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Abstract 
In 1987, a thoroughly renewed TNM classification was pub- 

lished; the revision was a conjunct effort of the International 
Union Against Cancer (UICC) and American Joint Committee on 
Cancer (AJCC). With respect to the former UICC classification, a 
major change was introduced regarding the regional lymph node 
subcategories in head and neck cancer; that is compared to the 
1978 edition the subjective subcategory of fixation was eliminated 
and size of the lymph node has become of paramount importance. 
To see whether the 1987 UICC classification system is indeed 
more predictive and discriminatory than the 1978 edition, we have 
analysed patients with supraglottic cancer with clinically de- 
tectable lymph node metastasis (TI -4, N+). All patients treated 
between 1965 and 1980 by radiation therapy only were staged 
according to both editions of the UICC classification system. 
From these data we conclude that the prognosis of patients with 
lymph nodal involvement indeed worsens from N1 to N3 when 
classified according to the 1987 edition; in contrast, no difference 
is seen between the NI,  N2 or N3 subcategories when staged 
according to the 1978 classification rules. 

staging, UICC classification, radiotherapy. 
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Classification systems permit consistency in describing 
the extent of malignant diseases. Proper classification and 
staging will allow the physician to determine treatment for 
the patient and evaluate results of management; moreover, 
data on treatment results reported from various institu- 
tions can be compared more reliably. The TMM system 
for the Classification of malignant tumours was developed 
first by Pierre Denoix between 1943 and 1952 (1). In 
Europe, for tumours in the head and neck, the most 
commonly used system is the one developed by the Inter- 

national Union Against Cancer (UICC). This organization 
(UICC) revised its system in 1987 thoroughly and for head 
and neck cancer in particular with respect to the classifica- 
tion of cervical lymph node metastasis (2). It has been 
shown that for the curability of tumours, volume of dis- 
ease is of paramount importance, specifically when radia- 
tion therapy (RT) is used as a single modality treatment 
(3-5). In the recently revised UICC classification system, 
measured size, that is volume, is now used specifically to 
stratify neck nodes into different subclasses, which is in 
marked contrast to the 1978 edition (Table I) .  In this 
paper we have therefore tried to analyse retrospectively if 
the 1987 UICC classification system is indeed more predic- 
tive and discriminatory than the 1978 edition, in particular 
with regard to neck nodes. For this purpose we have 
chosen a particular cohort of patients, that is those with 
supraglottic laryngeal cancer with clinically detectable re- 
gional metastasis treated by RT only. 

Material and Methods 

All charts of patients treated between 1965 and 1980 in 
the Dr. Daniel den Hoed Cancer Center and Dijkzigt 
University Hospital for histologically confirmed squamous 
cell carcinoma of the supraglottic larynx, were retrospec- 
tively reviewed. Only patients without distant metastasis at 
the time of admission (MO) were included in the analysis. 
Staging was done according to the so-called old UICC 
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Table 1 
UICC classlfication systems for cervical lymph node metastases 

Nodal class 

UICC (1978) UICC (1987) 

NO None NO None 
NI Mobile ipsilateral nodes NI Single ipsilateral nodes; 1; 3 cm 
N2 Contra- or bilateral nodes N2A Single ipsilateral nodes; 3-6 cm 

N2B Multiple ipsilateral nodes; S 6 an 
N2C Bilateral or contralateral nodes; < 6 cm 

N3 Fixed nodes N3 Lymph node(s) > 6 cm 

Table 2 
UICC classification systems for tumour (T-) staging 

T-stage 
~~~ 

UICC (1978) UICC (1987) 

T lA  Laryngeal surface epiglottis or aryepiglottic fold 
TIB Epiglottis and extending to ventricular cavities or bands 
T2 Confined to the larynx with extension to adjacent 

site or sites or to the glottis without fixation 
T3 Vocal cord fixation and/or evidence of deep infiltration 

T4 Direct extension beyond larynx 

T1 One subsite, normal cold mobility 

T2 More than one subsite, normal cord mobility 

T3 Vocal cord fixation and/or invasion postcricoid, 
preepiglottic space, medial wall piriform sinus 

T4 Invasion through thyroid cartilage and/or extension tissues 
beyond larynx 

system (1978 edition) as well as to the new UICC classifi- 
cation (1987 edition). Both staging systems are briefly 
summarised in Tables 1 and 2. A total number of 312 files 
of patients with supraglottic cancer with o r  without re- 
gional metastasis (Tl-4, N + )  were retrieved. For this 
particular study only patients treated by RT exclusively 
were eligible; therefore those treated by RT and/or surgery 
(n= 60) were excluded from the present analysis. More- 
over, 14 files were discarded due to inadequate treatment 
(total dose less than 40 Gy/early death). In summary 238 
patients were treated by RT only, that is 165 with T1-4, 
NO disease and 73 with T1-4, N +  disease. A previous 
report dealt with the 165 T1-4, NO patients with particular 
emphasis to the relapse rate of the clinically negative neck 
(6). The 73 patients with clinically detectable lymph node 
metastasis in the neck form the basis of the present analy- 
sis. For the patient population under study a mean age of 
60 years and a male to female ratio of 5 to 1 was found. 
The distribution of the tumours with respect to the T- and 
N-stage according to the 1978 and 1987 classification 
systems is shown in Tables 3 and 4 respectively. All 
patients were irradiated by a linear accelerator with a 
4 MV photon beam with a once-a-day conventional frac- 
tionation scheme, that is 2 Gy per fraction, 5 times per 
week by 2 lateral opposed fields. During the treatment the 
head was fixed in a supine position on the treatment couch 
with a custom made plastic cast. According to the protocol 
at the time, the response of all tumours was evaluated after 
a total dose of 40 Gy had been applied. In case a good 

Table 3 

T Nl N2 N3 Total 
~ 

TlA 5 2 1 8 
TIB 1 I 2 
T2 10 2 1 13 
T3 10 2 12 
T4 17 5 14 36 
TX 1 1 2 

Total 44 9 20 73 

Distribution of T- and N-stages of patients with epidermoid 
cancer of the supraglottic larynx with lymph nodal metastasis. 
Staging according to the UICC classification system- 1978 
edition. 

Table 4 

T N1 N2A N2B N2C N3 Total 

TI 1 1 2 
T2 9 4 5 3 21 
T3 I 1  2 4 I 4 22 
T4 6 7 4 4 5 26 
Tx 1 I 2 

Total 28 13 13 9 10 73 

Distribution of T- and N-stages of patients with epidermoid cancer 
of the supraglottic larynx with lymph nodal meastasis. Staging 
according to the UICC classification system - 1987 edition. 
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response was observed, the RT was continued to a full 
dose (RT-I). Patients with a poor response of their pri- 
mary tumour and/or neck disease were preferably sub- 
jected to surgery (these are not included in the present 
study). However, in case of patient refusal and/or if medi- 
cally unfit for operation, some patients were offered a 
second course of RT in spite of a poor response of their 
tumours to the first series of radiation (RT-11, included in 
this study). Tables 5 and 6 show the distribution according 
to T-stage and N-stage for the patients of the RT-I and 
RT-I1 subgroups when staged according to the UICC 1987 
classification. After a dose of 40 Gy had been delivered to 
the primary cancer and both sides of the neck, the primary 
and the clinically palpable neck nodes were boosted to a 
higher dose by a shrinking field technique. The average 
dose to the primary site was 63.3 Gy (range 50-79), the 
average dose delivered to the node(s) 66.8 Gy. For differ- 
ent T- and N-stages, the number of patients treated by 
either a continuous or split course technique are also 
depicted in Tables 5 and 6; as is apparent, 58 out of 73 
(SOY0) N +  patients were treated by a split course tech- 
nique with a mean split period of 28 days (range 17-69). 

Table 5 

Tumour RT-I RT-11 
stage 

Continuous Split course Continuous Split course 

T l N +  1 1 
T 2 N +  4 13 
T 3 N +  2 9 
T4N+ 8 9 
Tx N +  1 

Total 15 33 

4 
1 1  
9 
1 

25 

Patients treated by radiation alone (RT) for cancer of the supra- 
glottis with clinically detectable lymph node metastasis ( N + ) .  
Staging according to the UICC 1987 edition. RT-I: Full course of 
RT as first choice treatment modality. RT-II: Full course of RT in 
patients who refused and/or were medically unfit for operation. 
RT was given either by a continuous or a split course technique. 

Table 6 

N-stage RT-I RT-I1 

Continuous Split course Continuous Split course 

NI 0 22 6 
N2A 5 4 4 
N2B 2 7 4 
N2C 4 2 3 
N3 4 6 

Total 15 35 23 

Patients treated by radiation alone (RT) for T1-4, N +  epider- 
moid cancer of the supraglottic larynx. N category staged accord- 
ing to the UICC 1987 edition. RT-I: Full course of RT as first 
choice of treatment modality. RT-11: Full course of RT in patients 
who refused and/or were medically unfit for operation. RT was 
given by either a continuous or a split course technique. 

Results 

The present report only attempts to evaluate the ability 
to the 1987 UICC classification system to better prognosti- 
cate patients in comparison to the 1978 UICC edition. 
However, it seems appropriate to first briefly summarise 
the overall treatment results of the patient population 
under study. The median follow-up time for the N +  
patients was 28.9 months. Fig. 1 shows the local regional 
and distant failures of the 73 patients with TI-4, N+  
disease. Utimately 51 out of 73 (70%) relapsed locally 
and/or regionally at some point in time; 22 (30%) patients 
died with distant metastasis. A summary of the cause of 
death is presented in Table 7; 13 patients (18%) died due 
to intercurrent disease and for 58 patients (78%) the cause 
of death was tumour related. To study the influence of 
T-stage per se in the two (classification) editions, data on 
the causes of death and survival for TI-4, NO patients 
were taken from a previous publication on the same pa- 
tient population (Tl-4, NO patients Tables 7 and 8 (6)). 
From Table 7 the large impact on tumour related deaths of 
lymph nodal disease in the N +  patient category is evident; 
i.e. on the average three times as many deaths in the N +  
(78%) versus NO (26%) patients are tumour related. The 
5-year overall and corrected survival rates for stage I 
through IV for the old and new UICC classification edi- 
tion can be seen in Table 8; no significant differences were 
found comparing both systems stage by stage. The cor- 
rected survival curves for patients classified according to 
both classifications are depicted for the different T-stages 

W 
Fig. 1 .  Sites of failure for patients with epidennoid carcinoma of 
the supraglottic larynx with clinically palpable lymph nodes (TI -4, 
N + )  treated between 1965-1980 by radiation therapy only. 
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Table 7 

T and N 
patient 
category Intercurrent Tumour related Alive Total 

No. of patients 

deaths deaths 

TI -4, NO 61 42 62 165 
T1-4,N+ 13 58 2 73 

All patients 74 100 64 238 

Tumour related deaths, that is local and/or regional failures 
and/or distant metastasis, and death of other causes of patients 
with epidermoid carcinoma of the supraglottic larynx ( N + )  
treated between 1965- 1980 by radiation therapy only. 
*For comparison purposes causes of death for NO patients are 
depicted as well; these data were retrieved from a previous publi- 
cation on the same patient population database of the same 
institution (ref. 6). 

Table 8 

Stage* UICC-I978 UICC- 1987 

Patients Survival ('30) Patients Survival (%) 
(No.) (No.) 

Corr. Overall Corr. Overall 
5-yrs 5-yrs 5-yrs 5-yrs 

I 65 80 60 7 88 88 
I1 31 96 70 93 84 60 
111 47 38 28 42 32 28 
IV 95 36 28 96 34 28 

Total 238 238 

Patient distribution and survival stage by stage for patients with 
epidermoid carcinoma of the supraglottic larynx classified accord- 
ing to the UICC system-1978 and 1987 edition. 
*To study the influence of (T-) stage per se, data on T-4, NO 
patients were retrieved from a previous publication on supraglot- 
tic patients from the same institution (ref. 6). 

in Figs 2 and 3, for the N-stages in Figs 4 and 5. A 
worsening of the corrected survival for higher T-stages was 
found, varying from 70% ( 5  years T1) to 35% ( 5  yearslT4); 
however, with respect to the T categories no significant 
differences could be observed between the 1978 and revised 
edition. Seventy per cent of the patients without clinically 
detectable lymph node metastasis (NO) versus only about 
20% of patients with palpable lymph nodes (N+)  survived 
5 years. With respect to the N +  subgroups no differences 
were seen for N1, N2 or N3 when staged according to the 
1978 edition. A significant difference (generalized Wilcoxon 
test, p = 0.05) was found between the nodal subclasses of 
the revised UICC classification; the prognosis worsened in 
an orderly way from N l  to N3. 
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Fig. 2. Corrected survival rate considering death due to epider- 
moid cancer of the supraglottic larynx only for patients with TIA 
(n=27), TIB (n=48), T2 (n=44), T3 (n=32) and T4 (n=85) 
tumours treated by radiation therapy exclusively. Staging was 
done according to the 1987 UICC classification system. To study 
the influence of T-stage per se, data were partly derived from a 
previous publication on patients with TI -4, NO epidermoid car- 
cinoma of the supraglottic larynx. For details see ref. 6. 
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Fig. 3. Corrected survival rate considering death due to epider- 
moid cancer of the supraglottic larynx only for patients with TI 
(n=9), T2 (n=114), T3 (n=42) and T4 (n=71) tumours treated 
by radiation therapy exclusively. Staging was done according to 
the 1987 UICC classification system. 

W T H S  

Discussion 

For supraglottic cancer per se, there is a large body of 
evidence in the literature that T-stage and cervical nodal 
involvement are indeed parameters of biological virulence 
(7- 15). In a previous publication we discussed the influence 
of T-stage per se and relapse rate in the neck on localrt- 
gional control and survival in patients with supraglottic 
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Fig. 4. Corrected survival rate considering death due to epider- 
moid cancer of the supraglottic larynx only for patients with NO 
(n=165), N1 (n=44), N2 (n=9) and N3 (n=20) neck nodes. All 
primary tumours and neck nodes were treated by radiation ther- 
apy exclusively. Staging was done according to the 1978 UICC 
classification system. To study the influence of T-stage per se, data 
were partly derived from a previous publication on patients with 
T1-4, NO epidennoid carcinoma of the supraglottic larynx. For 
details see ref. 6. 
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Fig. 5 .  Corrected survival rate considering death due to epider- 
moid cancer of the supraglottic larynx only for patients with NO 
(n=165), NI (n=28), N2A (n=13), N2B (n=13), N2C (n=9) 
and N3 (n = 10) neck nodes. All primary tumours and neck nodes 
were treated by radiation therapy exclusively. Staging was done 
according to the 1987 UICC classification system. To study the 
influence of T-stage per se, data were partly derived from a 
previous publication on patients with TI-4, NO epidermoid car- 
cinoma of the supraglottic larynx. For details see ref. 6. 

glottic laryngeal cancer without lymph node metastasis 
(Tl-4, NO) treated by RT only (6). 

The present communication deals with the question 
whether the classification systems used are sufficiently dis- 
criminatory for different subgroupings in terms of patient 

outcome. As the in Europe most commonly used UICC 
classification system was recently revised thoroughly, in 
particular with regard to the neck nodal involvement, we 
carried out an analysis of patients with supraglottic cancer 
and clinically detectable lymph node metastasis (TI -4, 
N+)  treated by a single modality, i.e. by radical RT. For 
comparison purposes patients were retrospectively staged 
according to the old (1978) and, in retrospect, according to 
the new (1987) edition. A brief overview of the obtained 
treatment results in the patient population under study 
shows that death from intercurrent disease has a strong 
impact on the overall survival; 18% ( 13/73) of our patients 
died of causes not related to their laryngeal cancer, a 
phenomenon which is coherent with the data of the litera- 
ture (Table 7). Of the 73 patients with clinically detectable 
lymph node metastasis in the neck, only 2 (3%) were alive 
at 10 years, which is in marked contrast to the 37% (62 
out of 165) of the NO category (Table 7, see also ref. 6). 
The majority of the N+ patients (80%) died due to 
tumour-related causes with the major site of failure being 
the neck (Fig. 1); i.e. 40 out of 58 patients (69%) with a 
tumour related failure experienced at least a regional re- 
lapse, demonstrating again the major impact on survival of 
(uncontrolled) lymph node metastasis. 

Tumour size (volume) has been shown to be a signifi- 
cant predictor of a given patient’s potential for cure by RT 
(3-5,16) and is part of current staging systems (T- and 
N-stage) for upper aerodigestive tract malignancies ( 17- 
19). In fact, the paramount importance of tumour volume 
has been stressed in the recent edition of the UICC classifi- 
cation in particular with regard to the neck nodes. 

The influence of T-stage per se on tumour control for 
patients treated by RT only can be best discussed by the 
data as published in a previous paper in this journal on 
TI-4, NO supraglottic cancer (6). In short, a somewhat 
worse corrected survival rate for the T3/T4 tumours 
(5 years/55%) versus the T1/T2 tumours ( 5  years/85%) 
was observed. No statistical significant difference was 
found with respect to T-stage comparing both classifica- 
tion systems. However, the larynx poses a problem for the 
clinical assessment of exact tumour extent (T-stage); it has 
even been suggested that newer generation CT- and/or 
MRI-scanners might prove valuable and could become 
even indispensible for assessing the accurate T category in 
the near future (18,20-23). Moreover, besides these limi- 
tations, only minor changes have been introduced with 
regard to T-stage in the recent UICC classification system 
(Table 2). Both staging systems do agree on advanced T 
categories (T3/T4) and advanced tumour stages (III/IV) as 
being of poor prognostic significance. 

In contrast to the primary tumour, the neck nodes are 
more easily accessible for clinical examination. A major 
change has been introduced in the most recent UICC 
classification system. The neck node classification is now 
based on size, on the presence of single or multiple nodes 
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as well as on the ipsilateral, bilateral or contralateral neck 
involvement (2). Prior to its last revision, the UICC in 
principle only discriminated between ipsilateral, contra- 
lateral or fixed nodes (1). Moreover, the subjectivity of 
establishing fixation (N3- 1978 edition) has been elimi- 
nated. In particular with regard to neck nodes, there is 
ample evidence in the current literature that the extent 
(volume) of lymph nodal metastasis is of extreme im- 
portance in terms of ultimate control (3,24-28). Most 
authors on laryngeal carcinoma even postulate that N- 
stage is the major determinant of patient outcome 
(3,24,26,28,29). Hahn et al. (24) for instance showed 
that T-stage has a prognostic value only for patients with 
non- or limited (Nl)  lymph nodal involvement. Wall et al. 
(28) demonstrated a strong correlation between control of 
the disease in the neck and at the primary site, for both 
early and late T-stage supraglottic cancer. They suggested 
that radioresistance was due to inherent cellular character- 
istics reflected in the nodal metastasis. 

With respect to the N-subclasses, only small numbers of 
patients are available in the present study population for 
data analysis (Tables 4 and 6). In light of the following 
discussion two factors are of importance. First of all, 
according to the running protocol at the time, all patients 
were treated somewhat irrespective of the extent of the T- 
and N-status of their disease, by a split course technique. 
This variable but significant split-period of several weeks 
(mean 27 days) is graphically summarised for the NO as 
well as for the N +  patients in Fig. 6. Furthermore, the 
dose applied to the lymph nodes (average 66.8 Gy) was 
not tailored to the tumour volume. Both the standard dose 
irrespective of extent of disease and the substantial length- 
ening of the overall treatment time are somewhat inconsis- 
tent with radiobiological and clinical data having 
established firm dose-response relationships (4, 19, 30-32). 

10 12 18 18 20 2 2  24 28 2 8  30 32 3436 38 40 1 2  48 70  

DAYS 

Fig. 6. Distribution of 167 patients with TI-4, NO+ supraglottic 
carcinoma treated by split course radiation. Number of patients 
and duration of rest interval in days (split period) between two 
radiation series is depicted. Besides N + patients, for comparison 
purposes data on NO patients with supraglottic cancer treated by 
RT only in same institutions are depicted as well. The NO patients 
have been described in detail in ref. 6. 

However, even though the numbers are small and, as we 
know now, suboptimal doses were in fact used, we did find 
a significant difference in corrected survival between the 
nodal subclasses of the revised UICC classification. The 
prognosis of patients with lymph nodal involvement wors- 
ened in an orderly way from N1 to N3 (Fig. 5) .  This is in 
contrast to those staged according to the old classification 
rules; that is for the 1978 edition of the UICC no differ- 
ence was seen between N1, N2 or N3 (Fig. 4). Moreover, 
the lack of difference in prognosis of the N3 patients 
versus N1 patients, when staged according to the old 
UICC classification, demonstrates again that having estab- 
lished fixation does not reflect in a dismal outcome per se; 
i.e. fixation (UICC 1978-N3 disease) is not a reliable 
prognosticator. This is in contradistinction to the N3 
patients when staged according to the UICC 1987 classifi- 
cation: N3 disease, now based on tumour volume (size) 
has an extremely poor prognosis (Fig. 5). 

For patients with supraglottic carcinoma treated by RT 
only, the newly revised classification system thus seems to 
be indeed capable to prognosticate in a better way those 
with neck nodal disease. More patients are needed, how- 
ever, to underline these findings with a higher statistical 
resolution. 

ACKNOWLEDGEMENTS 
We appreciate the help of Mr P. J. van Assendelft for partici- 

pating in the statistical work-up. Moreover, the members of the 
Head and Neck Oncology Group, that is Drs G. J. Gerritsen, 
P. C. de Jong, C. A. Meeuwis, M. Scholtemeyer, L. L. Visch and 
S. J. W. Wijthoff, are acknowledged for their experienced patient 
care over the years. Thanks also for the fine secretarial work in 
preparing this manuscript by Miss Mariska Drinkwaard and Miss 
Pauline Roodenburg. 

Requesr for reprints: Dr Peter C. Levendag, Department of 
Radiation Oncology, Dr. Daniel den Hoed Cancer Center, 
Groene Hilledijk 301, NL-3075 EA Rotterdam, Holland. 

REFERENCES 
1. TNM Classification of Malignant Tumours (3rd edition). 

UICC International Union Against Cancer, Geneva, 1978. 
2. TNM Classification of Malignant Tumours (4th edition). 

UICC International Union Against Cancer, Geneva, 1987. 
3. Bataini JP, Bemier J, Brugere J, Jaulerry Ch, Picco Ch, 

Brunin F. Natural history of neck disease in patients with 
squamous cell carcinoma of oropharynx and pharyngolarynx. 
Radiother Oncol 1985; 3: 245-55. 

4. Peters LJ, Thames HD. Dose-response relationship for supra- 
glottic laryngeal carcinoma. Int J Radiat Oncol Biol Phys 

5 .  Thames HD, Peters LJ, Spanos W, Fletcher GH. Dose re- 
sponse of squamous cell carcinomas of the upper respiratory 
and digestive tracts. Br J Cancer 1980; 41 (Suppl 4): 35-8. 

6. Levendag PC, Hoekstra CJM, Eijkenboom WMH, Reichgelt 
BA, van Putten WLJ. Supraglottic larynx cancer, TI-4 NO, 
treated by radical radiation therapy - Problem of neck 
relapse. Acta Oncol 1988; 27: 253-60. 

1983; 9: 421-2. 



SUPRAGLOTTIC CANCER, UICC CLASSIFICATION 609 

7. Bataini JP, Brugere J, Jaulerry CH, Brunin F, Bernier J, 
Ghossein NA. Radiation treatment of lateral epilaryngeal 
cancer. Am J Clin Oncol (CCT) 1984; 7: 641-5. 

8. Burstein FD, Calcaterra TC. Supraglottic laryngectomy: 
series report and analysis of results. Laryngoscope 1985; 95: 

9. Goffinet DR, Fee WE, Goode RL. Combined surgery and 
postoperative irradiation in the treatment of cervical lymph 
nodes. Arch Otolaryngol 1984; 110: 736-8. 

10. Harwood AR, Beale FA, Cummings BJ, Keane TJ, Payne 
DG, Rider WD. Management of early supraglottic laryngeal 
carcinoma by irradiation with surgery in reserve. Arch Oto- 
laryngol 1983; 109: 583-5. 

11. Karim ABMF, Kralendonk JH, Njo KH, Tierie AH, Hasman 
A. Radiation therapy for advanced (T3T4, NO-N3, MO) 
laryngeal carcinoma: the need for a change of strategy - a 
radiotherapeutic viewpoint. Int J Radiat Oncol Biol Phys 

12. Mendenhall WM, Million RR, Cassisi NJ. Squamous cell 
carcinoma of the supraglottic larynx treated with radical 
irradiation: analysis of treament parameters and results. Int J 
Radiat Oncol Biol Phys 1984; 10: 2223-30. 

13. Seiden AM, Matravadi RP, Haas RB, Applebaum EL. 
Advanced supraglottic carcinoma: a comparative study of 
sequential treatment policies. Head Neck Surg 1984; 7: 

14. Spaulding CA, Krochak RJ, Hahn SS, Constable WC. Radio- 
therapeutic management of cancer of the supraglottis. Cancer 

15. Wang CC, Suit HD, Blitzer PH. Twice-a-day radiation ther- 
apy for supraglottic carcinoma. Int J Radiat Oncol Biol Phys 

16. Whithers HR, Peters LJ. Biologic aspects of radiation ther- 
apy. In: Fletcher GH, ed. Textbook of Radiotherapy, 3rd 
edition. Philadelphia: Lea and Febiger, 1980: 103-80. 

17. Ahmad K, Kim YH, Fayos JV. Head and neck cancer. 
Reliability of American Joint Committee’s staging system as 
prognostic indicator. Acta Oncol 1987; 26: 173-4. 

18. Pillsbury HRC, Kirchner JA. Clinical vs histo-pathologic 
staging in laryngeal cancer. Arch Otolaryngol 1979; 105: 

19. Shukovsky LJ. Dose, time, volume relationships in squamous 
cell carcinoma of the supraglottic larynx. AJR 1970; 108: 

833-6. 

1987; 13: 1625-33. 

22-7. 

1986; 57: 1292-8. 

1986; 12: 3-7. 

157-9. 

27-9. 

20. Castelijns JA. Magnetic resonance imaging of laryngeal 
cancer (Ph.D. Thesis). Amsterdam, the Netherlands: VU- 
Hospital, 1987. 

21. Decker JW, Price JC, Goldstein JC. Advanced laryngeal 
cancer. Relevance of pathologic stage to survival and therapy. 
Arch Otolaryngol Head Neck Surg 1986; 112  1163-7. 

22. Gilbert RW, Birt D, Jenkin D, et al. Correlation of tumor 
volume with local control in laryngeal carcinoma treated by 
radiotherapy. Ann Otol Rhinol Laryngol 1987; 96: 514-8. 

23. Lam KH. Extralaryngeal spread of cancer of the larynx: a 
study with whole-organ sections. Head Neck Surg 1983; 5: 
410-24. 

24. Hahn SS, Spaulding CA, Kim J-A, Constable WC. The 
prognostic significance of lymph node involvement in pyri- 
form sinus and supraglottic cancers. Int J Radiat Oncol Biol 

25. Johns ME. Staging of cervical lymph node metastasis: com- 
parison of two systems. Ann Otol Rhinol Laryngol 1984; 93: 

26. Kramer S, Marcia1 VA, Pajak TF, MacLean CJ, Davis LW. 
Prognostic factors for loco/regional control and metastasis 
and the impact on survival. Int J Radiat Oncol Biol Phys 

27. Sobin HL, Hermanek P, Hutter RVP. TNM classification of 
malignant tumors - a comparison between the new (1987) 
and the old editions. Cancer 1988; 61: 2310-14. 

28. Wall TJ, Peters LJ, Brown BW, Oswald MJ, Milas L. Rela- 
tionship between lymph nodal status and primary tumor 
control probability in tumors of the supraglottic larynx. Int J 
Radiat Oncol Biol Phys 1985; 11: 1895-902. 

29. Van den Bogaert W, Ostyn F, van der Schueren E. The 
different clinical presentation, behaviour and prognosis of 
carcinomas originating in the epilarynx and the lower supra- 
glottis. Radiother Oncol 1983; I: 117-31. 

30. Harwood AR, Beale FA, Cummings BJ, Keane TJ, Payne D, 
Rider WD. T4NOMO Glottic cancer: an analysis of dose-time 
volume factors. Int J Radiat Oncol Biol Phys 1981; 7: 1507-12. 

31. Mendenhall WM, Million RR, Bova FJ. Analysis of time- 
dose factors in clinically positive neck nodes treated with 
irradiation alone in squamous cell carcinoma of the head and 
neck. Int J Radiat Oncol Biol Phys 1984; 10: 639-43. 

32. Parsons JT, Bova FJ, Million RRA. A re-evaluation of split- 
course technique for squamous cell carcinoma of the head and 
neck. Int J Radiat Oncol Biol Phys 1980; 6: 164-52. 

Phys 1987; 13: 1143-7. 

330-2. 

1986; 12: 573-8. 


