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Simple Summary: As of today, salvage surgery regarding head and neck cancer remains a challenge
for patients, surgeons, and oncologists. Indeed, even though several advances have been made in the
last few years, the results in terms of both survival and complications are disappointing. Therefore,
it remains important to be aware of the latest emerging techniques and understand their limits to
make progress in this field. In addition, the patient’s conditions play a major role in the outcome
of salvage surgery, so identifying the various factors influencing the results can help improve these
approaches. This review will walk us through the latest literature on salvage surgery, and it will help
us understand the several difficulties touching this last treatment resort.

Abstract: Salvage surgeries of head and neck cancer are often complicated and do not always show
decent results. This type of procedure is tough on the patient, as many crucial organs can be affected.
A long period of reeducation usually follows the surgery because of the need to rehabilitate functions
such as speech or swallowing. In order to lighten the journey of the patients, it is important to
develop new technologies and techniques to ease the surgery and limit its damages. This seems even
more crucial since progress has been made in the past years, allowing more salvage therapy to take
place. This article aims at showing the available tools and procedures for salvage surgeries, such as
transoral robotic surgery, free-flap surgery, sentinel node mapping, and many others, that help the
work of the medical team to operate or obtain a better understanding of the status of the cancer when
taken in charge. Yet, the surgical procedure is not the only thing determining the outcome of the
operation. The patient themself and their cancer history also play an important part in the care and
must be acknowledged.

Keywords: head and neck cancer; salvage surgery; free flap; transoral robotic surgery; navigation
surgery; sentinel node mapping

1. Introduction

In 2020, head and neck cancer ranked as one of the ten most prevalent types of
cancer worldwide [1]. Men are most likely to be concerned by this cancer. Nevertheless,
in the last decade, we can observe an increasing incidence for women [2]. Three well-
known factors have been identified as accountable for HNC: alcohol, tobacco, and human
papillomavirus (HPV) infections, the last one increasing due to the decline of alcohol and
tobacco consumption and changing sexual practices over time [3]. Head and neck squamous
cell carcinoma can develop in various locations, including the oral cavity, oropharynx,
hypopharynx, larynx, and nasopharynx. In the last ten years, there has been a change
in the distribution of the primary cancer sites, with a gradual rise in the occurrence of
oropharyngeal squamous cell carcinoma and a decrease in cases of cancers affecting the
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larynx and hypopharynx [4]. Based on the stage of the disease, the treatment will be
adapted. It is usually a complex treatment, with specific guidelines that have changed over
time. For stage I-II tumors, monotherapies such as surgery or radiotherapy are typically
employed, whereas combination treatments are used for the more advanced stage III and
IV tumors [5]. Nowadays, the role of salvage surgery is increasing, as the initial treatment
(usually radiotherapy) fails in about 50% [6]. Salvage surgery is usually the best treatment
option in recurrent locoregional head and neck cancer, as new irradiation is impossible most
of the time. It needs to be considered with a resection technique, assuring the total excision
of the disease, regardless of the physical and functional consequences. Therefore, operable
patients with resectable tumors must face radical surgery in addition to cancer relapse.
Surgical techniques have evolved to preserve anatomical structures by using less invasive
approaches by limiting the surgical procedure by providing neoadjuvant treatments, or by
limiting the surgical excision itself without compromising the oncological result and the
survival of the patient.

However, the results concerning survival and complications are not convincing, es-
pecially in advanced stages. These prognoses can be explained by several clinical and
pathological factors. Some of these factors include the initial and recurrent stage of the
condition, the status of the resection margins, the anatomical location of the condition,
HPYV status, and the time elapsed between the initial treatment and salvage surgery [7].
Therefore, it remains important to elaborate new strategies to improve surgery outcomes,
and to identify all the factors that play a role in failures.

The aim of this review is to present the latest literature on salvage surgery in head and
neck cancer, allowing for a better understanding of this treatment.

2. Head and Neck Cancer Resections

Radical neck dissection was first performed in 1951. It included the removal of all the
lymph nodes between the mandible and the clavicle, with an incision under the lower lip
and segmental mandibulectomy and in-continuity radical neck dissection.

Usually during the first operation, lymphatic structures are removed in order to limit
the risks of cancer recidivism. In the modified radical neck dissection, only the lymph
nodes from group I to V are removed.

The neck dissection is realized in the form of a U or Y shape, which can be esthetically
unpleasing for the patient. Robotic-assisted surgeries prevent the making of a long scar,
which is less traumatizing for the patient [8].

3. Transoral Robotic Surgery (TORS)

Transoral robotic surgery is a minimally invasive surgical procedure that uses a robotic
system to perform surgery through the mouth. The development of TORS in head and neck
cancers has enabled the excision of large tumors, previously treated by very mutilating and
dangerous surgeries. Indeed, robot arms and articulation allow easy access to the tumor.
Robotic surgery is more precise with 3D vision; thus, we can explore and excise unusual
and difficult parts to reach (Figure 1). Compared to more traditional surgical approaches,
TORS offers recurrent tumors better outcomes for selected patients. In a study by White
et al. [9], we noticed shorter operative times and hospital stays, and less postoperative
complications and functional disability, such as speech or swallowing functions. Several
tools are in development and have already demonstrated convincing results for this surgical
technique, such as the Flex Robotic System potentially replacing the DaVinci Si HD system
already in place [10].

Dabas et al. [11] explain that, in a study conducted on 30 patients who underwent
TORS with the DaVinci robot, the positive margins after the excision were only in 6.7%
of the patients. The oral feeding could start as early as the third day postoperation, and
long-term gastrostomy-tube dependency only occurred in 10% of the studied population.
Among the 30 patients who participated in this study, 3 of them passed away, with 1 death
attributed to nononcological causes. The overall survival rate for the patients was 86%
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at 122 months, and the median survival time was 19 months (with a range of from 7 to
122 months). On top of that, in White et al. [9], there was a statistically significant difference
in the two-year overall survival rates between the TORS approach and open surgical
approach (74% vs. 43%). This shows that such a procedure can be used as a safe, effective,
and feasible approach to salvage surgeries, as benefits can be observed.

Figure 1. Robot arms introduced transorally during oropharynx surgery.

TORS is still recent in head and neck surgery; therefore, this treatment is reserved
for well-selected patients in terms of tumor staging and accessibility. It is a promising
method, which could help patients enhance their quality of life and ability to function
after treatment. Moreover, it is very useful in salvage surgery, as it allows us to be more
precise, so that noble structures (nerves, arteries) will be better preserved. Thanks to nerve
detectors or nerve stimulators, such structures can indeed be avoided by the surgeon. More
studies to come will allow for the more widespread use of TORS in the future [10,12].

Yet, complications may occur even with TORS. The most frequent ones are hemor-
rhage (2.4-3.1%), pharyngostoma (2.5%), surgery site infection (2.3%), and pneumopathy
(0-7%) [13,14].

A French study was conducted on seven cases of spondylodiscitis following malignant
pharyngeal tumors operated on with TORS. Nickerson identified risk factors for postopera-
tive spondylodiscitis (a long operative time, severe blood loss, tissue irradiation, extensive
soft-tissue dissection, tissue necrosis, and the creation of a dead space), and some of them
were identified in the study group. Five patients had local radiation treatment, and one
had a dissection extending to the whole posterior pharyngeal wall [15]. Radiation increases
the risk of such complications happening, since it puts the tissues at risk for necrosis and
superinfection [16,17]. Furthermore, posterior pharyngeal wall resection by TORS with no
reconstruction leaves a possible infection entry point, as it is close to the cervical spine. To
prevent this, the prevertebral fascia should be conserved, and flap reconstruction should
be considered as an option, as well as low-intensity monopolar dissection [15]. In the end,
patients with multiple comorbidities are put at risk with surgery for posterior pharyn-
geal wall tumors without reconstruction with TORS; thus, at the first signs of infection,
spondylodiscitis should be investigated early.

4. Types of Reconstruction

Since surgery in head and neck cancer is often mutilating and impacts important
functions (speech, breathing ... ), reconstruction surgery is usually needed. In soft-tissue
reconstruction, flaps can be harvested in multiple areas, such as the latissimus dorsi, radial
forearm, anterolateral or lateral thigh [8], and many more. In hard-tissue reconstruction, an
osteocutaneous flap can also be harvested from many sites of the body, such as the scapula,
fibula, or iliac crest [8].

Salvage surgery can include the rehabilitation of a failing free flap as an example.
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5. Cancer Surgery with Free Flap

In the last three decades, microvascular tissue transfer has been a major evolution in
head and neck reconstruction. The use of pedicle flaps marked the beginning of reconstruc-
tive surgery with the incorporation of a well-vascularized tissue. With free flaps, surgeons
have been able to expand their surgical indications while minimizing negative effects on
both the appearance and function aspects, thus increasing the range of surgeries they can
practice. In the field of oncology, microvascular tissue transfer is currently considered
the most reliable and effective technique for reconstructing lost tissue [18-20]. However,
several factors need to be accounted for in salvage surgery, such as a history of radiotherapy
or chemotherapy in the same area, which can make surgical dissection more complicated.
Various studies show that extern radiotherapy should not be a contraindication, as it is not
responsible for the failure of the surgery [21-23]. Indeed, Jones et al. [24] concluded, in a
study conducted on 305 patients, that a history of external radiotherapy was not correlated
to an increased risk of vascular thrombosis and, by extension, the failure of the procedure
in a salvage surgery. Yoshimoto et al. [18,25] tried to clearly identify risk factors for patients
undergoing free-flap surgery. According to the results, it appeared that only intraoperative
chemoradiation had a statistically significant impact on the outcome of the free-flap salvage
surgery. Regarding previous external radiotherapy or previous cervical surgery, they could
not be linked to any necrosis of the flap.

It also seems useful to mention how important the preservation of the blood supplies
during any cervical surgery is, regarding venous and arterial blood vessels. Any useless
waste of the vessels must be avoided. When it comes to the choice of receiver vessels, it
seems better to use vessels that are not in an area with a history of radiation. In addition to
this, we usually ensure the venous return with a minimum of two veins. The following of a
rigorous procedure allowed us to obtain satisfying results, even in critical cases [19].

On top of this, it is important that this surgery is managed by well-trained team
surgeons, with experience and preparation. Indeed, L. Dekerle et al. demonstrate a survival
rate of 58.67% at ten years for early-stage patients, in a specialized center, which is higher
than in other studies [26].

In this study, conducted at “Institut Cancérologique de Lorraine” [26], 59 patients
from 1999 to 2007 were analyzed from the database. These patients underwent surgical
resections of head and neck tumors during microsurgery, using free flap for reconstruction.
The types of free flaps were forearm, fibula, latissimus dorsi, or pectoral. After the surgery,
the global survival rate at 10 years was 38.6%, which is better than what is usually seen,
and the flap failure rate was 1.85%, the last figure being lower than in the literature. This
shows that the experience of the surgical team plays a part in the outcome of the operation.
Factors such as TNM score, age, or even cancer history were also identified as impactful
on the survival rate. As an example, patients over 60 years old or with a TNM score over
3 had lower outcomes regarding the surgery. Nevertheless, this study did not consider the
quality of life of the patient. Indeed, salvage surgeries in the head and neck area can be
mutilating and can deeply affect the life of the one who chooses to go through it.

Despite this impact on the quality of life of patients, free-flap reconstruction surgery
in head and neck cancer remains one of the best options, with good survival rates and
functional outcomes and few complications. Therefore, in terms of benefits/risks, it is
worth using this method given all the results obtained.

6. Cancer Surgery with Pedicled Flap

Pedicled flaps are still an important option for the reconstruction of defects in salvage
surgeries, even if nowadays free flaps tend to be more popular. The careful evaluation of
a patient’s overall health and local anatomy is essential for a surgeon to apply advanced
reconstructive techniques with caution. In order to select the most suitable reconstructive
solution, valid alternatives must be assessed. Despite the widespread use of free flaps,
several reports demonstrate the good reliability of pedicled flaps in terms of functional-
ity [26-28]. In a study of Mahieu et al. [23], they compared pedicled flaps and free flaps
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for the reconstruction of defects in head and neck cancer. Out of the 93 patients, 64 had
pedicled-flap reconstructions, and the results showed no significant difference compared to
the free flap. Several factors were considered, such as the functional outcome, flap necrosis,
complications, and prognosis. Diverse pedicled flaps are described in the literature, such
as the musculocutaneous infrahyoid flap (IHMC) [29] or latissimus dorsi myocutaneous
flap [30]. The IHMC flap is well adapted for medium-sized defects in the oral cavity or
pharynx. Indeed, being thin and supple, this flap’s characteristics enable it to conform to a
wide range of anatomical structures. Mirghani et al. [29] detailed the surgical key points in
order to reduce the risk of necrosis, and they demonstrated its reliability and value. As for
the latissimus dorsi flap, it is usually used for large-defect reconstruction. For example, for
women with neck defects who wish to avoid breast deformity resulting from pectoralis-flap
reconstruction, the latissimus dorsi pedicled flap offers a particularly useful alternative. In
addition, it often results in a superior esthetic outcome due to its excellent skin-matching
properties in the head and neck areas [30]. Other types that can be mentioned are the
pectoralis major flap, sternocleidomastoid muscle flap, or facial artery musculo-mucosal
flap. Here is an example of the use of the pedicled flap for the reconstruction of defects in
the neck area, practiced in our center at Institut de Cancérologie de Lorraine (Figure 2).

(@)

Figure 2. (a) During the surgery; (b) after the surgery.

7. Sentinel Node Mapping

The sentinel node is the first lymphatic node to receive lymphatic drainage from the
tumor. The purpose is to block the growth of cancer cells by filtering and obstructing their
progressions. The healthy state of the sentinel lymph node serves as an indicator for the
condition of other lymph nodes and can help medical professionals determine appropriate
treatment methods. Therefore, lymphoscintigraphy can help avoid unnecessary neck
dissection or node irradiation. However, the risk of false-negative results remains a major
limitation in this approach [31]. In the head and neck region, lymph nodes represent 30%
of all the lymph nodes in our body [32]. Therefore, although this technique was mainly
developed for breast carcinomas, its advance in head and neck melanomas is encouraging
and important.

In the review of N. de Rosa et al., the conclusion of several studies was that performing
a sentinel node biopsy in the head and neck region is linked with a higher false-negative
rate than similar procedures in other areas of the body. However, if the sentinel node biopsy
does show positive results, then it is a strong predictor of recurrence [33].

This technique is increasingly used, especially for small tumors (T1/T2; NO). In sal-
vage surgery, the sentinel procedure avoids additional surgery in the neck if the sentinel
lymph nodes are free, which reduces the risk of postoperative complications while ensuring
satisfactory local control [5,17,32,33]. In the future, it will be interesting to see different
techniques combined, such as robotic and sentinel lymph biopsy, both aimed at minimizing
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the impact of oncological surgery on the head and neck region. This topic is still at an
early stage of investigation and more studies are coming, with an interesting develop-
ment perspective [34]. Furthermore, many tools of detection are in development, such
as Tc-99 m tilmanocept or indocyanine green, allowing more precision in sentinel node
mapping [32,34].

8. ICG-Induced NIR Fluorescence Mapping

Cancer cells left behind after salvage surgery can continue to grow and divide, leading
to the formation of new tumors or metastasis, which can further reduce the chances of
survival. Therefore, achieving negative margins during salvage surgery is crucial to prevent
the recurrence of cancer and improve the chances of survival. In fact, after salvage surgery,
the positive margins are around 18-22% [35], and usually the identification of the surgical
margins is dependent on the surgeon’s expertise, visual examination, and palpation. It was
important to develop new methods allowing for better results in differentiating between
normal and malignant tissue tumors. In areas that have previously undergone radiation
therapy, distinguishing between tumor and healthy tissues becomes complex due to the
delayed and irreversible deterioration of tissues (inflammation, vascular alteration, fibrosis).

The use of fluorescence-guided surgery (FGS) with indocyanine green (ICG) has the
potential to facilitate the real-time identification of tumor margins, thereby improving
margin clearance rates and progression-free survival [36].

A first trial evoked this possibility [37] by injecting ICG in four patients previously
treated by surgery and radiotherapy. The aim was to demonstrate that ICG-based fluo-
rescence can assist in the visualization of tumors and their discrimination from normal
tissue in irradiated territory. The first two patients had encouraging results compared to
patients 3 and 4 with the weakest fluorescence. This could be explained by the presence
of a thick necrotic area or old lichen lesions, but more patients are needed to confirm
this. However, with the results obtained, this imaging technique is an important tool for
detecting and removing tumors due to its ability to provide real-time feedback and contrast
during surgery. Therefore, other studies are needed with larger cohorts to obtain more data
to exploit and a better comprehension of failure.

9. Detection of Circulating Tumor Cells

The Cell Search System was used at Institut de Cancérologie de Lorraine. It is com-
posed of the Auto-Prep system and the CellTracks Analyzer. The first one is used to detect
the circulating tumor cells with immunomagnetic cell enrichment. The second one is a
semiautomated fluorescence microscope that is connected to analysis software that is able
to display the images of the fluorescent cells on a screen [38]. Another technique to detect
circulating tumor cells is RT-PCR. More common, the Reverse Transcriptase Polymerase
Chain Reaction remains the most precise technique yet to detect and quantify mRNA. Such
techniques are interesting as they allow surgeons to visualize the cancerous cells and to
see if their surgery has an impact on the cell release. By doing so, cancer relapses could be
prevented, and future salvages surgeries could be limited.

10. Salvage-Surgery-Associated Treatments

Numerous studies have shown that, in some cases, salvage surgeries can be combined
with other treatments with oncological or rehabilitating aims. Furthermore, when surgery
is not an option, the use of radiotherapy technology appears crucial. In tissues that have
already been irradiated during previous therapies, different forms of “conformational” irra-
diation can be used, such as brachytherapy, 3D-conformational radiation therapy (3D-CRT),
intensity-modulated radiation (IMRT), and highly conformational radiotherapy.

Brachytherapy is a form of radiotherapy allowing for the delivery of the radiation
directly near or inside the tumor. Brachytherapy with a low output dosage represents
a good conservative alternative to surgery. A study conducted on twenty-two patients
showed that salvage surgery on regional lymphatic metastases for head and neck cancer
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paired with interstitial brachytherapy was beneficial [39]. Nevertheless, its role remains
unclear to scientists and should be reinvestigated.

Regarding 3D-CRT, various studies have shown the possibility of a reirradiation by
3D-conformational techniques with similar acute side effects to the ones seen in the first
irradiation, but larger delayed side effects [40].

IMRT was, for a long time, the most commonly indicated modality for salvage re-
irradiation regarding head and neck cancer. Nowadays, its use has become more contro-
versial due to the high risk of severe chronic toxicity. Yet, this therapy has been found
advantageous for patients with recurrent or secondary head and neck cancer because of its
high conformity of the target volume and its ability to avoid the healthy tissue [41].

Stereotactic radiotherapy is a radiation technique using numerous radiation beams
in order to closely target the tumor. By doing so, the risks of affecting healthy tissues are
lowered. Technologies such as Cyberknife® have proved their efficiency during the last
decade. A recent study on 110 patients proved that the use of such a reradiation technique
in order to treat recurrent upper aerodigestive tract cancer is coherent [42]: from 2007 to
2019, the global survival rate was 43.8% for patients treated with Cyberknife®.

11. Prognosticators and Patient Selection in Salvage Surgery

Salvage surgery includes many risks for the patient; consequently, it is important that
the patient is aware of what he is incurring. Indeed, salvage surgery is rather uncertain as to
recovery and postoperative quality of life. As a result, it is relevant to study prognosticators
in salvage surgery, as well as patient selection.

In fact, in a recent study of Locatello et al., which estimated the risks and benefits
before salvage surgery in recurrent HNC, it was pointed out that for postsalvage surgery at
5 years, the overall survival was 28.3%, and the disease-specific survival was 38.9% [7]. The
aim was to estimate different factors that might play a role in survival and complication
prediction in order to help both patients and surgeons to make the right decision regarding
salvage surgery. A strong prognosticator is the disease-free interval; indeed, the longer
it is, the better the prognosis. In the cohort of 234 patients, the median disease-free
interval was 20.5 months, and 126 patients had recurrences within two years. For patients
with recurrences within 6 months, the overall survival and disease-specific survival were
inferior compared to patients with recurrences after 6 months. It also records complications
following the Clavien-Dindo classification, studying CD > III complications. With the help
of the WUHNCI, the responsibility of the patient’s general comorbidities in survival and
complications was demonstrated.

For example, comorbidities such as uncontrolled diabetes or cardiovascular disease
have been implicated in postoperative complications, so these issues have to be consid-
ered [43]. Salvage surgery for larynx and hypopharynx cancers is challenging and has only
moderate success rates in terms of survival. However, the chances of survival without
recurrence are higher if the initial and recurrent tumors are in the larynx, if their size and
extent are not larger than T4, if the patient had prior chemotherapy treatment, and if the
possibility of dissection during salvage surgery exists. Therefore, identifying these factors
can help to select patients who may benefit more from salvage surgery [44].

In addition to this, HPV status needs to be considered. Indeed, patients with an
HPV-positive status are more likely to survive. This can be explained by the fact that head
and neck cancer induced by HPV usually concerns younger and non-smoker patients (in
other words, healthier patients), allowing better prognostics [4].

In conclusion, several conditions are needed for salvage surgery to have favorable
outcomes. For instance, a young patient without comorbidities who is HPV-positive and
with an early-stage local recurrence in the larynx would be considered as the best conditions
in terms of the survival and complication venues. However, there are few candidates like
this for salvage surgery, and so a discussion between the surgeons and the patient is
important in the decision making. Opting for salvage surgery can significantly enhance the
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outcomes of head and neck cancer treatment, making it the recommended standard of care
for an eligible patient [45].

12. Navigation Surgery

With the same purpose of performing a safer surgery while preserving the vessels
and nerves, as well as allowing for a good tumor resection, surgical navigation has been
developed. Indeed, the precision of surgical outcomes heavily relies on visualization; thus,
with navigation surgery, it has been possible to have better visibility, gain more knowledge,
and therefore provide enhanced care to patients. At first, mostly neurosurgeons used
navigation for their surgeries, but oral and maxillofacial surgeons have also started to use
this innovative technology. A study of Gangloff et al., conducted at Institut Cancérologique
de Lorraine (ICL), reports the findings of 33 surgeries using navigation [46]. Out of the
initial group of 31 patients treated, 27 (81.8%) had a quality of life evaluated as “good”,
and 4 had a “fair” quality of life. They showed successful results, with an improved
quality of life compared to classical surgical procedures. The steps of navigation are to first
collect the morphological data of the patient, and then to transfer them to the navigation
device. By integrating patient data with real-time information about the location of surgical
instruments, navigation technology enables precise and accurate surgical procedures to be
performed (Figure 3).

(b)

Figure 3. (a) Navigation screen with real-time information; (b) salvage surgery of periorbital cancer

with a navigation device.

However, some limits to navigation are known, such as bilateral operation [47]. How-
ever, as new research emerges and software continues to be developed and refined, this
technological advancement is expected to become an essential tool for craniomaxillofacial
surgery procedures, allowing for safe resection margins and better precision.

13. Complications of Salvage Surgeries

Since there are no well-accepted guidelines regarding salvage surgeries, the compli-
cation rates vary from 23% to 67% in salvage surgeries of the head and neck [6]. The
comparison is quite impossible considering the absence of uniformity in the reporting of
complications. However, the proposition of classification by Dindo and Clavien [48] is
being used more to declare data [49]. As an example, in a salvage total laryngectomy, the
overall complication rate was 67.5%, and pharyngocutaneous fistula was the most common
complication, with a 28.9% rate [50]. In another study with over 38 patients, 19 had no
postoperative complications, 5 of them died of frequent and severe bleeding episodes, 4 had
salivary fistulas, and 7 had important pharyngostomas [51]. Pujo et al., in a retrospective
study from 2005 to 2013, observed 67.3% of one or more locoregional complications, and
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32.7% of one or more general complications [44]. Locoregional complications are the most
frequent, with fistulas usually being the most common complications [52]. In a review of
Hay et al. [53], TORS complications were analyzed, such as bleeding, dysphagia, aspiration-
related infections, or local pain. A total of 35% of the patients had complications related
to TORS, and 16% were major complications. In patients with squamous cell carcinoma
in the head and neck, the risk of complication was higher in surgery for the tumor with
concomitant neck dissection than in neck dissection surgery or tumor surgery alone [6].
Therefore, complications in salvage surgeries are still common, and so it is important to
take them into account and treat them the right way, as well as to anticipate them.

14. Survival Outcomes

In order to better predict the outcomes of salvage surgery, Tan et al. developed a model
based on data available before surgery [6]. Concomitant local or regional failure along
with a stage IV tumor were considered independent factors. In patients with none of these
factors, the two-year OS rate was 83%. With one of these factors, it was 49%, and with
these two factors, the OS rate was 0% [54]. Such an observation suggests that patients with
stage IV tumors and local or regional failure should not be considered to undergo salvage
surgery. Several studies demonstrate similar results regarding overall survival. Delgado
et al. [51] show a five-year OS after salvage surgery of 37.90%, and in Pujo et al. [44], it is
36% at five years. These results are rather stable from one study to another, and it is now
important to consider the different factors improving survival.

15. The Prospects of Salvage Surgery Development

In the last two decades, there has been a steady rise in the percentage of upper
aerodigestive tract cancers that are associated with HPV, particularly those affecting the
oropharynx. This finding can be attributed to the decrease in alcohol and tobacco use, as
well as to changes in sexual practices. As previously said, being HPV-positive is a favorable
prognostic, and research concerning the treatment of these tumors is currently in progress.
Indeed, it could be interesting to limit their treatment due to a better response to adjuvant
treatment (with a lower dose of radiotherapy, for example).

Surgery occurring in head and neck cancer is often mutilating and has heavy con-
sequences on the patient’s life and capabilities, which is why finding and exploring new
techniques and new procedures is so important. There is a need for techniques that allow
for not only great healing, but also a minimal impact on the patient. Because of the location
of the tumors in head and neck cancer, it is not uncommon for abilities such as phonation
or deglutition to be altered by salvage surgeries. A popular effort has been made in this
direction with the arrival of minimally invasive and robotic techniques and the search for
sentinel nodes, as mentioned earlier in the article.

De-escalation techniques should be evaluated by surgeons, starting by choosing a
less invasive surgery and the will to preserve the organ and its function. Recently, the
most important example of a de-escalation was the use of neoadjuvant chemotherapy by
TPF (Docetaxel, Cisplatin, 5-Fluorouracil) in advanced laryngeal cancer [55]. In cases in
which the tumors were reduced by 50% of their volume, the patients would go on with
radiotherapy or chemoradiation. Such results allowed the surgeon to avoid practicing a
radical surgery, and to preserve part of the larynx [56].

The same way of thinking has been applied to cervical lymph node surgery. Not so
long ago, it was common to inflict radical neck dissections in addition to the removal of the
tumor regarding squamous cell carcinomas. During such dissections, important anatomical
structures would be removed, such as the spinal nerve, the internal jugular vein, or even
the carotid artery. Because of the knowledge we now have about the lymphatic drainage of
tumors, this surgical procedure has been redefined to cause fewer residual signs, as well as
to keep its efficiency [57]. Depending on the case, it is possible that only a selective neck
dissection can be performed. When the cancer is at an advanced stage, the radical neck
dissection is usually evaluated rather than automatically performed.
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Technical novelties such as lymphoscintigraphy have been developed in this direction
to allow for a better evaluation of the state of the tumor and its irrigation, thus preventing
unnecessary surgical procedures and their consequences [58].

In general, head and neck cancer that is induced by HPV is the most likely to respond
to a de-escalation therapy, which explains why many clinical trials are targeting them. In
addition to this, this type of head and neck cancer affects younger persons rather than older
ones. This is why one of the goals of the many studies has been to reduce the toxicity of the
treatments in order to avoid having the patients develop other cancers in the future.

Moreover, advanced visualization techniques have been developed, allowing new
opportunities for precision tumor resection. For instance, the use of fluorescence-guided
surgery with indocyanine green provides a better outlook of the tumorous tissues. More-
over, the development of transoral robotic surgery could be very helpful in the future of
salvage surgery, always in the interest of both patients and surgeons.

16. Summary of This Review

Several results are presented in this review, for simplicity you can find in Table 1 a
summary of the important information for each technique. This also allows a comparison
of the techniques according to their main characteristics and their points of improvement.

Table 1. Summary of results presented in this review.

Techniques

Outcomes Clinical Suggestions

TORS

Shorter operative times and hospital stays

Less postoperative complications and

functional disability [9] Applied only to well-selected patients
More precise

Risk of spondylodiscitis

Good survival rates and Needs to be performed by
Cancer sureery with free fla functional outcomes well-trained surgeons [26]
sery P Few complications Extra attention needs to be paid to

Mutilating microvascular complications

Cancer surgery with pedicled flap Same mortality as free-flap surgery Improving flap-harvesting techniques
Strong predictor of recurrence

Sentinel node mapping Linked with higher false-negative Many tools in development [45]

rate [33]
Facilitates real-time identification of More studies need to be conducted to

ICG-induced NIR fluorescence mapping

tumor margins [36] better comprehend failure [37]

Navigation surgery

Safer surgery
Good tumor resection
Improved quality of life [46]

17. Conclusions

To conclude, salvage surgery remains a major challenge with several obstacles. Indeed,
head and neck cancer is known for having a poor prognosis, with an increasing rate of
recurrences. In this respect, salvage surgery is the only good alternative proposed for
patients with recurrences; therefore, it is important to offer the best tumor control and
survival possible. However, the results are not convincing, and so different techniques are
in development, and many studies are trying to improve salvage surgery outcomes. In
addition, it is interesting to look at patient selection, as not all patients are good candidates
for salvage surgery. Different factors have been identified as favorable for this last treatment
resort, and surgeons must take them into account. The future of salvage surgery seems
promising, allowing better patient management.



Cancers 2023, 15, 2625 11 of 13

Author Contributions: Manuscript drafting, tables, and literature review by RM., PL.R., A.C,,S.C,,
E.B., M.P. and G.D. Figures by R M., E.B. and G.D. Manuscript editing and review by PL.R., A.C. and
M.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

W

10.

11.

12.

13.

14.

15.

16.

17.

18.

Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA A Cancer J. Clin. 2021, 71, 209-249. [CrossRef]
[PubMed]

INCA. Cancers Des Voies Aero-Digestives Supérieures, du Diagnostic au Suivi; INCA: Billancourt, France, 2018.

Chow, L.Q.M. Head and Neck Cancer. N. Engl. J. Med. 2020, 382, 60-72. [CrossRef] [PubMed]

Marur, S.; Forastiere, A.A. Head and Neck Squamous Cell Carcinoma: Update on Epidemiology, Diagnosis, and Treatment. Mayo
Clin. Proc. 2016, 91, 386-396. [CrossRef] [PubMed]

Dolivet, G.; Cortese, S.; Mastronicola, R.; Phulpin, B.; Kaminski, M.-C.; Mecellem, H.; Gillon, V.; Gangloff, P. Chirurgie de
rattrapage dans les tumeurs des VADS. Bull. Du. Cancer 2011, 98, 59-71. [CrossRef]

Hamoir, M.; Schmitz, S.; Suarez, C.; Strojan, P.; Hutcheson, K.A.; Rodrigo, ]J.P.; Mendenhall, WM.; Simo, R.; Saba, N.F;
D’Cruz, A K;; et al. The Current Role of Salvage Surgery in Recurrent Head and Neck Squamous Cell Carcinoma. Carncers 2018,
10, 267. [CrossRef]

Locatello, L.G.; Mastronicola, R.; Cortese, S.; Beulque, E.; Salleron, J.; Gallo, O.; Dolivet, G. Estimating the Risks and Benefits
before Salvage Surgery for Recurrent Head and Neck Squamous Cell Carcinoma. Eur. J. Surg. Oncol. 2021, 47, 1718-1726.
[CrossRef]

Alfouzan, A.F. Review of Surgical Resection and Reconstruction in Head and Neck Cancer. Traditional versus Current Concepts.
Saudi Med. |. 2018, 39, 971-980. [CrossRef]

White, H.; Ford, S.; Bush, B.; Holsinger, FE.C.; Moore, E.; Ghanem, T.; Carroll, W.; Rosenthal, E.; Sweeny, L.; Magnuson, J.S.
Salvage Surgery for Recurrent Cancers of the Oropharynx: Comparing TORS with Standard Open Surgical Approaches. JAMA
Otolaryngol.—Head. Neck Surg. 2013, 139, 773-777. [CrossRef]

Riva, G.; Cravero, E.; Briguglio, M.; Capaccio, P; Pecorari, G. The Flex Robotic System in Head and Neck Surgery: A Review.
Cancers 2022, 14, 5541. [CrossRef]

Dabas, S.; Dewan, A ; Ranjan, R.; Dewan, A K.; Shukla, H.; Sinha, R. Salvage Transoral Robotic Surgery for Recurrent or Residual
Head and Neck Squamous Cell Carcinoma: A Single Institution Experience. Asian Pac. ]. Cancer Prev. 2015, 16, 7627-7632.
[CrossRef]

Transoral Robotic Surgery and Oropharyngeal Cancer: A Literature Review. Available online: https:/ /journals.sagepub.com/
doi/epdf/10.1177/014556131409300821 (accessed on 6 March 2023).

Aubry, K.; Vergez, S.; de Mones, E.; Moriniere, S.; Choussy, O.; Malard, O.; Dolivet, G.; Lallemant, B.; Ceruse, P. Morbidity
and Mortality Revue of the French Group of Transoral Robotic Surgery: A Multicentric Study. J. Robot. Surg. 2016, 10, 63—67.
[CrossRef]

Razafindranaly, V.; Lallemant, B.; Aubry, K.; Moriniere, S.; Vergez, S.; Mones, E.D.; Malard, O.; Ceruse, P. Clinical Outcomes with
Transoral Robotic Surgery for Supraglottic Squamous Cell Carcinoma: Experience of a French Evaluation Cooperative Subgroup
of GETTEC. Head. Neck 2016, 38 (Suppl. 1), E1097-E1101. [CrossRef]

Carpentier, C.; Bobillier, C.; Blanchard, D.; Lallemant, B.; Garrel, R.; Gorphe, P.; Mastronicola, R.; Moriniére, S. Spondylodiscitis
after Transoral Robotic Surgery: Retrospective 7-Case Series from the GETTEC Group. Eur. Ann. Otorhinolaryngol. Head. Neck Dis.
2019, 136, 179-183. [CrossRef]

Gradoni, P; Oretti, G.; Ferri, A.; Ferri, T. Pyogenic Spondylodiscitis and Osteoradionecrosis of the Cervico-Thoracic Spine: A Rare
Complication after Surgery and Radiation for Hypopharyngeal Cancer. Acta Biomed. 2013, 84, 72-75.

Lukens, ].N,; Lin, A.; Gamerman, V.,; Mitra, N.; Grover, S.; McMenamin, E.M.; Weinstein, G.S.; O’'Malley, B.W.; Cohen, R.B,;
Orisamolu, A ; etal. Late Consequential Surgical Bed Soft Tissue Necrosis in Advanced Oropharyngeal Squamous Cell Carcinomas
Treated with Transoral Robotic Surgery and Postoperative Radiation Therapy. Int. |. Radiat. Oncol. Biol. Phys. 2014, 89, 981-988.
[CrossRef]

Yoshimoto, S.; Kawabata, K.; Mitani, H. Factors Involved in Free Flap Thrombosis after Reconstructive Surgery for Head and
Neck Cancer. Auris Nasus Larynx 2010, 37, 212-216. [CrossRef]


https://doi.org/10.3322/caac.21660
https://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.1056/NEJMra1715715
https://www.ncbi.nlm.nih.gov/pubmed/31893516
https://doi.org/10.1016/j.mayocp.2015.12.017
https://www.ncbi.nlm.nih.gov/pubmed/26944243
https://doi.org/10.1684/bdc.2010.1286
https://doi.org/10.3390/cancers10080267
https://doi.org/10.1016/j.ejso.2021.01.022
https://doi.org/10.15537/smj.2018.10.22887
https://doi.org/10.1001/jamaoto.2013.3866
https://doi.org/10.3390/cancers14225541
https://doi.org/10.7314/APJCP.2015.16.17.7627
https://journals.sagepub.com/doi/epdf/10.1177/014556131409300821
https://journals.sagepub.com/doi/epdf/10.1177/014556131409300821
https://doi.org/10.1007/s11701-015-0542-z
https://doi.org/10.1002/hed.24163
https://doi.org/10.1016/j.anorl.2019.03.004
https://doi.org/10.1016/j.ijrobp.2014.04.024
https://doi.org/10.1016/j.anl.2009.07.002

Cancers 2023, 15, 2625 12 of 13

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Gisquet, H.; Gangloff, P.; Graff, P; Phulpin, B.; Cortese, S.; Deganello, A.; Mastronicolaa, R.; Guillemin, F.; Verhaeghe, L.J.;
Dolivet, G. Microsurgical reconstruction and full management of patients with head and neck cancer: Importance of a quality
approach and a patient care team. Rev. Laryngol. Otol. Rhinol. 2009, 130, 249-254.

Deganello, A.; Manciocco, V.; Dolivet, G.; Leemans, C.R.; Spriano, G. Infrahyoid Fascio-Myocutaneous Flap as an Alternative to
Free Radial Forearm Flap in Head and Neck Reconstruction. Head. Neck 2007, 29, 285-291. [CrossRef]

Deganello, A.; Leemans, C.R. The Infrahyoid Flap: A Comprehensive Review of an Often Overlooked Reconstructive Method.
Oral. Oncol. 2014, 50, 704-710. [CrossRef]

Mabhieu, R.; Russo, S.; Gualtieri, T.; Colletti, G.; Deganello, A. Oral Cavity Reconstruction with the Masseter Flap. Acta
Otorhinolaryngol. Ital. 2016, 36, 139-143. [CrossRef]

Mahieu, R.; Colletti, G.; Bonomo, P.; Parrinello, G.; Iavarone, A.; Dolivet, G.; Livi, L.; Deganello, A. Head and Neck Reconstruction
with Pedicled Flaps in the Free Flap Era. Acta Otorhinolaryngol. Ital. 2016, 36, 459—468. [CrossRef]

Jones, N.F,; Johnson, J.T.; Shestak, K.C.; Myers, E.N.; Swartz, WM. Microsurgical Reconstruction of the Head and Neck:
Interdisciplinary Collaboration between Head and Neck Surgeons and Plastic Surgeons in 305 Cases. Ann. Plast. Surg. 1996, 36,
37-43. [CrossRef] [PubMed]

Yoshimoto, S.; Kawabata, K.; Mitani, H. Analysis of 59 Cases with Free Flap Thrombosis after Reconstructive Surgery for Head
and Neck Cancer. Auris Nasus Larynx 2010, 37, 205-211. [CrossRef] [PubMed]

Dekerle, L.; Cortese, S.; Salleron, J.; Rauch, P.; Mastronicola, R.; Beulque, E.; Chatard, M.; Hamitouche, S.; Alao, O.; Dolivet, G.
Long-Term Survival after Head and Neck Cancer Surgery with Immediate Free Flap Reconstruction. Ann. De. Chir. Plast.
EsthETique 2021, 66, 357-363. [CrossRef] [PubMed]

Eckardt, A.; Fokas, K. Microsurgical Reconstruction in the Head and Neck Region: An 18-Year Experience with 500 Consecutive
Cases. J. Craniomaxillofac Surg. 2003, 31, 197-201. [CrossRef]

Kruse, A.L.D,; Luebbers, H.T.; Gritz, KW.; Obwegeser, ].A. Factors Influencing Survival of Free-Flap in Reconstruction for Cancer
of the Head and Neck: A Literature Review. Microsurgery 2010, 30, 242-248. [CrossRef]

Mirghani, H.; Meyer, G.; Hans, S.; Dolivet, G.; Périé, S.; Brasnu, D.; Guily, J.L.S. The Musculocutaneous Infrahyoid Flap: Surgical
Key Points. Eur. Arch. Otorhinolaryngol. 2012, 269, 1213-1217. [CrossRef]

Vincent, A.; Hohman, M.H. Latissimus Dorsi Myocutaneous Flap. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2023.
Skanjeti, A.; Dhomps, A.; Paschetta, C.; Tordo, ].; Delgado Bolton, R.C.; Giammarile, F. Lymphoscintigraphy for Sentinel Node
Mapping in Head and Neck Cancer. Semin. Nucl. Med. 2021, 51, 39—-49. [CrossRef]

Sharma, D.; Koshy, G.; Grover, S.; Sharma, B. Sentinel Lymph Node Biopsy: A New Approach in the Management of Head and
Neck Cancers. Sultan Qaboos Univ. Med. J. 2017, 17, e3—e10. [CrossRef]

De Rosa, N.; Lyman, G.H.; Silbermins, D.; Valsecchi, M.E.; Pruitt, S.K.; Tyler, D.M.; Lee, W.T. Sentinel Node Biopsy for Head and
Neck Melanoma: A Systematic Review. Otolaryngol. Head. Neck Surg. 2011, 145, 375-382. [CrossRef]

Accorona, R.; D’Onghia, A.; Pignataro, L.; Capaccio, P. Head and Neck Robotic Surgery Combined with Sentinel Lymph Node
Biopsy. Fascinating, but Feasible? Oral. Oncol. 2020, 111, 104939. [CrossRef]

Tan, IB.; Dolivet, G.; Ceruse, P.; Vander Poorten, V.; Roest, G.; Rauschning, W. Temoporfin-Mediated Photodynamic Therapy in
Patients with Advanced, Incurable Head and Neck Cancer: A Multicenter Study. Head. Neck 2010, 32, 1597-1604. [CrossRef]

De Ravin, E.; Venkatesh, S.; Harmsen, S.; Delikatny, E.J.; Husson, M.A.; Lee, ].Y.K.; Newman, J.G.; Rajasekaran, K. Indocyanine
Green Fluorescence-Guided Surgery in Head and Neck Cancer: A Systematic Review. Am. J. Otolaryngol. 2022, 43, 103570.
[CrossRef]

Cortese, S.; Kerrien, E.; Yakavets, I.; Meilender, R.; Mastronicola, R.; Renard, S.; Leroux, A.; Bezdetnaya, L.; Dolivet, G. ICG-
Induced NIR Fluorescence Mapping in Patients with Head & Neck Tumors after the Previous Radiotherapy. Photodiagnosis
Photodyn. Ther. 2020, 31, 101838. [CrossRef]

Mastronicola, R.; Cortese, S.; Beulque, E.; Wu, X.; Roch, M.; Perna, M.; Salleron, J.; Merlin, J.-L.; Faure, G.; Munier, J.; et al.
Detection of Circulating Tumor Cells after Surgery for Stage III and IV Squamous Cell Carcinoma of the Head and Neck. . Transl.
Sci. 2020, 6. [CrossRef]

Kupferman, M.E.; Morrison, WH.; Santillan, A.A.; Roberts, D.; Diaz, EM.; Garden, A.S.; Weber, R. The Role of Interstitial
Brachytherapy with Salvage Surgery for the Management of Recurrent Head and Neck Cancers. Cancer 2007, 109, 2052-2057.
[CrossRef]

Kasperts, N.; Slotman, B.; Leemans, C.R.; Langendijk, J.A. A Review on Re-Irradiation for Recurrent and Second Primary Head
and Neck Cancer. Oral. Oncol. 2005, 41, 225-243. [CrossRef]

Li, Y; Jiang, Y,; Qiu, B.; Sun, H.; Wang, J. Current Radiotherapy for Recurrent Head and Neck Cancer in the Modern Era: A
State-of-the-Art Review. J. Transl. Med. 2022, 20, 566. [CrossRef]

Delerue, C. Efficacité et Tolérance de La Ré-Irradiation Stéréotaxique Dans Le Traitement Des Cancers Des Voies Aéro-Digestives
Supérieures: Etude Rétrospective Sur I'Expérience a Long Terme Du Centre Oscar Lambret. Thése d’Exercice. Université de Lille,
Lille, France, 2022.

Kim, J.; Kim, S.; Albergotti, W.G.; Choi, P.A.; Kaplan, D.J.; Abberbock, S.; Johnson, ].T.; Gildener-Leapman, N. Selection of Ideal
Candidates for Surgical Salvage of Head and Neck Squamous Cell Carcinoma: Effect of the Charlson-Age Comorbidity Index
and Oncologic Characteristics on 1-Year Survival and Hospital Course. JAMA Otolaryngol. Head. Neck Surg. 2015, 141, 1059-1065.
[CrossRef]


https://doi.org/10.1002/hed.20512
https://doi.org/10.1016/j.oraloncology.2014.04.011
https://doi.org/10.14639/0392-100X-890
https://doi.org/10.14639/0392-100X-1153
https://doi.org/10.1097/00000637-199601000-00008
https://www.ncbi.nlm.nih.gov/pubmed/8722982
https://doi.org/10.1016/j.anl.2009.06.007
https://www.ncbi.nlm.nih.gov/pubmed/19700252
https://doi.org/10.1016/j.anplas.2021.02.002
https://www.ncbi.nlm.nih.gov/pubmed/33824027
https://doi.org/10.1016/S1010-5182(03)00039-8
https://doi.org/10.1002/micr.20758
https://doi.org/10.1007/s00405-011-1724-6
https://doi.org/10.1053/j.semnuclmed.2020.07.004
https://doi.org/10.18295/squmj.2016.17.01.002
https://doi.org/10.1177/0194599811408554
https://doi.org/10.1016/j.oraloncology.2020.104939
https://doi.org/10.1002/hed.21368
https://doi.org/10.1016/j.amjoto.2022.103570
https://doi.org/10.1016/j.pdpdt.2020.101838
https://doi.org/10.15761/JTS.1000335
https://doi.org/10.1002/cncr.22648
https://doi.org/10.1016/j.oraloncology.2004.07.006
https://doi.org/10.1186/s12967-022-03774-0
https://doi.org/10.1001/jamaoto.2015.2158

Cancers 2023, 15, 2625 13 of 13

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Pujo, K,; Philouze, P; Scalabre, A.; Céruse, P.; Poupart, M.; Buiret, G. La chirurgie de rattrapage dans les récidives de carcinomes
épidermoides du larynx et de 'hypopharynx: Etude rétrospective de 2005 a 2013. Ann. Frangaises d’Oto-Rhino-Laryngol. Et. De.
Pathol. Cervico-Faciale 2018, 135, 111-117. [CrossRef]

Patil, VM.; Noronha, V.; Thiagarajan, S.; Joshi, A.; Chandrasekharan, A.; Talreja, V.; Agarwal, J.; Ghosh-Laskar, S.; Budrukkar, A;
Juvekar, S.; et al. Salvage Surgery in Head and Neck Cancer: Does It Improve Outcomes? Eur. J. Surg. Oncol. 2020, 46, 1052-1058.
[CrossRef]

Gangloff, P.; Mastronicola, R.; Cortese, S.; Phulpin, B.; Sergeant, C.; Guillemin, F.; Eluecque, H.; Perrot, C.; Dolivet, G. Navigation
in Head and Neck Oncological Surgery: An Emerging Concept. Rev. Laryngol. Otol. Rhinol. 2011, 132, 203-207.

Anand, M.; Panwar, S. Role of Navigation in Oral and Maxillofacial Surgery: A Surgeon’s Perspectives. Clin. Cosmet. Investig.
Dent. 2021, 13, 127-139. [CrossRef] [PubMed]

Dindo, D.; Demartines, N.; Clavien, P--A. Classification of Surgical Complications: A New Proposal with Evaluation in a Cohort
of 6336 Patients and Results of a Survey. Ann. Surg. 2004, 240, 205-213. [CrossRef] [PubMed]

Awad, M.L; Shuman, A.G.; Montero, PH.; Palmer, EL.; Shah, ].P; Patel, S.G. Accuracy of Administrative and Clinical Registry
Data in Reporting Postoperative Complications after Surgery for Oral Cavity Squamous Cell Carcinoma. Head. Neck 2015, 37,
851-861. [CrossRef]

Hasan, Z.; Dwivedi, R.C.; Gunaratne, D.A.; Virk, S.A.; Palme, C.E.; Riffat, F. Systematic Review and Meta-Analysis of the
Complications of Salvage Total Laryngectomy. Eur. J. Surg. Oncol. 2017, 43, 42-51. [CrossRef]

Lopez Delgado, L; Riestra Ayora, J.; Arenas Britez, O.; Garcia Lopez, I.; Martinez Guirado, T.; Scola Yurrita, B. Salvage Surgery for
Locoregional Recurrences of Advanced Pharyngolaryngeal Squamous Cell Carcinoma after Organ Preservation Failure. Acta
Otorhinolaryngol. Ital. 2014, 34, 382-388.

Ganly, I; Patel, S.; Matsuo, J.; Singh, B.; Kraus, D.; Boyle, J.; Wong, R.; Lee, N.; Pfister, D.G.; Shaha, A_; et al. Postoperative
Complications of Salvage Total Laryngectomy. Cancer 2005, 103, 2073-2081. [CrossRef]

Hay, A.; Migliacci, J.; Zanoni, D.K.; Boyle, ].O.; Singh, B.; Wong, R.J.; Patel, S.G.; Ganly, I. Complications Following Transoral
Robotic Surgery (Tors): A Detailed Institutional Review of Complications. Oral. Oncol. 2017, 67, 160-166. [CrossRef]

Tan, HK; Giger, R.; Auperin, A.; Bourhis, ].; Janot, F; Temam, S. Salvage Surgery after Concomitant Chemoradiation in Head
and Neck Squamous Cell Carcinomas - Stratification for Postsalvage Survival. Head. Neck 2010, 32, 139-147. [CrossRef]
Haddad, R.L; Posner, M.; Hitt, R.; Cohen, E.E.W.; Schulten, ].; Lefebvre, J.-L.; Vermorken, J.B. Induction Chemotherapy in Locally
Advanced Squamous Cell Carcinoma of the Head and Neck: Role, Controversy, and Future Directions. Ann. Oncol. 2018, 29,
1130-1140. [CrossRef]

Sarini, J.; Bocciolini, C.; Fournier, C.; Penel, N.; Kara, A.; Van, ].T.; Lefebvre, ].-L. Induction chemotherapy and larynx preservation:
Is such practice useful? Bull. Cancer 2002, 89, 411-417.

Cheng, PT.; Hao, S.P; Lin, Y.H.; Yeh, A.R. Objective Comparison of Shoulder Dysfunction after Three Neck Dissection Techniques.
Ann. Otol. Rhinol. Laryngol. 2000, 109, 761-766. [CrossRef]

Beulque, E.; Cortese, S.; Mastronicola, R.; Dolivet, G. Surgical de-escalation for head and neck cancer surgery. Bull. Cancer 2021,
108, 948-952. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.aforl.2017.05.005
https://doi.org/10.1016/j.ejso.2020.01.019
https://doi.org/10.2147/CCIDE.S299249
https://www.ncbi.nlm.nih.gov/pubmed/33883948
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://www.ncbi.nlm.nih.gov/pubmed/15273542
https://doi.org/10.1002/hed.23682
https://doi.org/10.1016/j.ejso.2016.05.017
https://doi.org/10.1002/cncr.20974
https://doi.org/10.1016/j.oraloncology.2017.02.022
https://doi.org/10.1002/hed.21159
https://doi.org/10.1093/annonc/mdy102
https://doi.org/10.1177/000348940010900811
https://doi.org/10.1016/j.bulcan.2021.06.008

	Introduction 
	Head and Neck Cancer Resections 
	Transoral Robotic Surgery (TORS) 
	Types of Reconstruction 
	Cancer Surgery with Free Flap 
	Cancer Surgery with Pedicled Flap 
	Sentinel Node Mapping 
	ICG-Induced NIR Fluorescence Mapping 
	Detection of Circulating Tumor Cells 
	Salvage-Surgery-Associated Treatments 
	Prognosticators and Patient Selection in Salvage Surgery 
	Navigation Surgery 
	Complications of Salvage Surgeries 
	Survival Outcomes 
	The Prospects of Salvage Surgery Development 
	Summary of This Review 
	Conclusions 
	References

