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Treatment results in 223 patients with T1 and T2 glottic carcinoma were analysed. A multivariate 
analysis was performed to evaluate the prognostic significance of factors related to tumour, patient and 
treatment. Locoregional control after radiotherapy was 90% for 129 patients with T1 tumours and 73% 
for 94 with T2 tumours. Disease-specific survival was 96% and 81% for patients with T1 and T2 
tumours, respectively, In the multivariate analysis of locoregional control, subglottic extension con- 
tributed prognostic information to T-stage. In the univariate analysis, number of involved tumour sites, 
cord mobility and treatment interruption had a significant influence, which was lost in the multivariate 
analysis. Age gave additional prognostic information in the multivariate analysis of disease-specific 
survival. Significant adverse effects of radiotherapy were found in 9 patients (4%). Forty-nine patients 
(22%) had a second malignancy, 11 (5%) diagnosed before the glottic carcinoma. 

Glottic carcinoma is often diagnosed at an early stage 
with the disease confined to the primary site (1, 2). Locore- 
gional treatment by means of radiotherapy or surgery 
results in a high cure rate. Optimal treatment demands 
tumour control and preservation of laryngeal function. 
Radiotherapy offers the possibility of preservation of voice 
quality and local control rates between 80% to 95% and 
65% to 85% for T1 and T2 tumours respectively (2-18). 
Factors related to tumour (6, 7, 10, 1 I ,  13, 15, 19-21, 23), 
patient (15, 21, 23) and treatment (12, 14, 16-18, 22, 
24-27), explaining the heterogeneity in treatment out- 
come, have been searched for, especially among T2 tu- 
mours. Primary radiotherapy reserving surgery for 
recurrent disease has been the treatment policy in the 
present series. Treatment results and analysis of factors 
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with prognostic influence on locoregional control and dis- 
ease-specific survival are reported. 

Material and Methods 

Between January 1969 and May 1991,223 patients with 
early glottic carcinoma were treated with primary radio- 
therapy at Linkoping University Hospital. The patients 
included 210 men, mean age 65.5 years (range 38-95 
years, median 66 years) and 13 women, mean age 58.7 
years (range 29-77 years, median 59 years). The tumours 
were staged according to the 1987 UICC TNM classifica- 
tion (29). T la  lesions were confined to one vocal cord, 
whereas T l b  lesions had involvement of both vocal cords. 
T2 tumours with impaired cord mobility were classified as 
T2b. Diagnostic direct laryngoscopy and biopsy were per- 
formed in all patients. A further mapping of tumour 
extension was done by dividing the larynx into subsites 
and involvement of the sites was coded. Extension into the 
subglottic site was assessed and specified in millimetres 
below the medial edge of the vocal cord. Radiologic exam- 
inations included chest x-ray, laryngography, laryngeal 
tomography and/or computed tomography. A squamous 
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cell carcinoma was observed in 221 patients (60 well 
differentiated, 140 moderately differentiated and 21 poorly 
differentiated). One patient had a verruccous carcinoma 
and one patient a pleomorphic carcinoma. There were 129 
patients with a TI tumour, (110 T l a  and 19 Tlb) and 94 
patients with a T2 tumour (76 T2a and 18 T2b). 

Radiotherapy was accomplished with a linear accelera- 
tor in 216 patients (4MV 189 patients, 6MV 27 patients) 
and a 6oCo unit in 7 patients. In 196 patients the target 
volume was limited to the primary tumour and in 27 
patients elective neck node irradiation was added. Patients 
were treated in supine position and individual plastic casts 
were made to facilitate a proper positioning. Between 1969 
and 1978 individual dose plans were computed by hand in 
the central plane, based on orthogonal x-ray films and a 
patient surface contour. From 1978, we used computerized 
dose plans in three sections including the central plane, 
with appropriate inhomogeneity corrections, based on CT- 
scans with the patient in treatment position. The pre- 
scribed dose was represented by the isodose-line 
delineating the target. The maximum dose and the dose to 
the ICRU Reference Point were usually 5% higher than 
the prescribed doses. The ICRU Reference Point was 
located in the central part of the target. The primary 
tumour was treated using anterior oblique or lateral op- 
posed wedge fields, sized between 4 x 4 cm and 7 x 7 cm 
(184/196 with fields between 5 x 5 cm and 6 x 6 an). TI 
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Fig. I .  Irradiation dose to the primary tumour (n = 23) and 
electively irradiated neck nodes (n =27, 1 TI tumour, 26 T2 
tumours). 

neck nodes were irradiated through an anterior and two 
lateral oblique wedge fields, followed by a boost, with 
fields arranged and sized, like those used to treat the 
primary tumour. All patients were treated with a daily 
tumour dose of 2.0 Gy and 5 fractions/week. The total 
dose to the primary tumour varied between 60 and 72 Gy 
(mean 65.5 Gy, median 64 Gy), and the dose to the neck 
nodes varied between 30 and 64 Gy (mean 52.9 Gy, 
median 52 Gy) (Fig. I).  The irradiation was given as a 
continuous course in 148 patients (94 TI tumours, 54 T2 
tumours) and as a split course with a pause of between 7 
and 38 days (mean 19.9 and median 17) in 75 patients (35 
T1 tumours, 40 T2 tumours). 

Local control and disease-specific survival after primary 
radiotherapy and salvage surgery were analysed using the 
actuarial method of Kaplan & Meier (30). The relation- 
ships between study variables, locoregional control and 
disease-specific survival were analysed using Cox's propor- 
tional hazards model (31). 

Results 

Locoregional control with primary radiotherapy was 
achieved in 187 out of the 223 patients. Twelve out of 129 
(7%) patients with T1 tumours and 24 out of 94 (26%) 
with T2 tumours relapsed. In relapsing patients salvage 
surgery was performed in 11/12 patients with TI tumours 
and in 16/24 patients with T2 turnours. Nineteen patients 
had a total laryngectomy, 5 a partial laryngectomy and 3 
patients a neck node dissection. In 6 patients with T2 
tumours palliative laser surgery was performed, while 3 
patients (one with TI and two with T2 tumours) had no 
surgery. Salvage surgery was successful in 18 patients (9 
with TI and 9 with T2 tumours.Ultimate local control was 
achieved in 126/129 (98%) patients with a TI tumour and 
in 79/94 (84%) patients with a T2 tumour. Four patients 
developed neck node relapses, one with a TI tumour in 
combination with a local relapse. Three with T2 tumours 
relapsed with neck nodes only. 

Actuarial locoregional control and disease-specific sur- 
vival at 2, 5 and 10 years are presented in Table 1. 
Actuarial locoregional control rate (p = 0.0008) and dis- 
ease-specific survival (p  = 0.0001) were significantly differ- 
ent for patients with TI and T2 tumours (Fig. 2 and Fig. 
3). Thirty-one out of the 36 recurrences (86%) were diag- 
nosed within 2 years and the remaining 5 recurrences 
within 5 years from start of radiotherapy. 

To examine the effect of separate variables on local 
control and disease-specific survival, a Cox regression 
analysis was performed. Covariates studied were: T-stage, 
subglottic extension, supraglottic extension, cord mobil- 
ity, number of tumour-involved sites, involvement of the 
anterior commissure, histologic grade, total dose, treat- 
ment pause and age. In the univariate analysis, stage, 
subglottic extension, number of tumour-involved sites, 
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Table 1 

Actuarial locoregionul recurrence-free survival and disease-specijic survival. 

24 48 72 96 120 144 168 192 216 240 

Locoregional control Disease-specific survival 

T-stage Number of 2-year %O 5-year o/u 10-year "YO 2-year %I 5-year '5 10-year 
patients 

0,3 

0,2 

0.1 

TI 129 92 92 90 100 100 96 
Tla 110 92 91 91 100 100 97 
Tlb  19 89 89 89 I00 94 94 
T2 94 78 73 73 93 83 81 
T2a 76 79 75 75 92 83 83 
T2b 18 60 60 60 100 79 79 

- 

- 

- 

cord mobility and treatment pause all had a significant 
impact on locoregional control, and T-stage, subglottic 
extension, number of tumour-involved sites, cord mobility 
and age on disease-specific survival (Table 2). In the 
multivariate analysis of locoregional control, only subglot- 
tic extension ( p  = 0.0001) had significant prognostic value 
(Fig. 4), in addition to T-stage. In the analysis of disease- 
specific survival, age only added prognostic information 
( p  = 0.0020) to T-stage (Fig. 5). 

Nine patients (4%) suffered from significant adverse 
effects. Two patients developed aryoedema, 5 chondritis, 1 
chondronecrosis and 1 patient had a fistula. A second 
malignancy was diagnosed in 49 patients (22%) (Table 3). 

O.' t 73% T2 

p-0.0008 

"'0 24 48 72 96 120 144 168 192 216 240 
Months 

Fig. 2. Actuarial locoregional control among 129 patients with TI 
tumours and 94 with T2 tumours, treated with radiotherapy. 

Discussion 

Radiotherapy of patients with TI glottic carcinoma has 
been reported to give a high cure rate with few late 
complications (2,3,7,10-12,15-18). Several series with lo- 
cal control rates in excess of 90% have been reported 
(5,12,15,16,20,25,26). Survival after salvage surgery is re- 
ported as being close to 100% (12,16,20). In patients with 
T2 tumours the results are less favourable. Thus, local 
control is reported between 60 and 85% (5,10,15,20,23,24- 
26) and survival after salvage surgery between 80 and 94% 

The present results are in good agreement with these 
figures. Thus, local control was 90% and survival after 

(10, 20, 23). 

96% 1 
8lV0 T2 

p=o.o001 

Months 

Fig. 3. Actuarial disease-specific survival among 129 patients with 
T1 tumours and 94 with T2 tumours, treated with radiotherapy. 
Salvage surgery was performed in 27/36 recurrent cases. 



84 

Table 2 
Locoregional and disease-specific survival. Univariate analysis. 223 patients 

~ ~ ~ ~~ ~~~~ ~ ~ ~~~~ ~ 

Locoregional control (36 recurrences) Disease-specific survival ( 18 dead of disease) 

n Risk-ratio 95% CI P-value Risk-ratio 95% CI P-value 

Variable 
T-stage 0.0007 0.0002 
Tla  110 1 .o - 1 .o 
T l b  19 1.1 0.2-5.1 2.8 0.3-31.1 
T2a 76 2.9 1.3-6.2 9.6 2.2-43.1 
T2b 18 4.5 1.6- 12.2 11.4 1.9-68.5 

Subglottic extension 0.0003 
rnm 

0 137 1 .o - 1 .o - 

1-4 38 1.7 0.7-4.6 4.1 1 .O- 16.4 
5-9 31 3.4 1.5-8.0 8.0 2.3 - 27.7 
> 9  17 7.0 2.9- 17.0 8.4 1.9-37.6 

Number of tumour 0.0004 
involved sites 

<4 1 I4 1 .o - 1 .o 
> 4  109 3.5 1.6-7.5 9.3 

normal 199 1 .o - 1 .o 
impaired 24 2.7 1.2-6.0 3.4 

<60 63 1 .o - 1 .o 
60- 70 85 I .2 0.5-3.0 0.9 
> 70 75 2.0 0.9-4.8 4.8 

Cord mobility 0.0240 

Age 0.0790 

Treatment pause > 7  0.0242 
days 

No 148 1 .o - 1 .o 
Yes 75 2.1 1.1-3.9 1.7 

n = number of patients, CI = confidence interval. 

salvage surgery 96% for patients with TI tumours. Corre- 
sponding figures for patients with T2 tumours were 73% 
and 81 %. Eighty-one percent disease-specific survival 
among patients with T2 tumours reflects the fact that only 

Tabie 3 
Incidence of second malignancies 

Relation to glottic 
carcinoma 

Tumour type before after Total (%) 

Genito-urinary 2 16 18 (8) 

Lung 1 4 5 (2) 
Head and neck 2 3 5 (2) 
Skin I 3 4 (2) 
Breast 0 2 2 (1) 
CNS 0 1 1 (0.5) 

11 (5) 38 (17) 49 (22) 

Gastrointestinal 5 9 14 (6.5) 

0.000 

0.0001 

- 

2.1-40.4 

0.0363 

1.2-9.6 

0.0024 
- 

0.2-4.4 
1.3 - 30.5 

0.2699 

- 

0.7-4.3 

16 out of 24 patients with recurrent tumours received 
salvage surgery. 

A number of factors with possible influence on the 
difference in treatment outcome between patients with TI 
and T2 tumours have been reported. Tumour-related fac- 
tors with prognostic value usually reflect different aspects 
of tumour extension on and beyond the true vocal cord 
(10-12, 16, 17, 19, 20). Impaired cord mobility has been 
described as a significant risk factor in several reports (10, 
15, 17, 19,23), and a subdivision of T2 tumours into a T2b 
group with impaired mobility has been proposed (2). Other 
tumour-related factors discussed are tumour size (21), in- 
volvement of the anterior commissure (7, 8, 15, 20), and 
histologic grade (6, 10, 16, 21). 

In the present series, as based on the univariate analysis, 
tumour-related factors with influence on local control all 
reflected tumour extension. These were T-stage, number of 
involved sites, cord mobility and subglottic extension. Sub- 
glottic extension has been recognized by others as a possi- 
ble risk factor of unclear significance (7, 10, 19, 20). 
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Eighty-six out of the 94 T2 tumours had subglottic exten- 
sion between 2 and 20 mm. In the multivariate analysis 
this factor added significant prognostic information 
( p  = 0.0001) to T-stage, while the others did not. Histo- 
logic grade had no significant influence on local control or 
survival, in accordance with some previous reports (10, 16) 
but not with others (6, 21). 

Seventy-five patients were treated with a split-course 
irradiation, a regimen that was in use in our department 
between 1977 and 1987. In the univariate analysis a treat- 
ment interruption of 7 days or more showed a significant 
impact, but this was lost in the multivariate analysis. 
Several authors have shown total treatment time to predict 
treatment outcome and therefore treatment interruptions 
are not recommended (16, 18, 22, 24, 25, 27). 

In this series the total irradiation dose did not influence 
local control or survival, probably reflecting the uniformity 
in dose prescription. A dose response relationship has been 
demonstrated by some authors (8, 17, 24, 26). 

In the analysis of disease-specific survival, T-category 
was the strongest predictor, and in the multivariate analy- 
sis age only contributed prognostic information in addition 
to T-stage. Because of advanced age and often poor gen- 
eral condition, a number of patients with recurrences were 
not offered salvage surgery. 

In conclusion, this study of T1 and T2 glottic carcinoma 
shows that T-stage is the most reliable predictor of treat- 
ment outcome. Factors reflecting aspects of tumour exten- 

T1 <70Years - T1 > 7IOYeaE 
-C T2<70YeaE - T2>70Years 

Months 

Fig. 5. Disease-specific survival after radiotherapy and salvage 
surgery in relation to age. Surgery was performed in 27/36 recur- 
rent cases. 

sion (in this material subglottic extension) may add prog- 
nostic information. Since treatment interruptions were un- 
favourable in univariate analysis we recommend that 
prolonged total treatment time is avoided. This appears to 
be of particular importance for patients with T2 tumours. 

ACKNOWLEDGEMENT 
This work was supported by grants from the Linkoping Lakare- 

sallskap. 

REFERENCES 
1. Lederman M. Radiation therapy in cancer of the larynx. 

JAMA 1972; 221: 1253-4. 
2. Wang CC. Treatment of glottic carcinoma by megavoltage 

radiation therapy and results. Am J Roentgenol 1974; 120: 
157-63. 

3. Woodhouse RJ, Quivey JM, Fu KK, Sien PS, Dedo HH, 
Phillips TL. Treatment of carcinoma of the vocal cord. A 
review of 20 years' experience. Laryngoscope 1981; 91: 1 155- 
62. 

4. Hintz BL, Kagan AR, Wollin M, et al. Local control of TI 
vocal cord cancer with radiation therapy: The importance of 
tumour character vs. treatment parameters. Head Neck Surg 

5. Lustig RA, MacLean CJ, Hanks GE, Kramer S .  The patterns 
of care outcome studies: Results of the national practice in 
carcinoma of the larynx. Int J Radiat Oncol Biol Phys 1984; 
10: 2357-62. 

1983; 5: 204-10. 



86 

6. Vendelbo Johansen LV, Overgaard J, Hjelm-Hansen M, 
Gadeberg CC. Primary radiotherapy of T1 squamous cell 
carcinoma of the larynx: Analysis of 478 patients treated from 
1963 to 1985. Int J Radiat Oncol Biol Phys 1990; 18: 1307- 
13. 

7. Lusinchi A, Dube P, Wibault P, Kunkler I, Luboinski B, 
Eschwege F. Radiation therapy in the treatment of early 
glottic carcinoma: the experience of Villejuif. Radiother Oncol 

8. Akine Y, Tokita N, Ogino T, et al. Radiotherapy of TI glottic 
cancer with 6MeV X rays. Int J Radiat Oncol Biol Phys 1991; 

9. Turesson I, Sandberg N, Mercke C, Johansson KA, Sandin I, 
Wallgren A. Primary radiotherapy for glottic laryngeal car- 
cinoma stage I and 11. Acta Oncol 1991; 30: 357-62. 

10. Howell-Burke D, Peters LJ, Goepfert H, Oswald MJ. T2 
glottic cancer recurrence, salvage, and survival after definitive 
radiotherapy. Arch Otolaryngol Head Neck Surg 1990; 116: 

11 .  Cellai E, Chiavacci A, Olmi P. Causes of failure of curative 
radiation therapy in 205 early glottic cancers. Int J Radiat 
Oncol Biol Phys 1990; 19: 1139-92. 

12. Terhaard CH, Snippe K, Ravasz LA, van der Tweel I, 
Hordijk GJ. Radiotherapy in TI laryngeal cancer: Prognostic 
factors for locoregional control and survival, uni- and multi- 
variate analysis. Int J Radiat Oncol Biol Phys 1991; 21: 

13. Inoue T, Inoue T, Ikeda H, Teshima T, Murayama S. Prog- 
nostic factor of telecobalt therapy for early glottic carcinoma. 
Cancer 1992; 70: 2797-801. 

14. Kim RY, Marks ME, Salter MM. Early-stage glottic cancer: 
Importance of dose fractionation in radiation therapy. Radi- 

15. Fein DA, Mendenhall WM, Parsons JT, Million RR. T-IT2 
squamous cell carcinoma of the glottic larynx treated with 
radiotherapy: A multivariate analysis of variables potentially 
influencing local control. Int J Radiat Oncol Biol Phys 1993; 

16. Rudoltz MS, Benammar A, Mohiuddin M. Prognostic factors 
for local control and survival in TI squamous cell carcinoma 
of the glottis. Int J Radiat Oncol Biol Phys 1993; 26: 767-72. 

17. Sakata KI. Aoki Y, Karasawa K, et al. Radiation therapy in 
early glottic carcinoma: Uni- and multivariate analysis of 
prognostic factors affecting local control. Int J Radiat Oncol 
Biol Phys 1994; 30: 1059-64. 

18. Fein DA, Lee RW, Hanlon AL, Ridge JA, Curran Jr WJ, 
Coia LR. Do overall treatment time, field size, and treatment 

1989; 15: 313-9. 

20: 1214-8. 

830-5. 

1179-86. 

ology 1992; 182: 273-5. 

25: 605-11. 

energy influence local control of TI-T2 squamous cell car- 
cinomas of the glottic larynx? Int J Radiat Oncol Biol Phys 
1996; 34: 823-31. 

19. van den Bogaert W, Ostyn F, van der Schueren E. The 
significance of extension and impaired mobility in cancer 
of the vocal cord. Int J Radiat Oncol Biol Phys 1983; 9: 
181-4. 

20. Amornmarn R, Prempree T, Viravathana T, Donavanik V, 
Wizenberg MJ. A therapeutic approach to early vocal cord 
carcinoma Acta Radio1 Oncol 1985; 24: 321-5. 

21. Overgaard J, Sand Hansen H, Jsrgensen K, Hjelm Hansen M. 
Primary radiotherapy of larynx and pharynx carcinoma-an 
analysis of some factors influencing local control and survival. 
Int J Radiat Oncol Biol Phys 1986; 12: 515-21. 

22. Overgaard J, Hjelm Hansen M, Vendelbo Johansen L, An- 
dersen AP. Comparison of conventional and splitcourse ra- 
diotherapy as primary treatment in carcinoma of the larynx. 
Acta Oncol 1988; 27: 147-52. 

23. Wiggenraad RG, Terhaard CH, Hordijk GJ, Ravasz LA. The 
importance of local cord mobility in T2 laryngeal cancer. 
Radiother Oncol 1990; 18: 321-7. 

24. Barton MB,Keane TJ,Gadalla T, Maki E. The effect of 
treatment time and treatment interruption on tumour control 
following radical radiotherapy of laryngeal cancer. Radiother 
Oncol 1992; 23: 137-43. 

25. Wang CC, Efiid JT. Does prolonged treatment course ad- 
versely affect local control of carcinoma of the larynx? Int J 
Radiat Oncol Biol Phys 1994; 29: 657-60. 

26. van Putten WLJ, van der Sangen MJC, Hoekstra CJM, 
Levendag PC. Dose, fractionation and overall treatment time 
in radiation therapy-the effects on local control for cancer 
of the larynx. Radiother Oncol 1994: 30: 97-108. 

27. van den Bogaert W, van der Leest A, Rijnders A, Delaere P, 
Thames H, van der Schueren E. Does tumour control de- 
crease by prolonging overall treatment time or interrupting 
treatment in laryngeal cancer? Radiother Oncol 1995; 36: 

28. Fein DA, Lee RW, Hanlon AL, et al. Pretreatment 
hemoglobin level influences local control and survival in TI- 
T2 squamous cell carcinomas of the glottic larynx. J Clin 
Oncol 1995; 13: 2077-83. 

29. UICC. Classification of malignant tumours. Fourth fully re- 
vised edition Geneva 1987. 

30. Kaplan EL, Meier P. Nonparametric estimation from incom- 
plete observations. J Am Stat Assoc 1958; 53: 457-81. 

31. Cox DR. Regression models and life tables (with discussion). 
J R Statist SOC B 1972; 34: 187-220. 

177-82. 


