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Organ Function and Quality of Life after Transoral 
Laser Microsurgery and Adjuvant Radiotherapy for 
 Locally Advanced Laryngeal Cancer*
Arno Olthoff1, Andreas Ewen2, Hendrik Andreas Wolff2, Robert Michael Hermann2, 
Hilke Vorwerk2,  Andrea Hille2, Ralph Rödel3, Clemens F. Hess1, Wolfgang Steiner3, 
Olivier Pradier4**, Hans Christiansen2**

Background and Purpose: Transoral laser microsurgery (TLM) and adjuvant radiotherapy are an established therapy regimen 
for locally advanced laryngeal cancer at our institution. Aim of the present study was to assess value of quality of life (QoL) data 
with special regard to organ function under consideration of treatment efficacy in patients with locally advanced laryngeal cancer 
treated with larynx-preserving TLM and adjuvant radiotherapy. 
Patients and Methods: From 1994 to 2006, 39 patients (ten UICC stage III, 29 UICC stage IVA/B) with locally advanced laryn-
geal carcinomas were treated with TLM and adjuvant radiotherapy. Data concerning treatment efficacy, QoL (using the VHI [Voice 
Handicap Index], the EORTC QLQ-C30 and QLQ-H&N35 questionnaires) and organ function (respiration, deglutition, voice quality) 
were obtained for ten patients still alive after long-term follow-up. Correlations were determined using the Spearman rank test.
Results: After a median follow-up of 80.8 months, the 5-year overall survival rate was 46.8% and the locoregional control rate 
76.5%, respectively. The larynx preservation rate was 89.7% for all patients and 100% for patients still alive after follow-up. 
Despite some verifiable problems in respiration, speech and swallowing, patients showed a subjectively good QoL.
Conclusion: TLM and adjuvant radiotherapy is a curative option for patients with locally advanced laryngeal cancer and an al-
ternative to radical surgery. Even if functional deficits are unavoidable in the treatment of locally advanced laryngeal carcinomas, 
larynx preservation is associated with a subjectively good QoL.
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Objektive und subjektive funktionelle Einschränkungen nach organerhaltender lasermikrochirurgischer Resektion und 
adjuvanter Radiotherapie bei lokal fortgeschrittenen Larynxkarzinomen

Hintergrund und Ziel: Lasermikrochirurgie und adjuvante Strahlentherapie sind in der Klinik der Autoren etablierte Behand-
lungsmethoden lokal fortgeschrittener Larynxkarzinome mit guten onkologischen Ergebnissen und einer hohe Rate an Organer-
halt. Bei organerhaltender Therapie sind funktionelle Einschränkungen oft unvermeidbar. Neben den onkologischen Ergebnissen 
sollten in dieser Studie das objektive Ausmaß solcher Einschränkungen und deren subjektive Wertung durch die Patienten unter-
sucht werden.
Patienten und Methodik: Von 1994 bis 2006 wurden 39 Patienten (zehn UICC-Stadium III, 29 UICC-Stadium IVA/B) mit lokal 
fortgeschrittenen Larynxkarzinomen mittels Lasermikrochirurgie und adjuvanter Strahlentherapie behandelt. Bei zehn Patienten 
erfolgte im Rahmen der Nachsorge in den Jahren 2006/2007 eine Erhebung von Lebensqualitätsdaten. Die Schluckfunktion wurde 
flexibel endoskopisch überprüft, die Atmung durch eine Bodyplethysmographie. Die Objektivierung der Stimmqualität erfolgte 
durch das Göttinger Heiserkeitsdiagramm.
Ergebnisse: Nach einer medianen Beobachtungsdauer von 80,8 Monaten betrugen die 5-Jahres-Überlebensrate 46,8% und die 
lokoregionale Kontrollrate 76,5%. Eine Salvage-Laryngektomie bei Lokalrezidiv erhielten vier Patienten, so dass im Verlauf eine 
89,7%ige Rate an Larynxerhalt erreicht werden konnte. Bei der objektiven Untersuchung der Funktionseinschränkungen zeigte 
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Introduction
Laryngeal cancer is a common malignancy with about 140,000 
new cases per year worldwide, approximately 50,000 of them 
in Europe [9, 27]. In locally advanced stages without distant 
metastases, surgery followed by radiochemotherapy is a widely 
accepted curative therapy approach [7]. Radical surgery imple-
menting total laryngectomy implies a permanent tracheostoma 
and requires tracheoesophageal speech. Since carbon dioxide 
laser was introduced into clinical otolaryngology, new perspec-
tives for organ preservation in the surgery of head-and-neck 
squamous cell carcinomas (HNSCC) have been opened up 
[36]. In the meantime, transoral laser microsurgery (TLM) is 
an established method in early-stage laryngeal carcinoma with 
a high level of organ preservation associated with good func-
tional results and quality of life (QoL) [3, 20]. In locally ad-
vanced disease, laser surgery combined with postoperative ra-
diotherapy can also be considered as a therapeutic alternative 
to a more radical open surgery. Recently, we reported on effi-
cacy of adjuvant radiotherapy after TLM for locally advanced 
both primary and recurrent HNSCC [10, 30].

Due to posttreatment rehabilitation, the preservation of 
organ function, while maintaining the achievable cure rates, 
is a major goal of continued clinical cancer research besides 
the improvement of locoregional control and overall survival. 
One possible approach is primary radiochemotherapy, which 
has been shown to offer a chance for organ preservation with 
acceptable survival rates in locally advanced laryngeal cancer 
[15]. Here, we present an analysis of 39 patients with locally 
advanced laryngeal carcinoma treated with organ-preserving 
TLM and adjuvant radiotherapy in curative intention. The 
purpose was to evaluate treatment outcome as well as organ 
function and QoL in cured patients after organ preservation 
and long-term follow-up.

Patients and Methods
Surgery and Radio(chemo)therapy

39 patients with locally advanced laryngeal carcinoma were 
treated with postoperative radiotherapy following larynx-pre-
serving TLM (larynx-preserving TLM for the primary tumor,  
combined with a unilateral or bilateral selective neck dissec-
tion). Patient characteristics are summarized in Table 1. Large 
primary tumors could be removed piece by piece intraopera-

tively; details of this surgical procedure have been published 
by Steiner & Ambrosch [36].

Adjuvant radiotherapy consisted of 50 Gy to the primary 
tumor region and cervical/supraclavicular lymph nodes on ei-
ther side of the neck plus boost to the primary tumor area and 
sites of extranodal spread to a cumulative dose of 60 Gy (28 
patients) or 64 Gy (eleven patients). Conventional fraction-
ated radiotherapy was delivered in treatment fractions of 2.0 
Gy per day. The prescribed dose for photons and electrons 
was defined in accordance with the International Commission 
on Radiation Units and Measurement report 50 [18]. In six pa-
tients, cisplatin-based chemotherapy was given concomitantly. 

sich bei fünf Patienten eine gelegentliche Aspiration bei kräftigem Hustenreflex. Die übrigen fünf Patienten wiesen keine Schluck-
störung auf. Eine Normalstimme lag bei keinem Patienten vor. Es bestand jedoch keine signifikante Korrelation der objektivierten 
Funktionsstörungen mit den Lebensqualitätsfunktionsskalen: Subjektiv schätzen die Patienten ihre Lebensqualität als gut ein.
Schlussfolgerung: Lasermikrochirurgie und adjuvante Strahlentherapie sind eine Therapieoption für lokal fortgeschrittene La-
rynxkarzinome, die neben guten onkologischen Ergebnissen eine hohe Rate an Organerhalt ermöglicht. Die Patienten schätzen 
ihre Lebensqualität im weiteren Verlauf subjektiv als gut ein. Die tatsächlichen funktionellen Einschränkungen werden durch die 
Lebensqualitätsdaten allerdings nicht sicher abgebildet. Daher ist zur objektiven Beurteilung posttherapeutischer Funktionser-
gebnisse die klinische Erhebung funktioneller Befunde erforderlich.

Schlüsselwörter: Laserchirurgie · Radiotherapie · Lokal fortgeschrittene Kopf-Hals-Tumoren · Lebensqualität · 
Organerhalt

Table 1. Patient characteristics. I: patients who underwent transoral 
laser microsurgery and adjuvant radiotherapy; II: cured patients af-
ter long-term follow-up; III: patients analyzed for organ function and 
quality of life.

Tabelle 1. Patientencharakteristika. I: alle Patienten; II: noch lebende 
Patienten am Ende der Nachbeobachtungszeit; III: im Rahmen der 
Studie untersuchte Patienten.

  I (n = 39) II (n = 16) III (n = 10)

Sex [n (%)]   
• Male 33 (85) 14 (88)   8 (80)
• Female   6 (15)   2 (12)   2 (20)
Age (years)   
• Median 58 59 56
• Range 26–76 51–73 51–70
UICC stage [n (%)]   
• I   0   0   0
• II   0   0   0
• III 10 (26)   3 (19)   1 (10)
• IVA/B 29 (74) 13 (81)   9 (90)
Tracheotomy [n (%)]   4 (10)a   0   0
Concomitant chemotherapy    6 (15)   5 (31)   5 (50)
 [n (%)]
Follow-up (months)   
• Median 81 64 43
• Range 15–159 15–152 15–119

Acute toxicity grade 3 [n (%)] 17 (44)   7 (44)   3 (30)

alaryngectomies as salvage therapy
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The differences in cumulative dose, treatment techniques, and 
concomitant chemotherapy are due to changes in treatment 
protocols and technical developments over the years. Toxicity 
during radio(chemo)therapy was scored according to the CTC 
[Common Toxicity Criteria] Score [38].

QoL and Organ Function in Cured Patients after 
Long-Term Follow-Up

In ten patients, data concerning QoL and organ function 
were obtained prospectively after long-term follow-up. For 
assessment of QoL, we used the EORTC QLQ-C30 and 
QLQ-H&N35 questionnaires (developed by the European 
Organization for Research and Treatment of Cancer).

The QLQ-C30 (with a total of 30 items) includes five 
functional scales (two items cognitive, four items emotional, 
five items physical, two items role and two items social func-
tioning), three symptom scales (three items fatigue, two items 
pain, and two items nausea & vomiting), a global QoL scale 
with two items, and six single items (appetite loss, constipation, 
diarrhea, dyspnea, financial difficulties, sleep disturbance).

The QLQ-H&N35 with a total of 35 items includes eight 
items regarding swallowing and social eating, two items with 
regard to speech, and one item asking for a feeding tube. The 
remaining 24 items deal with pain, other physical, social and 
sexual functioning.

Particularly the items of these questionnaires regarding 
dysphagia, dyspnea and dysphonia were evaluated in order 
to assess the patient’s subjective rating of functional impair-
ments. High values on the 4-point scale (severe, moderate, 
slight, and no symptoms) indicate high functional deficits. 
According to the EORTC scoring manuals, the item scores 
were linearly converted to a 0–100 scale. An assessment of 
voice-related QoLwas performed using the Voice Handicap 
Index (VHI) [23]. The answers of this questionnaire were 
scaled to a 4-point index (0–3), where a high index indicates 
increased voice disorders. All questionnaires were used in 
their validated German version.

For the objective measurement of laryngeal functions, 
the ten patients underwent a clinical examination. During a 
fiberoptic endoscopic (Wolf, Knittlingen, Germany) evalua-
tion of swallowing (FEES), deficits in bolus transport and as-
piration were revealed. A green pudding was used as a bolus 
and aspiration was classified according to the 5-point scale 
published by Schröter-Morasch [34]: “0” indicated no and “I” 
occasional aspiration with reflectory bolus ejection from the 
airway. “II” indicated permanent aspiration with reflectory 
and “III” without reflectory but with effort-dependent bolus 
ejection from the airway. Scale “IV” indicated permanent 
(“silent”) aspiration without reflectory or effort-dependent 
bolus ejection from the airway. To evaluate the respiratory 
function, a body plethysmography (Ganshorn, Niederlauer, 
Germany) was performed to determine the central airway 
resistance (RAW), which is an effort-independent and there-
fore objective indicator of laryngeal stenoses [26]. RAW 

values < 0.3 kPa/l were within the normal range. Voice qual-
ity was determined by a perceptive RBH scale (0–3) regard-
ing roughness (R), breathiness (B) and, as a consequence, 
hoarseness (H). Higher scales indicated increased dysphonia, 
aphonia was rated as “H4”. For objective voice analyses, the 
Göttingen Hoarseness Diagram (GHD) was used, which is a 
computerized voice analysis program. Its suitability also for 
highly irregular voices after partial laryngectomies was shown 
in a previous study [24]. Reference values of normal voices 
(n = 116) and of aphonia (n = 60) were measured in a previous 
study and are shown in Figure 5 [17]. The clinical data were 
compared to the “single items” of QoL data that represented 
patient’s self-assessments of posttreatment sequelae.

Statistical Analysis
The Kaplan-Meier product-limit method [19] was used to 
determine overall survical and locoregional control. Possible 
correlations between subjective and objective measures of or-
gan function as well as the possible influence of side effects 
on functional skills were statistically proven (Spearman rank 
test). A significant difference was assumed when p < 0.05.

Results
Oncologic Results and Acute Toxicity

The median duration of follow-up was 80.8 months. Death oc-
curred in 23 patients, eleven of these died of tumor and twelve 
of intercurrent disease. The 5-year overall survival rate was 
46.8% (Figure 1), the 5-year locoregional control rate 76.5% 
(Figure 2). In four patients who developed local recurrences 
at the laryngeal site, laryngectomy as salvage therapy was car-
ried out. However, these patients died of cancer during fur-
ther follow-up. Thus, larynx preservation was 89.7% for all 
patients and 100% in patients still alive after follow-up. There 
were no treatment-related deaths. Grade 3 toxicity (mucosi-
tis/dysphagia and/or hematologic toxicity) occurred in 17 pa-
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Figure 1. Overall survival (data refer to the total group of 39 patients).

Abbildung 1. Gesamtüberleben (alle Patienten, n = 39).
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mal, but both patients denied dyspnea. Regarding the “single 
item ‘dyspnea’” (QLQ-C30), only two patients mentioned se-
vere dyspnea, both had an RAW > 0.5 kPas/l. However, there 
was no significant correlation between “single-item” scores 
and body plethysmographic measures (p > 0.05; Figure 4).
No patient had a tracheostoma.

Voice quality was subjectively evaluated using the VHI. 
The index ranged between 0 and 3 (mean 1.8). The single item 

tients (43.6%). There was no significant correlation between 
initial toxic side effects and final organ function or QoL data 
(p > 0.05; Table 2).

QoL and Organ Function in Cured Patients
QoL and organ function were analyzed in ten cured patients 
after long-term follow-up (median 42.6 months [range 14.9–
118.9 months] after diagnosis and treatment). Six other pa-
tients still alive at that time were not available for analysis. 
They either refused the participation in the study or were in 
poor general condition due to intercurrent diseases and not 
able to attend our institution. Of the ten patients analyzed, 
nine had UICC stage IV and one patient UICC stage III. The 
tumor stages and also the toxicity of radiotherapy did not dif-
fer significantly compared to the total collective (n = 39) or 
compared to the remaining patients still alive (n = 16; p > 0.05). 
Mean age was 61 years (range 53–71 years) and corresponded 
to the age pattern of the whole (n = 39) and remaining group 
(n = 16; p > 0.05).

The FEES revealed occasional aspirations in two patients 
(grade “I”) and permanent aspirations in three (grade “II”). 
The reflectory bolus ejection was sufficient in all of these five 
patients. A total of three patients had percutaneous gastric 
tubes. One of these patients had no verifiable aspiration dur-
ing endoscopy, but subjectively suffered from a dysphagia with 
occasional aspirations of liquids and consecutive coughing. 
The values from the “single item ‘dysphagia’” (QLQ-H&N35) 
ranged from 1 to 3, with a mean of 1.9. Patient’s QLQ item 
scores did not correlate significantly with the objectified en-
doscopic findings of swallowing abilities (p > 0.05; Table 2, 
Figure 3).

The mean RAW was 0.57 kPa/l (SD [standard deviation] ± 
0.56). Increased RAW values (> 0.3 kPa/l) were found in seven 
patients. In two patients, the RAW was twice as high as nor-

Table 2. Influence of tumor stages, acute side effects and functional 
outcome on QLQ scales. Correlation analyses are shown. (+): signifi-
cant (Spearman rank test; p < 0.05). CTC: Common Toxicity Criteria 
Score “mucositis” [38]; EORTC: European Organization for Research 
and Treatment of Cancer; FEES: fiberoptic endoscopic evaluation of 
swallowing; GHD: Göttingen Hoarseness Diagram; NS: not significant; 
QLQ-C30 and QLQ-H&N35:  quality-of-life questionnaires; RAW: central 
airway resistance; UICC: tumor classification (I–IV) of the International 
Union Against Cancer [35]; VHI: Voice Handicap Index.

Tabelle 2. Einfluss der Tumorstadien, akuter Nebenwirkungen und der 
objektiven Funktionseinschränkungen auf die subjektive Lebensquali-
tät (QLQ). (+): signifikant (Spearman-Rank-Test; p < 0,05). CTC: Common 
Toxicity Criteria Score „Mukositis” [38]; EORTC: European Organization 
for Research and Treatment of Cancer; FEES: „fiberoptic endoscopic 
evaluation of swallowing“; GHD: Göttingen Hoarseness Diagram; 
NS: nicht signifikant; QLQ-C30 and QLQ-H&N35: „quality-of-life ques-
tionnaires“; RAW: „central airway resistance“; UICC: Tumorstadien 
(I–IV) der International Union Against Cancer [35]; VHI: Voice Handicap 
Index.

  UICC CTC FEES RAW GHD

EORTC QLQ-C30     
Functional scales     
• Cognitive functioning NS NS NS NS NS
• Emotional functioning NS NS NS NS NS
• Physical functioning NS NS NS NS NS
• Role functioning NS NS NS NS NS
• Social functioning NS NS NS NS NS
Symptom scales     
• Fatigue NS NS NS NS NS
• Pain NS NS NS NS NS
• Nausea & vomiting NS NS NS NS NS
Single items     
• Appetite loss NS NS NS NS NS
• Constipation (+) NS NS NS NS
• Diarrhea NS NS NS NS (+)
• Dyspnea NS NS NS NS NS
• Financial difficulties NS NS NS NS NS
• Sleep disturbance NS NS NS NS NS
• Global quality of life NS NS NS NS NS
EORTC QLQ-H&N35     
• Swallowing  NS NS NS NS (+)
• Social eating NS NS NS NS NS
• Speech NS NS NS NS NS
• Feeding tube NS NS NS NS NS
VHI NS NS NS NS NS
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Figure 2. Locoregional control rate (data refer to the total group of 39 
patients).

Abbildung 2. Lokoregionale Kontrolle (alle Patienten, n = 39).
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“speech” (QLQ-H&N35) ranged from 1.33 to 3.66 (mean 2.4). 
The perceptive scales to evaluate hoarseness revealed 1 as min-
imal, 4 (aphonia) as maximal, and 2.7 as the mean value. The 

objective determination of voice quality, the GHD, revealed a 
mean of 7.6 (SD 0.7) for the “irregularity” and 2.7 (SD 0.57) for 
the “noise component”. Details are shown in Figure 5.

Comparing QLQ item scales with 
clinical measures and objective laryngeal 
functions, only the correlation between 
“swallowing” (EORTC QLQ-H&N35) 
and voice quality (GHD) was significant 
(p < 0.05; Table 2).

Discussion
The treatment results of the present 
study confirm our previous work [10, 
30], in which we showed that the out-
come after organ-preserving TLM and 
adjuvant radiotherapy for locally ad-
vanced HNSCC is comparable to the 
results of radical surgery with adju-
vant radio(chemo)therapy [4–6, 8, 11, 
12, 16, 28, 29, 31, 32, 37, 39], primary 
radio(chemo)therapy [1–3, 11, 13, 15, 21, 
22, 31, 33, 37] or neoadjuvant treatment 
setting [14]. Only Forastiere et al. [15] 
reported similar data concerning organ 
preservation. However, different pa-
tient selection is crucial when compar-
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Figure 3. Score of dysphagia (QLQ-H&N35). Boxplot graphs reflect min-
imum, 25th, 50th, 75th percentiles and maximum, the cross reflects 
mean. Higher scores represent a lower level of functioning. The dif-
ference between both groups (patients with and without aspiration 
during endoscopy) was not significant (p > 0.05).

Abbildung 3. Subjektives Maß an Schluckbeschwerden (QLQ-H&N35). 
Die Boxplots zeigen jeweils das Minimum, die 25., 50. und 75. Perzen-
tile sowie das Maximum, das Kreuz ist der Mittelwert. Je höher der 
Score, desto geringer die Funktion. Zwischen den Gruppen mit und 
ohne objektive Aspiration bestand kein statistisch signifikanter Un-
terschied (p > 0,05).

Figure 4. Body plethysmography. Boxplot graphs reflect minimum, 
25th, 50th, 75th percentiles and maximum, the cross reflects mean. 
An abnormally increased central airway resistance (RAW [kPa/l]) is de-
fined as > 0.3 kPa/l. The difference between both groups (patients with 
and without dyspnea according to the EORTC QLQ-C30 questionnaire) 
was not significant (p > 0.05).

Abbildung 4. Body-Plethysmographie. Die Boxplots zeigen jeweils 
das Minimum, die 25., 50. und 75. Perzentile sowie das Maximum, das 
Kreuz ist der Mittelwert. Ein pathologisch erhöhter Atemwiderstand 
ist definiert ab einem Wert von > 0,3 kPa/l. Zwischen den Gruppen mit 
und ohne subjektive Dyspnoe (gemäß EORTC QLQ-C30) bestand kein 
statistisch signifikanter Unterschied (p > 0,05).

Göttingen Hoarseness Diagram (GHD)
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Figure 5. Göttingen Hoarseness Diagram. Ellipses reflect mean (center) and standard devia-
tion (half axes) of individuals (gray lines) and particular groups (gray-scaled fill ins). GNE: glot-
tal-to-noise excitation ratio. 

Abbildung 5. Göttinger Heiserkeitsdiagramm. Die Ellipsen zeigen den Mittelwert (Zentrum) 
und die Standardabweichung (Halbachsen) der untersuchten Patienten (graue Linien) sowie 
der Referenzgruppen (grau hinterlegte Ellipsen). GNE: glottal-to-noise excitation ratio.
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ing the results of different studies. In our Department of Oto-
rhinolaryngology, all patients with stage III/IV head-and-neck 
cancers are evaluated to determine whether a total tumor 
resection can be performed by TLM. If function-preserving 
TLM is not deemed feasible, either radical surgery or primary 
radiochemotherapy is carried out. Comparing our data with 
the study by Forastiere et al., one must consider as well that 
there was also a patient selection by Forastiere et al., because 
large-volume T4 disease was excluded [15]. In addition to on-
cologic safety, organ preservation first implies preserved vital 
“primary” functions of the larynx (opening and protection of 
the airway) and includes rehabilitation of the “secondary” 
phonatory function. Particularly in the treatment of advanced 
laryngeal tumors, however, functional deficits are not avoid-
able. None of the ten patients who underwent evaluation 
of organ function had a normal voice and one patient was 
aphonic. Three patients suffered from permanent aspirations 
(while preserved reflectory bolus ejection from the airway) 
compensated by supraglottic swallowing maneuvers. In two 
patients, RAW was twice as high as normal, which was clini-
cally equivalent to an exertional dyspnea under physiological 
stress [26]. No patient required a tracheotomy. However, a 
correlating impact of functional disorders on QoL data was 
not evident. The significant correlation between “swallow-
ing” (EORTC QLQ-H&N35) and voice quality (GHD) might 
indicate the degree of laryngeal incompetence. However, pa-
tients who showed aspirations in FEES denied dysphagia in 
the questionnaires. The evaluation of health-related QoL did 
not reflect the functional outcome, but showed the impact of 
functional deficits on health-related QoL. In a previous study, 
even verified functional restrictions after total laryngectomy 
(compared to organ preservation in locally advanced stages) 
revealed less impact on QoL data than presumed and the need 
for objective clinical evaluations of functional skills was em-
phasized [25].

Conclusion
In the current study, clinical evaluations were mandatory 
to detect and to grade disorders like dysphagia, dyspnea, or 
dysphonia. Objective measures were preferred to perceptive 
scales. In our study, no patient suffered from sequelae that 
speak against the organ-preserving treatment. In spite of post-
treatment handicaps in laryngeal functions (deglutition, respi-
ration, voice), patients rated their health-related QoL as being 
positive.
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