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Purpose of the review

Although radiotherapy is a well codified treatment for laryngeal carcinomas, the

management of local recurrence after failed radiotherapy remains controversial. Tota

laryngectomy is the classical salvage surgical approach. Recent evidence showed tha

selected laryngeal recurrences may be successfully treated with partial laryngectomies

with comparable survival rates, acceptable morbidity, tracheostomy closure, effective

swallowing, and satisfactory voice intelligibility.

Recent findings

Recurrent laryngeal carcinoma after radiotherapy failure requires a comprehensive

clinical, radiological and pathological restaging. Strict selection criteria are mandatory

for the identification of radiotherapy failure cases amenable to conservative laryngea

surgery. Although larger series confirmation is necessary, conservative salvage surgery

seems definitely promising. Salvage endolaryngeal laser surgery after irradiation failure

allows in selected cases a mean local control rate of 65%. Selectively, supracricoid

laryngectomy can be a flexible alternative to salvage total laryngectomy being

conservative of laryngeal functions (mean local control rate of 85%). Selected laryngea

recurrences can be correctly treated also with vertical or horizontal supraglottic

laryngectomies. In partial laryngectomies, intraoperative frozen sections are mandatory

postoperatively permanent sections have to confirm all margins.

Summary

When proper selection criteria for conservative salvage laryngeal surgery are used,

laryngeal function can be preserved with oncological efficacy also after radiotherapy

failure.
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Introduction
Radiotherapy is a well established treatment for selected

laryngeal carcinomas with good oncologic and functional

results. Reported failure rates have averaged 9–21% in

T1 and 28–37% in T2 glottic carcinomas. In supraglottic

laryngeal cancer, the failure rates for T1 and T2 lesions

are 24–30% and 25% to 45%, respectively [1].

The management of laryngeal recurrence after failed

radiotherapy remains controversial. The salvage surgery

procedure aims to remove the tumor with an adequate

edge of healthy tissue. Small nests of neoplastic cells

lying deep below intact mucosa characterize the histo-

logical pattern of presentation of laryngeal recurrences

after irradiation. These islands follow mucous glands and
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blood vessels into areas of the larynx otherwise unaf-

fected by carcinoma at a distance from the original lesion

site [2]. More recently, Zbären et al. [3�] observed a

strongly marked perineural infiltration in recurrent lar-

yngeal carcinomas, supporting the hypothesis that tumors

also grew along nerves involving previously unaffected

areas. This pathological evidence that clinically deter-

mines significant difficulties in correctly restaging the

tumor after irradiation justified the classical choice of

salvage total laryngectomy in cases of carcinoma recur-

rence following radiotherapy failure [4]. Surgical salvage

is often performed by total laryngectomy also in the

belief that increased complications are associated with

partial laryngectomy of irradiated cartilage [5]. On the

other hand, recent evidence confirmed that selected

recurrent laryngeal cancers may be successfully treated
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with partial laryngectomy also after high-dose radiation

therapy failure [6]. If partial laryngectomy is to replace

conventional salvage surgery, it has to achieve survival

rates comparable to those of total laryngectomy, with

acceptable morbidity, tracheostomy closure, effective

swallowing, and satisfactory voice intelligibility.

The aim of this review is to critically analyze the available

data regarding the indications, oncological and functional

results of partial laryngectomies in the treatment of

laryngeal carcinoma recurrence after irradiation failure.
Laryngeal carcinoma recurrence evaluation
Advances in functional salvage surgery and the tendency to

avoid total laryngectomy for recurrent carcinoma empha-

sized the role of early diagnosis of laryngeal carcinoma

recurrence after radiotherapy failure. In patients with

symptoms (progressive hoarseness, dysphagia, pain, respir-

atory distress) or clinical signs such as severe edema or

necrosis, differentiation between recurrent laryngeal

carcinoma and radiotherapy sequelae is often clinically

and radiologically difficult because tumor may involve

multicentric localization without surface epithelium

involvement [7�–9�]. Specific sites such as the laryngeal

ventricle and the subglottic region are difficult to

examine in the presence of important edema [8�]. Critical

regions in view of conservative salvage surgery indication

are also cricoarytenoid region and interarytenoid regions,

thyroid and cricoid cartilages [8�]. Endoscopic evaluation

followed by biopsies may exacerbate post-radiotherapy

changes and initiate superimposed infections with peri-

chondritis, healing failure and further edema [7�]. The use

of PET with 18-fluorodeoxyglucose (FDG) seems to be a

promising tool in differentiating locally (also submucosal)

recurrent tumors from post-radiotherapy tissue sequelae:

this is due to the fact that PET-FDG relies on metabolic

function of neoplastic cells [7�].

Organ-preservation surgery indication following radio-

therapy failure for laryngeal carcinoma requires a com-

prehensive diagnostic approach. The assessment of the

correct tumor extension of recurrent laryngeal carcinoma

may be difficult because of the residual inflammatory or

functional changed associated with radiation therapy [3�].

Endoscopic and radiological workout often fails, under-

estimating the true extension of the recurrent carcinoma

in a high percentage of cases: in a limited series Zbären

et al. [8�] found a 50% accuracy of clinical/endoscopic/

radiologic study; most tumors were underclassified.

The evaluation of clinical records of prior diagnosis and

treatment is mandatory. Staging, pathological slides and

clinical examination regarding prior laryngeal carcinoma

should be reviewed. Previous radiotherapic approach

(technique, doses, courses) should also be considered.
Patients have to be examined by means of fiberoptic

laryngoscopy and videolaryngostroboscopy. Direct laryn-

goscopy under general anesthesia is useful to allow precise

definition of recurrent tumor extension, to explore sub-

sites as anterior commissure, laryngeal ventricle, subglot-

tis, and pyriform sinus (angled rigid endoscopes 308, 458,
908) may improve the preoperative staging [10], and to

perform lesion biopsies. In cases of advanced recurrences,

a fibroscopic evaluation of the esophagus is mandatory to

rule out a synchronous malignancy of the upper digestive

tract [6].

Computerized tomography (CT) or MRI are nowadays

necessary radiological procedures for recurrent laryngeal

carcinoma staging. Both exams can offer information about

primary tumor volume, cartilage involvement, invasion of

the preepiglottic space, and extension beyond the larynx.

Regarding cartilage invasion, MRI seems to be more

sensitive than CT to detect cartilage alterations [11,12].

Considering conservative surgical options with laryngeal

carcinoma recurrence, the importance of patients’ general

conditions, medical comorbidities, acceptable pulmonary

and swallowing functions has been emphasized [13�].

Ultrasonography of the neck has to be performed in

patients with clinically evident neck metastases [with

fine needle aspiration cytology (FNAC)] or carcinomas

with high risk of occult lymph node metastases. Reported

figures of the accuracy of fine needle aspiration cytology

guided by ultrasonography range between 89 and 97%

[14]. An 87–93% accuracy of CT scan in neck staging has

been reported. MRI evaluation of cervical nodal metas-

tases seems to have comparable sensitivity and specificity

[15]. Distant metastasis diagnosis may obviously alter or

obviate the planned type of laryngeal intervention [13�].

Salvage surgical options should be discussed with the

patient and the willingness to accept a potentially lengthy

rehabilitation has to be considering before concluding for

partial laryngeal surgery [16]. Considering the reasonable

possibility of clinical and radiological underestimation of

laryngeal carcinoma recurrence after radiotherapy, the

patient should be prepared for a total laryngectomy and

the surgical staff should have obtained the informed

consent for the procedure.
Rational conservative surgical options after
failed radiotherapy
Although larger series confirmation is necessary, conser-

vative salvage surgery seems definitely promising.

Transoral laser surgery

The most appealing features of transoral laser-assisted

surgery in the treatment of radiotherapy failure are the
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possibility to perform a tumor-tailored excision possibly

switching intraoperatively to an open partial laryngec-

tomy whenever the carcinoma is beyond the presumed

limits. Good functional results in terms of voice quality

and swallowing with lower complication rates, lower costs

and shorter hospitalization times have been reported

[17�]. The appropriateness criteria for transoral laser

laryngeal surgery after radiotherapy failure include

complete endoscopic visualization of the carcinoma, tumor

extension to the contralateral vocal fold not exceeding

3 mm, absence of arytenoid (except the vocal process)

involvement, subglottic extension not exceeding 5 mm,

supraglottic involvement extending no further than the

lateral extension of Morgagni sinus, mobile vocal folds, no

cartilage involvement, and strict correlation in localization

and extension between recurrent lesion and primary tumor

before irradiation [18]. Although anterior commissure

involvement does not represent a contraindication for

endoscopic laser resection after irradiation failure, extreme

caution should be used because of potential persistence of

deep nests of carcinoma invading visceral compartments or

focally involving the laryngeal framework. In case of

macroscopic involvement of the anterior commissure by

recurrent carcinoma several authors prefer to perform

supracricoid laryngectomy (SCL), which allows wider

margins of resection [17�,19].

In 2006, Motamed and coworkers [18] reviewed available

literature regarding salvage endolaryngeal laser surgery

after irradiation failure (comprehensively 145 cases). The

average follow-up period was approximately 24 months

(range 3–132 months). In 40% of the cases more than one

laser-assisted surgical treatment were necessary. The

mean local control rate was 65% (range 51–87%).

Subsequent total laryngectomy was necessary in 25%

of the cases for residual/recurrent disease of for refractory

dysphagia. Motamed et al. [18] calculated that the

mean overall local control rate (including cases that

subsequently required total laryngectomy) was 83%

(range 80–100%). The above mentioned literature

review considered also Steiner and coworkers [20] series

of 34 patients with early but also advanced recurrent

glottic carcinomas (rT1–rT4) after radiotherapy. Steiner

and colleagues [20] stated that extensive specific surgical

experience is necessary in carbon dioxide laser excision of

advanced stage recurrent cancers. Very recently, Piazza

and colleagues [17�] reported 22 cases of laryngeal

carcinoma recurrence (rT1–rT2) after irradiation treated

with carbon dioxide laser-assisted excision. Oncological

results analysis showed 5-year disease-specific survival,

disease-free survival, and laryngeal preservation of 95, 63,

and 75%, respectively.

Most of the authors experienced increased difficulty with

identifying recurrent carcinoma in irradiated tissues so
the use of frozen section has to be employed routinely.

Moreover, all margins should be confirmed postopera-

tively by permanent section. The importance of strict

follow-up with fibroscopic examination and serial

imaging allowing early recurrence detection and treat-

ment should be emphasized. The use of carbon dioxide

laser excision of recurrent laryngeal carcinoma after

irradiation failure does not preclude its further use for

persistent or multiple recurrent disease [10].

In laser excision of recurrent laryngeal carcinoma series

tracheostomy and nasogastric feeding tube are not rou-

tinely required. Complications are reported in less than

5% of cases [18]. The most commonly reported complica-

tions are granuoma formation or laryngeal edema. Laryn-

geal stenosis and chondronecrosis [20] are rarer [18].

Supracricoid laryngectomy

SCL with cricohyoidopexy is considered as a suitable

surgical approach for supraglottic carcinoma involving

the glottis, ventricle, or anterior commissure. It involves

the removal of the whole thyroid cartilage, both true and

false cords, the ventricles, the epiglottis, and the paraglot-

tic and preepiglottic spaces. At least one arytenoid has to be

spared to preserve phonation and sphincter functions. SCL

with cricohyoidoepiglottopexy is used for the treatment of

advanced glottic carcinomas. It involves the resection of

the infra-hyoid part of the epiglottis and the preepiglottic

space. Also, with cricohyoidoepiglottopexy, at least one

arytenoid has to be spared. Through the conservation of

a cricoarytenoid unit, SCL allows the creation of a

neo-larynx permitting both swallowing and speech.

Furthermore, in most of SCL cases, the tracheostoma

can be closed. SCL contraindications are infiltration of

both the arytenoids cartilage or of the crico-arytenoid joint

or of the inter-arytenoid region; subglottic extension for

more than 1 cm below the vocal fold free margin at the

level of the anterior commissure; extension to the glosso-

epiglottic vallecula; major preepiglottic space invasion;

hyoid bone invasion; outer perichondrium of the thyroid

cartilage invasion; and extra-laryngeal malignancy spread.

Subtotal laryngectomy with tracheohyoidopexy seems

to represent a promising approach to extend laryngeal

resection beyond the limits adopted for SCL. Tracheo-

hyoidopexy allows glottic tumors with subglottic extension

to be treated: not only laryngeal carcinomas with invasion

of one cricoarytenoid joint, but also locally advanced

laryngeal carcinomas with anterior extension through

the thyroid cartilage. Available data regarding oncological

and functional results of this approach are very limited, in

particular for the treatment of recurrent carcinomas after

irradiation failure [21].

SCL is a fascinating alternative to total laryngectomy in

the treatment of selected irradiation failures of laryngeal
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carcinomas being conservative of laryngeal functions

[22,23�]. In 1950, Hofmann-Saguez [24] first reported a

‘subtotal conservative laryngectomy’, an ancestor of SCL,

in a 65-year-old patient with recurrent laryngeal carcinoma

after radiotherapy who had refused total laryngectomy.

In 2006, Marioni et al. [22] reviewed available series of

salvage SCL after radiotherapy failure in glottic carcinoma

(comprehensively 103 cases). Very recently, Pellini and

coworkers [25�] retrospectively described a multiinstitu-

tional series of 78 cases of salvage SCL for supragottic/

glottic carcinoma after radiotherapy: a significant num-

ber of these cases had been previously reported in single-

institution experiences that were considered in the

above mentioned literature review [22]. Marioni and

coworkers [22] found that 84.5% of the cases of salvage

SCL for irradiation failure did not present a new local

recurrence. Analyzing available data, laryngeal recur-

rences after salvage SCL (15.5%) were successfully

treated with total laryngectomy in 66.7% of the cases

[22]. The 3-year survival rate after salvage SCL ranged

from 80 to 100%. The 5-year survival rate ranged from

69.04 to 100%.

Marioni et al. [22] reviewed functional results of SCL in

carcinoma recurrence after irradiation: decannulation was

possible in all except two cases with available data after a

mean period ranging between 12 and 28 days. Swallowing

disorders are the most common short-term complication of

SCL [26]. Laccourreye and co-workers [27] performed

percutaneous endoscopic gastrostomy before salvage-

SCL in 10 of 12 patients and a cricopharyngeal myotomy

in one patient. Overall swallowing results seemed good

but recovery time was longer in irradiated than in non-

irradiated patients who underwent SCL. Voice quality

determined by psychoacoustic methods was ‘hoarse’ or

‘rough and breathy’ but with acceptable intelligibility.

Aspiration pneumonia has been the most frequent

complication of SCL for carcinoma recurrence after

radiotherapy (17.5% of the cases with sufficient data).

Postoperative aspiration pneumonia was the cause of death

in two cases. Neo-laryngeal edema was another quite

common postoperative complication of SCL for carcinoma

recurrence after radiotherapy [22]. Pellini and colleagues

[28] compared retrospectively the postoperative compli-

cations and functional outcomes of two groups of patients

who had undergone SCL with cricohyoidopexy: one

affected by untreated laryngeal carcinoma (65 cases)

and the other by laryngeal recurrence after radiotherapy

(17 cases). No statistical differences were found between

the functional results of the two groups. In their series, the

proportion of early surgical complication in patients

who had received radiotherapy was significantly higher.

Very recently, other experiences of salvage SCL after

radiotherapy were described [29�]. Although larger

series confirmation is necessary, SCL is an oncologically
safe surgical approach allowing laryngeal functions

conservation in selected recurrences after radiotherapy

failures (G. Marioni, personal communication).

Other open partial laryngectomies

Selected laryngeal recurrences after radiotherapy can be

correctly treated also with other open partial approaches.

Vertical partial laryngectomy

Contraindications of vertical partial laryngectomy (VPL)

after irradiation failure can be synthesized as follows: large

T3 or any T4 lesions, interarytenoid or cricoarytenoid joint

involvement, bilateral arytenoid cartilage involvement or

diminished mobility of both vocal folds, thyroid cartilage

penetration, supraglottic extension exceeding the lateral

wall of the ventricle or subglottic extension exceeding

10 mm at the anterior commissure or 5 mm at the vocal

process of the arytenoid, poor pulmonary function.

In 2003, Yiotakis and coworkers [1] reviewed the reported

outcomes of VPL after irradiation failure in glottic carci-

noma (462 patients). Available series dimensions ranged

from three to 61 cases. Median local control rate was 82%

(mean 78%; range 50–100%). Sixty-six patients out of

424 with available data required completion of laryngec-

tomy for second recurrence. In partial laryngectomies,

the use of intraoperative frozen sections is necessary for

maximum safety [30]. All margins have to be confirmed

postoperatively by permanent section. In the event of

salvage VPL failure, total laryngectomy remains a reason-

able option, without apparently compromising ultimate

local control [18].

Horizontal supraglottic laryngectomy

Contraindications of horizontal supraglottic laryngec-

tomy (HSL) after radiotherapy failure are vocal fold,

thyroid cartilage, or posterior commissure lesion involve-

ment, more than minimal involvement of the tongue base

or the medial wall of the pyriform sinus of the lesion, poor

pulmonary function. Yiotakis and coworkers [1] reviewed

the very limited available series describing oncological

results of HSL in supraglottic carcinoma after irradiation

failure (comprehensively 49 patients). Median local con-

trol rate was 77% (mean 61%; range 0–100%). The wide

variability in oncological outcomes after salvage HSL

may be reasonably due to patient selections, clinical

evaluation of the lesions and limited sample size of the

series.

Complications and functional results of partial laryngectomies

after radiotherapy failure

The morbidity in patients undergoing partial laryngec-

tomies after full course radiotherapy is controversial.

The usually reported complications are delayed wound

healing, infections, fistula formation and aspiration
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pneumonia occurring in up to 25% of cases [18]. Other

less common complications cited include laryngeal

stenosis, laryngeal edema or granuloma formation,

perichondritis, and surgical emphysema. According to

Yiotakis et al. [1] the use of bipedicled flaps of strap

muscles to replace the excised intralaryngeal soft tissue

after VPL seems to facilitate the rehabilitation of

selected patients.

From a functional viewpoint, swallowing impairment,

aspiration, and delayed decannulation are frequently

described. In VPL cases the mobile cord compensates

with time and adequately protects the airway during

swallowing. On the other hand, in salvage HSLs a high

rate of delayed swallowing and recurrent aspiration was

reported.
Neck management
Neck dissection has to be performed in all cases of

laryngeal carcinoma recurrence with clinical/cytological

evidences of metastatic regional disease. The indication

to elective neck dissection (END) in patients staged as

cN0 before salvage laryngeal surgery is controversial [31].

According to Ganly and coworkers [5], the decision for

END has to be determined by rT-staging, supraglottic or

subglottic extension, extra-laryngeal involvement of

recurrence. In the near future, specific biological markers

could be studied as hallmarks of higher risk laryngeal

carcinomas to develop regional metastatis (survivin, the

smallest mammalian member of the inhibitor of apoptosis

proteins family, now seems very promising [32]); convin-

cing evidence could imply that END should be considered

in cN0 patients with laryngeal carcinomas that show high

expression of those markers.
Conclusion
With the growing acceptance of nonsurgical, organ

sparing therapies, it has become increasingly important

to delineate surgical treatment strategies for patients

with recurrent laryngeal cancer. Although 70–80% of

laryngeal carcinoma recurrences after radiotherapy are

staged as rT3/T4 and total laryngectomy is considered

the treatment of choice in the majority of these cases

[6,16], several studies addressing the results of different

conservative options after irradiation failure for selected

patients have been published. Available findings

support the evidence that, when proper selection criteria

for conservative salvage laryngeal surgery are used,

laryngeal function can be preserved with oncological

efficacy.
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