunately, 
the absence of this aspect is very common and ultimately 
discourages potential professionals who are responsible for 
the protagonism and implementation of new techniques and 
technologies acquired in other countries.

There are many shortcomings in the issue of financial 
resources, as well as the lack of incentives for the technical 
preparation of physicians and other health professionals. 
This set of factors together leads to a significant delay in 
the South American countries in terms of technological 
advances. It is necessary to increase the investments and, 
with that, increase the incentive and qualification of these 
professionals. Well-designed cost-effectiveness studies 
need to be implemented so that we can consider what can 
become routine and what may not be sustainable. 

To better understand this scenario we can observe the 
delay in robotic radical prostatectomy (RRP) adoption 
across America. In the USA, the first reports of RRP 
emerged in 2001; from 2003 to 2010, RRP adoption 
increased from 0.7% to 42% of surgeons performing 
radical prostatectomy (RP) in the USA. According to the 
National Institutes of Health, nowadays approximately 80% 
of RPs are RRPs and the USA has more than 2,500 robotic 
systems in clinical use. Meanwhile, in Brazil, we had the 
first RRP only in 2008 (8 years delay when comparing with 
the USA); nowadays less than 5% of RPs are RRPs and we 
have just 26 robotic systems in Brazil and another 27 in all 
of Latin America (37-39). Another clear example of poor 
technology accessibility in Brazil is that 88% of elective 
cholecystectomies performed are conventional procedures 
and only 12% are laparoscopic (40).

Implementation of robotic and endoscopic neck 
surgery in South America

In 2014, after initial discussion and literature review, we 
decided to try a retroauricular approach for selected benign 
tumors, prophylactic selective dissections of levels I–III, 
and other procedures such as paraganglioma resection 
and submandibular gland excision. In that phase, we were 
already receiving on-line tutoring from Prof. Koh, from 

Yonsei University (Head and Neck Department). Following 
the first ten successful cases, three head and neck surgeons 
of our team went to Seoul for further training. This 
2-week period consisted of clinical observation of several 
retroauricular and transaxillary procedures, as well as video 
sessions and clinical discussions. We also performed a fresh 
cadaver dissection using a retroauricular robotic-assisted 
approach for thyroid surgery and neck dissection, under 
the supervision of Yonsei University's faculty. These three 
attending surgeons, that were already approved console 
surgeons by Intuitive Surgical, became certified for neck 
robotic surgery by Yonsei University. 

However, in this initial training process we had to face 
several obstacles, demanding a significant personal effort by 
our faculty. First, our institution managers failed to see the 
importance of these technical innovations and consequently 
did not provide appropriate support for the initial training 
steps in Korea. In addition, local representatives of Intuitive 
Surgery also failed to understand the importance of neck 
robotic surgery implementation in South America and 
refused training support for this purpose. Other challenging 
issues emerged from the impossibility of importing Chung’s 
retractor for clinical use in Brazil, requiring adaptation of 
the Bookwalter retractor (used for abdominal surgery) for 
retroauricular procedures. Nevertheless, we were able to 
overcome these hurdles and now have tremendous support 
from our institution after the demonstration of safety and 
observation of the patients’ satisfaction.

The first retroauricular robotic neck dissection in South 
America was performed at A.C. Camargo Cancer Center in 
November 2014. It was preceded by 15 cases of endoscopic-
assisted retroauricular procedures including supraomohyoid 
neck dissections,  submandibular gland excis ions, 
hemithyroidectomies, and benign tumor resection. The 
transition from endoscopic to robotic retroauricular surgery 
was natural and smooth, without any major setback or 
additional difficulty when starting to use the Da Vinci Si 
system to perform those procedures. This transition process 
was obviously facilitated by our previous experience with 
TORS using the same robotic system on at least 25 cases (10 
performed by one of us at Sirio Libanes Hospital).

For more than 2 years now, both robotic- and 
endoscopic-assisted retroauricular approaches have been 
used routinely for selected cases in our department. In this 
period, we have worked on technical improvements and the 
learning process. The indications were expanded to thyroid 
surgery associated with neck dissection and neck dissections 
including levels I–VI. Nowadays, we perform endoscopic or 
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robotic retroauricular surgery for head and neck carcinomas, 
thyroid cancer, salivary gland tumors, paragangliomas, 
thyroglossal cysts, and other benign tumors. During all 
phases of that implementation, continuous prospective 
data have been collected and compared to conventional 
procedures performed in the last 2 years, in order to 
identify possible increases in complications or decreases in 
safety compliance.

From June 2014 to December 2016, we have performed a 
total of 121 retroauricular neck surgeries, of which 65 were 
robotic-assisted and 56 were endoscopic assisted procedures 
(Table 1). Here we are not including some procedures that 
were performed via facelift or a retroauricular approach 
without the need of special instrumentation assistance, such 
as parotidectomies or level II neck dissections, performed 
under simple direct view. In this initial experience, special 
attention was paid to safety and the complication rate. 
Looking at the entire sample, we had 5 hematomas that 
needed reoperation (one in a patient who had developed 
an orocutaneous fistula and another in a patient with 
chronic liver disease), 3 surgical site infections treated with 
antibiotics and needle aspiration, 5 minor skin flap necrosis 
(<15 mm), 3 transient vocal cord paresis, and 9 marginal 
branch paresis (Table 1). This complication rate seems to be 
comparable to conventional procedures in our experience. 

However, we hope that our increasing numbers will 
allow us to perform matched comparisons of specific 
procedures in the near future, analyzing also patient 
satisfaction, oncologic, functional, and aesthetic outcomes. 
In a recent paper (submitted) we compared early outcomes 

of conventional (43 patients) versus endoscopic and robotic 
retroauricular (17 patients) neck dissection for oral cancer, 
showing similar results considering complication rates (but 
a longer operative time in the retroauricular group), number 
of retrieved lymph nodes, and recurrence-free survival.

We believe that we are at the end of our learning curve 
for the most commonly performed procedures, such as 
thyroid lobectomy and neck dissection. We have become 
very familiar with the retroauricular approach, and the set 
up time for both endoscopic and robotic procedures as 
well as the console time in robotic surgery have decreased 
significantly, especially after our first 50 cases. Currently, 
the skin flap dissection takes approximately 15 minutes 
and the set up time is no more than 5 minutes. Obviously, 
console time depends on the surgical procedure and also 
the surgeon’s experience, but in general, our console time 
has been decreasing for different procedures, as shown in 
Figures 1 and 2.

Future steps

In the last few years, significant international collaborations 
between our institute and Yonsei University and other 
centers experienced in endoscopic and robotic neck surgery 
have been developed, including on-line experience sharing 
and creation of the International Guild of Endoscopic 
& Robotic Head and Neck Surgery (IGERHNS), a 
research organization comprising surgeons from academic 
institutions around the globe, with significant expertise in 
robotic and endoscopic procedures, dedicated to promoting 

Table 1 Complications of robotic and endoscopic neck surgeries

Procedures
Robotic Endoscopic

N Complication N Complication

Thyroid lobectomy 20 None 10 2 hematomas; 2 transient vocal cord 
paresis

Total thyroidectomy 7 1 minor skin flap necrosis; 1 seroma 0 –

Total thyroidectomy + neck dissection II–VI 6 1 transient vocal cord paresis;  
2 minor skin flap necrosis

0 –

Neck dissection 29 1 hematoma; 1 surgical site infection;  
3 permanent marginal branch paresis;  
2 minor skin flap necrosis

22 2 hematomas; 2 seromas; 2 surgical 
site infections; 4 permanent marginal 
branch paresis

Submandibular gland excision 2 None 16 2 permanent marginal branch paresis

Benign tumor 1 None 8 None

Total 65 – 56 –
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sharing of data and best practices for high-quality 
collaboration. This guild had its first meeting in 2015 and 
the next two are already scheduled for 2017 (Switzerland) 
and 2018 (Brazil). In addition, the members have gathered 
together for discussions, including at head and neck 
conferences and robotic surgery meetings. 

The A.C. Camargo Cancer Center is a reference center 
for cancer treatment, research, and education in South 
America. We have a residency program on head and neck 
surgery (designed for Brazilian general surgeons) and an 
advanced fellowship training program for which most of the 
applicants are from other South American countries. One 
of our early goals is to include retroauricular endoscopic 
training in these programs, possibly creating a specific 
fellowship for endoscopic and robotic head and neck 
surgery, and also to promote focused short-term courses 
for head and neck surgeons from other institutions, starting 
in 2017. Development of lab models that would facilitate 
such a teaching process is extremely important, especially 
in countries where access to cadaver dissection is difficult or 
too expensive.

Despite the current lack of a formal training model 
in our institution, two of our former fellows from other 
countries in South America are already performing 
retroauricular endoscopic surgeries, but are still at the 
beginning of their learning curves. Another important step 
in encouraging more South American surgeons to adopt 
endoscopic and robotic neck surgery is to propagate our 
experience with publications and congress presentations 
showing the operative technique and results. Last year, 
we published two papers (41,42) (another three are 
currently in the publication process) and we presented at 
more than 15 congresses on this subject. However, this 
is not an easy task as the local medical journals have low 
impact factors and most of our data represents an initial 

reproduction of a much larger experience already well 
described in the literature, especially by Korean authors 
(17,25,26,28,30,32,43,44). 

As expected, the implementation and acceptance of new 
technologies is not a simple and steady process. The “chasm” 
placed between the technology adoption by innovators or 
early adopters and the majority of users is well-known in 
the marketing literature and has been described in the book 
Crossing the Chasm by Geoffrey A. Moore, 1999 (45). This 
can be easily translated to the resistance that the innovators 
and early adopters of neck endoscopic and robotic surgery 
face when discussing this evolution with their peers who are 
not yet convinced to accept it. 

Crossing this “chasm” is the ultimate challenge for 
making endoscopic and robotic neck surgery widely 
accepted and adopted. Accomplishment of this goal 
would demand a great effort to obtain and publish strong, 
objective, clear and reproducible data establishing the 
advantages of these techniques.
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