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Abstract

:

Simple Summary


Complete removal of the larynx (total laryngectomy) offers a curative approach for advanced laryngeal and pharyngeal cancer. If the operation is performed after radiotherapy wound healing problems have to be taken into account which can be managed by adapted reconstructive techniques. Laryngectomy results in the loss of voice which can be managed e.g., by using a voice prosthesis with a significant increase in quality of life. Total laryngectomy still represents a relevant surgical procedure in modern head and neck oncology.




Abstract


Surgical removal of the larynx (total laryngectomy) offers a curative approach to patients with advanced laryngeal and hypopharyngeal (squamous cell) cancer without distant metastases. Particularly in T4a carcinoma, laryngectomy seems prognostically superior to primary radio(chemo)therapy. Further relevant indications for laryngectomy include massive laryngeal dysfunction associated with aspiration and recurrence after radio(chemo)therapy, resulting in salvage surgery. The surgical procedure including neck dissection is highly standardised and safe. The resulting aphonia can be compensated by functional rehabilitation (e.g., voice prosthesis) associated with a significant quality of life improvement. This article presents an overview of indications, preoperative diagnostics, surgical procedures, including new developments (robotics), possible complications, the choice of adjuvant treatment, alternative therapeutic approaches, rehabilitation and prognosis. In summary, total laryngectomy still represents a relevant surgical procedure in modern head and neck oncology.
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1. Background


Total laryngectomy is the surgical removal of the larynx. It was first performed on a patient with laryngeal cancer by Christian Albert Theodor Billroth in Vienna on 31 December 1873 [1]. Ever since then, advanced (recurrent) laryngeal and hypopharyngeal cancer have been the main indication for laryngectomy.



Worldwide, nearly 200,000 laryngeal cancer cases are newly diagnosed per year [2]. It is more common in men than women, with a ratio of 7:1. The mean age of onset is 63 in women and 66 in men [3]. Relevant risk factors associated with the disease include the consumption of alcohol and tobacco, but also viral infections, reflux, environmental influences and genetic factors [2]. The consumption of both alcohol and tobacco seems to have a synergistic effect [4]. Laryngeal carcinoma is a recognised occupational disease with asbestos and uranium exposure [5]. Compared with oropharyngeal cancers, the human papillomavirus (HPV) status has a subordinate role in laryngeal cancer; the prevalence is about 6% [6]. Its relevance is, however, under discussion as HPV-positive laryngeal cancer seems to have a more favourable prognosis [7], currently without being of relevance for treatment decisions [8]. Hypopharyngeal cancer has the same risk factors but, with an incidence of about 1/100,000, is considerably less common than laryngeal cancer. The lack of symptoms until a later stage and the resultant late diagnosis, together with early lymphatic spread, add up to a poorer prognosis [9,10]. It is well known that cigarette smoke increases the relative risk of developing a supraglottic tumour, while alcohol promotes hypopharyngeal tumours [11,12]. A screening programme for malignant tumours of the upper aero-digestive tract is easy to perform in practice [13], but by consensus is not recommended at the present time as there is no evidence to suggest that it lowers the mortality [8].




2. Diagnostic Work-Up


Potential symptoms of a patient with laryngeal cancer are hoarseness, dyspnoea and dysphagia [14]. A hoarse voice lasting more than four weeks should be examined endoscopically [8]. Precancerous conditions such as persistent vocal cord leucoplakia should be completely excised if possible (excision biopsy), as some 20% of patients develop laryngeal cancer within five years [15]. If laryngeal cancer is suspected, the National Comprehensive Cancer Network guidelines recommend besides history taking, a clinical ENT examination, a biopsy of the primary tumour as part of a panendoscopy under anaesthetic, contrast-enhanced computed tomography (CT, Figure 1)/magnetic resonance imaging (MRI) of the neck, CT of the chest, possibly positron emission tomography (PET) with CT (PET-CT) for UICC stages III-IV, a dental examination, audiometry, assessment of speech and swallowing, possibly lung function tests, and presentation to a multidisciplinary tumour board [16]. A national guideline on laryngeal cancer restricts the indication for imaging technique to tumours in the supraglottis, subglottis and anterior commissure, and those with impaired vocal cord mobility [8]. MRI offers better resolution of the soft tissues, which is important for assessing the laryngeal cartilage; however, CT is often preferred because it is more readily available and has fewer motion artefacts. PET-CT is well-suited to the preoperative detection of occult tumour formation, but its use is reserved for patients with advanced tumour stages (T3/4, N2/3) because of its high costs and low availability [16,17]. Even so, PET-CT is being considered, especially in the English-speaking world, as an alternative to elective neck dissection after primary radiochemotherapy (RCT) for advanced laryngeal cancer [18,19,20]. Various working groups have also discussed the use of sentinel node biopsy for cN0 neck as an alternative to elective neck dissection [21,22,23]. Liver metastases are rare (<2%) at the first diagnosis of head or neck cancer [24]; however, risk-adapted abdominal imaging using ultrasound or CT seems worthwhile.



After diagnostic work-up, laryngeal and hypopharyngeal cancers are categorised by the current 8th TNM classification, and staged according to the UICC (Union internationale contre le cancer) criteria [25].



2.1. Indication for Total Laryngectomy


Total laryngectomy is indicated for advanced locoregional laryngeal and hypopharyngeal cancers if a partial resection would not remove the primary tumour completely (R0 resection) or would result in significant impairment of function, the patient prefers the operation, and alternative therapeutic approaches such as radio(chemo)therapy alone are inappropriate or are not desired as first-line treatment [26]. To be more precise, there may be extensive tumour involvement of the larynx, penetration of the tumour through the laryngeal skeleton, hypopharyngeal tumours with invasion of the larynx, or extensive tumour recurrence after surgery or prior radio(chemo)therapy. Subglottic cancer presents a special case that may require laryngectomy even in early stages.



Furthermore, a laryngectomy may be indicated for functional reasons, whether an incurable laryngeal fistula or dysphagia and aspiration after transoral or open partial resection of the larynx. In specific cases, laryngectomy may also be required for non-cancer laryngeal conditions (trauma, chemical burns, etc.) [27]. In summary, the main indications for laryngectomy are advanced laryngeal and hypopharyngeal cancers, laryngeal dysfunction (aspiration) and extensive recurrence after previous radio(chemo)therapy.



An important term in this context is “salvage laryngectomy”, originally used for laryngectomy performed for treatment failure with ongoing primary radio(chemo)therapy. Although not strictly accurate, it is frequently used for the surgical procedures necessary for recurrences after radio(chemo)therapy or (combined) cancer surgery [28]. Finally, laryngectomy seems to be more cost effective than organ preservation (Beck, A.J.C.C.; van Harten, W.H.; van den Brekel, M.W.M.; Navran, A.; Retèl, V.P. Cost-Effectiveness of Surgery Versus Organ Preservation in Advanced Laryngeal Cancer. Laryngoscope 2021, 131, E509–E517.), which might be of relevance in some areas in the world. On the other hand, post-laryngectomy care (accessibility of heat/moisture exchanger (HME)/voice prosthesis, trained speech therapists) may be less or not at all available in some areas.



The indication for laryngectomy and the associated treatment are determined by a tumour conference (including input from self-help groups) as an interdisciplinary multimodal treatment concept. Treatment decisions are made on the basis of established national and international standards [8].




2.2. Surgical Technique for Total Laryngectomy


A U-shaped incision is started from the mastoid on both sides, continued down on the anterior border of the sternocleidomastoid muscle and joined over the suprasternal notch. A flap of skin and platysma (apron flap) is dissected out to above the hyoid and folded upwards. As a rule, a radical, modified radical, or selective neck dissection is performed (except functional laryngectomy), depending on the local lymph node involvement [29]. It is followed by dissection of the infra- and suprahyoid muscles and may be associated with the removal of the hyoid bone if necessary. As long as the preoperative diagnostic investigations have not shown any extension towards the thyroid gland, the isthmus is divided and the free ends of the lobes oversewn to channel the access towards the trachea. Should there be thyroid gland invasion or a subglottic tumour, the gland is resected on at least the affected side. The laryngeal vessels are ligated. The fibromuscular tube of the pharynx is separated from the laryngeal skeleton: first, the pharyngeal constrictor muscles are dissected off at various levels. The pharynx is then opened transversely at the level of the hyoid (pharyngotomy). The epiglottis is retracted inferiorly with a clamp. The larynx can now be resected with a macroscopic resection margin of at least 0.5 cm around the tumour [30]. For this purpose, the pharyngeal incision can be extended inferiorly on both sides of the epiglottis to the level of the cricoid. The retro-cricoid mucosa is bluntly dissected off the posterior of the cricoarytenoid muscle. The proximal trachea is bluntly separated from the oesophagus. The exposed larynx can now be brought out through a transverse tracheal incision and by joining the bilateral pharyngeal incisions. Clear resection margins can be verified by frozen section during the operation. For tracheostomy, the tracheal ostium is sutured to the skin in the midline, at the inferior pole of the initial skin incision, and later to the platysma mucocutaneous flap. Alternatively, a second transverse skin incision can be made a few centimetres superiorly or inferiorly to the initial U-shaped skin incision [31], as an attempt to ensure greater stability of the tracheostomy apart from the major skin incisions (Figure 2).



The muscles of the superior oesophageal sphincter or the lower part of the inferior pharyngeal constrictor muscle are carefully divided with a scalpel (myotomy), in order to ensure a sufficient postoperative width of the swallowing tract. Variations of the myotomy (unilateral, bilateral or unilateral with neurectomy of the nerves innervating the contralateral side) are possible. Depending on the patient′s wishes and other considerations with respect to speech rehabilitation, a fistula can be made between the trachea and proximal oesophagus, and a speaking valve inserted into it. The valve is inserted with the manufacturer′s specific system, which usually consists of a trocar, an aid to insertion. The speaking valve is selected after measuring the shunt length and width. The pharynx is closed in layers. Particular care is needed to reduce the risk of a fistula. The mucosa is then inverted with a submucous suture. The first suture can be oversewn with a second suture. The prelaryngeal muscles are then sutured over the laryngeal mucosa. The skin is closed in layers, with suction drains placed on both sides. In the case of extensive carcinoma when primary closure of the pharynx is not possible with a single suture—as otherwise the lumen would be functionally too small (≥4 cm mucosa)—a radialis graft or pectoralis major flap can be used to augment the lumen [27,28,32,33] (Figure 3).




2.3. Transoral Robotic Laryngectomy


Minimally invasive transoral robotic surgery for laryngectomy (TORS-LE) is not yet established as standard treatment in routine clinical practice. It requires the surgeon to undergo training in the use of robots, as well as planning enough time and justifying the high material costs. In addition, it is important to select the right patients. TORS-LE is performed through a comparatively small tracheostomy skin incision with a transoral approach [34,35]. Robot-assisted laryngectomies have been carried out successfully and with few complications in studies with small case numbers [36,37,38]. TORS-LE appears suitable for patients with advanced laryngeal cancer if there is no invasion of the prelaryngeal soft tissues or retrocricoid region [35]. Should neck dissection be required, it can likewise be performed endoscopically or carried out 2–3 weeks later [35]. The idea is that the smaller access pathway of TORS-LE will reduce the risk of complications such as a salivary fistula [34]. At the present time, there are too few reliable data on salvage TORS-LE, and it has been shown that postoperative complications such as fistulas still have to be considered even with this procedure [38]. In addition, there are some reservations about whether the impeccable hygienic preparation of such small instruments is possible [34]. Furthermore, in a few cases of TORS-LE, the procedure has had to be switched to open surgery to allow the complete resection of the tumour when it could not be adequately exposed [38]. Further studies are required for a satisfactory evaluation.




2.4. Tracheostomy before Total Laryngectomy


At the present time, it is recommended that a tracheostomy before laryngectomy should be avoided if at all possible and, for example, tumour-induced dyspnoea treated by debulking the tumour mass during an initial panendoscopy [8], since preoperative tracheostomy seems to increase the risk of tracheostomy recurrence [39]. However, this issue is a subject of controversy [40]. Furthermore, tracheostomy-specific complications that may need an extension of therapeutic measures have been reported. Besides the general surgical risks, these complications include pneumothorax, emphysema, cardiac arrhythmias, aspiration and pneumonia, development of a fistula, tracheal stenosis and tracheomalacia [41]. On the other hand, before or during primary radio(chemo)therapy, a tracheostomy may become inevitable due to swelling.




2.5. Percutaneous Endoscopic Gastrostomy


A percutaneous endoscopic gastrostomy (PEG) has a subordinate role before and after laryngectomy and more often comes into consideration when there is persistent dysphagia and aspiration after partial laryngectomy or primary radio(chemo)therapy [42]. In some circumstances, however, prophylactic gastrostomy tubes may be useful in selected cases with an expected increased tendency to fistula formation (e.g., salvage laryngectomy) and dysphagia, in the same way as the prophylactic gastrostomy that is sometimes already practiced prior to radiotherapy of locally advanced laryngeal and hypopharyngeal cancers [43].




2.6. Neck Dissection


Laryngeal carcinomas drain particularly into level II–IV [28], hypopharyngeal cancer into level II–V, although tumour invasion of the apex of the piriform sinus in particular may also involve lymph nodes at level VI [44]. Depending on the site of the tumour, the lymph node status in the neck, and the therapeutic measures already taken, there are various types of neck dissection based on the goal and proposed extent. Neck dissection is considered “elective” if it is indicated in the case of cervical lymph nodes that are clinically unremarkable (cN0). With positive cervical lymph nodes (cN1-3), neck dissection may be “therapeutic”. If radiotherapy or neck dissection has already been carried out or was unsuccessful and there is still an indication or a new indication (r/yxN1-3) for neck dissection, this is designated a “salvage” neck dissection. Based on the level of the resected nodes and the structures contained therein, neck dissection can be subdivided into superselective, selective, modified radical, radical and supraradical [29]. If neck dissection is carried out before the planned definitive treatment, it is referred to as an “up-front” neck dissection [29]; however, this procedure is not an issue in routine clinical practice. Neck dissection may be unilateral or bilateral, depending on the site and extent of the tumour.



Patients with unilateral subglottic or advanced glottic squamous cell carcinoma and cN0 status should have at least a unilateral elective neck dissection as part of the primary laryngectomy, while patients with supraglottic, hypopharyngeal or approximately midline tumours should have a bilateral elective neck dissection, in order to minimise the risk of recurrence from clinically occult metastases, especially if there is no plan for adjuvant radio(chemo)therapy to cover the lymphatic drainage territory [28,29,45]. On the other hand, there is no general recommendation for elective neck dissection in the case of cT1/cT2 glottic cancer with cN0 status [45]. Dissection of levels II-IV and VI is recommended for advanced laryngeal and hypopharyngeal tumours that extend below the glottis, otherwise levels II-IV usually suffice [46]. With cN1-3 status, modified radical neck dissection should be carried out together with a planned laryngectomy [45]. According to the American Society of Clinical Oncology guidelines, neck dissection may be considered in patients beyond cN2 status who are receiving radio(chemo)therapy, irrespective of their response to treatment [45]. A salvage neck dissection after primary RCT should not be carried out unless lymph node metastases are still demonstrated on PET-CT; otherwise, the advice is for clinical monitoring [20]. PET-CT has become an important tool for evaluating whether neck dissection is necessary. With a cN0 neck, patients can forgo elective neck dissection after primary RCT if no metastases are seen on PET-CT scans [20]. Additionally, in cases with ≥ N2 neck status, PET-CT scan-guided watchful waiting is being discussed as an alternative to salvage neck dissection after RCT [8,20]. Patients with suspicious-looking lymph nodes on PET-CT scans still have to undergo neck dissection [19].





3. Adjuvants


Beyond UICC stage III, adjuvant radio(chemo)therapy should be given after primary surgical procedures for laryngeal and hypopharyngeal cancer [16,47], especially if there are risk factors for early recurrence with extranodal growth, blood or lymph vessel invasion, perineural growth and narrow resection margins [28]. Every effort should be made that patients with histopathological extranodal growth or a narrow resection margin (′close margin′ or <5 mm) do not receive radiotherapy alone but rather radiotherapy and platinum-based chemotherapy [48]. Adjuvant therapy should be started within six weeks after surgery [16] and completed 14 weeks after the operation; any further delay has a negative effect on survival [49]. The current version of the laryngeal cancer guideline gives consensus-based exceptions with respect to the adjuvant therapy of stage III laryngeal cancer: no adjuvant treatment should be given to pT3 pN0 cM0 glottic cancer without the assumption of an increased risk of recurrence (resection margin ≥5 mm, ≥10 tumour-free lymph nodes on the operated side of the neck); furthermore, dispensing with adjuvant therapy may be considered in the absence of risk factors with supraglottic pT3 pN0 cM0 cancer [16]. The adjuvant radiation dose at the site of the tumour can be adapted to between 56 and 66 Gy, depending on the risk, and even higher (70 Gy) with R1 status [16]. A dose of between 46 and 56 Gy is selected for the lymph drainage territory [49]. Depending on the fractionation schedule, treatment generally lasts 6–7 weeks. Cisplatin may be administered as part of concomitant RCT; for example, 100 mg/m2 every three weeks for a total of 2–3 cycles [16,50]. Principally, adjuvant treatment should be discussed in tumour board meetings and should be tailored to patients (not only to TNM status).



3.1. Radio(chemo)therapy as an Alternative


Studies by Greg Wolf in Ann Arbor, Michigan, were one of the reasons for developing a non-surgical form of treatment with the combination of chemotherapy and radiotherapy [51]. At the present time, should the decision for primary radiotherapy be made in line with the patient’s wishes to preserve the larynx, because of contraindications to surgery, or with the likelihood of an incomplete resection (e.g., with T4b laryngeal/hypopharyngeal cancer [8]), treatment should be combined with concomitant chemotherapy—and also immunotherapy in exceptional cases—in order to increase patient survival [16,47,52,53]. Patients over the age of 70 may be given radiotherapy alone if there are justified concerns about the tolerability of combined treatment [8].



As opposed to radiotherapy alone or induction chemotherapy followed by radiochemotherapy (RCT), concomitant RCT offers the advantage of laryngeal preservation [47,52]. It should be noted that non-cancer-associated study-specific deaths were highest in the concomitant RCT group, which may have been responsible for the overall survival not being significantly better than in the other two alternative groups mentioned above [47].



In the absence of contraindications, cisplatin-based chemotherapy, e.g., with 5-fluoruracil, is to be recommended. Alternatives include the use of carboplatin with/without 5-fluoruracil, of mitomycin C with/without 5-fluoruracil, or of cetuximab simultaneously with the radiotherapy [47,54,55]. Retrospectively, however, cetuximab has not been shown to be a comparable alternative to cisplatin with respect to overall and progression-free survival (even taking the propensity score into account [56]) [56,57,58]. So far, immune checkpoint inhibitors are approved for recurrent and metastatic or palliative treatment and investigated in clinical studies for curative settings [59,60], (integrate Burtness B.; Harrington, K.J.; Greil, R.; Soulières, D.; Tahara, M.; de Castro, G.; Psyrri, A.; Basté, N.; Neupane, P.; Bratland, Å.; at el. Pembrolizumab alone or with chemotherapy versus cetuximab with chemotherapy for recurrent or metastatic squamous cell carcinoma of the head and neck (KEYNOTE-048): a randomised, open-label, phase 3 study. Lancet 2019, 394, 1915–1928). The intensity-modulated radiation dose for primary treatment is about 70 Gy at the tumour site and between 50–60 Gy in the electively irradiated lymph drainage territory [47,61]. The duration of RCT lasts, for example, seven weeks with non-accelerated fractionation of 70 Gy to 2 Gy per individual dose and two to three cycles of cisplatin (100 mg/m2 three-weekly) [16,47].



With respect to prognosis, primary RCT is not superior to laryngectomy with subsequent adjuvant therapy [45,51], whereby complications are seen with both approaches. Late, extremely toxic effects of concomitant RCT occur particularly in elderly patients and patients with high T status/UICC stage III/IV laryngeal and hypopharyngeal cancers (>40%) [62]. Such complications include Radiation Therapy Oncology Group/European Organisation for Research and Treatment of Cancer (RTOG/EORTC) grade III and IV radiotoxicity, dysphagia persisting for more than 180 days, and the necessity to bypass oropharyngeal swallowing structures with a PEG tube for at least two years [63]. In the RTOG 91–11 study, the cumulative 10-year grade III–V toxicity rate with concomitant RCT was 33% [47]. Specifically, this means atrophy, fibrosis, induration, ulceration and necrosis of the skin, mucosa or parenchyma, xerostomia, dysphagia, neuropathies, pain, impaired vision, pneumonitis, cardiomyopathy and injury to the liver and kidneys, as well as to the bone and cartilage. One in five patients with advanced (UICC stage III/IV) glottic or supraglottic laryngeal carcinoma needs a laryngectomy for residual or recurrent tumour within ten years of primary concomitant RCT [47].



A further approach to advanced squamous cell carcinoma of the head and neck is induction chemotherapy prior to concomitant RCT [64]. The aim is to improve the baseline situation by giving induction chemotherapy before the definitive RCT. Further reasoning is to identify patients who will probably respond well to RCT (chemoselection) and to treat the others (non-responders) primarily by surgery, in order to prevent increased morbidity after an otherwise impending salvage laryngectomy in the latter group [65]. As a rule, studies on induction chemotherapy have used the TPF regimen (docetaxel (T), cisplatin (P), 5-fluoruracil (F)) [64,66]. The phase II DeLOS trial, which enrolled patients with advanced stage III/IV laryngeal or hypopharyngeal cancer that could still effectively be cured by laryngectomy, compared the TPF regimen and subsequent radiotherapy with the TPE regimen (5-fluoruracil replaced by cetuximab) and subsequent radiotherapy. With respect to the two-year survival, no benefit was found in comparison with the study arm without cetuximab [67]. Overall, the study showed no advantage of additional induction chemotherapy over concomitant radiotherapy alone in terms of recurrence-free or overall survival. It should also be noted that induction chemotherapy with subsequent RCT is more often terminated prematurely due to adverse reactions, so that the initially intended doses of chemotherapy and radiotherapy often cannot be achieved [66]. For this reason, neoadjuvant chemotherapy should at best be used for selection purposes, or in the context of clinical studies [8].




3.2. Surgery or Radiochemotherapy?


The choice of an appropriate therapeutic regimen is not a trivial matter and should be made within the context of an interdisciplinary case conference [8]. Patients with T2/T3 laryngeal or hypopharyngeal cancer in whom partial laryngectomy is unlikely to achieve complete tumour resection with functionally acceptable results but who still have (partial) function of the larynx prior to treatment are particularly well-suited to primary RCT [68]. Even so, retrospective data show that patients with T3 laryngeal or hypopharyngeal cancer who undergo primary laryngectomy, at the expense of larynx preservation, followed by adjuvant radio(chemo)therapy benefit with respect to overall survival compared with those undergoing primary RCT (five-year survival: 65% vs. 44%) [69]. In a selected patient population, primary RCT may have comparable success [70]. Nevertheless, there are still no data from prospective randomised trials that confirm the superior survival of patients undergoing primary surgical treatment in the above-mentioned scenario, as was found retrospectively. The bias induced by a retrospective approach has to be taken into consideration, as, for example, patients with reduced performance status tend to be allocated into a conservative treatment arm. Accordingly, in order to ensure an acceptable outcome when larynx-preserving treatment is contemplated for cT3 carcinoma, apart from considering the patient’s wishes, it is particularly important to rule out stage T4 by radiology, to assess whether the proposed radiotherapy clinic and the patient are suited to carrying out the required treatment in full, and to determine whether the patient can be trusted to attend for regular after-care [71]. Otherwise, laryngectomy should be preferred even though subsequent adjuvant therapy may also be necessary in this case [71]. With T4a cancers, primary surgical treatment is clearly preferred for laryngeal and hypopharyngeal cancer [10,68,69,71,72]. The reasons for this relate to prognosis and function. The large tumour volume corresponding to this stage and the possible necrotic or hypoxic components of the tumour mass are responsible for an increased resistance to radiation and thus a poorer response to treatment [73,74]. In addition, T4a tumours carry the risk of laryngeal perichondritis with an increased need for secondary laryngectomy. Furthermore, advanced laryngeal and hypopharyngeal cancers often cause relevant functional problems such as dyspnoea, dysphagia and aspiration [14]. Once again, these can be treated by laryngectomy. However, primary RCT remains for T4b tumours which are not operable. In addition, it is unlikely that radio(chemo)therapy can downstage/downsize a tumour in that way that total laryngectomy remains possible afterwards [75]. Irrespective of these considerations, the feasibility of each type of treatment has to be checked, taking into account the age, comorbidities and the wishes of the patient in the individual case. Ultimately, primary laryngectomy is worthwhile particularly in patients with T4a laryngeal or hypopharyngeal cancer and marked pre-treatment laryngeal dysfunction such as an inability to swallow.




3.3. Salvage Laryngectomy


If, after primary radio(chemo)therapy, there is residual tumour or a recurrence in the absence of distant metastases, salvage laryngectomy can be considered together with elective or salvage neck dissection, depending on the lymph node status [28]. With positive lymph nodes, neck dissection is basically indicated [29]; elective neck dissection is also usually carried out with T3/T4 and supraglottic tumours [76]. These cases carry a high risk of occult metastases (T1: 9%; T2: 10%; T3: 16%; T4 34%; supraglottic T1-4 28%, supraglottic T4: 50%) [77]. Even the risk of occult metastases in clinically unsuspicious cervical lymph nodes seems to be much lower after primary R(C)T, selective neck dissection (levels IIa, III, IV) is usually included in the salvage procedure [78], since PET-CT seems to have a poor sensitivity in this situation [79]. In general, salvage laryngectomy is usually performed within two years of the primary RCT [47].



Following concomitant RCT in patients with stage III–IV glottic/supraglottic laryngeal cancer the RTOG 91-11 study (n = 182) found that salvage laryngectomy was required in about 20% within ten years [47,53]. Similarly, a study from the Netherlands on T3 laryngeal cancer found that salvage was required in more than 20% of cases within a three-year interval (n = 48) [80]. From the surgical point of view, salvage laryngectomy harbours various special challenges. Radiation fibrosis, scarring, and oedematous tissue changes can make the dissection more difficult [81]. As radiotherapy impairs wound healing, it has been shown that the inclusion of well-vascularised tissue from the non-irradiated surroundings (e.g., pectoralis major flap, Figure 4) is beneficial [76].





4. Complications of Total Laryngectomy


The complications of laryngectomy can be divided into general surgical risks, specific complications and negative psychosocial consequences. They are closely related to the treatment previously carried out (primary surgical procedure versus salvage operation). Perioperative and postoperative complications occur to a relevant extent with laryngectomy (20–30% [82,83]) and frequently with salvage laryngectomy (up to 60–70% [81]), but are usually well manageable in specialised centres.



General surgical risks include wound infections and delayed wound healing, haemorrhage and haematomas [28]. Wound infections occur in 9%, wound dehiscence in 4% of patients [84]. Considering salvage laryngectomised patients separately, the rate of wound infections is 14% and 9% for wound dehiscence [85]. Postoperative haemorrhage and haematomas occur in less than 10% of patients undergoing laryngectomy (including salvage laryngectomy) [82,85]. The need for an intraoperative or postoperative blood transfusion within the first three days is about 15% [84]. Pneumonia and sepsis have each been described in 5% [84]. Death occurring postoperatively has been reported in about 1% of patients [82,86]. The underlying reasons are pneumonia [87], myocardial infarction [53], or rupture of the common or external carotid artery [87]. The rare complication of carotid artery rupture is probably due to the subacute exposure of the vessel with a disorder of wound healing such as dehiscence, dislocation of the graft, fistula formation, tissue necrosis or previous radiotherapy [88].



Specific surgical risks are dysphagia and pharyngocutaneous fistulas [28]. The latter occur in about 14% of laryngectomised patients [82,87], with a 2-fold increase after RCT [76,89,90]. The use of a pectoralis major pedicle flap or radialis graft has a protective effect [28,76,85].



The American Society of Health-System Pharmacists guideline recommends prophylactic ampicillin/sulbactam or cefazolin/cefuroxime and metronidazole to reduce wound infections [91]. This should be started preoperatively (30 min before incision [91]) and continued for 48 h if a vascularly anastomosed graft is required, otherwise for only 24 h [92]. Spontaneous fistula closure is seen after an average of approximately 25 days in about 90% of patients. Looking solely at salvage laryngectomised patients, closure takes a mean of 50 days [89]. If fistula closure does not occur spontaneously, surgery (e.g., tissue transfer as shown in Figure 5) and multiple-layer wound closure may be required [81], possibly with the temporary use of a salivary bypass tube [82,90]. Particularly after salvage laryngectomy, dysphagia has also been recorded in 3–30%, pharyngeal stenosis in 14% (usually after flaps or grafts) and breathing difficulties in 4–9% of cases [85]. Postoperative pharyngo-oesophageal strictures can usually be treated by bougies or alternatively with botulinum toxin [28]. Surgical revision is required in about 12% of cases [84]. Possible complications after fashioning a tracheo-oesophageal fistula for speech rehabilitation include periprosthetic or transprosthetic leakage, dislocation and excessive microbial colonisation of the prosthesis [28]. Furthermore, depending on the extent of a necessary neck dissection, other adverse effects such as accessory nerve alteration may result [85]. In addition, bothersome but not life-threatening symptoms are frequently reported: xerostomia, dysgeusia, mucositis, burning sensation of the skin, chronic pain, malaise, fatigue, trismus, neck stiffness, lymphoedema, dysaesthesia, mucus secretion and tracheal encrustation, which are also well-known as typical effects of radiation. Psychological and social complications such as depression, social isolation and financial problems due to the consecutive reduction of fitness to work and unemployment are of relevance to the patients.



Predictors of possible complications with laryngectomy are described in the following and are important to note. Risk factors for the development of a pharyngocutaneous fistula include chronic obstructive pulmonary disease, preoperative haemoglobin <12.5 g/dL, the necessity of blood transfusion, high T status, R1/2 resection and the performance of neck dissection [93]. In particular, previous radiotherapy (<12 months before [94]) has a negative effect on the fistula rate; additional chemotherapy does not seem to have any negative effects on this rate [85]. Hypothyroidism is also associated with an increased rate of fistulas [95]. Sarcopenic patients have more disorders of wound healing and require early nutritional optimisation [96]. Furthermore, patients with diabetes have a higher rate of wound infections but no higher mortality [97]. Lastly, complications arise more frequently with hypopharyngeal cancer than with laryngeal cancer: fistulas and wound infections were seen twice as often with hypopharyngeal cancer [90]. However, morbidity and mortality are significantly reduced in centres with higher case numbers [98].




5. Prognosis after Laryngectomy


Survival after laryngectomy depends on the TNM stage and the site of the laryngeal/hypopharyngeal primary tumour, as well as comorbid conditions. Patient individualized prognosis can be calculated, taking comorbidity into account (see https://www.oncologiq.nl; accessed on 19 March 2021). Head and neck surgeons and oncologists can benefit from this information when discussing prognosis with their patients. Mean overall five-year survival is 60% with laryngeal cancer and 50% with hypopharyngeal cancer; it is 55% with T4 laryngeal cancer and 35% with T4 hypopharyngeal cancer. The lowest survival rate after total laryngectomy is seen with subglottic tumours (40%) and retrocricoid tumours (15%); the highest survival rate is found with glottic cancer (70%), also due to its early symptoms [90]. Survival is reduced by half in patients with hypopharyngeal squamous cell carcinoma and involvement of level VI, compared with patients in whom level VI is not involved [44]. Recurrence after laryngectomy in terms of locoregional recurrences, lymph node and distant metastases, or a second cancer occurs in about 30% of patients after one year on average [28]. Therefore, imaging during oncology after-care is particularly important in these cases. Should salvage laryngectomy be required after primary RCT, the survival in these patients is lower than in those who are recurrence-free [53]. With stage III/IV laryngeal cancer, the five-year survival falls to 37% [76]. In addition, patients should be encouraged to stop their consumption of noxious substances, as this can further impair the prognosis [45].




6. Rehabilitation


Following laryngectomy, the patients’ goal is to learn how to participate self-sufficiently in everyday life and at work in the long term. After a laryngectomy, a reduction in earning capacity of 100% is assumed for up to five years and afterwards of at least 70% with good phonation [99].



For rehabilitation, patients have to practice their own tracheostomy/tube care, swallowing, breathing and communicating. These exercises should be started in hospital [8] and then consolidated with domiciliary nursing care and speech and language therapists. Laryngectomised patients need special equipment for home care, and this is usually requisitioned during the hospital stay. It includes the appropriate tracheal tube, a heat/moisture exchanger (HME), possibly with a speaking valve, inhaler, suction device, and various cleaning and care products [1]. After leaving hospital, the patient usually undergoes intensive training in a specialised rehabilitation facility if feasible. Supportive measures can be adapted to need: physiotherapy, psychological support, nutritional, social and possibly addiction counselling, as well as participation in self-help groups. Here they should be encouraged to focus on the positive aspects and actively seek social support [100]. This may reduce their anxieties and allow them to make a more reasoned decision about possible treatment options [101].



The preferred variant of speech rehabilitation is phonation through a primary or secondary tracheo-oesophageal fistula with a voice prosthesis or shunt valve to use the oesophagus and pharynx as resonators (Figure 6) [28]. This valve can be combined with a tracheostomy valve for a “finger-free” and thus less conspicuous speech process [1]. In Western Europe, the majority of laryngectomised patients receive a voice prosthesis [102]. The primary surgical fashioning of a tracheo-oesophageal fistula requires comparatively little time, has few complications, and promotes rapid speech rehabilitation within a few days of the laryngectomy, giving easily understandable phonation in 90% of cases [102], even with irregularly shaped tracheostomies (e.g., pronounced sternal attachment which should be considered during primary surgery) if a suitable epithesis is used [103].



Voice prostheses with a diameter of 16–22.5 Fr and a length of 4–12.5 mm are available from various manufacturers. In addition to those extra-large flanges, coatings, e.g., with silver oxide to prevent biofilm formation, are offered. There exist also prostheses with magnets as an option for patients with repetitive rapid leakage. Further options for speech rehabilitation are training in oesophageal speech or the use of an electrolarynx. Surgical procedures to build a pseudoglottis are described, but have not entered the status of a clinical routine [104].



Olfaction can be re-learned with the “polite yawning” technique [105]. Yawning is carried out with closed lips creating a negative pressure in the mouth and throat, which can induce airflow through the nose. In addition, there is a theoretical possibility of a laryngeal bypass system with tubes joining the tracheostomy and mouth outside the body, once more allowing breathing through the nose and even making it possible to go diving wearing specially designed masks [106]. The use of an HME as an artificial nose is recommended to protect the lungs and tracheal mucosa [1,105].




7. Quality of Life after Total Laryngectomy


The general state of health of laryngectomised patients can mostly be described as only “satisfactory” on a six-point scale. In particular, there are restrictions in social life. Physical and mental stress come from a reduced sense of smell, stigmatising or altered voice, insecurity in one’s personal bearing, dry mouth, cough, fatigue, shortness of breath, sleeplessness, financial difficulties and fears for the future [100,107,108]. The actual psychosocial status after laryngectomy (cognition, finances, social contact, eating in company, etc.) is not identical to the hoped-for status but often stagnates below expectations. A corresponding preoperative explanation of the possible consequences is therefore extremely important. Learning appropriate useful coping strategies is important for dealing with the new situation and affects the quality of life [100]. Speech rehabilitation should be carried out with a voice prosthesis whenever possible [109] and is crucial for the patient’s quality of life [14]. It is problematic that the reduced quality of life due to functional damage and mental stress does not seem to improve with time, even after 10 years [107]. Even though there seems to be no significant difference in the overall quality of life [110,111], laryngectomised patients can chew and swallow better [112], suffer less from xerostomia [110,111] or pain [112], those patients undergoing primary RCT can speak better [8,110,111,112] and tend to have fewer difficulties with their social surroundings [110].



In summary, total laryngectomy is a well-established and oncologically reasonable operation carried out as part of multimodal treatment in patients with locally advanced laryngeal and hypopharyngeal cancer. Potential complications, e.g., after salvage surgery can be well-managed in experienced tumour centres. Rehabilitation efforts are made with respect to voice and swallowing in an interprofessional manner.
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Figure 1. Image from contrast-enhanced CT of the neck from a patient with transglottic cT4a squamous cell carcinoma of the larynx (yellow asterisk = tumour, arrow = cartilage infiltration). 
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Figure 2. Separation of the tracheostomy cut from the U-shaped incision in total laryngectomy (view from above). 
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Figure 3. Laryngopharyngectomy with pharyngeal reconstruction by a free microvascular anastomosed radialis graft (blue asterisk). Feeding tube in the middle (yellow asterisk). 
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Figure 4. Raising a pectoralis major pedicle flap (blue asterisk) to prevent wound healing problems such as fistula formation in a salvage laryngectomy. 
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Figure 5. Patient with a pharyngocutaneous fistula (left, blue asterisk = fistula, yellow = stoma) after salvage laryngectomy and closure of the fistula with a deltopectoral pedicle flap (right, blue asterisk = flap, yellow = stoma). 
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Figure 6. Tracheostoma with voice prosthesis (yellow arrow), inserted in the posterior tracheal wall and allowing for voice rehabilitation. 
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